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A B S T R A C T   

Analysing the effects of using a digital environment in official food safety control and understanding its benefits 
is crucial for competent authorities. The aim of this paper was to assess the effectiveness of official control carried 
out by the Barcelona Public Health Agency between 2015 and 2022 in Barcelona city (Spain) at retail outlets 
following the transition from a traditional to a digital inspection. Effectiveness is defined as the ability to detect 
non-compliance during inspections. This study assessed 2,188 inspection reports of risk-based planned in-
spections from 2015 to 2019 (traditional inspection) and 2022 (digital inspection) to compare the detection of 
non-compliances. The results show a significant increase in the detection of non-compliance when using the 
digital inspection. Compared to all inspection areas studied, the highest prevalence difference in the detection of 
non-compliance using a digital environment was found for the areas of food processing and handling procedures 
(34.0%) and own controls (16.7%). On the other hand, the areas of food labelling and general cleanliness of 
premises and equipment showed the lowest difference, 11.1% and 7.9%, respectively. The present case study 
shows that the use of a digital environment during inspections positively supports the control officers in struc-
turing the compliance judgement and being more sensible to detect non-compliance. This fact results in a greater 
effectiveness of food control.   

1. Introduction 

Food business operators (FBOs) are legally responsible for ensuring 
the successful implementation of food law in their businesses (EC 
178/2002). Meanwhile, designated competent authorities (CAs) are 
responsible for carrying out risk-based official food safety control 
(hereafter, ‘official control’) in accordance with their territorial and 
material competences (EU 2017/625). Official control plays an essential 
public health role in protecting the health of consumers by preventing 
the spread of foodborne diseases throughout the food chain. This is 
achieved by verifying that FBOs comply with the law and by detecting 
the risk factors for foodborne diseases. In cases of non-compliance, the 

CAs have the power to take administrative enforcement measures to 
ensure that FBOs comply with the law and therefore correct the detected 
risk factors. The main applicable European Union (EU) food safety 
legislation is Regulation 178/2002 (EC 178/2002), Regulation 
852/2004 (EC 852/2004) and Regulation 853/2004 (EC 853/2004). 

The Codex Alimentarius Principles and guidelines for national food 
control systems (FAO/WHO, 2013) and Regulation 2017/625 (EU 
2017/625) in the EU indicate that official control must be effective. The 
effectiveness of official control can be defined as the extent to which the 
objectives of food control systems are achieved (FAO/WHO, 2017) or 
equivalently, the extent to which official control achieves an objective 
(National Audit Systems Network, 2014). Berking et al. (2019) 
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alternatively interpret effectiveness as the capacity of official control to 
detect non-compliances during inspections. Läikkö-Roto et al. (2015) 
stated that the effectiveness of official control depends on the ability to 
ensure that FBOs correct non-compliances. Although effectiveness is a 
pillar of official control, it is often criticised for being ineffective (Barnes 
et al., 2022; Griffith, 2005; Yapp & Fairman, 2006). Failure to imple-
ment effective control may have public health implications, reduce the 
prevention of foodborne diseases, and ultimately lead to low consumer 
health protection (National Audit Systems Network, 2014). 

The Barcelona Public Health Agency is the CA in the city of Barcelona 
(Spain) responsible for implementing official control of foodstuffs and 
food hygiene at the retail and industrial levels. Historically, the Barce-
lona Public Health Agency documented and transmitted the findings of 
official food safety inspections of retail outlets using a paper-based 
system (hereafter ‘traditional inspection’) (Supplementary material 
A1). Each inspection was documented in a handwritten report, which 
broadly described only the non-compliances detected in an unstructured 
qualitative manner. There was no mechanism in place to ensure that all 
possible non-compliances were fully assessed during an inspection. 
Subsequently, a hard copy of the report was provided to the FBOs. Upon 
returning to the office, the control officers transcribed the non- 
compliances detected in the Barcelona Public Health Agency’s digital 
registry database. The traditional inspection was more oriented towards 
a food safety risk assessment, as proposed by Barnes et al. (2024). In this 
instance, the risk assessment was based on the risk perceived by officers 
in accordance with the specific circumstances, their experience and in-
ternal criteria. 

As of 2021, the Barcelona Public Health Agency has moved from a 
paper-to a digital-based system (hereafter ‘digital inspection’) using a 
digital environment to support control officers during on-site in-
spections of retail outlets (FAO, 2024a). This change aimed to improve 
the consistency and the effectiveness on how non-compliances are 
assessed, recorded and documented. The term ’digital environment’ 
refers to the use of digital devices and programs to record, analyse, and 
transmit data and information between CAs, FBOs or other stakeholders 
(Grau-Noguer et al., 2023). The digital inspection includes a stand-
ardised compliance checklist supported by a mobile digital cloud-based 
platform (Barcelona Public Health Agency, 2023; FAO, 2024a) (Sup-
plementary material A2). In contrast to the traditional inspection, the 
digital inspection provides a systematic reminder to officers of all 
non-compliances that may be detectable during any inspection via a 
drop-down menu list. In addition, the digital inspection also provides a 
brief explanation of each non-compliance. Furthermore, the new in-
spection procedure requests officers to indicate whether 
non-compliances have been detected using a binary system: ‘detected’ or 
‘not detected’. This implies that officers assess the FBOs’ compliance in 
its entirety, which results in the reporting of both those non-compliances 
that have been detected and those that have not. The digital inspection is 
oriented toward a compliance check inspection approach (Barnes et al., 
2024). Based on the number of non-compliances and their severity, a 
compliance score is calculated for the entire inspection using predefined 
rule-based instructions. According to this score, the digital environment 
automatically sets the result of the inspection, the deadlines for the FBOs 
to correct the non-compliances detected and, if necessary, determines 
the enforcement measures. After each inspection, the resulting report is 
automatically generated based on a template, emailed to the FBOs in 
PDF format, and uploaded and stored on the cloud server of the Barce-
lona Public Health Agency. Control officers can access its contents at any 
time, either from the office or during inspections. 

By systematising and standardising processes during inspections, 
inconsistencies among control officers are minimised (Gawande, 2010; 
Griffith, 2005; Kahneman et al., 2021; Läikkö-Roto et al., 2015) and, in 
the case of Barcelona, the consistency of the overall inspection notably 
increased (FAO, 2024a). The traditional inspection lacked adequate 
measures to ensure and verify the effectiveness of official control. This 
was due to the qualitative nature of the analysis of inspection data, 

which made it difficult and time consuming. In addition, it was difficult 
to draw valid and consistent conclusions and to compare results. 

In the EU, a multi-country survey found that CAs, whether local, 
regional or national, are using digital technologies to standardise data 
collection during inspections and reporting to national or EU author-
ities, or to improve the consistency of official control (Grau-Noguer 
et al., 2023). However, to our knowledge, the only study aiming to assess 
how the use of digital technologies during inspections affects the 
effectiveness of official control was conducted by Zhe Jin and Lee (2014) 
in the State of Florida (United States). They concluded a positive in-
crease of the effectiveness after using such technologies compared to the 
previous paper-based inspection. 

In response to the lack of scientific literature and case studies on the 
impact of the use of digital technologies on official control and its impact 
on performance, the Barcelona Public Health Agency initiated a research 
project entitled ‘Digital transformation of the official food safety control 
in Barcelona’. Within the framework of this project, and considering that 
the use of digital technologies to support official control activities will 
increase in the coming years, and that policy and decision makers from 
CAs will need strong arguments to support the implementation and 
continued use of such technologies, this study aimed to 1) investigate 
the extent to which the detection of non-compliance during inspections 
differs between the digital and traditional inspections in the city of 
Barcelona between 2015 and 2022, and 2) assess which areas of in-
spection differ more between the two inspections. Our hypothesis was 
that the use of digital technologies to assist control officers during in-
spections would increase the detection of non-compliance. 

2. Materials and methods 

2.1. Study design, population and source of information 

We conducted a cross-sectional study of the inspections in the city of 
Barcelona, following the transition from a traditional to a digital in-
spection, the period 2015–2019 (traditional) and the year 2022 (digi-
tal). Due to the specific context of the COVID-19 pandemic and measures 
such as temporary closures of food retail outlets, the year 2020 was 
excluded. Further to this, no risk-based planned inspections of retail 
outlets were carried out this year, only inspections in response to food 
safety alerts or foodborne outbreaks. In addition, 2021 was also 
excluded because the digital environment was being implemented, and 
therefore, the use of digital technologies in inspections was not yet 
mature and fully functional until 2022. The transition to the digital in-
spection was slow and highly changing, as the digital environment was 
piloted and adjusted several times before the final version was adopted. 

The population for our study were food retail outlets located in 
Barcelona. By retail outlet we mean any food establishment where food 
is handled, transformed and stored at the point of sale or delivery to the 
final consumer (EC 178/2002). Our research included butcher, fish, 
bakery, fruit and vegetable, ice cream and small grocery retail outlets. 
Restaurants, institutional catering, or any other retail outlets, such as 
supermarkets, were not included because the use of digital technologies 
to support planned inspections for these establishments was being 
implemented at the time of the study. 

Our source of information was the Barcelona Public Health Agency’s 
digital registry database. This registry contains data from the inspection 
reports of all inspections carried out. 

The study included 2,188 inspection reports of all risk-based planned 
inspections conducted during the period covered by the study. From 
2015 to 2019, a total of 1,650 inspections were carried out through the 
traditional inspection, and in 2022, 538 inspections were carried out 
through the digital (Table 1). The risk-based planning and organisation 
of inspections are the same in the digital and traditional inspections. 
Planned inspections are programmed annually based on the risk classi-
fication of the outlets and the available resources, both human and 
economic. In addition, planned inspections are also subject to unplanned 
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control activities that require an immediate and urgent response, such as 
food safety alerts, outbreak investigations or police interventions. For 
outlets that were inspected on more than one occasion during the study 
period as part of planned inspections, only data from the first planned 
inspection was considered in order to prevent any potential influence of 
differences in inspection frequency on the prevalence of non- 
compliance. 

The top three retail outlets with the highest number of inspections 
were bakery, butcher and small groceries outlets (Table 1). In compar-
ison, ice cream and fruit and vegetable outlets were the least frequently 
inspected outlets. 

2.2. Variables 

The dependent variables for this study were those related to the 
inspection process that could be affected by the implementation of the 
digital inspection:  

- The total number of inspection areas where non-compliance was 
detected. In our study, non-compliances were grouped into the 
following six inspection areas: 1) design and maintenance of pre-
mises and equipment, 2) general cleanliness of premises and equip-
ment, 3) food processing and handling procedures, 4) food labelling, 
5) food traceability, and 6) own controls. Non-compliances were 
grouped in these areas according to the way they were documented 
and registered in the traditional inspection. In the traditional in-
spection, the control officers recorded the areas where non- 
compliances were found in the digital registry database of the Bar-
celona Public Health Agency, according to the six areas of inspection 
that we used in this study to group non-compliances. However, they 
did not provide further details on the number of non-compliances 
detected per area, a description of the nature of the non- 
compliances or their severity.  

- Detection of non-compliance by each of the above six inspection 
areas with binary categories of either detection or non-detection. 

The independent variable was the type of inspection used to sup-
port officers, either digital or traditional. 

2.3. Data analysis 

We first compared the number of inspection areas where non- 
compliance was detected between the digital and traditional in-
spections by describing the distribution using means and stratifying by 
type of retail outlet. Given the normal distribution of the data, we used 
Student’s t-tests to compare the means. 

Secondly, we compared the detection of non-compliance between 
the digital and traditional inspections by using proportions and strati-
fying by type of retail outlet. We tested for differences between the two 
inspections using Pearson’s chi-squared tests. In addition, to describe 
the magnitude of the change in the detection of non-compliance be-
tween the two inspections, we described this change using prevalence 

difference (digital inspection - traditional inspection), expressed as 
percentage points. Corresponding 95% confidence intervals (CI) were 
calculated for both metrics. A positive prevalence difference indicated 
an increase in the detection of non-compliance by digital inspection, 
whereas a negative prevalence difference indicated a decrease in 
detection. We chose prevalence rate ratios as our measures of this as-
sociation because they are more consistent, easier to interpret, and do 
not overestimate the strength of the association compared to other as-
sociation metrics such as odds ratio or prevalence odds ratio (Barros & 
Hirakata, 2003; Espelt et al., 2019; Schiaffino et al., 2003). Additionally, 
given the nature of our study, it is recommended to employ prevalence 
rate ratios over prevalence odds ratios when conducting cross-sectional 
studies with binary outcomes (Grimes & Schulz, 2008; Martinez et al., 
2017; Thompson et al., 1998; Zocchetti et al., 1997). 

Inspection data were downloaded as Microsoft Excel spreadsheets 
from the digital registry database of the Barcelona Public Health 
Agency, and rigorous data cleaning and consistency checks were carried 
out. Statistical analyses were performed using Stata 15.1 software 
(StataCorp LLC. College Station, TX, USA). All figures were created using 
RStudio version 2024.04.0 + 735 (RStudio Team, 2020). A p-value of 
<0.05 was considered statistically significant for all statistical tests. 

3. Results 

3.1. Total number of inspection areas with non-compliance 

When comparing the mean number of inspection areas with non- 
compliance between the digital and traditional inspections, statisti-
cally significant differences were found, with a higher detection of non- 
compliance using the digital inspection (Table 2). Overall, the mean 
number of inspection areas with non-compliance was 3.85 for the digital 
and 3.06 for the traditional inspections (p-value<0.001). Similarly, 
between the different types of retail outlet, there was a significant in-
crease in the number of areas of inspection with non-compliance with 
the digital inspection in all outlets except fish outlets. Although 
observing an increase in the detection of non-compliance in the latter 
case, no significant difference was found. The greatest differences in the 
mean values were observed for ice cream and bakery outlets. 

3.2. Detection of non-compliance by inspection area 

Based on our results, the digital and traditional inspections detected 
a higher proportion of non-compliance in the inspection areas of design 
and maintenance of premises and equipment (94.6% and 83.3%, 
respectively) and own controls (93.5% and 76.8%, respectively) 
(Table 3 and Supplementary material B). Conversely, the lowest detec-
tion of non-compliance by both inspections was found in the areas of 
food traceability (22.7% and 8.7%, respectively) and food labelling had 
(40.1% and 29.0%, respectively). 

Table 1 
Inspection reports analysed (N = 2,188) across digital (n = 538) and traditional 
(n = 1,650) inspections, stratified by type of retail outlet.  

Type of retail outlet Inspection reports Total 

Digital Traditional 

Bakery 239 449 688 
Fruit and vegetable 107 121 228 
Small grocery 78 327 405 
Fish 51 209 260 
Butcher 45 496 541 
Ice cream 18 48 66 

Total 538 1,650 2,188  

Table 2 
Differences in the mean number of inspection areas with non-compliance 
detected between the digital (n = 538) and traditional (n = 1,650) in-
spections, stratified by type of retail outlet.  

Type of retail outlet Mean number of inspection areas with non- 
compliance 

p-valuea 

Digital (n) Traditional (n) 

Bakery 4.10 (239) 3.00 (449) <0.001 
Fruit and vegetable 3.66 (107) 3.07 (121) <0.001 
Small grocery 3.68 (78) 2.92 (327) <0.001 
Fish 3.45 (51) 3.20 (209) 0.276 
Butcher 3.69 (45) 3.19 (496) 0.020 
Ice cream 4.00 (18) 2.56 (48) <0.001 

Overall 3.85 (538) 3.06 (1,650) <0.001  

a The p-values were calculated with the T-Student test. 
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When assessing which inspection areas differed more between the 
two inspections, a higher detection of non-compliance was observed in 
all inspection areas using the digital inspection and with statistically 
significant differences. The areas of inspection of food processing and 
handling procedures (34.0%) and own controls (16.7%) had the highest 
prevalence difference (Table 3). Contrary, the two areas of inspection 
with lowest prevalence difference were food labelling (11.1%) and 
general cleanliness of premises and equipment (7.9%). 

In line with the above, when comparing the inspection areas in 
which more non-compliance was detected, stratified by type of retail 
outlet, the areas of own controls and design and maintenance of pre-
mises and equipment were the most recurrent areas in both inspections 
and in all retail outlets (Table 4, Supplementary material C). Following 
the same trend, for all outlets the two inspection areas with less detected 
non-compliance were food traceability and food labelling, apart from 
butcher and fish outlets, where general cleanliness of premises and 
equipment was one of the two inspection areas with less detected non- 
compliance. 

The results of the assessment of the magnitude change in non- 
compliance detection between the two inspections varied depending 
on the type of retail outlet and inspection area (Table 4). Despite of this, 
using the digital inspection, compared to the traditional one, the prev-
alence difference increased in all outlets and inspection areas, except for 
the general cleanliness of premises and equipment in bakery (− 5.0%) 
and butcher (− 7.4%) outlets, and more substantially, in food labelling in 
fish (− 27.2%) and fruit and vegetable (− 21.6%) outlets. 

Consistent with the overall detection prevalence (Table 3), the in-
spection area of food processing and handling procedures showed the 
highest prevalence difference in small grocery (40.5%), ice cream 
(39.6%) outlets, and the second highest in bakery (42.9%), fruit and 
vegetable (23.0%) and butcher (17.3%) outlets (Table 4). The area of 
own controls had the highest prevalence difference in fish outlets 
(25.7%) and the second highest in small grocery (17.9%) outlets. 

In addition to the above-mentioned areas with the lowest prevalence 
difference, in ice cream outlets, the inspection area of own controls had 
the lowest prevalence difference (7.6%). Design and maintenance of 
premises and equipment had the second lowest prevalence difference in 
ice cream (10.4%), fruit and vegetable (9.7%), and bakery (9.4%) 
(Table 4). 

Table 3 
Proportion and prevalence difference of the detection of non-compliance be-
tween the digital (n = 538) and traditional (n = 1,650) inspections.  

Area of inspection Proportion of detection of 
non-compliance (n) 

p- 
valuea 

Prevalence 
difference (95% 
CIb) 

Digital 
(n = 538) 

Traditional (n 
= 1,650) 

Food processing and 
handling 
procedures 

77.7 
(418) 

43.7 (721) <0.001 34.0 (29.7, 
38.3) 

Own controls 93.5 
(503) 

76.8 (1,267) <0.001 16.7 (13.8, 
19.6) 

Food traceability 22.7 
(122) 

8.7 (143) <0.001 14.0 (10.2, 
17.8) 

Design and 
maintenance of 
premises and 
equipment 

94.6 
(509) 

83.3 (1,374) <0.001 11.3 (8.7, 14.0) 

Food labelling 40.1 
(216) 

29.0 (479) <0.001 11.1 (6.4, 15.8) 

General cleanliness of 
premises and 
equipment 

55.4 
(298) 

47.5 (784) 0.002 7.9 (3.0, 12.7)  

a The p-values were calculated with the Pearson’s chi-squared test. 
b CI, confidence interval. 

Table 4 
Proportion and prevalence difference of the detection of non-compliance be-
tween the digital and traditional inspections, stratified by type of retail outlet.  

Type of retail 
outlet (n 
digital 
inspections/ 
n traditional 
inspections) 

Area of 
inspection 

Proportion of 
detection of non- 
compliance (n) 

p- 
valuea 

Prevalence 
difference 
(95% CIb) 

Digital Traditional 

Bakery (239/ 
449) 

Food 
processing 
and handling 
procedures 

84.1 
(201) 

41.2 (185) <0.001 42.9 (36.4, 
49.4) 

Own controls 93.3 
(223) 

79.7 (358) <0.001 13.6 (8.7, 
18.5) 

Food 
traceability 

22.2 
(53) 

5.8 (26) <0.001 16.4 (10.7, 
22.1) 

Design and 
maintenance 
of premises 
and 
equipment 

95.8 
(229) 

86.4 (388) <0.001 9.4 (5.3, 
13.5) 

Food labelling 59.8 
(143) 

10.5 (47) <0.001 49.4 (42.5, 
56.2) 

General 
cleanliness of 
premises and 
equipment 

53.6 
(128) 

58.6 (263) 0.206 − 5.0 
(− 12.8, 
2.8) 

Fruit and 
vegetable 
(107/121) 

Food 
processing 
and handling 
procedures 

77.6 
(83) 

54.5 (66) <0.001 23.0 (11.1, 
34.9) 

Own controls 96.3 
(103) 

76.9 (93) <0.001 19.4 (11.1, 
27.7) 

Food 
traceability 

20.6 
(22) 

4.1 (5) <0.001 16.4 (8.0, 
24.9) 

Design and 
maintenance 
of premises 
and 
equipment 

90.7 
(97) 

81.0 (98) 0.039 9.7 (0.8, 
18.6) 

Food labelling 13.1 
(14) 

34.7 (42) <0.001 − 21.6 
(− 32.2, 
− 11.0) 

General 
cleanliness of 
premises and 
equipment 

68.2 
(73) 

43.0 (52) <0.001 25.2 (12.8, 
37.7) 

Small 
grocery 
(78/327) 

Food 
processing 
and handling 
procedures 

76.9 
(60) 

36.4 (119) <0.001 40.5 (29.8, 
51.2) 

Own controls 89.7 
(70) 

71.9 (235) 0.001 17.9 (9.6, 
26.2) 

Food 
traceability 

15.4 
(12) 

7.3 (24) 0.025 8.0 (− 0.4, 
16.5) 

Design and 
maintenance 
of premises 
and 
equipment 

97.4 
(76) 

86.5 (283) 0.006 10.9 (5.8, 
16.0) 

Food labelling 19.2 
(15) 

15.0 (49) 0.356 4.2 (− 5.3, 
13.8) 

General 
cleanliness of 
premises and 
equipment 

65.4 
(51) 

56.3 (184) 0.143 9.1 (− 2.7, 
21.0) 

Fish (51/ 
209) 

Food 
processing 
and handling 
procedures 

56.9 
(29) 

40.7 (85) 0.037 16.2 (1.1, 
31.3) 

Own controls 96.1 
(49) 

70.3 (147) <0.001 25.7 (17.6, 
33.9) 

Food 
traceability 

37.3 
(19) 

26.8 (56) 0.139 10.5 (− 4.1, 
25.0) 

Design and 
maintenance 

94.1 
(48) 

72.7 (152) 0.001 21.4 (12.5, 
30.2) 

(continued on next page) 
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4. Discussion 

This innovative study assesses the effectiveness of official control 
following the implementation of a digital environment to assist control 
officers in inspecting retail outlets in Barcelona city. Our study shows 
that the transition from a traditional to a digital inspection resulted in an 
increase in the detection of non-compliance. This led to an improvement 
in the effectiveness of official control. Our findings are consistent with 
the only case study described in the scientific literature that addresses 
the same issue (Zhe Jin & Lee, 2014). Compared to the available sci-
entific evidence, our research extends the assessment to also other types 
of retail outlet and inspection areas. In contrast to all the inspection 
areas studied, the area of food processing and handling procedures 
showed the highest increase in the detection of non-compliance using a 
digital environment. 

The benefits of using digital technologies to support official control 

are being evaluated (Grau-Noguer et al., 2023; Hunka et al., 2024; 
Kautto et al., 2023; Melkamu et al., 2024; OECD, 2023) and discussed at 
the international level (FAO/WHO, 2023). Although their use for remote 
meat inspection is not permitted in the EU under Regulation 2017/625 
(EU 2017/625), there are no legal restrictions on their use to assist 
control officers during on-site inspections. Advocating for the digital 
transformation of official control should be a priority for CAs, consid-
ering how the opportunities offered by digital technologies can suc-
cessfully address the limitations of traditional inspections to effectively 
achieve the goals of fairness, quality, consistency and effectiveness. Our 
research is timely as CAs are increasingly using digital technologies to 
carry out official control tasks (FAO, 2024b; Grau-Noguer et al., 2023). 
Nevertheless, given the scenario of a lack of scientific evidence and case 
studies on this issue, the findings of this study may influence and help 
policy makers in CAs to consider the implementation of digital tech-
nologies to support inspections and improve the delivery of official 
control. Furthermore, given the increasing number of outbreaks, human 
cases, hospitalisations and deaths associated with foodborne diseases in 
the EU (EFSA & ECDC, 2023), it is important to consider new methods to 
improve the effectiveness of official control and reduce the transmission 
and burden of foodborne diseases. 

In the EU, CAs using a digital environment during inspections indi-
cated that the main reason for using such an environment was to stan-
dardise the data recording process (Grau-Noguer et al., 2023). 
According to Kahneman et al. (2021), professional complex human 
judgement, as control officers do when assessing non-compliance during 
inspections, is contingent on the so-called ‘noise’. Noise is the unpre-
dictable and unwanted variability influencing consistency in 
decision-making. Even judgement from very skilled and trained pro-
fessionals suffers from unconsciously generated noise. Structuring a 
complex judgement into smaller judgements helps to minimise incon-
sistent assessment, in our case, between control officers, as well as being 
more sensible to detect non-compliances. Structuring is understood as 
the decomposition of the whole judgement into smaller parts with the 
objective of guiding the assessment and ensuring that each part is 
assessed independently of the others, and that the focus is on the smaller 
parts rather than the whole judgement (Kahneman et al., 2021). It is 
wise to highlight that non-compliance assessment is mostly based on 
qualitative judgement rather than quantitative, and the former is more 
likely to suffer from noise. In relation to this structuring, the Barcelona 
Public Health Agency has transitioned from an open procedure of 
assessing and documenting non-compliance to a standard procedure 
supported by a digital environment (Supplementary material A). This 
new procedure acts as a ’roadmap’ for officers during inspections, 
guiding them through rule-based instructions and reminding them of 
any non-compliance that may be detected. This change has led to an 
increase in the detection of non-compliance. In addition, the current 
digital inspection asks control officers to indicate whether a 
non-compliance has been detected or not. This requires them to assess 
all possible and detectable non-compliances during all risk-based plan-
ned inspections. 

When comparing the number of areas of inspection with non- 
compliance between the digital and traditional inspection, we 
observed the same trend in all retail outlets. This confirms that a 
structured inspection is more effective in detecting non-compliances. 
Following the same rationale, detection of non-compliance increased 
in all areas of inspection likewise. However, not all areas of inspection 
increased similarly. Compared to all areas of inspection, the area of food 
processing and handling procedures increased the most. We argue that 
the assessment of this inspection area is more complex than that of other 
areas (design and maintenance and general cleanliness of premises and 
equipment, food labelling, food traceability and own controls). In our 
opinion, the assessment of the former is more complex due to the 
knowledge required from the officers’ side at the moment of inspection 
of the law and food processing processes, as well as the number and 
variety of non-compliances that may be detectable. Compared to the 

Table 4 (continued ) 

Type of retail 
outlet (n 
digital 
inspections/ 
n traditional 
inspections) 

Area of 
inspection 

Proportion of 
detection of non- 
compliance (n) 

p- 
valuea 

Prevalence 
difference 
(95% CIb) 

Digital Traditional 

of premises 
and 
equipment 
Food labelling 21.6 

(11) 
48.8 (102) <0.001 − 27.2 

(− 40.4, 
− 14.1) 

General 
cleanliness of 
premises and 
equipment 

39.2 
(20) 

37.3 (78) 0.802 1.9 (− 13.0, 
16.8) 

Butcher (45/ 
496) 

Food 
processing 
and handling 
procedures 

66.7 
(30) 

49.4 (245) 0.027 17.3 (2.8, 
31.7) 

Own controls 93.3 
(42) 

79.6 (395) 0.026 13.7 (5.6, 
21.8) 

Food 
traceability 

24.4 
(11) 

6.3 (31) <0.001 18.2 (5.5, 
30.9) 

Design and 
maintenance 
of premises 
and 
equipment 

91.1 
(41) 

82.7 (410) 0.145 8.4 (− 0.5, 
17.4) 

Food labelling 60.0 
(27) 

47.8 (237) 0.116 12.2 (− 2.8, 
27.2) 

General 
cleanliness of 
premises and 
equipment 

31.1 
(14) 

38.5 (191) 0.327 − 7.4 
(− 21.6, 
6.8) 

Ice cream 
(18/48) 

Food 
processing 
and handling 
procedures 

83.3 
(15) 

43.8 (21) 0.004 39.6 (17.4, 
61.8) 

Own controls 88.9 
(16) 

81.3 (39) 0.458 7.6 (− 10.6, 
25.9) 

Food 
traceability 

27.8 
(5) 

2.1 (1) 0.001 25.7 (4.6, 
46.8) 

Design and 
maintenance 
of premises 
and 
equipment 

100.0 
(18) 

89.6 (43) 0.154 10.4 (1.8, 
19.1) 

Food labelling 33.3 
(6) 

4.2 (2) 0.001 29.2 (6.7, 
51.7) 

General 
cleanliness of 
premises and 
equipment 

66.7 
(12) 

33.3 (16) 0.015 33.3 (7.8, 
58.9)  

a The p-values were calculated with the Pearson’s chi-squared test. 
b CI, confidence interval. 
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traditional inspection, we attribute this increase to the structured 
compliance judgement provided by the digital inspection, which in-
volves listing all non-compliances that may be detectable, providing a 
brief description of their nature and forcing officers to indicate whether 
non-compliances have been detected or not through rule-based in-
structions. In that sense, officers are reminded of all non-compliances 
that may be detected and thus it enables a more in-depth, detailed and 
systematic compliance judgement and greater opportunities to detect 
more non-compliances. We argue that the assessment of non-compliance 
of food labelling, food traceability, own controls and design, mainte-
nance and general cleanliness of premises and equipment is more of a 
‘black and white’ answer compared to food processing and handling 
procedures, which require a more structured judgement to facilitate 
control officers the detection of non-compliance. 

The use of digital technology in support of professional workers 
enhances the quality of work and the ability to make more accurate 
decisions (Raisch & Krakowski, 2021). Just as digital technologies are 
being used in healthcare to support and improve medical diagnosis 
(Göndöcs & Dörfler, 2024; Hazarika, 2020), digital technologies can be 
used in official control to support control officers in better ’diagnosing’ 
FBO compliance. In this sense, the use of a digital environment to sup-
port compliance assessments improves the quality and detail of the 
assessment and increases the ability to detect non-compliance, and 
therefore, the effectiveness of food control. Additionally, as pointed out 
by Falzon et al. (2021), paper-based data recording at the abattoir level, 
compared against digital recording, is perceived as inadequate, lacking 
detail, and error-prone. 

The impact of consuming unsafe food on public health is well 
documented (EFSA & ECDC, 2023). However, the effect of official 
control on public health is scarce. Although there is limited scientific 
evidence, studies have shown that higher non-compliances observed 
during planned inspections in retail outlets is associated with outbreaks 
or incidences of infectious foodborne diseases (Firestone et al., 2020; 
Irwin et al., 1989; Kosola et al., 2023). Firestone et al. (2020) suggest 
that the use of aggregate inspection data could aid in foodborne illness 
surveillance and prevention strategies. Machine learning technology, for 
example, can be applied to inspection data to forecast future food safety 
adverse events (Deng et al., 2021; Wang et al., 2022) or providing early 
warning of such events (Geng et al., 2017). Machine learning could be 
also used to process data from websites, blogs, or social media, which 
could then be used by CAs to manage food safety issues (Mu et al., 2024). 
Grimaldi et al. (2021) found a positive correlation between inspection 
scores of restaurants and online-generated reviews from TripAdvisor in 
New York City (United States). Those findings suggest that data trian-
gulation could be a practical consideration for decision-making and 
prioritising official control tasks. Data mining and analysis for decision 
making would require the incorporation of new staff profiles related to 
data processing in CAs. In this sense, a case study by van der Voort et al. 
(2021) describes the use of data analysts by the Netherlands Food and 
Consumer Product Safety Authority to assist control officers in predict-
ing high-risk businesses. The authors of this study highlighted the 
importance of creating a mutual understanding of perspectives between 
control officers and data analysts. 

According to Falzon et al. (2021), the use of digital technology to 
record non-compliance can improve the detail of inspection documen-
tation compared to paper-based data recording. While this study does 
not address it, an increase in the effectiveness of official control in 
relation to a higher detection of non-compliance could also improve its 
influence on FBOs to correct the detected non-compliances. FBOs are 
more knowledgeable about the compliance status of their retail outlets 
and have a greater opportunity to rectify any non-compliances identified 
during inspections. Recording non-compliances in a digital format 
during inspections could facilitate the creation of a platform for 
communication between FBOs and CAs. This platform would enable the 
exchange and sharing of inspection-related information, as well as 
cooperation between them (Mu et al., 2024). 

This study shows that the use of a digital environment during in-
spections not only improves the effectiveness of official control but also 
serves as a prerequisite for collecting data in a standardised digital 
format for processing. Standardisation of the data collection process 
between control officers is essential to ensure quality official control 
data. Data quality encompasses various characteristics, including accu-
racy, timeliness, completeness, consistency or relevance (Miller, 1996; 
Strong et al., 1997). In this respect, data-driven decision making in law 
enforcement should rely on data collected through standardised pro-
cedures (Mu et al., 2024; Thakkar et al., 2023). This context could 
facilitate the implementation of a valid and consistent disclosure system 
for inspection results, as suggested by Kim et al. (2022). 

Our study found a notable rise in the detection of non-compliance in 
the inspection area of food processing and handling procedures after the 
implementation of the digital inspection in all the outlets included in the 
study. We attribute this increase to the heightened sensitivity of 
detecting non-compliance by structuring the judgement. Food contam-
ination leading to outbreaks can occur before, during and after pro-
cessing (Kase et al., 2017). However, during the processing, events such 
as cross-contamination, undercooking, insufficient physical protection, 
or long-term exposure to improper holding temperatures may occur and 
put the safety of the prepared food at risk (AL-Mamun et al., 2018). For 
example, Escherichia coli and Campylobacter outbreaks have been 
respectively linked to the consumption of undercooked or contaminated 
beef (Yahata et al., 2015), and poultry meat (Batz et al., 2012). On the 
other hand, high detection of non-compliances related to food process-
ing has been linked to an increased incidence of campylobacteriosis in 
specific geographical areas in Finland (Kosola et al., 2023). By reviewing 
food safety incidents and recalls between 2008 and 2018, Soon et al. 
(2020) found that the second cause of adverse incidents was 
cross-contamination. Furthermore, a quantitative risk assessment study 
conducted in the United States found that up to 84% of deaths from 
listeriosis associated with the consumption of turkey ham products were 
caused by cross-contamination with Listeria monocytogenes at the retail 
level (Pradhan et al., 2010), suggesting inadequate food handling 
practices by food business operators. In this relation, bad food-handling 
practices directly influence the safety of the processed food by 
increasing the likelihood of cross-contamination (Chen et al., 2024). 
Improving the effectiveness of detecting non-compliances related to 
food processing would enhance greater consumer health protection and 
could directly reduce adverse food safety events. 

The digital inspection led to an increase in the detection of non- 
compliance in own controls in all the retail outlets studied. In Spain, 
compliance on the correct implementation of own controls decreased 
from 84.2% to 49.3% between 2017 and 2021 (Spanish Agency for Food 
Safety and Nutrition, 2022). Contrary to the national trend, after 
implementing a digital inspection, the detection of non-compliances 
related to own controls has increased in Barcelona. The detail of the 
compliance assessment during the inspection provided by the structured 
digital environment helps to increase the detection of non-compliance. 

It is well proven that having food safety procedures based on Hazards 
and Critical Control Points (HACCP) principles in place is an effective 
instrument to reduce the transmission of diseases through food (Fortin 
et al., 2021; Milos et al., 2017). FBOs’ implementation of a HACCP 
self-control system may be contingent on a lack of knowledge, motiva-
tion and training (Radu et al., 2023). From industrial and retail levels, all 
food processing relies on permanent procedures based on HACCP prin-
ciples. The successful implementation of a HACCP self-control system by 
retail FBOs may be challenging and depend on staff knowledge, exper-
tise and turnover, cost, motivation or record keeping (EFSA BIOHAZ 
Panel, 2017; Radu et al., 2023). The aim of those procedures is to 
mitigate all potential health risks for consumers by identifying, pre-
venting, eliminating, reducing any food hazards at any stage of food 
production, processing and distribution of food (EC 852/2004). To 
demonstrate compliance with the law, FBOs must provide evidence of 
their implementation and maintenance through documentation of the 
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procedures and records. Given that retail outlets are usually owned by a 
single person, have little help in dealing with management issues or only 
serve local customers (Taylor, 2001), compared to the industrial sector, 
flexibility in the implementation of own controls is needed (EC 
852/2004). Therefore, retail establishments need to comply with a food 
safety system based on the provision of prerequisite programmes (EC 
2016/C 278/01), deemed sufficient to ensure food safety (EFSA BIOHAZ 
Panel, 2017). 

The effectiveness of detecting non-compliance related to the in-
spection area of food traceability has improved after implementing a 
digital environment for its assessment, compared to the traditional in-
spection. FBOs are responsible for identifying and documenting infor-
mation about food, or any substance intended for use in food, 
throughout the food chain (EC 852/2004). On the other hand, CAs are 
responsible for ensuring that FBOs have traceability systems in place to 
guarantee one step forward and one step back along the chain and to 
react to any potential risks as effectively as possible (EC 178/2002). 
Higher traceability standards improve trust and confidence among all 
actors involved in the food chain (Christopher & Lee, 2004; Razak et al., 
2023). Increased sensitivity in detecting non-compliance in this in-
spection area ensures an effective history of food traceability and in-
formation about its movement along the supply chain. In instances of 
foodborne disease outbreaks associated with untraceable products, 
there is limited capacity to timely respond to public health threats, 
conduct outbreak investigations, or promptly recall and withdraw sus-
picious food from the market. 

The effectiveness of detecting non-compliance related to the in-
spection area of design and maintenance of premises and equipment was 
increased through the use of a digital environment. Following the above- 
mentioned rationale for the previous two areas, the increased detection 
of non-compliance with the design and maintenance of premises and 
equipment is similar to the traditional inspection because the assessment 
of this inspection area relies on visual assessment. Nevertheless, having 
a more structured inspection tool helps in detecting more non-compliant 
situations. The design and maintenance of premises and equipment play 
a crucial role in food establishment premises. Either dimensions, ma-
terials, installation and accessibility or lack of maintenance are impor-
tant aspects of preserving the safety of the food processed (Ahuja, 2017). 
Unwell-designed premises and the installation of equipment may limit 
access to specific areas, and therefore, this would represent a problem to 
ensure cleanliness, maintenance or pest control (Holah, 2024). Poor 
hygienic design of processing equipment and premises is thought to 
contribute to persistent microbiological colonisation and 
cross-contamination (EFSA BIOHAZ Panel, 2024). The so-called har-
bourage sites (niches), the unhygienic design of equipment and premises 
or damaged materials, are risk factors for the growth of, for example, 
pathogens like Listeria monocytogenes (Carpentier & Cerf, 2011; Gil et al., 
2024) or Pseudomonas (Van Houdt & Michiels, 2010), linked also to the 
presence of other food-contaminant microorganisms such as Salmonella 
enteritidis (Zarei et al., 2023). 

The use of the new structured inspection procedure guiding control 
officers on what must be assessed during inspections regarding infor-
mation provided on food labels has increased compared to the tradi-
tional inspection, which leads to a higher effectiveness of official control 
and protection for consumers. We attribute the increase in the detection 
of non-compliance related to this inspection area to a greater detection 
particularly in those outlets where food is either packaged or repackaged 
and sold at the point of sale: butcher, bakery and ice cream outlets. For 
example, an assessment of ready-to-eat foods (deli meat products, 
cheese, pâté/foie and cured ham) sliced or cut into smaller portions and 
packaged at the point of sale to the final consumer in butcher outlets in 
Barcelona found that 49% of the samples did not carry a ’use by’ date 
(Catalan Food Safety Agency, 2022). A possible explanation for the 
lower detection of non-compliances in fish and fruit and vegetable 
outlets is that in those outlets, food is sold in bulk and is not packaged. In 
the EU, Regulation 1169/2011 (EU 1169/2011) establishes the 

mandatory information required for food labelling. This information 
includes, among others, the name of the food, the list of ingredients, 
including those causing allergies or intolerances, the date of minimum 
durability, the ‘use by’ date, or any special storage conditions. For 
example, a lack or unclarity of information about ingredients may put 
consumers at risk (Fiocchi et al., 2021; Gallo et al., 2020). At the EU 
level, according to the Rapid Alert System for Feed and Food, in 2022, 
the most recurrent non-compliances (35.2%) were related to labelling 
(European Commission, 2023). In Spain, non-compliances of labelling of 
ingredients causing allergies or intolerances are the most commonly 
detected (Spanish Agency for Food Safety and Nutrition, 2022). 

The implementation of the digital inspection has also resulted in an 
increase in the detection of non-compliance related to the general 
cleanliness of premises and equipment. Nevertheless, when considering 
outlet by outlet, a few exceptions were observed. Despite not aug-
menting the detection of non-compliance in two cases (bakeries and 
butchers), as it happens with the rest of the outlets, the effectiveness of 
the digital inspection is close to the traditional one. The similarity be-
tween the results of the traditional and digital inspections is attributed 
to the fact that cleanliness compliance is mainly assessed by visual 
observation. Inadequate cleanliness and sanitation of food processing 
environments can lead to microbiological contamination of food (De 
Oliveira Mota et al., 2021), evolving to a persistent presence at the same 
premises or equipment (EFSA BIOHAZ Panel, 2024). Environmental 
contamination of food processing facilities has been identified as the 
root cause of several foodborne outbreaks (Fernández-Martínez et al., 
2022; Lyytikäinen et al., 2000; Simmons & Wiedmann, 2018; Thomas 
et al., 2020; Zacharski et al., 2018). In Finland, regions with a higher 
incidence of salmonellosis and campylobacteriosis were found to be 
linked to low compliance with the cleanliness of facilities, surfaces, and 
equipment (Kosola et al., 2023). The most common non-compliances 
associated with a Salmonella outbreak in restaurants were 
non-compliances in cleaning and sanitation of surfaces (Firestone et al., 
2020). Given that Salmonella was identified in most foodborne outbreaks 
and that campylobacteriosis and salmonellosis were the two most 
commonly reported zoonotic diseases in humans in the EU in 2022 
(EFSA & ECDC, 2023), detecting non-compliances related to cleanliness 
could lead to the prompt identification and prediction of potential risk 
situations associated with the presence of Campylobacter and Salmonella. 

It is important to consider that visual assessments are limited to 
detecting persistent and long-term contamination of the food processing 
environments by pathogens able to create biofilms with public health 
implications (Bai et al., 2024). As observed by Kosola et al. (2023) in 
Finland, higher compliance was detected with cleanliness where the 
incidence of listeriosis was higher. An explanation for this could be that, 
since this microorganism is able to form biofilms (Colagiorgi et al., 
2017) and still having pathogenic capacity, its presence can be hidden in 
seemingly clean stainless-steel tables when visually assessing cleanliness 
(Bai et al., 2024). A study conducted in the retail sector of Northern 
Spain found a higher prevalence of Listeria monocytogenes in 
in-store-packaged deli meat products (8.5%) compared to manufacturer 
vacuum-packaged presentations (2.7%) (Garrido et al., 2009). The au-
thors of this study concluded that improved cleaning and disinfection 
procedures would mitigate the presence of this pathogen. 

Our study has a number of limitations. Firstly, the data on the digital 
inspection covers one year after the new inspection was mature and fully 
implemented for the establishments included in this research. In our 
view, the results presented here are preliminary and further research is 
needed to assess the extent to which the detection of non-compliance 
will follow the same trend in the coming years. Secondly, the detec-
tion of non-compliance is examined by grouping them into six inspection 
areas and counting the number of areas where non-compliance was 
detected, but not the total number of non-compliances detected per area, 
the nature of the non-compliances nor their severity. Although those 
aspects are important, we were forced to count either the detection or 
non-detection of non-compliances per inspection area because of the 
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way in which non-compliances were registered in the former database of 
the Barcelona Public Health Agency, which was used with the tradi-
tional inspection. Thirdly, our study only focuses on a single city and 
specific retail outlets. This fact limits the generalisability of the results. 
Nevertheless, as stated above, we consider our results to be a pre-
liminary investigation into the transition from traditional to digital in-
spections, which, given their novelty and contribution to the field of 
official control, deserve to be shared in order to stimulate research and 
enrich knowledge into the digital transformation of this field. Fourthly, 
compared to the traditional inspection, the digital one offers greater 
consistency between inspectors and authorities in assessing the 
compliance of FBOs. Nevertheless, we used officially reported inspection 
data, we suspect that the data from the traditional inspection may suffer 
from a degree of inconsistency due to the nature of the former 
inspection. 

5. Conclusions and future work 

Based on our study, we conclude that the use of digital technologies 
to assist control officers in carrying out on-site inspections has a positive 
effect on the detection of non-compliances during inspections in the city 
of Barcelona, contributing to an increase in the effectiveness of official 
control and thus to a higher level of consumer health protection. 
Although our research has limitations and it is not possible to draw 
general conclusions from the results, we believe that they do not ques-
tion the importance and novelty to the field of official control in the 
context of scarce evidence on the subject and a global and inevitable 
digital transformation. Furthermore, in our view, the use of digital 
technology does not in itself guarantee greater effectiveness. The extent 
to which the detection of non-compliance increases depends on the 
design and structure of the digital environment itself. 

Several local CAs in Catalonia (Spain) are currently adopting the 
digital inspection developed and employed by the Barcelona Public 
Health Agency. This uniformity in inspection procedures across different 
CAs could potentially reduce variability and allow for future research to 
compare their effectiveness. Using the same procedures will facilitate 
studying the consistency between CAs and conducting inter-calibration 
exercises and cross-inspections. Future research on the effects of using a 
digital environment in official control should focus not only on the 
number of non-compliances detected, their nature and severity, but also 
on their influence as risk factors for the detection (and prediction) of 
specific hazards in surveillance and outbreak investigation and their 
impact on the incidence of foodborne diseases. In addition, further 
research is also needed to address the limitations of our study and to 
assess the impact of the use of digital technologies on the effectiveness of 
official control in other geographical areas and sectors than retail, 
including industry and abattoir. According to Regulation 2017/625 (EU 
2017/625), CAs in the EU should ensure and verify the effectiveness of 
official control. For this reason, continuous research should be enhanced 
to assess the extent to which the results of our study are consistent and 
how they evolve over the years in the city of Barcelona. 

Cooperation, scientific research, and the exchange of good practices 
between CAs and academia in the field of official control are essential for 
discovering new mechanisms and methods to deal with the limitations of 
traditional inspection. This will increase the scientific foundation for 
implementing official control and aid in the efficient allocation of 
limited budgets and human resources by CAs, with the primary goal of 
achieving the greatest human health protection. 
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