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Abstract: Background: There is a lack of studies on the waste of fruits and vegetables covering
both distributors and the retail sector. Our study advances from previous ones by proposing the
analysis of local retailers of different sizes and wholesalers. Our objective was to analyze the
logistical practices to reduce the waste of fruits and vegetables in wholesalers and small retailers in
Federal District, Brazil. Methods: A multiple case study was conducted with 19 retailers and eight
wholesalers. We administered semi-structured interviews and performed documental analysis and
direct observation. Results: The findings demonstrated the leading logistical practices of handling,
conservation, management and control, and consumer awareness about food waste. The type of
retailer was limited to grocery stores and fruit shops, and the type of food covered only fruits and
vegetables. Furthermore, we considered the food waste generated in the logistics processes and not
that after consumption. Conclusions: More than a third of the food produced worldwide is lost or
wasted. A considerable part of the food waste is associated with the lack of an adequate structure of
the logistical processes. The results may contribute to the adoption of practices related to reducing
food waste by retailers and wholesalers.

Keywords: food waste; logistics; retail; wholesale; supply chain management

1. Introduction

Despite the expeditiousness of world food production, the United Nations Food
and Agriculture Organization [1] points out the need for a 60% increase in global food
production by 2050 to meet the population’s growing demands. Brazilian agricultural
production has grown markedly in the last decade, facilitating the reduction of poverty
and hunger in the country [2]. Specifically, in relation to fruit production, Brazil stands
out as the third largest world producer, responsible for approximately 45 million tons of
produce every year, with about 65% for domestic supply and the remaining 35% destined
for exportation [3]. Additionally, the Brazilian vegetable chain presents various options,
concentrating its production volume on the following species: potato, tomato, watermelon,
lettuce, onion, and carrot [3].

Although the volume of food production in Brazil is enormous, a substantial part is
wasted [4]. Brazil wastes around 41 thousand tons of food per year [5]. Worldwide, more
than a third of the produced food is lost or wasted, equivalent to about 1.3 billion tons of
food [6]. Among the amounts lost or wasted, 30% corresponds to cereals; between 40%
and 50% comprises roots, fruits, vegetables, and oilseeds; 20% involves meat and dairy
products; and 35% is fish. It is estimated that these foods would be enough to feed two
million people [6]. Within this context, reducing food losses and waste should be a priority
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for establishing productive structures and structures of sustainable consumption [1]. The
irrational use of food harms humanity [7]. Understanding food waste is crucial as it affects
food chains. For example, the European Union and other high-income countries have
significantly higher levels of food waste [8]. In developing countries, such as Brazil, waste is
mainly linked to the initial stages of the supply chain involving harvesting, transportation,
storage, and distribution [9]. About 30% of the total vegetables that pass through the
distribution centers are lost, with only 70% being marketed [10].

Analyzing the overview of worldwide studies, it is possible to verify an emphasis on
the valuation of the final consumer behavior [11–13], the measurement of the wasted quan-
tities [14,15], and the environmental and monetary impacts generated by food waste [16,17].
In Brazil, some studies have addressed food waste under the perspective of logistical bottle-
necks [18]. The authors approached specifically the handling and transportation activities,
verifying the rates of losses of vegetables and fruits. Other studies addressed the role of
packaging and the supply chain’s coordination structures to reduce food waste [19]. The
use of food waste in a different production process was studied by Belik et al. [20] and
Fagundes et al. [21]. Finally, some studies stressed the causes of food loss and ways to
reduce food waste [22–24].

Considering this scenario, there is a lack of studies on the waste of fruits and vegetables
covering both distributors and the retail sector. Thus, the present study advances from
previous ones by proposing the analysis of local retailers of different sizes and wholesalers.
This paper aims to analyze the best logistical practices in reducing the waste of vegetables
and fruits in retailers and wholesalers located in the Federal District, Brazil. For this
purpose, this study was composed of two parts: first we identified the causes of waste
through a systematic literature review, considering Brazilian and international studies, and
second, we carried out an analysis of multiple cases through direct qualitative interviews
conducted with 19 managers/owners of fruits and vegetable stores and eight wholesalers,
who supply the fruits and vegetables to the stores. The data analysis was carried out by
means of categorical content analysis.

The main contribution of this paper is twofold: (i) the systematization of the best
logistical practices of fruits and vegetables to avoid food waste employing a systematic
literature review; (ii) the analysis of the best logistical practices to reduce the waste of fruits
and vegetables adopted by retailers and wholesalers in the agri-food chain, in terms of
handling, conservation, management and control, and awareness.

2. Literature Review
2.1. Agri-Food Supply Chain and Food Waste

The agri-food supply chain refers to a series of relationships in different segments that
establish successive exchanges in transforming inputs into value for the final consumer [25].

The agri-food supply chain starts at the point “Before the Farms”, covering the activi-
ties related to inbound logistics and companies that supply raw materials to be used in the
production process in the field, such as seeds and agrochemicals. Then, there is the link “On
the Farms”, which considers the improvements that products still receive inside the farms:
weighing, pre-washing, selection, cooling, agro industrialization, and packaging. The last
link, which is the focus of this research, is the “After the Farms” phase, covering outbound
logistics activities, including activities of handling, storage, warehousing, and transport. It
considers attempts to sell products to industries and other distribution channels until they
reach the final consumer [10].

Within the agri-food supply chain, specifically for fruits and vegetables, food waste
can occur, mainly due to the high perishability of the product and incorrect handling and
transportation. It is essential to point out that there are two main types of food waste.
When there are losses until the process of distribution, we call them “food losses”. After
the distribution process in several channels (wholesalers, retailers, small stores, fairs, direct
sales to consumers) and after the sales, at the consumers’ residence, we call them “food
waste”. This study is focused on the food waste occurring in retailers and wholesalers. In
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this process, many products that individuals can still consume are discarded. The waste of
fruits and vegetables is mainly associated with the behavior of wholesalers, retailers, other
food sales services, and consumers [6]. Food waste encompasses all food discarded in the
marketing stages by retailers and wholesalers, in which the food is discarded under full
consumption conditions since it would still meet nutritional needs [9].

It is noteworthy that a considerable part of the waste is associated with the lack
of adequate structure of the logistical processes involved [4], which is the focus of this
study. The way the supply chain components are structured directly influences the quality
of the products [25]. Furthermore, errors in demand forecast, inefficient replenishment
policies, and high product quality demand can contribute to food waste [26]. Structural
problems, such as planning and logistical bottlenecks, limit improvements in Brazil’s
fruit and vegetable supply chain stages [27]. After the harvest, food waste in Brazil is
caused by improper packaging, lack of product refrigeration, improper handling, poor
display of products on the shelves, deficiencies in transportation, and incorrect handling
by consumers [28].

In this sense, reducing food waste is a challenge that requires enhancing the efficiency
of the operations and logistics [29]. It may include infrastructure and hygiene care advances
and better management and conservation of the fruits and vegetables in the market [30].
Furthermore, improvement in logistics, cold chain management, retail packaging, and
consumer awareness publicity can prevent food waste [31].

2.2. The Best Logistical Practices to Reduce Waste of Fruits and Vegetables: Systematic Literature
Review on Brazilian and International Publications

In order to get the leading logistical practices aimed at reducing the waste of fruits
and vegetables, we conducted two systematic literature reviews. This section presents
the results of the literature reviews, on the basis of which category construction was
carried out for data collection and analysis. The description of the used protocol to select
and filter papers is included in Section 3, related to methodological procedures. Table 1
shows Brazilian and international publications’ analysis of best practices in logistics to
reduce/avoid food waste.

Table 1. Best practices in the logistics stages to reduce and/or avoid food waste.

Best Practices Stage Authors

Environment climatization
(temperature, humidity)

Planting, transportation,
storage, warehousing,

commercialization

Almeida et al. [24]; Ceccato and
Basso [32]; Tofanelli et al. [23]

Improvement in product
quality (standardization

and classification)

Planting, acquisition,
commercialization

Ceccato and Basso [32]; Tofanelli
et al. [23]; Tofanelli et al. [33];

Lourenço and Katz [18]; Ribeiro
et al. [34]; and Brandão and

Arbage [19]

Proper handling care when
handling food All stages

Ribeiro et al. [34]; Almeida et al.
[24]; Tofanelli et al. [23];

Fagundes et al. [21]; Belik et al.
[20]; Lourenço and Katz [18];

Buzby and Hyman [35]

Proper packaging
Transport, storage,

warehousing,
commercialization

Almeida et al. [24]; Ceccato and
Basso [32]; Fagundes et al. [21];
Garrone, Melacini and Perego

[36]; Halloran et al. [37]

Packaging (standard and
organized in

packages, boxes)

Transport, storage,
warehousing,

commercialization

Almeida et al. [24]; Ceccato and
Basso [32]; Ribeiro et al. [34];

Tofanelli et al. [23]; Fagundes et al.
[21]; Lourenço and Katz [18];

Tofanelli et al. [34]
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Table 1. Cont.

Best Practices Stage Authors

Improvement in structure
and facilities (refrigerated

shelves and chambers)

Transport, storage,
warehousing,

commercialization

Almeida et al. [24]; Ribeiro et al.
[34]; Ceccato and Basso [32];

Fagundes et al. [21]; Tofanelli et al.
[23]; Tofanelli et al. [34]; Lourenço
and Katz [18]; Questedet al. [38];

Scholz et al. [13]

Demand forecasting
(demand pulled) and

inventory control

Planting, storage,
warehousing,

commercialization

Ceccato and Basso [32]; Almeida
et al. [24], Tofanelli et al. [23];

Tofanelli et al. [34]; Brandão and
Arbage [19]; Prado et al. [39];

Buzby and Hyman [35];
Papargyropoulou et al. [39];

Stefan et al. [40]; Garrone et al.
[36]; Betz et al. [41]; Sonnino and

McWilliam [42]

Decrease in retail and
wholesale prices and other

quick selling actions
Commercialization Tofanelli et al. [33]; Prado et al.

[22]; Tofanelli et al. [23]

Integrated logistics and
SCM (supplier selection,

partnerships,
information sharing)

All stages

Brandão and Arbage [19];
Tofanelli et al. [23]; Tofanelli et al.

[34]; Ceccato and Basso (2012);
Lourenço and Katz [18]; Buzby

and Hyman [35];
Papargyropoulou et al. [39];

Stefan et al. [40]; Garrone et al.
[36]; Betz et al. [41]; Sonnino and

McWilliam [42];
Aschemann-Witzel et al. [43]

Regional Fruit Purchase
(nearest suppliers) Commercialization Almeida et al. [24]; Ceccato and

Basso [32]; Tofanelli et al. [33]

Guidance and training
of labor All stages

Almeida et al. [24]; Lourenço and
Katz [18], Ceccato and Basso [32];

Tofanelli et al. [33];
Fagundes et al. [21]

Adoption of processes and
processing technology Processing

Marchetto et al. [44]; Prado et al.
[22]; Tofanelli et al. [23];

Tofanelli et al. [34]

Appropriate vehicle and
improved road conservation Transport

Almeida et al. [24]; Ribeiro et al.
[34]; Tofanelli et al. [33]; Fagundes
et al. [21]; Lourenço and Katz [18];

Ceccato and Basso [32]

Stacking, receiving
(inspection and checking),

and handling
(cargo equipment)

Transport, storage,
warehousing,

commercialization

Almeida et al. [24]; Lourenço and
Katz [18]; Ceccato and Basso [32];
Brandão and Arbage [19]; Prado
et al. [22]; Fagundes et al. [21];

Tofanelli et al. [23];
Tofanelli et al. [34]

Maintenance and hygiene of
packaging, transport, store,

and warehouse

Transport, storage,
warehousing,

commercialization

Almeida et al. [24]; Ceccato and
Basso [32]
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Table 1. Cont.

Best Practices Stage Authors

Education and awareness of
the final consumer

(manipulation campaigns)
Commercialization

Tofanelli et al. [33]; Prado et al.
[22]; Aschemann-Witzel et al. [43];
Byker et al. [14], Stefan et al. [40];

Stancu et al. [11]; Secondi et al.
[13]; Parizeau et al. [17];

Visschers et al. [12]

Reuse and disposal of waste Donation, composting, feed
production, food bank

Marchetto et al. [44]; Prado et al.
[22]; Belik et al. [20]; Fagundes

et al. [21]; Ceccato and Basso [32];
Quested et al. [38]; Visschers et al.
[12]; Papargyropoulou et al. [39]

According to Table 1, among the best practices can be highlighted the concerns to
improve the quality of food, the extra care to handle fruits and vegetables, the proper
packaging and facilities, such as structures with refrigerated chambers and shelves, man-
agement of the quantity offered, the information sharing and collaborative partnerships,
and the education and awareness of the final consumer.

The main logistical actions to reduce food waste due to deterioration are purchase
planning, storing products in air-conditioned environments, appropriate boxes and packag-
ing, correctly exposing products, conducting campaigns with customers to properly handle
products, acclimatizing the store, and regulating the store refrigerators and freezers [22].
The authors also proposed actions to avoid losses due to packaging damage: care in un-
loading and handling products, improving storage, training employees, and reinforcing
care in the proper display of products. Some internal and external measures to reduce
vegetable losses were pointed out by Tofanelli et al. [23]. The internal ones: improving
inventory control, purchase of fresh vegetables, purchase of regional vegetables, decrease
in retail prices, care in handling during transportation, prevention of excessive handling by
the consumer, and improving the structure of the establishment. The external ones: lower
wholesale prices, closer wholesale suppliers, educating the final consumer, enhancing the
quality of vegetables, improving packaging, encouraging local vegetable growing, and
greater integration and collaboration of members of the agricultural supply chain.

The measures to reduce food waste are cleaning transport, monoblock boxes, and
marketing benches; uniformity in the organization of vegetables in boxes; selecting the best
times for the outlets; and product offers according to demand [24].

The great majority of studies aim to understand the behavior of the final consumer,
listing the factors that drive food waste, considering that some studies point out that, at
the consumption stage, there is more generation of food waste and a greater possibility
of prevention [11]. However, although consumers appear to make the most significant
contribution to the wasted food volume, there is almost no information on the drivers of
such behavior in consumer households [40]. In this sense, the minimization of food residues
in developed countries should be focused on the retail and consumption stages [39]. The
waste of consumer-related food is a complex issue requiring collaboration among various
actors in the supply chain and actions to increase awareness [43].

3. Research Techniques

This research is characterized as applied, descriptive, and exploratory and uses a
qualitative approach. We conducted a systematic literature review and a multiple case
study. Table 2 shows the technical procedures adopted and their respective research
instruments to collect data. The study was divided into two stages and related technical
procedures. The first phase covered two systematic literature reviews, and the second one
the multiple case study.
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Table 2. Relation between technical procedures and data collection instruments.

Procedure Data Collection Instrument Source

1st phase

Systematic literature review
(Brazilian literature) Documental analysis Cronin et al. [45]

Systematic literature review
(international literature) Documental analysis Pagani et al. [46]

2nd
phase Case study (multiple cases) Semi-structured interviews

and direct observation Yin [47]

We carried out two systematic literature reviews to demonstrate state of the art on
food losses and waste. In addition to summarizing the main problems throughout the agri-
food supply chain, the review pointed out solutions through the implementation of best
practices. Two different protocols were used to carry out the systematic literature reviews:
(i) the Brazilian one used the protocol from Cronin et al. [45] and (ii) the international one
used the protocol from Pagani et al. [46]. Two procedures were necessary considering
that the Brazilian journals, at most, do not have impact factor information, which would
be required to calculate the InOrdinatio Index proposed by Pagani et al. [46]. Thus, the
protocol from Cronin et al. [45] was used. To summarize, the first three steps were the
same in both protocols; they differed in terms of the filtering process, because the Methodi
Ordination uses the InOrdination as an additional step of filtering.

The Brazilian literature analysis followed the protocol of Cronin et al. [45], with the
following steps: (a) research question formulation; (b) set of inclusion and exclusion criteria;
(c) selection and access to literature; (d) quality evaluation of the literature included in
the review; and (e) result analysis, synthesis, and dissemination. From the keywords food
waste OR food losses, in the Portuguese language, 15,100 results were found on the Google
academics platform in order of relevance. The titles and keywords of the first 400 links
were selected and evaluated. Due to the filtering process, 78 were eliminated. In addition,
310 were excluded due to inconsistency with the scope of the study. After reading the
abstracts, 12 articles were thoroughly analyzed.

In the systematic international review, the Methodi InOrdinatio was used to classify
the quality of the articles [46]. The method allowed us to select the best articles by ordering
the highest scores. The calculation considers the publication year, the impact factor of the
journal, and the number of citations. Pagani et al. [46] advise the researcher to determine
the cutoff line so that only the articles above the line are read in full. Thus, 17 articles were
selected, which presented an InOrdinatio superior to 123. At first, 437 articles were found,
considering the same keywords in the English language. The studies were analyzed by
reading the titles and abstracts. Of the 437 articles, 358 were excluded due to inconsistency
with the theme. The remaining 79 articles passed through the Methodi Ordinatio filter,
which calculates an index called InOrdinatio to rank the papers considering the number
of citations, year of publication, and impact factor, leaving, in the end, 17 articles higher
than the cutoff line of 123 points of InOrdinatio. Thus, the final systematic review included
29 articles—12 Brazilian and 17 international papers. Figure 1 presents the results of the
two SLRs. It is important to emphasize that this procedure supported the questionnaire
elaboration applied with the sample of participants of the study.



Logistics 2021, 5, 77 7 of 15Logistics 2021, 5, x FOR PEER REVIEW 7 of 15 
 

 

 
Figure 1. Protocol to select and filter papers analyzed in the SLR. 

Regarding the second phase of the research, the study of multiple cases was carried 
out mainly through semi-structured interviews and by the direct observation “in loco” in 
the stores of fruits and vegetables located in the Federal District and wholesaler storages, 
with the professionals responsible for the fruit and vegetable commercialization (owners 
and managers), involving retailers and wholesalers in the Federal District, Brazil. The 
study was carried out at Ceasa/DF, the center of food distribution (wholesale) and local 
retailers, located in the following administrative regions of the Federal District: Sa-
mambaia, Taguatinga, Ceilândia, Guará, and Asa Norte. The interviews were conducted 
in person, at the establishments, without an appointment by occasional visits, with an 
average duration of 25 min. The interviews were carried out from 2019 to 2020 and rec-
orded with the authorization of the interviewees to allow the transcription for further in-
terpretation and analysis. 

Nineteen fruit and vegetable retailers and eight wholesalers from the CEASA-DF 
were part of this analysis. It is noted that a sample was not established a priori, being 
followed by the theoretical saturation technique. Regarding the size of wholesale estab-
lishments, 37.5% were large companies, and the remainder were small ones. Of the retail-
ers surveyed, 16% were individual microentrepreneurs, 53% were microenterprises, 21% 
were small, and 10% represented large companies. Regarding the profile of the interview-
ees, 53% were the owners of the establishments, 26% were managers, 16% were replenish-
ment managers and, 5% were sales managers. Table 3 shows the characteristics of the 
study participants. 

Table 3. Characterization of participants of the study. 

Figure 1. Protocol to select and filter papers analyzed in the SLR.

For this reason, the SLR considered just papers published until 2017. We understand
that this is a limitation of this study. Further studies can confirm the logistic practices from
2018 to the future.

Regarding the second phase of the research, the study of multiple cases was carried
out mainly through semi-structured interviews and by the direct observation “in loco” in
the stores of fruits and vegetables located in the Federal District and wholesaler storages,
with the professionals responsible for the fruit and vegetable commercialization (owners
and managers), involving retailers and wholesalers in the Federal District, Brazil. The
study was carried out at Ceasa/DF, the center of food distribution (wholesale) and local
retailers, located in the following administrative regions of the Federal District: Samambaia,
Taguatinga, Ceilândia, Guará, and Asa Norte. The interviews were conducted in person, at
the establishments, without an appointment by occasional visits, with an average duration
of 25 min. The interviews were carried out from 2019 to 2020 and recorded with the
authorization of the interviewees to allow the transcription for further interpretation
and analysis.

Nineteen fruit and vegetable retailers and eight wholesalers from the CEASA-DF were
part of this analysis. It is noted that a sample was not established a priori, being followed
by the theoretical saturation technique. Regarding the size of wholesale establishments,
37.5% were large companies, and the remainder were small ones. Of the retailers surveyed,
16% were individual microentrepreneurs, 53% were microenterprises, 21% were small, and
10% represented large companies. Regarding the profile of the interviewees, 53% were the
owners of the establishments, 26% were managers, 16% were replenishment managers and,
5% were sales managers. Table 3 shows the characteristics of the study participants.
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Table 3. Characterization of participants of the study.

Id Place
(AR)

Size of
Company Participant Id Place

(AR) Size Participant

E1 Samambaia Micro Owner E11 Ceilândia Micro Owner

E2 Samambaia Micro Owner E12 Guará Micro General
manager

E3 Samambaia
Individual
microentre-

preneur
Owner E13 Guará Micro Owner

E4 Samambaia Micro Owner E14 Guará Micro Replenishment
manager

E5 Samambaia Small General
Manager E15 Guará Larger Replenishment

manager

E6 Taguatinga Small General
Manager E16 Guará Micro Owner

E7 Taguatinga Micro General
Manager E17 Asa

Norte Micro Replenishment
manager

E8 Taguatinga
Individual
microentre-

preneur
Owner E18 Asa

Norte Larger Supply manager

E9 Taguatinga
Individual
microentre-

preneur
Owner

E19 Asa
Norte Small Owner

E10 Ceilância Small Sales
manager

According to Table 3, 19 companies were part of this analysis, representing the retail
sector of fruits and vegetables, 26% located in Samambaia, 21% in Taguatinga, 11% in
Ceilândia, 27% in Guará, and 15% in Asa Norte. The companies were found in searches
conducted on the Google Maps tool, based on the search for keywords in Portuguese:
“Verdurão,” “sacolão,” “frutaria,” and “Hortifruti,” which are terms used to refer to retailers
specialized in fruits and vegetables in Brazil. Thirty-six establishments were found, of
which six were no longer in operation, four did not accept to participate in the study,
and the other seven were not accessible—four due to their location and the remaining
three because they belong to foreigners who are not able to communicate in Portuguese—
preventing the conduction of the interviews. Therefore, the choice of the participating
companies followed the criteria of accessibility (the managers/owners should agree to
participate) and representativeness (the companies should meet the search criteria).

A semi-structured interview script, designed on the basis of the systematic literature
reviews, was used for data collection. The script went through analysis by judges to give
more robustness to the items. The judges were seven teachers with an affinity to the themes
of logistics and agribusiness. The questions were analyzed for the criteria of intelligibility,
clarity of information, and coherence of terms, considering the pre-established objectives.
The script was composed of four categories: Handling; Conservation and Maintenance;
Control and Logistics Management, and Awareness. In total, 23 questions were added,
with six items on the first category, seven items on the second category, nine items on the
third category, and one item on category 4.

We conducted a thematic categorial content analysis technique to analyze the results,
following the protocol proposed by Bardin [48]: pre-analysis; exploration of the material;
and treatment of the results, inference, and interpretation. We detailed the results in cat-
egories that are analyzed under the thematic content of the interviews and documental
analysis, enabling the identification of the meaning in the interview composition. The cate-
gories established a priori were as follows: (a) handling, (b) conservation and maintenance,
(c) control and logistical management, (d) awareness.
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4. Results and Discussion

Table 4 presents the main obtained results from interviews and direct observation for
the categories handling, conservation, management and control, and awareness for the
local retailers and wholesalers of fruits and vegetables considered in this study.

Table 4. Main results of the case studies.

Category Main Results Retailer Wholesaler

Handling

The loads originate primarily from the
Northeast and Southeast regions X

Manual or trolley unloading makes work
easier and reducing impact injuries X X

The conference of loads, regarding quantity
(weight), quality (uniformity, maturation,

presence of imperfections)
X X

The storage process involves stacking and
removing excess merchandise from

the edges
X

High waste due to consumer handling X

Consumers are well advised on the
correct handling X

The most significant waste due to handling
comes from the consumer squeezing and

kneading the fruits and vegetables
X

Conservation

There are cold chambers for the fruit and
vegetable storage which, prolongs

durability and reduces waste
X

The durability of items that are refrigerated
is noticeably increased, reducing waste X X

The use of packaging in the
commercialization environment preserves

and protects the food
X

The conservation of fruits and vegetables in
transport requires the use of correct

packaging to prevent abrasion
X

The fleet used to transport cargo is varied
and not refrigerated in most establishments X X

CEASA requires the use of correct material
for packaging and transportation:

plastic boxes
X

Hygienization and pest control have an
impact on the durability of FVLs about the

removal of insects
X X

Damaged products are removed to avoid
the degrading agents from spreading X

The use of damaged and imperfect products
occurs through processing for

internal consumption
X
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Table 4. Cont.

Category Main Results Retailer Wholesaler

Management
and control

Absence of purchase planning X X

Excessive purchases generate waste X

The cost spent, the time dedicated, and the
refusal of the owner appear as an obstacle to

the adoption of inventory
management tools

X X

Strategies to increase turnover revolve
around high-end offers, a single-price offer,

and the establishment of a day to
promote FVLs

X

Strategies for selling imperfect items revolve
around negotiation with suppliers, selling to
regions with lower purchasing power, and
selling to establishments that process FVLs

X

There are no measures to reduce the
distance between retail and

wholesale/wholesale and producer
X X

Information about demand forecasting
takes place in a short period, not providing

other members with a planning option
X X

Waste reduction is achieved through
donations made to needy individuals

and institutions
X X

The difficulty in donating food is related to
the cost of transport to the beneficiary X

A solid-waste company does disposal X X

Disposal is done in the common garbage for
collection by the urban cleaning service X

Farm owners collect food residues for
animal feed and soil fertilization X

Lack of training for employees and
awareness of owners about the problem

of waste
X X

Awareness

It has campaigns or information about
education and awareness of the final

consumer regarding the correct handling
and domestic planning

The handling category identified the receiving, storage, warehouse, and commercial-
ization practices (Table 4). As soon as the trucks arrive at the retail establishment, manual
unloading or unloading with the aid of trolleys and pallet trucks is made, which facilitates
handling work and reduces injuries due to impact, upon receiving the cargo, checking
what is being received stands out regarding the quantity (weight) and the products’ quality
(uniformity, degree of maturation, and presentation of injuries or imperfections). The
storage and warehousing processes involve stacking the boxes, removing at first the excess
of goods at the edges of the boxes.

In 40% of the establishments that have storage for the fruits and vegetables, there are
no cold rooms to store them, which reduces their durability. All establishments reported
having significant waste due to excessive and incorrect handling by the final consumer (e.g.,
kneading and squeezing food). However, 27% of establishments did not advise consumers
on the correct handling of fruits and vegetables to avoid embarrassment.
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The conservation category identified the practices of conservation, maintenance/hygiene,
organization, and separation of food. The increase in durability and the preservation of the
quality of the exposed items under refrigeration stood out, which considerably reduces
waste. The use of packaging is essential for the conservation of fruits and vegetables,
which suffer effects related to the transport itself and the sales environment, and the effects
of excessive handling. In turn, sanitation impacts the durability of fruits and vegetables
concerning the removal of insects.

The shelves’ organization is relevant in terms of separation by type and group of
products. Damaged fruits and vegetables are removed when the shelf is replenished
and throughout the day to avoid the spread of degrading agents. Products considered
imperfect, outside the aesthetic standards required by customers, are removed from the
shelves or are not exposed. Then, they are directed to the employees’ consumers, avoiding
waste—some establishments process these imperfect products for sale as fruit pulps, soup
preparations, fruit salad, and natural juices.

The management and control category identified practices related to demand forecast-
ing and the use of inventory management tools, a strategy to increase product turnover,
and measures to reduce the distance between retail and supplier, in addition to the reverse
logistics of waste and imperfect food. The results showed the absence of purchase planning
and predictions made through notes and lists without strategic planning to reduce waste.
Excessive purchases generated waste of fruits and vegetables even for establishments
that make daily purchases. It was noted that the adoption of information technology
tools for the planning of purchases did not occur due to the cost, the spent time, and the
owner’s refusal.

The strategies to increase the product turnover revolved around promotions (for
example, Green Tuesday and Green Wednesday) and the offer of a single price, the so-
called sacolão. The practice of sacolão has become unfeasible due to price discrepancies and
the variety of products offered. We observed that there was little exchange of information
between retailers and wholesalers about the demand forecast. As a result, the wholesaler’s
planning was also affected. Negotiation with suppliers of items with minor imperfections
was a possibility given waste mitigation strategies. The reduction of waste also occurred
through the use of foods that were still within the expected nutritional level but were no
longer considered within the standards of retail marketing because they contained some
imperfection or are damaged in some parts.

Regarding the possibility of food donation, there was difficulty due to the cost of
transporting the products to the entity to be benefited. Food unfit for human consumption
was used for animal feed or compost production or was discarded in the garbage for
collection by the urban cleaning service. Regarding the awareness category, none of the
retail establishments had awareness campaigns for the final consumer. The impediments
revolved around the costs and spent time. Moreover, retailers pointed out that they had
never been approached by the private sector or government institutions for presentation
and incentives for initiatives in this regard.

Regarding the study carried out with wholesalers, three categories were established.
The first was about handling the receiving, storage, and marketing stages. The results
show that about 50% of the food sold came from the northeast and southeast regions of the
country, 25% from the south, and 12.5% from the central-west region. In companies that
work with imported products, about 12.5% came from Argentina and Chile. Regarding
the unloading process of the trucks, the loads were received, weighed, and taken into the
box. During the receipt of the products, the employees responsible for checking the loads
evaluated the temperature, uniformity, degree of maturity, and quality of the received
food. Regarding batch uniformity, fruit sizes were checked, standardization was always
prioritized, and the most presentable items were separated from imperfect ones. The
cold chambers located inside the box were used so that the fruits were packaged and had
prolonged durability and a visible reduction of waste.
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The second category was the conservation, maintenance/hygiene, and separation of
damaged or imperfect items. In terms of conservation in the commercial environment, we
highlight the establishments that used cold rooms. It is noteworthy that CEASA stipulates
that permit holders use correct packaging without using wooden boxes. However, the use
of these is still being verified. The issue of transporting cargo over long distances was one
of the factors to be analyzed since conservation requires refrigerated box trucks. However,
the fleet varied widely between open bodies, closed box trucks, and refrigerated box trucks.

Regarding the maintenance and hygiene of the commercialization environments,
the licensees cleaned the box and washed the containers frequently. Regarding the use
of insecticides for the removal of insects, the licensees informed us that CEASA was
responsible for environmental pest control. Concerning removing damaged or imperfect
products, the interviewees aimed to remove damaged products and discard them so that
they did not damage the cargo. For defective items, just as in retail, price offers were the
first choice. Another mentioned option was sale to establishments that would process this
food, such as snack bars and restaurants.

Furthermore, the third category referred to demand forecasting and the use of inven-
tory management tools, a strategy to increase product turnover, the relationship between
retail and supplier, and CEASA’s role in terms of waste and reverse logistic waste and
imperfect food. Wholesalers who used a management system that assisted in planning
the purchase had difficulty interpreting the information. This highlights the importance of
training and development of employees, not only regarding correct handling but also with
respect to feeding information systems. It should be noted that the large stocks held were
responsible for a large part of the waste at the supply terminals. To increase the turnover of
products, the sale of products to the “sacolão” was pointed out, the negotiation of a lower
price with the producer, the search for customers and the guarantee that they work with a
quality product.

It was noticed that the wholesaler link, the permit holders of CEASA-DF, usually
exchanged price information and the quality of the products with the producer. The
information exchanged between retail and wholesale revolved around the requirements of
retailers concerning quality, price, delivery time, and merchandise exchanges. There was
no sharing of strategic information among members about forecasting demand or stock
level to reduce waste. Respondents pointed to the zero-waste program as the initiative
to reduce waste. In addition to sending damaged and imperfect food to CEASA-Federal
District’s zero-waste program, respondents reported making donations to entities such
as daycare centers, churches, non-governmental organizations (NGOs), and SESC (Social
Service of Commerce). There was no waste reuse program for composting or producing
animal feed. There was still much waste at CEASA-DF due to the lack of awareness
and involvement of permit holders in waste reduction practices. Some studies deal with
solutions to improve food donations from restaurants to the food-insecure population
using modeling [49], which can be pointed out as a positive effort involving the storage,
collection, and transportation logistical activities to reduce food waste.

5. Conclusions

This study dealt with the analysis of good logistical practices in reducing fruit and
vegetable waste in retail and wholesale companies, as these marketing links comprise
stages in the supply chain with a high percentage of waste. To provide a broad and
diversified panorama and to get inputs for the elaboration of the questionnaires to collect
data, a systematic national and international review was carried out, which supported
the item’s construction of the semi-structured script used in the interviews in the study of
multiple cases, which is the central part of this study.

Given the obtained results, the need to make consumers aware of the correct handling
of fruits and vegetables in retail establishments is highlighted. In addition, we emphasize
the requirement for the companies to carry out campaigns with public–private partnerships
to educate the consumer, either in terms of purchase planning as in the full use of food.
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Regarding the wastes that still occur in CEASA-DF, measures to raise the awareness and
involvement of permit holders must be adopted, as well as the development of facilities for
processing the fruit and vegetables that end up being discarded in containers and destined
for landfills.

The research has several contributions. Academically, considering the importance
of studying the proposed theme in depth, the research contributes to a more significant
discussion about food waste and the investigation of the phenomenon in the retail and
wholesale environment. Specifically, the research contributed to the panorama of the
national and international state of the art about the good practices carried out along the
agricultural supply chain. Furthermore, the logistical practices adopted by two links in the
agri-food chain, retailers and wholesalers, were identified to reduce food waste.

From a managerial point of view, the study contributes to retail establishments creating
employees and consumers awareness campaigns as to the problems caused by excessive
and inadequate handling in the receiving, storage, and marketing stages, contributing to
the structuring of marketing processes. As well as in identifying the variables necessary
for the maintenance and conservation of fruits and vegetables concerning investment in
refrigerated facilities and structures. Our study highlights the relevance of the partnership
of retail and wholesale companies with associations that aim at waste reduction. From
contributions to the public policy formation, this research points out flaws in the integrated
management of the chain, about the adoption of collaborative partnership relationships,
information sharing, and lasting partnerships. It leads to several opportunities for creating
policies that aim to educate the end consumer about proper handling, planning domestic
consumption, making full use of food and conservation, and creating tax incentives to
expand the cold chain along the production chain for perishable foods. In general, we
expect that this research’s results will encourage the adoption of good practices that reduce
food waste as a whole minimizing economic, social, and environmental impacts.

Furthermore, we should point out some limitations of the research. The first was
the failure to use the same protocol for selecting and filtering papers in the national
and international systematic literature reviews. The Methodi Ordinatio, proposed by
Pagani et al. [46], was used only in the international review since national journals did
not have the impact factor. Regarding the empirical phase of the research, related to case
studies, the type of retailer studied was limited to grocery stores and fruit shops. The type
of food studied covered only the category of fruits and vegetables, which excludes all the
other types of food waste. We also considered the food waste generated in the logistics
processes and not that after consumption.

Considering the limitations, some suggestions for future research are proposed. The
first is to conduct a more comprehensive systematic literature review, following a harmo-
nized protocol. It would also be interesting to study food waste in other retail links, such
as supermarkets of different sizes, restaurants, and after the consumption phase. Further
studies can focus on other types of food waste, such as non-perishable and industrialized
foods. Additionally, future studies may cover the entire agri-food supply chain, including
the logistics processes occurring in the suppliers and the production, the waste in the
consumption stage, and the final consumers’ role.

Further studies can approach the modeling approach from operational research to
propose, for example, a volunteer-based crowd-shipping program for food rescue, con-
sidering the restaurant’s food donation delivery as proposed by Mittal et al. [49]. Similar
modeling can be conducted in the case of wholesaler donations. In addition to that, other
models can use modeling from the multicriteria decision aid approach to optimize food
donation, helping food-insecure people.
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