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Abstract: Food waste (FW) is a current, complex, and widely debated issue in various spheres of
society. Globally, about 2.6 trillion dollars per year is lost because of wasted food. Part of FW is
preventable, and it is necessary to identify where it occurs. In most cases, FW occurs at the end of the
production chain (meal preparation and distribution). Identifying the main food service failures on
FW is important for developing efficient strategies for reducing them. Therefore, this study aimed
to perform a narrative review of the impacts caused by FW in food services considering the three
dimensions of sustainability (social, economic, or environmental). Multiple reasons were identified
in this review that impacts those three dimensions, such as the cost of wasted raw material, use of
cleaning material, the energy consumption, salary of food handlers, the water footprint, the amounts
of rest-intake, production waste, energy density wasted, use of organic food, and food donation.
Identifying these aspects can contribute to reduce FW impacts for better sustainable development,
develop tools to measure FW, and assist food service managers in minimizing FW.

Keywords: eco-inefficiency; food waste; meal production; sustainability metrics; validation

1. Introduction

Food waste (FW) is a multifaceted and complex issue. It integrates sustainable pro-
duction, which is also a continuous and multidimensional process and covers several
parameters [1]. Studies and quantification of waste are hampered by various concepts and
definitions on the subject, with no universal consensus [2,3].

Although there are numerous definitions in the scientific literature for FW, standard-
ization is necessary to understand and study this subject. A review showed some of
the most used terms and their definitions [4]. The term “food loss” generally refers to
post-harvest losses; loss of food (wheter it is safe or not safe for human consumption)
that is discarded by some “defect”; or the unintentional food disposal that occurs before
the meal’s production [5,6]. The term “surplus food” is related to the excesses produced,
but not ingested by any human, even under correct conservation conditions [7,8]. The
definition of “food waste” includes “food loss” and “surplus food” [6,9].

Sachs [10] highlighted that FW influences three sustainability pillars (economic, social,
and environmental) and one must seek the population’s quality of life in regard to environ-
mental balance to transform the current production form into sustainable development [10].
However, the potential impacts caused by FW from food services considering the sus-
tainability dimensions were not well explored by literature. The Food and Agriculture
Organization (FAO) [5] estimated the worldwide cost of FW to be close to 2.6 trillion dollars
of losses per year, considering the sustainability dimensions (about 700 billion dollars of
environmental costs, a trillion in the economic scope, and 900 billion in the social scope).
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The impact of FW from the final phase of the food production chain stands out because
of several costs along with the meal production, including non-renewable energy sources,
food handlers’ salaries, use of products to clean the area and sanitize vegetables and fruits,
among others [11]. A study demonstrated that 60% of food is discarded in consumption
and food services are responsible for 34% of this discard [12].

Considering that FW squanders many natural resources (impacting sustainability)
mainly at the end of the food production chain, food recovery could prevent surplus food
from being disposed of in a landfill [13], providing new food uses, such as feeding insecure
populations. A narrative review was performed to identify the technical, regulatory, and
social context relationships between food recovery and food safety in U.S. foodservice
settings [13]. The authors identified the additional steps in the foodservice process that
stem from food recovery (increased potential for cross-contamination and hazard amplifi-
cation due to temperature variations; the potential risk factors, transmission routes, and
major hazards). The hazard identification step could provide strategies to best manage
food safety hazards in recovery in foodservice settings. However, insufficient data and
unclear regulatory guidelines are barriers to implementing food-recovery-safe food service
practices [13].

It is a great challenge to develop and find studies that measure the social, environmen-
tal, and economic impacts of waste within foodservice. Some factors must be considered
throughout the food production impacting the economy, environment, and health of those
who eat meals outside or at home. In a recent systematic review by Dhir et al. [14], the
authors identified 58 studies related directly to FW in the profit sector of hospitality and
food services (HaFS). They highlighted a critical research gap related to analysis among
these studies, such as the narrow focus of prior studies, underestimating the quantity of
waste, limited geographic scope, limited breadth of analysis in terms of mediating and mod-
erating variables, and lack of theoretical frameworks. The authors indicated some potential
research areas, such as advances in quantification methods to measure FW, utilization of
diverse research methods and variables, deeper diagnoses of interventions and nudges to
create awareness about FW, and improved theoretical perspectives. Exploring the three
sustainability dimensions involving FW in the food sector can contribute to deepen the
subject and fill this gap. The present study observes this gap and poses unprecedented
aspects that must be discussed and investigated in greater detail.

Therefore, it is necessary to identify where and how waste occurs to minimize it,
being this the primary goal of the present review. We hypothesize that the knowledge
about social, economic, and environmental impacts of FW can help develop strategies to
reduce it, strengthen local sustainability, and highlight the importance of public policies
that encourage sustainable actions in restaurants. A recent review [15] reaffirms the need
for a more comprehensive approach to foodservice FW, suggesting that it is necessary to
face the problem from a holistic view. Hence, considering the FW on foodservice through
the perspective of sustainable dimensions, it is possible to see the problem in its entirety. In
this sense, this study aimed to review the literature on the impacts caused by FW in food
services to show the enormity of variables that are impacted by FW in the three dimensions
of sustainability, emphasizing the importance of developing tools that make it possible to
measure them and assist food service managers to minimize FW and its impacts.

2. Methods

This narrative review was performed following three steps: conducting the search,
reviewing abstracts and full-texts, and discussing results. For this, the PubMed, EM-BASE,
Scopus, Science Direct, Web of Science, Science Direct, and Google Scholar databases were
searched to identify the relevant studies, according to the development of the review.
The final search was conducted in October 2020 and included English language-based
international articles, online reports, and electronic books. The keyword “food waste”
was used combined with other terms such as restaurant, foodservice, school canteens,
school food programs, leftover, economic impact, social impact, environmental impact, or
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sustainability. After the complete search, the abstracts were read to ensure that they address
the topic of interest. All duplicates were removed, and the abstracts of the remaining articles
were reviewed to ensure that they address the review inclusion criteria. The eligible criteria
were studies that analyzed FW in at least one of the three sustainability dimensions (social,
economic, or environmental). Therefore, the studies of interest focusing on foodservice, FW,
and sustainable dimensions were summarized and synthesized to integrate the narrative
review. Since it is a narrative review, it was unnecessary to document the literature search
on specific platforms [16].

3. Theoretical Background

Sustainable production uses resources conscientiously to maximize the useful life of
products, minimize the environmental, social, and even economic costs of production, and
reuse products whenever possible in other production chains [16]. Thus, for sustainable
production to exist, actions in three dimensions must be focused on the economic, envi-
ronmental, and social. According to Sachs [17], it is necessary to seek the population’s
quality of life in regard to environmental balance to integrate the current production type
with sustainable development. In addition, there is a lack of public policies that guide
and support actions to combat FW in several countries [18]. It should be noted that the
2030 Agenda defined by the United Nations—which consists of an action plan for gov-
ernments, individuals, and companies from all countries—has among its objectives the
reduction of waste and the reversal of the negative scenario generated by this incoherent
production today. There are 17 sustainable development goals (SDG) and 169 targets for all
countries to adopt according to their priorities. Some of the objectives of this plan are to
encourage the conscious consumption and production of food, with targets that motivate
the efficient use of natural resources, management, purchasing, and sustainable practices,
in addition to the sustainable management of chemical products [19].

Three targets of Goal 12 of the 2030 Agenda, directly related to the reduction of
waste generation, are highlighted in this research: (i) the reduction of FW at the retail and
consumer level and the reduction of food loss in the planting and post-harvest process;
(ii) decrease in waste production through prevention, reduction, recycling, and reuse;
(iii) promoting sustainable public procurement practices, following national policies and
priorities [19].

An example of an initiative to reduce the amount wasted is the Zero Hunger/Zero
Waste project, which aims to distribute produced and uneaten food to vulnerable people in
the United States. The project is widely encouraged by a private company and involves
several partner companies across the country. However, this project’s primary goal is
to bring the amount wasted in the institutions down to zero, meaning an effective and
efficient production [20].

The reduction of FW is a concrete global goal but initially lacks evaluations and
strategies to measure costs, impacts, and the main points of waste generation for it to be
effective [21]. Thus, it is essential to understand the impact of waste at each stage of the
production chain and what factors contribute most to FW.

It is known that losses occur in the entire food production chain, but waste is most
perceived in the final phase, where the most significant impacts are generated since, in
the processing and distribution, there are several investments added to the food. In these
final stages, labor for production and energy, among other procedures that frequently use
non-renewable energy sources, such as liquefied petroleum gas used by production stoves,
must be considered [11,22].

A survey conducted in Brazil shows that approximately 60% of food is discarded
at the time of consumption, with collective food services responsible for 34% of this
discard [11,12]. In this sense, several surveys are carried out in food services to quantify
waste and the results confirm this percentage but do not identify precisely the impact
caused [3,12,23–28].
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Although the volume of FW is easily measured during all stages of the production
chain, it results from a complex set of factors with consequences in different spheres.
In addition to the amount of food discarded, the direct and indirect impacts on society,
the economy, and the environment are of great concern. Estimates indicate a loss of
approximately 2.6 trillion dollars a year, considering economic, social, and environmental
aspects worldwide. Some examples of waste impacts are the consumption of fuel and
energy for storage and transportation, the low quality of life of individuals in the case of
hunger, and the direct values of food purchase [5].

4. The Food Waste Generation and Impacts
4.1. Food Services

A study analyzed in-depth some possible strategies for reducing FW and loss in food
services. The authors revealed that meat losses and waste worldwide are around 5% [28]. In
monetary terms, this waste is over 20%, equivalent to US$122.00 per capita/year. Regarding
fruits and vegetables, although slightly lower but no less worrisome, the figure reaches
US$108 per capita/year. For cereals, the value reaches US$78.00 per capita/year [28].

However, monetary value is relatively easy to obtain. When we realize that the
amount and costs of wasted food in the world today would be sufficient to feed up
to 2 billion people, we understand that there is a greater impact behind it. More than
double the number of hungry individuals worldwide could be fed. If there were a correct
distribution of what is produced, no individual worldwide would go hungry [29].

Studies have been carried out in food services to quantify waste [30–33]. A systematic
review was carried out in the United States to describe methods used to measure FW and
respective results in the National School Lunch Program (NSLP) across time, considering
post-consumer waste. The authors identified four methods, including in-person visual
estimation (n = 11), digital photography (n = 11), direct weighing (n = 23), and a combination
of in-person visual estimation, digital photography, and/or direct weighing (n = 8). Fruits
and vegetables were the products that stood out in the studies due to the enormous
waste volume. The studies were characterized by their design being transversal or post-
intervention [32]. Another study considered the pre-consumer waste in Colorado schools
and showed that the waste in this stage is very low. Most of the waste reason was spoilage,
expiration, and/or contamination [33].

In another survey performed in different food services from Finland, such as daycare
centers, schools, and company canteens, the establishments recorded the amount of food
discarded for two weeks. The information was transferred to a research database, with
51 restaurants participating in the study. The results revealed an average of 17.5% of pre-
pared foods directly thrown in the trash. Of these, 2.2% were discarded during preparation
(kitchen waste), distribution leftover/serving loss were 11.3%, and 3.9% of customers
discarded after serving (rest-intake/plate leftover) [30]. A recent review shows the need
for a more comprehensive approach to the impact of FW [15]. The research refers to the
use of the circular economy as a way to facilitate the discussion on FW by all the actors
involved. The authors mention the need to face the restaurants’ FW problem from a holistic
view [15], which opens the opportunity to discuss it considering the three sustainability
dimensions in our review.

4.2. Economic Dimension

Understanding the economic dimension is crucial to encourage reductions in this
generation of waste in food production [34,35]. The company must be built and managed
in such a way that the equipment and tools used to bring financial returns with a balance
concerning the other two pillars. For this, it is necessary to identify all aspects related to
the control of the impact generated by FW in this dimension.

The cost of wasted raw material is essential. It reveals the financial value spent on
food that has been discarded. It is estimated that almost US$750 billion in food is thrown
away each year worldwide, considering only the cost of ingredients [36]. Because it is so
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easily perceived, this direct cost is widely observed by managers and restaurant owners
and can be a way to reduce FW and, consequently, financial losses [36].

However, other items must be considered concerning the economic dimension, such
as expenses with acquiring products, energy, transportation, distribution, processing, and
labor. Thus, the cost involved is much higher than that perceived superficially with the
acquisition of the product [23,37].

Bianco et al. [38] highlighted that a critical sustainable indicator is electricity expense.
This study performed in Italy in the hotel sector estimates that it may be possible to achieve
13% energy savings in the country between 2017 and 2030. The hotel only implemented
energy efficiency measures, such as replacing current lamps with LED lamps [38].

Adopting electric energy policies is essential for reducing direct values in the food
services’ electricity bill. There are energy rationing options that can often be detrimental to
the quality of the products offered. For example, turning off the freezer at night to save
energy puts all stored food at risk and is an inappropriate strategy for food quality [39].
That is why energy efficiency strategies are more appropriate, unlike rationing. These
measures seek to produce with lower energy demands while maintaining the quality of
what is produced. It is possible to improve efficiency by replacing equipment, optimizing
operations, and investing in training [39].

Evaluating the economic dimension, there is also the labor required for meal pro-
duction, which is an indispensable aspect to be considered. Hours worked must also be
considered as an economic impact of meal production. Di Maria et al. [40] highlighted that
this is an indispensable aspect in assessing the impact generated by FW. The value of labor
is directly related to waste (since the salary paid to the food handler for the time employed
to perform the task) is discarded along with the despised production [40].

The cost of paying food handlers is directly related to the FW since their salary is
discarded with the time spent to produce the meals/foods thrown in the trash. Identifying
the aspects involved in FW can allow specific corrections in the most significant impact
items. Thus, investments in training and equipment in food production are essential
since the food scraps and the quality of the meal produced are also associated with the
handlers’ patterns.

It is important to highlight that one item can impact more than one sustainability
dimension (Figure 1). However, we opt to divide in this review to facilitate comprehension
considering the dimension in which it was most influential according to the studies.

4.3. Environmental Dimension

In addition to the economic impact of FW, the environmental issue is usually the most
discussed on sustainability. It is related to the reduction of polluting gases, minimization
of waste, and reuse of surplus production. One of the main ways of verifying the impacts
generated by the waste in this dimension is the amount wasted, in volume or weight. This
waste can impact the soil and the greenhouse effect with polluting gases due to organic
waste accumulation. The accumulated environmental damage can be irreversible and
damage several future generations [8,41,42].

As shown by Papargyropolou et al., restaurant employees often do not handle the
food correctly due to lack of attention or do not receive the necessary training, increasing
the waste rate [43]. The lack of adequate equipment or structure for meal production
can also be a reason for this waste during manipulation; another reason is the workers’
overload; overwork can lead the handler to exhaustion and decrease his food preparation
commitment [43,44].

Besides the food wasted during the production/distribution, which is the rest-intake,
distribution leftover, and production leftover, there is more to consider [44]. The excess of
discarded food, often directed to landfills, produces polluting gases and heavy metals that
can remain in the environment for up to 100 years after the extinction of these garbage “de-
posits” [45]. These expended resources impact the environment, with data showing about
3.3 billion tons of carbon emitted [45,46]. This type of garbage disposal from production
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units is presented as the most unwanted possibility in the hierarchy from the United States
Environmental Protection Agency (U.S. EPA) [47,48].
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The U.S. EPA determines that it should be preferred to reduce the amount of waste at
the top of the hierarchy. The second option in the scale of preference is to donate food to
hungry people. If those first are not possible, the food should be used to feed animals rather
than providing energy to industrial uses. The two least preferred options are composting
and discarding the food in landfills or incineration [48].

It is also worth mentioning the necessary care with food preservation to minimize
losses due to deterioration. Products in unwanted patterns characterize this situation (such
as crushed or moldy fruit, expired products, and undistributed surplus production). Losses
can come from inadequate planning, supplier selection, improper reception, or failures
during pre-preparation, preparation, and distribution [44,49,50].

It is observed that, environmentally, the damage caused by the accumulation of
garbage in landfills can result in the scarcity of natural resources, emphasizing water and
reducing biodiversity. Consequently, in some locations, it makes it impossible for most
species to exist. Therefore, waste is a problem that must be treated seriously and considered
in all its scope and urgency [5].

FW analysis must also consider the waste of water used in the entire food production
process (from planting to consumption) and the water footprint (WF) is one of the main
possibilities for assessing water consumption [51]. Some studies that evaluate the WF
of meal production indicate that animal origins’ food use needs to be reviewed. Diets
based on products of plant origin allow a considerable reduction in the impact of the social
dimension [52–56].

These studies show that it is essential to assess the menu’s primary food source (animal
or vegetable). However, it is also important to understand that analyzing the WF is not
enough to make changes to the menu. It is necessary to understand the acceptance of plant-
origin foods in relation to those of animal origin. If the waste of plant foods is considerably
greater than animal products, the impact may be greater. Thus, the impacts and changes
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necessary to reduce the impact generated by FW should be evaluated, considering all
variables [57,58].

Another aspect is cleaning materials. When misused, they become inefficient and
make the investment in this type of product in vain. They also cause water pollution due to
incorrect dilution and foodborne diseases, as evidenced by Roche [59]. Untreated chemicals
are often discarded and contaminate rivers and streams, which in some cases remain in
the environment and contaminate the food chain, being harmful to human health [59,60].
Detergents, for example, if discarded in excess in the environment, produce a layer in the
water that prevents the entry of oxygen for the breathing of living beings in the aquatic
ecosystem. Although laws require biodegradable products, it is fairly common for this
rule not to be practiced in some countries. Moreover, the variety of cleaning products
contains chlorine, heavy metals, and various chemical compounds. These products, when
combined, enhance their damage and can affect the ecosystem. Even people who consume
fish have been exposed to contaminated water, for example [61]. Thus, it reinforces the
idea that actions should not be isolated, e.g., considering only a single aspect of waste [62].
To minimize food rejection, Buzby and Guthrie argued that interventions aimed at the
acceptability and presentation of dishes are crucial [63].

4.4. Social Dimension

The social dimension can be perceived internally and externally. In this dimension,
management responsibilities and good practices with the company’s employees are consid-
ered and the community’s impacts with attitudes that reduce hunger and encourage local
commerce, for example. A healthy, organized work environment must be guaranteed, with
adequate remuneration and actions that value and encourage the populations’ well-being
and environment [64,65].

Thus, knowledge about good production practices is essential. Good production prac-
tices are understood to be the set of practices that must be adopted from the selection and
purchase of raw materials and products used to produce meals minimizing the incidence of
foodborne diseases [66]. Examples of these practices prioritize using products that expire
in a shorter period than those with greater durability. Another aspect is the appreciation of
local product suppliers, also avoiding more significant emissions of gases in long-distance
transport and encouraging regional trade [44,49,50].

The factors that influence the generation of waste are numerous. However, information
on the exact causes for this excess is limited [2,25,67]. Studies presented the food recovery
hierarchy with different desirable levels of generation/destination of FW [49,68]. The
donation of food to people in situations of vulnerability or groups of need is the U.S.EPA
hierarchy’s second level [68,69].

The incorrect management of food production and distribution is inconsistent with
peoples’ situation of vulnerability and hunger in the world. Data from the World Food
Program (2019) indicate that more than 820 million people are still hungry globally, while a
third of everything produced each year is thrown away [29]. If proper access to food was
guaranteed, countless people could be fed and well-nourished. In other words, waste is
also an important public health problem. Its reduction is essential to enable any strategy to
be developed to feed the growing world population, sustainably and equitably [29,70,71].

Another essential step in the production chain that can directly affect society is food
production and distribution management. Despite seeming (and being) enough to feed
everyone, the current systems’ food is inaccessible to around 11% of the world population [70].

It is noteworthy that the food wasted worldwide would be enough to feed up to
2 billion people, more than double the number of hungry people in actual society. While a
third of what is produced is unusable, thousands of people do not have access to safe and
quality food. If there was a correct distribution of what is produced, no individual would
go hungry [8,29,41,42,72].

Thus, it is necessary to highlight that all individuals’ physical and economic access to
food in quantity and quality sufficient to supply their physiological needs for a healthy life
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and food preferences is a human right [73]. Food and nutritional security (FNS) consist
in realizing the right of everyone to regular and permanent access to quality food, in
sufficient quantity, without compromising access to other essential needs, based on health-
promoting food practices that respect cultural diversity and are socially, economically, and
environmentally sustainable [74].

From that moment on, it became the public’s duty to adopt policies that promote
and guarantee food security for the population [74]. Availability and access in sufficient
quantity and quality to maintain human health and good nutrition must be guaranteed by
FNS and are essential for individuals and nations’ well-being [75].

It should also be noted that estimates indicate that by 2100, more than
10.8 billion people will live on planet Earth [76]. This world population will demand
an increase of approximately 70% in food production, making it essential to reverse the
existing waste scenario [77].

The social dimension also stands out for the destination of the surplus of food suitable
for human consumption. Since FW is considered to be any part of food that is discarded,
regardless of its potential content of compounds retaining a high value, depending on its
origin, it can contain a variable chemical composition of carbohydrates, proteins, lipids, and
other components that could be used in human and animal feeding [78]. Food donation is
authorized in some countries and should be considered, as it is an important social factor,
considering the data already presented on the correlation between FW and world hunger.
Targeting safe food to people with restricted access to quality food is extremely important.
In this way, the food surplus will not be destined for landfills or other conventional disposal
types that can also affect the environment. In addition, the social importance of this conduct
is highlighted, which keeps food in the production chain and improves the lives of people
in need [72,79,80].

The donation of prepared foods is allowed in some countries, but food service man-
agers are concerned with the distribution of surplus food to vulnerable people [81]. Restau-
rants that send leftover meals to people in need are responsible for food safety and must
ensure these meals’ hygienic quality [81].

In some countries, food donation initiatives are being used to allocate leftover food
so that it is not discarded as waste and is used, once it is suitable for consumption. Some
countries allow the donation of food for people, families, or groups of vulnerable individu-
als. Food must be within the expiration date and safe hygienic and sanitary conditions for
human consumption must be maintained [44,82–85]. This strategy proved to be important
for various levels of society impacted by actions to target leftover food, especially people
in need, food handlers, donors, and the community society [86]. However, many food
services choose not to donate food because they are concerned with punishments generated
by non-conformities in this destination [87].

Another motivation that prevents food donation, in some cases, is that the food
may not incorporate the habits of the population for which it is intended and, for this
reason, be neglected and waste occurs [88]. It may be that the scarcity of research in
developing countries, for example, that identifies the possibilities of making production
more sustainable is a reason for the absence of public policies [85].

A solution regularly adopted for discarded food that is in unsafe conditions for human
consumption is composting. This technique is used in vegetable gardens to produce biofuel,
animal feed, and even power generation in small home installations. In other words, FW, if
handled correctly, can be converted into benefits by increasing recycling rates [89–91].

It is possible to identify some actions involving the directing of foodservice waste for
composting. An action carried out for six months in a hospital restaurant transformed food
disposal into quality fertilizer and identified a reduction of approximately six tons of solid
waste that would be sent to the landfill [92].

However, a study pointed out that there is still much resistance in the food sector to
adhere to initiatives that could reduce FW’s environmental impact [93]. The justification
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for this reluctance is the cost, clients’ resistance, and the lack of employees’ training to
properly implement more sustainable tools or techniques. [93].

The reduction of waste makes it possible to optimize the use of land and agricultural
resources that could be used for other functions, such as the production of food for the
hungry [94]. The use of agricultural land and other limited resources such as water will
also need to be increased to produce enough food for everyone. It is necessary to devise
ways to offer nutritionally adequate food with less environmental, social, and economic
impacts, and, above all, it is necessary to reduce waste [95].

It is reinforced that, usually, the problems that impact society are due to avoidable
waste. They result from planning failures at all stages of the production chain. It is a
problem that, if circumvented, will contribute to mitigating different social issues such as a
greater offer of jobs, since there will be more land suitable for planting and a lower rate of
people who demand health services [46,96,97].

4.5. Waste Prevention–Possibilities to Decrease the Impact

The search for measures capable of making production systems more sustainable,
including reducing the costs generated by FW, must be a commitment to the whole society.
It is necessary to develop effective public policies for waste management, dependent on
quantifying FW generated in all sectors [91].

An important alternative to prevent FW concerning the mentioned variables is menu
planning [85]. From well-executed planning, considering the target audience, quality of the
raw material, operational capacity of the team, and structure, among others, it is possible
to increase the acceptance of meals and reduce waste [85,92]. Another aspect is to use
strategies such as improving the dishes’ presentation, carrying out nutritional education
work, and adjusting the portion sizes [85]. Consequently, production will be more efficient
and profitable, with the acquisition of better-quality raw materials and rational use of
energy [82,83,85].

Food acceptance/rejection is associated with taste, presentation/appearance, portion-
ing, texture, temperature, among other aspects [98]. A study highlights that poor planning
and overproduction are among the main reasons for the high amount of food discarded in
food services [30]. Buzby and Guthrie [63] argue that interventions aimed at acceptability
and presentation of dishes are crucial to minimizing food rejection. It is important to
emphasize that reaching the ideal acceptability goal must respect some criteria so that the
meal does not constitute a potential risk for its consumers [62,99].

Another publication points out that it is necessary to know the public and identify
consumers’ food preferences so that the preparations are well accepted [100]. It is essential
to teach children from the early school years about “food waste” [63,99]. Corroborating
these studies, the ReFed Restaurant Guide shows some critical points to minimize FW in
food services. Among them is menu design, portion size choices, wasting tracking and
analytics, inventory management, and production planning, among others [101]. Food and
nutrition education activities (which improve the perception of diners about a balanced
diet and, consequently, the served meal acceptance) must be constant. One option to reduce
waste is to present incentives for those who do not leave leftovers [85].

All studies presented are relevant to elucidate the need to develop new studies involv-
ing all dimensions of sustainability. Many aspects have been presented and analyzed many
times individually. It is important to highlight that the three sustainability dimensions can
interfere with each other and, therefore, further studies involving all of them (together)
must be conducted in food services. This could be a step towards greater awareness of the
problem of FW in different types of food services. Thus, the adequate dimensioning of the
problem can be achieved, initially, through educational actions that elucidate the collective
benefits generated with FW control.

In the food service sector, there is no consensus on the necessary measures to avoid
food waste [102]. The lack of conceptual alignment of practices to avoid FW may reflect the
lack of understanding of what FW represents. Thus, the need to disclose social, economic
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and environmental dimensions equally is reinforced once again so that effective measures
are thought and executed [102].

4.6. Limitations

It is important to highlight that the nature of the narrative reviews presents some
limitations as the assumptions and the planning are not often known; the scope is limited
by the defined query, search terms, the selection criteria, and evaluation biases not known;
and narrative reviews are not reproducible [103]. However, narrative reviews have an
important role in continuing education because they provide readers with up-to-date
knowledge about a specific topic or theme [104,105].

5. Conclusions

In this narrative review, we described the impacts caused by FW in food services
based on the three pillars of sustainability. In the tertiary sector, specifically in food
services, combating waste actions are essential given the large number of meals prepared.
Although there are several strategies to minimize the cost of FW, there are numerous
causes that influence this impact. The causes of wastage need to be identified within
every single activity and process of the foodservice chain identifying its critical points.
Reducing food wastage, redistributing unsold or excess food, and recycling/treating FW
are important components of waste management strategies towards food service to reduce
the economic, social, and environmental impact of FW. For the measures taken to be
effective, besides identifying all the FW parameters it is necessary to make strict controls to
ensure sustainable production.

Research to identify the influential aspects of the environment, society, and economy
around FW is fundamental to enable controlling the impacts generated in the short and
long term. The management of well-performed food services, with proper planning,
acquisition control in the acquisition of goods, receipt, and storage, can significantly reduce
waste, consequently, with less impact on the three main pillars of sustainability. Therefore,
more research is needed to address procedures for monitoring FW generation in each
type of foodservice activity and find out methods for reducing it in any single situation.
This review does not intend to exhaust the subject about the impacts of FW in the three
main sustainability dimensions but to open the opportunity for debate and future studies
that enable the development of tools to assess the impact of FW from restaurants on
global sustainability.

Author Contributions: Conceptualization: M.L.; R.P.Z.; V.C.G.; Data curation: V.C.G.; Formal analy-
sis: M.L.; R.P.Z.; Funding acquisition: A.R.; V.C.G.; Investigation: M.L.; R.P.Z.; V.C.G.; Methodology:
M.L.; R.P.Z.; V.C.G.; Project administration: V.C.G.; Resources: M.L.; R.P.Z.; V.C.G.; Supervision:
R.P.Z.; V.C.G.; Validation: M.L.; Visualization: M.L.; R.P.Z.; A.R.; V.C.G.; Roles/Writing—original
draft: M.L.; R.P.Z.; V.C.G.; Writing—review & editing: M.L.; R.P.Z.; A.R.; V.C.G. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by FAPDF grant number: 24076.93.29543.30052018.

Data Availability Statement: The study did not report any data.

Acknowledgments: The authors acknowledge the financial support given by CAPES, CNPQ,
and FAPDF.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Schanes, K.; Dobernig, K.; Gözet, B. Food waste matters-A systematic review of household food waste practices and their policy

implications. J. Clean. Prod. 2018, 182, 978–991. [CrossRef]
2. Salhofer, S.; Obersteiner, G.; Schneider, F.; Lebersorger, S. Potentials for the prevention of municipal solid waste. Waste Manag.

2008, 28, 245–259. [CrossRef] [PubMed]
3. Buzby, J.C.; Hyman, J. Total and per capita value of food loss in the United States. Food Policy 2012, 37, 561–570. [CrossRef]

http://doi.org/10.1016/j.jclepro.2018.02.030
http://doi.org/10.1016/j.wasman.2007.02.026
http://www.ncbi.nlm.nih.gov/pubmed/17442562
http://doi.org/10.1016/j.foodpol.2012.06.002


Foods 2021, 10, 1175 11 of 14

4. Teigiserova, D.A.; Hamelin, L.; Thomsen, M. Towards transparent valorization of food surplus, waste and loss: Clarifying
definitions, food waste hierarchy, and role in the circular economy. Sci. Total Environ. 2020, 706, 136033. [CrossRef] [PubMed]

5. FAO. Food Wastage Footprint: Full-Cost Accounting-Final Report; FAO: Quebec, QC, Canada, 2014.
6. International Food Policy Research Institute (IFPRI). 2016 Global Food Policy Report; International Food Policy Research Institute

(IFPRI): Washington, DC, USA, 2016.
7. Garrone, P.; Melacini, M.; Perego, A. Dar da Mangiare Agli Affamati. Le Eccedenze Alimentari come Opportunità (Executive Summary);

Guerini e Associati: Milan, Italy, 2012.
8. Mourad, M. Recycling, recovering and preventing “food waste”: Competing solutions for food systems sustainability in the

United States and France. J. Clean. Prod. 2016, 126, 461–477. [CrossRef]
9. Östergren, K.A.; Gustavsson, J.; Hansen, O.-J.; Møller, H.; Research, O.; Anderson, G.; Bellettato, C.; Canali, M.; Falasconi, L.;

Gaiani, S.; et al. FUSIONS Definitional Framework for Food Waste; EU FUSIONS: Luxembourg, 2014.
10. SACHS, I. Estratégias de transição para o século XXI—Desenvolvimento e Meio Ambiente. Rev. Adm. Empres. 1994, 1, 29–56.
11. Peixoto, M.; Pinto, H.S. Desperdício de Alimentos: Questões Socioambientais, Econômicas e Regulatórias. In Boletim Legislativo;

Senado Federal: Brasília, Brazil, 2016.
12. Venkat, K. The Climate Change and Economic Impacts of Food Waste in the United States. Int. J. Food Syst. Dyn. 2011,

2, 431–446. [CrossRef]
13. Zagorski, J.; Reyes, G.A.; Prescott, M.P.; Stasiewicz, M.J. Literature Review Investigating Intersections between US Foodservice

Food Recovery and Safety. Resour. Conserv. Recycl. 2020, 168, 105304. [CrossRef]
14. Dhir, A.; Talwar, S.; Kaur, P.; Malibari, A. Food waste in hospitality and food services: A systematic literature review and

framework development approach. J. Clean. Prod. 2020, 270, 122861. [CrossRef]
15. de los Mozos, E.A.; Badurdeen, F.; Dossou, P.E. Sustainable consumption by reducing food waste: A review of the current state

and directions for future research. In Procedia Manufacturing; Elsevier B.V.: Amsterdam, The Netherlands, 2020; Volume 51,
pp. 1791–1798.

16. Capdeville, F. Narrative Review—An overview. Produção e Consumo Sustentáveis; Ministério do Meio Ambiente—Departamento de
Produção e Consumo Sustentáveis—DPCS: Brasilia, Brasil, 2012.

17. Sachs, I. Caminhos Para O Desenvolvimento Sustentável. In Caminhos Para o Desenvolvimento Sustentável; Strob, P.Y., Ed.; Editora
Garamond: Cluj-Napoca, Romania, 2000; p. 95. ISBN 858643535x.

18. Garske, B.; Heyl, K.; Ekardt, F.; Weber, L.; Gradzka, W. Challenges of Food Waste Governance: An Assessment of European
Legislation on Food Waste and Recommendations for Improvement by Economic Instruments. Land 2020, 9, 231. [CrossRef]

19. Organização das Nações Unidas Agenda 2030; ONU: Brasilia, Brasil, 2015.
20. Kroger. Environmental, Social and Governance Report; Kroger: Ohio, OH, USA, 2020.
21. Eriksson, M.; Persson Osowski, C.; Björkman, J.; Hansson, E.; Malefors, C.; Eriksson, E.; Ghosh, R. The tree structure—A general

framework for food waste quantification in food services. Resour. Conserv. Recycl. 2018, 130, 140–151. [CrossRef]
22. Galdino, M.A.E.; Lima, J.H.G.; Ribeiro, C.M.; Serra, E.T. Revista da DIRENG; 2000; pp. 17–25. Available online: http://www.

cresesb.cepel.br/publicacoes/download/Direng.pdf (accessed on 16 March 2021).
23. de Liz Martins, M.J.R. Avaliação e Controlo do Desperdicio Alimentar no Almoço Escolar nas Escolas Básicas de Ensino Público do

Município do Porto -Estratégias para Redução do Desperdício; Universidade do Porto: Porto, Portugal, 2014.
24. Beretta, C.; Stoessel, F.; Baier, U.; Hellweg, S. Quantifying food losses and the potential for reduction in Switzerland. Waste Manag.

2013, 33, 764–773. [CrossRef] [PubMed]
25. Colares, L.G.T.; de Sales, L.P.; de Gomes, A.M.; Figueiredo, V.O. Management of Organic Solid Waste in Meal Production. In

Municipal Solid Waste Management; IntechOpen: London, UK, 2019; pp. 1–18.
26. Araujo, G.P.; De Lourenço, C.E.; Araújo, C.M.L.; De Bastos, A. Intercâmbio Brasil-União Europeia Sobre Desperdício de Alimentos

Relatório Final; Diálogos Setoriais União Europeia-Brasil: Embrapa, Brasil, 2018.
27. Byker, C.J.; Farris, A.R.; Marcenelle, M.; Davis, G.C.; Serrano, E.L. Food Waste in a School Nutrition Program After Implementation

of New Lunch Program Guidelines. J. Nutr. Educ. Behav. 2014, 46, 406–411. [CrossRef] [PubMed]
28. de Melo, E.V.; Dolabella, R.; Peixoto, M.; Pinheiro, A. Perdas e Desperdício de Alimentos [recurso eletrônico]: Estratégias para Redução;

Edições Câ; Edições Câmara: Câmara dos Deputados, Brasil, 2018; ISBN 978-85-402-0718-9.
29. World Food Programme Hunger Map. Available online: https://www.wfp.org/publications/hunger-map-2020 (accessed on

6 March 2020).
30. Silvennoinen, K.; Nisonen, S.; Pietiläinen, O. Food waste case study and monitoring developing in Finnish food services. Waste

Manag. 2019, 97, 97–104. [CrossRef]
31. Yoder, A.B.B.; Foecke, L.L.; Schoeller, D.A. Factors affecting fruit and vegetable school lunch waste in Wisconsin elementary

schools participating in Farm to School programmes. Public Health Nutr. 2015, 18, 2855–2863. [CrossRef] [PubMed]
32. Byker Shanks, C.; Banna, J.; Serrano, E.L. Food Waste in the National School Lunch Program 1978-2015: A Systematic Review. J.

Acad. Nutr. Diet. 2017, 117, 1792–1807. [CrossRef]
33. Prescott, M.P.; Herritt, C.; Bunning, M.; Cunningham-Sabo, L. Resources, Barriers, and Tradeoffs: A Mixed Methods Analysis of

School Pre-Consumer Food Waste. J. Acad. Nutr. Diet. 2019, 119, 1270–1283.e2. [CrossRef]
34. Graham-Rowe, E.; Jessop, D.C.; Sparks, P. Predicting household food waste reduction using an extended theory of planned

behaviour. Resour. Conserv. Recycl. 2015, 101, 194–202. [CrossRef]

http://doi.org/10.1016/j.scitotenv.2019.136033
http://www.ncbi.nlm.nih.gov/pubmed/31855638
http://doi.org/10.1016/j.jclepro.2016.03.084
http://doi.org/10.18461/ijfsd.v2i4.247
http://doi.org/10.1016/j.resconrec.2020.105304
http://doi.org/10.1016/j.jclepro.2020.122861
http://doi.org/10.3390/land9070231
http://doi.org/10.1016/j.resconrec.2017.11.030
http://www.cresesb.cepel.br/publicacoes/download/Direng.pdf
http://www.cresesb.cepel.br/publicacoes/download/Direng.pdf
http://doi.org/10.1016/j.wasman.2012.11.007
http://www.ncbi.nlm.nih.gov/pubmed/23270687
http://doi.org/10.1016/j.jneb.2014.03.009
http://www.ncbi.nlm.nih.gov/pubmed/24857599
https://www.wfp.org/publications/hunger-map-2020
http://doi.org/10.1016/j.wasman.2019.07.028
http://doi.org/10.1017/S1368980015000385
http://www.ncbi.nlm.nih.gov/pubmed/25728060
http://doi.org/10.1016/j.jand.2017.06.008
http://doi.org/10.1016/j.jand.2019.03.008
http://doi.org/10.1016/j.resconrec.2015.05.020


Foods 2021, 10, 1175 12 of 14

35. Quested, T.E.; Marsh, E.; Stunell, D.; Parry, A.D. Spaghetti soup: The complex world of food waste behaviours. Resour. Conserv.
Recycl. 2013, 79, 43–51. [CrossRef]

36. FAO. Food Wastage Footprint: Impacts on Natural Resources-Summary Report; FAO: Rome, Italy, 2013.
37. Ribeiro, F.M.; Martins, M.J.R. de L. Evaluation of Meals Production Losses in Food Units of Primary Schools from the Municipality of

Porto; Universidade do Porto: Porto, Brasil, 2018.
38. Bianco, V.; Righi, D.; Scarpa, F.; Tagliafico, L.A. Modeling energy consumption and efficiency measures in the Italian hotel sector.

Energy Build. 2017, 149, 329–338. [CrossRef]
39. Paula, M.; Marcuzzo, S.; Prado, N.; Resk, S.S.; Árbocz, N.; Bacarji, C.; Marcondes, D. Sustentabilidade nos Pequenos Negócios:

Eficiência Energética, 2nd ed.; Instituto Envolverde: Cuiabá, Brazil, 2015.
40. Di Maria, F.; Sisani, F.; Contini, S. Contribution of human labor to emissions from waste collection. J. Clean. Prod. 2019,

231, 509–519. [CrossRef]
41. Coral, E. Modelo de Planejamento Estratégico Para a Sustentabilidade Empresarial; Florianópolis, SC: Florianópolis, Brasil, 2002.
42. Pádua, S.I.D.; Jabbour, C.J.C. Promotion and evolution of sustainability performance measurement systems from a perspec-

tive of business process management: From a literature review to a pentagonal proposal. Bus. Process. Manag. J. 2015,
21, 403–418. [CrossRef]

43. Papargyropoulou, E.; Steinberger, J.K.; Wright, N.; Lozano, R.; Padfield, R.; Ujang, Z. Patterns and causes of food waste in the
hospitality and food service sector: Food waste prevention insights from Malaysia. Sustainability 2019, 11, 6016. [CrossRef]

44. Araújo, W.M.; Montebello, N.P.; Botelho, R.B.A.; Borgo, L.A. Alquimia dos Alimentos; SENAC: Brasília, Brazil, 2014; p. 557.
45. Reynolds, C.; Soma, T.; Spring, C.; Lazell, J. Routledge Handbook of Food Waste, 1st ed.; Routledge: London, UK, 2020; Volume 1.
46. Food and Agriculture Organization of the United Nations. Regional Overview of Food Insecurity Latin America and the Caribbean;

FAO: Rome, Italy, 2015; Volume 74.
47. Qi, D.; Roe, B.E. Foodservice Composting Crowds Out Consumer Food Waste Reduction Behavior in a Dining Experiment. Am. J.

Agric. Econ. 2017, 99, 1159–1171. [CrossRef]
48. United States Environmental Protection Agency’s Sustainable Management of Food-Food Recovery Hierarchy. Avail-

able online: https://www.epa.gov/sustainable-management-food/food-recovery-hierarchy#:~{}:text=The%20Food%20
Recovery%20Hierarchy%20prioritizes,prevent%20and%20divert%20wasted%20food.&text=The%20top%20levels%20of%20
the,environment%2C%20society%20and%20the%20economy (accessed on 5 January 2021).

49. Faldella, E.; Pawar, K.; Accorsi, R.; Ferrari, E.; Manzini, R. Determinants and mitigation strategies for food waste: A case study
from a University’s student canteen. In Symposium on Logistics (ISL 2018) Big Data Enabled Supply Chain Innovations; GBR: New
York, NY, USA, 2018; pp. 478–486.

50. Borguini, R.G.; da Torres, E.A.F. Alimentos orgânicos: Qualidade nutritiva e segurança do alimento. Segurança Aliment. e Nutr.
2015, 13, 64–75. [CrossRef]

51. Lovarelli, D.; Ingrao, C.; Fiala, M.; Bacenetti, J. Beyond the Water Footprint: A new framework proposal to assess freshwater
environmental impact and consumption. J. Clean. Prod. 2018, 172, 4189–4199. [CrossRef]

52. Hatjiathanassiadou, M.; Souza, S.R.G.d.; Nogueira, J.P.; Oliveira, L.d.M.; Strasburg, V.J.; Rolim, P.M.; Seabra, L.M.J. Environmental
Impacts of University Restaurant Menus: A Case Study in Brazil. Sustainability 2019, 11, 5157. [CrossRef]

53. Marlow, H.J.; Hayes, W.K.; Soret, S.; Carter, R.L.; Schwab, E.R.; Sabaté, J. Diet and the environment: Does what you eat matter?
Am. J. Clin. Nutr. 2009, 89, 1699S–1703S. [CrossRef] [PubMed]

54. Strasburg, V.J.; Jahno, V.D. Sustentabilidade de cardápio: Avaliação da pegada hídrica nas refeições de um restaurante univer-
sitário. Rev. Ambient. Agua 2015, 10, 903–914. [CrossRef]

55. Tilman, D.; Clark, M. Global diets link environmental sustainability and human health. Nature 2014, 515, 518–522. [CrossRef]
56. Hallström, E.; Carlsson-Kanyama, A.; Börjesson, P. Environmental impact of dietary change: A systematic review. J. Clean. Prod.

2015, 91, 1–11. [CrossRef]
57. Hartmann, Y.; Botelho, R.; Akutsu, R.; Puppin Zandonadi, R. Consumption of Fruits and Vegetables by Low-Income Brazilian

Undergraduate Students: A Cross-Sectional Study. Nutrients 2018, 10, 1121. [CrossRef] [PubMed]
58. Auma, C.I.; Pradeilles, R.; Blake, M.K.; Holdsworth, M. What can dietary patterns tell us about the nutrition transition and

environmental sustainability of diets in Uganda? Nutrients 2019, 11, 342. [CrossRef] [PubMed]
59. Roche, E.J. The Environmental Impact of Cleaning Products. Available online: https://www.pjponline.com/the-environmental-

impact-of-cleaning-products/#:~{}:text=Water%20Pollution%20%E2%80%93%20Thousands%20of%20chemicals,and%20add%
20to%20outdoor%20smog (accessed on 10 March 2020).

60. Levis, J.W.; Barlaz, M.A.; Themelis, N.J.; Ulloa, P. Assessment of the state of food waste treatment in the United States and Canada.
Waste Manag. 2010, 30, 1486–1494. [CrossRef]

61. Barthichoto, M.; Matias, A.C.G.; Spinelli, M.G.N.; Abreu, E.S. de Responsabilidade ambiental: Perfil das práticas de sustentabili-
dade desenvolvidas em unidades produtoras de refeições do bairro de Higienópolis, município de São Paulo. Qual. Rev. Eletrônica
2013, 14, 1–12. [CrossRef]

62. Kasza, G.; Szabó-Bódi, B.; Lakner, Z.; Izsó, T. Balancing the desire to decrease food waste with requirements of food safety. Trends
Food Sci. Technol. 2019, 84, 74–76. [CrossRef]

63. Buzby, J.C.; Guthrie, J.F. Evaluation of the USDA Fruit and Vegetable Pilot Program; United States Department of Agriculture,
Economic Research Service: Washington, DC, USA, 2003.

http://doi.org/10.1016/j.resconrec.2013.04.011
http://doi.org/10.1016/j.enbuild.2017.05.077
http://doi.org/10.1016/j.jclepro.2019.05.260
http://doi.org/10.1108/BPMJ-10-2013-0139
http://doi.org/10.3390/su11216016
http://doi.org/10.1093/ajae/aax050
https://www.epa.gov/sustainable-management-food/food-recovery-hierarchy#:~{}:text=The%20Food%20Recovery%20Hierarchy%20prioritizes,prevent%20and%20divert%20wasted%20food.&text=The%20top%20levels%20of%20the,environment%2C%20society%20and%20the%20economy
https://www.epa.gov/sustainable-management-food/food-recovery-hierarchy#:~{}:text=The%20Food%20Recovery%20Hierarchy%20prioritizes,prevent%20and%20divert%20wasted%20food.&text=The%20top%20levels%20of%20the,environment%2C%20society%20and%20the%20economy
https://www.epa.gov/sustainable-management-food/food-recovery-hierarchy#:~{}:text=The%20Food%20Recovery%20Hierarchy%20prioritizes,prevent%20and%20divert%20wasted%20food.&text=The%20top%20levels%20of%20the,environment%2C%20society%20and%20the%20economy
http://doi.org/10.20396/san.v13i2.1833
http://doi.org/10.1016/j.jclepro.2016.12.067
http://doi.org/10.3390/su11195157
http://doi.org/10.3945/ajcn.2009.26736Z
http://www.ncbi.nlm.nih.gov/pubmed/19339399
http://doi.org/10.4136/ambi-agua.1664
http://doi.org/10.1038/nature13959
http://doi.org/10.1016/j.jclepro.2014.12.008
http://doi.org/10.3390/nu10081121
http://www.ncbi.nlm.nih.gov/pubmed/30126237
http://doi.org/10.3390/nu11020342
http://www.ncbi.nlm.nih.gov/pubmed/30764586
https://www.pjponline.com/the-environmental-impact-of-cleaning-products/#:~{}:text=Water%20Pollution%20%E2%80%93%20Thousands%20of%20chemicals,and%20add%20to%20outdoor%20smog
https://www.pjponline.com/the-environmental-impact-of-cleaning-products/#:~{}:text=Water%20Pollution%20%E2%80%93%20Thousands%20of%20chemicals,and%20add%20to%20outdoor%20smog
https://www.pjponline.com/the-environmental-impact-of-cleaning-products/#:~{}:text=Water%20Pollution%20%E2%80%93%20Thousands%20of%20chemicals,and%20add%20to%20outdoor%20smog
http://doi.org/10.1016/j.wasman.2010.01.031
http://doi.org/10.18391/qualitas.v14i1.1680
http://doi.org/10.1016/j.tifs.2018.07.019


Foods 2021, 10, 1175 13 of 14

64. Elkington, J. Cannibals with Forks: The Triple Bottom Line of 21st Century Business, 1st ed.; Capstone Publishing Limited: Oxford,
UK, 1999.

65. Russo, M. Environmental Management: Reading and Cases, 2nd ed.; SAGE: London, UK, 2008; ISBN 9781412958493.
66. Brasil, A.N.; de Anvisa, V.S. Cartilha sobre Boas Práticas para Serviços de Alimentação; Agência Nacional de Vigilância—Anvisa:

Brasília, Brazil, 2004.
67. Derriks, T.; Hoetjes, T. Sustainable Coastal Destination Development: Fostering Green Practices of Restaurateurs. Almatourism J.

Tour. Cult. Territ. Dev. 2015, 6, 81–100. [CrossRef]
68. Serviço Brasileiro de Apoio às Micro e Pequenas Empresas. Combate à Perda e Desperdícios de Alimentos; SEBRAE: Cuiabá, MT,

Brazil, 2019.
69. Roe, B.E.; Qi, D.; Bender, K.E. Some issues in the ethics of food waste. Physiol. Behav. 2020, 219, 112860. [CrossRef]
70. Food and Agriculture Organization of the United Nations. The State of Food Security and Nutrition in the World 2019. Safeguarding

Against Economic Slowdowns and Downturns; FAO: Rome, Italy, 2019; ISBN 9789251315705.
71. Food and Agriculture Organization of the United Nations. The Future of Food and Agriculture–Alternative Pathways to 2050; FAO:

Rome, Italy, 2018.
72. Biasi, C.A.F. Desperdício de Alimentos; Convenção ABRAS: São Paulo, Brasil, 2017.
73. Food and Agriculture Organization of the United Nations. Rome Declaration on World Food Security; FAO: Rome, Italy, 1996.
74. Lei No 11.346. Available online: http://www.planalto.gov.br/ccivil_03/_Ato2004-2006/2006/Lei/L11346.htm (accessed on

22 April 2020).
75. Soussana, J.F. Research priorities for sustainable agri-food systems and life cycle assessment. J. Clean. Prod. 2014,

73, 19–23. [CrossRef]
76. United Nations Department for Economic and Social Affairs. World Population Prospects 2019: Highlights; Department of Economic

and Social Affairs: New York, NY, USA, 2019.
77. Food and Agriculture Organization of the United Nations Feeding the World, Eradicating Hunger; FAO: Rome, Italy, 2009.
78. Saadoun, J.H.; Bertani, G.; Levante, A.; Vezzosi, F.; Ricci, A.; Bernini, V.; Lazzi, C. Fermentation of agri-food waste: A promising

route for the production of aroma compounds. Foods 2021, 10, 707. [CrossRef]
79. Kaza, S.; Yao, L.; Bhada-Tata, P.; Van Woerden, F. What a Waste 2.0: A Global Snapshot of Solid Waste Management to 2050; The World

Bank: Washington, DC, USA, 2018.
80. Food and Agriculture Organization of the United Nations; International Fund for Agricultural Development; World Food

Programme. The State of Food Insecurity in the World; FAO: Rome, Italy, 2015.
81. Sakaguchi, L.; Pak, N.; Potts, M.D. Tackling the issue of food waste in restaurants: Options for measurement method, reduction

and behavioral change. J. Clean. Prod. 2018, 180, 430–436. [CrossRef]
82. Neff, R.A.; Spiker, M.L.; Truant, P.L. Wasted Food: U.S. Consumers’ Reported Awareness, Attitudes, and Behaviors. PLoS ONE

2015, 10, e0127881. [CrossRef]
83. Soares, I.C.C.; da Silva, E.R.; Priore, S.E.; Ribeiro, R.d.C.L.; Pereira, M.M.L.d.S.; Pinheiro-Sant’ana, H.M. Quantificaçáo e

análise do custo da sobra limpa em unidades de alimentaçáo e nutriçáo de uma empresa de grande porte. Rev. Nutr. 2011,
24, 593–604. [CrossRef]

84. Diário Oficial da União Brasil, Lei No 14.016, de 24 de Junho de 2020. Available online: https://www.in.gov.br/en/web/dou/-/
lei-n-14.016-de-23-de-junho-de-2020-263187111 (accessed on 10 March 2020).

85. Maynard, D.d.C.; Vidigal, M.D.; Farage, P.; Zandonadi, R.P.; Nakano, E.Y.; Botelho, R.B.A. Environmental, Social and Economic
Sustainability Indicators Applied to Food Services: A Systematic Review. Sustainability 2020, 12, 1804. [CrossRef]

86. Vittuari, M.; De Menna, F.; Gaiani, S.; Falasconi, L.; Politano, A.; Dietershagen, J.; Segrè, A. The Second Life of Food: An
Assessment of the Social Impact of Food Redistribution Activities in Emilia Romagna, Italy. Sustainability 2017, 9, 1817. [CrossRef]

87. Gomes, F.; da Arakaki, F.F.S.; Antunes, R.M.; Silva, J.P.S.S. O Ordenamento Jurídico Brasileiro no Combate ao Desperdício de
Alimentos: Um Comparativo com a Legislação Estrangeira e um Estudo de caso Sobre Manhuaçu-MG. An. do Semin. Científico do
UNIFACIG 2019, 5. Available online: http://pensaracademico.unifacig.edu.br/index.php/semiariocientifico/article/viewFile/
1135/1068 (accessed on 16 March 2021).

88. National Academies of Sciences, Engineering, and Medicine. A National Strategy to Reduce Food Waste at the Consumer Level;
National Academies Press: Washington, DC, USA, 2020.

89. Reynolds, C.; Piantadosi, J.; Boland, J. Rescuing Food from the Organics Waste Stream to Feed the Food Insecure: An Economic
and Environmental Assessment of Australian Food Rescue Operations Using Environmentally Extended Waste Input-Output
Analysis. Sustainability 2015, 7, 4707–4726. [CrossRef]

90. Reynolds, C.J.; Mavrakis, V.; Davison, S.; Høj, S.B.; Vlaholias, E.; Sharp, A.; Thompson, K.; Ward, P.; Coveney, J.; Piantadosi,
J.; et al. Estimating informal household food waste in developed countries: The case of Australia. Waste Manag. Res. 2014,
32, 1254–1258. [CrossRef]

91. Thyberg, K.L.; Tonjes, D.J. Drivers of food waste and their implications for sustainable policy development. Resour. Conserv.
Recycl. 2016, 106, 110–123. [CrossRef]

92. Soares, D.R.P.; Chagas, M.I.F. Utilização da Técnica de Compostagem no Serviço de Nutrição e Dietética do Hospital Municipal
Pimentas Bonsucesso. Available online: http://www.hospitaissaudaveis.org/arquivos/COMPOSTAGEM%202.pdf (accessed on
16 March 2021).

http://doi.org/10.6092/issn.2036-5195/5851
http://doi.org/10.1016/j.physbeh.2020.112860
http://www.planalto.gov.br/ccivil_03/_Ato2004-2006/2006/Lei/L11346.htm
http://doi.org/10.1016/j.jclepro.2014.02.061
http://doi.org/10.3390/foods10040707
http://doi.org/10.1016/j.jclepro.2017.12.136
http://doi.org/10.1371/journal.pone.0127881
http://doi.org/10.1590/S1415-52732011000400008
https://www.in.gov.br/en/web/dou/-/lei-n-14.016-de-23-de-junho-de-2020-263187111
https://www.in.gov.br/en/web/dou/-/lei-n-14.016-de-23-de-junho-de-2020-263187111
http://doi.org/10.3390/su12051804
http://doi.org/10.3390/su9101817
http://pensaracademico.unifacig.edu.br/index.php/semiariocientifico/article/viewFile/1135/1068
http://pensaracademico.unifacig.edu.br/index.php/semiariocientifico/article/viewFile/1135/1068
http://doi.org/10.3390/su7044707
http://doi.org/10.1177/0734242X14549797
http://doi.org/10.1016/j.resconrec.2015.11.016
http://www.hospitaissaudaveis.org/arquivos/COMPOSTAGEM%202.pdf


Foods 2021, 10, 1175 14 of 14

93. Carvalho, L.R.; De Chaudon, M.O. Gestão de Resíduos Sólidos Orgânicos no Setor de Alimentação Coletiva: Revisão. Higiene
Alimentar 2018, 32, 278–279.

94. Stuart, T. Waste: Uncovering the Global Food Scandal; W.W. Norton & Co: New York, NY, USA, 2009; ISBN 0393077357.
95. Charles, H.; Godfray, J.; Garnett, T. Food security and sustainable intensification. Philos. Trans. R. Soc. B Biol. Sci.

2014, 369. [CrossRef]
96. Morone, P.; Koutinas, A.; Gathergood, N.; Arshadi, M.; Matharu, A. Food waste: Challenges and opportunities for enhancing the

emerging bio-economy. J. Clean Prod. 2019, 221, 10–16. [CrossRef]
97. Thyberg, K.L.; Tonjes, D.J.; Gurevitch, J. Quantification of Food Waste Disposal in the United States: A Meta-Analysis. Environ.

Sci. Technol. 2015, 49, 13946–13953. [CrossRef] [PubMed]
98. Cardello, A.V. Consumer expectations and their role in food acceptance. In Measurement of Food Preferences; Springer US:

Berlin/Heidelberg, Germany, 1994; pp. 253–297.
99. Beretta, C.; Hellweg, S. Potential environmental benefits from food waste prevention in the food service sector. Resour. Conserv.

Recycl. 2019, 147, 169–178. [CrossRef]
100. Buchner, B.; Fischler, C.; Gustafson, E.; Reilly, J.; Riccardi, G.; Ricordi, C.; Veronesi, U. Food waste: Causes, impacts and proposals.

Barilla Cent. Food Nutr. 2012, 53–61. Available online: https://www.barillacfn.com/m/publications/food-waste-causes-impact-
proposals.pdf (accessed on 16 March 2021).

101. ReFed. Restaurant Food Waste Action Guide; Rethink Food Waste: Long Island City, NY, USA, 2018.
102. Vizzoto, F.; Testa, F.; Iraldo, F. Strategies to reduce food waste in the foodservices sector: A systematic review. Int. J. Hosp. Manag.

2021, 95, 102933. [CrossRef]
103. Ferrari, R. Writing narrative style literature reviews. Med. Writ. 2015, 24, 230–235. [CrossRef]
104. Rother, E.T. Systematic literature review X narrative review. ACTA Paul. Enferm. 2007, 20, v–vi. [CrossRef]
105. Green, B.N.; Johnson, C.D.; Adams, A. Writing narrative literature reviews for peer-reviewed journals: Secrets of the trade. J.

Chiropr. Med. 2006, 5, 101–117. [CrossRef]

http://doi.org/10.1098/rstb.2012.0273
http://doi.org/10.1016/j.jclepro.2019.02.258
http://doi.org/10.1021/acs.est.5b03880
http://www.ncbi.nlm.nih.gov/pubmed/26551283
http://doi.org/10.1016/j.resconrec.2019.03.023
https://www.barillacfn.com/m/publications/food-waste-causes-impact-proposals.pdf
https://www.barillacfn.com/m/publications/food-waste-causes-impact-proposals.pdf
http://doi.org/10.1016/j.ijhm.2021.102933
http://doi.org/10.1179/2047480615Z.000000000329
http://doi.org/10.1590/S0103-21002007000200001
http://doi.org/10.1016/S0899-3467(07)60142-6

	Introduction 
	Methods 
	Theoretical Background 
	The Food Waste Generation and Impacts 
	Food Services 
	Economic Dimension 
	Environmental Dimension 
	Social Dimension 
	Waste Prevention–Possibilities to Decrease the Impact 
	Limitations 

	Conclusions 
	References

