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Abstract

In this paper, different food packaging technologies and storage con-
ditions are investigated to obtain the optimal combination from a so-
cial, economical and environmental viewpoint. We detect evidence of
explanatory or predictable behaviours (positive studies), in order to
assess the impact of each alternative, we consider the judgments and
reactions of specialized decision makers towards possible packaging al-
ternatives and regulations (normative studies), and. This paper explores
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the packaging selection process by linking manufacturer choices with the
preferences of the food packaging demand chain. We examine the case
of cheesecakes subjected to seven different combinations of storage and
packaging conditions and collect and analyse the preferences of four deci-
sion makers using a multi-criteria approach. The alternatives are ranked
using the Fuzzy TOPSIS technique and a sensitivity analysis of the re-
sults is presented. The application shows that packaging choices can be
driven by social criteria despite the greater economic and environmental
benefits of others packaging solutions.

Mathematics Subject Classification: 90B50; 90C29; 91B06; 03E72

Keywords: Multicriteria Fuzzy technique, Triple bottom line, Sustain-
ability, Innovation, Food sector, Packaging

1 Introduction

Economic and commercial choices exert great influence over product supply de-
cisions. Packaging choices also present an important challenge for companies.
Numerous end goals influence the food packaging choices [4]. Packaging at-
tributes are numerous and have highly diversified over the years; indeed, their
combination influences the final choices made by decision makers. The phys-
ical qualities and packaging capabilities of the various packaging solutions, as
well as many other related details, affect the selection process. Finally, propen-
sity towards innovation plays a prominent role in the decision making process.
Choosing packaging is, therefore, much more than the simple definition of a
container [8], [32].

Some studies from the food packaging literature looking at the instrumen-
tal variables and applicable technical, economic and environmental packaging
choices have clarified the environmental impacts of food packaging associated
with life cycles cycles [20], [12]. For example, a study in China used the
Life Cycle Assessment approach to compare the environmental impacts of two
different milk packaging systems, which led managers to select composite pack-
aging when resource saving was the primary governmental target, and plastic
packaging when ecosystem protection was the main objective [36]. Point et al.
[22] prepared a set of “targeted suggestions” for the regulators of Nova Scotia’s
grape and wine industry, and used them to quantify the life cycle emissions
of a 750 ml bottle of wine produced and consumed in Nova Scotia. The re-
sults of the study revealed that the use of lighter bottles could yield significant
environmental benefits that exceeded those achieved through organic grape
growing practices. Cleary [10] proposed a comparison of LCAs for alternative
wine/spirit packaging solutions at the scale of both the individual package and
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the Toronto municipality with the aim of reducing the environmental impact.
The author points out that packaging concerns not only general managers,
but even more-so the decision makers of commercial procurement, policy de-
sign, product design and stewardship and waste management. In fact, the
study illustrates the different ways of product evaluation on the scales of the
individual package and the municipality. Wikström et al. [34] performed an
LCA study aimed at assisting the packaging designer to reduce consumer food
waste; the authors evaluated the technical packaging attributes; “contains the
correct quantity” and “easy to dose”, for two food items; rice and yoghurt, in
six different packages varying in size and design. In relation to rice packag-
ing, the study emphasizes that the packaging performance of the attributes is
the most important factor when food waste is included in the analysis; this
contrasts with the traditional LCA analysis for packaging material. Rossi et
al. [25], on the other hand, in a study considering a generic decision maker,
proposed end-of-life options of a representative set of used packaging that is
completely emptied and dried. The authors revealed industrial composting
to be the option generating the highest environmental impact, although they
warn that the results also support the adoption of a case-by-case approach, and
that other factors may lead to different conclusions. A wider approach to LCA
enables decision makers to define their own policies by identifying the best
post-consumer packaging materials. However, collection methods and packag-
ing materials are highly variable, and same authors state “it is not possible to
identify an overall “winner” material by a general LCA, and only special case
studies can support the decision making to design an environmentally sound
beverage packaging system” [29].

We conclude this short review by highlighting the main issues regarding
food packaging environmental sustainability and summarising the results of a
recent survey on the potential of suitable innovations aimed at

In brief, decision makers must consider the following issues when assessing
different packaging solutions while aiming at reducing food waste [15]:

• Company/governmental, economic and organizational goals;

• Packaging characteristics;

• Private or public decision maker’s areas of interest;

• Typical or expected conditions of production, supply, consumption, and
final packaging processing;

• Specific conditions and particulars of the product being packaged;

• Economic and environmental sustainability of the product supply chain.
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Figure 1: Flow in a food packaging demand chain (FPDC).

Some studies of food packaging have provided evidence from which ex-
planatory descriptive or predictable behaviours can be derived. Such studies
collected data directly using questionnaires, or refer to other datasets. For
example, qualitative questionnaires highlight consumer preferences and inves-
tigate the advantages of specific packaging solutions. In [2], consumers were
found to prefer glass containers for table olives as the solution that best facil-
itates the extraction of the contents and their preservation once the container
is opened. In the study by Rigamonti et al. [24], a dataset on the packaging
waste management system in Italy was used and enabled the economic and
financial aspects of packaging to be evaluated. The study shows that Ital-
ian industry is not paying the full costs of packaging waste management, and
that the Extended Producer Responsibility (EPR) principle is not being fully
applied considering the financial perspective.

Decision maker choices may also be represented and interpreted indirectly
using methods that simulate and select the outcomes of a certain choice. Many
methods have been used to date, including Multiple-Criteria Decision-Making
(MCDM), which considers the decisions of economic operators participating in
the same chain, such as the supply chain [7]. The packaging selection process
can be depicted as a flow in a food packaging demand chain (FPDC) (Fig.
1): distributors, consumers and waste management operators may have their
preferential demands for food packaging, but the manufacturer chooses the
packaging.

Actually the supply chain is the most studied process, however, decision
makers choices also depend to the demand preferences [30]; [37] and [31].

Thus, it would be useful for the manufacturer to define packaging choices
that recognize the FPDC requests. In the classical MCDM method using the
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Technique for Order of Performance by Similarity to Ideal Solution (TOPSIS),
alternative packaging choices are presented to decision makers and, sometimes,
packaging performances are evaluated in a fuzzy environment [5]. This ap-
proach allows for mediation between the potential decision makers choices and
to determine the general ranking of all the packaging solutions considered.
To the best of our knowledge, no previous study has taken this approach in
relation to food packaging. On the other hand, many studies have adopted
Multiple Criteria Decision Analysis (MCDA) set methods to support the pro-
cess of decision-making. Cinelli et al. [9] reported the results of a MCDA
survey and their discussion was particularly devoted to the sustainability of
decision makers choices.

This paper aims to contribute to the literature by dealing with a posi-
tive study of the packaging decision makers’ choices regarding food packaging
demand chain preferences. The interviewed decision makers included manu-
facturers and commodity science, and economics experts. The MCDM and
TOPSIS approaches in a fuzzy contest were applied to a typical Sardinian
cheesecake (“formaggelle”; consisting of a wheat pastry crust and a cheese fill-
ing) conditioned with seven combinations of packaging and storage. Cheese-
cakes can be classified as ambient cakes due to their high moisture and water
activity values. Mould growth constitutes the early degradation factor of this
product, which limits its shelf life to 7-10 days when the product is packaged
using low-density polyethylene (LDPE) and stored at ambient temperature
[27]. A significant increase in shelf life has been obtained using modified atmo-
sphere (MAP) or active packaging strategies (AP) [27]. The outcomes of the
study will enable decision makers to understand the packaging preferences of
consumers, distributors and packaging waste operators, as well as define the
most appropriate criteria for assessing packaging choices. The second section
of the paper presents the materials and methods, which include the scenario
definition, criteria descriptions, a description of the decision makers, and data
relating to the TOPSIS method in a fuzzy contest. The results and discus-
sion are presented in the third section, while the fourth section closes with the
concluding remarks and a statement about future potential work.

2 Material and methods
Seven different alternatives (A1 to A7) and fourteen criteria (five economic,
three environmental and six social) are considered. The final aim is to obtain
a ranking of the alternatives in this multi-criteria framework. The TOPSIS
technique (see [38] and [39]) is used to obtain quantitative evaluation starting
from the linguistic assessments provided by each decision maker [1]. The first
step is to define the linguistic variables and the weight associated to each
criterion. After that, it is possible to associate a fuzzy number to the linguistic
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variables [13], [7]. The fuzzy numbers are the starting point of the quantitative
analysis, which leads to the final ranking. We consider four specialized decision
makers.

2.1 The set of Alternatives

The scenario considers cheesecakes subjected to different storage and pack-
aging conditions. Specifically, we consider three different storage and three
different packaging conditions. Table 1 reports the seven combinations used.
Two combinations would not be realistic and were not therefore considered
(Freezing/Modified Atmosphere and Freezing/Active Packaging). Data per-
taining to shelf lives are reported in Table 2 and refer to combinations A1, A2
and A3; the latter alternative regards the use of an antimicrobial compound.
Storage conditions and packaging technologies are reported below.

Storage conditions:

• Room temperature: about 20◦ C.

• Refrigeration: 4-6◦ C

• Freezing: -18◦ C

Packaging Technologies:

• Conventional Plastic Film: cardboard trays wrapped with LDPE.

• Modified Atmosphere Packaging (MAP): tray with multistrate (EVOH/
OPET/PE) gas and water barrier film of 54 mm thickness (EOM 360B,
Sealed Air, USA). The gas transmission rates for the tray were as follows:
O2, 1.07 cm3 m-2 24h-1 bar-1 at 23◦ C; CO2, 5.35 cm3 m-2 24h-1 bar-1 at
23◦ C; water vapour, 63 g m-2 24h-1 at 38◦ C. The gas transmission rates
for the film were as follows: O2, 4 cm3 m-2 24h-1 bar-1 at 23◦ C; CO2,
13 cm3 m-2 24h-1 bar-1 at 23◦ C: water vapour, 9 g m-2 24h-1 at 38◦ C.
Packaging with different N2/CO2 combinations (70/30, 50/50, 20/80).

• Active Packaging (AP): the same tray with MAP film and self-adhesive
(20x20mm) labels containing the essential oil (EO) Cinnamomum zey-
lanicum or small sachets containing oxygen absorbers.
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Alternative Food Preservation
Methods

Packaging Tech-
nologies

A1 Room Temperature Conventional plastic
film

A2 Room Temperature Modified Atmo-
sphere

A3 Room Temperature Active Packaging
A4 Refrigeration Conventional plastic

film
A5 Refrigeration Modified Atmo-

sphere
A6 Refrigeration Active Packaging
A7 Freezing Conventional plastic

film

Table 1: Alternative Combination of storage/packaging conditions proposed
for cheesecakes

2.2 Criteria

In the FPDC, the manufacturer is responsible for choosing the product pack-
aging; but how can they take into account the consumers’, distributors’ and
waste operators’ packaging assessments? The manufacturer could pick the
FPDC’s preferences directly or indirectly, by choosing the evaluation criteria
and whose different judgments are often compatible with the different attribute
judgments, expressed by the consumer, distributor and waste operators. For
example, a very high full cost criterion correlates well with the consumer’s
easy to empty satisfaction attribute, or with the distributor’s easier to stack
attribute, because a higher functional attribute of the packaging is often ex-
pensive [18]; [35]. Packaging attributes are also different according to the role
of the decision makers. For example, the composition of plastic packaging
may be a limit to the efficiency of recycling treatments. Multilayer films and
blends affect the features of the recycled post-sorting facility, resulting in lower
quality of recyclates [19]. On the other hand, the same materials improve the
packaging features, such as the mechanical, barrier and/or optical character-
istics. Thus, the use of multiple polymers causes the preferences of the waste
management operators to diverge away from those of the consumer or distrib-
utor. In this case, we will have to diversify the criteria to consider divergent
preferences and to find the solution. As an example, we represent the flow for
MAP judgement (Fig. 2). The manufacturer’s view of MAP via the full cost et
al criteria is compatible with the FPDC attributes expressed by the consumer,
distributor and packaging waste operator. Generally, for each possible set of
criteria compatible attributes exist that condition the design of the packaging
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Alternative Shelf-life
(days)

Note

A1 7-10 Shelf life obtained in this
study

A2 14-35 The higher the percentage of
CO2, the greater the shelf life.
In this study, a shelf life of 28
days was obtained

A3 10 (antimi-
crobial) - 48
(absorbers)

An antimicrobial compound
has less impact on the con-
sumer than the use of a sachet
containing an oxygen absorber
inside the packaging

A4 -
A5 -
A6 -
A7 The prevailing event is due to

chemical-physical alterations.

Table 2: Proposed shelf lives for the combinations of storage/packaging con-
ditions.

for the product.
The criteria to be adopted for packaging choice must be accurately es-

tablished on a case-by-case basis. The cheesecake packaging scenarios are
evaluated by means of economic, environmental and social criteria. As for
the economic criteria, we consider full costs, packaging cost, transport cost,
storage cost, and technological cost, as shown in Table 3.

Environmental criteria consider the use of environmental resources, the use
of chemical materials, and the generation of waste (Table 4).

Social criteria include: employment support; preventing workplace hazards;
connection with cultural and historical values of the community; the valorisa-
tion of traditional agro-food products; impact on the local economy; consumer
satisfaction and well-being (Table 5).

2.3 Decision-makers

Highly skilled Decision Makers (DMs), with specialized knowledge, have been
selected in order to evaluate alternatives according to all criteria. In particu-
lar, four decision-makers were involved in the analysis, representing the main
stakeholders in the FPDC. DM1 is an expert in agro-food product. DM2 has
academic skills in prototyping and developing innovative machines for the food
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Figure 2: Modified Atmosphere Packaging - Flow in criteria judgement.

industry. DM3 is highly skilled in the mechanical aspects. DM4 is a product
manufacturer. The DMs had access to all the data presented above to al-
low them to evaluate the performance of each scenario with respect to each
criterion.

2.4 Fuzzy-TOPSIS method

In order to convert linguistic assessment into quantitative form, we consider
triangular fuzzy numbers. In brief, a fuzzy set is a class of objects with a
continuum of membership grades ranging in [0, 1] . A membership function
fA (x) characterize each fuzzy number considering the grade of membership
for the element x in the set A, where all values in [0, 1] are possible. Following
Cappelletti et al. [5] , we use triangular fuzzy numbers (a, b, c) where a, b and
c are, respectively, the smallest, the most promising, and the largest possible
value associated to an event. The membership function is the following:

fA (x) =


0 x < a ∨ x > c
x− a
b− a

a ≤ x ≤ b

c− x
c− b

b < x ≤ c

In the fuzzy set of triangular numbers, it is possible to define addition and
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Criteria Definition

Full cost (Ec1) Costs of the resources for the production and
raw materials transformation

Packaging cost
(Ec2)

Costs of the packaging and packaging prod-
uct assembly

Transport cost
(Ec3)

Costs of transferring the products to retail-
ers

Storage cost (Ec4) Costs to safeguard and conserve the finished
product before delivery to retailers

Technological cost
(Ec5)

Costs incurred for the acquisition, deploy-
ment and maintenance of technological as-
sets

Table 3: Cost Criteria

Criteria Definition

Environmental re-
source (En1)

Use of renewable and non-renewable na-
tural resources involved in cheesecake
production and commercial processes

Use of chemical mate-
rials (En2)

Incidence of chemical materials in
cheesecake packaging

Generation of wastes
(En3)

Waste caused by shelf life expiry and in-
ventories

Table 4: Environmental Criteria

multiplication [38]; [39] and [40]. The distance between two triangular fuzzy
numbers x = (a, b, c, ) and y = (d, e, f) is [6]:

d (x, y) =

√
1

3

[
(a− d)2 + (b− e)2 + (c− f)2

]
(1)

The DMs’ evaluations are presented in Table 7.
To compute the importance weights for each criterion, aggregation methods

need to be applied [14]; [11]. Given the fuzzy rating represented by a triangular
fuzzy number Ri = (ai, bi, ci) , i = 1, . . . , n with membership function fWi

(x) ,
the aggregated fuzzy rating R:

R = (a, b, c) ⇐⇒ a = min
i=1,...,n

ai; b =
1

n

n∑
i=1

bi; c = max
i=1,...n

ci. (2)

If we apply the aggregation method given by equation (2) to the positive
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Criteria Definition
Employment support (So1) Role of “formaggelle” production

and sale in the labour market
Preventing workplace haz-
ards (So2)

Extent of safety measures applied in
“formaggelle” production and com-
mercial processes

Cultural and historical val-
ues (So3)

Whether the “formaggelle” cheese-
cake contributes to the characteriza-
tion of historical and cultural com-
munity values

Valorisation traditional
products (So4)

Contribution of the “formaggelle”
cheesecake to the valorisation of tra-
ditional agro-food production

Impact on the local econ-
omy (So5)

Cost of the acquisition, deployment
and maintenance of technological
assets

Consumer satisfaction and
well-being (So6)

Food satisfaction and well-being of
“formaggelle” consumers

Table 5: Social Criteria

triangular fuzzy numbers associated to Table 7, we obtain the aggregated fuzzy
rating of the weights (W ) of each criterion.

In order to evaluate the performance of each alternative, each DM uses the
linguistic variables as shown in Tables 8-12.

The TOPSIS method [13] has been successfully applied in many fields to
solve various decision problems (e.g., waste management [21]; supplier selec-
tion (see [17]; [11]), machine selection location analysis [26], optimal choice
in agriculture [5]. The main concept of this method involves the definition of
positive and negative ideal solutions in order to compute the distance between
each alternative and the ideal solutions. The positive ideal solution (PIS) max-
imizes all the benefit criteria, minimizes all the cost criteria, and represents
the ideal optimal alternative. The starting point of the TOPSIS method is to
obtain the aggregated decision matrix (Tables 13-15) using Equation (2).

The second step is to compute the weighted normalized decision matrix
V = (rij · wij) where wij are the aggregated weights and rij =

(
aij

c+j
,
bij

c+j
,
cij

c+j

)
,

where c+j = maxicij and j ∈ B , and B is the set of benefit criteria, or

alternatively, rij =
(

a−j
cij
,
a−j
bij
,
a−j
aij

)
, where a−j = miniaij and j ∈ C , and C is

the set of cost criteria. Tables 16-18 present the weighted normalized decision
matrix.

Given the weighted normalized decision matrix, it is possible to compute
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Weights
Linguistic Vari-
able

a b c

Very Low (VL) 0.1 0.1 0.3
Low (L) 0.1 0.3 0.5
Medium (M) 0.3 0.5 0.7
High (H) 0.5 0.7 0.9
Very High (VH) 0.7 0.9 0.9

Table 6: Weights of Criteria

Cost Env. Social
DMs Ec1 Ec2 Ec3 Ec4 Ec5 En1 En2 En3 So1 So2 So3 So4 So5 So6

DM1 H M M H L M VH VH VL VL L M L VH

DM2 M L M L H H H H M VH M H H H

DM3 M M H H H H H H VL L H H L VH

DM4 VL L H VL H M VH H M VH M VH VH VH

Table 7: DMs evaluations of the weights.

the positive ideal solution A+ and the negative ideal solution A− as:
A+ =

(
v+1 , v

+
2 , . . . , v

+
n

)
and A− =

(
v−1 , v

−
2 , . . . , v

−
n

)
with v+j = maxivij and

v−j = minivij , for i = 1, . . . ,m, j = 1, 2, . . . n.
From Equation (1) the distance between each alternative and the positive

( d+i ) and negative ( d−i ) ideal solutions A+ and A− respectively is computed.
The closeness coefficient Ci for the alternative i is given by the following

equation:

Ci =
d+i

d+i + d−i

with i = 1, . . . , n.
The alternative i is closer to the positive ideal solution A+ as Ci is closer to

1, consequently the coefficients Ci give the final ranking of alternatives Table
19.

3 Results and discussion
Table 20 reports the final results of the ranking procedure. Considering all the
criteria, the DMs judged conventional plastic film at room temperature to be
the best of the available packaging solutions.

Packaging using conventional plastic film at room temperature was deemed
to be the solution that most closely matched the ideal criteria; indeed, it is
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Positive Triangular Fuzzy Num-
ber

Linguistic Vari-
able:

a b c

Poor (P) 1 1 3
Fair (F) 1 3 5
Good (G) 3 5 7
Very Good (V) 5 7 9
Excellent (E) 7 9 9

Table 8: Rating of alternatives.

DM1 Cost Env. Social
Ec1 Ec2 Ec3 Ec4 Ec5 En1En2En3So1 So2 So3 So4 So5 So6

A1 V V P V V P G P F G G V F F
A2 G G F G G G F F G G G G F G
A3 F F G F G G F F G G F G F V
A4 G G G F F V G F G G F F F G
A5 F F V F F V F G G G F F F G
A6 F F V F F V F G G G F F F G
A7 G G E P P G G V G F P P F F

Table 9: DM1 Ratings.

currently the most widely used on the market. The DMs’ choices were there-
fore homogeneous with the manufactures’ current choices that comply with
economic, environmental and social criteria. Conventional plastic film was
considered to be a better choice over more advanced packaging solutions, in-
cluding active packaging and refrigerated modified atmosphere packaging. The
only competitor to conventional plastic film is the modified atmosphere pack-
aging at room temperature, which has, however, a slightly different visual
impact. Displaying the “formaggella” cheesecake amongst agro-food tradi-
tional products in a shop enhances its association with positive social/cultural
criteria and limits the use of more protective packaging that associates the
product with a more modern image. However, the DMs’ first choice of cheese-
cake packaging also has its counterpart attributes. Low protection and higher
level of unsold product and waste characterize the FPDC conventional plastic
film. Consumers and distributors recognize this, whereas the waste opera-
tors highlight the higher level of waste associated with this packaging solution
[12]. High protection and lower levels of unsold product and waste character-
ize the attributes of modified atmosphere and active packaging. Nonetheless,
the manufacturers still opted for the conventional plastic film. This was prob-
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DM
2

Cost Env. Social

Ec1 Ec2 Ec3 Ec4 Ec5 En1En2En3 So1 So2 So3 So4 So5 So6
A1 P E P P E G G F F V V G G G
A2 E G E E G F F V G V G E E E
A3 V F V V F F F E G V G V V V
A4 P E P P E P G V F F F F F F
A5 E G E E G P F E G F F F F F
A6 V F V V F P F E G F F F F F
A7 P E E E E P G E F P P F F P

Table 10: DM2 Ratings.

DM3Cost Env. Social
Ec1 Ec2 Ec3 Ec4 Ec5 En1En2En3So1 So2 So3 So4 So5 So6

A1 E E G G V F V P G G G V G F
A2 F F G V F F F F G F F G V G
A3 F F G V F F F F G F F G V G
A4 F F P F F G G G G G F G G G
A5 F F P F F G G V G G G G G G
A6 F F P F F G G V G G F G G G
A7 P G P F P G V E G F G G G V

Table 11: DM3 Ratings.

ably because their preferred choice had less impact on the cheesecake image
as a traditional product with cultural associations. With conventional film,
the product remains displayed among other products belonging to its niche
market, away from nonspecific bakery products of competitive markets.

3.1 Sensitivity Analysis

The sensitivity analysis shows how the final ranking is affected by Decision
Makers and criteria, since it provides a clear understanding of how different
criteria and decision makers influence the final ranking and allows us to com-
pute all possible combinations of criteria and DMs, as shown in Table 21.

The comparison of the overall general ranking against those for the in-
dividual decision makers and the different composition criteria allows us to
perform a more in-depth analysis of the packaging choices. Each DM has their
own interpretation of the packaging criteria; however, some DMs ranked some
solutions the same as in the general ranking. DM4 ranked four out of the
seven packaging solutions the same as in the general ranking; DM1 and DM3
ranked two solutions the same, and DM2 only one. However, DM2 still ranked
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DM4Cost Crite-
ria

Environmental
Cri-
teria

Social Crite-
ria

Ec1 Ec2 Ec3 Ec4 Ec5 En1En2En3So1 So2 So3 So4 So5 So6
A1 E E P E E E E P V V E E V E
A2 G V F V G V G G G G V V F G
A3 P G G G F G F V G G G G F F
A4 V G F V V G V F V G V V G V
A5 F G G G F F F G G F G G G G
A6 P F V F P P P P V G F F F F
A7 V V E P G F E E F F G G P G

Table 12: DM4 Ratings.

Ec 1 Ec 2 Ec 3 Ec 4 Ec 5
Ec1
a

Ec1
b

Ec1
c

Ec2
a

Ec2
b

Ec2
c

Ec3
a

Ec3
b

Ec3
c

Ec4
a

Ec4
b

Ec4
c

Ec5
a

Ec5
b

Ec5
c

W 0.1 0.45 0.9 0.1 0.4 0.7 0.3 0.5 0.8 0.1 0.45 0.9 0.1 0.6 0.9
A1 1 6.5 9 5 8.5 9 1 2 7 1 5.5 9 5 8 9
A2 1 5.5 9 1 5 9 1 5 9 3 7 9 1 4.5 7
A3 1 3.5 9 1 3.5 7 3 5.5 9 1 5.5 9 1 3.5 7
A4 1 4 9 1 5.5 9 1 2.5 7 1 3.5 9 1 5.5 9
A5 1 4.5 9 1 4 7 1 5.5 9 1 5 9 1 3.5 7
A6 1 3.5 9 1 3 5 1 5.5 9 1 4 9 1 2.5 5
A7 1 3.5 9 3 6.5 9 1 7 9 1 3.5 9 1 4 9

Table 13: Aggregated Fuzzy Decision Matrix: Economic Criteria

refrigeration and room temperature conventional plastic film in the first two
positions. Further information is obtained through analysis of the criteria.

A recent LCA study of the same Sardinian “formaggelle” cheesecake com-
pared a form of modified atmosphere packaging (AerPack packaging) with
conventional plastic film (XrPET packaging in LCA study) and confirmed the
former to be the more environmentally sustainable solution [12]. The authors
evaluated the effects of an extension in the food product’s shelf life from both
the environmental and economics viewpoint. In the case of the AerPack, the
shelf life was 28 days, whereas with the XrPET packaging it was just 7 days.
Considering the economic viewpoint, the AerPack maintains the product’s aes-
thetic quality and keeps the product available for purchase for longer. This
resulted in less product left unsold by the time of its expiry date, reducing
transport and waste disposal costs. Furthermore, the lower average costs al-
low a lower minimal efficient scale of production and, in turn, a wider profit
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En1 En2 En3
En1a En1b En1c En2a En2b En2c En3a En3b En3c

W 0.3 0.6 0.9 0.5 0.8 0.9 0.5 0.75 0.9
A1 1 4.5 9 3 6.5 9 1 1.5 5
A2 1 4.5 9 1 3.5 7 1 4.5 9
A3 1 4 7 1 3 5 1 5.5 9
A4 1 4.5 9 3 5.5 9 1 4.5 9
A5 1 4 9 1 3.5 7 3 6.5 9
A6 1 3.5 9 1 3 7 1 5.5 9
A7 1 3.5 7 3 6.5 9 5 8.5 9

Table 14: Aggregated Fuzzy Decision Matrix: Environmental Criteria

So1 So2 So3 So4 So5 So6

So1a So1b So1c So2a So2b So2c So3a So3b So3c So4a So4b So4c So5a So5b So5c So6a So6b So6c

W 0.1 0.3 0.7 0.1 0.55 0.9 0.1 0.5 0.9 0.3 0.7 0.9 0.1 0.55 0.9 0.5 0.85 0.9

A1 1 4.5 9 3 6 9 3 6.5 9 3 7 9 1 5 9 1 5 9

A2 3 5 7 1 5 9 1 5 9 3 6.5 9 1 5.5 9 3 6 9

A3 3 5 7 1 5 9 1 4 7 3 5.5 9 1 5 9 1 5.5 9

A4 1 5 9 1 4.5 7 1 4 9 1 4.5 9 1 4 7 1 5 9

A5 3 5 7 1 4 7 1 4 7 1 4 7 1 4 7 1 4.5 7

A6 3 5.5 9 1 4.5 7 1 3 5 1 3.5 7 1 3.5 7 1 4 7

A7 1 4 7 1 2.5 5 1 3 7 1 3.5 7 1 3 7 1 4 9

Table 15: Aggregated Fuzzy Decision Matrix: Social Criteria

margin, and better resilience in the market. In order to address the environ-
mental impact of the different packaging solutions, SimaPro software and the
ReCiPe end-point method were used to measure the impact of the packaging
systems on food losses. The XrPet solution appeared to have higher over-
all scores and a greater impact than the AerPack solution in relation to the
packaging and the food loss phases. Moreover, the longer product shelf life of
the AerPack packaging solution led to a set of lower environmental indicator
scores, meaning that the AerPack solution performed best overall.

Comparable results were obtained in the present study using MCDM and
TOPSIS methods. The MAP was judged best compared with room temper-
ature conventional plastic film packaging when associated with the economic
and environmental criteria (see Table 21). However, the TOPSIS method,
which added the social criteria to the economic and environmental criteria,
modified the packaging rankings. As noted in Table 21, room temperature
plastic film packaging is preferred to modified atmosphere packaging because
the social criteria are able to balance out the economic and environmental
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Ec1 Ec2 Ec3 Ec4 Ec5
Ec1aEc1bEc1cEc2aEc2bEc2cEc3aEc3bEc3cEc4aEc4bEc4cEc5aEc5bEc5c

W 0.10 0.45 0.90 0.10 0.40 0.70 0.30 0.50 0.80 0.10 0.45 0.90 0.10 0.60 0.90
A1 0.01 0.33 0.90 0.06 0.38 0.70 0.03 0.11 0.62 0.01 0.28 0.90 0.06 0.53 0.90
A2 0.01 0.28 0.90 0.01 0.22 0.70 0.03 0.28 0.80 0.03 0.35 0.90 0.01 0.30 0.70
A3 0.01 0.18 0.90 0.01 0.16 0.54 0.10 0.31 0.80 0.01 0.28 0.90 0.01 0.23 0.70
A4 0.01 0.20 0.90 0.01 0.24 0.70 0.03 0.14 0.62 0.01 0.18 0.90 0.01 0.37 0.90
A5 0.01 0.23 0.90 0.01 0.18 0.54 0.03 0.31 0.80 0.01 0.25 0.90 0.01 0.23 0.70
A6 0.01 0.18 0.90 0.01 0.13 0.39 0.03 0.31 0.80 0.01 0.20 0.90 0.01 0.17 0.50
A7 0.01 0.18 0.90 0.03 0.29 0.70 0.03 0.39 0.80 0.01 0.18 0.90 0.01 0.27 0.90

Table 16: Weighted Normalized Matrix: Economic Criteria

En1 En2 En3
En1a En1b En1c En2a En2b En2c En3a En3b En3c

W 0.30 0.60 0.90 0.50 0.80 0.90 0.50 0.75 0.90
A1 0.03 0.30 0.90 0.17 0.58 0.90 0.06 0.13 0.50
A2 0.03 0.30 0.90 0.06 0.31 0.70 0.06 0.38 0.90
A3 0.03 0.27 0.70 0.06 0.27 0.50 0.06 0.46 0.90
A4 0.03 0.30 0.90 0.17 0.49 0.90 0.06 0.38 0.90
A5 0.03 0.27 0.90 0.06 0.31 0.70 0.17 0.54 0.90
A6 0.03 0.23 0.90 0.06 0.27 0.70 0.06 0.46 0.90
A7 0.03 0.23 0.70 0.17 0.58 0.90 0.28 0.71 0.90

Table 17: Weighted Normalized Matrix: Environmental Criteria

benefits of the latter.
Here, we also used chromatic number assessment to analyse the packaging

performances. The chromatic number allows us to study the rankings of al-
ternatives considering single and binary criteria. In summary, the chromatic
number represents the smallest number of criteria needed to express the ordi-
nal ranking of the alternative. The connections between the alternatives with
their rankings is exemplified using graph G whose chromatic number χ (G)
is the smallest number of colours needed to colour the vertices of G so that
no two adjacent vertices share the same colour [3]; [28]. The rankings of the
alternatives are more sensitive to change when the chromatic numbers are
small. On the contrary, if the rankings change moderately with the criteria,
the chromatic numbers are higher. The chromatic value affects the perfor-
mance characterization of the packaging alternatives. Let us suppose that
model M is a challenge to the packaging choices of the decision makers and
corresponds to {a},the singleton of a, a subset of the set A; i.e., the combina-
tions of storage/packaging conditions, the finite V set, containing six criteria,
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So1 So2 So3 So4 So5 So6

So1a So1b So1c So2a So2b So2c So3a So3b So3c So4a So4b So4c So5a So5b So5c So6a So6b So6c

W 0.10 0.30 0.70 0.10 0.55 0.90 0.10 0.50 0.90 0.30 0.70 0.90 0.10 0.55 0.90 0.50 0.85 0.90

A1 0.01 0.15 0.70 0.03 0.37 0.90 0.03 0.36 0.90 0.10 0.54 0.90 0.01 0.31 0.90 0.06 0.47 0.90

A2 0.03 0.17 0.54 0.01 0.31 0.90 0.01 0.28 0.90 0.10 0.51 0.90 0.01 0.34 0.90 0.17 0.57 0.90

A3 0.03 0.17 0.54 0.01 0.31 0.90 0.01 0.22 0.70 0.10 0.43 0.90 0.01 0.31 0.90 0.06 0.52 0.90

A4 0.01 0.17 0.70 0.01 0.28 0.70 0.01 0.22 0.90 0.03 0.35 0.90 0.01 0.24 0.70 0.06 0.47 0.90

A5 0.03 0.17 0.54 0.01 0.24 0.70 0.01 0.22 0.70 0.03 0.31 0.70 0.01 0.24 0.70 0.06 0.43 0.70

A6 0.03 0.18 0.70 0.01 0.28 0.70 0.01 0.17 0.50 0.03 0.27 0.70 0.01 0.21 0.70 0.06 0.38 0.70

A7 0.01 0.13 0.54 0.01 0.15 0.50 0.01 0.17 0.70 0.03 0.27 0.70 0.01 0.18 0.70 0.06 0.38 0.90

Table 18: Weighted Normalized Matrix: Social Criteria

d+ d- Ci RANKING
A1 0.79 2.18 0.73 1
A2 1.01 2.15 0.68 2
A3 1.58 1.57 0.50 5
A4 1.37 1.89 0.58 3
A5 1.71 1.37 0.45 6
A6 2.12 0.95 0.31 7
A7 1.55 1.59 0.51 4

Table 19: Closeness Coefficient and Final Ranking.

and the comprehensive set E containing all elements of sets B and C. Set B
is the Cartesian product A × V , and set C is the Cartesian product V × V ;
i.e., sets of ordered pairs. Therefore, let set E denote the potential converging
rankings of the alternatives.

(1) M = (A, V,E) ;

(2) A = (a) ;

(3) V = (v1, v2, v3, v4, v5, v6) ;

(4) E = [(a, v1) , (a, v2) , . . . (a, v6) , (v1) , (v1, v2) , (v1, v3) , . . . , (v5, v6)] ;

As an example, we show the converged ranking of A3 and A6 alternatives
in Tables 22 and 23, and their relative graphs in Figs. 3 and 4, respectively:

The A3 (with the A7 stored/packaging combination) and A6 alternatives
are those with the lowest and highest chromatic numbers, respectively (Table
24).

The decision makers’ evaluation of the A3 alternative distributes the crite-
ria into three aggregations (green, blue and red in Fig. 3). The first aggregation
contains the following criteria and ranking positions: social (third), environ-
mental plus social (fourth), economic (sixth), environmental (seventh). The
second aggregation contains the economic plus social criteria and the economic
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RK Alternative Food
Preserva-

tion
Methods

Packaging
Technologies

1 A1 Room Tem-
perature

Conventional plas-
tic film

2 A2 Room Tem-
perature

Modified Atmo-
sphere

3 A4 Refrigeration Conventional plas-
tic film

4 A7 Freezing Conventional plas-
tic film

5 A3 Room Tem-
perature

Active Packaging

6 A5 Refrigeration Modified Atmo-
sphere

7 A6 Refrigeration Active Packaging

Table 20: Final ranking.

plus environmental criteria and are ranked third and sixth, respectively. The
third aggregation contains all criteria explaining the alternative (see Table 21
for numerical rankings). For the first and second group, only the economic and
economic plus environmental pair and, in the same way, the social and envi-
ronmental plus social pair have the same ranking. The decision makers then
identify a non-homogeneous situation of the criteria in assessing the A3 pack-
aging ranking. This heterogeneity only harmonizes a few criteria, probably
because of packaging performance. This could have a further possible con-
sequence. Recalling that the manufacturer may indirectly select the FPDC’s
preferences, choosing the evaluation criteria, it thus follows that even the A3
packaging evaluations made by the FPDC will be equally non-homogeneous
as the rankings specified by the decision makers. It therefore follows that the
A6 alternative, having the highest chromatic number, behaves in exactly the
opposite way.

4 Conclusions

The choice of cheesecake packaging is highly important for manufacturers and
the food packaging demand chain. The packaging choice contributes to the sus-
tainability of cheesecake production, consumption and product distribution, as
well as impacting on packaging waste. This paper focused on the economic,
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RK DM
1

DM
2

DM
3

DM
4

Ec. Env.Soc.Ec.
+
Env.

Ec.
+
Soc.

Env.+
Soc.

A1 1 1 3 1 1 1 6 1 2 1 1
A2 2 4 1 5 4 2 4 2 3 2 2
A3 5 7 2 5 5 6 7 3 6 3 4
A4 3 3 7 7 2 4 2 4 4 4 3
A5 6 5 5 3 6 5 3 5 5 6 6
A6 7 5 6 4 7 7 5 6 7 7 7
A7 4 2 4 2 3 3 1 7 1 5 5

Table 21: Sensitivity Analysis.

A3 Alternative and Criteria
Econ. Env. Soc. Econ.-

Env.
Econ.-
Soc.

Env.-
Soc.

Alternative

(v1) (v2) (v3) (v4) (v5) (v6) (a3)
a3 a3 a3 a3 a3 a3 v1
v4 v5 v1 v3 v2

v3
v4
v5
v6

Table 22: Converged ranking for single or binary criteria: Alternative A3.

environmental and social criteria that influence the evaluation of seven stor-
age/packaging conditions. We applied the TOPSIS method in a linguistic fuzzy
contest to generate an overall score for the packaging solutions, aggregating
the ratings proposed by the different DMs. The results define the packaging
alternatives in terms of their closeness to the ideal solution that meets the cri-
teria and provides a packaging ranking. Social criteria play an important role
in modifying the choices characterized by economic and environmental criteria.
Furthermore, for each packaging performance, manufactures may prefer het-
erogeneous or homogeneous preferences of the food packaging demand chain.
Finally, we propose that TOPSIS analysis is combined with LCA assessment
by monitoring the obtained results.

In forthcoming studies, in order to improve our approach to explaining
packaging selection problems, we will develop a decision evaluation method
that analyses the comparison of choices. In many cases, it is difficult for deci-
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A6: Alternative and Criteria
Econ. Env. Soc. Econ.-

Env.
Econ.-
Soc.

Env.-
Soc.

Alternative

(v1) (v2) (v3) (v4) (v5) (v6) (a6)
a6 a6 a6 a6 a6 a6 v1
v4 v1 v1 v1 v2
v5 v5 v6 v5 v3
v6 v4

v5
v6

Table 23: Converged ranking for single or binary criteria: Alternative A6

Figure 3: The graph of converged rankings for the alternative A3.

sion makers to compare the packaging solutions because the decision criteria
are incomparable, and use of the same unit of measure is not sufficient to
ensure fair evaluation. For example, the “very high” transportation cost and
“very high” consumer satisfaction criteria are represented by the same fuzzy
numbers in the TOPSIS model, but their relative values within the transporta-
tion cost environment and the consumer satisfaction environment are unlikely
to be the same, thus incomparable. Judgements should overcome this problem
by a broad conception of comparability.
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Figure 4: The graph of converged rankings for the alternative A6.

Alternatives χ (G)
A1 4
A2 4
A3 3
A4 4
A5 4
A6 5
A7 3

Table 24: The chromatic numbers of the criteria vertex
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