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Abstract: In the food industry, a mature food safety culture (FSC) is linked to better food safety
performance. However, the relationship between FSC maturity and key economical performance
indicators, such as cost allocation, remains unexplored. This research is the first pilot study to empiri-
cally explore the association between FSC maturity and cost of quality (CoQ). A CoQ survey was
developed and pretested. CoQ data were collected through collaboration with company management.
FSC maturity was assessed through a validated mixed-method assessment (diagnostic instrument,
questionnaires, and interviews). A convenience sample of five food processing companies was
assembled and subjected to FSC and CoQ assessment. Results revealed that monitoring CoQ is not
yet standard practice in the food industry: three out of five companies were unable to specify all
failure costs. For prevention and appraisal costs, results showed descriptively and statistically that
when these costs are higher, FSC is more mature. Considering the theoretical context of the research
(CoQ models and available literature), these results present the first empirical evidence to substantiate
that FSC could replace product/service quality in CoQ models. Findings justify the push for a shift
in perception, from considering FSC as a task on the list of resource demanding activities toward a
narrative in which FSC contributes to financial health.

Keywords: food safety culture; cost of quality; food processing industry

1. Introduction

The global food safety initiative defines food safety culture (FSC) as “shared values,
beliefs and norms that affect mindset and behaviour toward food safety in, across and
throughout an organization” [1] (p. 9). Nowadays, food safety culture is a highly relevant
topic for the food industry. European legislation, [2], states that “food business operators
shall establish, maintain and provide evidence of an appropriate food safety culture” (p. 6).
Food safety culture is conceptualized by several researchers [3–5]. In this study, a specific
FSC conceptual model [6] is followed, where food safety culture consists of three building
blocks: the food safety management system (based on core control and assurance activities),
the human–organizational, and the human–individual building block. Assessment reveals
maturity of the prevailing food safety culture in a specific food processing organization.
Maturity of FSC, or maturity of the dimensions that build FSC, is positioned on a scale with
five-point maturity scales [7] (with stage one to five, respectively, representing the stage
of doubt, react to, know of, predict, and internalize) and three-point maturity scales [8]
(with stage one to three, respectively, representing a reactive, active, and proactive level of
maturity) being most common. When a specific FSC dimension has a low maturity score,
this dimension can be considered a gap [6]. A mature food safety culture is expected to
result in higher levels of (microbiological) food safety of the products produced by the
company. This relationship has been demonstrated by previous research [9], in which the
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link between food safety culture and L. monocytogenes control was investigated with the
conclusion that a more mature food safety culture is associated with a lower L. monocytogenes
contamination risk. Furthermore, another study [10] concluded that affiliated butcher shops
achieve higher food safety output levels, because of a food safety management system and
safety climate of higher maturity (which are both components of FSC).

Monitoring the cost of quality (CoQ) is a method for managing the costs incurred to
ensure that products/services meet quality standards, as well as the costs of goods/services
that fail to meet quality standards. Studying cost of quality in processing firms helps to
establish and maintain high quality levels while ensuring profitability [11]. A generally
accepted definition of CoQ is that it is the cost of all efforts made by a company in or-
der to provide a product that can meet the necessary requirements and the customers’
needs [12,13]. CoQ is relevant for many industries, going from construction [14] to the tex-
tile industry [15], healthcare [16], and the food industry [12,17]. Research on management
accounting practices in the British food and drinks industry concludes that the calculation
and reporting of cost of quality is likely to become more widespread [18]. Cost of quality
is generally modeled against product/service quality, as between these a trade-off exists
in which there is a point of minimal CoQ at a certain quality level [19], with the position-
ing of this point differing between models and theories (new versus old cost of quality
model [20]).

Nowadays, food businesses are faced with a multitude of challenges and priorities,
being, among others, food safety, sustainability, digitalization, and finding and keeping
qualified workers. Because of a rising awareness of the importance of the topic, increasingly
stringent private certification schemes, and legislation, companies will now have to put
effort toward maturing their organizations’ FSC as well. This range of priorities underlines
businesses’ limited (financial) means. Adding to all of this is the fact that companies
simultaneously have to minimize customers’ costs because of increasingly complex and
competitive business environments [21]. Within this current context, it is essential to
increase available knowledge on the impact of the prominent trend of food safety culture
on various aspects of food businesses. Research is already available on the link between
FSC and food safety levels of products produced. Furthermore, it has been researched
that leadership, centralization, and formalization significantly influence CoQ [22]. Put
forth as the research question is whether and how FSC maturity in food businesses is
related to cost allocation strategies (via the concept of cost of quality), which directly affects
organizational performance [13,21]. If FSC influences CoQ within the company and vice
versa, maturing food safety culture could contribute to economic gain [23]. Considering
the common cost of quality models, the hypothesis arises that with an increasingly mature
FSC, higher prevention and appraisal costs, lower failure costs, and lower overall quality
costs come along. To the best of the authors’ knowledge, no prior empirical research has
been performed on this topic. Industry members are urgently asking for evidence, to
influence their company’s cost allocation plans and to convince business leaders and other
stakeholders of the benefits a strong FSC brings. Linking the relatively novel concept of
FSC (first publications around 2010, e.g., Ref. [24]) with the more established concept of
CoQ (first publications on CoQ around 1970, e.g., Ref. [25]), through scientifically testing
the stated hypothesis, is an important next step in FSC research as it positions FSC maturity
and its added value within the bigger scope of a food processing organization.

In this study, the PAF-model [26,27], or the prevention, appraisal, failure cost model,
was selected to structure CoQ as it is the most recognized approach for quality costing [20]
(the acronym PAF is formed with the first letter of each of the included costs). A cost of
quality survey was developed based on available scientific research and pretested with
six food producing companies. Next, the maturity of the prevailing food safety culture
was assessed in a convenience sample of five other food processing companies through a
validated food safety culture mixed-method assessment and gap analysis [6]. The same
companies provided cost of quality data using the pretested survey. The relation between



Foods 2024, 13, 571 3 of 17

cost of quality and food safety culture was investigated descriptively and statistically
(Pearson correlation and regression analysis).

2. Materials and Methods

The research question of this study is whether and how FSC is related to cost allocation
strategies, with the hypothesis that with an increasingly mature FSC, higher prevention
and appraisal costs, lower failure costs, and lower overall quality costs come along (based
on acknowledged CoQ models). In the five companies who joined the research, food safety
culture maturity was assessed and cost of quality data were collected. Methods applied for
assessing both concepts are described below.

2.1. Research Sample: Company Invitation Process and Description of Company Characteristics

To answer the research question of this study, company participation was crucial. Com-
pany criteria for study participation were the company must employ more than 10 people
(micro companies were excluded, as per the definition by the European Commission [28],
to ensure similar organizational structures), the company must preform a form of food
processing activities (transformation, not solely distribution), and the company must have
a production facility in Flanders, Belgium. To ensure validity of tools applied, the designed
cost of quality questionnaire was pretested before application for the actual research. As
explained in Section 2.2.2, in this pretest, quality managers evaluated the questionnaire’s
comprehensibility, applicability, and availability of data asked. No CoQ data were retained
from this pretest, as was made clear in the invitation email. For this pretest, six companies
were approached via email and all answered positively, resulting in a 100% response rate.
For the food safety culture assessment, no pretest was needed, as the tools applied are
already part of a validated mixed-method methodology. For the next step, the actual inves-
tigation of the link between FSC maturity and CoQ, twenty companies were approached
via an invitation email. This email contained a short explanation of the research, a guaran-
tee of the confidential treatment of all data collected, and an invitation to join the study.
Five out of these twenty approached companies decided to join the research on the link
between CoQ and FSC, yielding a response rate of 25% (comparable response rates are
found in similar studies, e.g., 21.3% [29]). It can be stated that it was difficult to convince
the companies to participate in this part. This could be because of the sensitivity of the
CoQ data, but also because most food companies are not monitoring their CoQ yet [13],
implying that providing the data could have been considered as too time intensive by some
companies. As study participation was voluntary, the assembled company sample was a
convenience sample. Table 1 gives an overview of the characteristics of the six companies
included in the pretest of the CoQ questionnaire, and the five companies included in the
study on the link between CoQ and FSC.
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Table 1. Company characteristics of companies included in the pretest of the cost of quality question-
naire (company A–F) and case companies included in the research on the link between food safety
culture maturity and cost of quality (company 1–5). Companies were asked if their company is part
of a group of companies; if yes, the following was asked: how many companies are in this group, if
their company is a family business, how many full-time employees are working in the company, how
many food safety trainings are organized per year, if their company produces animal- or plant-based
products, if the products produced have a relatively long (e.g., frozen products) or short shelf life
(e.g., fresh soups), if the company exports internationally, if the company focuses on B2B or B2C sales,
if products produced are private label or A-brand, and what certificates the company holds.

Company Group Sites in
Group

Family
Business FTEs

Yearly
FS Train-

ings

Place in
the

Chain

Plant/
Animal-
Based

Shelf
Life

International
Export

(Outside EU)
B2B/B2C

A-Brand,
Private
Label

Certificates

Cost of quality questionnaire pretest

A No Yes 42 >4 Trans/distr Mix Long No Both Both /

B No Yes 17 >4 Trans/distr Plant Short Yes B2B Private
label IFS

C No No 140 >4 Trans Plant Long Yes B2B A-brand FSSC
22000,

D Yes >4 No 330 1 Trans/distr Animal Short No Both Private
label IFS, SCS

E No Yes 60 2 Trans Plant Long Yes B2B Both BRC, IFS,
SCS

F No Yes 30 1 Trans Plant Short No Both Both IFS

Case study on the relation between food safety culture maturity and cost of quality

1 No No 30 >4 Trans Plant Long Yes B2B Private
label IFS

2 No Yes 48 1 Trans Plant Long Yes Mix Mix BRC, IFS,
SCS

3 No No 95 >4 Trans Mix Short No B2B A-brand IFS, SCS
4 No Yes 31 1 Trans Animal Long Yes Mix Mix IFS, SCS
5 Yes >4 No 250 1 Trans Mix Short No B2B Mix IFS, SCS

FTEs: full-time employees; FS: food safety; trans: transformation of food products; distr: distribution of food
products; B2B: business to business; SCS: self-checking system as required from the Belgian food safety authority;
IFS: International Featured Standard; BRC: British Retail Consortium; FSSC 22000: Food Safety System Certification
Scheme 22000; / means the company has no certificates.

2.2. Cost of Quality Assessment
2.2.1. Development of Questionnaire

To start data collection on CoQ, a CoQ survey was needed. A literature scan was
conducted via Web of Science and Google Scholar to collect information on CoQ assessment
in companies, with cost of quality as the search term. Previous work is available [17], which
gives an overview of quality costing surveys worldwide up until 2018. Because limited
literature is available on CoQ assessment in food companies specifically, the literature
scan was broadened to CoQ assessment in general including all industries. Based on the
inclusion criteria (i.e., available in English, access to full text, only articles and no proceeding
papers, and only articles clearly describing a methodology to measure CoQ) and abstract
reading, nine studies [12,13,17,21,29–33] were selected, analyzed for methodology and used
for developing the questionnaire. The result was a CoQ assessment survey, divided into
four sections, starting with an informed consent form. The first section is the introductory
questions: “what is your company’s name?” (needed to link the FSC maturity analysis of
each company to the CoQ data), “what is your company’s total annual sales (€)?” (added
after the pretest), “do you measure cost of quality?” [17], “if yes, indicate the benefits of
measuring CoQ” [12,30], and “if not, why not? Are there barriers or difficulties?” [12,17,30].
The following three sections asked for detailed information regarding each cost for the PAF-
model, which are the prevention costs (five indicators), the appraisal costs (four indicators),
and failure costs (six indicators), respectively (Figure 1). The PAF-model was elected as it is
the most recognized approach for quality costing [20]. The indicators were selected from
PAF-model literature [13,34–37], based on relevance for the sample (food industry) whilst
staying as comprehensive as possible. The goal was not to obtain all details on the cost of
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quality in each company, but rather to collect data on these selected indicators to compare
between companies in the sample.
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2.2.2. Pretest of Questionnaire

A pretest with practitioners was organized with six quality managers from Belgian
food producing companies. This was performed in a workshop format, so all managers
could give live feedback and discuss amongst each other. Characteristics of the pretest
companies can be found in Table 1. The respondents were presented with a printed version
of the questionnaire and were invited to read the survey with the aim of evaluating the
questionnaire’s comprehensibility, applicability, and availability of data asked. No CoQ
data were retained from this pretest, only comments regarding the survey. Based on this
pretest, minor changes were made to the questionnaire as follows: The first change was
asking the respondent to provide each cost in EUR/year and not in a percentage of total
annual sales as this was deemed confusing. However, to be able to compare costs between
different sizes of companies, a question concerning the company’s total annual sales was
added in the first section (so percentages of sales could be calculated by the researchers
after completion of the questionnaire). Calculating the percentage of each cost of the total
annual sales is widely performed in CoQ literature [29,35], as it facilitates comparison.
Furthermore, as it was not always clear for practitioners what exactly to include in the
costs, a short explanation for each cost was added per question, together with a ‘formula’
stating what exact costs to include to standardize data collected (e.g., for the prevention cost
‘supplier evaluation costs’, the question becomes “can you give us an estimation of your
yearly supplier evaluation costs? (i.e., the process of assessing and approving potential
suppliers through quantitative and qualitative assessments) = salary (time) of the employee
(e.g., quality manager) spent to evaluate suppliers + transportation costs to do supplier
audits/year”). The revised and definitive version of the developed cost of quality survey is
presented as Supplementary Materials.
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2.2.3. Cost of Quality Data Collection and Analysis

After the pretest of the CoQ questionnaire and implementation of slight alterations
as described in Section 2.2.2, the quality managers of the five participating companies
(different companies than those included in the pretest of the questionnaire) received the
CoQ questionnaire digitally with an invitation to an online session to fill in the question-
naire guided by the researchers. The quality managers were the main contact persons,
but worked together with various departments, like the financial department, to collect
the relevant data needed to complete the questionnaire (which is in line with previous
research [29]). All companies chose to fill in the questionnaire independently, so not in
a guided session format, as they estimated the data collection had to be performed in a
period of several days, collecting data from several departments, demanding multiple
internal conversations or meetings. If questions came up during the data entry process,
researchers were continuously available via email. Once finished, companies returned the
questionnaire to the researchers in a Word or pdf file format.

Data were transferred from the files provided by the companies to one integrative Excel
file. Researchers anonymized all data. The CoQ data gathered with the questionnaire are
expressed in euros and are estimations made by the companies about their own situation,
independently from each other. These costs provided in euros were transformed to the
percentage of the total annual sales of the company, to facilitate comparison [29,35]. The
percentage of the annual sales for each category of the PAF-model (prevention, appraisal,
and failure costs) was calculated by finding the sum of the indicators (as is generally
accepted and performed, e.g., in Ref. [14]).

2.3. Food Safety Culture Maturity Assessment

FSC consists of three building blocks: the food safety management system (FSMS), the
human–organizational, and the human–individual building block [6]. The FSC assessment
applied in this research is the assessment proposed and validated in Refs. [6,38]. In each
of the five companies, the methodology described below was applied to determine the
maturity and gaps in maturity of the prevailing FSC.

The FSMS (core control and assurance activities) was assessed in each company with
the food safety management system diagnostic instrument (FSMS-DI). In line with previous
research, the diagnosis was made through a standardized in-person interview with the
quality manager of each food company, providing insights concerning the riskiness of the
context [39], the level of control activities [40], and the level of assurance activities [41].
Maturity in this tool is scaled as one to three, respectively, indicating a low, medium, and
high level of the control/assurance activities.

The human–organizational building block was assessed using the food safety climate
tool/questionnaire [6,42]. Employees’ perceptions (all employees, including managers, op-
erators, technical staff, etc.) on five dimensions (leadership, communication, commitment,
resources, and risk awareness) were evaluated with a self-assessment survey based on a
five-point Likert scale (from totally disagree to totally agree) via the food safety climate tool.
Most employees could fill in the questionnaire independently. However, where needed,
researchers organized fill-in sessions for those employees needing extra help interpreting
the questions, e.g., due to language barriers. The questionnaire was filled in voluntarily and
anonymously to ensure the privacy of the participants. Next, the human–organizational
building block was also assessed with the card-aided management interview [6], specif-
ically its dimensions concerning adaptability, consistency, beliefs and values and vision,
mission, and strategy, which were evaluated by all the managers in each company on a
scale of reactive (maturity level 1) to proactive (maturity level 3). This was performed,
per company, in a live interview with all managers of the company together to facilitate
discission on maturity as recommended [6].

To assess the human–individual building block, all employees individually filled out
a self-assessment questionnaire containing indicators of the dimensions of compliance,
participation, motivation, knowledge, stress, and burnout [3,43–45]. These survey ques-
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tions, as selected from the literature, have 5- and 7-point Likert answer scales. In practice,
these indicators were presented to employees together with the food safety climate tool.
The questionnaire was filled out voluntarily and anonymously to ensure the privacy of
the participants. Ultimately, 90%, 77%, 77%, 100%, and 58% of employees filled in the
combined questionnaires in company 1 to 5, respectively.

To be able to make a conclusion of overall FSC maturity of each company, data of
the mixed-method assessment were integrated (combined) [6]. This entailed providing
one maturity score per FSC dimension through combining responses from respondents
and by rescaling all scores on a maturity scale of one to three (by calculating the mode for
the management interview and assigned scores allocated based on the mean of responses
for the FSMS-DI and questionnaires) [6]. When a dimension had a maturity score lower
than 2_3 on the scale of 1 to 3, this dimension was considered a gap, or a dimension that is
immature [6].

2.4. Data Analysis of the Link between Cost of Quality and Food Safety Culture

The relation between cost of quality and food safety culture was investigated descrip-
tively and statistically. A descriptive analysis was performed by making a scatter plot of the
FSC and CoQ data, so trends can be visually observed. For the statistical analysis, Pearson
correlation and regression analyses were performed (0.05 significance level), using the
percentages of total annual sales each type of cost (prevention/appraisal/failure) accounted
for (calculated by finding the sum of the indicators) and the number of food safety culture
gaps (i.e., underdeveloped dimensions). IBM SPSS Statistics version 28 (Chicago, IL, USA)
was used to perform the analysis.

3. Results and Discussion
3.1. Cost of Quality in Study Sample

This section focuses solely on the results of the cost of quality assessment. Section 3.2.
will discuss food safety culture maturity in the sample. Section 3.3, in its turn, will investi-
gate the FSC-CoQ relationship.

3.1.1. Frequency of Monitoring, Barriers, and Benefits

In the first section of the CoQ questionnaire, respondents were asked if their company
already measures CoQ and why/why not (Table 2). Two (company 1 and company 3) out
of five companies say they do not monitor CoQ yet. When asked why, both selected the
following: ‘complexity in implementing a cost of quality system: no guidelines’, ‘lack of
knowledge of CoQ principles’, and ‘difficulties in collecting data’. Previous research [17]
investigated the barriers for CoQ implementation and showed that the primary difficulty
is the complexity in implementing a cost of quality system. Company 1 additionally
selected ‘insufficient budget’ and ‘lack of adequate accounting and computer systems
necessary to track CoQ’ as barriers. Previous studies have shown that CoQ remains
generally unmonitored within the food industry and beyond [13,33]. As the sample in this
study is a convenience sample, it is expected that monitoring CoQ served as a prerequisite
to join the research.

In contrast, companies that do measure CoQ (three out of five companies in the
sample) reveal to indeed have found several benefits, such as ‘product/service quality
improvement’, ‘increase in customer and employee satisfaction’, ‘decrease in customer
complaints’, ‘elimination of all forms of waste’, ‘increase in profit’, ‘increase in company
competitiveness’, and so on (Table 2). This is confirmed by previous research, e.g., by the
author of [46], who studied CoQ in five hundred industrial enterprises in Turkey. In this
work, it was demonstrated that implementing a CoQ system leads to, among other effects, a
reduction in customer complaints, a reduction in rework, scrap, and warranty expenditures,
and an increase in sale volume.
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Table 2. Overview of companies’ answers on the introductory questions of the cost of quality (CoQ)
questionnaire, concerning their assessment of their own CoQ, and the benefits or difficulties that
come along with doing so.

Company Do You Already Measure CoQ? If ‘Yes’, What Are The Benefits?/If ‘No’, Why Not? Are There
Barriers or Difficulties?

1 No

Complexity in implementing a cost of quality system: no guidelines
Lack of knowledge of CoQ principles
Difficulties in collecting data
Insufficient budget
Lack of adequate accounting and computer systems necessary to
track CoQ

2 Yes
Achievement of significant cost reductions
Decrease in customer complaints
Elimination of all forms of waste

3 No
Complexity in implementing a cost of quality system: no guidelines
Lack of knowledge of CoQ principles
Difficulties in collecting data

4 Yes Increase in profit
Increase in company competitiveness

5 Yes

Product/service quality improvement
Increase in customer and employee satisfaction
Decrease in customer complaints
Elimination of all forms of waste

3.1.2. Cost of Quality Data

This section purely discusses CoQ in the sample. Table 3 provides the overview
of this cost of quality data in the five participating companies. The table displays the
costs per category of the PAF-model, per indicator of each category as provided by the
companies. The costs are expressed as the percentage of the cost of the total annual sales of
the company. Costs of the individual indicators are summed to provide an indication of
the total prevention, appraisal, and failure costs, respectively.

The prevention costs range from 3.87% of the total annual sales of company 1 to 0.86%
of the total annual sales of company 5 (Table 3). These results are in line with findings from
similar research, where an amount of 2.0% and 4.0% of total annual sales was calculated for
prevention costs in a hotel restaurant [35]. Company 2 indicated that it had an exceptional
year in terms of investments in hygienic design, which is not representative of other years.
This was discussed with the company concerned, whereafter it was concluded that for
normal years, the hygienic design costs are already included in the validation costs. A
similar situation was encountered in company 4, as the costs provided for the hygienic
design indicator included all validation costs. It was not possible for this company to
differentiate costs to a more detailed degree. However, as the sum of the indicators is used
per company in further analyses, this does not influence results.

Appraisal costs range from 1.25% (of the total annual sales) in company 1 to 0.21% in
company 5. Compared to previous studies, where an amount of 2.0% and 4.0% of total
annual sales was calculated for appraisal costs in a hotel restaurant [35], these results are
quite low. Of course, a food processing company and a hotel restaurant are very different
environments, which could explain differing results. Company 4 was not able to split data
of the indicators of product acceptance costs (i.e., the verification of raw materials to check
if they are usable for their intended purpose) and product testing costs (i.e., process of
measuring the properties or performance of finished products).
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Table 3. Overview of food safety culture maturity expressed as number of gaps identified based on
data from the maturity assessment, according to the method in Ref. [6], and cost of quality data in the
five participating companies. The first row displays the FSC maturity, specifying which dimensions
were still underdeveloped or a gap. The next rows clarify the costs per category of the PAF-model, per
indicator of each category, as provided by the companies. The costs are expressed as the percentage
of the cost of the total annual sales of the company.

Company 1 Company 2 Company 3 Company 4 Company 5

Food safety culture
maturity or

number of gaps

Three gaps: adaptability,
consistency, mission and

vision

Four gaps: adaptability,
consistency, beliefs and

values, mission and
vision

Four gaps: control
activities, adaptability,

consistency, mission and
vision

Five gaps: control and
assurance activities,

adaptability, consistency,
mission and vision

Eight gaps: control and
assurance activities,

commitment, resources,
adaptability, consistency,

beliefs and values,
mission and vision

Prevention costs

Hygienic design 2.22% (=included in
validation) 0.06% 1.20% 0.02%

Validation 0.07% 0.035% 0.15% (=included in hygienic
design) 0.04%

Supplier evaluation 0.18% 0.009% 0.02 0.02% 0.005%

Equipment maintenance 1.11% 2.25% 0.75% 0.55% 0.78%

Quality training 0.28% 0.025% 0.05 0.015% 0.01%

Total prevention costs 3.87% 2.32% 1.03% 1.79% 0.86%

Appraisal costs

Product acceptance 0.08% 0.265% 0.06% 0.60% 0.04%

Product testing 0.67% 0.45% 0.10% (=included in product
acceptance) 0.11%

Quality audits 0.33% 0.20% 0.28% 0.08% 0.05%

Product testing
equipment 0.17% 0.019% 0.01% 0.01% 0.014%

Total appraisal costs 1.25% 0.93% 0.45% 0.69% 0.21%

Failure costs

Rework Data not available 0.16% 0.00% 0.06% Data not available

Scrap 3.89% 0.01% 0.06% Data not available 0.05%

Breakdown maintenance Data not available 0.00% 0.00% Data not available Data not available

Warranty 0.39% 0.002% 0.02% Data not available Data not available

Discounts 0.00% 0.00% 0.00% 0.007% Data not available

Recall 0.00% 0.00% 0.00% 0.00% 0.04%

Total failure costs (sum
of available data) 4.28% 0.17% 0.08% 0.07% 0.09%

Concerning the failure costs, a lot of data are missing (Table 3), as companies were
unable to provide these data. This is a problem encountered before by other researchers
(e.g., Ref. [13]). Maybe some departments within companies hesitated to provide the
data, because they are concerned about the company’s reputation or are worried this could
influence their performance evaluation [47]. Due to the missing data, discussion on the total
failure costs (sum of all types of failure costs, as performed for prevention and appraisal
costs) was avoided. Instead, it is more interesting here to zoom in on the individual failure
cost types. There is only one indicator that all companies provided, which is the recall
costs. All companies said they did not have any recall costs in recent years, except for
company 5, who estimated a 0.04% of total annual sales in recall costs. Rework costs
range between 0.00% for company 3 and 0.16% for company 2. For several types of the
included costs in this study, Crosby has proposed limits in his book Quality is Free, which
can be used to compare the collected data with. Crosby gives 0.25% of sales as an allowed
amount for rework costs [48], to which all companies comply. Crosby proposed the same
amount, 0.25% of sales, as an allowed amount for scrap. All companies spend less than
0.25% on scrap, except for company 1. Company 1, which is the company with the lowest
FSC maturity, spends 3.89% of sales on scrap, which is far above the limit proposed by
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Crosby [48]. For warranty costs, 0.2% of sales is allowable. Again, only company 1 exceeds
this limit with 0.39% of warranty costs.

Two out of five companies were able to specify all costs. So, for these companies, the
total cost of quality can be calculated by finding the sum of the prevention, appraisal, and
failure costs. For company 2, the total cost of quality is 3.42% of total annual sales. For
company 3, the total cost of quality equals 1.56%. Crosby gives an estimated reported
and actual amount of cost of quality for each of the five stages in his quality management
maturity grid. Stages one to five have, respectively, an unknown percentage, 3%, 8%, 6.5%,
and 2.5% of reported cost of quality as a percentage of sales. The actual percentage for the
five stages is 20%, 18%, 12%, 8%, and 2.5% [48]. Considering the relatively mature FSC of
both companies (four gaps, see Section 3.2), and the description of the quality management
maturity stages by Crosby, it is estimated that both companies are close to the highest
maturity stage in Crosby’s quality management maturity grid. In this most mature stage,
named ‘certainty’, cost of quality consists almost entirely of compensation for employees of
the quality department and the costs of proofing tests [48].

3.2. Food Safety Culture Maturity and Gap Analysis

Table 3 provides an overview of both food safety culture maturity (number and identity
of identified gaps) and cost of quality data in the five participating companies. The CoQ
data are addressed in the previous paragraphs (Section 3.1.2), while this section focuses on
the maturity of food safety culture in the companies. Section 3.3 will in turn discuss the
CoQ-FSC relation. The first row of Table 3 displays this FSC maturity, specifying which
dimensions were underdeveloped or a gap. Companies 1 to 5 have, respectively, 3, 4, 4, 5,
and 8 gaps in their prevailing FSC maturity. Company 1 and 2 only have gaps in the human–
organizational building block, whilst companies 3 to 5 have gaps in both the FSMS and
the human–organizational building block. All companies have a gap for the dimensions
‘adaptability’, ‘consistency’, and ‘mission & vision’, which are very common FSC gaps [38].
For the company with only three gaps, these dimensions are the only underdeveloped
ones. For the other companies, additional dimensions are underdeveloped (i.e., gaps), as
displayed in Table 3.

3.3. Relationship between Food Safety Culture Maturity and Cost of Quality

The main goal of this research is to investigate if a relationship or association can
be observed between FSC maturity and CoQ in food processing organizations. For each
company (five in total), the percentage of sales for each type of cost (prevention and
appraisal cost) is used in the analysis, which is the sum of the indicators, together with the
number of gaps in FSC maturity. The sum of prevention and appraisal costs is also used
in the analyses. Failure costs are not included because of the inability of the companies to
provide these data (Table 3).

3.3.1. Descriptive Analysis and Interpretation of the Relation

Figure 2 provides a scatter plot on which the relation between food safety culture (FSC)
maturity (expressed as the number of gaps identified through the maturity assessment) and
cost of quality (following the PAF-model) becomes visible. Five companies are included in
the sample, with 3, 4, 4, 5, and 8 FSC gaps. Prevention and appraisal costs are included in
the figure, as well as the sum of both. Based on Figure 2, results clearly show a positive
relationship between FSC maturity (i.e., the number of gaps, in each of the five companies)
and both prevention and appraisal costs (i.e., the percentage of annual sales the costs
account for, in each of the five companies). As FSC is more mature when there are less gaps,
the relation between the number of gaps and the prevention and appraisal costs is negative.
So, the more mature the FSC, or the less gaps present, the more expenses are made for
prevention and appraisal. Interestingly, there are two companies with four gaps, but with
various levels of prevention and appraisal costs. Company 2 has gaps in the dimensions of
adaptability, consistency, beliefs and values, and mission and vision, whilst in company
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3, the dimensions control activities, adaptability, consistency, and mission and vision are
a gap (Table 3). So, the difference in FSC maturity is that company 2 has a gap for the
dimension beliefs and values, whilst company 3 has a gap for the dimension of control
activities as part of the food safety management system. Company 2 has higher prevention
(2.32%) and appraisal costs (0.93%), compared to company 3 (1.03% prevention and 0.45%
appraisal costs). From this, it could be speculated that it is more costly to improve control
activities compared to beliefs and values within the organization. This makes sense, as
improving control activities more often means technical investments, e.g., in infrastructure
or technology, whilst improving beliefs and values means working with people, e.g., by
organizing a safety priority setting activity [49] or by encouraging employees to want
to be part of the social norm [50]. Alternatively, it could be argued that company 2 has
made a lower return on investment, as the number of gaps is the same and company 2 has
higher costs.
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Figure 2. Relation between food safety culture (FSC) maturity (expressed as the number of gaps
identified through the maturity assessment) and cost of quality (following the PAF-model and
expressed as the percentage of total annual sales). Five companies are included in the sample, with,
respectively, 3, 4, 4, 5, and 8 FSC gaps. Prevention and appraisal costs are included in the figure, as
well as the sum of both.

3.3.2. Statistical Analysis and Interpretation of the Relation

The relationship between the two concepts of FSC and CoQ was statistically tested
by calculating the Pearson correlation coefficient. This analysis returned a correlation
coefficient of −0.701 and a p-value (2-tailed) of 0.188 for the prevention costs, and a
correlation coefficient of −0.815 and a p-value (2-tailed) of 0.093 for the appraisal costs.
Performing this analysis with only five data points has little power, which could explain the
p-value of more than 0.05. However, both negative correlation coefficients confirm the trend
depicted in Figure 2 and suggest a positive relationship between the maturity of companies’
food safety culture and both prevention and appraisal costs (negative coefficients as the
FSC is more mature when there are less gaps). When the same analysis is made for the
combination of appraisal and prevention costs (sum of appraisal and prevention costs’
percentage of annual sales), comparable results are observed: a positive relationship is
visible, with a correlation coefficient of −0.734 and a p-value (2-tailed) of 0.158. To further
explore the relationship between CoQ and FSC, a linear regression analysis was performed
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based on the scatter plot in Figure 2. First, the variable “number of gaps” was added as
the independent variable, which could influence the dependent variable of “prevention
costs”. This yielded an R square value of 0.491 and a statistical significance of the regression
model of 0.188. The regression equation is the following: prevention costs = 4.094 − 0.442
× (FSC Gaps). For the analysis of FSC vs. appraisal costs, results show an R square value of
0.665 and a statistical significance of the regression model of 0.093. The regression equation
is the following: appraisal costs = 1.531 − 0.172 × (FSC Gaps). For the analysis of FSC
vs. prevention + appraisal costs, results show an R square value of 0.538 and a statistical
significance of the regression model of 0.158. The regression equation is the following:
prevention + appraisal costs = 5.625 – 0.614 × (FSC Gaps).

In this cross-sectional study, data on both variables (food safety culture and cost of
quality) were collected in the same timeframe and compared between cases. The revealed
positive relationship between FSC and both prevention and appraisal costs could suggest
that higher prevention and appraisal costs foster a more mature food safety culture. Alterna-
tively, results might reflect that maturing food safety culture fuels higher costs in prevention
and appraisal. Lastly, the described relationship could also be reciprocal or bidirectional.
However, as study variables were measured at a similar time point instead of measuring
them over time through using a longitudinal research design, causal interpretations should
be avoided. Future research might study, in a case study, whether CoQ shifts over time due
to a FSC intervention (e.g., educational actions as described in Ref. [51]) through comparing
CoQ pre vs. post intervention. Furthermore, one might discuss the nature or form of the
discovered relationship. It might be that the relationship between the cost of qualities
(prevention, appraisal, or failure costs) and FSC is not linear (as assumed in the linear
regression analysis based on the scatter plot). Maybe more investments are needed to
go from three to two gaps and then from eight to seven gaps in food safety maturity, for
example. A previous study [23] aligns five FSC maturity stages to five percentages of sales
of the cost of poor quality, which shows a roughly linear relationship when converted into
a scatter plot.

3.3.3. Discussion on the Attributes of the Relation and Interpretation of Findings

Results might be influenced by unmeasured company characteristics, like the product
produced or the production process. These characteristics might influence the cost of
quality, the food safety culture maturity in the company, and the relationship between both.
Research concerning the influence of company characteristics on cost of quality itself, going
beyond only studying the level of implementation of a cost of quality system or the level of
monitoring (e.g., Ref. [52]), is extremely limited. FSC maturity could itself be a company
characteristic influencing CoQ. Previous work [53] states that organizational culture is one
of the reasons why organizations do not collect quality costs. The influence of factors like
company size is mitigated by comparing and calculating CoQ as the percentage of the
total annual sales. Certification could also influence CoQ or cost efficiency [54]. It was
demonstrated [55] that the quality management maturity in food and beverage enterprises
is related to the present system for quality costing and the focus of this system. The country
could also be an influencing factor, as it was shown [56] that FSC is dependent on the
company’s geographical location, because of food safety governance and national values.
The cost of quality could also be influenced by location. A Web of Science region analysis
(2023) of “cost of quality” results demonstrates that 39% of results originate from North
America, indicating a much bigger focus on the topic in this region compared to the rest
of the world. International research is recommended to investigate possible moderators
and/or boundary conditions influencing the relationship between cost of quality and food
safety culture maturity.

In this research, cost of quality entails costs incurred for the food safety management
system (prevention and appraisal costs) and costs caused by products or equipment that
are below par (failure costs), as in traditional cost of quality constructs. Concerning the
prevention and appraisal costs, it was shown that when these are higher, the overall FSC is
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more mature or less gaps prevail within a specific company. Translated to the FSC concep-
tual model [6], this means that investments in the prevention and appraisal aspects of the
food safety management system (first building block of FSC) might foster the improvement
in other building blocks as well (i.e., human–organizational and human–individual). But
what about costs relating to the other building blocks in food safety culture? Some stud-
ies include “social non-quality (work accident, absenteeism, demotivation, presenteeism,
etc.)” [17] as a cost of non-quality in cost of quality assessment [17]. This raises the question
that maybe, within the framework of FSC research, other costs could also be linked to
FSC maturity, therefore possibly creating even more motivation or return on investment
for companies to improve their FSC. For example, maybe maturing FSC causes social
non-quality costs to become smaller, like demotivation, or maybe an immature FSC causes
higher psychological costs (e.g., enhanced rumination, turnover intention, and burnout;
lowered mental health among staff)? The latter can be demonstrated by, e.g., the concept
of whistleblowers. It is known that whistleblowing can cause psychological harm to the
whistleblower [57]. In an organization with a strong FSC, whistleblowing is expected to be
much less necessary but therefore taking away pressure from the whistleblowers.

Despite the discussion above, results should be interpreted within the theoretical con-
text of the research. Following the new cost of quality model, which is more in congruence
with empirical findings [58], it is accepted and demonstrated in CoQ theory and research
that when the quality of the products increases, prevention and appraisal costs increase,
failure costs decrease, and the total CoQ decreases (with a minimum at the highest quality
level). A study [59] found Pearson correlation coefficients between 0.549 and 0.620 for the
relationship between quality and prevention + appraisal costs, with all p-values < 0.005.
This empirical study, in its turn, revealed that higher levels of food safety culture maturity
are also associated with higher prevention costs and appraisal costs and the sum of both.
Furthermore, academics and practitioners agree that a mature FSC (consisting of the food
safety management system, food safety climate, and other human dimensions on the orga-
nizational and individual level) and high food safety output levels go hand in hand [9,10],
therefore linking product quality and FSC. Returning to the hypothesis formulated in the
Introduction, the discovered positive association between FSC and prevention/appraisal
costs is the first empirical proof that FSC could replace product/service quality in the
CoQ models. In addition, Ref. [60] found that failure costs are negatively affected by a
rational organizational culture. When combined, this suggests that a more mature FSC is
not only linked to higher appraisal and prevention costs, but also to lower failure costs,
lower overall quality costs, and better organizational performance for the company [12,21].
Previous research further solidifies this. It was discovered [61] that four cultural traits or
dimensions (involvement, consistency, adaptability, and mission, as assessed in the FSC
assessment in this study) showed a significant positive association with subjective and
objective measures of organizational effectives, like return on assets and sales growth. In
addition, causality was demonstrated in a longitudinal study [62]: positive organizational
culture traits lead to greater customer satisfaction in later years, positively influencing
performance. Findings from this study have major managerial implications as they deliver
the first empirical evidence to justify the push for a shift in perception, from considering
FSC as an extra task on the list of resource-demanding activities toward a narrative in
which maturing FSC is a potential pathway toward increased financial health and stability
of food processing companies [23].

4. Conclusions

This paper is the first to empirically investigate the relationship between FSC and CoQ.
The first result was that collecting and monitoring CoQ data is not yet standard practice in
the food industry. This was especially true for failure costs, as three out of five companies
were unable to specify all types of failure costs. Next to this, available CoQ data within
the food industry are extremely scarce, which makes the presented data in this study an
important addition to the research field.
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Results from the FSC-CoQ relation analysis revealed a trend, namely a positive rela-
tionship between, on the one hand, prevention costs, appraisal costs, and prevention plus
appraisal costs and, on the other hand, food safety culture maturity. In other words, going
back to the FSC conceptual model employed, this research provided evidence that a higher
overall maturity of the dimensions that build FSC, i.e., control and assurance activities, lead-
ership, communication, resources, commitment, risk awareness, consistency, adaptability,
beliefs and values, mission and vision and strategy, knowledge, participation, motivation,
compliance, and psychosocial well-being, is associated with more financial investments
in prevention and appraisal quality costs. Returning to the hypothesis formulated in the
Introduction and considering the theoretical context of the research (i.e., CoQ models),
the discovered positive association between FSC and prevention/appraisal costs is the
first empirical proof that FSC could replace product/service quality in the CoQ models.
This could mean, as substantiated by the most recent CoQ models, that a more mature
FSC is not only linked to higher appraisal and prevention costs, but also to lower failure
costs, lower overall quality costs, and a better organizational performance for the food
processing company. Study findings extend available knowledge on FSC and its correlates,
and provide leverage to convince business leaders in the food industry to allocate funds
more deliberately, taking food safety and FSC into account when investing. The strategic
importance of food safety culture is reaffirmed and underlined. Because of the limited
sample size, a future large-scale empirical, preferably longitudinal, study with an in-depth
data analysis is recommended to further solidify findings.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/foods13040571/s1, Questionnaire cost of quality.

Author Contributions: P.S.: Conceptualization; Data curation; Formal analysis; Investigation;
Methodology; Project administration; Visualization; Writing—original draft; Writing—review and
editing; L.D.: Conceptualization; Data curation; Formal analysis; Investigation; Methodology;
Writing—original draft; P.V.: Funding acquisition; Supervision; Writing—review and editing; L.J.:
Funding acquisition; Supervision; Writing—review and editing. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by Flanders innovation & entrepreneurship (COOCK project), as
part of the Q-DNA project (HBC.2020.2738).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article or Supplementary Materials.

Acknowledgments: We acknowledge and thank the companies and all participants for their input
during this study.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Global Food Safety Initiative. A Culture of Food Safety: A Position Paper from the Global Food Safety Initiative (GFSI); No. 1.0; Global

Food Safety Initiative: Levallois-Perret, France, 2018; pp. 1–54.
2. EU Commission. Commission Regulation (EU) 2021/382 of 3 March 2021 amending the Annexes to Regulation (EC) No 852/2004

of the European Parliament and of the Council on the hygiene of foodstuffs as regards food allergen management, redistribution
of food and food safety culture. Off. J. Eur. Union 2021, L74, 3–6.

3. De Boeck, E.; Mortier, A.V.; Jacxsens, L.; Dequidt, L.; Vlerick, P. Towards an Extended Food Safety Culture Model: Studying the
Moderating Role of Burnout and Jobstress, the Mediating Role of Food Safety Knowledge and Motivation in the Relation between
Food Safety Climate and Food Safety Behavior. Trends Food Sci. Technol. 2017, 62, 202–214. [CrossRef]

https://www.mdpi.com/article/10.3390/foods13040571/s1
https://www.mdpi.com/article/10.3390/foods13040571/s1
https://doi.org/10.1016/j.tifs.2017.01.004


Foods 2024, 13, 571 15 of 17

4. Nyarugwe, S.P.; Linnemann, A.; Hofstede, G.J.; Fogliano, V.; Luning, P.A. Determinants for Conducting Food Safety Culture
Research. Trends Food Sci. Technol. 2016, 56, 77–87. [CrossRef]

5. Zanin, L.M.; Stedefeldt, E.; Luning, P.A. The Evolvement of Food Safety Culture Assessment: A Mixed-Methods Systematic
Review. Trends Food Sci. Technol. 2021, 118, 125–142. [CrossRef]

6. Spagnoli, P.; Jacxsens, L.; Vlerick, P. Towards a Food Safety Culture Improvement Roadmap: Diagnosis and Gap Analysis through
a Conceptual Framework as the First Steps. Food Control 2023, 145, 109398. [CrossRef]

7. Jespersen, L.; Wallace, C.A. Triangulation and the Importance of Establishing Valid Methods for Food Safety Culture Evaluation.
Food Res. Int. 2017, 100, 244–253. [CrossRef] [PubMed]

8. Zanin, L.M.; Luning, P.A.; Stedefeldt, E. A Roadmap for Developing Educational Actions Using Food Safety Culture Assessment—
A Case of an Institutional Food Service. Food Res. Int. 2022, 155, 111064. [CrossRef]

9. Wu, S.T.; Hammons, S.R.; Silver, R.; Neal, J.A.; Oliver, H.F. Retail Deli Managers and Associates Have Better Food Safety Culture
in Stores with Lower Listeria Monocytogenes Contamination. Food Control 2020, 110, 106983. [CrossRef]

10. De Boeck, E.; Jacxsens, L.; Bollaerts, M.; Uyttendaele, M.; Vlerick, P. Interplay between Food Safety Climate, Food Safety
Management System and Microbiological Hygiene in Farm Butcheries and Affiliated Butcher Shops. Food Control 2016, 65, 78–91.
[CrossRef]

11. Starbird, S.A. Accounting for Quality in Food Manufacturing Firms. Agribusiness 1991, 7, 463–474. [CrossRef]
12. Psomas, E.; Dimitrantzou, C.; Vouzas, F.; Bouranta, N. Cost of Quality Measurement in Food Manufacturing Companies: The

Greek Case. Int. J. Product. Perform. Manag. 2018, 67, 1882–1900. [CrossRef]
13. Chatzipetrou, E.; Moschidis, O. Quality Costing: A Survey in Greek Supermarkets Using Multiple Correspondence Analysis. Int.

J. Qual. Reliab. Manag. 2016, 33, 615–632. [CrossRef]
14. Garg, S.; Misra, S. Understanding the Components and Magnitude of the Cost of Quality in Building Construction. Eng. Constr.

Archit. Manag. 2022, 29, 26–48. [CrossRef]
15. Mukhopadhyay, A.R. Estimation of Cost of Quality in an Indian Textile Industry for Reducing Cost of Non-Conformance. Total

Qual. Manag. Bus. Excell. 2004, 15, 229–234. [CrossRef]
16. Lim, J.M.; Moon, K.; Savin, S. Searching for the Best Yardstick: Cost of Quality Improvements in the U.S. Hospital Industry.

Manag. Sci. 2023. [CrossRef]
17. Ayach, L.; Anouar, A.; Bouzziri, M. Quality Cost Management in Moroccan Industrial Companies: Empirical Study. J. Ind. Eng.

Manag. 2019, 12, 97–114. [CrossRef]
18. Abdel-Kader, M.; Luther, R. Management Accounting Practices in the British Food and Drinks Industry. Br. Food J. 2006, 108,

336–357. [CrossRef]
19. Duarte, B.P.M.; Oliveira, N.M.C.; Santos, L.O. Dynamics of Quality Improvement Programs—Optimal Investment Policies.

Comput. Ind. Eng. 2016, 91, 215–228. [CrossRef]
20. Vaxevanidis, N.M.; Petropoulos, G. A Literature Survey of Cost of Quality Models. J. Eng. 2008, 6, 274–283.
21. Ghunaim, N.M.; Jaaron, A.A.M. The Influence of Cost of Quality on the Performance of Food Manufacturing Companies: An

Empirical Study. TQM J. 2022, 34, 788–806. [CrossRef]
22. Dimitrantzou, C.; Psomas, E.; Vouzas, F. The Influence of Competitive Strategy and Organizational Structure on the Cost of

Quality in Food and Beverage (F&B) Companies. TQM J. 2023. [CrossRef]
23. Jespersen, L.; Butts, J.; Holler, G.; Taylor, J.; Harlan, D.; Griffiths, M.; Wallace, C.A. The Impact of Maturing Food Safety Culture

and a Pathway to Economic Gain. Food Control 2019, 98, 367–379. [CrossRef]
24. Griffith, C.J. Do Businesses Get the Food Poisoning They Deserve? The Importance of Food Safety Culture. Br. Food J. 2010, 112,

416–425. [CrossRef]
25. Heal, T.J. Cost of quality in nuclear engineering. Met. Mater. 1968, 2, 107–110.
26. Feigenbaum. TQC—Total Quality Control. Harvard Business Review. 1956. 9p. Available online: https://www.scribd.com/doc/

86118750/TQC-Total-Quality-Control-1956-Harvard-Business-Review-9p-Feigenbaum-Armand-V# (accessed on 14 March 2023).
27. Juran, J.M.; Hoogstoel, R.E.; Schilling, E.G.; San, N.Y.; Washington, F.; Auckland Bogotá, D.C.; Lisbon, C.; Madrid, L.; City, M.;

New, M.M.; et al. Juran’s Quality Handbook; A. Blanton Godfrey Co-Editor-in-Chief; McGraw-Hill Publishing: New York, NY,
USA, 1999.

28. EU Commission. Commission Recommendation of 6 May 2003 the Definition of Micro, Small and Medium-Sized Enterprises. Off.
J. Eur. Union 2003, L124, 36–41.

29. Tye, L.H.; Halim, H.A.; Ramayah, T. An Exploratory Study on Cost of Quality Implementation in Malaysia: The Case of Penang
Manufacturing Firms. Total Qual. Manag. Bus. Excell. 2011, 22, 1299–1315. [CrossRef]

30. Arvaiova, M.; Aspinwall, E.M.; Walker, D.S. An Initial Survey on the Use of Costs of Quality Programmes in Telecommunications.
TQM J. 2009, 21, 59–71. [CrossRef]

31. Pires, A.R.; Cociorva, A.; Saraiva, M.; Novas, J.C.; Rosa, Á. Management of Quality-Related Costs. The Case of Portuguese
Companies. Total Qual. Manag. Bus. Excell. 2013, 24, 782–796. [CrossRef]
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