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Abstract: Reducing food wastage is one of the challenges in achieving global food security and
transforming current food systems. Since human nutrition is closely dependent on cereal production,
research was undertaken aimed at understanding the food losses in the baking and confectionery
industry (BCI) in Poland, in particular at determining the volume, reasons and ways of reducing
losses, identifying possibly all of the reasons for losses in BCI using the Ishikawa 5M + 1E diagram
and determining the level of significance and probability of risk of food losses in the analysed sector.
Two research methods were used. Quantitative data were collected using the mass balance method
from five businesses that served as case studies. Qualitative data were collected through individual
in-depth interviews with 17 industry experts. The companies’ average daily losses ranged from 0.8
to 6.4 tons, representing 9.7 to 14.4% of production volume, including 10.4-13.4% of bread losses and
6.8-24.4% of fresh pastry losses. The highest losses were generated by transport departments and
these were exclusively retail returns. Following the Ishikawa concept, 31 primary and 94 secondary
reasons for food losses were identified. Using the probability of loss risk, a toolkit for loss prevention
and mitigation across all departments within businesses (raw materials magazine, production section,
final product magazine and final product transport) and a set of horizontal tools were identified,
including specialised training for employees and activities in several areas, e.g., technical status and
production technology, organisation and planning, logistics and sales and cooperation with retail.
This study, conducted in Poland, offers valuable results for developing programmes and strategies to
prevent and manage food losses in BCI. Many of the solutions proposed in both toolkits can bring
economic benefits without involving additional high costs.

Keywords: baking and confectionery industry (BCI); companies; bread; bread production; food
losses and waste; causes and reduction of food losses; sustainable supply chain

1. Introduction

It was only at the beginning of the second decade of the 21st c. that the problem of food
wastage gained due prominence in public discussion. This was due to a report published in
2011 by the Food and Agriculture Organization of the United Nations (FAO), which, for the
first time, presented a comprehensive approach to food loss and waste (FLW) on a global
scale [1]. At the same time, the European Commission published a report presenting FLW
across 27 member states [2]. As a result, there has been a substantial increase in the number
of FLW studies between 2011 and 2015, accounting for almost 70% of all publications on
the topic over a 75-year period [3].
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It has become clear that FLW is one of the greatest sources of food systems inefficiencies
and a relevant global problem due to its implications for the environmental, economic
and social dimensions of sustainability. The need to eliminate FLW has been identified
among the most important directions for action in the Zero Hunger Challenge, the global
commitment launched during the United Nations Conference on Sustainable Development
Rio + 20 [4]. FLW is widely identified as a key barrier to ending hunger and achieving
global food security [3,5-7]. The reduction of FLW is of particular importance for increasing
the sustainability of food systems by preventing the loss of the cropland, water, energy and
other resources used for food production [8-10], addressing environmental sustainability
through the reduction of greenhouse gas emissions and the amount of fertilizers and
pesticides used for crop production [11,12], and enhancing human health (e.g., by reducing
toxic emissions from incineration) [3,13]. In particular, the demand for processed and
convenience food and un-sustainable consumer behaviour in developed countries have
resulted in excessive use of water and greenhouse gas emissions, soil degradation and food
wastage [14].

There is no universal definition of FLW and it can be grouped into five categories,
taking as reference: the stages of the food supply chain (FSC), the dimensions of edibility
and the intention of food production, the dimension of quality understood as nutrition,
aesthetics and shelf life, the nature of food use and the destination of surplus food [15]. FAO
analyses adopted a distinction between the concepts of food loss (FL) and food waste (FW).
This approach is presented widely by scholars [8,9,16-18] and has also been adopted in
the first governmental project regarding FLW in Poland [19]. FL refers to the deterioration
in food quantity or quality prior to the consumer level, while FW refers to food being
discarded or left to spoil at the consumer level, i.e., at the retail, food service and household
phases [20].

FAQ’s pioneering studies on FLW covered only the edible parts of food [1,8,20].
However, in recent estimates, it was decided to measure FLW by two separate indicators,
considering the two components of SDG target 12.3, namely the Food Loss Index (FLI), mea-
sured by FAO, and the Food Waste Index, measured by the United Nations Environment
Programme (UNEP) [21]. In addition, the scope of FL. and FW have been fundamentally
changed to include inedible parts of commodities. This change implies methodological
consistency with the European Union’s FUSIONS [22] project, the results of which provide
a starting point for analysing food wastage in the member states [23].

FLI's first estimate showed that 13.8% of food produced globally is lost in the phases
from post-harvest to distribution. At the regional level, the smallest losses of 5.8% oc-
curred in the Australia and New Zealand region, the largest in Central and Southern Asia,
amounting to 20.7%, and in the most developed and urbanised regions of North America
and Europe, the losses amounted to 15.7% [24]. The percentage of losses for cereals and
pulses was the lowest among five food groups at 8.5% of global production volume [21].
According to UNEP’s first estimate, food waste amounted to 931 million tons, including
61% in households (570 million tons), 26% in food service and 13% in retail; this means
that 17% of global food production could be wasted [25].

It is essential to address the causes of FLW in each stage of the food supply chain
and the determinants behind them [21]. While there is a large and constantly growing
number of studies on FW from the demand side of the food chain, there is much less data
and information on losses on the supply side [5], especially at the processing level [26,27].
Therefore, filling this research gap was included in the objectives of the first comprehensive
study of food wastage in Poland under the PROM project “Developing a system for
monitoring wasted food and an effective programme to rationalise food losses and reduce
food waste”. In this article, we present the research on food losses in the Polish baking and
confectionery industry (BCI), included in this project [28].

The aims of this study were: 1—accurate identification of the size, causes and ways of
reducing losses in all operational activities in five bakeries—case studies, 2—to indicate in
details all potential causes of food losses in bakery and confectionery companies, using the
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Ishikawa 5M + 1E diagram, 3—to determine the significance level and probability of risk
of food losses in this industry.

Food Losses in the Food Processing and Baking Sector

The interpretation of FLW data, policy setting and research agenda setting are ham-
pered by: 1—the lack of a clear scientific position and widely accepted definition of FLW
terms, 2—the enormous complexity and diversity of food systems and supply chains,
covering many stages and processes from farm to fork, 3—the failure to develop universal
measurement methods for each stage of the FSC.

In particular, the estimates for manufacturing sectors are affected by definitional
issues, as evidenced, for example, by the disparities in estimates made by WRAP in the UK
in different years and with different definitional assumptions [29]. Also, the relatively high
estimates in the first report on FLW in EU member states [2] have caused a lot of controversy;,
as food processing contributes rather minimally to edible food waste, as it accounts for only
1-2% of total production [30]. Contrary to these results, the model calculations [31] showed
losses in numerous countries that were several times lower, e.g., 4.5 times lower in Poland,
yet 3.4 times higher in France. In the second EU project, FUSIONS [22], a 19% share of
the processing sector in total FLW was shown, including edible and non-edible waste and
the entire FSC. It was emphasised that investigating food losses in the processing phase
requires a separate approach in each industry.

This approach has been used in the PROM project. It has been estimated that FLW
in the entire FSC amounted to 4.8 million tons, of which the processing sector generated
15.6% (749 thousand tons) [19]. A similar percentage of losses, 16.5%, is generated by
the manufacturing industry in the total FSC in the UK [29], and according to the WRAP
programme—16% (primary production was not included) [32]. The same order of magni-
tude, 18%, was specified in estimates for Canada [33]. The estimates from other countries
point to a much lower share of industrial FL in total food wastage. In Finland, food industry
losses were estimated at around 3% of the total volume of production (75-140 thousand
tons) [34], and in Italy, at 2.6% (1860 thousand tons) [35].

In the case of losses in bread processing, large disparities exist between European
countries, ranging from 1.00% (Norway) to 8.5% (Finland) of this sector’s production
(Table 1). On a per capita basis, losses in BCI in Poland were 8.1 and 6.9 kg in two
consecutive years (2017 and 2018), 4.5 kg in Finland and 4.1 kg in Italy. These data
should be treated as illustrative and not comparable, as different research assumptions
and estimation methods were used, and the number of companies participating in the
research varied.

Table 1. Food losses in the baking industry in European countries, in descending order (based on available literature).

References Country Estimation; Products/Industry Characteristic

Katajajuuri et al. [34] Finland 6.5-8% of the volume of production, i.e., 21-25 thousand tons; bakery products
Polarbrod, [36] Sweden 6.9%—losses in bread processing
Brancoli et al. [37] Sweden 5.2%—losses in bread processing

Beretta et al. [38] Switzerland 5.1%—Tlosses in bakeries (almost half of the volume could be avoidable)
Berkhout et al. [39] Netherlands 5% of the volume of production; bread products
Dora et al. [5] Belgium 3.93% of the volume of production; bakery (data from 9 companies)
Goryriska-Goldmann et al. [27] Poland 2.39% in 2017 and 2.63% in 20.18 of the Yolume of prodgctlon, .1.e., 307 and 263
thousand tons respectively; baking and confectionery industry
Segré and Falasconi, [35] Ttaly 1.5% of the volume of proc.luctlon, i.e., 245 thousand tons; production
of grain and starch products,
Stensgdrd and Hanssen, [40] Norway 1.2% in 2015 and 1.00% in 2016—Ilosses of the volume of processing of fresh

baked goods (calculated as a percentage of fresh bread)

In Jordan, the total loss in wheat processing (including bran fed to animals and
milling loss) in national mills was 13.68% [41]. In South Africa, losses in the processing
of cereals and cereal products were estimated at 288 thousand tons (in 2007) and aver-
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aged 398 thousand tons between 2007 and 2009, or 15.9% of the total volume of cereal
wastage [42]. In China, the average loss of grains in processing was 2.2-3.3% [43] or
1.00—4.70% [44], but it should be noted that only small fractions of wheat and rice in China
are industrially processed [43]. In the United States, the manufacturing sector generated
13.1% (10.6 million tons) of surplus food, including 2.1% (1.68 million tons) of bread and
bakery products in 2019 [45]. Over two-thirds of the bread supplied to the market is con-
sumed, while 20% is wasted in the kitchen, and the remaining 12% is wasted in retail [46],
which means that losses in bread processing are higher.

2. Materials and Methods
2.1. Data Collection

The research was conducted in two stages and two approaches for data collection
were used: 1—quantitative method (case studies)—for estimating the volume of food
losses, 2—qualitative method—to identify all causes of bread losses in bakeries and to
find out how companies prevent bread losses and what additional solutions/tools can be
implemented.

A triangular approach was applied, knowing the barriers and difficulties in studying
the various aspects of food losses from our own experience and as highlighted by many
authors [47-49]. Such an approach is used to obtain multiple measures in order to achieve
richer information on the research questions under discussion [50,51].

2.1.1. Quantitative Stage

The quantitative studies were conducted as a part of expertise for the Institute of
Environmental Protection—National Research Institute. To estimate the amount of food
losses in bakeries, the method of monitoring the mass balance was chosen. According to the
EU guidelines on common methodology for the uniform measurement of FLW levels [52],
the mass balance is defined as the calculation of the amount of food waste on the basis of
the mass of inputs and outputs of food into and out of the measured system, and processing
and consumption of food within the system.

The subject of the survey were companies from the Polish baking and confectionery
industry (sector name according to NACE—the Statistical Classification of Economic Ac-
tivities in the EU), i.e., entities of the secondary food processing sections which produce
bakery and/or confectionery products, offering food products made from cereal milling to
the market. The survey concerns only one processing plant in a given entity (i.e., not all pro-
cessing units in the entire group). There are more than 11,000 entities of different economic
classes in the bakery and confectionery sector in Poland. There is strong competition in
the market and as a result, products from bakeries of different sizes are quite homogenous.
Therefore, a convenient choice was used for the selection of study participants. We invited
96 entities of bakers and pastry-makers to take part in the research. The recruitment of
enterprises was a 3-stage process: (1) sending e-mails with a request to join the survey, and
its description, (2) conducting telephone interviews (establishing contact, presenting the
aims and course of the survey, setting dates) and (3) requesting industry associations to
promote the study among potential participants. The recruitment was supported by the
trade union for bakers and pastry-makers, and finally, 9 businesses agreed to participate
in the monitoring of the mass balance. Companies do not want to disclose their data on
any sensitive issue, so in the process of sampling, every effort has been made to assure
companies that their data and information will be kept anonymous and confidential. The
second reason for refusal were organisational issues (e.g., added responsibilities, lack of
time and excessive workload). Following an initial analysis of the study material, the
data from 5 businesses were qualified for analysis: 2 micro-businesses (1-9 employees),
1 mid-sized business (50-249 employees) and 2 large businesses (250 and more employees).

Please note that care was taken to ensure that the businesses accepted for the study
represent a cross-section of the sector and produce an assortment reflecting the market
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offer, belonging to different economic size classes in terms of, e.g., employment and
production volume.

Participants in the quantitative survey were not remunerated in any way, but the
survey report was sent to them.

2.1.2. Qualitative Stage

The method used was that of individual in-depth interviews, which were conducted
with the managers/owners of the 5 bakeries participating in the quantitative examination
and with 12 experts on BCI, including the industry’s external and internal auditors. The
participants in the study had at least 15 years of experience in the bakery and confectionery
industry and were still dealing with it on a daily basis. Participation in the study was
completely voluntary. Participants did not receive any incentives. The participants were in-
formed that the interviews were recorded. The interviews lasted 1-4 h and were conducted
using a standardised guide consisting of two parts: first—6 question on bread losses and
why and where they occur; second—3 complex questions on solutions implemented in
businesses to reduce and manage losses. The concept of the interview was prepared by the
authors based on the literature and their experience [1,20,21,28,52-55].

The participation of experts allowed the gathering of in-depth knowledge on the
causes of losses, making it possible to develop the Ishikawa cause and effect diagram, for
which the participation of numerous specialists is necessary [56,57]. The collected data
were transcribed and coded using QDA Miner software, LITE v2.0.8, a software dedicate to
analysing qualitative data which was used to create the database and to code the responses.
Frequency analysis was prepared using pivot tables.

2.2. Measures and Data Analysis
2.2.1. Monitoring of the Mass Balance

The authors” own solution was used, given the lack of similar papers for BCI and the
lack of tools for measuring food losses in individual departments of production plants.
Each entity received a “Monitoring Diary”, i.e., forms (in computer files) for monitoring
the mass balance for seven consecutive day: form 1—business characteristic features; form
2 —mass of daily use of raw materials; form 3 —mass of finished goods and losses in the
three departments of the bakery: A—production and preparation for distribution: volume
of production, rejects, i.e., products not complying with the company’s quality standards,
and other losses; B—finished products warehouse/forwarding: mass of incoming goods,
rejects, mass of goods for trade, mass of goods issued to employees as in-kind benefits,
mass of goods left in the warehouse, other losses; C—transport of finished good: mass of
accepted goods, mass of retail returns, other losses.

The measurements were conducted separately for the individual bread and pastry
products product lines: total bread, fresh dessert pastry, durable confectionery and pastries
and other products. The manager responsible for the monitoring and data registering had
been trained before measurements commenced on how to fill in the form and questionnaires.
During training, it was stressed that not only the types of losses needed to be reported,
but that additionally, the weight of loss and its reason and description should be stated.
Two micro-businesses did not show any losses, so the mass balance monitoring results
from three bakeries served as case studies. Additionally, the Hazard Analysis and Critical
Control Points (HACCP) system documentation from the examined bakeries was analysed
and the observations were also used in the process of determining the causes of food losses.

2.2.2. Qualitative Data—In-Depth Individual Interviews

The analysis of in-depth interviews covered 5 stages suggested by Yin [51]: 1—
Compiling database; making transcription of interviews, 2—Disassembling; coding respon-
dents’ responses, 3—Reassembling; rearrangements and recombinations of the data into
tabular form, 4—Interpreting; the frequency at which individual causes of losses were
named during interviews was determined, 5—Concluding.
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2.3. Interpretation of the Results
2.3.1. Ishikawa Diagram 5M + 1E

The causes of losses of BCI products were analysed using the Ishikawa diagram [58].
The diagram, created by Kaoru Ishikawa, and published in 1989 [59], is a common tool
used for a cause-and-effect analysis to identify a complex interplay of causes for a specific
problem or event [60]. Five categories of causes were listed in the original diagram—5M.
Currently, the diagram includes 6 categories 5SM + 1E: Man, Machinery, Materials, Methods,
Management and Environment, and may even go up to 7 categories, where the additional
M stands for Measurement [61].

2.3.2. Risk Assessment of Food Losses

The term risk has been assumed to mean an event or circumstance in which there
is a potential for losses or waste. The types of losses and their probability of occurrence
have been determined for individual stages of operational activity of BCI enterprises. The
level of significance of each risk has been determined, with hazard to consumer health and
magnitude of losses assumed as criteria. Determining the level of risk significance [57]
allowed for a categorisation of the risk (Table 2).

Table 2. Significance level matrix and probability of occurrence of food losses risk in baking and confectionery industry.

Risk Significance Level
. Insignificant; Highly Significant;
Probability Causes Minor Losses, Difficult Moderately Significant; It Is Hard to Eliminate, Hazardous
to Eliminate, Resulting from Possible to Limit the Risk for Consumers’ Health or
Production Technology Causing Major Losses
Predictable (P) 1P 2P 3P
Unpredictable (N) 1IN 2N 3N

3. Results
3.1. Size of Food Losses (Mass Balance Monitoring)

Two micro-businesses that monitored their mass balance did not show any losses.
Each day, production and sales reached the same values and were of the same range of
products, allowing the optimisation of all stages of operations, and avoiding losses. The
sale of bread products took place in the bakery, translating into no transport losses and
no retail returns. No losses in these types of entities were the effect of efficiency, good
organisation (e.g., storage management and production process) and the adjustment of
production volume to the demand reported by local communities. Moreover, as losses
were perceived as a problem and a reason for unnecessary costs, these entities did not
allow for overproduction and kept high quality standards. It happened occasionally that
these enterprises did not sell a small amount of bread; in such a case it was always used
for a human consumption. Therefore, the analysis covers the results of mass balance
measurements from 3 enterprises: bakery A (465 employees), bakery B (550 employees)
and bakery C (195 employees). The average daily production of finished goods for the
bakeries was, respectively, 36.7 tons, 44.9 tons and 8.4 tons. The average daily losses were,
respectively, 3.7 tons, 6.4 tons and 0.8 tons. The data show that bakery B (the largest
one) produced 22% more than bakery A, but their mass of losses was higher by 73%. The
distribution of losses into individual departments of the production facility, expressed as
the percentage of production volume, is presented in Table 3.



Agriculture 2021, 11, 936

7 of 20

Table 3. The food losses in total and in individual departments of bakeries that monitored mass balance, as a % of production

volume.

Enterprise Name

Losses (%) in Production Volume per Department

Processing and Preparation = Packed Finished Products

Total Losses

and Size Transport of (%)
for Distribution Warehouse/Forwarding Finished Products
Total products
A large 0.746 0 9.277 10.023
B large 1.669 1.257 11.426 14.352
C medium 0 0 9.719 9.719
Bread
A large 0.401 0 10.175 10.576
B large 1.529 0.426 11.445 13.401
C medium 0 0 10.414 10.414
Pastry product, fresh
A large 2.152 0 5.753 7.905
B large 6.863 7.537 9.950 24.353
C medium 0 0 6.792 6.792
Durable pastries
A large * X X X X
B large 1.517 3.521 7.566 12.645
C medium 0 0 0 0
Confectionery
A large * X X X X
B large 1.591 7.857 13.467 22917
C medium 0 0 0 0

* Bakery A showed losses of these goods together with fresh pastries, therefore it was not possible to identify losses for Durable pastries
and Confectionery (marked with x).

Bakeries B and C did not show any losses in the raw materials warehouse. Monitoring
in this department was impossible for bakery A, due to an IT investment project taking
place in that department. Only bakery B recorded losses in each of the three consecutive
departments and in each product range. The second large bakery (A) reported losses in the
processing and finished products transport departments for the two assortments monitored,
namely bread and fresh pastries. The medium-sized bakery C recorded losses only in the
finished products transport department and only for two out of four types of goods covered
in the monitoring, namely for bread and fresh pastries. Both large enterprises considered
their production losses rejects, which are goods that fail to satisfy quality standards. The
losses in the finished goods warehouse included the products remaining in the warehouse,
whereas the transport losses only covered the retail returns.

To sum up, food losses in particular assortment groups in bakeries carrying out
mass balance monitoring amounted as a percentage of production volume: total products
9.7-14.4%, fresh bread 10.4-13.4% and fresh pastries 6.8-24.4%.

3.2. Causes of FLW Including Returns from Retail Outlets (In-Depth Individual Interviews)
3.2.1. Technological Operations with the Highest Risk of Losses and Their Causes

It is the opinion of the interview participants that FL is a natural element of each
process of production and distribution of finished goods. The forming and baking of the
products were most often listed as technological process stages that are most susceptible
to the occurrence losses, with human errors most often cited as the category of causes
(Table 4).
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Table 4. Technological operations with the highest risk of food losses in baking and confectionery industry and their causes.

Processing Stage Number of Indications Categories of Causes of Losses Number of Indications
Forming and baking 15 Human errors 13
Raw material storage 9 Technological process errors 10
Raw materials preparation 9 Breakdowns 8
Forwarding and transport 8 Technological process specification 6
Packaging and customizing 3 Quality of technical equipment 4
Quality of raw materials 4

3.2.2. Characteristics of Causes of Losses

With regard to human errors, most of them were emphasised as having been of an
unintentional nature, stemming from routine operations and behaviours. It was found that
the errors consisted in failing to observe recipes and the course of the technological process,
e.g., failing to observe specific baking or cooling parameters. The verification of errors
in production takes place during forwarding operations, quality control and rejection of
products failing to satisfy the in-house standards (Table 5).

Table 5. Selected comments of interview participants concerning the causes of losses.

Causes of Losses

Comments of Interview Participants

Human errors

Individual operations within the technological process must be subject to self-control.

An employee may pick or issue the goods incorrectly; nobody wants goods which they did
not order.

There may be errors while preparing raw material mixes.

The human factor may contribute to raw material loss in the operations of storage, weighing,
issuing for production or dosing.

Quality of raw materials

Defective parts of deliveries are rejected upon identification of the defect during delivery of
raw materials.

The market offers unlimited access to raw materials, making it possible to select them by
quality parameters.

We always make sure that the packaging is sealed. We monitor raw material storage
conditions to make sure the ingredients are stored in their original condition.

Errors in technological process

The key locations where losses occur are the oven and baking of bread and other products.
Losses occur during baking and products that not meet factory requirements are rejected.
The volume of production losses is up to 0.5% and they most often take place in the oven,
e.g., deformations or damage, burned or insufficiently baked products, etc.

Technical equipment
and defects

The company’s policy is to replace the equipment often—otherwise, defects occur.
Systems for monitoring the number of working hours help identify service needs.
Technical conditions and the modernising of machinery and equipment are very important.

Technological process
specification

Natural production losses are later used as animal fodder.

An efficient system of ventilation is an important element of production, as it allows the
hardening of bread products to improve theor quality.

Losses that are often identified as difficult to avoid can be limited by conducting the
technological process carefully.

Inconsistencies between
processing and retail

While preparing orders, we take into account the exact volume of sales from previous
periods. Thanks to this planning, the returns from some retail points are at zero, however,
they still happen on rare occasions.

Retailers are reluctant to have contractual stipulations on the volume of returns. It is the
bakeries that are responsible for analysing the volume of losses.

Some retailers have been introducing no-return sales, yet they expect significantly lower
purchasing prices.

Breakdowns of machinery and devices may result from the deterioration of parts,
improper supervision of the machinery, failure to adhere to the schedule of inspections and
overhauls, excessive use and random situations. The number of failures may come from
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insufficient employee qualifications or their errors. Defects make it impossible to observe
the technological process conditions and lead to improper quality of the finished goods.

Losses also occur as a natural element of conditions and methods of conducting
processes (e.g., losses during the fermentation of sourdough or the baking and cooling of
the finished products). Attention was drawn to the occurrence of losses that are difficult to
avoid, such as sedimentation of pieces of dough on the technological line, flour residues in
collective packaging, spilled raw materials, etc.

The losses stemming from ineffective communication with retailers, as indicated by the
respondents, are both of a qualitative and quantitative nature. Quantitative inconsistencies
may result from improper planning of the volume of production and from difficulties in
estimating retail demand due to delayed orders. Qualitative inconsistencies mean that
the finished goods fail to satisfy the parameters expected by retailers. In the respondents’
opinion, large retailers do not put much attention into having a rational policy of ordering,
because it is common practice to burden the producers with the cost of unsold products.

The causes of losses identified in the qualitative research in the mass balance moni-
toring bakeries and among experts have been assigned to six 5M + 1E categories in the
Ishikawa diagram and then categorised as 1st tier causes and 2nd tier causes (Figure 1).

3.3. Scope for Reduction (In-Depth Individual Interviews)

It can be deduced from the replies of the respondents that preventing food losses is
done by self-control and mutual control of employees, development or improvement of
internal procedures and their observation, increasing the automation of operations and
providing training and hiring staff with higher seniority and more experience.

EMPLOYEE LEVEL. The respondents concluded that human errors can be limited by
strictly following the procedures, controlling the baking parameters and evaluating the
quality of goods at every stage of production. Production facilities should supervise the
packaging process and ensure control before putting the products up for sale. It was noted
that products failing to meet the company’s quality standards (e.g., wrong net weight) were
sold to employees at reduced prices, or to retailers as second-grade products. According to
interview participants, control, and making employees aware of the consequences of errors
during production play an important role in reducing losses.

PROCESSING LEVEL. In the opinion of the interview participants, production losses
may be limited by using clean dough or defective goods according to the in-house proce-
dures. Using them as fodder or delivering to biogas plants were most frequently indicated.
De facto, this is not a reduction of losses in terms of food mass, but in the context of
a circular economy, these are ways of managing losses in financial and environmental
terms and avoiding their disposal (which is recommended as a method in the commonly
accepted food recovery hierarchy). It can be deducted from the responses of the interview
participants that losses can be also limited by employing experts to introduce innovative
approaches to work organisation, scheduling machinery and equipment inspections, and
following these approaches in order to prevent defects. It is worth noting that the examined
bakeries had procedures for periodic inspections and ongoing control of the technical con-
dition of machinery and equipment, which contributed to reducing the risk of losses due
to these causes. The respondents also confirmed that tightening the technological regime
(among other factors, in relation to moving the dough and measuring its temperature and
acidity) significantly reduced production losses. It was underlined that employee training
on the correct organisation and physical control of the production environment plays an
important role. The losses in BCI businesses may be limited by carefully studying the
specifics of the technological process.
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RAW MATERIAL LEVEL. To limit losses, it is necessary to control raw material
storage conditions (e.g., warehouse temperature and humidity control, cooling system
control), secure warehouses against pests, periodically gas flour silos and follow the FIFO
principle. The respondents believe that working with trusted suppliers who offer raw
materials of adequate, reliable quality fosters the reduction of losses. Suppliers of raw
materials should be closely controlled and evaluated (e.g., supplier qualification, selection
of suppliers on the basis of reliable certificates, audits at suppliers), qualified employees
should check each delivery (and complain to the supplier in case of any discrepancies) and
employees responsible for purchasing and accepting raw materials should be well-trained.
The requirement to control the conditions of raw materials and to establish principles
to eliminate cross-contamination with allergens have been deemed important. It was
found that the system of integrated silo tanks allows raw materials to be stored under
conditions that guarantee food safety, and that automated logistics of raw materials by
means of electronically controlled pneumatic transport allow the dosing and weighing of
raw materials directly in the production area, thereby significantly limiting the losses of raw
materials. Losses of raw materials in warehouses are also limited by maintaining minimal
stock and ongoing restocking. The representatives of the examined bakeries noted that
some raw materials are restocked daily, while for others, it is enough to ensure continued
production for a week or two weeks. Losses due to materials breaking (spillage of flour and
other raw materials) were assessed at 1-2% of raw materials per annum. Using thermally
insulated containers to transport pastry products to shops reduces transport losses.

RETAIL LEVEL. Good communication between BCI companies and retailers plays a
significant role in preventing the waste of finished products, according to the interview
participants. Efforts should be made to introduce a more rational policy of returns and
create a system of demand planning and managing returns of finished goods. The solution
adopted by the bakeries surveyed is gaining complete (for micro-businesses) or partial
independence from retailers by creating a network of their own patron shops.

3.4. Risk Assessment of Food Losses and Waste in Baking and Confectionery Industry Enterprises

A detailed summary of the identified types of losses and places of occurrence in the
operational activity of BCI businesses, as well as an evaluation of the significance level and
the probability of the risk of such losses are presented in Table 6. It is worth noting that
unpredictable and moderately significant losses (running production processes) occurred
in only one case, meaning that it was possible to reduce the risk of such losses.

Table 6. Assessment of the significance and likelihood of food loss risks and their nature in the subsequent operational

activities in bakeries/confectioneries.

Level of
Stages in Op.eratlonal Activities Slgmﬁ.ca.nce and Type of FL
and Categories of FL Probability of the
Risk of FL *
Acceptance of raw materials—materials 2p* raw material
Storing raw materials in warehouse .
. 2P raw material

(parameters)—materials

raw material; including raw material left from
Raw materials warehouse—materials 3P the bétCh used for producing goods that hafi to

be withdrawn from the market after receiving

information from retail

Preparing and mixing raw materials—materials 2P raw material
Collecting raw materials—materials 2P raw material

Production (mixing, fermentation, proofing,
punching)—environment organisation, secondary 2P
impurities, human factor

production,
complaints from clients/buyers
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Table 6. Cont.

Level of
Stages in Operational Activities Significance and
and Categories of FL Probability of the Type of FL
Risk of FL *
Production (mixing, fermentation, proofing, IN* production,
punching)—conducting production processes complaints from clients/buyers
ProduF:tlon (mlxm.g, fermentathn, proofing, op production
punching)—machinery and devices
D1V{dlng, shapmg, panning, final proofing, production,
scoring/topping—environment, secondary 2P . .
- > complaints from clients/buyers
impurities, people
D1V1c'11ng, shapmg,‘ panning, sl.lcmg, forming, op production
topping—conducting production processes
D1V1c.11ng, shaplgg, panning, s.hcmg, forming, 2P production
topping—machinery and devices
Baking 2P production
production
Depanning, cooling—secondary impurities 3P complaints from buyers—mildewing of
P & J ymp products improperly cooled down
before packing
production
Depanning, cooling—environment, people 3P complaints from buyers—mildewing of
P & & » peop products improperly cooled down
before packaging
production
Slicing, bagging—environment, secondary 2P complaints from buyers—mildewing of
impurities, people products improperly cooled down
before packing
Slicing, bagging—machinery and devices 2P finished goods at slicing
- . . P finished goods in the final goods
Slicing, bagging—marking, damaging finished goods 3P warehouse or in retail
- . finished goods in the final goods
Slicing, bagging—people 2P warehouse or in retail
- . . . finished goods in the final goods
Slicing, bagging—materials (packaging) 2p warehouse or in retail
Storing—materials 2P production losses in the final goods warehouse
Storing—over-production 3P production losses in the final goods warehouse
Forwarding—damage 2P finished goods in transport
. . finished goods, unsuitability for
Forwarding—environment, people 3P

consumption—utilisation/disposal

* Food loss (FL), Predictable (P), Unpredictable (N).

4. Discussion

The measurements of mass balance in BCI businesses showed a food loss level of
around 10% (9.7-14.4%) of the volume of production. This is five times more in compari-
son to the estimates made on the basis of the survey (Computer-Assisted Web Interview
method—CAWI) for the BCI in Poland [28]. The second important difference is the de-
partment with the highest losses—which was the production department in the survey
and the transport department in the presented one, where all losses were retail returns.
These discrepancies surely stem from the size of the examined entities. Large and medium-
sized businesses conducted mass balance monitoring, while micro and small businesses
dominated the survey study (together they amounted to 79% of the sample). This is also a
confirmation that in-depth reviews conducted with the managers of large and medium-
sized businesses and with the experts from industry allowed the identification of possibly
all potential causes of food losses in the BCI.

According to the FAO [21], food losses occur in the food processing sector due to
indirect drivers, which are more systemic and refer to the economic, cultural and political
environment of the food system, and direct causes associated with the actions (or a lack
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thereof) of individual companies, e.g., technical malfunctions, lack of proper process
management or excessive trimming to attain a certain aesthetic. In the case of highly
developed countries, such as Poland, and in relation to the specific nature of the analysed
sector, food losses are predominantly the effect of direct drivers.

Following the Ishikawa concept, a total of 31 one-tier causes and 94 two-tier causes
have been identified in our study: Manpower—respectively 3 and 12, Management—6 and
19, Machines—7 and 22, Methods—5 and 12, Materials—6 and 19, and Environment—4
and 10.

Excessive supply, the sector’s structure, legislation and the retailers’ requirements have
been identified as one-tier causes in the Environment category. Nearly 12,000 businesses
operate in the sector, but only around 400 employ more than 10 employees [62]. A strong
rivalry was observed, especially between Short Messaging Service (SMS) enterprises,
where fragmentation means a low entry barrier. The threat comes from the growing
number of catering establishments making their own craft bakery products, and bakeries
(including network bakeries) baking original Armenian or Georgian bread. The studies
proved the existence of “dead letters” and regulations unfavourable to producers, such
as the accounting act. The emergence of losses due to market surplus, improper ordering
and erroneous demand forecasts have been underscored by the FAO [8], Lewis et al. [63]
and Pawlak and Krysztofiak [64]. This leads to accumulation of stock that cannot be sold
before the best-before date and natural deterioration of quality [65,66]. Stocks are necessary
to satisfy the high requirements of retail in the face of uncertain demand, further raising
the risk of losses [63,67]. This is why bakeries do not keep large stocks of raw materials,
especially as today’s distribution solutions make it possible to restock with adequate
frequency. Other potential reasons include the rotation of individual types of goods in
retail establishments, the size of wholesale packaging [66,68,69], eating habits (freshness
being the most coveted preference) and buying behaviours [53,55,64,70-78]. Losses may
result from contracts binding the processing entity and the retailer, which include clauses
giving the right to return unsold goods to the supplier [65], which has confirmed by our
studies. The reasons for precluding the products from sale may be the retailers’ standards
with regard to aesthetic requirements and packaging defects. In today’s FSCs, retail is the
most concentrated link, allowing retailers to pursue top-down policies and dictate how the
market is played, shifting risks and costs upwards in the supply chain [79,80].

Within the Manpower category, the reasons for losses are connected to low awareness,
failure to observe procedures and instructions and a lack of commitment. For example,
in baking technology, losses may come from inadequate production processes (e.g., holes
inside products), lack of supervision and improper process regulation, lack of knowledge
of baking instruction or failure to conduct the bread cooling process correctly and missing
records from the baking process. In the case of products with delayed baking time, losses
may result from erroneous labels (e.g., containing no baking instruction) or failure to
observe the First In, First Out (FIFO) rule. Delayed baking technology allows companies
to make products for later use, thus limiting losses. On the other hand, retail networks
order such products more and more often, because they allow them to satisfy the needs
of consumers, who wish to be able to buy fresh-baked products at any time of day. The
waste of finished products attributed to communication between producers and retailers
may result from poor management, natural causes (such as climatic condition) and market
trends [26,67,81]. Our studies confirm that obtaining goods of adequate quality depends,
among other things, on employees’ personal responsibility and their adherence to produc-
tion and hygiene standards, e.g., with regard to occupational hygiene and cleaning and
disinfection throughout the entire production process. Failure to observe these require-
ments may lead to the production of goods that fail to satisfy requirements and have to be
removed from the supply chain [82].

Insufficient numbers of internal controls, poor time management, insufficient supervi-
sion over the production process, poor work organisation, poor internal communication
and low management commitment are cause of losses identified in the Management cate-
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gory. Work organisation requires situational plans, schematics and schedules [54], because
there is an interdependence between the quality of production, production management
and factors such as the complexity of organisation and production processes and the
range of products. The complex process of managing food quality has been indicated by
van der Spiegel et al. [83] and Garske et al. [84]. At the same time, the awareness of the
added value contributed by controls, audits and inspections is low. The producers must
decide for themselves which quality management activities are most adequate and how
they should be implemented in order to reduce losses, taking into account their size, the
applicable markets, the enterprise’s nature and the work and production organisation
method. Mena et al. [67] and Ribeiro et al. [26] noted that the lack of flexible approaches to
preventing and limiting losses is the result of ineffective management, lack of strategy and
lack of perspective beyond the profit.

The Machines category contained the highest number of one-tier causes (7): no super-
vision over the machinery, using obsolete machinery and devices, improper infrastructure,
breakdowns, unqualified operators and bad technical and hygienic condition of minor
equipment. Differences between the mass of dough promptly after mixing and putting into
the oven are seen during the processes of fermentation, forming and rising of the portioned
product. Losses of such kind result, among other things, from untight portioning machines,
and low accuracy of operation of the forming machinery and devices, dough rising cham-
bers and slicing equipment, as confirmed by Joardder & Masud [70]. Negligence with
regard to the technical condition of machinery and devices, including transport equipment
(inspections of chiller units, technical controls) [65,68] may lead to defects and losses of
raw materials, semi-finished products or finished products.

The improper organisation of production, failure to observe parameters, rules and
procedures, breaking the cooling chain, errors in records and errors in production are
causes identified in the Methods category. The lack of activities optimising production,
such as determining a specific sequence for the baking of individual products, adaptation
to the length of consumption periods [54], improperly designed technological layouts and
organisation of routes, technological or logistics deficiencies and a lack of awareness of
the need to develop, implement and verify procedures [65,84] are causes that increase the
volume of losses. Even if product defects have no impact on food safety or nutritional
value, such products are rejected. Recalling some products from the market is justified if
they do not satisfy specific quality and safety standards [26,63,65]. Breaking the cooling
chain due to defects of transportation means, chillers, negligence with regard to the control
of storage conditions or inefficient supervision systems have also been identified [63,85].
The importance of causes of a biological and environmental nature (respiration, water
stress, temperature, humidity and atmospheric composition) was showed by Williams
and Wikstrom [86]. The transfer of information and education might help improve how
consumers see food from the perspective of quality and safety, as well as help reduce
wastage [87].

In the Materials category, six groups of causes of losses were identified: a lack of quali-
fied suppliers of raw materials and packaging, no delivery control, using packaging outside
of its intended purpose, low quality of packaging, unaccepted specifications or improper
acceptance and a lack of protection against pests. Purchasing packaging from suppliers
who do not satisfy legal regulations (no declarations of conformity, missing packaging
purpose specifications and no results from studies of specific and global migration) may
contribute to the wastage of finished goods. Low packaging quality may lead to damaging
products during transport and storage, rendering them unsuitable for sale [65,70], similarly
for inconsistencies in labelling and specification [63,84]. Failure to secure warehouses
from pests, no prophylactic DDD (disinfection, disinfestation and deratisation) actions or
periodic gassing of flour silos and the management’s lack of awareness as to the necessity
of using the services of professional pest control companies translate into losses, as also
noted by Bilska et al. [82].
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Limiting food losses in the processing stage poses a challenge from the perspective of
social and economic policy, food safety and achieving sustainable development. Production
companies are aware of this challenge, as the participants in our survey pointed to specific
solutions. Having these in mind, along with the evaluation of the significance level and
probability of occurrence of the risk of losses in BCI businesses, a toolkit was presented
for individual departments of baking and confectionery businesses, which are worth
implementing in order to prevent and limit food losses (Figure 2).

roduction Section:
Daily planning of production to
matchdemand
More efficient use of raw materials
Self-control reciprocating control of
employees
Quality evaluation after each stage
Digitisation of stock management
systems
Returning non-conforming semi-
finished goods for rework
Baking parameters contro

Raw Materials Magazine:

= Careful planning of purchases

= Stockcontrol

* Elimination of excessive odours

= Digitisation of stock
management systems

* Electronicweighingof raw
materials

Installationof a pneumatic

transportsystem

inal Product Magazine:

* Observanceof FIFO rule

* Varying the grammage of finishe¢
products, optimisation of individual

Final Product Transport:

* Optimisationof routes and th
transport system

* Monitoring of transportation

“rations” means and drivers
* Freezing products and semi-finished * Installationof speed limitersin
products vehicles

* Transferring surplus finished goods
for socialneeds

* Digitisation of finished goods
management systems

* Digitisation of transportation
means management systems
Qutsourcing of transport services

Figure 2. Toolkit to prevent and reduce food losses in bakeries and confectioneries.

A horizontal toolbox could also be identified, including specialised training for em-
ployees and activities in the following areas: 1—technical status and production technology:
introducing /maintaining building safety and control systems, maintaining high production
hygiene standards, ensuring correct parameters in storage rooms, business modernisation,
using frozen bakery product technology; 2—organisation and planning: market moni-
toring and planning of long-term production, outsourcing of specialised services, visual
monitoring; 3—Ilogistics and sales: creating key account manager positions, systems for
automatic identification of products in logistics; 4—cooperation with retail: developing a
model based on shelf management by the supplier (the supplier monitors the shelf in real
time), marketing focused on maintaining clients” loyalty towards the producer’s brand and
the retailer (which reduces production fluctuations in BCI and retail sales).

Solving the problem of bread (and food in general) losses is of great importance from
the environmental sustainability perspective. In a closed-loop economy, opportunities are
being sought to fortify bread with by-products from other sectors of the food industry. The
addition of by-products from fruit processing (e.g., peels and pulp from apples, mangoes,
dates and oranges) and vegetables (e.g., peels and pomace from pumpkin, carrots and
tomatoes) or from brewing (brewer’s spent grain) [88] and winery (grape pomace and
seeds) [88,89] can improve the nutritional value and health-promoting properties of bakery
products [88,90]. It is therefore necessary to develop the optimal addition of these functional
ingredients in recipes or to increase consumer awareness and gain acceptance of the
altered tastes [91]. On the other hand, ways are being sought to utilise wasted bread that
can no longer be used for human consumption or as animal feed. Anaerobic digestion
and incineration are commonly employed methods for the valorisation of bread waste,
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generating limited amounts of green energy, but with little other environmental or economic
benefit. The presence of clean and high-quality fermentable sugars, proteins and other
nutrients in bread make it an ideal substrate for generating chemicals, fuels, bioplastics,
pharmaceuticals and other renewable products through microbial fermentations [92].

5. Conclusions

The presented paper belongs to a group of new studies and broadens knowledge
about food losses in the operation of Polish baking and confectionery businesses. The
result of the quantitative data was the mass balance monitoring carried out, which showed
the scale of losses in large and medium-sized BCI companies at the level of 10% of the
mass of production volume, with the highest share of bread returns coming from retail
outlets. In order to successfully limit the risk of losses, it is necessary to know what causes
them. The nature of the analysed sector, according to the result of qualitative data from
industry experts, shows that food losses are, to a high extent, an effect of direct causes.
The presented study identified a total of 12 plus 94 causes of losses (one-tier ones and
two-tier ones, respectively) within six main categories, according to the Ishikawa diagram.
The identified causes mostly depend on people and may be averted by using preventative
actions and by developing procedures and following them.

The analysis showed that the participating companies are aware of the causes of losses
and that there is a need to run complex actions to reduce losses. Based on the assessment
of the level of significance and the probability of occurrence of the risk of losses in BCI
businesses, a toolkit for individual departments of bakery and confectionery businesses
(raw materials magazine, production section, final product magazine and final product
transport) was presented, which would be worth implementing in order to prevent and
reduce food losses. Additionally, a horizontal toolbox was identified, including specialised
training for employees and activities in areas such as technical status and production
technology, organisation and planning, logistics and sales and cooperation with retail.
Many of the solutions proposed in both toolkits can bring economic benefits without
involving additional high costs.

The challenge, however, is how to act on environmental causes, including demand-
side determinants, due to a lack of controllability and a long-term tendency of declining
bread consumption in Poland. Management possibilities are harder in this area, especially
in relation to the force wielded by retail, which holds all the cards, throughout the food
supply chain.

Implementing a policy of reducing food losses will allow more efficient management
of production resources accumulated in enterprises, improve the level of food availability
(especially for those with lower incomes) and reduce the negative impact on the environ-
ment (e.g., in terms of pollution emissions and water consumption).

The presented research results should prove useful when developing programmes
and recommendations for combating food losses in the bakery and confectionery industry,
and in managing them (both at the level of the sector and different classes of enterprises),
necessitated by environmental, economic and socio-ethical issues. Food loss prevention
concepts, for example, should focus on avoiding returns, the transfer of best practices,
information and education of lower-level staff, managers and customers and strengthening
donations to social services. This study has highlighted that this is a multi-faceted problem,
requiring more and consistent attention, research, action and awareness, in which producers
from bigger economic classes of businesses in the sector should be involved.

Strengths and Limitations

The main limitations of quantitative examinations in food processing are the diffi-
culties in finding businesses willing to measure their losses, which can be an additional
burden and surely disrupts their operations. Additionally, business mistakenly believe
that by providing data about losses, they are disclosing business secrets. The difficulties in
obtaining data are methodological, technical, organisational and legal. This is why efforts
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should be made at the level of industrial or governmental organisations to foster a climate
for enterprises to engage in food loss studies. In the future, studies on food losses in the
BCI should include the issue of cooperation with retailers in order to look for opportunities
to change their “return policies” and focus on monitoring progress in reducing losses.
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