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Abstract:

Introduction/purpose: In the paper, a model for evaluating menu
performance in collective nutrition organizations is presented, enabling
quantification of the efficiency of each individual dish.

Methods: The Data Envelopment Analysis (DEA) method has been
applied to evaluate the efficiency of dishes.

ACKNOWLEDGMENT: The work stemmed from the Projects VA-DH-4/17-19 and VA-TT-
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Results: The model has been successfully tested on the menu of the
collective nutrition restaurant for cadets at the Military Academy in
Belgrade (MAB). The evaluation included 20 existing dishes and 11
substitute dishes formed using the Food Replacement Table (FRT),
allowing insight into the efficiency of each individual dish. In line with the
specified criteria, 10 out of a total of 31 dishes have been evaluated as
efficient (7 existing and 3 replacement dishes). By replacing inefficient
existing dishes with new efficient dishes, the overall efficiency of the
menu will increase, implying greater satisfaction of food users and
reduction of the waste of prepared and uneaten meals.

Conclusion: A proposed model can be applied in practice because it
provides objective and measurable values for assessing the
performance of dishes, aiming to optimize the menu assortment in
collective nutrition organizations and reduce the shortcomings of
subjective decision making in selecting substitute meals. This model can
be further improved by the use of other different methods for determining
the weights of the criteria and ranking.

Key words: menu evaluation, restaurant management, DEA method,
collective nutrition.

Introduction

Planning and implementing efficient nutrition for personnel pose
highly complex challenges in collective nutrition organizations, such as the
military, police, healthcare institutions, educational establishments, and
others. Nutrition for personnel represents the most critical task within the
logistics support function of the Serbian Armed Forces (SAF).

Research indicates that military logisticians, even in the most powerful
armed forces globally, encounter numerous issues in logistics planning.
These challenges include difficulties in forecasting, lengthy processes,
mismatched demands, and limited visibility of logistical resources.
Quartermaster services responsible for food supply tasks are not exempt
from these problems and difficulties.

In the U.S. regulation ‘The Army Food Program’ (AR 30-22, 2019),
necessary policies are outlined to ensure that soldiers are provided with
safe, nutritionally balanced, sufficiently diverse, and appealing meals,
appropriately timed. Meanwhile, according to the Rulebook on
quartermastership in the Ministry of Defense (MD) and the SAF, nutrition
for personnel is to be provided in a prescribed, regular, and health-
approved manner. This nutrition should be based on scientific knowledge,
technical and technological capabilities, acquired experience, scientific
principles, and dietary traditions that align with the psychophysical
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demands and coordinated requirements of command and management.
The goal is to ensure the quality and complete satisfaction of the energy
and biological needs of the members of the SAF.

The most valuable resource of the military is the soldier (the
individual), capable of executing assigned tasks. As such, they deserve
the best available support for life and work. Proper human nutrition allows
for a balanced intake of nutrients and protective materials necessary for
proper functioning, recovery, development, and defense of the human
body against external influences.

Food influences biochemical processes at the cellular level,
stimulates willpower and positive thinking, reduces tension, and enhances
mood. Deviations from this balance can lead to overnutrition or inadequate
nutrition, negatively impacting health, psychophysical fitness, work
capacity, and overall lifespan.

Numerous epidemiological studies have shown that food is, in most
cases, a factor that either causes or exacerbates civilization-related
diseases (Bleich et al, 2015; De Ridder et al, 2017; Schulze et al, 2018).
In this context, the responsibility of logisticians is to learn from the past,
analyze the present, and predict the future in order to provide the best
support to military personnel. Proper planning and organization of
collective nutrition for military members enable the development of
capabilities to achieve the proclaimed short-term, medium-term, and long-
term goals of the military organization. These goals stem from the broader
interests of society and impact the stability and overall development of the
state.

Menus for younger populations, such as students and cadets in
military schools, receive special attention (Budowle et al, 2023; Schinkel
et al, 2023). Furthermore, the ongoing research at the MAB focuses on
improving the nutrition of cadets at the MAB restaurant, primarily through
research projects VA-DH-4/17-19 and VA-TT-1/20-25.

To achieve complete, diverse, consistent, and high-quality nutrition,
dietary plans are developed. These plans define norms for food allocation,
the structure of food items, and recipes based on scientific, medical,
nutritional, and culinary foundations.

On the basis of the conducted research and regular monitoring of food
service implementation at the MAB by experts, it has been observed that
a portion of prepared meals, according to the approved menu and the
reported number of cadets, was not utilized for consumption. The main
reason is the mismatch between the type of food products and the sensory
properties of meal components with user preferences.




This phenomenon has negative effects in terms of resource utilization
and engagement for preparing meals that go unused. Additionally, it
results in deficits of programmed nutrients and protective substances that
users either did not intake or replaced inadequately through surrogate
meals. Such imbalances can lead to the degradation of psychophysical
abilities (including cognitive and motivational aspects) and, over an
extended period, contribute to the development of chronic illnesses.
Treating these illnesses requires further resource allocation.

To rationalize resource usage and enhance user satisfaction, two
approaches are commonly applied.

The first approach involves logistical experts of Quartermaster
Service (QMS) partially minimizing the number of prepared meals that are
unpopular among users based on experiential assessment. While this
reduces costs, it does not fully achieve the goal of collective nutrition, as
some users may still remain dissatisfied.

The second approach is normatively regulated. It involves developing
a monthly menu by considering all factors affecting nutrition
implementation. This menu allows for the substitution of meals specified in
the Meal Application Cycle (MAC)' to create a realistically achievable and
functional monthly menu. When certain meals cannot be implemented,
logistical experts of QMS, considering available ingredients, technical-
technological conditions, and personnel resources, subjectively choose
the most suitable replacements, either for entire meals or for components
with similar energy and biological value.

The mentioned approaches are quite experiential and subjective, and
in current practice, there is no adequate model that would provide logistical
experts with support in making objective decisions regarding the optimal
selection of substitute meals from the group of existing meals in the NP or
meals modified by replacing some of the components according to the
FRT, which is an integral part of it. The verification of the proposed model
was conducted at the MAB.The overview of the applied methodology is
given in Figure 1.

Generally, menu planning is a multi-criteria problem that requires
consideration of a wide range of quantitative and qualitative criteria, often
accompanied by various forms of uncertainty, insecurity, imprecision, and
subjectivity on the part of decision makers. This can make the decision-
making process quite complex, challenging, and time-consuming.

" The MAC cycle is prescribed by the Nutrition Plan (NP) in the SAF. By adhering to the
meal application cycle, the average planned energy and biological value of meals are
ensured, along with the consumption of the planned food products.
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Therefore, the application of specific multi-criteria optimization
methods and linear programming techniques serves as a useful tool for
comprehensively identifying relevant criteria for evaluating meal
performance and creating a model for optimizing menus in collective
nutrition organizations, all while aligning with established norms to
enhance user satisfaction.
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Figure 1 — Phases and steps for the application of the proposed model

To mitigate the shortcomings of subjective decision making and
obtain more objective and measurable assessments of meal performance
and menu optimization, this study proposes a model based on the DEA
method which relies on mathematical programming to assess the
relationships between relevant input and output parameters, quantifying
their efficiency. As a result, it provides real-time insights into the
performance of each individual dish from the observed set of dishes.




Background

In this chapter, we provide an overview of previous research
(literature), describe the menu, and present the necessary theoretical
foundation for the DEA method. This method is used to develop a model
for evaluating the performance of dishes in the menu of collective nutrition
organizations.

Review of the previous research and literature

Researchers have always worked on creating menu optimization
models to enhance efficiency, guest satisfaction, and profits (Taylor et al,
2009).

Menu engineering models allow for systematic evaluation by
comparing individual dishes based on pre-defined criteria. Earlier
approaches to menu evaluation focused on the cost contribution of food
items and the popularity of the ‘product mix’.

Miller conducted the first menu analysis using a four-quadrant matrix,
where he tracked the value defined as the sales velocity via vectors related
to dish popularity and sales levels (Miller, 1996). Kasawana and Smith
applied the ‘Boston Consulting Group Portfolio Analysis’ as the basis for
the ‘Menu Engineering Matrix approach’, incorporating profitability
(measured by contribution margin) but excluding the possibility of mutual
influence between low food costs and high gross profit (Kasavana & Smith,
1982).

Pavesic recognized the connection between low food costs and high
gross profit, replacing gross profit with the weighted ratio of gross profit to
contribution margin. Pavesic also treated ‘dish popularity’ as an indirect
third variable (Pavesic, 1983). Hayes and Huffman attempted to allocate
all costs, including labor and fixed costs, to individual menu items in their
profit and loss analysis (Hayes & Huffman, 1985). Later, Miller developed
a matrix model for analyzing menu profitability based on food costs and
the product mix, without considering production costs (Miller, 1996).

Bayou and Bennett constructed a model for profitability analysis and
attempted to allocate variable costs, such as labor, to assess the financial
strength of each dish (Bayou & Bennett, 1992). Le Bruto, Quain, and
Ashley modified the ‘Kasawana and Smith model’ (KSM) by allocating
labor costs separately as fixed and variable components for each menu
item (LeBruto et al, 1995).

The limitation of all matrix models lies in the assumption that indirect
costs are equally allocated to all menu items (Morrison, 1996). To
overcome this limitation, Cohen included five factors (food costs, price,
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labor costs, popularity, and contribution margin) and normalized input
values into scalar variables on a scale of 1-10 (Cohen et al.,1998). This
approach did not consider other production factors and did not explain how
labor costs were measured. Horton modified KSM by incorporating the
value of ‘estimated labor’ into the contribution margin (gross profit)
(Horton, 2001). Taylor, Raynolds and Brown introduced a non-parametric
statistical approach that addressed the shortcomings of the previous
models related to labor measurement and data analysis. Tom and
Annaraud applied fuzzy techniques within KSM to handle uncertainties in
menu alternative evaluation through linguistic variables, providing relevant
information for decision makers in multi-criteria decision making (Tom &
Annaraud, 2017).

For food to fulfill its nutritional mission, it needs to provide both short-
term (subconscious sensory perception during and immediately before
and after a meal, motivating repeated consumption of the chosen meal)
and long-term satisfaction (conscious feelings of health, vitality, capability,
and enthusiasm for life and work). Previous studies and works have not
sufficiently leveraged feedback obtained from food consumers, which is a
necessary parameter in the architecture of a nutrition system that is
relevant and up-to-date in the context of new knowledge in the science of
nutrition and comprehensive user needs.

The common characteristic of the previous research works is that they
inadequately exploited the advantages of objective methods that allow
measuring the relative efficiency of individual dishes from the set of
existing menu items and selected substitute dishes formed in accordance
with FRT. These methods consider a broader spectrum of relevant criteria
(economic, organizational, technical, nutritional, gastronomic, etc.)
including those reflecting user satisfaction.

The first application of the DEA method in practice was carried out for
military purposes, by the authors themselves, to evaluate the efficiency of
equipment maintenance and recruitment processes (Charnes et al, 1984),
followed by subsequent applications by other authors for measuring
financial efficiency (Bowlin, 1987, 1989), combat unit capabilities (Crino,
1996) and other defense-related aspects (Bowlin, 2004; Hanson, 2016).

DEA has also been successfully used in the restaurant industry in
restaurant ranking (Hadad et al, 2007). An extended the CRS-DEA model
from the work of (Taylor et al, 2009) to a variable returns-to-scale (VRS)
DEA model was used under a metafrontier framework and simultaneously
determined which items should be retained on a menu based on efficiency
as determined by VRS-DEA in order to increase financial performance
(Fang & Hsu, 2014). The DEA method has been successfully applied in




the integration of menu analysis and revenue management approaches in
order to improve strategy formulation (Lai et al, 2019), then for the
formation of the CDMA model for menu analysis as a tool to support
management in making strategic decisions (Nemeschansky et al, 2020),
and for developing an innovative SBM-DEA model to evaluate the menu
item efficiency with a better discrimination power and determine the input
targets for each menu item by comparing the efficiency frontier.

The new approach presented in this study enables the evaluation of
dish performance using the DEA method based on nine relevant
input/output variables. These variables include organoleptic and digestive
characteristics of dishes, which have not been previously used in
combination with organizational, nutritional, and technical-technological
variables. The goal is to enhance the existing menu assortment by
replacing inefficient dishes with more suitable ones, thereby increasing
user satisfaction with the food and improving the efficiency of food-related
tasks within the organization.

The description of a menu

A menu represents the list of dishes offered by a restaurant and
results from synthesizing the needs of the target user group on one hand,
and the restaurant’s ability to prepare food in an affordable manner
according to defined standards on the other. The menu is structured based
on the restaurant’s production capabilities (technical, technological, and
organizational) and available resources, as well as user preferences for
restaurant services.

Menus can be categorized as follows: Fixed menus - characteristic
of a la carte restaurants; Daily menus - for breakfast, lunch, and dinner;
Weekly menus - spanning a week; Ten-Day menus - common for pension-
style consumption; Monthly menus - used in student cafeterias,
preschools, hospitals, etc; Cyclical menus - repeated in specific time
intervals and Seasonal menus - designed for tourist seasons or specific
times of the year. In military and related organizational systems where
collective nutrition occurs, an annual menu specifies the types of dishes,
their monthly cycles, and criteria for creating monthly menus.

User food needs arise from their daily activities (psychophysical
engagement) and dietary habits. These needs represent the energy-
biological value of daily nutrition and the expected sensory perception
during and after meals. If a nutritionally balanced menu does not align with
users’ expectations regarding sensory properties (taste, texture,
digestibility), meal components, and preparation methods, satisfaction
may be lacking. This can discourage subsequent meal consumption,
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disrupting the user’s health equilibrium. Additionally, inefficient menus can
lead to wasted resources and potential health risks due to inadequate
nutrient intake or harmful substitutes.

Optimizing menus ensures a balanced compensation for energy-
biological expenditures, avoiding excesses or deficiencies. It also provides
subjective satisfaction during meals and maintains overall well-being. An
optimized menu allows efficient utilization of restaurant capacities and
resources, satisfying both user expectations and restaurant management.
Measurement of efficiency of units of similar type, not only help in
identifying the shortcomings of the unit, but also helps in the development
of the unit by eradicating or minimizing those shortcomings.

DEA method

In 1978, DEA methodology was introduced to calculate the relative
efficiency of units based on multiple outputs and multiple inputs (Charnes
et al, 1978).

DEA is a mathematical programming approach based on numerical
data. It is successfully used for evaluating heterogeneous entities (such as
organizational or production units). Some notable advantages of DEA are
that it can accommodate multiple input and output variables, even when
they have different units, it can work with both qualitative and quantitative
data, and it acts as an effective decision-making tool in directing the
attention of management to the area that can be improved (Xie et al, 2021).

Notably, the first paper titled “Evaluating Program and Managerial
Efficiency: An Application of Data Envelopment Analysis to Program
Follow Through” (Charnes et al, 1981) marked the beginning of its
application. The increasing number of published scientific papers attests
to the significance of the method and its practical value.

DEA was considered an excellent mathematical programming and a
powerful management tool that can be used to measure, evaluate, and
analyze the efficiency of the state, government, and military units
(Okromtchedlishvili, 2022).

As of 2021, there have been a total of 17,164 papers using DEA
methodology (in its original or improved form) listed in the Web of Science
database.There has been a substantial growth in published works (Figure
2).

The application of the method is particularly suitable for assessing
efficiency in cases where the complex nature of the relationship between
multiple inputs and multiple outputs makes it impossible to apply other
approaches for efficiency evaluation (Cooper et al, 2007).
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Figure 2 — DEA publications since 1980

The concept of the DEA method

The main advantage of the DEA method is that it does not require
assumptions about the functional form of the production function, which
excludes the estimation of parameter values (non-parametric method). In
relation to other methods, the efficiency of input and output weights should
not be known "a priori", because entities are grouped into efficient or
inefficient depending on their relative geometric location in relation to an
empirically set efficiency limit that is based on best practice, and not on
averaging.

There are several methods similar to Data Envelopment Analysis
(DEA) for measuring efficiency. A few notable ones are: Stochastic
Frontier Analysis (SFA)?, Free Disposal Hull (FDH)3, Multiple-Criteria
Decision Analysis (MCDA)4, Ratio Analysis® and Tobit and OLS
Regression Models®.

The name “DEA” stems from the way the method identifies the
“frontier” used to assess the performance of all subjects under evaluation.

2 This method uses statistical techniques to estimate the efficiency of decision-making units
(DMUs) by separating random errors from inefficiency effects.

3 FDH is a non-parametric method like DEA but does not assume convexity of the
production possibility set, making it more flexible in certain applications.

4 MCDA evaluates efficiency by considering multiple criteria and often involves stakeholder
preferences to weigh different factors.

5 This method involves calculating ratios of outputs to inputs to assess efficiency, which is
simpler but less comprehensive than DEA.

6 These models can be used in conjunction with DEA to analyze the determinants of
efficiency, providing additional insights into the factors influencing performance.
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The authors of DEA propose a solution that overcomes subjectively
imposed preferences of decision makers. They suggest that each Decision
Making Unit (DMU) should have the freedom to determine the weight
coefficients to maximize its own efficiency and present itself in the best
light. All weight coefficients must be greater than 0 and the efficiency score
for any DMU cannot exceed 1. DEA simplifies the scaling problem,
expressing efficiency as a number between 0 and 1. Units achieving a
score of 1 are considered efficient and lie on the efficiency boundary.
Deviations from 1 indicate excess inputs or insufficient outputs. A DMU is
efficient if it does not satisfy two conditions (Charnes et al, 1978): a) it is
possible to increase any output without increasing any input or decreasing
any other output; and b) it is possible to decrease any input without
decreasing any output or increasing any other input.

DEA analyzes each DMU to determine whether its inputs can be
achieved from below (i.e., achieving a given output with fewer inputs) and
whether its outputs can be achieved from above (i.e., producing a larger
output with a given input) based on the values of other units’ inputs and
outputs. If a unit can be achieved, it is relatively inefficient; otherwise, it
contributes to forming the efficiency boundary, which represents the
equivalent of the production frontier. For each inefficient DMU, DEA
identifies the content and level of inefficiency for each input and output.
The level of inefficiency is determined by comparing it to either a single
reference DMU or a convex combination of other reference DMUs that lie
on the efficiency boundary.

These reference DMUs use proportionally the same input levels and
produce proportionally the same or greater output levels. In simpler terms,
DEA helps to understand how much an inefficient DMU deviates from the
best-performing units. It is like finding the optimal balance between inputs
and outputs to achieve efficiency.

Efficiency can be achieved by projecting onto the efficient frontier, as
shown in Figure 3.

efficiency frontier

"

output

input

Figure 3 — Approximate representation of the limit of efficiency




This representation is approximate because it assumes only one input
and output, one inefficient unit, and no change in the efficiency boundary.
The Figure depicts the efficiency boundary where the efficient units B and
C lie, while the inefficient unit A can approach the efficiency boundary by
reducing its input or increasing its output.

There ara two fundamental models used in measuring efficiency:
CCR (Charnes, Cooper, and Rhodes) and BCC (Banker, Charnes, and
Cooper). The CCR model assumes that DMUs operate with constant
return to scale, meaning that increasing inputs must result in a proportional
increase in outputs. This efficiency includes both pure technical efficiency
(how well inputs are transformed into outputs) and scale efficiency (how
efficiently the DMU operates at its chosen scale).The efficiency frontier
provided by CCR models takes the shape of a convex cone). The BCC
model also known as the DEA model with variable returns to scale focuses
on pure technical efficiency, ignoring the impact of the scale. In the BCC
model, a specific DMU is compared only to other units with similar scales
of operation. It provides a measure of efficiency that considers the impact
of inputs and outputs without assuming constant returns to the scale. In
the mentioned context, the CCR model was used in this paper.

DEA CCR model

DEA models can generally have two forms: input or output oriented
(Figure 4).

Input-oriented DEA Output-oriented DEA
Input 1/Output Output 1/Input

‘/l,'ffirivnl frontier

Input 2/Output Output %/Input

Figure 4 — Input and output-oriented CCR models

The efficiency frontier or envelope consists of the efficient units C, B,
D, and E. The difference lies only in the way inefficient units are enveloped.
Input-oriented approach (input minimization or contraction) focuses
on achieving the desired output while using the least amount of input
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resources. The output-oriented approach (output maximization or
expansion) aims to maximize the outputs while maintaining a specified
level of input resources.

The input-oriented CCR model is obtained by converting a non-linear
to a linear problem, which is then solved by the method of linear
programming, by applying a system of linear equations (1):

m
DEAinput = min Z W, X, — input
i=1
st:

m+s

m
Zwl.xi/. - z wy,; 20, j=1..n
i=1 i=m+l

m+s

M/[y[—uu[/ml -

i=m+1

w20, i=1,...,m+s (1)

The DMU consists of m input parameters for each alternative xijj, s
represents the output parameters for each alternative yij, taking into
account the weights of the parameters denoted by wi, and n represents
the total number of DMUs.

The output-oriented CCR model, where the optimization criterion is
the maximization of the value of the objective function (efficiency), is
solved by applying a systems of linear equations (2):

DEAoutput = max Z W, X; — output

i=m+1

st:

—(iwixﬁJ+ ’f wy,; <0, j=L..,n
i=1 i=m+l1

m

z Wiyifinlput = 1

i=1
w20, i=l..,m+s (2)
To obtain the efficiency index for each DMU, it is necessary to apply
expression (3):

. max QUTPUT
Efficiency = ———
min INPUT 3)




Although input- and output-oriented models have different
optimization criteria, the problem is unique and the following expression
applies:

FX° =" Fx

~xeD

FX' =" [-F(X)] (4)

~xeD

where D is the domain of admissible solutions.

Application of the model

During the observed period in the 2023 calendar year, based on the
indicators tracking lunch meals, according to the ‘Record of Prepared and
Unused Meals’, 20 dishes in the menu were identified as not being
frequently chosen by users. These dishes are numbered from 1 to 20 in
order from the least desirable to more desirable. In collaboration with a
nutritionist, a group of 11 new dishes was formed by replacing certain
components of the meals numbered from 21 to 31.

For effective interpretation, acceptance, and utilization of the results
obtained from the DEA analysis, a final group of relevant criteria reflecting
the performance of each individual dish in the menu was identified based
on questionnaires and expert surveys. The collected data were selected
according to the following categories: food price (Official prices from the
Serbian Armed Forces and the Ministry of Defense during the observed
period, based on valid contracts with suppliers and market scans for fresh
seasonal fruits and vegetables); technological preparation requirements
(represents the number and complexity of work operations needed to
prepare the dish - e.g., sorting, peeling, slicing, breading, frying, etc.
Values were obtained through surveys with the restaurant staff involved in
food preparation and are presented on a scale from 1 to 100); technical
equipment requirements for dish preparation (Represents the number and
complexity of devices used in dish preparation - e.g., peeling machines,
cutting machines, sautéing equipment, cooking kettles, convection ovens,
etc. Values were obtained through surveys with the restaurant staff
involved in food preparation and are presented on a scale from 1 to 100);
preparation time (represented on a scale from 1 to 100 based on the
experience of restaurant chefs); technical-technological requirements for
food storage (includes the use of storage capacities and equipment for
preserving food until consumption); nutritional quality index of dishes (a
comprehensive indicator considering the nutritional contribution of
proteins, carbohydrates, and fats in the total calories intake during dish

consumption.
1589
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Unlike the purely energy-focused calorific value, this index
synthesizes the structural, protective, and energy contributions of the dish
to the body. The Nutritional Quality Index of Dishes was calculated based
on the methodology for calculation the Nutrient Rich Food Index
(Drewnowski, 2009) and it relies on data regarding the nutritional
composition of dishes including proteins, fats, and carbohydrates, from the
NP.); sensory properties of dishes”; digestibility of dishes8, and post-meal
feeling®.

Based on formulas (1) and (2), systems of linear equations were
formed for 31 dishes'. By solving these linear equations using the Lingo
20.0 software package'?, the values for the minimum Input and maximum
Output are obtained for the first dish ‘Potato Moussaka’ (Figure 5).

The efficiency index for the first dish ‘Potato Moussaka’ is E=
0.7637242/1,309373= 0.583275. In the same manner, the values were
obtained for the remaining dishes.

By applying formula (3), the efficiency coefficients were calculated for
each dish (Figure 6).

After calculating the efficiency coefficient and conducting the analysis,
it can be observed that, in line with the specified criteria, 10 out of a total
of 31 dishes have been evaluated as efficient (E=1).

7 Includes texture, aroma, taste, and appearance of the dish. Ratings for criteria 7, 8, and
9 were obtained through surveys with a representative sample of cadets from all classes
and genders.

8 Subjective perception of digestion and satiety after consuming the meal by food users.

9 Common implications include post-lunch energy levels, heavier-to-digest dishes may
reduce post-meal energy and agility.

10 The mathematically posed task can be described as follows: determine the values of the
weights of (independently variable) inputs and outputs so that the DMU has the highest
relative efficiency (dependently variable) in the output orientation or inefficiency in the input
orientation, and that the weighted sum of the inputs of the observed DMU is equal to one
and other DMUs greater than or equal to zero.

1 The first specialized software for DEA was developed at the University of Massachusetts
in 1989 under the name IDEAS.Today, numerous software programs are widely known and

applied.



| File Edd Scher Window Help i{__’i_l_'g-j‘_«_mm Hep
MJ_UJJJ!EIEEIEJMM Dls@al [1/e) 2| dielo| DRIBE BBE 2R
Bt Mo Lot lwm Unged elels]

N 134 5T | S 2 KT i e
134 80w 5B Do ST DB B S BB T2 S BB B wipad
274 880w [P SOA D SO S (3 15 BB BT <85 BB TT el
T TIW IS I T B3 DT BB T+ T w0 ool
L R B R e b el e o T P
100 S P Sl e TS TS 2 B BT T BT i T Wil
14 7w L w2l A8 Tl (2 ST e i BT o0 Pwidei el
D21 w1202 2B e 0 () D B T T T 2wl T il
9720 w120 w2 MW I el Tl U T T B el

12 BT 50w 2B DB TS S B e T o BT ' Hpel
PRI TH |02 ST D T TS S e B T T B TS el
HI7 Bt o 2 T B TS L D1 e M T DS 1M )
FR S b 2o W e 2 B S T A e e e,
LT aEtwrt orwde Trwde T wta B w0 Sl B T el wip
WL W eadw eIl Tl wil Bl 0 el T30 wlaBd el
D2 B b 2e 1w B B 2 B w0 2T ol Brwiled it
120 85w 20w 2w DB e TS B TH BT o Bl TO il
P34 410w 0o 1 3o SO TO S 2 B BB T oBT W TS Bowond,
VI ST 40w 2w DTS e TS 2 BT 2Tk B A wi ool
136 25w 1 20w 2 T W I TS 2 BB T BT o TS 4wl T wi ol
7 Bl 2 T =B T (3 Ol 1 16 B P O w7 v el
e B L T e T
125wl o w0 B e L B T T bl wiped
T T B R R e e e T
150 08w 150w 2 T oS e AT () T4 B 27 o2 Bl Bl o)
10 2w W2 DTS o T w5 26 w08 B T2 B0 il
31 BB w2 ST W T B S 2 1S T B B W e,

181 S LT e e et T Eial] TGt
w2 e (] ST B T e e el

134 ST | B 2o 1 oS SO e 1 S e TH T w0 Sl
200wl w2 e d) e,

WD wlalmds 0 wisdiwiol, wlelwisdndol,

Lingeo 2010 Sotver Stabs [Lingo1] x | Lingo 200 Sobver Staus [lingoZ] x
Scles Slatus [ Warishies Sobver Stk Varatie
Task 3 ) Toat 3
Boodel Claes i i Moddl Dt -
S Global Opt It (] Swe  Glabal Opt Irtegers: i
Dbpective. L3 | i Chopciive. 0763714 - Corsleyiis
Iebsashity 1] Tt 42 Inbesctity 0 Tog H
Noriresr: [] Nerlnest 0
Hesaore: 5 Nesgfionz: L]
 Eereded Sobver St : Tebat m Suhe Tog w

MAK a2 D wBeR 1w To3 A ) e,

MW LSO B B S B BB T2 4 B ) sl
2T B A -5 0 B S (015 8 B T B TT e,
2R TIW NSO W T B0 WS () AT e To T 2B T0 el
G W 1 T ST T e () Do) B T T el Pwiinll,
A1 G S T T e 2 el 2 Tl el T Wi,
TT P L rw o e T el et ) BT Tl Pwiipnll,
< w e e M D T T T e T el
LTI N T I TINT, L SR SO
AVLEYW LB W W LB TS S S w08 o T 05 B0 el
T AW ST 1 T TS S (1w BT T BwleTS il
AT T e T S e D T T e
T W AW L S0 e B w5 P T BT wi ool
T AW AW T T e ) T P T el el
00w LA T T e ) el S T e e
LI W LA P LR B B P T e Pl
RHTEME DGR TN SR T e T T T o
UMW O 0 T S B w2 T80 B TS sl
DA W0 TS T S B TT 2 T e el
136 2 BT W A T S B W T) 0 7T i T ool
R R T T L O | BT e 10T Bl
T BB T B T w T

1 P W2 S ) BT TR bt Pl
1Y e L e S 2 D e T Bl S w ol
0B LS T LS w7 BBl Brwdondl
D W A0 S LTS kT w1 DG B T2 Bt o
ST B AU WDE T L T B S 4 B 10 T 06 B0 2ol
TR IAD WD 15 W LS W B0 WS 60 51 w06 w705 FwBeBd Ewifeed
0L W R LR S ) A B S T B T wi el
I S T L e ) S £ T el P
2EW 1S - B ) S T T S e el

13 ST LB S S ) S T Tl BB w sl
§34 50w BB de T el B St

Wil w2l kel wisl Wil wlsd wilsiwied,

Figure 5 — A system of linear equations of the input and output-oriented CCR model
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Figure 6 — Criterion and coefficient values

Conclusion

In the process of planning logistics support, logistics units must
continuously observe, study, and analyze user requirements from various
angles. They generally make numerous decisions based on subjective
perception and experientially chosen criteria to respond rationally to user




demands within the available resource capacities of the logistics system
(Milenkov et al, 2020).

To reduce the shortcomings of subjective decision making and obtain
a more objective and measurable assessment of dish performance, as well
as to optimize menu assortments in collective nutrition organizations, this
study proposes a model for evaluating dish efficiency using the DEA
method which relies on mathematical programming to assess the
relationship between relevant input and output parameters, quantifying
their efficiency.

The application of the proposed model identified 10 efficient dishes (7
existing and 3 replacement dishes) out of 31 considered. The replacement
dishes assessed as efficient can be incorporated into the menu, replacing
some of the lowest-ranked 13 inefficient existing dishes. By doing so, the
overall efficiency of the menu will increase, implying greater satisfaction of
food users. Ranking can be based on the obtained efficiency coefficient
values (from the lowest to the highest ones) or by creating a more precise
model for multi-criteria optimization using rough numbers or fuzzy logic
(Bozanic et al, 2023; Badi et al, 2024). This approach could serve as a
basis for further research and enhancement of the model presented in this
study.

Considering that the model’'s output criteria focus on user satisfaction
after meals, while the input criteria relate to technical-technological and
material requirements for dish preparation, and recognizing that user
dietary habits and perceptions continually evolve from scientific, technical-
technological, and sociological perspectives, this model can effectively be
used for periodic, objective dish evaluation. It serves as a tool for logistics
support personnel (QMS) to adjust menus based on user dietary habits,
staff expertise, facility equipment, market conditions, and the material
capabilities of the SAF.

Also, the presented model can be very effectively applied when it is
necessary to create a menu according to the defined effects it should have
on the target group of users (by favoring certain criteria, such as nutritional
composition, digestibility, energy for physical work after a meal, possibility
of preparation in extraordinary circumstances, necessity to bring the
organism to a state of optimal psychophysical performance for the
realization of planned activities and enable adequate recovery afterwards)
in collective nutrition facilities for public sector (evaluating meal programs
in public institutions like prisons and police facilities to ensure they are both
nutritious and cost-effective), as well as school catering (assessing the
efficiency of school meal programs to provide balanced nutrition within
budget constraints), corporate catering (analyzing the efficiency of meal
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services in corporate settings to optimize costs and employee
satisfaction), healthcare (evaluating the efficiency of meal plans in
hospitals and nursing homes to ensure nutritional needs are met cost-
effectively) and hospitality industry (assessing the efficiency of restaurant
menus to balance cost, customer satisfaction, and nutritional value).

By minimizing the negative effects of menu misalignment with user
needs (on the one hand) and resource constraints (on the other), this
approach can enhance user satisfaction and reduce material waste
resulting from unused prepared meals.
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Resumen:

Introduccion/objetivo: En el articulo se presenta un modelo para evaluar el
desempefio del menu en organizaciones de nutricion colectiva, que permite
cuantificar la eficiencia de cada plato individual.

Meétodos: Se ha aplicado el método de Anélisis Envolvente de Datos (DEA)
para evaluar la eficiencia de los platillos.

Resultados: ElI modelo ha sido probado con éxito en el menu del
restaurante de nutricién colectiva para cadetes de la Academia Militar de
Belgrado (MAB). La evaluacion incluyé 20 platillos existentes y 11 platillos
sustitutos formados utilizando la Tabla de Reemplazo de Alimentos (FRT),
lo que permite conocer la eficiencia de cada platillo individual. De acuerdo
con los criterios especificados, 10 de un total de 31 platillos han sido
evaluados como eficientes (7 platillos existentes y 3 de sustitucion). Al
reemplazar los platillos existentes ineficientes por platillos nuevos y
eficientes, la eficiencia general del menu aumentara, lo que implicara una
mayor satisfaccion de los usuarios de los alimentos y una reduccién del
desperdicio de comidas preparadas y no consumidas.

Conclusion: EI modelo propuesto puede aplicarse en la practica porque
proporciona valores objetivos y medibles para evaluar el desemperio de los
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platillos, con el objetivo de optimizar la variedad del menu en
organizaciones de nutricion colectiva y reducir las deficiencias de la toma
de decisiones subjetiva en la seleccion de comidas sustitutivas. Este
modelo se puede mejorar aun mas mediante el uso de otros métodos
diferentes para determinar las ponderaciones de los criterios y la
clasificacion.

Palabras claves: evaluacion de menus, gestion de restaurantes,
meétodo DEA, nutricion colectiva.

Mogenb oueHkn 3¢pPEKTUBHOCTN MEHIO HA NPEANPUATUAX
00LLEeCTBEHHOro NUTaHKsl, ocHoBaHHasi Ha metoae DEA

Cnasuwa H. Apcny?, koppecnoHaeHT, [paza+ C. Mamyyap®,
MapbsiH A. Munexkos®, Bnada C. Cokonosuy4®, Musnolko M. AHoleBny"
2 YHuBepcuTeT 0b6opoHsbl B . benrpaa, BoeHHas akagemus,
oTaeneHune noructuku, r. benrpag, Pecny6nuka Cepbus
6 Benrpaackuii yHMBEpCUTET, dhakymnbTeT OPraHM3aLMOHHbIX HayK,
Kadeapa uccrnegoBaHuii onepaumin u CTaTUCTUK,
r. benrpag, Pecnybnuka Cepbus
& YHuBepcuteT obopoHbl B r. benrpaa, BoeHHas akagemus,
kadbegpa noructuku, r. benrpag, Pecnybnuka Cepbus
" Yuuepcutet «KOHMOH - Hukona Tecnay,
dakynbTeT BusHec-uccnegoBaHui n npaea, r. benrpag, Pecny6nuka Cepbus

PYBPUKA T'PHTW: 27.47.19 WNccnepoBaHue onepauui,
82.01.00 O6wwume BONPOCHI OPraHn3auun 1 ynpaeneHus
BWO CTATbW: opurmHanbHasa Hay4yHas ctaTbs

Pesrome:

BeeoeHue/yens: B cmambe npedcmasneHa  MOOe/lb  OUEHKU
aghchekmusHOCMU MeHI0 Ha npeodnpusmusix obLecmeeHHO20 nuUMaHus,
ro38onsAwWasl Koslu4eCmeeHHO OUEHUMb 3QhgheKmMUBHOCMb  Kaxd020
omoderbHO20 brrda.

Memodebi: [nsa oueHku agbgpekmugHocmu 651100 Obini MPUMEHEH aHaru3
ceepmku OaHHbIx (DEA).

Pesynbmamel: MolOernb 6biia ycriewHo pomecmupo8aHa Ha MeHHo
cmososol Onsi kademoe BoeHHol akademuu e benzpade. OueHka
ekrrovana 20 cywecmsyrowux 6m0d0 u 11 3ameHsiembix 651100,
cocmaerieHHbIX C UCosib308aHueM Tabnuyb! 3aMeHb! MPodyKmos, 4mo
r1038071UnI0 Norly4Yums npedcmasrieHue o0b aghghekmueHoCMU Kaxdo20
omaQernbHo20 brroda. B coomeememeuu ¢ yka3aHHbIMU Kpumepusmu 10
u3 31 6r1to0a bbinu oueHeHb! Kak aghgbekmuesHbie (7 cyuiecmeyrouux u 3
3ameHsiembix 6r1100a). 3ameHus HeaghgheKkmusHble cyuwecmesyrouue
bnoda HosbiMu aghghekmusHbiMu brirodamu, obuwjas aghghekmusHOCMb
MeHIo yseniuyumcsi, 4mo rnpueedem K 6onbuwemy yO08/1emeopeHUI0




ronb3oeamerieli MUMaHUsi U COKpaWeHU0 omxo008 rpuaomoesrieHHbIX,
HO He cbeOeHHbIX 651t00.

Bbi60d: lNpednoxeHHasi Modesib Moxem bbimb NPUMEHEHa Ha rpakmuke,
mak Kak oHa rpedocmassnisiem 06bEKMUBHbIE U USMEPUMbIE 3HAYeHUS
0nsi oueHKu aghgpekmusHocmu 611100, HarpassieHHble Ha onMuMU3auyuUo
accopmumMeHma MEeHI0 Ha npednpusamusx obuwecmeeHHO20 MuUMaHus.
Takke makass MoOeflb yMeHbWUM Hedocmamku, Cesi3aHHble C
cybbekmueHbIM npuHAmMuUeM peweHul npu eibope 3ameHsiembix 6:1to0.
Oma modenb moxem 6bimb OOMOMHUMENBLHO yriydWeHa 3a cyem
ucrionb3o8aHusi U Opyaux memodos Ond onpedesieHUsi 8eco8bIX
KOaghchuyueHMO8 U paHXUpOB8aHUSs.

Krirouesble crnosa: oueHka MeHo, ynpaeneHue npednpusmuem
obuwecmeeHHo20 numaHusi, Memood DEA, obuecmeeHHOe numaHue.

Mogen 3a eBanyauujy nepopmaHcu jenoBHUKa y opraHm3aumjama
KONEKTUBHE UCXpaHe 3acHoBaH Ha meToau DEA

Cnasuwa H. Apcuh?, ayTtop 3a npenucky, [pazax C. Mamyyap®,
Mapja+ A. MuneHkos®, Bnada C. Cokonosuh®, Musbojko M. JaHoweBnh®
2 YHuBepauteT oabpaHe y beorpaay, BojHa akagemuija,

Operbetrbe 3a noructuky, beorpag, Penybnuka Cpbuja
6 YuusepanteT y Beorpagy, ®akynTeT opraHusaumMoHux Hayka,

KaTegpa 3a onepauunoHa UCTpaxuBaka 1 CTaTUCTUKY,

Beorpaa, Penybnuka Cpbuja
& YHuBep3nteT ogbpaHe y beorpaay, BojHa akagemuja,

Kategpa noructuke, beorpag, Penybnuka Cpbuja
r YHuBepauTeT ,YHUOH — Hukona Tecna”,

dakynTeT 3a NnocnoBHe cTyauje u npaeo, beorpag, Penybnuka Cpbuja

OBNACT: onepaunoHa ncTpaxueama, NormcTuka, MHXeHepCckn MeHaLMEHT
BPCTA UNAHKA: opyrnHanHu HayyHu pag

Caxemak:

Yeod/yurn: Y pady je npukasaH modesn 3a eearnyauujy nepgopmaHcu
JernosHuKka y opeaHusauyujama KofiekmueHe ucxpaHe, Koju omoeyhaea
KeaHMugbukayujy egoukacHocmu ceakoa rojeduHayqHoa jerna.

Memode: 3a ouyeHy eghukacHocmu jena rnpumer-eHa je memoda DEA.

Pesynmamu: Moden je ycriewHO mecmupaH Ha MeEHUjy pecmopaHa
KonekmueHe ucxpaHe kadema BojHe akademuje y beozpady. Esanyauuja
je obyxeamuna 20 nocmojehux jena u 11 3ameHcKux jena ¢hopmupaHux
Kopuwherem Tabrniuya 3ameHe, omoeyhasajyhu ysud y egukacHocm
ceakoe rnojeduHayHoe jena. Y cknady ca HagedeHUM Kpumepujymuma, 10
00 ykyrnHo 31 jena ouereHO je Kao egpukacHo (7 rocmojehux u 3
3ameHcka). 3ameHoMm HeegbukacHuUx nocmojehux jena Ho8UM egbuKacHUM
Jjenuma rniosehahe ce yKynHa egbukacHocm jeriosHuUka, 4ume he ce
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rnosehamu 3ad080/bCMBO KOPUCHUKA XpaHe U cMmarumu pacurnaHe
npunpemMsrbeHUx a HeriojedeHuX jena.

Bakrbyyak: lNpednoxeHu modesn Moxe ce NPUMEeHUmU y fipakcu, jep Oaje
objekmusHe U Meprbuge 8peOHOCMU 3a MPOUEHY rnepgopMaHcu 0bpoka
padu onmumMmu3ayuje acopmumaHa MeHuja y oOpeaHusayujama
KO/TeKmuUBHe ucxpaHe U CMarersa Hedocmamaka CcybjeKmusHoe
odriyqusarba y usbopy 3ameHckoe obpoka. Osaj Moders1 ce Moxe 000amHO
yHanpedumu yriompebom Opyeux pasnuyumux memoda 3a oopehusar-e
meXxuHe Kpumepujyma u paHaupar-a.

KpyyHe peyqu: eeanyauyuja MeHuja, pPECMOPAaHCKU MeHayMeHm,
memoda DEA, konekmueHa ucxpaHa.
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