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Abstract A study of operator knowledge, attitudes and prac-
tices (KAP) in red meat slaughter premise operations in north-
ern Laos was conducted and compared with international best
practice, to inform future industry development. The survey
interviewed 68 (of 94 possible participants) employees from
all ten commercial slaughter premises in six districts in three
northern Laos provinces. This was supported by observations
of slaughter premises, processes and the conduct of personnel.
Descriptive analysis and linear regressionmodelling identified
significant KAP predictor factors, and a gap analysis support-
ed or rejected inferences from the generally low KAP scores
for human and animal health, animal welfare, good
manufacturing practices (GMP), work conditions and eco-
nomics. The median proportion of correctly/desirably an-
swered knowledge-related questions was 35.2% (interquartile
range [IQR] = 22.2–51.9%) with 27.3% (IQR = 15.9–31.8%)
for the attitude-related questions and 21.4% (IQR = 14.3–
35.7%) for the practice-related questions. Two districts had
significantly lower KAP scores than other districts, and staff
had the lowest and meat inspectors had the highest scores.
This study indicates that the current KAP for red meat pro-
cessing falls short of international standards and that training
programmes on disease risks and prevention are important in
facilitating red meat industry development.
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Introduction

Laos (Lao People’s Democratic Republic) is in the Greater
Mekong Subregion (GMS; ADB 2015) of South East Asia,
where in recent years, regional trading links have been
strengthened through the development of the South-East
Asian Nations Economic Community (SEANEC) (Balboa
and Wignaraja 2014). Southeast Asia has the largest growth
in demand for animal protein per capita (Gerber et al. 2010),
associated with a rapid upturn in regional economies (Black
2012) and greater urbanisation (WHO 2015). Despite this
growth, animal-derived protein in the GMS is still predomi-
nantly sourced from semi-subsistence farmers (Ahuja 2012),
with poor husbandry, health and nutrition of livestock
(Windsor et al. 2012) resulting in food insecurity (WFP
2015a).

The government of Laos is keen to ensure national food
security (Windsor 2011) and maximise opportunities for re-
gional trade (NTFC 2013), with the development of the beef
industry increasingly recognised as an opportunity to improve
smallholder farmer incomes (Windsor et al. 2012). Slaughter
premises are integral to the beef supply chain, although the
major differences between slaughter premise standards within
the GMS and developed nations, particularly in food safety,
animal health and welfare, are readily acknowledged (ADB
2014; Sieng et al. 2012). Recent studies within the GMS have
identified food safety antimicrobial residue concerns
(ADB 2014), meat yield issues (Nampanya et al. 2015a)
and disease transmission risks including the transportation
of livestock affected by foot-and-mouth disease (FMD), at
slaughter (Sieng et al. 2012). However, there is a paucity of
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published research investigating the current standards in
slaughterhouses and the specific areas of improvement re-
quired to minimise risks and ensure commercial opportunities
are optimised.

There are multiple examples of unsuccessful slaughter and
processing facility infrastructure development projects in Asia
(McDermott et al. 2010). In Laos, a foreign-funded city abat-
toir in the Laos capital Vientiane was built in the 1980s (FAO
2010), but the premise was rapidly decommissioned, report-
edly due to the unavailability of spare parts (FAO 2010), al-
though there were anecdotal reports that local slaughterhouse
operators preferred their traditional methods. Local sentiment
has been identified as an important constraint to developing
modern abattoirs, with several in Indonesia struggling to open
due to a dispute with butchers that preferred to retain tradi-
tional slaughter techniques (FAO 2010).

In Laos, the description for most slaughter premises is that
of a concrete ‘slab’, with slaughter being conducted on the
ground (Nampanya et al. 2015b). These facilities are predom-
inantly decentralised, privately owned and located in urban
and peri-urban areas (MAF 2014), with the ‘hot meat’ product
from such facilities sold mainly in wet markets (MAF 2014).

The current lack of standards was highlighted by a survey
of slaughter premises in five northern provinces that identified
that approximately 45–60% of female large ruminants were
being slaughtered whilst pregnant, reputedly due to buffalo
uterus and foetus being used to make a soup considered to
be a delicacy (Nampanya et al. 2014, 2015b). This occurs
despite legislation on livestock production and veterinarymat-
ters (MAF 2008) prohibiting the ‘slaughtering [of] pregnant
animals, particularly draught animals or those in the breeding
period’.

The animal welfare and productivity efficiency implica-
tions of these practices are particularly pertinent to a region
struggling to ensure sustainable food security (Windsor 2011),
with a need to recognise that for progress to occur towards
modern processing, cultural issues must be addressed. This
includes taking into account that in Luang Prabang all slaugh-
ter premise personnel belong to the Tai Dam ethnic group, due
to the Buddhism beliefs of others impeding their willingness
to participate in such activities (Nampanya et al. 2015a).

The ‘Northern Smallholder Livestock Commercialization
Project’ commenced in 2015, funded by the Asian
Development Bank (ADB) and International Fund for
Agricultural Development (IFAD) in support of the govern-
ment of Laos, which aims to promote improved slaughter
practices by commencement of certified slaughter premises
(MAF 2014) using hazard analysis critical control points
(HACCP). Slaughter premises are planned for the northern
provinces of Luang Prabang and Xiengkhouang (MAF
2014), and the project will assist the Northern Agriculture
and Forestry College (NAFC) near Luang Prabang to train
slaughter staff and butchers through the construction of the

‘model meat processing facility’ (MAF 2014). To assist this
and assess progress in addressing the current lack of under-
standing of those currently working in and managing slaugh-
ter premises in Laos, current KAP of slaughter premises per-
sonnel needs to be documented.

Limited research has been undertaken on slaughter premise
processes, although deficiencies within the system in Laos are
recognised, when compared to those in surrounding countries
(Nampanya et al. 2015a, b). The lower yield from carcasses in
Laos may partly reflect poor butchery techniques and equip-
ment that increase the loss of saleable products (Nampanya
et al. 2015a, b) and indicates that gaps between the current
situation and the desired future expectations in slaughter prac-
tices need to be identified.

The objectives of this study were to investigate the current
KAP of those managing and working within the red meat
slaughter premises of northern Laos, with a focus on human
and animal health, animal welfare, GMP, work conditions and
economics. By determining baseline KAP, a gap analysis of
this aspect of the red meat value chain was undertaken, pro-
viding recommendations for future development priorities in
beef processing.

Materials and method

This study was part of the collaboration research project
‘Development of a biosecure market-driven beef production
system in Lao PDR’ (AH/2012/068), conducted by the
University of Sydney (USYD) and the Department of
Livestock and Fisheries (DLF) of Laos and funded by the
Australian Centre of International Agricultural Research
(ACIAR). The survey was conducted between 4th and 24th
August 2015.

Sampling strategy

The survey was conducted in all nine commercial slaughter
premises in six districts within three northern Laos provinces
(identifiers: A, B, C, to ensure confidentiality of survey loca-
tion). Three districts (identifiers: a, b, c) were included in the
survey as they were associated with the provincial capitals. A
further three districts (identifiers: d, e, f) within province A
were subsequently included to incorporate unregistered
slaughter points. These districts were identified by the in-
country hosts and were determined according to availability
of local staff to assist with the fieldwork.

For the purpose of this study, the following definitions
were determined, in discussion with in-country hosts:

– Slaughterhouse: official registered premises approved by
the Department of Commerce (provincial) for the
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slaughter and/or butchering of livestock for the purpose
of commercial sale of animal products

– Slaughter point: an unregistered operation that slaughter
and/or butcher livestock for the purpose of commercial
sale of animal products

As a list of slaughter premise operators was not available in
advance of the survey, the target population was determined
during the survey, by inclusion of all eligible individuals (as
defined below) from each premise in each district. All eligible
individuals present during the survey were interviewed, and
the interviews ranged from 45 to 90 min, with the unit of
interest defined as the individual respondent.

The eligibility criteria used to determine if an individual
was included in the survey were as follows: (i) the individual
must directly earn money through wages, business profits or
saleable product as a result of work conducted within or for
the slaughter premise, and (ii) there must be an ongoing rela-
tionship between the individual and the slaughter premise at
the time of the survey (included part-time and casual workers).

The individuals interviewed were categorised into the fol-
lowing defined employment types:

– Owners/managers: an individual that partly or solely
owns the slaughter business and/or is the (or one of the)
senior manager(s) that oversees the business operation

– Meat inspectors: responsible for antemortem and/or post-
mortem inspection of meat products

– Animal owners/traders: individuals that own the livestock
at the time of slaughter

– Staff: employed by the slaughter premises to undertake
paid work in relation to the enterprise

Survey design

The KAP survey was developed using the design rules previ-
ously outlined (Dohoo et al. 2010), and translation of the
questionnaire was conducted by an individual fluent in both
English and the Laos language, with a technical understanding
of the project.

The questionnaire included questions on demographic in-
formation, human and animal health, animal welfare, GMP,
work conditions and economics, with 27 questions to assess
knowledge, 22 questions to assess attitudes and 14 questions
to assess practices. Many of the questions related to KAP had
scientifically accepted answers (Table 1). Where no defined
answer existed, the most ‘desired’ answer was defined by that
which would be of most benefit for the development of the
slaughter industry in Laos (Table 1). As there was no previous
research in Laos to directly reference this information, re-
sponses were referenced to international codes of practice,
personal experience of international expectations for the

export of meat, observations made whilst in Laos and general
discussions with the in-country hosts.

Data collection was achieved with the aid of 14 local staff
from the DLF and USYD project team, with training provided
on interview technique and the content of the survey prior to
and during the initial data collection. Where possible, the in-
terviews were conducted with only one interviewee at a time,
with active separation of the interviewee from other individ-
uals waiting to complete the questionnaire. In situations where
it was not possible to separate individuals, the group was
asked the question and individual answers to the questions
sought. If staff conducting the interviews were also meat in-
spectors for the premise, they were interviewed separately,
and these individuals completed the questionnaire before un-
dertaking other interviews.

Observations

Observational notes were taken for the nine slaughter facilities
visited, with additional notes recorded for the five premises
where processing was viewed. Observations were conducted
using a systematic approach, with animal transport, design
and construction of lairage and processing facilities, equip-
ment, vermin control, cleaning and sanitation, personnel hy-
giene, humane slaughter, dressing, cutting and boning and
product, all considered, addressing food safety, animal welfare
and/or environmental impact concerns. Any commentary re-
garding observed practice standards was directly referenced to
and compared with the Law on Food in Laos (MAF 2008), the
WHO/OIE international food standards and residues in food,
the FAO guidelines for abattoir hygienic design and process-
ing and the OIE terrestrial animal health code (CODEX
2015a, 2015b; FAO 1991, 2010; OIE 2014, 2015).

Table 1 Examples of KAP analysis questions and correct or desired
answers (highlighted in bold script)

Example of questions with scientifically accepted answers:

Do you know what the conditions are in the pictures? Picture A
(cysticercus); picture B (tuberculosis); picture C (foot-and-mouth);
picture D (haemorrhagic septicaemia); picture E (Fasciola spp.)

There is a risk of infectious diseases that can be transmitted from
animals to humans in the slaughterhouse environment.
True/false/don’t know.

Example of questions where the most desired answer was indicated:

Do you believe that an animal restrainer would improve the ease with
which animals are slaughtered? Yes/no/don’t know.

Is there currently any postmortem inspection (inspection of animal
products after slaughter and dressing) done? Yes/no.

In your opinion, how would you rate the current standards for each of
the following areas where 1 = good, 2 = average, 3 = poor?

○ Butchery facilities. 1/2/3/don’t know.

○ Butchery process (including cutting and boning). 1/2/3/don’t
know.
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Data management and analysis

Survey responses were entered into a pre-prepared Microsoft
Excel data collection spreadsheet, with observational notes
entered into a Microsoft Word document. Pre-testing of the
survey was conducted on the first day of interviews, and of
107 initial questions, only 68 were deemed appropriate for
inclusion in the final analysis. The observational information
enabled inferences and recommendations to be drawn from
the data collected from the questionnaire.

Statistical analysis

In order to describe the sample population, demographic data
was analysed using box plots and summary statistics for nu-
merical data, with frequency tables and bar charts used for
categorical data. The distributions of age, years worked in
industry and knowledge, attitude and practice scores (defined
as proportion of correctly/desirably answered questions) by
district and employment type were summarised, using either
mean and standard deviation for normally distributed data or
median and interquartile range (IQR) for non-normally dis-
tributed data. All data variables were tested for normality
using skewness and normal plots, and equal variances were
tested using the rule of thumb (larger SD < 1.5*smaller SD)
(Moore andMcCabe 2003). A two-sample t test or an analysis
of variance (ANOVA) was used to test associations of numer-
ical data with categorical data with two or more than two
categories, respectively. If required, the data was initially
log-transformed to create a log-normal variable for analysis.
Chi-squared tests were performed on cross-tabulated categor-
ical data.

Gap analysis

Current gaps in the understanding, perception and behaviours
of those working within the slaughter premises were deter-
mined by (i) collation of the results of the questionnaire with
the observational findings to provide a more complete under-
standing of the current human and animal health, animal wel-
fare, GMP, work conditions and economics of processing; (ii)
comparison of the current findings against international stan-
dards from the OIE guidelines, FAO documentation and/or
Laos legislation (CODEX 2015a, 2015b; FAO 1991, 2010;
MAF 2008; OIE 2014, 2015); and (iii) identification of sub-
stantial differences between current findings and the interna-
tional standards to determine priorities for industry
development.

Linear regression modelling of KAP scores

To investigate the associations of demographic factors with
the overall KAP scores, three generalised linear regression

analyses were conducted. The discrete outcome variables for
these analyses were created by summing the number of
correct/desired answers to relevant questions for KAP, respec-
tively. Explanatory variables investigated in linear models
were the numeric variables of age and number of years work-
ing in meat processing (log-transformed for normality), and
the categorical variables of sex, location and employment
type. First associations between the numeric explanatory var-
iables and the outcome variables were assessed using scatter
plots, and associations of the categorical explanatory variables
with the outcomes were assessed using side-by-side box plots
and summary statistics for each category. Next, univariable
generalised linear regression analyses were conducted,
followed by multivariable model building using a forward,
stepwise approach. Standardised deviance residuals were
checked for normality and equality of variance to ensure re-
gression assumptions were met, and R-squared and adjusted
R-squared were reported to assess model fit. The significance
level for all statistical analyses wasα = 0.05. Other than where
specifically referenced, statistical data analysis was performed
in SAS Enterprise Guide statistical software (version 6.1, ©
2013 SAS Institute Inc., Cary, NY, USA).

Results

Response rate

All premises approached allowed access to the slaughter fa-
cilities and cooperated with the study, although on three occa-
sions, it was not possible to separate people to conduct indi-
vidual interviews. Three males, two females and three females
were group interviewed in districts a, b and d, respectively. In
total, 94 operators were identified of which 68 were
interviewed, to give a response rate of 72.3%. The number
of interviewees by geographical area and employment type
and the descriptive statistics are tabulated (Tables 2 and 3).

Demographics

All of the respondents to the questionnaire identified them-
selves as being of Lao-Tai ethnicity. The ratio of males to
females was 4:1, with variation in gender count depending
upon geographical location and employment type (Table 2).
A significant difference (p = 0.049) in gender ratios was found
between slaughterhouses and slaughter points, with 87.5 and
67.9% of respondents being male, respectively. Observations
during the interview process found that in all cases, male and
female respondents remained within gender-specific groups.
Men tended to lead conversations when the group was com-
bined at the start of the survey in each geographical location.

A significant difference was found in age (p = 0.008)
when comparing employment types, with staff being the
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youngest group (x = 31.8, SD = 9.3). The age of the
workforce when comparing districts was also found to
be significantly different (p = 0.001), with district ‘a’ (x
= 29.4, SD = 8.6) having the youngest workforce. Those
associated with slaughterhouses had worked within the
slaughter industry for significantly longer than those
linked with the slaughter points (p = 0.017).

Knowledge, attitude and practice

Twenty-seven (27) knowledge questions, 22 attitude ques-
tions and 14 practice questions were included for analysis.
The median proportion of correctly or desirably answered
knowledge-related questions was 35.2% (IQR = 22.2–
51.9%) compared to 27.3% (IQR = 15.9–31.8%) for the

attitude-related questions and 21.4% (IQR = 14.3–35.7%)
for the practice-related questions. The median proportion
and IQR of the correctly or desirably answered KAP sub-
section questions by district (Table 2) and employment types
(Table 3) were also reported.

There was no significant difference in KAP scores between
respondents associated with slaughterhouses compared with
slaughter points (p > 0.05). There was strong evidence
(p < 0.001) of an association between knowledge scores and
districts, employment types and age (Table 4). A slightly
weaker association was found for years in industry
(p = 0.005). Respondents from district ‘a’ and district ‘d,’
younger individuals, those with less experience and staff had
the lowest knowledge scores, with meat inspectors having the
highest knowledge score. Similar results were found for

Table 2 Participation rate and descriptive results for age, years worked in industry and KAP scores by district

Variables Slaughterhouse Slaughter point

Districts

A B C d e f

No. of premises 5 1 1 1 1 1

Participationa

Slaughter premises owner/manager 4/5 1/1 1/1 0/0 0/0 1/1

Meat inspectors (MI) 0/0 1/1 1/3 1/1 3/3 2/2

Animal owners/traders 0/0 0/0 10/20 8/10 8b/9 1/1

Staff 16/16 6/10 0/0 3/9 0/0 1/1

Participant gender ratio (male/female)

Slaughter premises owner/manager 4:0 1:0 0:1 – – 1:0

Meat inspectors (MI) – 1:0 1:0 1:0 3:0 2:0

Animal owners/traders – – 6:4 3:5 5:4 1:0

Staff 16:0 6:0 – 2:1 – 1:0

Mean age in years (standard deviation) 29.4 (8.6) 39.5 (4.9) 40.9 (8.2) 35.8 (12.4) 38.6 (9.4) 47.2 (7.9)

Median years worked in industry (IQR) 4.5 (2.0–7.5) 16.5 (9.5–18.0) 9.5 (6.0–15.0) 2.5 (1.5–3.0) 5.0 (2.0–7.0) 11.0 (10.0–12.0)

Knowledge scoresc—overall (/27) 0.19 (0.09–0.33) 0.44 (0.30–0.59) 0.48 (0.44–0.54) 0.24 (0.20–0.26) 0.52 (0.41–0.67) 0.37 (0.37–0.44)

Human and animal health (/14) 0.00 (0.00–0.14) 0.32 (0.07–0.46) 0.29 (0.21–0.36) 0.14 (0.04–0.14) 0.43 (0.29–0.57) 0.21 (0.14–0.36)

Animal welfare (/4) 0.25 (0.00–0.50) 0.38 (0.25–0.50) 0.50 (0.50–0.50) 0.25 (0.25–0.25) 0.50 (0.25–0.50) 0.25 (0.25–0.50)

GMP (/9) 0.44 (0.28–0.61) 0.72 (0.56–0.89) 0.78 (0.67–0.89) 0.44 (0.33–0.44) 0.78 (0.67–0.89) 0.78 (0.67–0.78)

Attitude scoresc—overall (/22) 0.18 (0.11–0.23) 0.32 (0.25–0.32) 0.30 (0.27–0.39) 0.14 (0.09–0.16) 0.36 (0.27–0.45) 0.32 (0.32–0.55)

Human and animal health (/3) 0.00 (0.00–0.33) 0.00 (0.00–0.17) 0.00 (0.00–0.00) 0.00 (0.00–0.33) 0.33 (0.00–0.67) 0.33 (0.00–0.67)

Animal welfare (/7) 0.00 (0.00–0.14) 0.14 (0.07–0.14) 0.21 (0.14–0.29) 0.00 (0.00–0.00) 0.14 (0.14–0.29) 0.43 (0.00–0.43)

GMP (/3) 0.33 (0.33–0.33) 0.33 (0.33–0.33) 0.33 (0.33–0.33) 0.33 (0.00–0.33) 0.33 (0.33–0.33) 0.33 (0.33–0.33)

Work conditions (/2) 0.50 (0.00–0.50) 0.50 (0.50–0.50) 0.50 (0.00–0.50) 0.25 (0.00–0.50) 0.50 (0.50–0.50) 0.00 (0.00–0.50)

Economics (/7) 0.14 (0.00–0.29) 0.57 (0.36–0.57) 0.50 (0.36–0.71) 0.14 (0.07–0.14) 0.43 (0.29–0.71) 0.57 (0.57–0.57)

Practice scoresc—overall (/14) 0.07 (0.00–0.21) 0.32 (0.25–0.54) 0.36 (0.14–0.54) 0.18 (0.11–0.29) 0.29 (0.14–0.43) 0.29 (0.21–0.29)

Human and animal health (/11) 0.09 (0.00–0.27) 0.41 (0.32–0.45) 0.41 (0.18–0.59) 0.23 (0.14–0.36) 0.27 (0.18–0.45) 0.27 (0.27–0.36)

Animal welfare (/3) 0.00 (0.00–0.00) 0.00 (0.00–0.67) 0.00 (0.00–0.33) 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.00 (0.00–0.33)

a Participation = number interviewed / number in target population
b In district e, demographic information only was given for a 9th animal owner/trader through her father as she was not present
cMedian (IQR); unit of measure = proportion of questions that were correctly / desirably answered; (/X) represents the number of relevant questions
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attitude and practice scores, but the associations were weaker
with less variation in scores explained. There were no associ-
ations between KAP scores and gender (Table 4).

District and employment type together explained 70 and
46% of the variation in knowledge and practice scores, respec-
tively, whilst the final model for attitude only included district
and explained 48% of the variation (Table 5).

Observational data

Poor personal hygiene was found during processing, with lim-
ited (gumboots) to no protective clothing. Poor operational
hygiene was exacerbated by inadequate facilities, including
open-sided buildings, dirt floors for slaughter points, limited
separation of dirty and clean processes; the presence of vermin
and other animals such as blow-flies, birds, cats, dogs and
pigs; unrestricted access to all areas of the processing area
by any individual and excessive washing of carcasses and
meat product, often resulting in cross contamination.

There was no evidence of antemortem inspection, despite
72.1% of respondents stating this occurred, although animal
handling pre slaughter was generally considered acceptable.
One slaughtered buffalo was recumbent on arrival and was
slaughtered for human consumption, with the meat inspector
visually examining some buffalo meat, although this was not a
full postmortem examination. The general body condition
score (BCS) of the animals was considered acceptable, with
a BCS ranging from two to four out of five (Alapati et al.
2010) for both adult buffalo and cattle. In district ‘b’, a trained
meat inspector was present, apparently as the premise reput-
edly kills a lot of tuberculosis (TB)-positive animals.

However, no pathological lesions were observed for any car-
cass in any location. There was no evidence of refrigeration
used for animal products. A lack of any ramps at all premises
required that buffalo and cattle had to jump off trucks. Animal
transport ranged from very good custom-made vehicles (par-
ticularly for pigs) to very poor with slippery floors and inad-
equate protection for animals during transit. Access to ad
libitum water was variable, with several pig enclosures having
adequate access to water, but none provided for the buffalo
and cattle, requiring that water was supplied on average once
per day. Access to food ranged from none, to free access in a
holding paddock, to food being supplied if animals remained
in lairage longer than 24 h. Inadequate separation of lairage
and slaughter was identified in eight out of nine premises.

Humane slaughter was very poor, with limited to no animal
restraint and inadequate slaughter tools. There was no evidence
of HACCP or best practices being followed during processing.
One out of the three adult female buffalos observed at slaughter
was pregnant, with none of the four observed cattle being preg-
nant. There was no record keeping or evidence of traceability
observed. The butchery process was variable between premises,
with no grading of product evident.

Gap analysis

A poor understanding of basic disease transmission was a key
finding, particularly for zoonoses (including occupational risks)
and food-borne diseases (including roles of vermin, personnel
and process hygiene). This was particularly evident among
younger staff in districts ‘a’ and ‘d’. The steps to mitigate such
risks, such as refrigeration, were poorly understood, and

Table 3 Descriptive results for age, years worked in industry and KAP scores by employment type

Variables Employment type

Owner/manager Meat inspectors Owner/trader Staff

Mean age in years (standard deviation) 40.7 (5.9) 43.9 (12.5) 37.9 (9.7) 31.8 (9.3)

Median years worked in industry (IQR) 18.0 (7.0–22.0) 5.0 (2.0–17.0) 5.0 (3.0–10.0) 4.0 (2.0–9.0)

Knowledge scores3—overall (/27) 0.44 (0.37–0.56) 0.67 (0.52–0.72) 0.44 (0.30–0.52) 0.20 (0.15–0.30)

Human and animal health (/14) 0.29 (0.14–0.36) 0.61 (0.39–0.68) 0.21 (0.14–0.36) 0.00 (0.00–0.14)

Animal welfare (/4) 0.50 (0.50–0.50) 0.50 (0.25–0.50) 0.50 (0.25–0.50) 0.25 (0.00–0.25)

GMP (/9) 0.89 (0.67–0.89) 0.89 (0.78–0.89) 0.67 (0.44–0.78) 0.44 (0.33–0.56)

Attitude scores3—overall (/22) 0.23 (0.18–0.32) 0.43 (0.34–0.52) 0.27 (0.14–0.36) 0.18 (0.14–0.27)

Human and animal health (/3) 0.00 (0.00–0.00) 0.67 (0.33–0.67) 0.00 (0.00–0.33) 0.00 (0.00–0.33)

Animal welfare (/7) 0.14 (0.00–0.29) 0.21 (0.00–0.43) 0.14 (0.00–0.29) 0.00 (0.00–0.14)

GMP (/3) 0.33 (0.33–0.33) 0.33 (0.33–0.33) 0.33 (0.33–0.33) 0.33 (0.33–0.33)

Work conditions (/2) 0.00 (0.00–0.50) 0.50 (0.25–0.50) 0.50 (0.00–0.50) 0.50 (0.50–0.50)

Economics (/7) 0.43 (0.29–0.57) 0.57 (0.50–0.71) 0.43 (0.14–0.57) 0.14 (0.00–0.29)

Practice scores3—overall (/14) 0.29 (0.14–0.36) 0.43 (0.25–0.50) 0.29 (0.14–0.36) 0.14 (0.00–0.21)

Human and animal health (/11) 0.36 (0.18–0.45) 0.32 (0.27–0.55) 0.36 (0.18–0.45) 0.18 (0.00–0.27)

Animal welfare (/3) 0.00 (0.00–0.00) 0.33 (0.00–1.00) 0.00 (0.00–0.00) 0.00 (0.00–0.00)
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Table 4 Univariable linear regression results for demographic explanatory variables associated with the number of correctly or desirably answered
KAP-related questions

Variable n (%) Knowledge (27 questions) Attitude (22 questions) Practice (14 questions)

β 95% CI p R2 β 95% CI p R2 β 95% CI p R2

District < 0.001 0.49 < 0.001 0.48 <0.001 0.35

Intercept 6.2 4.5–7.8 3.7 2.6–4.7 1.6 0.7–2.5

a 20 (29.4) 0.0 – 0.0 – 0.0 –

b 8 (11.8) 6.0 2.8–9.1 3.4 1.4–5.3 3.5 1.9–5.2

c 12 (17.7) 7.4 4.7–10.2 3.4 1.7–5.1 3.5 2.0–4.9

d 12 (17.7) 0.2 −2.6 – 2.9 −0.5 −2.2 – 1.2 1.0 −0.5 – 2.4

e 11 (16.2) 8.0 5.2–10.8 4.2 2.4–5.9 2.1 0.6–3.6

f 5 (7.4) 5.3 1.5–9.0 5.4 3.0–7.7 2.4 0.4–4.4

Employment type < 0.001 0.45 < 0.001 0.23 < 0.001 0.24

Intercept 6.1 4.6–7.6 4.3 3.2–5.4 2.0 1.1–2.8

Staff 26 (38.2) 0.0 – 0.0 – 0.0 –

Animal trader 27 (39.7) 4.8 2.7–6.9 1.5 0.0–3.1 1.9 0.7–3.1

Owner/manager 7 (10.3) 6.6 3.3–9.9 1.4 − 0.9–3.8 2.2 0.4–4.0

Meat inspector 8 (11.8) 10.0 6.9–13.1 4.8 2.6–7.0 3.3 1.6–5.0

Gender 0.970 0.00 0.989 0.00 0.090 0.04

Intercept 9.9 7.2–12.7 5.6 4.0–7.3 4.3 3.0–5.5

Male 54 (79.4) − 0.1 − 31 –3.0 0.0 − 1.9–1.8 − 1.2 − 2.6–0.2

Female 14 (20.6) 0.0 – 0.0 – 0.0 –

Agea (years) 36.5 (10.3) 0.2 0.1–0.3 < 0.001 0.18 0.1 0.0–0.2 0.007 0.11 0.1 0.0–0.1 0.013 0.09

Intercept 2.2 −2.0–6.3 2.1 − 0.6–4.7 0.8 − 1.3 – 2.8

Years in industryb 5.0 (2.5–11.5) 1.4 0.4–2.4 0.005 0.11 0.6 0.0–1.2 0.049 0.06 0.6 0.2–1.1 0.008 0.10

Intercept 7.6 5.6–9.6 4.6 3.4–5.9 2.3 1.4–3.2

aMean and standard deviation are reported
bMedian and interquartile range are reported; the log-transformed variable was used for the three analyses

Table 5 Final linear regression results for demographic explanatory variables associated with the number of correctly or desirably answered KAP-
related questions

Variable Knowledge (Adj R2 = 0.70) Attitude (R2 = 0.48) Practice (Adj R2 = 0.46)

β 95% CI p β 95% CI p β 95% CI p

Intercept 4.9 3.5–6.4 3.7 2.6–4.7 1.2 0.3–2.1

District < 0.001 < 0.001 < 0.001

a 0.0 – 0.0 – 0.0 –

b 5.5 3.0–8.0 3.4 1.4–5.3 3.3 1.7–4.9

c 5.0 1.7–8.3 3.4 1.7–5.1 1.9 − 0.1–4.0

d − 1.2 − 4.2–1.7 − 0.5 − 2.2–1.2 − 0.1 − 1.9–1.8

e 5.0 1.6–8.4 4.2 2.4–5.9 0.4 − 1.8–2.5

f 1.5 − 1.8–4.9 5.4 3.0–7.7 0.8 − 1.3–2.9

Employment type < 0.001 < 0.001

Staff 0.0 – 0.0 –

Animal owner/trader 3.0 0.1–5.8 1.8 0.0–3.6

Owner/manager 6.1 3.5–8.6 2.1 0.5–3.7

Meat inspector 7.8 4.7–10.9 3.1 1.1–5.0
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although there did appear to be a general understanding of
cleanliness standards, this was not reflected in the observational
findings. This reinforced the identified lack of understanding of
disease risk and transmission, as well as the fundamentals of
microbiological actions, and does not align with the scientific
basis of the Codex Alimentarius international food standards as
outlined by the WHO and FAO (CODEX 2015a).

With the exception of meat inspectors, who were able to
recognise lesions of FMD and Fasciola spp., there was a gen-
eral lack of ability of interviewees to identify common animal
diseases, including FMD, Fasciola spp., cysticercosis, TB and
haemorrhagic septicaemia (HS). Meat inspectors stated they
had seen these lesions in 50 to 100% of cases, whilst only 12
to 50% of staff indicated that they had seen these lesions
(Table 6). There was a variable to poor understanding of the
risk of residues, as is required by the CODEX—Pesticide
Residues in Food and Feed (CODEX 2015b).

Effective antemortem and postmortem practices as detailed
in the FAO manual on meat inspection for developing coun-
tries (FAO 1991) were not found during observations. This
was despite a high number of respondents stating that ante-
mortem and postmortem examination did occur. For all areas
within the gap analysis, training was minimal or completely
absent, with meat inspectors the only group to receive any

formal education. Although there was a positive desire to
learn, there was a misalignment in most cases between the
observed current practices within Laos and perceptions by
respondents of the current standards. This was evident in all
industry-related areas, including animal procurement, trans-
portation, lairage, slaughter, dressing, cutting and boning, as
well as product distribution relating to human and animal
health, animal welfare and GMP. The key gaps in KAP iden-
tified from this study are summarised (Table 7).

Discussion

This study provides the first comprehensive investigation into
KAP occurring within the red meat slaughter industry of
northern Laos and has identified significant gaps in current
practices and the goals of development plans of both govern-
mental and non-governmental organisations in the region. As
the study incorporates all the primary sampling units (slaugh-
ter premises) for the target population, and the unit of concern
was the individual respondent with outcomes measured at the
individual level, clustering was not incorporated into the anal-
ysis (Petrie and Watson 2006). The initial testing of the ques-
tionnaire enabled removal of numerous problematic ques-
tions, and validation of responses was tested by comparing
answers to observational information. As there were a small
number of cases where group interviews were undertaken de-
spite the request for individual responses, the risk of ‘group
think’ resulting in group bias is acknowledged. Further, with
the multiple interviewers, the risk of interviewer bias due to
heuristics is also noted, although this was managed by having
a single lead co-ordinator to oversee interviewer training and
competency in all areas. Due to the multiple business models
between districts, the districts were selected purposively and
the significant variation in response to many questions, plus
extrapolation of findings to other districts, should be cautioned
against without summary checks to test assumptions.

Table 6 Recognition of lesions (percentage and count) of respondents,
by employment group

% (count) of individuals reportedly having observed
lesions

Staff
(/26)

Animal trader
(/27)

Owner/
manager (/7)

Meat inspector
(/8)

Cysticercus 35 (9) 52 (14) 29 (2) 75 (6)

TB 38 (10) 15 (4) 14 (1) 50 (4)

FMD 12 (3) 19 (5) 29 (2) 63 (5)

HS 31 (8) 22 (6) 43 (3) 50 (4)

Fasciola spp. 50 (13) 70 (19) 57 (4) 100 (8)

Table 7 Current key gaps in knowledge, attitude and practice

Sub-sections Current key gaps

Human and animal health - Understanding of basic disease risks and routes of transmission
- Ability to identify and recognise common animal diseases
- Understanding the risk of residues
- Understanding the role of hygienic practices and refrigeration in mitigating disease risk
- Effective antemortem and postmortem practices

Animal welfare - Basic understanding of the concepts and expectation of animal welfare e.g. transportation,
feed and water requirements, lairage, humane slaughter

- Ability to identify and recognise areas of animal welfare concern
- Knowledge and perception of alternative methods of restraint and humane slaughter

GMP - Accurate perception of current standards
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Demographics

In line with previous findings from a slaughter study, the sur-
vey found that all respondents identified themselves as Lao-
Tai (Nampanya et al. 2015b), with previous studies having
found a better educational standard for this group compared
to other ethno-linguistic groups (WFP 2015b). This presumed
educational standard should be considered when designing
development strategies as with high literacy rates, written doc-
umentation and record keeping may be a realistic expectation
in education programmes to improve food safety and security.
In addition, the significant variation in gender between em-
ployment types and districts also needs consideration in de-
velopment programmes. Targeted gender-specific
programmes may be required as in mixed gender groups,
men tend to take the lead in discussions, risking gender bias.

Knowledge, attitude and practice trends

The study found that overall KAP scores were low, with
significant gaps in KAP within the slaughter industry, par-
ticularly in the levels of understanding, perception and prac-
tices within the industry. However, no significant differences
between establishment type and gender were found. For av-
erage knowledge scores, there were significant differences
between districts and employment type, suggesting that staff
and specific districts having the lowest scores should be
specifically targeted in industry training programmes. Staff
also represented the youngest employment group with the
least amount of experience. However, as staff are the indi-
viduals that handle the animals and animal products, it is of
importance that they understand the expected standards and
basic requirements for hygienic processing and animal wel-
fare if the industry is to develop.

During observations of slaughter, the techniques used by
staff in district ‘a’ to dispatch and butcher buffalo were far
more efficient than those in district ‘b’ or district ‘c’.
Therefore, poor knowledge of disease processes and industry
standards does not appear to directly equate into bad prac-
tices or poor slaughter and butchery skills. Of concern was
that the animal welfare and GMP fell significantly short of
international standards in all cases and the low average prac-
tice scores reinforce this finding. Although results for asso-
ciations with the overall attitude scores were similar to the
results for knowledge, less variation in attitude scores was
explained by district, employment type, age and experience
than for knowledge scores and even less variation was ex-
plained by these variables for practice. These findings point
to more complexity in attitude and practice compared to
knowledge, and this requires further investigation, as the
variables studied here appear not to fully explain attitude.
Training needs to address knowledge and perceptions, in-
cluding cultural norms, in order to change practices. Of

interest was that although the level of understanding and
perception of standards needs to be improved, as meat in-
spectors had the highest average knowledge and attitude
scores, there is potential for their skills in delivering a train-
ing programme. Further, as knowledge and understanding
do not directly equate to good practice, supporting training
programmes with legislative enforcement would be optimal.

Human and animal health

Across all districts and employment types, there was a sub-
stantial variation in understanding regarding disease risks and
routes of transmission, indicating a lack of consistent insight
into transmissible diseases, including leptospirosis,
campylobacteriosis or hepatitis A. It also helps to explain the
observational findings and other survey results that show poor
hygienic processing practices, the lack of occupational safety
measures and absence of vermin controls. Without improving
such understanding, there is no impetus for changing practice,
yet some simple initiatives could improve disease risks, such
as preventing access of dogs, poultry and all other animals
within processing areas, improving personal hygiene and mi-
nor structural changes such as hanging stock butchery tech-
niques to fundamentally improve product safety.

An issue of concern was the inability of all employment
groups other than meat inspectors, to positively identify
pathological lesions. This indicates a significant risk, with
the presence of disease going undetected and hence unre-
ported or controlled. There is also a misalignment between
the perception of the current standard for human and ani-
mal health, animal welfare and GMP compared with obser-
vational findings. This misalignment risks stalling the
progress to expand trade with regional neighbours, partic-
ularly where international operators are more informed
about international standards. Of concern was that a high
number of individuals indicated that antemortem and post-
mortem inspections were conducted, yet observational
findings determined that in all cases, meat inspectors
(who would be the most likely to identify pathology)
tended not to look at animals on arrival and only viewed
a selection of the meat products after butchering. This
greatly reduces the chance of identifying pathological le-
sions and is of particular concern as occurred in the one
incident where a recumbent animal was slaughtered for
human consumption, without query. It is likely that a more
robust system of condemning animals and product that are
not fit for human consumption would only be tolerated by
individuals if there was a better understanding of disease
risks. Until this is the case, the potential is that people will
see condemnation of animals or product as an unacceptable
financial burden, leading them to find alternative methods
to dispatch and sell such stock. There is already evidence
of this as outlined in the literature, where farmers will sell
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FMD-infected stock to traders in order to limit financial
loss, despite this practice being illegal (MAF 2008).

A further area of concern was the mixed understanding of
risks from residues, as observational findings and practice
questions indicate that no residue testing is being conducted
and no health paperwork accompanies the animals to attest to
the treatment status of the stock, implying a reliance on those
in charge of the animals to understand, acknowledge and man-
age this risk. Currently, there is no published information on
how widespread a problem this issue could be in Laos.

Animal welfare

Observational findings for BCS, health of animals and ani-
mal handling were generally acceptable. However, animal
transportation varied in suitability and lairage and humane
slaughter were poor, with the requirement for separation of
live and slaughtered animals being particularly lacking. The
study also found that knowledge of animal welfare concepts
was poor, with an area of concern being humane slaughter
as internationally accepted standards were not being applied.
As the perception of current practices did not align with
internationally accepted ‘norms’, approaching animal wel-
fare from the safety and well-being of staff and quality of
product may be a more fruitful means of initially introducing
animal welfare concepts.

Good manufacturing practice

There was a high level of recognition around GMP-related
terminology, most probably due to the commercial utilisation
of these terms in other regional industries (e.g. these terms
were used on products such as bags of peanuts from
Thailand). Although there are potential economic benefits to
utilising these terms in advertising and packaging, as there
was no observed evidence of these concepts being implement-
ed, this prevents any such commercial advantage from being
realised. Other areas where observational findings did not
align with the perceptions and understanding included when
individuals were shown a series of pictures of equipment and
facilities and asked if they were acceptable for processing or
not, indicating a high level of apparent understanding that
clean equipment and facilities are required to ensure hygienic
practice. However, observational findings indicated that no
such standards were maintained in practice and the reasons
for this variance are unclear. This requires further investiga-
tion into issues such as perceived costs, to identify the barriers
preventing compliance with cleanliness standards. However,
it was noted that almost every individual was keen to receive
training in hygienic processes, although as the majority of
people believed current practices were largely acceptable,
changing perceptions will likely be challenging.

Development priorities

From these findings, training in fundamental disease risks,
hygienic practices and possible health and economic benefits
appears critical for development of a beef industry in Laos,
requiring a resetting of the current industry-wide perceptions
of standards related to international processing expectations.
As the meat inspectors appear to have a better knowledge base
than other employment groups, concentrating resources ini-
tially on improving their understanding may be the most
cost-effective method of distilling information and up-
scaling this KAP change, although the key gaps identified in
this study likely require multiple approaches including legis-
lative support. Formalising the training programme for meat
inspectors to ensure consistency across districts would pro-
vide a solid foundation for this employment group, with areas
of importance including (i) understanding of basic disease
risks and routes of transmission, as well as means of mitigat-
ing those risks; (ii) a practical programme to develop system-
atic antemortem and post mortem techniques and (iii) devel-
oping senior individuals to become mentors and teachers to
those starting in the industry. Training the trainer would also
likely be a cost-effective means to disseminate information as,
once meat inspectors were fully trained, specifically identified
and trained individuals would be in the ideal position to pres-
ent a standardised, nationally recognised programme to staff
within the industry. Key training areas should include (i) un-
derstanding of basic disease risks and routes of transmission,
as well as means of mitigating those risks and including oc-
cupational safety measures; (ii) a practical programme to de-
velop good animal handling techniques, humane slaughter,
hygienic processing and butchery techniques and (iii) an un-
derstanding of individual responsibility for public health, food
safety and disease reporting.

As slaughter premises owner/operators and animal owner/
traders are the most influential groups in the future develop-
ment of the beef industry, workshops and seminars specifical-
ly targeting these groups are recommended. Important topics
included in this training include (i) disease risks, transmission
and mitigation; (ii) animal welfare fundamentals; (iii) eco-
nomic opportunities and alternative business methods in pro-
cessing; (iv) legislative requirements and compliance and (v)
international expectations for meat export.

This study has identified that to achieve a modernised
slaughter industry capable of ensuring long-term national food
security and benefiting from regional trade, Laos will require a
fundamental shift in the KAP of those currently operating in
slaughter premises. This is likely to occur in time, driven by
economic opportunities, but will require an enforceable legis-
lative framework to ensure compliance with improved under-
standing and perception as, ultimately, a whole of process
chain approach is needed to embed effective long term
development.
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Conclusions

This study in three northern provinces of Laos identified sig-
nificant health, welfare and economic risks in meat processing
due to a lack of fundamental understanding and perception of
disease risks, animal welfare and processing standards, as well
as the national and international legislative requirements.
Improved understanding, perception and practice is required
for development of the beef industry into a commercially
competitive, regionally accredited export business. However,
improving standards requires significant training in several
key areas, including disease transmission risks, hygienic pro-
cesses and international processing standards. It is likely that
improving knowledge of the general meat-consuming popu-
lation will push change through market drivers, although
alignment with enforceable legislative requirements to sup-
port sustainable long-term industry development is required.
As ultimately business is driven by profit, industry-led change
will predominantly result from consumer and market pres-
sures, with training initiatives required to facilitate improved
standards. Further research to investigate process effective-
ness, determination of priority risks including residue risks
and economic profiling and forecasting for the industry is
recommended.
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