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ARTICLE INFO ABSTRACT

Keywords: Remote meat inspection is currently not permitted under the European Union food control legislation.
Ante-mortem However, the environmental impact of travelling to and from abattoirs and increasing shortages of qualified
Attitudes

veterinary staff make remote controls a potential future scenario. This paper reports the results of a qualitative
study conducted with a sample of nineteen official veterinarians and food business operators in Sweden. We
investigated attitudes, perceived risks, and prerequisites for remote meat controls in semi-structured inter-
views.

Results indicate both positive attitudes towards remote meat inspection, and concerns related to technical
challenges, reliability and security of data transfer, and possibilities of manipulation of the remote system.
Respondents also noted both negative effects, such as physical hurdles for good control, and positive impacts
on animal welfare, such as shortened waiting times for slaughter. Considering the current regulatory frame-
work, only 21% of the respondents have had any prior experience with (pilot) remote meat inspections and
the additional 11% carried out remote inspections of Food Chain Information documents. Nevertheless, all par-
ticipants, including the majority without any prior experience in remote inspections, assumed that remote
inspections would be done via video streaming. The optimal setting for a remote meat inspection, according
to our respondents, seems to be a combination of cameras at fixed locations with body cameras worn by assist-
ing abattoir personnel. Overall, remote meat inspections are possible to introduce but not without significant

Food control
Post-mortem
Remote audit

legal and technical adaptations as well as definition of the conditions for this type of control flexibility.

Consistency and effectiveness of official controls are important fac-
tors along the whole food chain (European Parliament and the
European Council, 2017; FAO CAC/GL 82-2013, 2013). Tasks of com-
petent authorities include official controls of food business operators
(FBOs) with regard to activities, including the handling of animals,
equipment, means of transport, premises, and other places under their
control and their surroundings related documentation on animals and
goods at any stage of production, processing, distribution, and use.
Competent authorities also perform official controls on animals and
goods at any stage of production, processing, distribution, and use.

Official meat inspection (MI) is a mandatory key control procedure
which aims to assess if the meat is fit for human consumption in gen-
eral and to address a number of specific hazards, such as foodborne
pathogens or chemical contaminants (EFSA, 2012, 2013). A health
marking is applied as a mark on the carcass after the official MI attests
that the meat is fit for human consumption (European Parliament and
the European Council, 2017).
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MI at abattoirs consists of two parts. Livestock (domestic animals
and farmed game) presented for slaughter by the FBO must undergo
ante mortem inspection (AMI) before stunning, bleeding, and slaugh-
ter and, subsequently, post-mortem inspection (PMI) of carcass and
offal after slaughter. Although AMI is usually taken to represent the
examination immediately before slaughter, its full scope embraces
pre-slaughter handling and extends to the husbandry of the animal
on the farm (European Commission, 2019). The definition of AMI is
stated in the European Union (EU) Regulation 2017/625 (European
Parliament and the European Council, 2017) as the verification, prior
to slaughtering activities, of human and animal health and animal wel-
fare requirements, including, where appropriate, the clinical examina-
tion of each individual animal, and the verification of the food chain
information (European Parliament and the European Council, 2004).
The EU Regulation 2019/624 states that AMI is conducted at abattoirs;
however, derogations are in place for AMI in certain cases like in cases
of emergency slaughter of a limited number of domesticated animals
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per occasion or slaughter at the place of rearing of farmed game
(European Commission, 2019).

Both AMI and PMI are viewed as important measures to ensure con-
sistency in food safety, animal welfare, and animal health control, and
Official Veterinarians’ (OVs) role is considered crucial for a successful
MI (Luukkanen et al., 2015), particularly in fighting against emerging
and reemerging diseases such as bovine tuberculosis (Blaha, 2012;
Stark et al., 2014). Consequently, AMI of domesticated and farmed ani-
mals is strictly regulated as an activity done in person by OV while offi-
cial auxiliary (OA) can do some practical activities under the
supervision or responsibility of the OV (European Parliament and
the European Council, 2017). OVs are veterinarians recognised and
appointed by competent authorities, in Sweden by the Swedish Food
Agency (SFA). OAs in Sweden are not veterinarians but have practical
working experience in abattoirs. Their role is defined in the EU Regu-
lation 2017/625. OAs can perform some PMI tasks, but the results of
the inspection always remain the responsibility of OVs.

MI is performed according to protocols depending on the animal
types and type of rearing within the framework of the EU legislation.
Stark et al. (2014) highlighted a substantial lack of suitable and acces-
sible published data on the frequency of occurrence of many diseases
and conditions affecting food animals across the EU. In Sweden, MI is
regulated under the transposed EU Regulation 2019/624 (European
Commission, 2019). Currently, the need to provide OVs with more
detailed food chain information (FCI), as outlined in the EU
Regulation 853/2004 (2004), is considered a weak link in the MI pro-
cess. In particular, the need for a better data information system has
been pointed out by several scholars. Felin et al. (2016), for instance,
argued for the need to develop guidelines for uniform food chain infor-
mation reporting.

The COVID-19 pandemic sparked the debate on feasibility and cost-
effectiveness of remote audits in the food production sector. Remote
Visual Inspection (RVI) or Remote Digital Video Inspection (RDVI) is
a form of visualinspection which employs visual aids such
as video technology to allow an inspector to observe objects, materials,
and individuals from a distance (Mix, 2005). Remote audits have been
tested in several countries and showed promise, especially in combina-
tion with site visits (Deuss & Honey, 2023). Although the use of digital
aids has rarely been considered in MI literature to date, some scholars
have tested video technology to advance or improve MI procedures.
Almgqvist et al. (2021) investigated the reliability of remote PMI of pigs
using augmented-reality live-stream video software and concluded
that remote PMI appears to constitute a viable alternative for on-site
PMI of pigs, given a sufficiently standardised method of PMI and suf-
ficient inspection times. Kautto and Comin (2023) reported the results
of a pilot study comparing remote and on-site AMI. An overall agree-
ment of 99.1% between both types of control was recorded. The total
number of inspected animals was 1177, with the total number of non-
compliance cases at 1.8%. Interestingly, remote OVs reported more
non-compliance incidents than on-site OVs.

The uptake of Remote Inspection techniques outside the food pro-
duction sector has dramatically increased over the last few years.
Remote inspections are conducted in nuclear energy facilities
(Kershaw et al., 2013), within the construction sector as structural sur-
veys of inaccessible structures (Ribeiro et al., 2020) and in the mar-
itime sector (Alexandropoulou et al., 2021). Remote audits have also
been tested in the agricultural sector to tackle challenges of traditional
auditing of agricultural commodities, including lack of human
resources (Mahmud et al., 2023).

However, some epistemic uncertainty exists around possibilities
and willingness to conduct AMI and PMI remotely (Almqvist et al.,
2021; Deuss & Honey, 2023). The uncertainty around adoption of
new technologies can usually be addressed and — to a certain extent
— reduced with reliability analyses (Breneman et al., 2022;
Michelsen, 1998). However, the prevalence of both animals not fit
for slaughter and carcasses with non-compliant findings is generally
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low in Sweden (Almgvist et al., 2021, Kautto & Comin, 2023), indicat-
ing a good state of the population of production animals. At the same
time, a larger sample is needed to assess reliability with a standard set
of epidemiological methods. Moreover, it has been repeatedly demon-
strated in psychological studies that people often associate new meth-
ods with high risk and in turn, results often in uncertainty avoidance
and a tendency to rely on business-as-usual solutions (De Meulenaer
et al., 2018; Eiser et al., 2002; Satterfield et al., 2009).

The need to produce food and audit the food chain under the
restrictions of the COVID-19 pandemic started the debate about
remote food audits at the international level, opening up potential ave-
nues for lowering the environmental and economic impact of audit-
related travels (Deuss & Honey, 2023). The implementation of remote
MI measures, both in AMI of animals prior to slaughter, and PMI of
carcasses and offal has also garnered interest of SFA. Since 2018,
SFA has strived for evidence for the possibility to create a new model
for remote meat inspection flexibility in EU legislation (Kautto, 2022).

The purpose of this study is to systematically investigate attitudes,
expectations, and prerequisites to implement remote control methods
in AMI and PMI at low-capacity abattoirs and game-handling establish-
ments. These small establishments, due to their often-remote locations
and relatively low output, have been identified as suitable venues for
tests and implementation of remote inspections (Kautto & Comin,
2023). This flexibility could mitigate the environmental effects of tra-
vel to and from establishments, improve cost-effectiveness, and ensure
consistency of MI against shortages of qualified veterinary staff.

Given that remote MI in slaughter and game handling is not
accepted under the EU legislation concerning official meat control
(European Parliament and the European Council, 2017), studies in this
area remain scarce. This paper aims to address this knowledge gap
with a systematic study of the following areas:

1. Attitudes of OVs and abattoir management towards remote
controls;

2. Perceived risks of and prerequisites for implementing remote AMI
and PMI among the aforementioned groups;

3. Perceived impact of remote controls on four aspects:
a. animal welfare
b. environmental impact
c. work efficiency
d. quality of controls.

Materials and Methods

This paper reports the findings of the first, standalone study of a
two-part mixed-method project. The study utilises an in-depth, qualita-
tive analysis of the above-mentioned aspects based on semi-structured
interviews. The second part, planned for 2023 is a quantitative, dis-
crete choice experiment which would allow us to evaluate different
possible scenarios for remote inspections.

Theoretical underpinning. In this paper, we deliberately decided
to apply a theoretical framework that originates in business innovation
research to construct the interview questions, namely the Value Propo-
sition Canvas coined by Osterwalder et al. (2015). The reason for this
is two-fold. First, the classic technology acceptance research (Davis
et al., 1989; Goodhue & Thompson, 1995; Rogers, 1976) rests on the
assumptions that users are free to choose the technology and that
the adoption rate remains correlated with features of the technology
in question, individual user’s characteristics, or both. However, OV
users are not free to choose in the setting at hand; all MI procedures
are regulated by legal frameworks, and any use of remote controls is
currently not permitted, hence not available to users. Therefore, a ser-
vice design approach seems more applicable than any type of technol-
ogy adoption analysis.

The Value Proposition Canvas framework has been extensively
used in research focused on designing new services and products, for
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instance in transport (Meng et al., 2020), agriculture (Pokorna et al.,
2015), and online service platforms (Belleflamme & Neysen, 2021).
The canvas was designed as a tool for enterprises in the development
of products and services focused on customers’ needs and values. As
such, the user of a service/technology is described as the “customer”.
The canvas comprises two parts — Customer Profile and Value Proposi-
tion. The first part, the profile, is simplified into three areas: (1) cus-
tomer jobs describe the tasks the customer must complete; (2)
customer pains describe any adverse outcomes, risks, and obstacles
in customer jobs, and (3) gains describe positive outcomes and con-
crete benefits the customer seeks. The Value Proposition part describes
the so-called “gain creators” and “pain relievers” that address the rel-
evant needs identified in the first step. A schematic view of the Value
Proposition Canvas is presented in Figure 1. In this paper, we
employed the canvas to design interview questions (see Appendix
A), which were subsequently reviewed for relevance by two OVs active
in ML

Selection of participants. In March 2022, the SFA compiled a list
of OVs who were routinely conducting both AMI and PMI in abattoirs
and game-handling establishments, and who expressed interest in tak-
ing part in in-depth, semi-structured interviews. The list had contact
details of 51 OVs at different locations and positions within the organ-
isation, including managers at all levels. Subsequently, the research
team (independent of SFA) employed a purposive sampling procedure
(Marshall, 1996) and followed the key informants’ approach. The team
sampled prospective participants from the aforementioned list ensur-
ing that a variety of locations (North, Middle, and South of Sweden),
positions (OVs and managers at all levels), types of establishments
OVs were typically working with (small-, medium- and large abattoirs
and game-handling establishments), background variables, and place
the OVs attained their professional education (Sweden, Europe, other
countries) were represented. The interviewing team chose OVs with
predefined characteristics from the contact list and invited them via
email, describing shortly the project and ensuring that the interviews
would be conducted during their worktime, but independently of SFA.
If a person declined the invitation, the next person meeting the prede-
fined criteria was contacted. This resulted in 24 interview invitations
sent and 14 OVs interviewed. In Sweden, there are approximately
180 OVs working with MI and a further 20 working in the manage-
ment and supervision of official controls. Thus, the interviewed sample

Gain Creators: Describe
how the selected product(s)
/ service(s) generate

This is the list of customer gains.
Products & Services

that the Value
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comprised 7% of the total population of Swedish OVs (SOU, 2022:58,
2022).

Subsequently, in November 2022, SFA compiled a list of abattoirs
following a predefined set of criteria, namely: low-capacity (less than
1001 livestock units per year) or medium-capacity (1001-10,000 live-
stock units/year) (European Commission, 2019), from different parts
of the country, and slaughtering both domestic animals, reindeer (clas-
sified as farmed game), and/or handling of wild game. Following the
same sampling procedure, the research team contacted eight enter-
prises. Interviews with the FBO group were conducted in February
until March 2023, by the same interviewing team. Five establishments
responded positively and participated. There are approx. 170 abattoirs
and game-handling establishments in Sweden that fulfil the low-
capacity criteria, resulting in the sample size of 3% of the total number
of abattoirs.

Although the sample size negatively affects the possibility to main-
tain the full anonymity of participants, we followed the same inter-
viewing procedure, ensuring that the interviews were anonymised
and only accessible by the research team not affiliated with SFA.
Table 1 presents a more detailed overview of participants (group, loca-
tion, and type of responsibilities).

Data collection procedure. All interviews were conducted by the
same research team online (via Microsoft Teams) and recorded, and
transcribed verbatim with the participants’ permission. Informed con-
sent, including consent for recording, was obtained verbally. Partici-
pants were also informed that the recordings and transcripts of the
interviews would be only accessed by researchers not affiliated with
SFA and that their responses would be further aggregated and fully
anonymised.

In total, 19 semi-structured interviews were conducted. They com-
prised four open themes with sub-questions (Appendix A). The themes
were identical for both groups (OVs and representatives of abattoirs)
and only modified to the extent that reflected the participant’s role
(e.g., “you” was replaced with “your company”). An overarching sub-
ject of our study were the general procedures of AMI and PMI and the
possibility for conducting these controls remotely. Therefore, the inter-
views were centred on AMI and PMI strengths and weaknesses, exist-
ing procedures and routines, possibilities to implement innovative
solutions in daily work, and separately, a discussion on remote work
in general and on remote controls.

Gains: Describe the outcome
the customers wants to
attain and the concrete
benefits they are after.

Customer Job(s):
Describe what

customers, in their own
words, are trying to get

Proposition is based on. — >

LY

Pain Relievers: Describe how
the selected product(s) /

service(s) alleviate customer
E pain.
@
Value Map

done in their work and
in their life.

Pains: Describe
unfavourable outcomes,
risks and hindrances
related to customer jobs.

Customer Profile

Figure 1. The value proposition canvas (Source: Osterwalder et al. (2015)).
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Table 1
Overview of the study participants N = 19
North Middle South
oV 3 4 3
Manager with MI experience and/or responsibilities 2 1 1
FBO 2 1 2
Total participants 7 6 6

Overview of participants (N = 19).

Data analysis. Recorded interviews were automatically tran-
scribed through Microsoft Teams set to Swedish. In the next step,
the interviews were first anonymised: all identifying information was
removed leaving only the participant number corresponding to a sep-
arately stored spreadsheet with attribute codes (Saldafia, 2021) on
location, position, background, and type of establishment the respon-
dents typically worked with/in. At this stage, automatic transcripts
were also corrected for spelling errors. Two sets of interviews were
analysed separately; moreover, each participant was studied as a sep-
arate case. First, two coders worked separately, then together using
in vivo coding to identify main motifs (themes) in the interviews
(Strauss & Corbin, 1994), first by identifying and coding repeating
phrases and subsequently by grouping them into recurring themes
(Kvale & Brinkmann, 2009). Additionally, the coders counted the fre-
quency of keywords for various groups of respondents employing mag-
nitude coding (Saldana, 2021). The two interviewed groups are
subsequently referred to as the OV group (OVs responsible for MI)
and the FBO group (representatives, owners, or management of
abattoirs).

Results and discussion

General overview and themes. Tables 2 and 3 present the fre-
quency of themes categorised by researchers coding the interviews.
The themes are reported to demonstrate that both groups from differ-
ent parts of Sweden mentioned similar concerns, opportunities, and
challenges related to AMI and PML

Interestingly, the interviewers have not, at any point during the
interview, suggested or mentioned any type of technological solution
that could potentially be employed for remote inspections. At the same
time, all respondents assumed that remote inspections would be done
by live video transmission (streaming) via the internet and all key-
words coded by the researchers as “design cues” pertained to organi-
sation of streaming services.

Out of 19 respondents, all had prior experience with online video
and sound streaming technologies at work, e.g., meetings via Microsoft
Teams or Zoom, and only one FBO respondent rarely took part in
online meetings. On the other hand, only four respondents (all FBO)
had any prior experience with remote meat inspection, while two
OVs conducted remote inspection of FCI documents during the
COVID-19 pandemic. This prior experience with (pilot) remote inspec-
tions was one of the main differences between FBO and OV partici-
pants. The frequency of the same keywords used in both groups was
similar which is demonstrated in Tables 2 and 3. However, given the
roles and responsibilities of FBO and OV, similar topics were often
approached from different angles. These differences are further elabo-
rated in the discussion of each theme below.

We also calculated the number of times the respondents were refer-
ring to themselves (I-statements) and the number of “we-statements”
indicating that respondents were identifying with their stakeholder
group or their workplace. This calculation can indicate that all respon-
dents were answering the questions mainly from their own
perspective.

Figure 2 outlines the general overview of both stages of MI. The fig-
ure shows the optimal inspection flow as described by respondents
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from both groups. Respondents also identified stages during standard
MIs when potential issues were most likely to occur. The stages in Fig-
ure 2 were also indicated as key points when remote technology could
be applied. Below, we describe subsequent steps of an optimal MI
including how-according to our respondents — remote technologies
could potentially affect each step.

Ante mortem inspection. All participants from both groups men-
tioned that whereas unloading of animals is key in observing the ani-
mals’ behaviour and unrestricted movement, it was seldom possible for
the OV to be present, due mainly to long travelling distances, shortages
of staff, and in some specific cases such as farmed game slaughter
(reindeer), difficulties in predicting with a sufficient time margin
when a transport of animals would arrive at an abattoir. At this stage
of MI, remote controls were unanimously identified as having a posi-
tive impact on the process as the presence of an OV at the point of
unloading could be ensured by the streaming technology.

The AMI inspection that occurs once the animals have been moved
into the pens or lairage has also been described in detail. Participating
OVs mentioned that existing conditions could affect their work. The
most mentioned concern voiced by the majority was that lighting con-
ditions could potentially negatively affect the quality of video stream-
ing. Additionally, in some abattoirs, inadequate space and possible
coverage of the pens could prevent observing the animals from all
sides. Time pressure was mentioned as another major obstacle that
could be additionally exacerbated in remote inspections. Ten out of
fourteen participating OVs mentioned relying on their own “creative
solutions”, such as wearing headlamps, using torchlights, or jumping
fences and walls to adapt to existing conditions. This occurs despite
the EU legislation quite clearly demanding suitable working conditions
for both AMI and PMI.

Assistance of the abattoir staff in conducting AMI was identified as
another issue that could affect remote AMI. Responding OVs again
mentioned time pressure, insufficient assistance, and communication
problems, especially language barriers as abattoir personnel are often
seasonal workers that come from outside of Sweden. There were con-
cerns that communication issues could be anew exacerbated in remote
AMI with misheard instructions or information not relayed correctly.
At the same time, one FBO participant mentioned that remote controls
could be challenging due to staff shortages, as extra personnel would
be necessary to handle the animals and ensure the video transmission
worked correctly. However, both OV and FBO groups mentioned
potential positive effects on the animals with less stress related to
interacting with strangers and more available space during a remote
AMI especially in places where pens are already small.

Post mortem inspection. Another major issue identified by partic-
ipants working in larger abattoirs was the slaughter line speed. Several
of the respondents in the FBO group have worked remotely with
inspections (not AMI or PMI), and there was a concern among them
that remote controls will not be able to keep up with the current pro-
duction speed, which would need to be adapted to video streaming.
Neither OVs nor FBO respondents working in small- and medium-
sized abattoirs were concerned about this potential problem, given
that the output of low-capacity abattoirs is significantly lower than
of the large ones. OVs working in some abattoirs mentioned even
issues related to accessing tools, such as sterilised sharp knives and
amenities. The availability and readiness of such tools would have to
be ensured by the on-site technical support assisting remote PMI.
The SFA’s model for the flexibility for remote AMI and PMI is aimed
to be used only in certain conditions, in low-capacity abattoirs and
game-handling establishments (Kautto, 2022) when PMI is conducted
at the end of the slaughter line or in the chilling rooms.

Attitudes towards remote meat inspection. Overall, expressed
attitudes towards remote MI both among OVs and the FBO group were
fairly positive. Notably, OVs were more cautious and while in general
positive, they also voiced more concerns over remote MI than FBOs.
There was also a difference between OVs working in managerial roles
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Table 2
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Frequency of keywords in all interviews with the OV group. N = 14; respondents were divided into three subgroups, depending on their workplace (North; Middle
Sweden; South). A researcher worked on highlighting and counting the codes (in vivo coding) in structured, anonymised list of all interviews. The second column
shows the frequency of keywords for the whole group (N = 14) in descending order (from the most to the least detected, except for the I- and we-statements).
Participants were grouped according to their control areas and not the type of establishment they work with as most OVs we interviewed has worked with more than

one type of establishment and more than one animal group

Total North (n = 5) Middle (n = 5) South (n = 4)
(Sweden)

Category (subtheme) Keywords Keywords Keyword % Keywords Keyword % Keywords Keyword % Example codes

Routines and regulations 725 235 10.4% 274 14.3% 216 7.7% control, inspection, legal framework,
regulations, legal requirement

Work conditions 511 242 10.7% 144 7.5% 125 4.5% light, dark, low light, box space, work
conditions

Abattoir 500 186 8.3% 121 6.3% 193 6.9% Abattoir, slaughter, company

Design cues 427 147 6.5% 125 6.5% 155 5.5% camera, digital, tracing, internet
connection, secure, film

Animal welfare and health 321 86 3.8% 107 5.6% 128 4.6% welfare, illness, hooves, cleanliness,
parasites

Negative aspects 287 88 3.9% 128 6.7% 71 2.5% cheating, risk, challenge, problem,
abuse

Travel (work-related travel) 194 80 3.5% 49 2.6% 65 2.3% car, travel, work travel, mileage

Teamwork 180 72 3.2% 38 2.0% 70 2.5% Manager, colleague, team, together

Organization 171 75 3.3% 59 3.1% 37 1.3% SFA (Livsmedelsverket), County
Administrative Board (Ldnsstyrelsen),
governmental organisation

Remote work 136 43 1.9% 44 2.3% 49 1.7% Teams, remote work, working from
home

Quality 97 32 1.4% 41 2.1% 24 0.9% quality

Recruitment and workforce 68 19 0.8% 15 0.8% 34 1.2% staff shortage, recruitment, district vet

Consumers 53 24 1.1% 5 0.3% 24 0.9% consumer protection, shop, restaurant,
consumer

I-statements 1848 530 23.5% 634 33.0% 684 24.4% number of times “I” was used in a
sentence

We-statements 1034 311 13.8% 263 13.7% 460 16.4% number of times “we” was used in a
sentence

Total tokens 69743 22536 100% 19202 100% 28005 100%

at different levels in the competent authority and OVs working only
with AMI and PMI. The first group was more focused on the potential
positive impact on daily issues the managers face, such as recruitment
problems and lack of skilled OVs. The latter group was less uniformly
positive with the general attitudes being more varied; some respon-
dents were positive, but the majority remained cautions and men-
tioned existing issues, especially related to work conditions, as
described in Figure 2.

Perceived risks of and prerequisites for implementing remote
AMI and PMI. It was somewhat challenging to divide the responses
provided by our participants into separate categories of perceived risks
and prerequisites for implementing remote MI. Respondents often
voiced concerns about potential risks associated with remote MI and
at the same time described necessary features of the system that would
mitigate the risk. Therefore, responses were categorised into four
broad themes described in detail below.

Technical risks and features of a remote inspection system. The
majority of interviewed OVs quoted existing physical challenges, such
as poor lighting conditions and limited space as the main technical
risks for conducting remote MI; there were concerns that external con-
ditions that could potentially obstruct AMI and PMI would be exacer-
bated in remote MI. The second technology-related concern pertained
to the sense of smell and touch. OVs working with all species, but espe-
cially pigs, mentioned the importance of smell and palpation, both in
AMI and PMI. The risk that those types of information would be lost or
impossible to relay via video streaming was mentioned by 10 out of 14
interviewed OVs.

Risks related to poor connectivity and unstable internet transmis-
sion were the third most mentioned technological challenges. Interest-
ingly, none of the OVs we interviewed has ever conducted a remote
ML However, 4 out of 5 FBOs, either took part in pilot trials of remote
AMI or PMI (one respondent), or conducted other types of remote con-

trols during the COVID-19 pandemic, for instance a remote audit of the
premises. All participants with practical experience of remote MI
stressed that it was necessary to ensure a stable internet connection
both inside and outside the abattoir, and that the mobile internet net-
work coverage had been insufficient inside the buildings prior to the
pilot trials. During the remote trials, internal Wi-Fi systems with new
routers were installed at the slaughter line, chilling rooms, and lairage
area in some abattoirs. Given that remote MI could possibly replace MI
on-site in well-defined conditions in sparsely populated and remote
areas, a fast and reliable internet or good enough (5G) mobile net con-
nection is an indispensable part of the technology supporting remote
MI. The final technology-related challenge mentioned by the respon-
dents was the quality of video and sound transmission. The main risk
mentioned by the participating OVs in this area was colour reproduc-
tion. According to the responding OVs, sometimes subtle colour nuan-
ces can play a crucial role in PMI, therefore, both software and
hardware used for remote MI must be able to accurately relay colours.
In these cases, there is a legal support for the OV to travel to the site in
order to be able to take a suitable MI decision for possible health mark-
ing (European Commission, 2019).

Security and safety of the technical solutions. There were sev-
eral types of risks mentioned by respondents in both groups pertaining
to digital security and safety, namely: access concerns, possible inter-
ruptions in video transmission, and the risk of manipulating the
system.

Access rights and concerns over unauthorised access to stored data
have taken centre stage in the increasingly digital communication
worldwide and affect any type of remote work equally, including pos-
sible remote MI. Only 2 out of 14 participating OVs voiced concerns
over data access and storage. Assuming that remote MI would be con-
ducted by means of an existing video streaming technology, the data
would be indeed handled and stored by a third party.
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Table 3
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Frequency of keywords in interviews with the FBO group, N = 5. A researcher worked on highlighting and counting the keywords (codes) in structured, anonymised
list of all interviews. The second column shows the frequency of keywords for the whole group (N = 5) in descending order (from the most to the least detected, except

for the I- and we-statements)

Managers/owners of abattoirs or

game establishments, whole Sweden

(n =5)
Category (subtheme) Keywords Keyword % Example codes
Industry and processes 262 10.6% abattoir, slaughter, company, production line, meat processing
Routines 254 10.3% control, inspection, legal framework, regulations, legal requirement
Design cues 171 6.9% camera, digital, tracing, internet connection, secure, film
Negative aspects 130 5.3% cheating, risk, challenge, problem, abuse
Organisation 122 4.9% SFA, County Administration, governmental organisation
Animal welfare 82 3.3% welfare, illness, hooves, cleanliness, parasites
Animals (in general) 81 3.3% species, behaviour, etc.
Remote work 73 2.9% Teams, remote work, working from home
Travel and transport 70 2.8% car, travel, work travel, mileage
Work conditions (health and safety) 37 1.5% light, dark, low light, box space, work conditions
Optimisation 32 1.3% optimisation, planning, prioritising, weekly schedules, planned work
Positive aspects 31 1.3% positive, hopeful, positive aspects
Quality 30 1.2% quality
Consumers 18 0.7% consumer protection, shop, restaurant, consumer
Teamwork 15 0.6% Manager, colleague, team, together
Recruitment/workforce/personnel 10 0.4% staff shortage, personnel, shortage of vets
I-statements 585 23.7% number of times “I” was used in a sentence
We-statements 470 19.0% number of times “we” was used in a sentence
Total tokens 2473 100%
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Figure 2. Ante-mortem and post-mortem inspection workflow. Orange rectangles list the most common issues that can occur during the control. Source: authors.

Another concern, voiced by 6 of the interviewed OVs, was the pos-
sibility of manipulating the system, e.g., modifying the transmission
for a certain desired outcome, or deliberately showing some elements
during the control process while obscuring other, undesirable aspects.
Participating OVs stressed repeatedly that there needed to be a possi-
bility to relay requests to assisting personnel in such a way that the
requests were relayed correctly and resulted in appropriate action,
e.g., showing an animal from a different angle, or showing close-ups
of certain parts such as hooves. Several participants from both groups
suggested the need for a digital solution, such as a time stamp of the
live video streaming and a digital health-mark for meat validated as
safe for human consumption. The techniques available for time stamps
already exist. Health marking stamps must be under OVs’ control all
the time. Today, it is not a practical problem because OVs are on-
site. In remote PMI, a possible technical solution would be a lockbox
for the official stamp that can be operated remotely.

Possible interruptions that can occur during remote MI due to
unstable internet connection were mentioned by participants from
both groups as a risk that could cause information loss, misunderstand-
ings or, in the worst-case scenario, an event that would invalidate the
interrupted remote MI. One respondent from the FBO group who had
had hands-on experiences with remote MI pilots recalled replacing the
network infrastructure in and around the abattoir to prevent connec-
tivity issues.

Design cues and principles. Our respondents offered various
opinions on how the system of remote MI could be organised, and even
though the majority had no prior experience with remote MI, all par-
ticipants suggested solutions, design cues, and the so-called design
principles (Fu et al., 2016).

Respondents were unanimous that a remote MI would require cam-
eras. There was, however, no agreement on how the cameras should be
located. 3 out of 19 participants suggested a combination of fixed
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Table 4
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Potential impact of remote meat inspection in four predefined areas: animal welfare, environment, work efficiency, quality of meat inspection

Predefined areas

Potential impacts

Negative Uncertain

Positive

Animal Welfare

Environment
Work Efficiency

Quality of Control

None o Less control over the inspection when OV is not

physically present

None None
e Can take longer in practice
e Inability to employ more senses (smell & touch)
e Standardised input
e Missing injured animals & risk of disease spreading None

o Less stressful for the animals

e Shorter time spent in transport
and/or abattoir

o Less time spent driving

o Less enjoyment and/or satisfaction from work  None
o Digi-physical interaction’

None

e Meat quality (risk of incorrectly classifying meat unfit for
human consumption)
e Less mindful of surroundings

1 Digi-physical interaction assumes a combination of digital and physical contact or, alternatively, defines experiences/occurrences that materialize as results of

interaction between digital tools (such as online meetings) and physical events.

cameras, in the form of close-circuit television (CCTV) or surveillance
in addition to hand-held devices. The most mentioned location for a
fixed camera was at the point of unloading the incoming animals from
transport vehicles. The most popular option mentioned by OVs was
hand-held devices. However, some participants suggested body cam-
eras — head- or hand-mounted, leaving the hands of the person stream-
ing the video free to move the inspected animals or manoeuvre
obstacles. However, respondents with prior experience of remote MI
who acted as the party reviewing the video stream, reported problems
with motion sickness occurring when the camera moved too fast or in
unpredictable directions. On the other hand, one of the FBO respon-
dents who took part in pilot remote MI as the filming party, advocated
strongly against hand-held devices. The respondent, working in a low-
capacity facility, reported that using a hand-held camera required
more than one person to assist in the MI, which could be difficult
due to staff shortages. It can be concluded that a combination of fixed
cameras, body cameras with a very detailed protocol outlining the
steps of remote MI and its minimum duration could possibly address
both issues with staff availability and motion sickness at the same
time.

Another vital point most participants mentioned was that the
remote MI system needed to be designed for transparency, to ensure
trust is built and maintained between participants. It should be clear
from the start how the data are streamed, used, and stored. There
should also be risk-mitigation measures in place, transparent for all
stakeholders that address a variety of critical situations, such as trans-
mission issues, connectivity problems, or communication problems.
Two FBO participants who took part in pilot remote MI project men-
tioned mutual trust between parties carrying the MI that allowed both
sides to react quickly and adapt to changing situations. Trust in the sys-
tem could be also built and maintained by clear instructions on the one
hand, and clear expectations on the other. Respondents mentioned
that it was important to fully understand what a system of remote
MIs could do, including its possible limitations, and how well it could
perform.

Another feature, described by most respondents through many
examples of their daily work, was efficient dismissal or correction of
incoming information, and focus on contextually relevant information.
In practice, the participants mentioned examples such as location of
fixed cameras in places where MI typically takes place, ability to ask
the operating personnel to move animals, zoom in on parts such as
hooves, or ensuring that instructions are followed. All these concerns
address the known condition of asymmetric information flow which
contributes to increased perceived risk among FBOs and can nega-
tively affect the meat value chain.

Financing of remote meat controls. It was not clear for the par-
ticipants who would finance the equipment needed for remote MI

and some voiced concerns that a blanket solution would be needed
to ensure timely and standardised introduction of remote MI. Some
OVs at the managerial level mentioned that a cost-benefit analysis
needs to be conducted prior to introducing any new technological
solutions. Two out of five participants from the FBO group mentioned
possible financial impacts of remote MI and the need to reorganise
work. The impact mentioned could be both positive, with faster turn-
over (animals would not need to wait for OVs or stay overnight) and
negative, with the slaughter line speed adapted to remote MI. One par-
ticipant from the FBO group mentioned that whereas his organisation
could stand for the cost of equipment, it was expected that SFA would
provide and finance personnel training to ensure that remote inspec-
tions are conducted in a uniform way. The costs of the official control
in meat value chain are an important factor affecting consumer prices.
The model in the SFA study considers low-cost alternatives as mobile
phones and existing internet or mobile networks as well as personal
computers already used in the official MI.

Perceived impact of remote controls. Respondents were asked to
describe the perceived impacts of remote controls in four predefined
areas outlined below. Overall, we received nuanced responses, with
both positive and negative impacts reported. The results are sum-
marised in Table 4 and elaborated below.

Animal welfare. The respondents mentioned both positive and
negative impacts on animal welfare. The positive impacts mentioned
by the FBO group were related to the possibly shortened waiting times.
Participants mentioned that animals sometimes had to wait overnight
in the stables for the OV which affected their welfare. The reindeer
abattoir representative mentioned that they often dealt with young
reindeer calves separated from their family group and facing signifi-
cant stress. A report from SFA (Livsmedelsverket, 2010) mentioned
that on average 44% of pigs and over 60% of sheep have to spend
the night in the abattoir, being exposed to possible stress from mixing
with animals from other herds and staying in an unknown environ-
ment. Another participant from the FBO group mentioned that remote
MI would require reduced speed of slaughter lines. However, this
aspect is not relevant in remote MI because only low-capacity abattoirs
and game-handling establishments are to be considered for this
flexibility.

Negative effects on animal welfare were also reported and over-
whelmingly attributed to a lack of control over the process when an
OV is not present. Some OVs mentioned already existing welfare con-
cerns and breaches and they felt that limiting the OVs physical pres-
ence at the abattoirs would worsen the situation. Anyhow, the
ultimate responsibility for the animal welfare is always on the FBO,
not on official control. Another concern was related to handling of pos-
sible crisis situations: OVs were concerned that in case they noticed
animal welfare problems during a remote MI, it would be difficult to
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effectively address the issue. In these cases, there is a legal right for the
OV to stop the slaughter and drive to the abattoir for further control
(European Parliament and the European Council, 2017).

Environmental impact. The interviewees overall expressed con-
sensus on the potential positive impact on the environment. This is
particularly due to the significant reduction in work travels and
travel-related emissions of greenhouse gases. This was especially rele-
vant for long travels to reach remote sites.

However, some OVs were somewhat unsure about the potential
positive impact on the environment. Indeed, they reckoned that fre-
quent travelling would still be needed, as they believed that remote
MI would never be able to fully replace on-site MI. This is supported
by the fact that, the goal for the remote MI flexibility is to give a
new technical option for the meat control not to replace on-site visits
in total.

Work efficiency. Many participants agreed that work efficiency
would be positively affected; however, this was also the area where
participants were unsure about the long-term effects. The main men-
tioned impact was the reduced need to travel. At the same time, since
none of the interviewed OVs conducted remote MI, it was challenging
for the respondents to imagine how their daily work would be
affected. The FBO group mentioned positive effects — reduced waiting
time for the OV arrival, guaranteed presence of the OVs via remote
link, but also possible longer duration of remote MI compared to tra-
ditional MI, due to reduced speed of slaughter line. However, in many
low-capacity abattoirs, the PMI takes place just before carcasses enter
the chilling room and remote PMI should not directly affect the slaugh-
ter speed.

Quality of controls. The attitude of the respondents in terms of
quality of controls spanned between negative to uncertain. It is worth
adding that, similar to the perceived impact on work efficiency, the
lack of experience in conducting remote MI hindered the ability of
the interviewees to clearly depict how the new technology might affect
their tasks. The main worries related to the possibility of missing
injured animals and the risk that infected animals would not be
detected with the consequence of spreading diseases. Additionally,
there might be the risk of being less mindful of the surroundings which
play a key role in providing essential information in the MI process.
Moreover, an area of significant uncertainty was identified in the inte-
gration between digital and physical (on-site) interaction in animal
inspection which was labelled as “digi-physical interaction” by the
researchers. This can be clarified by quoting an OV:

“What if you find something serious, then it [the animal] must be
slaughtered on the spot and maybe I'm 2 hours away?”.

The interplay between digital and physical aspects of remote con-
trols was seen as possibly affecting the quality of inspection and could
originate in lower perceived (and actual, with the OV physically not
present) control over MI in a remote process.

Overall, our respondents could envision MI conducted remotely.
Remote locations and long travelling distances to smaller abattoirs
and game-handling establishments are common, especially in North-
ern Sweden, therefore, remote MI were perceived as a sustainable
choice. At the same time, many technical barriers and challenges need
to be addressed before remote MI can even be considered a viable
alternative to on-site controls.

The empirical results reported herein should be considered in the
light of some limitations. First, the study is specific to Sweden there-
fore cannot automatically be generalised as such even if the EU regu-
lations are applicable for all Member States and the health status of the
animal populations is comparable. Typically, qualitative studies pre-
sent a low degree of generalisability and in this case, a niche group
was targeted. Moreover, the sample resulted to be self-selecting, as
in all studies involving volunteers, given that respondents had to show
interest in the study and could decline the interview invitations. How-
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ever, efforts were made to recruit respondents from various back-
grounds and geographical locations to ensure a variety of
experiences and perspectives and given the total number of both
OVs and small-scale abattoirs in Sweden, the sample size can be con-
sidered large. Nevertheless, some conclusions may be drawn and
extended to other countries. In this case, this may include the use of
technology and how it could be handled throughout the whole MI pro-
cess. Further studies in other countries might just validate this point.

The food industry in general and the meat industry in particular are
facing significant challenges today. To be able to reach sustainability
goals considering the environment, good working conditions, animal
health and welfare, and food safety as an ongoing co-operation of
FBOs, official controls and third parts (e.g., auditing enterprises) is
needed. Moreover, the cost-effectiveness of official controls needs to
be considered. Ferri et al. (2023) point out OV as a central risk man-
ager in MI. However, OVs are in crucial need of supporting tools in this
activity.

Notwithstanding the identified challenges for remote MI that need
to be addressed before remote MI can be considered alongside on-site
controls, we postulate that the remote MI can become a viable option
offering more flexibility in MI in the future. Conditions to be fulfilled
for performing MI on remote basis are to be defined in connection to
this flexibility option in EU regulations. The conditions to be defined
are, for example, the equipment to be used, minimum broadband/mo-
bile internet network capacity, animal health conditions in the area of
uptake for the abattoir, size of the abattoir or game-handling establish-
ment, training of the control and FBO personnel. A solid body of evi-
dence is needed to support potential new flexible regulations, and
further research, especially in the form of applied pilot studies testing
remote MI in a variety of conditions, is crucial. Moreover, even more
comparative studies between remote and on-site controls in different
countries would be beneficial in establishing a set of criteria to assess
quality, efficiency, and robustness of remote MI against agreed stan-
dards across the whole EU. In any case, food safety, animal health,
and welfare must never be compromised.
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Appendix A. . Interview guides

The interview guide is based on the Value Proposition Canvas (VPC)
framework, presented in Figure 1. The questions below are referenced
to corresponding parts of VPC. The second interview guide (FBO) fol-
lows the same structure

Interview guide (OV):

@ Introduction (these questions are intended as: 1) icebreakers and 2)
confirmation of respondent's role and responsibilities)
o Briefly describe your typical day at work (kind of tasks you
have, etc.) (Customer Jobs)
o What is the most relevant for you to make sure that you per-
form your tasks as required? (Customer Jobs)
o Do you work with all types of animals? Is there any group/type
that you prefer to work with and why? (Customer Jobs)
o To get your job done, do you need to interact with others? If so,
who are they and what do they do?
@ AMI (VPC areas: Customer Profile/Value Map)
o Could you please describe how an ideal/optimal AMI looks like
in your opinion? (Gains)
o What are the main risks in not getting the job done (financial,
social, or technical)? (Pains)
o Is there anything preventing you from getting AMI done
according to your (ideal, personal) standards? (Pains)
o Do you have opportunity to think or try innovative solutions? If
so, please describe what, when, how, etc.? (Pain Relievers)

@ PMI
o Could you please describe how an ideal/optimal PMI looks like
in your opinion? (Gains)
o What are the main risks in not getting the job done (financial,
social, or technical)? (Pains)
o Isthere anything preventing you from getting PMI done accord-
ing to your (idea, personal) standards? (Pains)
o Do you have opportunity to think or try innovative solutions? If
so, please describe what, when, how, etc. (Pain Relievers)
@ Distance/remote work
o Have you had any opportunity to inspect FBO remotely (docu-
ment control)? (Customer Jobs)
o How was the experience overall? (Customer Jobs)
o (If not) How, in your opinion, remote work should be organised
ideally? (Customer Jobs)

@ Doing AMI & PMI remotely
o Can you imagine doing AMI & PMI remotely? What would be
advantages/disadvantages? (Products/Services)
o What quality or other features would you wish for more or less
of in such a technology? (Gain Creators/Pain Relievers)
o Are you overall pro or against? (Customer Gains/Customer
Pains)
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o What do you think would be the consequences for working
remotely (AMI) for:
Animal welfare
Environment
Work efficiency
Quality of control (Gain Creators/Pain Creators)

@ Is there anything else you would like to add?
@ Please feel free to email us or get in touch if there is anything that
springs to mind later.

Interview guide (FBO):

@ Introduction

o Briefly describe your typical day at work (kind of tasks you
have, etc.)

o What is the most relevant for you to make sure that you per-
form your tasks as required?

o Do you work with all types of animals? Is there any group/type
that your company specialises in and why?

o To get your job done, do you need to interact with others? If so,
who are they and what do they do?

@ AMI

o Could you please describe how an ideal/optimal AMI looks like
in your opinion?

o What are the main risks for the company for not getting the
AMI done (financial, social, or technical)?

o Is there anything at your workplace that could prevent AMI get-
ting done according to your (ideal, personal) standards?

o Is there somebody formally in charge of innovation in your
company? How is the topic of innovation/new solutions dealt
with in your company?

o Do you have opportunities to discuss your suggestions for inno-
vative solutions with vets doing AMI or Livsmedelverket? (Cus-
tomer Jobs)

@ PMI

o Could you please describe how an ideal/optimal PMI looks like
in your opinion?

o What are the main risks in not getting the job done (financial,
social, or technical)?

o Is there anything preventing you from getting PMI done accord-
ing to your (idea, personal) standards?

o Is there somebody formally in charge of innovation in your
company? How is the topic of innovation/new solutions dealt
with in your company?

o Do you have opportunities to discuss your suggestions for inno-
vative solutions with vets doing AMI or Livsmedelverket?

@ Distance/remote work

o Have you had any opportunity to work remotely?

o How was the experience overall?

o (If not) How, in your opinion, remote work should be organised
ideally?

@ Doing AMI & PMI remotely

o Can you imagine that AMI & PMI is done remotely?

o What is needed in your company to make remote controls
work?

o What quality or other features would you wish for more or less
of in such a technology?

o Pros and cons for you as a business — what would you gain/
lose?

o Are you overall pro or against?

o What do you think would be the consequences for working
remotely (AMI) for:
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Animal welfare
Environment
Work efficiency
Quality of control

@ Is there anything else you would like to add?
@ Please feel free to email us or get in touch if there is anything that
springs to mind later.
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