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Abstract
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Pork is the most popular and consumed meat in Vietnam, and the preference among consumers
for fresh and “warm” pork makes the traditional pork value chain dominate the pork industry.
This thesis assessed microbial contamination in pork, then evaluated the technical and economic
aspects of light-touch interventions in improving the safety of pork in the small-scale value
chain. A total of 671 specimens of retailed pork were collected from traditional retail, modern
retail, and food services to assess total bacterial count (TBC) and Sal/monella prevalence. The
results showed that 58% of samples were contaminated with Sa/monella, and 93% of samples
did not qualify for the Vietnamese standard of TBC in meat. The contamination of pork was not
significantly different between the traditional and modern retail while hygiene practices were
associated with lower microbial contamination. Subsequently, light-touch intervention packages
were co-designed and implemented at ten small-scale slaughterhouses and 29 traditional pork
shops. The packages consisted of providing tools and delivering training for participants. Results
showed a reduction of TBC in pig carcasses (from 4.46 to 4.24 log;, colony forming units (CFU)/
cm’, p = 0.09) and Salmonella prevalence in retailed pork (from 52% to 24% detection, p =
0.08). The upgraded pork shop was then introduced to local consumers in a Becker-DeGroot-
Marschak auction game. Consumers showed a strong belief in the intervention at retail stage
and were willing to pay 13,000 Vietnam Dong (VND), or 20% higher price, (p <0.01) for each
kilogram intervened pork compared to a typical one. This premium payment would cover the
investment to upgrade most shops (varied from 421 to 4,146 VND/kg pork). Besides, consuming
intervened pork was predicted to reduce annual risk of salmonellosis from 12% to 6%. This
reduction could lead to a net benefit 0of 27,696,241 VND (95% CI: -546,816 — 117,515,493) for
consumers and 207,788 VND (95% CI: -38,941 — 658,884) for pork sellers. This thesis provides
a sustainable solution to improve pork safety across the small-scale value chain in Vietnam. An
appropriate strategy to motivate these actors to implement the light-touch intervention could
significantly improve the well-being of community.
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“Words have the power to both hurt and heal. When words are
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To my little family with all the struggles we overcame during my study
To my big family and friends who always stay by my side
To my mentors and colleagues who give me support whenever I was lost






List of Papers

This thesis is based on the following papers, which are referred to in the text
by their Roman numerals.

I.

II.

II1.

IV.

Ngo, HTH., Nguyen-Thanh, L., Pham-Duc, P., Dang-Xuan, S.,
Le-Thi, H., Denis-Robichaud, J., Nguyen-Viet, H., Le, THT.,
Grace, D., Unger F. (2021). Microbial contamination and associ-
ated risk factors in retailed pork from key value chains in North-
ern Vietnam. International Journal of Food Microbiology,
346(2), 109163.

Ngo, HTH., Dang-Xuan, S., Malqvist, M., Nguyen-Thanh, L.,
Pham-Duc, P., Nguyen-Hong, P., Le-Thi, H., Nguyen-Viet, H.,
Le, THT., Grace, D., Lindahl, FJ., Unger, F. (2023). Assessment
of a light-touch intervention to reduce microbial contamination
at small-scale pig slaughterhouses and traditional pork shops in
Vietnam. Submitted.

Ngo, HTH., Dang-Xuan, S., Pham-Duc, P., Nguyen-Hong, P.,
Le-Thi, H., Le, THT., Nguyen-Viet, H., Mélqvist, M., Grace, D.,
Lindahl, FJ., Unger, F. (2023). Impact of perception and assess-
ment of consumer on willingness to pay for upgraded fresh pork:
An experimental study in Vietnam. Frontiers in Sustainable
Food Systems, 7, 1055877.

Ngo, HTH., Dang-Xuan, S., Malqvist, M., Pham-Duc, P., Le-
Thi, H., Nguyen-Viet, H., Le, THT., Grace, D., Lindahl, FJ., Un-
ger, F. (2023). The cost-benefit analysis of a light-touch inter-
vention to improve the safety of pork in Vietnam: The case of
salmonellosis. Manuscript.

Reprints were made with permission from respective publishers.






Contents

INErOAUCTION ..ottt st 11
Food safety hazards in POrK ........cccoeevieeiiiviiiniieiiecciecee e 11
The high risk of Salmonella contamination in pork............ccccceeeeeeeeneennene. 12
The burden of SAIMONEIIOSIS .....eevieieiieiieieieeee e 12
Pork production in Vietnam: the role of traditional value chain............... 13
Current policy to improve food safety in Vietnam ............ccoeeveevieneennenns 15
The consumers’ willingness to pay for safer products........c...cccevveveennnns 15
The potential of light-touch interventions to reduce the burden of
SAIMONEIIOSTS ...ttt 16

ATM OF the theSIS ...eeiiiieiee e 18

MEthOAOLOZY ..ecvveeirieiieiieieeie ettt ettt ettt v e e b e b e esbeesbeeabeenres 19
SHUAY STLES 1.vvievrieiieiieriete ettt ettt e st staestbeserestaesreesteestsesaneseneens 21
Sample size and participant TeCIrUItMENT ........c..ccveeveereeverieseerrreeeeeeeeennes 22
Light-touch intervention packages..........cccuevvvevievrienieenieenieenreeereereeveenens 24
Data COIECION ....eoeiiieiieieie et 26
Laboratory teStING .......ccvevvierieiiieeiieteete ettt reeve v v eveesres 28
Data ANALYSIS ...coviivieiieiierieie et are s 29

Ethical considerations ............ccecereririeieriere e 32

RESUIL. et 33
Microbial contamination of retailed pork at different value chains.......... 33
Effectiveness of light-touch intervention at small-scale slaughterhouses
and traditional Pork ShOPS ......ccveviiiiiiicii e 34
Consumer’s perception and assessment on light-touch intervention and
their willingness to pay for intervened pork ..........ccceevvveviieviinienienieennn, 35
Cost and benefit of the light-touch intervention package at pork shop.....36

DISCUSSION ..ttt sttt et es et ebeebeeseenaeeeeneeneenes 37

FULUIE POISPECIIVES...uviiiiiieiii ettt ettt ettt e sere e estae e s aeesseeeeaeenes 40

LO10) 1102 LU 103 s PSSR 41

ACKNOWIEAGMENT ....c.vviiiiiiiiicieceeteee et s 42

RETEIENCES .o aeeeaeeees 44






Abbreviations

ANOVA
BDM
CFU
CI
GMM
HUPH
ILRI
LIFSAP
LMM
LQMM
MPN
NIAS
NIVR
OR
PERT
SD
TBC
USD
VND
VNUA
WB
WHO
WTP

Analysis of Variance
Becker-DeGroot-Marschak

Colony forming units

Confidence interval

Generalized mixed-effects model

Hanoi University of Public Health
International Livestock Research Institute
The Livestock Competitiveness and Food Safety Projects
Linear mixed-effects model

Linear quantile mixed model

Most probable number

National Institute of Animal Science
National Institute of Veterinary Research
Odds ratio

Project evaluation and review techniques
Standard deviation

Total bacterial count

United States Dollar

Vietnam Dong

Vietnam National University of Agriculture
World Bank

World Health Organization

Willingness to pay






Introduction

Three decades after the economic reforms, Vietnam’s economy has steadily
grown which led to a dramatic increase in income per capita. As a result, the
food consumption of Vietnamese has significantly changed in composition,
with reduction in staple food and increase in animal-sourced food (1,2). This
trend was more explicit in the case of pork - the most popular meat which
accounted for 57% of total meat consumption in 2014 (3). On average, each
Vietnamese consumed 29.7 kg of pork in 2019, the third highest consumption
after the Chinese and the European (4). In other words, the safety of pork con-
tributes substantially to Vietnamese well-being.

Food safety hazards in pork

Codex Alimentarius defines food borne hazard as “a biological, chemical or
physical agent in, or condition of, food, with the potential to cause an adverse
health effect” (5). While physical hazards may cause injuries or choking, the
effect of chemical and biological hazards to human health are quite complex
to infer (5,6). Chemical contamination in pork includes heavy metals,
antibiotic residues or growth promoters. These contaminations mainly occur
at farm level due to the disobedience of farmers to husbandry regulations or
contamination of feed and water sources (7). The Vietnam food safety
authorities has banned or set miximum limits for some chemicals in pork, such
as lead, cadmium (8), antibiotic residues, and hormone growth promoters in
food (9). Biological hazards in pork mainly include parasites and bacteria.
Parasites infect live pigs at farm level while bacteria may infect pigs or con-
taminate pork at any stage of pork production as a result of bad hygiene prac-
tices (10—12). According to Vietnam regulations, Salmonella is not allowed to
be present in pork while the limitation of total bacterial count (TBC) and
Escherichia coli in pork are 5.7 and 1.7 logio colony forming units (CFU)/g,
respectively (13). TBC is a commonly used indicator of hygiene in food
production (14,15).

The World Bank (WB) indicated potential health risks due to pork
consumption in Vietnam (16). Consumers have been shown to be highly
concerned about chemical hazards in pork (17,18). However, chemical haz-
ards accounted for only 4.2% of food poisoning cases from 2010 to 2020 (19),
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likely due to low exposure levels of heavy metals and growth promoters via
food consumption (7,20). Besides, the effect of antibiotic residues to human
health has not been fully assessed yet (7,12). Therefore, the burden of chemi-
cal hazards in pork is likely not as serious as the consumer perceives (16,20).

On the other hand, many studies implicated high levels of microbial con-
tamination across pork value chains in Vietnam. Ngo et al. (21) found the
prevalence of Streptococcus in slaughtered pig to be 41%, while Ho et al. (22)
predicted pork is the source of 25.7% Streptococcus cases in human. Further-
more, Trichinella and Taenia were shown as potential hazards in pig and pork
at the underdeveloped and mountainous provinces (23-26). Besides, Nguyen-
Viet et al. (27) found 90% and 98% of retailed pork did not qualify the
Vietnam standard of TBC and coliform count in meat, respectively.

The high risk of Salmonella contamination in pork

Among common pathogens in pork, Sa/monella is one of the three major
causes of diarrheal disease in Southeast Asia (28). Salmonella can grow at
temperatures between 5-47°C and is eliminated at temperatures over 70°C
(29). In some cases, researchers observed Salmonella growth in food at 2-4°C
although its optimal growth temperature is 37°C (30). Therefore, pork from
traditional shops in Vietnam (mostly without cold chain) is a good environ-
ment for Salmonella contamination and growth (31). Previous studies
indicated that Sa/monella could contaminate pork at any stage across the pork
value chain. At slaughterhouse, 15.6% to 69.7% of pig carcasses were
contaminated with Salmonella (10,11,31-35). At retail, the prevalence of
Salmonella in pork at traditional markets varied from 26.8% to 72.7%
(11,31,33,36-38) while the proportion at supermarkets were 64% to 68.4%
(37,39). Pork contaminated with Sa/monella was found in different areas of
Vietnam, which makes it one of the most common hazards to pork consumers.
Although cooking pork at high temperature can eliminate Sa/monella, Dang-
Xuan et al. (40) highlighted the risk of Salmonella cross-contamination from
raw pork to cooked pork during handling at Vietnamese households.

The burden of salmonellosis

In 2017, the estimated number of salmonellosis cases, caused by non-ty-
phoidal Salmonella infection, in Southeast Asia, East Asia and Oceania region
was approximately 21,500 cases with 1,750 deaths (41). Some common symp-
toms of salmonellosis include diarrhea, abdominal pain, fever and headache
(30). In severe cases, salmonellosis might require long hospitalization, or even
lead to fatality in vulnerable groups such as children, elderly or HIV patients
(41,42). In the United States, the burden of salmonellosis was estimated to
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vary from 3.3 to 4.1 billion U.S. Dollar (USD) for more than 1 million cases
in 2009 and 2018 (43,44). Other developed countries including Canada, Aus-
tralia and Sweden reported the cost of salmonellosis per episode varied from
765 to 6,112 USD. In developing countries, the lack of data and underreport-
ing of cases make the number of salmonellosis cases underestimated and the
burden of salmonellosis remains unknown.

Previous studies indicated pork or pork products (such as minced pork,
pork burger, sausages, and pork salad) as potential transmission routes of sal-
monellosis in humans (45—49). The burden of salmonellosis in Vietnam has
not been calculated yet, but the high prevalence of Salmonella in pork impli-
cates a high economic loss due to salmonellosis. Consuming pork contami-
nated with Salmonella was estimated to cause one to two cases of salmonel-
losis for every ten Vietnamese consumers annually (33). Reducing microbial
contamination in pork, especially Salmonella, therefore, may substantially de-
crease the burden of foodborne illness for Vietnamese.

Pork production in Vietnam: the role of traditional value
chain

The emerging economy and large population in Vietnam created a dynamic
market for food production and distribution (50,51). In consequence, the num-
ber of pork producers are numerous and diverse to meet the need of domestic
consumers. The consumer can easily purchase pork and pork products, do-
mestic or imported, from different types of retail (52). Figure 1 illustrates the
domestic pork value chain in Vietnam.

According to Hoffmann et al. (53), the small-scale sector dominates the
fresh food market in low and middle-income countries. The situation in Vi-
etnam consolidates this statement. The small-scale farms contributed approx-
imately 80% of the total pig supply in 2014 (3). More than half of these pigs
were slaughtered in small-scale slaughterhouses, which accounted for 97% of
total slaughterhouses in 2016 (54,55). These small-scale slaughterhouses (ca-
pacity varying from 1 to 20 pigs/day) often apply floor-based slaughtering
with limited equipment or facilities (10,55). The pork is then delivered to con-
sumers via the traditional pork shops in open markets, without preservation
equipment such as refrigerator or cool box (3). However, this is the preferred
retail for fresh pork where more than 90% of the consumer in Hanoi and Ho
Chi Minh City (the two largest cities in Vietnam) purchase pork and pork
products (50,51,56,57).
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Figure 1. Domestic pork value chain in Vietnam (adapted from Nga et al. (3))

While the small-scale actors rarely form a business contract with each other,
the large-scale producers often make written contracts for their transactions
(1,52,58,59). The medium and large-scale slaughterhouses (capacity varying
from 20 to 2000 pigs/day) usually apply the industrial or semi-industrial
slaughtering system to handle pig carcasses which requires a high initial in-
vestment (52,60). These slaughterhouses are the main pork supplier for mod-
ern retail such as convenient stores or supermarkets, which often are equipped
with freezing and cooling facilities to preserve pork products (18,52).

In long term, the Vietnam government aims to control food safety by en-
couraging the development of industrial-scale pork production and reducing
the contribution of the traditional value chain (61). Since 2015, many medium
and large companies have joined the pork sector with modern quality manage-
ment and distribution systems (50). Besides, the modern retail with improved
food safety standards saw a rapid rise in the 2010s, especially in big cities
(50,62). In the same period, the number of small-scale slaughterhouses has
slightly increased while the number of smallholder farms declined in quantity
but increased in scale (1,54). In addition, consumer preference for “warm” and
fresh pork provides the traditional pork shops a competitive advantage com-
pared to the modern ones (63).
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Current policy to improve food safety in Vietnam

The Food Safety Law enacted in 2011 is an effort to adopt the concept of risk-
based control via the government, but the lack of public financial and human
resources limited its efficiency (1,53). The food safety institutions were also
restructured by reducing the involvement of ministries in charge and piloting
the new Food Safety Agency (1,16). In addition, the current food safety poli-
cies showed a trend to shift responsibility from the authorities to the food pro-
ducers (28), which means the private sector must find cost-effective measures
to upgrade their food safety condition.

The government considers an increase in modern and large-scale food pro-
ducers as the key to improving food safety in Vietnam, but the dominance of
small-scale producers as well as the insignificant improvement in food safety
in modern retail make the transition more challenging (18,62,64). Besides, the
weak capacity of food safety regulation enforcement also slowed down the
effort to reform food production (16,18). In other words, it takes time to gain
fruitful outcomes from the government’s attempts while improving food
safety conditions at small-scale food producers can promptly bring benefit to
the community (16,53).

The consumers’ willingness to pay for safer products

The consumers’ willingness to pay (WTP) for food products can be affected
by both external and internal factors. The socio-demographic factors at house-
hold and individual levels have been highlighted as significant drivers of the
WTP (65-69). In addition, exposure to information about food quality and risk
of food products can substantially affect the consumers’ WTP, and in many
cases, the food label was a useful tool to deliver information to consumers
(65,70-73). Besides, consumers’ assessment of food products and food stores,
especially the hygiene condition, have been identified as important determi-
nants of their WTP (74,75).

In the context of low and middle-income countries, consumers often show
a low willingness to pay for food safety (53) but the Vietnamese seem
different. Previous studies revealed a high demand of Vietnamese for safe
food which motivate them to pay a higher price (76—80). The premium price
for safe products such as vegetables, rice, or chicken varied from 9% to 205%
compared to the conventional ones. The type of food and the credence of food
quality were the main causes of the large variation of the WTP. In previous
studies, labeling was used as a tool to inform the consumer about product
attributes. However, Vietnamese consumers mostly rely on sensory evaluation
(e.g., touching or smelling) to assess the quality of fresh food products (81,82).
In other words, these studies might not precisely assess the impact of food
quality on consumer’s WTP.
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In the case of pork, the studies by Hao et al. (83) and Khai et al. (84) showed
that 64% to 82% of consumers were willing to pay more for safer products.
The premium prices for the proposed pork were estimated to be 38% to 64%
higher compared to conventional products (83,84). Stated-preference surveys
were applied in these two studies, which might overestimate the WTP (85,86).
Besides, in these studies, the consumers did not have opportunity to evaluate
the pork attributes following their shopping habit. Therefore, the results might
not precisely reflect consumer behavior. In consequence, any investment to
improve pork safety based on these results may not be beneficial for all stake-
holders.

The potential of light-touch interventions to reduce the
burden of salmonellosis

The high demand and alarming microbial contamination levels make it crucial
to implement appropriate strategies to improve pork safety in Vietnam. These
strategies should optimally cover multiple value chain actors to avoid contam-
ination at any stage (87). However, the lack of evidence on the burden of pork-
borne disease and limited options for affordable interventions have prevented
policymakers from taking action (16). A few cost-effective measures for Sal-
monella control include detection programs (16,88,89) or herd control (90).
These strategies however require high costs and are appropriate for industrial-
scale production only (16,53). Other researchers highlighted the limited im-
pact of pre-harvest interventions at farm and suggested conducting interven-
tions at slaughterhouses and post-processing to get the highest benefits (91—
93).

The estimated cost of controlling microbial contamination via improving
infrastructure in the slaughterhouse was found to be unaffordable for small-
scale pork value chains (11,94). For example, implementing steam vacuum
and steam ultrasound in slaughterhouses were assessed as cost-effective in re-
ducing microbial contamination (95,96). Nonetheless, the slaughterhouse
owners need to purchase the expensive equipment while the consumers and
authorities receive the benefits (97). In addition, previous research pointed out
that these interventions were not often successful or sustainable (94). Other
potential interventions are the use of hot-water decontamination or lactic acid
spraying (97,98). Further studies are required to evaluate their feasibility in
Vietnam context and the acceptance of consumers for these interventions.

At the retail level, cooling preservation is the most effective measure to
reduce microbial growth in pork. But the demand for “warm” and fresh pork
are competitive advantages of traditional shops compared to the modern shops
(63). Packaging could also be considered a potential solution to reduce con-
tamination. However, the consumer’s habit and reliance on sensory evaluation
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to assess the quality of fresh products make it inapplicable (81,82). Changing
seller’s practices, therefore, becomes the key intervention at traditional pork
shops (16). In Vietnam, several general recommendations and guidelines have
been developed for pork value chain actors by food safety authorities and pro-
grams, such as the standard for the traditional market in 2017 (99), or model
slaughterhouses in 2008 (60). However, the current high level of microbial
contamination in retailed pork implicated the limited adaption of pork produc-
ers to suggested practices.

Light-touch interventions may be the answer to the effort to improve the
safety of pork in Vietnam (16,100). This approach focuses on providing food
safety training and feasible facility upgrades for participants to create an ena-
bling environment and motivate them to change their behavior at a low cost
(101,102). This kind of intervention had been piloted in slaughterhouses and
markets in Nigeria and proved to be acceptable and cost-effective in reducing
microbial contamination in meat (103). The concern for food safety and will-
ingness to pay for safer pork products of Vietnamese consumers could make
it feasible to scale up and maintain the light-touch intervention (104—106).
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Aim of the thesis

This thesis aimed to generate scientific evidence about the feasibility of a
light-touch intervention and its benefit to relevant stakeholders in the tradi-
tional pork value chain in Vietnam. The specific objectives of the study are:

1) To assess the microbial contamination of pork at different retail
channels;
i) To evaluate the effectiveness of a light-touch intervention at the

small-scale slaughterhouses and traditional pork shops in terms of
reduced microbial contamination;

1i1) To estimate the consumers’ perception of pork safety and their
WTP for a pork product from an upgraded shop;

v) To analyze the cost and benefit of the light-touch interventions
for improving the safety of pork from the perspectives of different

stakeholders.

To achieve the above objectives, four corresponding studies were imple-
mented respectively to find the answers.
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Methodology

This thesis is part of “Market-based approaches to improving the safety of
pork in Vietnam” (SafePORK project), coordinated by International Livestock
Research Institute (ILRI) in the cooperation with Hanoi University of Public
Health (HUPH), Vietnam National University of Agriculture (VNUA), Na-
tional Institute of Animal Science (NIAS) and University of Sydney. The
SafePORK project funded 70% to 80% of the intervention cost and the
remaining was paid by the slaughterhouse owner and pork seller. The thesis
consists of four studies, corresponding to the four papers: study 1 assessed
microbial contamination of retailed pork; study 2 focused on assessing the
effectiveness of light-touch interventions at slaughterhouses and pork shops;
study 3 aimed to measure the WTP of consumers for intervened pork, and
study 4 analyzed the cost and benefit of the intervention in reducing salmo-
nellosis burden. The research framework of this thesis is illustrated in figure
2 and the overview of applied methods for each study is presented in table 1.

Small-scale slaughterhouse
Traditional pork shop

/4 Cost of intervention

Light-touch

Intervened pork : :
intervention

\* Benefit of intervention

Consumer o4

Figure 2. Study framework
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Study sites

Five provinces in northern Vietnam, namely Hanoi, Hoa Binh, Thai Nguyen,
Hung Yen, and Nghe An, were selected for the project, but were not all in-
cluded in each study (Table 1). These provinces represented different compo-
nents and varieties of pork value chains. Hanoi is the capital and second largest
city in Vietnam, representing the consumption area with a diversity of pork
value chains including traditional, modern establishments, and food services
(107). Hung Yen and Nghe An represented rural area where the traditional
small-scale producers dominated the pork industry (108). Hoa Binh was
selected as the source of indigenous pork value chain (17), while Thai Nguyen
represented both peri-urban and urban setting. Figure 3 illustrates the location
of five study sites in Vietnam map.

I Hanoi

‘ I Hung Yen
| Thai Nguyen
I Hoa Binh
[ INghe An

Figure 3. Map of Vietnam with the highlighted study sites
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Sample size and participant recruitment

Cross-sectional survey

In study 1, a cross-sectional survey was conducted to collect data about mi-
crobial contamination at different retail types, including traditional retail (tra-
ditional market and wet market), modern retail (supermarket, boutique shop
and convenience store), and food services (canteen and street food). Tradi-
tional retail was the main target of the thesis while modern retail and food
services were chosen for comparison.

Due to the abundance and diversity of retail types, Hanoi was selected to
fully reflect the reality of retailed pork. A list of modern establishments, tra-
ditional markets and wet markets from five urban districts were developed for
sampling. At each traditional or wet market, two to six shops were randomly
selected for sampling. In addition, the traditional pork shops in Nghe An and
Hung Yen were chosen according to the link with agriculture production co-
operatives. Finally, the food service establishments consisted of street food
vendors and canteens in Hanoi. The street food vendors were located in the
specialized planned area for street food while the list of canteens was chosen
following the local government’s recommendation.

To calculate the sample size for modern and traditional retail, the two-pro-
portions comparison was used with the expected Sa/monella prevalence for
each retail type was 45% and 60% respectively. The intra-cluster correlation
was set at 0.2 with the average cluster size of 5, and design effect of 1.2. For
street food, the single proportion estimation with expected prevalence of 50%,
intra-cluster correlation of 0.2 and average cluster size of 3 was used. For can-
teens, the number of establishments was set up to be at least 20 and the estab-
lishments were suggested by the Food Safety and Hygiene Division of Hanoi.
Finally, 266 pork samples from 266 traditional shops (one sample per shop),
328 pork samples from 123 modern shops (two to five samples per shop), and
77 pork samples from 77 food services (one sample per establishment) were
collected to make up a total of 671 pork samples.

Slaughterhouse and pork shop recruitment

In study 2, two lists of criteria were developed to select slaughterhouses and
pork shops involved in the intervention. For slaughterhouses, the capacity,
compliance and ability to adapt to intervention were essential. The target of
the intervention package was floor-based slaughterhouses with adequate fa-
cilities to instead apply grid-based slaughtering including water and drainage
systems, and enough space to separate places for exsanguinating pigs or split-
ting carcasses. Finally, the commitment and volunteering of slaughterhouse
owners and workers to join were necessary criteria. The workers then
collaborated with the research team to co-design the stainless-steel grid
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following the slaughterhouse capacity and the common pig size. In addition,
the slaughter area and water system were also re-arranged for convenient use.

For traditional pork shops, the neighbor markets sourcing pork from the
intervened slaughterhouses were investigated first to assess the basic facilities
to adapt to the intervention package including operating under the market
management board and having a separate area for animal-sourced food. Later,
a group discussion with the pork sellers was organized to assess their commit-
ment as well as finalize the tool package.

At the beginning of the study, a list of potential slaughterhouses and tradi-
tional markets was suggested by the local authorities of five study sites. The
research team later planned to investigate all of them to assess the conditions
as well as how voluntary the slaughterhouse owners and pork sellers were to
participate. However, the spread of COVID-19 pandemic, followed by strict
condition of travelling and social distance regulations in Vietnam, prevented
the exploration. Finally, 29 pork shops from three markets in Hung Yen and
Thai Nguyen, and 10 slaughterhouses in Hung Yen, Thai Nguyen, Hoa Binh,
and Nghe An participated in the intervention.

Consumer recruitment and interviews

In study 3, on the day before the experiment, one out of every three consumers
of the markets (where the intervened pork shops are located) were invited to
participate in an experimental auction game to measure their acceptance of
light-touch intervention as well as the pork from upgraded shop. The potential
consumers who intended to buy pork and consented to participate in the ex-
periment on the following day were interviewed using a questionnaire. In the
experiment, two pork shops were set up so that the participants could make a
comparison between typical and intervened shops. The experiment was held
on the day off of the intervened markets to reduce the conflict with market
operation. At the end of the experiment, the participants would have a chance
to purchase pork from one shop only to reduce the demand reduction effect.
Each participant would move out of the market area right after finishing the
experiment to comply with the local regulation of social distance during the
COVID-19 pandemic as well as reducing their interaction with other
participants. The sample size was estimated to be 123 participants via using
the formulation of Lusk and Shogren (86) with the expected standard devia-
tion (SD) of the bids across products of 20,000 VND, critical effect size of
40% at level of significance of 95%. In total, 152 participants in Hung Yen
and Thai Nguyen finished the interview and the experiment.
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Light-touch intervention packages
Slaughterhouse

At the small-scale slaughterhouse, the intervention package included upgrad-
ing the facility and delivering food safety training session for slaughterhouse
workers and owners. In detail, the slaughterhouse was equipped with a stain-
less-steel grid to lift the carcass from contact with the floor. In addition, the
water system was also expanded with new hoses and taps. The training session
was delivered later to introduce the workers to the grid-based slaughtering
method as well as good food safety practices in pig slaughtering, especially
cleaning tools, hands, and floors with the upgraded facilities. Figure 4 shows
an example of the upgrades at a slaughterhouse.

New water hose
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Stainless-steel grid ;
New water tap

Figure 4. Upgraded slaughterhouse with intervention package.
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Pork shop

At the traditional pork shops, the package consisted of providing new tools
and delivering food safety training for the seller. The new tools included
aprons, cutting board, cloths, disinfection liquid, sprayer, and hand sanitation
gel. In addition, a poster was set up on the selling table to remind sellers to
maintain good practice during sales, with a focus on hygiene practices with
the new tools. A training session was delivered later to introduce the seller to
food safety practices at retail level. Figure 5 illustrates an intervened pork
shop.
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Figure 5. Upgraded pork shop with intervention package.
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Data collection

Study 1 was conducted as a one-time cross-sectional survey, where the data
collection occurred before the commencement of the work with this PhD the-
sis. In study 2, three rounds of assessment were implemented across six im-
plementation weeks of light-touch intervention. The first round was conducted
one week before the implementation, the second round was in the middle of
the third and fourth week after the first visit, and the third round was in the
sixth week. To reduce the impact of season and temperature on microbial re-
sults, a period of six weeks was chosen while the sampling time during the
day was almost the same across three rounds. Figure 6 illustrates the sampling
period of study 2. Study 3 included one interview, and then the experiment
auction the day after. Study 4 had no additional data collection.

InterventionI implemented

Y
> 1* week> 2nd weel> 31 weel> 4t week> st week> 6" week >
A A x

Roulnd 1 Rolund 2 Roulnd 3

Figure 6. Timeline for light-touch intervention assessment

Microbial and food safety practice data

In study 1, the raw pork samples (approximately 300 to 400 grams) were asep-
tically collected and then transported to the lab within three hours for pro-
cessing. The samples were preserved in cool boxes with ice packs all the time
during this procedure. A checklist was used to record the sellers’ practices and
shop’s conditions.

In study 2, sampling was conducted at each round of assessment. For each
round at the slaughterhouse, the inner half carcass surface (400 cm? from four
positions), the slaughter floor (100 cm? at the splitting spot), and the worker’s
hand were swabbed for total bacterial count (TBC) testing. At pork shop, the
cutting board surface (25 cm?) and seller’s hands were also swabbed for TBC
testing while retailed pork was sampled for both TBC and Salmonella detec-
tion. The swab samples were collected to evaluate the compliance of partici-
pants to instructed practices as well as to identify the environmental factors
that can affect the contamination of pork or pig carcasses. Besides, the com-
pliance of participants with the instructed practices and the food safety condi-
tion of the establishments on the sampling day were recorded using observa-
tion checklists. The data collection procedure would be started right after the
slaughterhouse owners or pork sellers consented to participate in the research.
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Consumer willingness to pay

In study 3, an experiment was implemented at the intervened markets to meas-
ure the evaluation of consumers to typical and upgraded pork shop. In this
experiment, each shop was supplied with 25kg of pork shoulder sourced from
the same intervened slaughterhouse. The experiment created a set-up market
where the consumer could behave like their ordinary purchasing habits such
as touching, smelling, or observing the shop condition and seller’s practices
to evaluate the quality of pork products. They also had a chance to directly
compare the difference between the two types of shop instead of reading de-
scriptions in stated-preference surveys. The full bidding approach Becker—
DeGroot—Marschak (BDM) mechanism (86,109) was conducted to collect
data about WTP and assessment from consumers. In addition to the experi-
ment, a structured questionnaire was developed to collect data of participants
from six components: demographic information, pork preference, the experi-
ence of food borne diseases, perceptions about food safety, practices to pre-
vent pork-borne diseases, and knowledge about food safety. The questionnaire
interview was conducted the day before the experiment. Figure 7 illustrates
the BDM mechanism.

Screen and invite Receive instruction and
participant to the [-» practice the BDM
interview mechanism

Receive a food
safety warning
message

Not receive a food safety
warning message

Observe and assess the pork shops
2
Fill in the bids (b) for each shop
v
Confirm the assessment and bids (b)
v

Draw the card to choose the shop (x)
A 4

Draw the random price (p)
& |

p>b p<b
e
Receive 100,000 VND Receive 0.5 kg of pork from
x and (100,000 — p) VND

Figure 7. The process of BDM mechanism
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Cost-benefit data

In study 4, the cost for the pork sellers was simulated from the total cost of
investment to upgrade 29 pork shops with the light-touch intervention pack-
ages in study 2. In addition, the benefit of pork sellers was assumed to be the
same as the difference in WTP of consumers for pork from upgraded shop and
typical shop in study 3. From the perspective of consumers, their cost was
assumed to also be the difference in their WTP for pork from two shops in
study 3, while the benefit of consumer was the reduction of salmonellosis bur-
den due to consuming intervened pork instead of typical pork. The economic
burden of salmonellosis was calculated based on the cost of diarrheal hospi-
talization in 2013 by Hoang et al. (110) while the probability of salmonellosis
was calculated following the model developed by Dang-Xuan et al. (33).

Laboratory testing

In study 1 and 2, the TBC testing followed ISO 4833-2: 2013 procedure (111)
using the ten-fold serial dilution (from 107, to 10°) and surface plating
technique (two plates for each dilution). Salmonella detection procedure was
applied followed the ISO-6579: 2017 (112) while the concentration of
Salmonella was estimated following the 3-tube most probable number (MPN)
method. The TBC was used as an indicator of hygiene conditions and practices
of slaughterhouse workers and pork sellers while Salmonella was the main
target food borne hazard of this thesis.

For study 1, all pork samples were analyzed for Salmonella presence and a
random subset of 123 samples were tested for TBC. For study 2, all collected
samples were analyzed for TBC while only retailed pork samples at pork shop
were tested for Salmonella contamination. Out of the samples tested for
Salmonella prevalence, half of the samples were randomly selected for as-
sessing Salmonella concentration with MPN. The sample analysis was con-
ducted by the National Institute of Veterinary Research (NIVR). The details
of samples analyzed are presented in table 2.
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Table 2. The total number of microbial samples in each study

Study Participants Salmonella Salmonella TBC
prevalence concentration
Study Traditional retail 266 - 73
1 Modern retail 328 - 50
Food services 77 - 42
Study Slaughterhouse (3 rounds)
2 - Pigcarcass - - 60
- Floor - - 30
- Hands of worker - - 42
Pork shop (3 rounds)
- Retailed pork 87 42 87
- Cutting board - - 87
- Hands of seller - - 87

Data analysis

Except study 4, the other three studies applied descriptive statistics (including
the mean, standard deviation (SD), frequency, or 95% confidence interval
(CI)) to depict the variables’ characteristics. In addition, univariate analyses
were implemented in these three studies to select variables with p-value < 0.2
for the regression models.

Microbial and food safety practice data

In study 1 and 2, the data of TBC contamination was transformed into logio
colony forming units (CFU) per sampling unit, such as log;o CFU/g for pork
samples or logjo CFU/cm? for swabbed samples (carcass surface, cutting board
surface, or slaughter floor) or logio CFU/hand for hand samples.

In study 1, the Chi-square test was used to compare the prevalence of Sal-
monella and underqualified TBC (higher than 5.7 logio CFU/g) across types
of pork shops while the Analysis of Variance (ANOVA) test was applied for
testing the difference in the mean of TBC. Later, logistic regression and linear
regression models were applied respectively to identify the association of rel-
evant predictive factors for Salmonella occurrence and TBC in retailed pork.

In study 2, Wilcoxon signed-rank test was applied for comparing mean
TBC among sampling rounds of both slaughterhouses and pork shops while
the McNemar test was applied for testing the change in Salmonella prevalence
of retailed pork. Besides, linear mixed-effects models (LMM) and generalized
linear mixed-effects models (GLMM) were developed with TBC (in pig car-
cass and retailed pork) and Salmonella existence (in retailed pork) as depend-
ent variables, with shop/slaughterhouse as random effect.

29



Consumer data

In study 3, the consumer’s knowledge score was calculated by adding up the
total points of the knowledge test (0 for incorrect response, 1 for correct re-
sponse) while the consumer’s perception of pork shop practice was weighted
relied on the type of practice (1-5 for good practice and -5 to -1 for poor prac-
tice) before adding up to make the perception score. Cronbach’s alpha coeffi-
cient was applied to test the internal consistency of each question set about
perception, practice and knowledge of participants. Wilcoxon signed-rank test
was also implemented to compare the mean of consumers’ WTP and assess-
ment for two types of pork shops while Spearman rank correlation test was
used to test the relationship between the perception, assessment, knowledge,
and attitude of the consumer. Finally, the linear quantile mixed models
(LQMM) were used to evaluate the impact of independent variables on the
consumers’ WTP for pork from different shops.

Cost-benefit data

In study 4, Monte Carlo simulation was applied to generate the cost and ben-
efit data from the intervention input. The project evaluation and review tech-
niques (PERT) distribution was applied for most variables, except the preva-
lence of salmonellosis severity (categorical distribution) and the cost of sal-
monellosis (normal distribution for each severity). Probabilistic one-way sen-
sitivity analysis with two-dimensional Monte Carlo simulation was conducted
for 10,000 iterations at seven quantile values. The net benefits of each stake-
holder were described as the equations below:

Bs = (Awep — Ci) X Qs (1)
Be = Cs(pr — Pu) — Dwep X Q¢ (2)
B = Cs(pe — pu) — Gi X Qc 3)
Where:

e B, B., and B; are the annual net benefit of pork sellers, pork con-
sumers, and the light-touch intervention in general (VND per year);

e (C;isthe average cost of the light-touch intervention to upgrade each
kilogram of pork (VND per kg) and C; is the average cost of sal-
monellosis for each severity level (VND per case);

e Ay is the difference in willingness-to-pay of consumers (VND per
kg) for every kilogram of intervened pork compared to typical one;

e Qs and Q. is the quantity of pork that the shop sells, and the con-
sumers eat for one year (kg per year), with the assumption Q. = Qs;
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e pand p, are the incidence rates of salmonellosis annually (% case
per year) due to consuming typical and intervened pork, respec-
tively.

This thesis did not observe changes in sale volume after intervention, so the

current data of the pork shop was used to estimate the cost and benefit. All
datasets were entered in Microsoft Excel and analysis using R (113).
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Ethical considerations

This study was reviewed and approved by the Institute Review Board at the
Hanoi University of Public Health (No 110/2018/YTCC-HD3). All the poten-
tial participants were informed about the project. Verbal consent was obtained
from each participant before conducting interview, implementing the inter-
vention, sampling, and observation. The identity of all participants was coded
before electronic data storage and analysis. Only authorized staffs had access
to the data.

The research project is not expected to have had any negative impacts on
the slaughterhouse or market profitability and operation or have had any neg-
ative effects on participants. Pork retail in the traditional sector is female dom-
inated in Vietnam, and it is thus expected that most gains from the project
would benefit women. On the other hand, most of slaughterhouse owners and
workers are male who would enhance food safety knowledge from the project.
It could be argued that improving the traditional retail sector could work
against the strategy of the government to strengthen the formal retail sector,
but since the informal retail sector is unlikely to disappear, improvements in
traditional markets are necessary to safeguard public health. All project activ-
ities were informed and approved by the local authorities in advance. During
the COVID-19 pandemic, the project team and participants complied with the
local regulations about equipment and physical distancing in group events.
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Result

Microbial contamination of retailed pork at different
value chains

At traditional retail, 80.5% of pork was sourced from slaughterhouses or self-
slaughtering, and it took an average of 47 minutes (SD: 26 minutes) for trans-
porting 57 kg pork (SD: 31 kg pork) to the market. While most shops had cloth
for wiping pork (86.8%) and most sellers wore an apron (71.1%), only half of
them had water for cleaning. Washing soap (3.5%) and cooling facility (1.9%)
were rarely observed at the shop. About one-third of shops had stagnant water
or waste in the surrounding area. Half of the shops placed the pork in proxim-
ity to raw organs or other meats, and only 1.1% of shops covered the pork. In
comparison, 95.1% of modern shops were equipped with cooling facilities. A
large proportion of modern shops (74.8%) placed the pork in proximity to raw
organs or other types of meat but in almost all cases (95.9%) the pork was
packaged.

The results revealed a high microbial contamination level of retailed pork
across different retail types. Overall, 58.1% of pork samples were contami-
nated with Salmonella (60.5% for traditional retail, 50.9% for modern retail
and 80.5% for food services) and 93.8% of samples did not meet the Vietnam-
ese standard for TBC (97.3% for traditional retail, 88% for modern retail and
94.6% for food services). The contamination at traditional pork shops was not
significantly different from modern retail for both Sa/monella and TBC (6.54
+ 0.64 log CFU/g vs 6.38 = 0.65 log CFU/g, respectively).

At traditional pork shops, the use of separate cloths to wipe pork and equip-
ment could reduce the possibility of Salmonella contamination (odds ratio
(OR) =0.35, 95% CI: 0.13 — 0.96) while the presence of sewage or stagnant
water surrounding the shop might increase Sa/monella contamination in pork
(OR = 2.1, 95% CI: 1.01 — 4.34). In addition, an increase of 10 minutes of
transportation significantly increased the TBC contamination by 0.09 log
CFU/g. At modern pork shops, increasing storage temperature by 1°C in-
creased the risk of Salmonella contaminated in pork (OR =1.31, 95% CI: 1.04
— 1.65). Besides, selling only pork was associated with decreased prevalence
of Salmonella in pork (OR = 0.14, 95% CI: 0.03 — 0.64) compared to selling
more than one type of meat.
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Effectiveness of light-touch intervention at small-scale
slaughterhouses and traditional pork shops

The intervened slaughterhouses slaughtered one to six pigs per day with two
or three permanent workers. Nine out of ten slaughterhouses operated with the
participation of local pork sellers. For the pork shop, almost all participating
pork sellers (96.6%) were female and half of them were supported by family
members in pork selling. The pork sources were often close to the markets,
and on average, it took the pork seller approximately 12 minutes to transport
pork from slaughterhouses to the market, and on average each seller sold 43
kg pork products per day. The time and distance to transport pork in study 2
was much lower than in study 1, although the amount of pork per day was not
much different.

At the slaughterhouse, the average TBC contamination on pig carcasses
after intervention reduced slightly from 4.46 log CFU/cm? (round 1) to 4.23
log CFU/cm? (round 2) and 4.37 log CFU/cm? (round 3). Besides, the workers
showed significant improvement in the frequency of cleaning tools and sur-
faces such as knives (45% in round 1 to 65% and 90% in round 2 and 3), all
floors after finished slaughtering (35% in round 1 to 65% and 80% in round 2
and 3), slaughtering floor or grid after splitting carcass (45% in round 1 to
65% and 90% in round 2 and 3). However, the frequency of hand washing was
unchanged across three observation rounds while smoking during slaughter-
ing gradually increased. In addition, the regression results revealed smoking
during slaughtering process was an associated factor that increased TBC con-
tamination in pig carcass with 0.6 log CFU/cm?* (95% CI: 0.12 to 0.96), while
wearing boots and cleaning the floor after slaughtering significantly reduced
the TBC contamination with 1.04 log CFU/cm? (95% CI: -1.50 to -0.26) and
0.53 log CFU/cm? (95% CI: -0.83 to -0.01), respectively.

At the pork shop, the TBC contamination of retailed pork after intervention
reduced insignificantly from round 1 (5.47 log CFU/g) to round 2 (5.34 log
CFU/g) and round 3 (5.36 log CFU/g). For all three rounds, 41.38% of sam-
ples did not qualify the Vietnam standard for TBC (5.7 log CFU/g). This pro-
portion was half compared to the result from study 1. In addition, the TBC of
retailed pork in three rounds was 1 to 1.2 log lower than the TBC at traditional
retail in study 1 (6.51 log CFU/g). Compared to study 1, the prevalence of
Salmonella in pork before intervention was similar to the prevalence at
traditional retail (60.5%), but declined dramatically after intervention, from
52% in round 1 to 28% and 24% in round 2 and round 3, respectively. The
observations showed that the sellers regularly used the provided tools,
including apron (from 62.1% in round 1 to 89.7% in round 2 and 3), or cloths
(from 3.5% in round 1 to 41.4% and 55.2% in round 2 and 3). The frequency
of wearing apron after intervention was a bit higher than the proportion in
study 1 (71.1%), but it was lower at the start. Furthermore, the frequencies of
cleaning contact surfaces were also increased, such as table surface (from
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44.8% in round 1 to 79.3% and 55.2% in round 2 and 3), hands (from 0% in
round 1 to 55.2% and 75.9% in round 2 and 3) and cutting board (from 0% in
round 1 to 51.7% and 44.8% in round 2 and 3). On the other hand, the regres-
sion results indicated wearing apron was a significant factor that reduce both
TBC contamination with 0.45 log CFU/g (95% CI: -0.79 to -0.12) and proba-
bility of Salmonella contamination (OR: 0.13, 95% CI: 0.02 — 0.72) in pork.
Besides, having a table with rough surface was associated with higher TBC
contamination in pork with 0.57 log CFU/g (95% CI: 0.22 to 0.91). Interest-
ingly, the support from family members (OR: 0.04, 95% CI: 0.00 — 0.43) was
associated with reduced probability of Salmonella contamination in retailed
pork.

Consumer’s perception and assessment on light-touch
intervention and their willingness to pay for intervened
pork

The customers at the intervened markets were mostly female (90.1%) with a
budget of 102,000 VND per day for the food consumption of a four-members
family. On average, they frequently consumed 6.44 pork dishes per week and
purchased 1.08 kg of raw pork per shopping round.

Overall, the consumer showed a strong belief in the effectiveness of light-
touch intervention packages at small-scale producers. More than half of re-
spondents trusted that the grid-based slaughtering method can improve the
quality of pork. In addition, more than 80% of respondents believed instructed
practices at intervened pork shops would help promote pork safety. As a result,
they evaluated the food safety condition at the intervened shop much better
than the typical one (9.3/10 vs 7.6/10). However, half of the respondents
thought that the use of rough material (wooden table or cardboard) to display
pork would improve pork safety. The intervention result in study 2 showed
the opposite since this practice significantly increased the TBC contamination
in retailed pork.

The result of the BDM experiment showed consumers’ preference for the
upgraded shop and intervened pork. They were willing to pay an average of
6,500 VND per 0.5 kg (20%) higher for the intervened pork compared to the
typical one. The difference in shop assessment strongly affected the WTP in
all quantiles while the number of pork dishes per week and the perception
about food safety practice at pork shop only showed impact from the 60th and
90th quantile upward.
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Cost and benefit of the light-touch intervention package
at pork shop

The average annual cost to upgrade the pork shop with the light-touch inter-
vention was 1,801 VND per kg pork (95% CI: 421 to 4,46 VND/kg pork)
while the average cost of salmonellosis in Vietnam was estimated to be
345,769,486 VND per case (95% CI: 42,422 — 8,533,563,472 VND/case), ap-
proximately 14,936 USD per case.

By consuming the pork from intervened shops, the annual salmonellosis
risk for consumers reduced from 12.3% to 6%. As a result, the light-touch
intervention brought the consumer an annual net benefit of 27,696,241 VND
per year (95% CI: -546,816 — 117,515,493 VND/year), with 61.2% of cases
being profitable. The estimated average benefit for pork seller was 207,788
VND per year (95% CI: -38,941 — 658,884) with 93.2% benefit cases. In total,
the net benefit of the light-touch intervention was 27,904,030 VND per year
(95% CI: -43,292 — 117,762,555) with 59.6% of profitable cases. The sensi-
tivity analysis result showed the annual benefit to the consumer, and the inter-
vention was strongly affected by the cost of salmonellosis, followed by the
probability of salmonellosis after the intervention. The annual benefit of pork
sellers was mostly influenced by the difference in WTP for intervened pork
and the amount of sold pork.
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Discussion

This thesis reconfirmed the high level of microbial contamination in retailed
pork from all types of retail and suggested that a light-touch intervention can
be a potential cost-effective solution to sustainably improve the safety of pork
from traditional value chain in Vietnam.

The results revealed a high prevalence of Salmonella and TBC contamina-
tion in the most common pork value chains in Vietnam. These findings con-
solidated the persistence of microbial contamination in retailed pork compared
to previous studies from 2005 to 2018 (11,27,36,37,39,64,114,115). Among
three retail types in this thesis, raw pork from food services had the highest
Salmonella prevalence, and this was higher compared to the prevalence from
food services in different countries such as Taiwan, Philippines, Thailand, or
Madagascar (116—118). This result implicated poor practice of food handlers
in street food stalls or canteens. In addition, modern pork retail did not show
any distinction in microbial contamination level with pork from the traditional
retail in both Salmonella prevalence and TBC concentration, despite the dif-
ferences in facilities and preservation condition. Contamination at the slaugh-
ter stage might be the explanation for this finding, but it also highlighted that
modernization pork retail might not immediately improve the safety of pork.
In addition, the use of different cloths for wiping both pork and tools, the hy-
giene condition around the shop, and transportation time were important fac-
tors that should be considered in any intervention packages at traditional retail.

Technically, the light-touch interventions showed their potential to reduce
microbial contamination in both pig carcasses and retailed pork, but they still
have space to be improved. At the pork shops, the provided tools, including
apron and cloths, contributed to the reduction of Salmonella prevalence after
intervention. The proportion of Salmonella presence in intervened pork was
half of the figure before intervention, the result in study 1, or the study by
Dang-Xuan et al. (11) (44.7%) in the same province. Besides, the sellers were
adapting well to the intervention package, indicated by the increasing fre-
quency of good practices. Nonetheless, the use of disinfectant was limited and
the TBC contamination in pork was not significantly improved. Although the
proportion of samples qualified by the Vietnamese standard was higher than
study 1, this proportion was the same before and after intervention. The differ-
ences in time and distance to transport the pork between two studies might be
the explanation since study 1 found that increasing transportation time was
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associated with an increase of TBC. Furthermore, the concentration of TBC in
pig carcass and retailed pork after intervention was 0.5 log lower than the find-
ing in the study of Nguyen-Viet et al. (27) in the same province. On the other
hand, the regression results also pointed out that displaying pork on rough ma-
terial such as a wooden table or cardboard significantly increased TBC con-
tamination in pork. This practical evidence should be delivered to pork sellers
to convince them to change to smooth and easy-to-clean material. Study 1 as
well as the study by Dang-Xuan et al. (11), highlighted that using different
cloths to wipe pork and tools might contribute to the reduction of Salmonella
contamination, but the result in study 2 showed this practice had no impact.
Further studies are required to clarify this difference.

At the slaughterhouse, the grid-based slaughtering method showed its im-
pact on reducing TBC contamination on pig carcasses. The contamination af-
ter intervention was comparable to industrial-scale slaughterhouse (98,119—
122). Besides, the concentration of TBC on the floor surfaces was reduced by
1.5 log after intervention, to be lower than the figure from industrial-scale
slaughterhouses in the study of Di Ciccio et al. (121). The explanation for
these changes, similar to the pork seller, was the adoption of the instructed
practices by the slaughterhouse workers. They frequently cleaned the tools
and floor, which is essential to decrease microbial concentration in pig car-
casses. However, the frequency of hand washing did not change, while smok-
ing during slaughtering in fact become more common. The latter is a noticea-
ble practice since the regression result revealed that it increased the TBC con-
tamination on pig carcasses, and more information to slaughterhouse workers
may be needed to stress this risk.

From the consumers’ perspective, the intervention packages could signifi-
cantly help improve the safety of retailed pork, which was reflected in that
they evaluated the food safety condition of the intervened shop higher than the
conventional one. As a result, they were willing to pay 20% more for the in-
tervened pork compared to typical one. This figure is three to four times lower
than the result from previous studies (83,84). The implementation of an ex-
perimental approach, which motivates consumers to reveal their true WTP
(123,124), might be the explanation for this difference. However, the consum-
ers would require appropriate signals (such as shop appearance) to recognize
the difference in attributes between upgraded shop and conventional one. In-
terestingly, the consumer revealed a high concern about consuming contami-
nated pork, but the risk message about salmonellosis risk due to consuming
contaminated pork did not affect their WTP. The confidence in handling pork
at home might be the reason for this finding. In addition, consumers tended to
be willing to pay more for intervened pork in case there was an elderly mem-
ber in their household. This finding is consistent with the result from other
studies (84,125) and implicates the elderly could contribute substantially to
the drive to reduce the burden of pork-borne disease. However, consumers
still had a misperception about the impact of using rough material to display
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pork. The intervention result showed the opposite that rough material was a
risk factor to food safety, and this misperception of consumer needs to be ad-
justed or it might be an obstacle to prevent the food safety practice improve-
ment of pork sellers. In addition, the belief of consumer of the benefits of the
grid-base slaughtering method was a good signal. Previous studies implicated
that the consumers were willing to pay higher when newly introduced tech-
nique are applied in food products (126,127). Therefore, the application of
grid-based slaughtering should be informed to the consumer as an attribute of
intervened pork products.

This thesis is the first study to estimate the cost of salmonellosis in Vi-
etnam. The figure was quite high compared to developed countries (88,128—
130) due to the difference in methodology and the estimated fatality rate. In
contrast, the cost of the intervention was comparable to other large-scale strat-
egies to improve the safety of pork (89,90). However, this light-touch inter-
vention did not require a high investment at the beginning, which makes it
feasible for small-scale producers in Vietnam. Moreover, the 20% premium
price of consumers for the pork from upgraded shop would in most cases cover
the cost of the light-touch interventions.

Overall, the benefit of the intervention was mostly transferred to the con-
sumer, especially the groups that are most vulnerable to salmonellosis. But in
most cases, the intervention brought a small profit to the seller. This result
suggests the sustainability of light-touch intervention since many strategies to
control Salmonella contamination in pork were estimated to be not cost-effec-
tive for both producers and consumers (89,97,131), or applicable only for
large-scale pork production (88,96,132). However, the net benefit of the pork
seller was strongly affected by consumers’ decision (WTP and amount of con-
sumption) while the net benefit of the consumers was driven by the cost and
probability of salmonellosis. In other words, the consumers must be the key
target of any effort to increase demand for improved safety of pork.

This thesis had one major limitation that it did not include the effect of
season on the microbial contamination. In study 1, this effect might not be
significant since the pork samples were collected mostly in the winter season
but the prolonged implementation in study 2 might affect the microbial result
due to the season effect. Another limitation is the impact of COVID-19
pandemic on the consumers’ lives and income, which can lead to reduction of
their WTP in study 3. Besides, the small sample size in particular in study 2
and study 3 can affect the estimation of cost and benefit in study 4. Finally,
this thesis did not include the effectiveness and cost of intervention at slaugh-
tering stages. Previous studies show that this is the most effective stage to
control microbial contamination in pork production (91-93). A modified
study design, a larger sample size, and longer periods to follow up over dif-
ferent seasons, would be necessary to close these gaps.
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Future perspectives

In order to improve the effectiveness of the light-touch intervention, some ad-
justments should be added to the packages at the slaughterhouse. For example,
hanging warning posters around the slaughter area including the use of behav-
ioural nudges as described by Hennessey et al. (100) might be considered to
reduce smoking behavior as well as enhance hand-washing practices. Besides,
some organic disinfectants, such as lactic acid, should be introduced to slaugh-
terhouse workers and pork sellers to improve cleaning practices. In addition,
the packages for traditional pork shops should include providing feasible ma-
terial to cover the table surface and targeting the seller’s supporters in the
training session.

This thesis showed the potential of a light-touch intervention to be contin-
ued without external financial support. However, an appropriate communica-
tion strategy needs to be conducted to inform the consumer about the cost and
benefits of the intervention as well as motivate small-scale pork producers to
maintain and renew the packages. The vulnerable groups (elderly, children)
should be included in this strategy since they are the most beneficial group.
Besides, another study is also required to assess the sustainability of light-
touch intervention in improving pork safety. Private certification schemes for
intervened slaughterhouses and pork shops is also a good option for further
expansion.

The thesis also implicated the issue of pork handling at food services which
could also be improved via appropriate light-touch interventions. Since the
food quality at canteens and street food vendors directly affects a large number
of consumers, these establishments should be the next targets of intervention
to reduce the risk of salmonellosis. Since the microbial contamination across
modern pork value chains was not different from traditional value chains,
some feasible solutions (e.g., food safety training for slaughterhouse workers
and sellers) should be tested and conducted soon to improve the safety of pork
in this growing sector. The identified risk factors in this thesis can be a good
contribution to developing training materials.
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Conclusion

Improving the safety of pork in Vietnam is a long-term strategy of the govern-
ment, but mostly targets large-scale production as the key actor. However, the
high risk and burden of pork-borne disease make it urgent to investigate the
feasible approaches to reduce microbial contamination of pork from the pre-
dominant pork value chain. This thesis has implicated the significant potential
of a light-touch intervention in sustainably mitigating the cost of salmonellosis
for Vietnamese. It not only reduced microbial contamination at different
stages of the pork value chain but also could bring economic benefits to both
producers and consumers. The investment for the light-touch intervention was
affordable but the compliance of participants was essential to make it effec-
tive. Besides, the intervention packages were designed in a participatory pro-
cess and could be adjusted according to the condition of pork value chain ac-
tors as well as the suggestion of participants.

Although the sellers were predicted to get profit from the intervention in
most of the cases, the authorities need to promote the potential benefit to mo-
tivate them to implement it at their establishments. In addition, a small budget
should be considered to sponsor the sellers which motivate them to purchase
the intervention package. Furthermore, the authorities should consider to fre-
quently deliver updated food safety training to the seller. The food safety en-
forcement also needed to be strengthened to coordinate and impose the regu-
lations. The involvement of the government is important to trigger and main-
tain the incentive of seller and the interaction between the pork seller and the
consumer should be considered. The awareness and acceptance of consumers
to the intervention would be a strong incentive for the seller to improve. Gen-
erally, the consumer’s response is a substantial driver to create and transfer
the benefit to all relevant stakeholders, therefore, enhancing their perception
of food safety and the burden of pork-borne disease is necessary to make the
intervention successful. An appropriate combination of risk communication
strategy and improving food safety practice at home can significantly increase
the benefit.

Overall, while large-scale producers need time and effort to deliver safe
pork products to the consumer, the implementation of a feasible strategy
across the small-scale pork value chain can promptly reduce the burden of
pork-borne disease in Vietnam.
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