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Today, formal and informal enterprises are increasingly contributing to the safety and
nutritional ramifications of their food business activities. Enabling entrepreneurship in
a sustainable manner means making profits, striving to prevent ingress of harmful
substances, and increasing the efficiency of using local natural resources and thus
mitigating food hazardous footprints. Using examples from Nepal, Senegal and Ethiopia,
this review provides information on microbial and chemical contamination and food
adulteration that lead to having unsafe food in the market and on factors that
are limiting growing food businesses. Four examples for how to accelerate food
safety entrepreneurship are presented that include safely diversifying markets with
animal sourced foods, sustainably using neglected and underutilized animal sources,
expanding, and integrating innovative technologies with traditional practice and using
digital technology to improving monitoring and safety along the food supply chain.
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INTRODUCTION

Access to safe and nutritious food is one of the most complex social and economic problems
that has transparent frontiers and exists practically everywhere on the world map. The recent
emergence of a “New Food Equation,” marked by food price hikes, dwindling natural resources,
land grabbing activities, social unrest, the effects of climate change, and recent pandemic impact of
COVID-19 is bringing onto the global food security and safety agenda a range of often interrelated
sustainability concerns (Sonnino, 2016; Apostolopoulos et al., 2021). All these issues form a
challenging environment in which food businesses operate but at the same time trigger the positive
changes that can strengthen food safety systems. In particular, COVID-19 provided a boost to short
supply chains in the agri-food sector and agri-food enterprises and those with new technologies
and digital aspects at their core were privileged in competition. Agri-food enterprises relying on
transportation for their inputs were limited in operations due to travel restrictions. Simultaneously,
there was a forced change from fresh to dried agri-food products e.g., dried seafood (sardines,
prawns), meat (beef jerky, goat meat), beans, lentils, and peas, fruits (bananas, mangos, pineapple),
and vegetables (tomato, onion, okra) affecting agri-food entrepreneurial activities (Bene, 2020;
Apostolopoulos et al., 2021; Belton et al., 2021; Nordhagen et al., 2021).
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Following these conditions in prerequisites, for low- and
middle-income countries (LMICs), the most promising trend
in future foods depends to a large extent on food businesses
awareness. Hence, the ability to expand the production of local
foods and the need to employ indigenous and new technologies
for food processing to produce safe, nutritious, and healthy
products. Identifying and implementing technologies that reduce
greenhouse gases and use of green technologies for transporting,
processing and packaging that preserve the safety, quality,
and nutritional value of food products provide an important
avenue for building local and national economies. Among these
novel technologies are the smart packaging systems based on
natural food colorants for the monitoring of food quality and
safety, digitalization of basic logistic processes realized through
Internet-based solutions, light-emitting diode technology, smart
moisture detection, and various other innovations to multiple
health and environmental benefits along food supply chain
(Alizadeh-Sani et al., 2020; Prasad et al., 2020; Chitrakar et al.,
2021; Forcina and Falcone, 2021).

The rationale of this review is to understand the challenges
food entrepreneurship is facing related to food safety and
what kind of targeted interventions would be relevant to a
particular country context. Diversity within country contexts
will provide an opportunity to observe how ongoing or
future food safety actions succeed or fail under a variety
of circumstances.

By screening the existing drawbacks in food systems through
the prospects of what food businesses can contribute in a
given country context, stakeholders will be more capable in
designing and implementing actionable and incentive-based
recommendations for better food and nutrition safety practices.
Effective food safety interventions should ensure that the size
of the action is adjusted to the size of the problem, i.e., the
level of effort is proportional to the significance of the expected
impact. A number of recent reviews have found that diverse
agricultural interventions have increased food production, but
did not necessarily improve nutrition and “post-farm gate”
methods that increase the availability, affordability, acceptability
and consumption of nutritious foods also needed to support food
safety for small formal and informal enterprises that often cannot
comply with legislated criteria (Maestre et al., 2017).

Studies from Nepal, Senegal and Ethiopia were reviewed
to identify key food safety issues and barriers to improving
food safety practices and nutritional status of foods. These
countries were selected because they have demonstrated potential
to reshape their food safety systems that contribute to the
sustainable development of the agri-food sector economy. Some
of the significant signals that food safety and nutrition concepts
are beginning to shape expectations and regulatory requirements
in these countries include:

- Increased contributions to the large body of peer-reviewed
materials and gray literature actualize and explore the
problems of food safety and nutritional quality protection at
the level of small- and medium businesses (Noort et al., 2016;
Morse et al., 2018; Joardder and Masud, 2019; Nyarugwe et al.,
2020).

- National governments of Nepal, Senegal and Ethiopia are
exploring policy mechanisms to restore, maintain and evolve
services around food safety (Grace, 2015; GFSP, 2018; Birke
and Zawide, 2019; Uprety and Shivakoti, 2019; Forsido et al.,
2020; Osti, 2020).

- A growing number of food entrepreneurs are ready to apply
food safety best practices as pilot tests with a focus on business
profits (Kussaga et al., 2014; Dongol et al., 2017; Dizon et al,,
2019; Getachew and Christian, 2019; Ghimire and Koirala,
2019; Thapa et al., 2019; Bene, 2020).

- Trendsetting financial institutions have put into place
requirements to consider food safety standards within
financial due diligence processes (Van der Heijden et al., 1999;
Kirezieva and Luning, 2017; Steier and Patel, 2017; FAO et al.,
2020).

The following section illustrates existing and emerging drivers
for food safety and include specific and sensitive insights that
promote and inhibit growing sustainable food businesses.

UNSAFE FOOD AS PUBLIC HEALTH RISK

Historically dietary patterns in Nepal, Senegal, and Ethiopia
are a mixture of plant and animal-sourced foods (ASFs) that
are often minimally processed. As the population is increasing,
especially with migration to urban areas, there is a modern trend
to continuously expand food businesses to meet this shift in the
size and location of the population. World projections modeled
on the last 5 years of growth in urbanization, per capita income,
and rates of income inequality anticipate that by 2040, 72% of
all food will be processed to some degree, up from 58% today.
Rural processed food consumption will grow from 43 to 50%
and urban processed food consumption from 91 to 95% (IFTF,
2018). The distance between production and consumption spots
are stretching and a number of developments which include
changes in pre- and post-harvest practices are contributing to
increased threats of biological, chemical and physical hazards on
food safety.

Microbial contamination, chemical contamination, and food
fraud are commonly reported public health risks related to food
safety along the value chain in Nepal, Senegal, and Ethiopia.
These challenges include, but not are limited to.

Microbial Contamination of Food

Failure to apply food safety strategies in every stage of the
food supply chain, for example, bad feeding and watering
practices, poor animal health, unhygienic production system,
underdeveloped practice of packaging and labeling, poor
infrastructure, informal market channels, poor marketing
practices, and poor hygiene and sanitation lead to microbial
contamination of foods. Moreover, fraudulent food processing
practices such as adulteration, and selling of spoiled or expired
foods are also causing microbial contamination (Dongol et al.,
2017; Doutoum et al, 2018; Dhungel et al., 2019; Behera
et al., 2020; Owusu-Kwarteng et al., 2020; Teferi, 2020; Teixeira
et al., 2020). Numerous pathogenic microorganisms have been
found in different food items along the value chain. The
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following disease-causing bacteria were commonly reported in
the target countries: Salmonella spp., Escherichia coli, Klebsiella
spp., Shigella spp., Citrobacter spp., Pseudomonas spp., Vibrio
spp., Campylobacter spp., Listeria spp., Cryptosporidium, L.
monocytogenes, Brucella spp., Coxiella burnetii, Proteus spp.,
Staphylococcus spp., and Bacillus cereus (Hempen et al., 2004;
Dahal et al., 2010; Mersha et al, 2010; Kirk et al., 2014;
Adugna et al, 2015; Abera et al, 2016; Atnafie et al., 2017;
Markos et al, 2017; Mengistu et al, 2017; Bantawa et al,
2018; Dhungel et al., 2019; Kassahun and Wongiel, 2019; Keba
et al,, 2020; Kumar et al., 2020; Osti, 2020). The available
sources indicate a trend toward increasing resistance rates among
pathogens such as Escherichia coli, Shigella spp., Salmonella spp.,
and Staphylococcus aureus to commonly prescribed antibiotics,
including ampicillin, amoxicillin, penicillin, tetracycline, and
trimethoprim/sulfamethoxazole (Tesfaw et al., 2013; Dulo et al.,
2015; Garedew et al., 2015; Ejo et al., 2016; Assefa and Bihon,
2018).

Chemical Contamination of Food

Food contamination with hazardous chemicals is one of the
major public health concerns associated with the phases of
food production, processing, packaging, transportation, and
storage. Mycotoxins pose significant food safety challenges in the
studied countries. In Ethiopia, aflatoxins, ochratoxin A (OTA),
deoxynivalenol (DON), zearalenone (ZEN) and fumonisins
(FUM) are considered to be widespread in major dietary and
export-oriented crops (Ayelign and De Saeger, 2020). Getachew
et al. (2018) reported the occurrence of 127 mycotoxins in
maize grains collected from the major maize producing districts
in Ethiopia. In the area of Southern Senegal a recent study
found that 17 of 84 maize samples (20%) taken randomly from
post-harvest cobs or shelled corn contained positive levels of
aflatoxin (Bauchet et al., 2020). Studies of prevalence of aflatoxin
contamination in Nepalese maize production have shown that
the incidence in maize is high and average prevalence is about
50% (Pokhrel, 2016).

Among the hazardous chemicals commonly reported for
grains, cereals, horticultural crops (mainly eggplants, tomatoes,
chilis, lettuce, cabbage), fruits (banana), chicken eggs, pelagic
fish, shrimps, dairy products are: heavy metals (like cadmium,
zing, iron, mercury, lead), pesticide residuals (like dicofol,
chlorpyrifos, dimethoate, and \-cyhalothrin), persistent organic
pollutants [like lindane, hexachlorobenzene (HCB), cyclodienes
(heptachlor and trans-nonachlor), DDT, dioxins, polychlorinated
biphenyl (PCB)], organic compounds (like formalin, urea), and
other chemical compounds (like bicarbonate, sodium hydroxide,
sodium carbonate). In most cases, the concentration of chemicals
has been found to exceed the tolerable limit for consumable
food items (FAO, 2014; Thompson et al., 2017; Guy Bertrand,
2019). As an empiric example, a study of mercury, lead and
cadmium contamination in fishery products from Senegal has
detected mercury in 71% of the samples, cadmium in 60%, and
lead in 58% of the samples. The greatest mercury contamination
value (0.55 ppm) was found in cuttlefish during the 9-year
study (Diouf et al., 2019). An investigation of pesticide residues
in food indicated a 3-fold higher DDT residue concentration
above the acceptable daily intake set by the WHO in human

mothers” and cows’ milk samples. On top of the risk of pesticide
residues in dairy products, other studies in Ethiopia also showed
residues of organochlorine pesticides in cattle carcasses and
honey samples (Negatu et al., 2021). In Nepal, due to over use
and unsafe handling, the issue of pesticide use in agriculture
farming is becoming a growing public health concern. Pesticide
application is concentrated in relatively few provinces and is
increasing by about 20% per year. Of the total pesticides imported
in the country, more than 90% are used in vegetable farming
(Kafle et al., 2021).

Food Authenticity Issue

The large number of food fraud incidents have impacted almost
every stage of the food chain, and is identified as growing trend.
Food fraud involves intentional or unintentional addition of
useless, harmful, unnecessary chemical, physical, and biological
agents to food which decreases the quality of food. It also
includes removal of genuine components and processing foods in
unhygienic way. The impacts of such incidents are far reaching,
affecting not only consumers’ trust to agri-food business and the
reputation of the food supply chain but also present possible
public health repercussions if a food fraud incident involves
the addition of harmful substances or allergens. Chemicals
[like metanil yellow, rhodamine, sudan red, calcium carbide,
formalin, bicarbonate, sodium hydroxide (caustic soda), sodium
carbonate, neutralizers, detergents]; items which are not the
genuine component of foods (like starch, flour, water in milk,
cow’s fat and intestine in ghee, poisonous plant derivative); poor-
quality products; and physical or inert agents (like clay, brick
powder) are the commonest adulterants added mostly to dairy
products, cereals, legumes, rice grains, edible oil, ghee, flour, and
pepper (Sapkota and Phuyal, 2016; Gemechu et al., 2020; Thapa
et al., 2020).

The case from Nepal illustrates that most of the times, the
adulteration is intentional for raising profit, but it can be due to
the lack of proper detecting technology and confusion regarding
appropriate drug administration practices (Bhandari, 2020).
Market inspection carried out in 2018 by the Department of Food
Technology and Quality Control found that packaged milk sold
in Kathmandu was adulterated with chemical contaminants such
as washing soda and detergent chemicals. Harmful chemicals
like bicarbonate, sodium hydroxide (caustic soda) and sodium
carbonate were found in the 42 samples of packaged milk
collected from 25 milk processing plants, which the firms had
been using as neutralizer during storage. The deliberate mixing
of milk with water, flour with gypsum, butter with banana, edible
oil with poisonous plant derivative, and pepper with clay have
been some of the reported cases in recent years in Ethiopia (Birke
and Zawide, 2019).

Ways to ensure the quality and safety of food products
is to guide priorities and to work with local food businesses
to design actions to transform incentive-based business-
to-business relationships within formal food and informal
food networks.

The following actions for rebuilding the entrepreneurial
partnership with agri-food business are consistent and applicable,
albeit modified as needed for each explored country.
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e Providing technical input on regulations and oversight for the
implementation of food safety practices that improve local
standards and meet export requirements.

e Provision of economic assistance to develop appropriate
financial incentives. Governments and other financial
institutions need to implement incentives for businesses to
increase food safety practices. It is recognized that incentives
may be more difficult for the informal and small businesses.

e Development and evaluation of food safety education
materials and their impacts. A frequent finding is the
need to educate all stakeholders. These stakeholders include
consumers who need to link food safety with health; food
producers who need to understand how food safety practices
improve their return on investment; and policy makers who
need to understand the intimate relationship between food
safety, economic development, and public health.

e Development and dissemination of workshops and courses.
Trainings need to focus on technical issues for implementing
food safety practices and be directed to key personnel working
in food businesses. Additionally, the trainings need to address
the cost effectiveness of food safety practices.

e Provision of technical assistance and setting up collaborations.
In order to have a successful scaling up of food safety practices,
it is recognized that there needs to be collaboration among all
stakeholders to implement and maintain these practices.

The success of such actions relies heavily on the understanding
of food products, value chain functioning, consumer awareness
of the value of nutrition and food safety, and expectations of
agribusiness main actors.

FACTORS LIMITING GROWING FOOD
BUSINESSES

Nepal, Senegal and Ethiopia are diverse countries in terms of
geography, ethnicity and socioeconomic conditions. The market
for food businesses in all three countries is strong due to
an increase in population, an increase in demand for ASFs,
a limited number of food-oriented businesses, and a large
dependency on imported foods. Increasing local food businesses
can enhance the income of small and medium size businesses
and stimulate a slowly growing economy (Lake et al., 2015;
Kwil et al., 2020). Small and medium size agri-food businesses
now experience significant challenges from the local level all
the way up to being engaged with international trade (Sautet,
2013; Deller et al., 2017). Unfortunately, food systems safety are
decades behind in adopting technologies, standards, and business
management tools due to various on-going weaknesses of the
local market systems.

There are significant constraints to providing safe food with
over 80% of food sold in informal markets that have restricted
access to clean water, consistent power, and sanitary and waste
disposal, and even social norms and beliefs (Haileselassie et al.,
2020). Inroads to increasing food safety measures for food
businesses in the informal sector especially need to address
how they increase short and long-term revenue to balance the
required risk adverse behaviors from this sector. At the same

time, the informal market participants can play a leading role in
driving positive change through coordinated and co-shared food
safety and quality responsibilities. For example, many people
engaged in informal markets are highly knowledgeable about
the indigenous methods of shelf-stable food safety which can be
optimized and modernized to meet current market demands.

Meat and Dairy

Meat and dairy production are potential drivers of economic
growth in Nepal. While several private companies operate in
the dairy sector the lack of road access to urban areas has
discouraged private investment in areas where the bulk of milk
and meat are produced, preventing most producers from linking
into value chains. Lack of access to affordable financing, credit,
and information services have made it difficult for the private
sector to establish and operate milking centers, processing plants,
and other commercial operations (Sharma, 2017).

An example of a food safety specific influence relates to the
production of safe and hygienic milk. This is especially the case
for the dairy sector of Nepal (Kumar et al., 2017). In a survey
of raw milk in Nepal, it was found that out of the 129 samples,
25% were positive for E. coli, 37.2% for Salmonella spp., 5.4% for
Shigella spp., 7.7% for Klebsiella sp., 18.6% for Citrobacter spp.,
and 1.6% for Pseudomonas spp.. Air, feed, grass, soil, feces, and
milking equipment were considered the primary sources. For a
country with one of the worst child nutrition statistics in the
world, safe, and hygienic milk production is critical (Dhungel
et al., 2019).

The informal milk sector, which accounts for three quarters
of Nepalese production, has a similar issue since it is sourced
primarily from small and subsistence-level farmers. They
produce primarily for household consumption and sell the excess
into local markets for consumption as raw milk or for artisanal
processing. Milk transacted through these channels is neither
pasteurized nor labeled, and usually does not follow most of
the good agricultural practices (GAP). In the small segment of
branded dairy products, both pasteurization and labeling exist.
Without pasteurization and adoption of GAP, the milk from
the informal sector tends to be prone to adulterants such as
water, benzoic and salicylic acid, detergents, urea, formalin, sugar,
carbonates, and ammonium sulfate, partly due to pricing by fat
content at the first point of sale (Thapa et al., 2020).

On average, a dairy farmer in Nepal has to incur an additional
expenditure of Rs 2 (0.017 USD) per liter of milk production
in order to follow food safety measures (FSM). Farmers are
not very enthusiastic about fully complying with FSM since
it involves incremental costs and the markets in Nepal often
do not reward food safety. There are certain ways to address
food business actors’ initiatives around safety through public
promotion (newspapers, websites, social media, banners); food
safety recognition awards; favorable offers for testing, inspections
and certification; consulting in standards design; customized
business solutions, etc. In order to reach diverse audiences in
terms of food safety recognition, digital communications should
complement, not replace, traditional methods.

The results of a food safety consciousness study among the
Nepalese smallholder dairy farmers revealed that an increase
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in the food safety consciousness level by 1% increased the
weekly milk expenditure, milk price paid, and weekly milk
purchased by 1.37, 0.66, and 1.27%, respectively. Furthermore,
an increase in food safety consciousness by 1% was associated
with a 37% higher probability of selecting a modern milk outlet
(Thapa et al., 2019).

The food entrepreneurs—mainly processors, traders,
and retailers—lack the knowledge, adequate incentives, and
understanding of how to prevent risks or mitigate impacts of
food safety hazards. By incorporating food safety risk mitigation
into their business operations, entrepreneurs can improve
their competitiveness and overcome barriers of mistrust and
negative perceptions about costs of actions to provide safer
and more nutritious food to consumers. They also lack skills
of setting and implementing certain food safety standards and
procedures in a consistent and repeated manner for post-harvest
loss minimization.

Eggs

Many technologies for reducing losses exist, but they are barely
utilized and some of them have not yet been introduced in many
LMICs. Examples include hermetic bags, heavy molded-plastic
containers, and mobile processing units. These innovations have
a small unit cost and are suited to individual use.

A study from Nepal by Martin Metzger states that the
sustainability of small production Nepalese farmers is very
important to egg production and consumption. For eggs to be
transported without damage, egg trays or cartons are crucial,
but for farmers to have access to egg cartons or trays, they
need to be economical, available, and useable. Plastic egg trays
cost more and because Nepal is a cost sensitive market, plastic
egg trays are out of the price range. Therefore, pulp egg
cartons are the safest, easiest to produce and most beneficial
for Nepal.

Providing Nepalese farmers with egg cartons and trays can
be achieved through two methods. The first method involves
importing and distributing egg cartons or trays throughout
Nepal. The more distribution centers that are set up, the shorter
distance farmers would have to travel to get egg cartons and
trays. The distribution center could become a new business for
Nepalese entrepreneurs who want to help farmers by facilitating
distribution of the egg cartons and trays. Multiple distribution
centers could be independently owned and operated but linked
to one larger distribution center that facilitates the importation
of mass quantities of egg cartons and trays. By having one
large distribution center supplying the smaller ones, it prevents
price fixing and creates an equal price throughout Nepal. The
second option is manufacturing egg cartons and trays in Nepal
in either large or small-scale operations. There are many benefits
to manufacturing egg cartons and trays in Nepal, but the main
one is the direct boost to the local economy. Egg carton and tray
production can be either a large or small-scale operation. There
are no manual tools for making egg cartons or trays, so regardless
of the system, it has to be in an industrial setting. With the goal
of benefiting small production Nepalese farmers, the advantages
and disadvantages of each solution have to be studied precisely.

Fish

Creating an infrastructure to expand food safety practices, in the
aquaculture and fisheries in Senegal for fish destined for local
markets, need to address the unsanitary handling of fish due to a
lack of adequate cooling which is the greatest food safety issues
for this sector (Doumbouya et al., 2017; Lancker et al., 2019).
Additionally, much of the production and harvest is undertaken
by small-scale farmers and fishers who lack adequate resources
to adopt safer food practices. Additionally, local markets lack
the economic and regulatory drivers of food safety that export
markets demand. In Senegal, like in many emerging economics,
there is a lack of adequate processing infrastructure or electricity
in landing sites and this contributes to significant food safety
risks, post-harvest loss, and limits economic performance (Diop
etal,, 2019). Fish often lack icing or refrigeration from processing
to final point-of-sale; and large quantities are processed using
traditional techniques that can introduce harmful chemicals into
products, such as polycyclic aromatic hydrocarbons (FES, 2000,
2021; Vergis et al.,, 2021). In Senegal, recent studies of the quality
and safety issues in the minced sardinella filets production has
shown that the sanitary conditions of the fish handling and
preparation environment are poor: the floor is often sandy, dirty,
or of damaged cement or tiles; lack of drainage facilities for
wastewater; irregular and inadequate removal of solid wastes,
absence of toilet facilities and potable water at some places. The
operators were aware of these conditions and at least two thirds
among them stated that they would have attracted many more
customers and boosted their business if hygiene within their
places was improved. Antidotally, the respondents recognized
that the longest queue of customers in the market was for
the kiosk owned by three women who applied comparatively
better hygienic working practices, though their service was more
expensive (Diei-Ouadi, 2005).

Small producers are unable to respond to the market-pull from
country-level commercial producers, processors and traders.
They lack assets, knowledge and understanding of values and
culture of food safety management, organizational skills to
consistently produce and process the nutrient rich food products
in variety, quality, and volumes needed for local markets. Gross
margin analysis on few dairy products sold by the private dairies
in far-western Terai districts of Nepal revealed that selling curd,
paneer, Khoa, and ice cream was two times, five times, and twenty
times profitable, respectively than the selling standard milk
(Bhandari, 2018). Moreover, there are underutilized indigenous
food products in the studied countries that can be commercially
produced and compliment food and nutrition security efforts. As
an example, according to Aragaw et al. (2021) Ethiopia hosting
hundreds of edible plants can fulfill nutritional demands of local
people. Among the explored underutilized edible plant species in
coffee agroforestry systems of Yayu, southwestern Ethiopia leafy
vegetables, such as Amaranthus graecizans, Portulaca oleracea,
and Solanum nigrum, have proved to be good sources of protein
and minerals (Ca, Fe, and Zn). Other species were reported to be
good sources of pro-vitamin A (Rubus apetalus) and vitamin C
(Syzygium guineense), while at the same time contain relatively
low amounts of antinutritional factors. It was found that the
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nutritional values of the analyzed plants is comparable and
sometimes higher than the ones of conventionally cultivated
crops, e.g., Portulaca oleracea provides more dietary Iron than
maize (Aragaw et al., 2021). The commercial potential of these
plants lies in flourishing demand for superfoods with the
nutritional, antioxidant, and antibacterial properties.

The study highlighted the fact that national governments are
developing policy mechanism to restore, maintain and evolve
services around food safety. In response to these efforts and
due to local demands, most businesses practice food safety
procedures but not always. Among the major on-going food
safety challenges in Nepal, Senegal and Ethiopia are domination
of informal markets that lack an enabling environment for
implementing food safety practices, with significant constraints
including restricted access to clean tap water, constant power
supply, and waste disposal. Processors, traders, and retailers
lack the knowledge of how to prevent risks or mitigate
impacts of the food safety hazards. Further, they lack adequate
incentives and a clear understanding of how modifying business
operations can improve their competitiveness. This knowledge
and understanding can help overcome barriers of mistrust and
negative perceptions about costs of actions to provide safer and
more nutritious food to consumers.

Growing agri-food business actors also lack skills of setting
and implementing certain food safety standards and procedures
in a consistent and repeated manner. More importantly, the
surveillance systems and enforcement of regulations need to be
strengthened and be more consistent to improve food safety.
The most important motivational factor for food businesses
to adopt safe food practices is improved product quality and
factors related to consumers such as certification visible to
the consumers and improved consumer preferences along with
improved profits.

Overcoming the above-mentioned limitations in the
emerging economies inherently necessitates active entrepreneurs’
involvement into food safety procurement.

INSIGHTS TO FOOD SAFETY
ENTREPRENEURSHIP ACCELERATION

The food industry provides various entrepreneurial opportunities
along the food value chain and US and European agriculture
investment activity has been on the rise in the area of converting
and packaging in particular, followed by agriculture production
and shipping and selling (Kuckertz et al.,, 2019). Hence, food
safety interventions and business innovations are more likely to
attract investors if they encompass initiatives along these steps in
the value chain.

Examples of entrepreneurial opportunities for health and safe
food market expansion include: superfood bites from indigenous
nutrients-dense plant species, artificial intelligence and chemical
sensing for food grading and sampling, antimicrobial food
packaging based on local bio-based materials, processed
premium exotic animal meat, and ancestral food promotion.

Four segmented pathways were identified for
entrepreneurship acceleration based on safety, nutrition,

technology, and food that are present in these countries. The first
pathway is to diversify markets with ASF. Second, food producers
can improve their utilization of neglected and underutilized ASF.
Third, growing food businesses require applying and integrating
innovative technologies with locally scaled food practices. The
fourth potential pathway is to introduce digital geotechnologies
for on-going management that support growing food businesses.

Diversify Markets With ASF

From a health and environmental sustainability perspective,
including ASFs can be an important source of nutrients that
include its positive effects on plant diversity and on local
economies. Expanding ASF requires producing feed, creating
sustainable, and ethical practices for raising animals, and creating
and marketing ASF products that utilize environmentally sound
principles and address the double-burden of malnutrition that
exists in LMICs.

For the countries studied, one of the most promising trends
in future foods depends as much on entrepreneurs awareness
as it does on the ability to expand the production of local
foods and the need to employ traditional and new technologies
for ASF processing to produce sustainable, safe, nutritious, and
healthy products (WorldBank, 1998; Godfray et al., 2010; Hodges
et al,, 2010; Asogwa et al., 2017; Dizon et al., 2019; Baldwin
and Evans, 2020; Kuyu and Bereka, 2020). Identifying and
implementing practices that reduce greenhouse gases and use
green technologies for transporting, processing and packaging
that preserve the safety, quality, and the nutritional value of
food products provide an important avenue for building local
and national economies. According to Kuyu and Bereka (2020)
some of these practices include the use of botanical plants in the
storage for post-harvest pest management, treatment the storage
structure with hot pepper, tobacco dust, wood ash, sand, sawdust,
neem seed powder, etc. (Kuyu and Bereka, 2020). Among
the specific botanical plants, which have been documented as
grain protectant in the storage, are the following: basil powder
as insecticide against maize weevil (Mwangangi and Mutisya,
2013), Eucalyptus tereticornis, Tagetes minuta, and Carica papaya
(Muzemu, 2013); cheese wood, lemon-scented gum, ginger,
lime, mint, and tobacco (Longe, 2016); and ethanol extract
of Azadirachta indica (A. indica), Chenopodium ambrosioides,
Melaleuca lanceolata, and diatomaceous earth (Dekeba et al.,
2016).

The financial considerations for developing ASF are
significant. The market for ASF is driven by changes in the
pattern of food consumption which are influenced by migration
to urban centers, the growing desire of consumers to have
tasteful, nutritious, and sustainable products. Combining
traditional and new processing technologies can lead to a more
diverse market that can enhance the nutrients that are provided
by the consumption of ASF.

There is an urgent need to estimate the ability of entrepreneurs
dealing with ASF in the production of new processed products
and methods to supplement traditional ASF in terms of both
nutritional quality and quantity. The use of different processing
for ASF product development offer benefits such as oxidation
stabilization, combining different food components and creating
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higher nutritional equivalents of traditional food products, all of
which increase the level of consumer acceptance and broadening
consumer categories.

As an example, the rediscovery of a new generation of goat and
sheep meat products as functional foods and eating quality is an
exciting food research field, answering to the constant innovation
requirements by the meat industry. Several possibilities exist to
process sheep and goat meats to make them more diversified
and appealing to the market. Methods such as dry aging, dry
curing, high pressure processing, conventional cooking and
fermentation have significantly expanded the types and varieties
of foods available in markets. Nonetheless, there is a need to
ensure that micronutrients such as iron, zinc and vitamin A
are not lost during food processing. For example, up to 90% of
vitamin A used in food fortification is absorbed, but 40% can
be lost during food processing and storage. These losses are due
to vitamin A sensitivity to light and oxygen, which positions
packaging as key player in ensuring vitamin A availability. Food
fortification could be expensive and demands high technological
input, which may not be readily available for food entrepreneurs,
but application of the best available packaging and storage
practices can help tackling micronutrient deficiencies at business
level (Ohanenye et al., 2021).

Teixeira et al. (2020) reported that starter cultures, spices,
essential oils, and other additives in meat processing, sheep
and goat products can be used as functional health-promoting
foods and can also improve the shelf life, product color,
and reduce the lipid and protein autoxidation. For example,
qwanta, is a traditional air-dried meat product in Ethiopia,
which is spiced and dried, with a shelf life of around 12
months that are commonly consumed and used in African
countries as a complementary source of protein and support
the nutritional status of populations at risk for undernutrition
(Teixeira et al., 2020). So, development of ASFs with enhanced
properties contribute to better utilization of by-products
across the food supply chain, reduce the waste volumes,
and improve nutrient composition of diets using locally
available ingredients.

Retooling food processing techniques with market-driven
food fortification for the improvement of the essential
micronutrient contents of foods to enhance the nutritional
and health benefits with minimal risk to health will open up
new opportunities for entrepreneurs to produce functional food,
enhance food safety, and to make them more diversified and
appealing for consumers.

Capture the Potential of Neglected and

Underutilized Animal-Sourced Food

Neglected and underutilized species (NUS) are useful species
of plants, animals, fungi, insects, and fish, to which little
attention is paid or which are largely overlooked by researchers,
educators, breeders, extensionists, and policy makers. Some of
these species have been domesticated by local communities,
others are gathered from the wild, but their cultivation and
wider use are constrained by the lack of awareness, poor
investment in their development, and insufficient human and

institutional capacity, among other factors (Temu et al., 2016).
While drawing extensively on promoting underutilized crops
and trees, researchers also seeks to broaden the perspective to
include other kinds of species, including animals and insects—
neglected and underutilized animal-sourced food (NUASF) that
can play a vital role to improve resilience of nutrition vulnerable
communities (Borelli et al., 2020).

According to FAO, promising neglected and underutilized
species (NUS) that are nutrient dense, climate resilient,
economically viable, and locally available or adaptable have been
prioritized as Future Smart Food and have a central role to
play in the fight against hunger and malnutrition (FAO, 2018).
While traditional foods of animal origin are often unaffordable
in low-income households, various neglected products can offer
an alternative source of macro and micronutrients, vitamins,
protein, energy, and fiber. Globally it is estimated that there are
over 12,000 edible species of plants and animals that are currently
neglected and underutilized. Many of them are highly nutritious
and some of them can withstand floods and droughts and
therefore are useful for climate change adaptation. For instance,
examples of NUASF used for food in Africa are rodents and
insects like agave worms (Hypopta agavis) and Mopane worms
(Gonimbrasia belina) (Kelemu et al., 2015).

Rodents are the most numerous and diverse group of
mammals. In Africa, rodent species commonly utilized for meat
include the cane rats (Thryonomys swinderianus), African giant
pouched rats (Cricetomys spp.), porcupines and some species of
rats and mice (Mastomys natalensis, Arvicanthis niloticus, and
Gerbilliscus spp.). Guinea pigs (Cavia porcellus) are reared in
cages for food in both urban and rural areas. However, much as
utilization of rodent meat is widespread, this is an underutilized
or neglected source of protein in the continent. To harness
rodents as a major source of meat, there is need to encourage
people to rear them in captivity, process, and package the meat
for wider distribution to consumers. According to a study by
Kasolo et al. (2018) three main rodent species T. swinderianus,
Cricetomys spp., and C. porcellus have the potential of non-
traditional farming animal.

A good scope exists to increase productivity and income for
entrepreneurs that are experiencing significant challenges in the
food market. Capacity building potential related to NUASFs is
expected to empower local food systems by offering diverse food
items, establishing new value chains, and processing methods
that can reduce the economic risks associated with price and
market for livestock production. As an example of species
with underutilized livestock potential for growing entrepreneurs
is water buffalo. The global population of water buffalo is
~194 million heads, an increase of 18 million over the last
10 years. These animals are important sources of milk and
milk products, meat and meat products, horns, and skin and
serve as an important source of farm power. Because of their
adaptability to hot and humid climates, the water buffalo can
positively address the challenges by climate change, increasing
traditional livelihood, and support poverty alleviation, and food
security (Minervino et al., 2020). Water buffalo can use lower
quality and less digestible feeds and grazing options, making
them easier to maintain on locally available roughages. The

Frontiers in Sustainable Food Systems | www.frontiersin.org

September 2021 | Volume 5 | Article 742908


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Varyvoda et al.

Enabling Food Safety Entrepreneurship

water buffalo is considered an efficient converter of poor-quality
forages into high quality milk and meat. In addition, they have
advantages over cattle such as resistance to common bovine
diseases, quality milk and meat products, and outstanding body
weight gain (El Debaky et al., 2019). It is important to evolve
species management based on ecologically sustainable ranching
practices. It is especially important to focus on the fact that
the loss of wildlife may threaten the food security of many
marginalized areas since the farmer-forager communities that
utilize these NUAFS are isolated from markets and depend on
bushmeat as their primary protein source (Eves and Ruggiero,
2001).

The generalized drivers for commercialization of NUASFs
in high geographical, biological and agroecological diversity,
strong traditional and indigenous knowledge, gradually
increasing consumers awareness about health and food
quality, market potential for niche commodity, off-season
production potential, increasing competitiveness against
imports, incipient diversification in agriculture, growing climate-
smart practices and technologies, and increasing focus on value
chain development.

Apply Synergy of Innovative Technologies
and Existing Practices

Innovations around food safety are being developed at an
unprecedented rate, some of which could be deployed in the
next decade (Barrett, 2020; Robert, 2020; Siegrist and Hartmann,
2020). For instance, plant-based packaging is “the already ready
technology” that is available in many LMICs and the expansion
and improvement in this approach could booster progress
toward safer and more sustainable food system. Plant-based
packaging for entrepreneurs is suggested to focus on local
bioresources, incorporating socio-economic and cultural aspects.
This is particularly applicable for businesses of many remote,
marginal communities that have limited access to external
production inputs.

According to Herrero et al. (2020), among the future
technologies with transformation potential in packaging are:
molecular printing, advanced sensors, artificial intelligence,
big data, farm-to-fork virtual marketplaces, intelligent food
packaging, Internet of Things deployment, nanotechnology,
robotics, surface-enhanced Raman spectroscopy (SERS)
sensors, smartphone food diagnostics, traceability technologies,
biodegradable coatings, drying/stabilization tech, food safety
tech, microorganisms coating, nanocomposites, sustainable
processing technologies, personalized food, 3D printing, and
the implementation of a circular economy (Herrero et al,
2020). All the above innovations improve food quality, nutrient
retention for entrepreneurs (Stilgoe et al., 2013; Preston
and Lehne, 2017). However, many of these state-of-the-art
technologies are not present or easily accessible by small
and medium size businesses in Nepal, Senegal, Ethiopia, and
other LMICS.

There are a variety of indigenous plants that may be
sustainably used as raw materials for the manufacture of
plant-based packaging. In Nepal, the plant Phanera vahlii is

widely distributed in the forest area. The leaves are rich in
various quercetin flavonoids and known to exhibit antimicrobial,
antioxidant, anti-inflammatory, and antidiabetic effects. It is a
common practice for small hotels and butcher shops in villages
to use the leaves as packing material for cooked food, sweets,
and meat. The cone-shaped leaf wraps are also used during the
steam cooking of millet flour. The food wraps not only enhance
the aroma of the steam cooked food but also extends their shelf
life (Kora, 2019).

Another example is Shorea robusta (Sal in Nepali). Sal is
one of the major commercial species of timber that is primarily
used for construction purposes, fuel (cooking), and has been
used for treating intestinal infections (Baral et al., 2020). It is
a large, deciduous, highly regenerating, valued tree. The leaves
are a rich source of various flavonoids and exhibit antiobesitic,
anti-inflammatory, antinociceptive, antibacterial, antipyretic,
analgesic, anthelminthic, alexiteric, and wound healing activities
(Merish et al., 2014). The leaves have special properties such
as water resistance, rigid structure, and color retention. There
is a very high potential for making different types of plates
and packaging from these leaves, they are extensively used for
packing breakfast, meals, and groceries. The Nepalese commonly
use these leaf plates on different occasions such as marriage
parties, various local rituals, worship ceremonies, and festivals
in both rural and urban areas. Since the raw material for
this product is locally available in ample quantity, rural labor
can be employed and there is no need for extensive capital
investments to use it. Using the leaves to make leaf plates in
different sizes and shapes can be done with manually operated
machines and is a prospective enterprise for growing food
businesses since most of these plates come to Nepal from India.
Presently, three types of plates are being made by the rural
women’s groups. On average, it is estimated that there is ~50%
after production costs. An analysis of the maximum margin
obtained for producing these plates indicated that medium
size plates (tapari) provided the greatest net income. It was
also estimated that the value addition by mechanized pressing
of raw Sal leaf plates could increase income by 96.40% and
employment by 50 mandays/household/year (12.50%) (Islam
et al,, 2015). The growth of this industry is an example of the
strong downstream impact growing food businesses can have on
local economies.

The capacity building potential of plant-based packaging
for entrepreneurs include the generation of employment
opportunities for people living in and around the areas of
plant diversity and business income generation by generous
profit margins. The plant-based packaging industry can also
support the production and use of locally available renewable
resources. Supporting plant-based packaging may also lead to
innovation and increase local technology that will grow the
market for these products and continuously provide them
throughout the year. These plant-based solutions can provide
opportunities for retailers too and support ingredients to
packaging, and help monetization of ecosystem services delivery.
The economic incentives are then cycled back by the need to
invest in growing agricultural production of plants to keep the
industry sustainable.
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Activity promotion related to the collection, processing,
and sale of plant-products are prospective interventions for
entrepreneurships contributing to food safety. The utilization
of local plant material is cost-effective, labor-efficient, gender
equal, environmentally friendly, time-tested, situation-specific,
practical, and flexible. Implementing best practices and
conducting training activity on the efficient use and management
of local plant resources will contribute to a maintenance and
evolvement of safe and sustainable food system by traditional
knowledge and practice.

Introduce Digital Geotechnologies for

On-Going Management

Food safety information along the value chain is often diverse
in terms of spatial scale (national, regional, local levels),
how it is collected (data sources, data extraction methods),
and presented since graphing and analyzing software and
usually belongs to different stakeholders. There are also
numerous agencies that have food safety information which are
not always synchronized. These agencies include government
agencies, research institutions, insurance companies, health
care professionals, and industry. Moreover, in LMICs food
system information is also considerably more variable, changing
throughout diurnal and seasonal cycles. This heterogeneity
of reporting data provides very little coordinated guidance
to entrepreneurs and hinders effective transactions of food
safety measures into practice. In order to provide efficient on-
going management for food safety and nutrient retention, food
businesses need consolidated information with quick access for
decision-making for the prevention of food hazards and to
prevent nutrients loss.

While reporting of food safety issues is limited, entrepreneurs
need a reliable source of information about food hazard
hotspots and business-related adverse events. Geographical
Information Systems (GISs) can be an unraveling solution.
GISs relates informational data to a geographic location and
can be dynamically used to grow food businesses. GIS can
help to aggregate, analyze, and present food safety data in
a comprehensive and communicable way that are relevant to
specific business purposes. At the level of food production,
it can provide data on quantitative and qualitative post-
harvest food losses for specific food group. GIS can also
provide spatial correlations between business actors in the
supply chain to improve profit margins and support safety
standards by calculating more efficient delivery routes, identify
the location of storage facilities and retail locations, and
providing data for reports on performance metrics. This
knowledge will also allow businesses to demonstrate compliance
with regulatory requirements, evaluate trends, and make
management decisions. Integrating digital geotechnologies offer
the potential to triangulate multiple data sources, further
improving knowledge and understanding of entrepreneurs’
interactions with their food environment. Furthermore, the
market-driven needs for implementation of standards ISO
22000:2018 Food safety management systems (ISO, 2018) may
also be reinforced by GIS to generate and manage large amount of

data with regard to food safety. When it comes to the field of food
safety, the GIS market is expected to grow in the coming years
since rising investments by government organizations in GIS
technologies and growing demand for enterprise GIS solutions
(Merem et al., 2019; Tomita et al., 2020).

In terms of growing food businesses, GISs can be used for
logistics and traceability to identify vulnerable areas in terms of
monitoring and evaluating time and temperature within food
safety procedures. GIS can also help build clusters and identify
the best location for producers and food businesses. It can
support the transportation of food and map optimized routes for
delivery systems. At the consumer level, GIS can assess spatial
accessibility by consumers to grocery stores selling fresh produce,
to map dynamically the spatial distribution of fresh produce
contamination and quantify its public health impact (Beni et al.,
2011). The trend of utilizing GIS based traceability systems
in food chains and networks is increasing, which facilitates to
minimize the production and distribution of unsafe and low
quality food products (Golge and Tiirk, 2019).

According to Environmental Systems Research Institute
(ESRI), businesses that have implemented GIS are benefiting
from increased supply chain efficiencies through linear
network functionality including reducing product storage
times, better delivery routing and scheduling. These up-to-date
asset management activities all work to strategically release
investments and return profits faster. An example is the
application of GIS that was used to analyze the route and optimal
location of egg supply chain in south Chennai, India that led
to identifying the need to add four new distribution centers
reducing the traveling distance by 25 miles per day, resulting in a
about 27% decrease in expenditures for distributors (Krishnaveni
et al., 2017).

Although GIS solutions continue to evolve rapidly and large
business operators are able to introduce them, it is expected
that investment costs and lack of internal qualification keep
many food business operators from adopting these solutions. The
goal should be to make these systems scalable and available to
smaller businesses so they can access these GIS tools to improve
food safety and quality, achieve regulatory and certification
requirements, and enhance overall business performance.

FINAL CONSIDERATIONS

The results of the limitations review offer deeper understanding
of enabling food safety entrepreneurship along the supply
chain. The proposed insights provide potential engagement
of entrepreneurs along four different pathways to accelerate
better access to safe and nutritious foods for populations. These
insights have the capacity to: commercially benefit entrepreneurs’
outcomes across various food landscape, promoting modern
trends impacting food industry in 2020-2021; be matched and
scaled in different political, financial, social, and environmental
context; deliver impact to stakeholders across food systems,
including processors, distributors, and consumers.

To interevent successfully there is a first step needed
for businesses—clarification where opportunities lie for them.
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The implication here is that if the local context in which
businesses operate influences the food safety practices employed,
intervention programs that acknowledge the influence, and
consequences of local context may be more effective than those
currently suggested.

AUTHOR CONTRIBUTIONS

YV and DT developed the study concept. YV, DT, TC, and JB
conducted the study, including data collection, and analysis. DT
and TC approved the final version for submission and agreed
to be personally accountable for their contributions and for
ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated, resolved,
and documented in the literature. All authors approved the final

REFERENCES

Abera, T., Legesse, Y., Mummed, B., and Urga, B. (2016). Bacteriological quality
of raw camel milk along the market value chain in Fafen zone, Ethiopian
Somali regional state. BMC Res. Notes 9:285. doi: 10.1186/s13104-016-
2088-1

Adugna, M., Asresie, A., Sciences, C., and Tabor, D. (2015). A review on
microbiological quality of Ethiopian raw bovine milk. Food Sci. Qual. Manag.
35, 17-25. Available online at: https://citeseerx.ist.psu.edu/viewdoc/download?
doi=10.1.1.683.549&rep=rep1&type=pdf

Alizadeh-Sani, M., Mohammadian, E., Rhim, J.-W., and Jafari, S. M. (2020). pH-
sensitive (halochromic) smart packaging films based on natural food colorants
for the monitoring of food quality and safety. Trends Food Sci. Technol. 105,
93-144. doi: 10.1016/j.tifs.2020.08.014

Apostolopoulos, N., Ratten, V., Petropoulos, D., Liargovas, P., and
Anastasopoulou, E. (2021). Agri-food sector and entrepreneurship during the
COVID-19 crisis: a systematic literature review and research agenda. Strat.
Change 30, 159-167. doi: 10.1002/jsc.2400

Aragaw, H. S, Nohr, D, and Callo-Concha, D. (2021).
potential of underutilized edible plant species in coffee agroforestry
systems of Yayu, southwestern Ethiopia. Agrofor. Syst. 95, 1047-1059.
doi: 10.1007/s10457-021-00626-6

Asogwa, 1. S., Okoye, J. I, and Oni, K. (2017). Promotion of indigenous
food preservation and processing knowledge and the challenge of
food security in Africa. J. Food Secur. 5, 75-87. doi: 10.12691/jf
s-5-3-3

Assefa, A., and Bihon, A. (2018). A systematic review and meta-analysis of
prevalence of Escherichia coli in foods of animal origin in Ethiopia. Heliyon
4:00716. doi: 10.1016/j.heliyon.2018.e00716

Atnafie, B, Paulos, D., Abera, M., Tefera, G., Hailu, D., Kasaye, S., et al. (2017).
Occurrence of Escherichia coli O157:H7 in cattle feces and contamination
of carcass and various contact surfaces in abattoir and butcher shops
of Hawassa, Ethiopia. BMC Microbiol. 17:24. doi: 10.1186/s12866-017-
0938-1

Ayelign, A., and De Saeger, S. (2020). Mycotoxins in Ethiopia: current status,
implications to food safety and mitigation strategies. Food Control 113:107163.
doi: 10.1016/j.foodcont.2020.107163

Baldwin, J., and Evans, E. W. (2020). Exploring novel technologies to enhance food
safety training and research opportunities. Food Protect. Trends 40, 456-463.
doi: 10.4315/1541-9576-40.6.456

Bantawa, K., Rai, K., Subba Limbu, D., and Khanal, H. (2018). Food-borne bacterial
pathogens in marketed raw meat of Dharan, eastern Nepal. BMC Res. Notes
11:618. doi: 10.1186/s13104-018-3722-x

Baral, S., Neumann, M., Basnyat, B., Gauli, K., Gautam, S., Bhandari, S. K., et al.
(2020). Form Factors of an economically valuable sal tree (Shorea robusta) of
Nepal. Forests 11:754. doi: 10.3390/f11070754

Nutritional

version of the manuscript for submission and participated in the
generation of study design.

FUNDING

This research was supported by the Feed the Future
Business Drivers for Food Safety, which was funded by the
United States Agency for International Development (USAID)
under Cooperative Agreement No. 720BFS19CA00001 and
implemented by Food Enterprise Solutions (FES).

ACKNOWLEDGMENTS

The concept for this paper was inspired by Russ Webster and
Roberta Lauretti-Bernhard at Food Enterprise Solutions.

Barrett, C. B. (2020). Overcoming global food security challenges through
science and solidarity. Am. J. Agric. Econ. 103, 422-447. doi: 10.1111/ajae.
12160

Bauchet, J., Prieto, S., and Ricker-Gilbert, J. (2020). Improved drying and
storage practices that reduce aflatoxins in stored maize: experimental
evidence from smallholders in senegal. Am. J. Agric. Econ. 103, 296-316.
doi: 10.1111/ajae.12106

Behera, S. S., El Sheikha, A. F., Hammami, R., and Kumar, A. (2020). Traditionally
fermented pickles: How the microbial diversity associated with their nutritional
and health benefits? J. Funct. Foods 70:103971. doi: 10.1016/j.j£.2020.103971

Belton, B., Rosen, L., Middleton, L., Ghazali, S., Mamun, A.-A., Shieh, J., et al.
(2021). COVID-19 impacts and adaptations in Asia and Africa’s aquatic food
value chains. Mar. Policy 129:104523. doi: 10.1016/j.marpol.2021.104523

Bene, C. (2020). Resilience of local food systems and links to food security - a
review of some important concepts in the context of COVID-19 and other
shocks. Food Secur 12, 1-18. doi: 10.1007/s12571-020-01076-1

Beni, L. H,, Villeneuve, S., LeBlanc, D. L, and Delaquis, P. (2011). A GIS-based
approach in support of an assessment of food safety risks. Transact. GIS 15,
95-108. doi: 10.1111/§.1467-9671.2011.01264.x

Bhandari, L. R. (2020). Impacts of food adulteration in Nepal. Int. J. Appl. Res.
6, 333-339. Available online at: https://www.allresearchjournal.com/archives/
2020/vol6issue9/PartE/6-6-60-703.pdf

Bhandari, T. (2018). Analysing dairy business value chains in far-
western terai districts of Nepal. J. Inst. Agric. Anim. Sci. 33, 269-281.
doi: 10.3126/jiaas.v33i0.20714

Birke, W., and Zawide, F. (2019). Transforming research results in food safety to
community actions: a call for action to advance food safety in Ethiopia. Environ.
Ecol. Res. 7,153-170. doi: 10.13189/eer.2019.070305

Borelli, T., Hunter, D., Padulosi, S., Amaya, N., Meldrum, G., de Oliveira
Beltrame, D. M., et al. (2020). Local solutions for sustainable food systems:
the contribution of orphan crops and wild Edible species. Agronomy 10:231.
doi: 10.3390/agronomy10020231

Chitrakar, B., Zhang, M., and Bhandari, B. (2021). Improvement strategies of food
supply chain through novel food processing technologies during COVID-19
pandemic. Food Control 125:108010. doi: 10.1016/j.foodcont.2021.108010

Dahal, L. K, Karki, D. B. N, and Shah, R. (2010). Total bacterial counts
of raw milk in eastern Terai of Nepal. J. Agric. Environ. 11, 46-50.
doi: 10.3126/aej.v11i0.3651

Dekeba, M., Yetenayet, B., and Waktole, S. (2016). Efficacy of ethanol extracted
selected botanicals and diatomaceous earth against maize weevil, Sitophilus
zeamais Motsch. (Coleoptera: Curculionidae) in the laboratory. Pest Manag.
J. Ethiopia 19, 1-15. Available online at: https://www.researchgate.net/
profile/Muluken- Goftishu/publication/315537001_Evaluation_of_Neem_
Seed_and_Citrus_Peel_Powder_for_the_Management_of_Maize_Weevil _
Sitophilus_zeamais_Motsch_Coleoptera_Curculionidae_in_Sorghum/links/
59079aa20f7e9bc0d59a7d10/Evaluation- of-Neem- Seed-and- Citrus- Peel-

Frontiers in Sustainable Food Systems | www.frontiersin.org

September 2021 | Volume 5 | Article 742908


https://doi.org/10.1186/s13104-016-2088-1
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.683.549&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.683.549&rep=rep1&type=pdf
https://doi.org/10.1016/j.tifs.2020.08.014
https://doi.org/10.1002/jsc.2400
https://doi.org/10.1007/s10457-021-00626-6
https://doi.org/10.12691/jfs-5-3-3
https://doi.org/10.1016/j.heliyon.2018.e00716
https://doi.org/10.1186/s12866-017-0938-1
https://doi.org/10.1016/j.foodcont.2020.107163
https://doi.org/10.4315/1541-9576-40.6.456
https://doi.org/10.1186/s13104-018-3722-x
https://doi.org/10.3390/f11070754
https://doi.org/10.1111/ajae.12160
https://doi.org/10.1111/ajae.12106
https://doi.org/10.1016/j.jff.2020.103971
https://doi.org/10.1016/j.marpol.2021.104523
https://doi.org/10.1007/s12571-020-01076-1
https://doi.org/10.1111/j.1467-9671.2011.01264.x
https://www.allresearchjournal.com/archives/2020/vol6issue9/PartE/6-6-60-703.pdf
https://www.allresearchjournal.com/archives/2020/vol6issue9/PartE/6-6-60-703.pdf
https://doi.org/10.3126/jiaas.v33i0.20714
https://doi.org/10.13189/eer.2019.070305
https://doi.org/10.3390/agronomy10020231
https://doi.org/10.1016/j.foodcont.2021.108010
https://doi.org/10.3126/aej.v11i0.3651
https://www.researchgate.net/profile/Muluken-Goftishu/publication/315537001_Evaluation_of_Neem_Seed_and_Citrus_Peel_Powder_for_the_Management_of_Maize_Weevil_Sitophilus_zeamais_Motsch_Coleoptera_Curculionidae_in_Sorghum/links/59079aa20f7e9bc0d59a7d10/Evaluation-of-Neem-Seed-and-Citrus-Peel-Powder-for-the-Management-of-Maize-Weevil-Sitophilus-zeamais-Motsch-Coleoptera-Curculionidae-in-Sorghum.pdf
https://www.researchgate.net/profile/Muluken-Goftishu/publication/315537001_Evaluation_of_Neem_Seed_and_Citrus_Peel_Powder_for_the_Management_of_Maize_Weevil_Sitophilus_zeamais_Motsch_Coleoptera_Curculionidae_in_Sorghum/links/59079aa20f7e9bc0d59a7d10/Evaluation-of-Neem-Seed-and-Citrus-Peel-Powder-for-the-Management-of-Maize-Weevil-Sitophilus-zeamais-Motsch-Coleoptera-Curculionidae-in-Sorghum.pdf
https://www.researchgate.net/profile/Muluken-Goftishu/publication/315537001_Evaluation_of_Neem_Seed_and_Citrus_Peel_Powder_for_the_Management_of_Maize_Weevil_Sitophilus_zeamais_Motsch_Coleoptera_Curculionidae_in_Sorghum/links/59079aa20f7e9bc0d59a7d10/Evaluation-of-Neem-Seed-and-Citrus-Peel-Powder-for-the-Management-of-Maize-Weevil-Sitophilus-zeamais-Motsch-Coleoptera-Curculionidae-in-Sorghum.pdf
https://www.researchgate.net/profile/Muluken-Goftishu/publication/315537001_Evaluation_of_Neem_Seed_and_Citrus_Peel_Powder_for_the_Management_of_Maize_Weevil_Sitophilus_zeamais_Motsch_Coleoptera_Curculionidae_in_Sorghum/links/59079aa20f7e9bc0d59a7d10/Evaluation-of-Neem-Seed-and-Citrus-Peel-Powder-for-the-Management-of-Maize-Weevil-Sitophilus-zeamais-Motsch-Coleoptera-Curculionidae-in-Sorghum.pdf
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles
https://www.researchgate.net/profile/Muluken-Goftishu/publication/315537001_Evaluation_of_Neem_Seed_and_Citrus_Peel_Powder_for_the_Management_of_Maize_Weevil_Sitophilus_zeamais_Motsch_Coleoptera_Curculionidae_in_Sorghum/links/59079aa20f7e9bc0d59a7d10/Evaluation-of-Neem-Seed-and-Citrus-Peel-Powder-for-the-Management-of-Maize-Weevil-Sitophilus-zeamais-Motsch-Coleoptera-Curculionidae-in-Sorghum.pdf

Varyvoda et al.

Enabling Food Safety Entrepreneurship

Powder-for- the- Management- of- Maize- Weevil- Sitophilus- zeamais- Motsch-
Coleoptera- Curculionidae-in-Sorghum.pdf

Deller, S. C., Lamie, D., and Stickel, M. (2017). Local foods systems
and community economic development. Commun. Dev. 48, 612-683.
doi: 10.1080/15575330.2017.1373136

Dhungel, D., Maskey, B., Bhattarai, G., and Shrestha, N. K. (2019). Hygienic quality
of raw cows” milk at farm level in Dharan, Nepal. J. Food Sci. Technol. Nepal 11,
39-46. doi: 10.3126/jfstn.v11i0.29686

Diei-Ouadi, Y. (2005). Minced Sardinella Fillets in Fish-Landing and Marketing
Sites in Senegal. FAO Fisheries Circular. No. 999, Rome, FAO, 20.

Diop, M. B, Fall, M., Konte, M. A., Montet, D., Maiga, A. S., and Guiro, A. T.
(2019). Influence of salt and millet treatments during meat fish fermentation in
Senegal. J. Food Res. 8:1-14. doi: 10.5539/jfr.v8n2pl

Diouf, A., Fall, J., Diouf, A. S., Ndour, M. M., and Ndong, D. (2019). Evaluation of
heavy metals contamination level (mercury, lead, cadmium) in fishery products
exported from senegal. J. Food Stud. 8:49. doi: 10.5296/jfs.v8i1.15261

Dizon, F., Josephson, A., and Raju, D. (2019). The nutrition sensitivity
of food and agriculture in South Asia. Policy Res. Work. Paper 8766.
doi: 10.1596/1813-9450-8766

Dongol, P., Thapa, G., and Kumar, A. (2017). Adoption of milk safety measures
and its impact on milk acceptance by buyers in Nepal. Agric. Econ. Res. Rev.
30:93. doi: 10.5958/0974-0279.2017.00008.8

Doumbouya, A., Camara, O. T., Mamie, J., Intchama, J. F., Jarra, A., Ceesay,
S, et al. (2017). Assessing the effectiveness of monitoring control and
surveillance of illegal fishing: the case of West Africa. Front. Mar. Sci. 4:50.
doi: 10.3389/fmars.2017.00050

Doutoum, A. A, Tidjani, A., Doungous, D. M., Abba, H., Ndiaye, A., Faye, C,,
et al. (2018). Organoleptic, physical and microbiological characteristics of eggs
consumed in Dakar (Senegal). J. Food Stud. 7:105. doi: 10.5296/jfs.v7i1.14023

Dulo, F., Feleke, A., Szonyi, B., Fries, R, Baumann, M. P., and Grace, D.
(2015). Isolation of multidrug-resistant Escherichia coli O157 from goats in the
somali region of ethiopia: a cross-sectional, abattoir-based study. PLoS ONE
10:e0142905. doi: 10.1371/journal.pone.0142905

Ejo, M., Garedew, L., Alebachew, Z., and Worku, W. (2016). Prevalence and
antimicrobial resistance of Salmonella isolated from animal-origin food items
in Gondar, Ethiopia. Biomed Res. Int. 2016:4290506. doi: 10.1155/2016/4290506

El Debaky, H. A., Kutchy, N. A,, Ul-Husna, A., Indriastuti, R., Akhter, S.,
Purwantara, B., et al. (2019). Review: potential of water buffalo in world
agriculture: challenges and opportunities. Appl. Anim. Sci. 35, 255-268.
doi: 10.15232/aas.2018-01810

Eves, H., and Ruggiero, R. (2001). “Socio-economics and the Sustainability of
Hunting in the Forest of Northern Congo (Brazzaville), in Hunting for
Sustainability in Tropical Forest, eds ]. Robinson and E. Bennett (New York,
NY: Columbia University Press), 427-454.

FAO (2014). Biosecurity Status of Food and Agriculture in Nepal. Kathmandu, 106.

FAO (2018). Future Smart Food: Rediscovering Hidden Treasures of Neglected and
Underutilized Species for Zero Hunger in Asia. Bangkok, 36.

FAO, IFAD, UNICEF, WEP, and, WHO (2020). The State of Food Security
and Nutrition in the World 2020. Transforming food systems for affordable
healthy diets.

FES (2000). Water, Sanitation and Hygiene Conditions at Artisanal Seafood
Processing Sites in Senegal. Available online at: https://agrilinks.org/sites/
default/files/media/file/ WASH- Senegal- Technical-Note-24Nov2020_
FINAL2_1.pdf (accessed February 15 2021).

FES (2021). Fish Smokers and Polycyclic Aromatic Hydrocarbon (PAH) Risks in
Senegal. Available online at: https://agrilinks.org/sites/default/files/media/file/
BDA4FS-PAH-TLN-20210127.pdf (accessed January 5 2021).

Forcina, A., and Falcone, D. (2021). The role of Industry 4.0 enabling technologies
for safety management: a systematic literature review. Proced. Comput. Sci. 180,
436-445. doi: 10.1016/j.procs.2021.01.260

Forsido, S. F., Abddisa, F., Lemessa, F., Ejeta, T., Belew, D., Yadessa, G., et al.
(2020). COVID-19 Probable Impacts on Ethiopian Agriculture and Potential
Mitigation and Adaptation Measures: No Food-No Health-No Life. Jimma:
Jimma University. doi: 10.13140/RG.2.2.29988.42888

Garedew, L., Hagos, Z., Addis, Z., Tesfaye, R., and Zegeye, B. (2015). Prevalence
and antimicrobial susceptibility patterns of Salmonella isolates in association
with hygienic status from butcher shops in Gondar town, Ethiopia. Antimicrob.
Resist. Infect. Control 4:21. doi: 10.1186/s13756-015-0062-7

Gemechu, A. T., Tola, Y. B., Dejenie, T. K., Grace, D. R., Aleka, F. B., and Ejeta,
T. T. (2020). Assessment of butter adulteration practices and associated food
safety issues along the supply chain in traditional communities in the central
highlands and Southwest Midlands of Ethiopia. J. Food Prot. 84, 885-895.
doi: 10.4315/JFP-20-355

Getachew, A., Chala, A., Hofgaard, . S., Brurberg, M. B., Sulyok, M., and Tronsmo,
A. M. (2018). Multimycotoxin and fungal analysis of maize grains from south
and southwestern Ethiopia. Food Addit Contam Part B Surveill 11, 64-74.
doi: 10.1080/19393210.2017.1408698

Getachew, D., and Christian, M. (2019). Building a Big Tent for Agricultural
Transformation in Ethiopia. Washington, DC: CSIS center for Strategic
and International Studies. Available online at: https://csis- website-prod.s3.
amazonaws.com/s3fs- public/publication/190423_Ethiopia_ WEB.pdf

GFSP (2018). Food Safety in Africa. Past Endeavours and Future Directions.
Available  online at:  https://www.gfsp.org/sites/gfsp/files/public/ GFSP
%20Report_Food%20Safety%20in%20Africa-web.pdf/  (accessed ~February
25,2021).

Ghimire, S., and Koirala, B. (2019). Linkages among expatriates for agribusiness
promotion in Nepal: present scenario. Acta Sci. Agric. 3, 169-176.
doi: 10.31080/ASAG.2019.03.0585

Godfray, H. C., Beddington, J. R., Crute, I. R, Haddad, L., Lawrence, D., Muir, J.
F., etal. (2010). Food security: the challenge of feeding 9 billion people. Science
327, 812-818. doi: 10.1126/science.1185383

Golge, E., and Tirk, T. (2019). A Geographical Information System (GIS) based
traceability system suggestion for a pastry firm operating nationwide. Cumhur.
Sci. J. 40, 245-252. doi: 10.17776/¢sj.352607

Grace, D. (2015). Food safety in low and middle income countries. Int. J. Environ.
Res. Public Health 12, 10490-10507. doi: 10.3390/ijerph120910490

Guy Bertrand, P. (2019). “Uses and misuses of agricultural pesticides in africa:
neglected public health threats for workers and population,” in Pesticides - Use
and Misuse and Their Impact in the Environment, eds L. Marcelo and S. Sonia
(IntechOpen). doi: 10.5772/intechopen.84566

Haileselassie, M., Redae, G., Berhe, G., Henry, C. J., Nickerson, M. T., Tyler,
B., et al. (2020). Correction: why are animal source foods rarely consumed
by 6-23 months old children in rural communities of Northern Ethiopia?
A qualitative study. PLoS ONE 15:e0230527. doi: 10.1371/journal.pone.02
30527

Hempen, M., Unger, F. M., Seck, T., Niamy, V., and Miinstermann, S. (2004).
“The hygienic status of raw and sour milk from smallholder dairy farms and
local markets and potential risk for public health in The Gambia, Senegal
and Guinea,” Animal Health Research Working Paper 3 (Banjul: International
Trypanotolerance Centre), 54.

Herrero, M., Thornton, P. K., Mason-D'Croz, D., Palmer, J]., Benton,
T. G., Bodirsky, B. L. et al. (2020). Innovation can accelerate the
transition towards a sustainable food system. Nature Food 1, 266-272.
doi: 10.1038/543016-020-0074-1

Hodges, R. ]., Buzby, J. C., and Bennett, B. (2010). Postharvest losses and waste in
developed and less developed countries: opportunities to improve resource use.
J. Agric. Sci. 149, 37-45. doi: 10.1017/50021859610000936

IFTF (2018). 2018 Ten-Year Forecast Summit: Looking Back | Moving Forward.
Institute for the Future. Available online at: https://www.iftf.org/2018tyf/
(accessed February 14, 2021).

Islam, M. A, Quli S. M. S, Sofi, P. A, Bhat, G. M, and Malik,
A. R. (2015). Livelihood dependency of indigenous people on forest
in Jharkhand, India. Vegetos 28, 106-118. doi: 10.5958/2229-4473.2015.0
0074.9

ISO (2018). ISO 22000:2018 Food Safety Management System.

Joardder, M. U. H., and Masud, M. H. (eds). (2019). “Foods and developing
countries,” in Food Preservation in Developing Countries: Challenges and
Solutions (Switzerland AG: Springer), 1-22. doi: 10.1007/978-3-030-1
1530-2

Kafle, S., Vaidya, A., Pradhan, B,, Jors, E., and Onta, S. (2021). Factors associated
with practice of chemical pesticide use and acute poisoning experienced by
farmers in Chitwan District, Nepal. Int. J. Environ. Res. Public Health 18:4194.
doi: 10.3390/ijerph18084194

Kasolo, W., Chemining'wa, G., and Temu, A. (2018). Neglected and Underutilized
Species (NUS) for Improved Food Security and Resilience to Climate Change.
Nairobi: ANAFE.

Frontiers in Sustainable Food Systems | www.frontiersin.org

11

September 2021 | Volume 5 | Article 742908


https://www.researchgate.net/profile/Muluken-Goftishu/publication/315537001_Evaluation_of_Neem_Seed_and_Citrus_Peel_Powder_for_the_Management_of_Maize_Weevil_Sitophilus_zeamais_Motsch_Coleoptera_Curculionidae_in_Sorghum/links/59079aa20f7e9bc0d59a7d10/Evaluation-of-Neem-Seed-and-Citrus-Peel-Powder-for-the-Management-of-Maize-Weevil-Sitophilus-zeamais-Motsch-Coleoptera-Curculionidae-in-Sorghum.pdf
https://www.researchgate.net/profile/Muluken-Goftishu/publication/315537001_Evaluation_of_Neem_Seed_and_Citrus_Peel_Powder_for_the_Management_of_Maize_Weevil_Sitophilus_zeamais_Motsch_Coleoptera_Curculionidae_in_Sorghum/links/59079aa20f7e9bc0d59a7d10/Evaluation-of-Neem-Seed-and-Citrus-Peel-Powder-for-the-Management-of-Maize-Weevil-Sitophilus-zeamais-Motsch-Coleoptera-Curculionidae-in-Sorghum.pdf
https://doi.org/10.1080/15575330.2017.1373136
https://doi.org/10.3126/jfstn.v11i0.29686
https://doi.org/10.5539/jfr.v8n2p1
https://doi.org/10.5296/jfs.v8i1.15261
https://doi.org/10.1596/1813-9450-8766
https://doi.org/10.5958/0974-0279.2017.00008.8
https://doi.org/10.3389/fmars.2017.00050
https://doi.org/10.5296/jfs.v7i1.14023
https://doi.org/10.1371/journal.pone.0142905
https://doi.org/10.1155/2016/4290506
https://doi.org/10.15232/aas.2018-01810
https://agrilinks.org/sites/default/files/media/file/WASH-Senegal-Technical-Note-24Nov2020_FINAL2_1.pdf
https://agrilinks.org/sites/default/files/media/file/WASH-Senegal-Technical-Note-24Nov2020_FINAL2_1.pdf
https://agrilinks.org/sites/default/files/media/file/WASH-Senegal-Technical-Note-24Nov2020_FINAL2_1.pdf
https://agrilinks.org/sites/default/files/media/file/BD4FS-PAH-TLN-20210127.pdf
https://agrilinks.org/sites/default/files/media/file/BD4FS-PAH-TLN-20210127.pdf
https://doi.org/10.1016/j.procs.2021.01.260
https://doi.org/10.13140/RG.2.2.29988.42888
https://doi.org/10.1186/s13756-015-0062-7
https://doi.org/10.4315/JFP-20-355
https://doi.org/10.1080/19393210.2017.1408698
https://csis-website-prod.s3.amazonaws.com/s3fs-public/publication/190423_Ethiopia_WEB.pdf
https://csis-website-prod.s3.amazonaws.com/s3fs-public/publication/190423_Ethiopia_WEB.pdf
https://www.gfsp.org/sites/gfsp/files/public/GFSP%20Report_Food%20Safety%20in%20Africa-web.pdf/
https://www.gfsp.org/sites/gfsp/files/public/GFSP%20Report_Food%20Safety%20in%20Africa-web.pdf/
https://doi.org/10.31080/ASAG.2019.03.0585
https://doi.org/10.1126/science.1185383
https://doi.org/10.17776/csj.352607
https://doi.org/10.3390/ijerph120910490
https://doi.org/10.5772/intechopen.84566
https://doi.org/10.1371/journal.pone.0230527
https://doi.org/10.1038/s43016-020-0074-1
https://doi.org/10.1017/S0021859610000936
https://www.iftf.org/2018tyf/
https://doi.org/10.5958/2229-4473.2015.00074.9
https://doi.org/10.1007/978-3-030-11530-2
https://doi.org/10.3390/ijerph18084194
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Varyvoda et al.

Enabling Food Safety Entrepreneurship

Kassahun, M., and Wongiel, S. (2019). Food poisoning outbreak investigation in
Dewachefa woreda, Oromia Zone, Amhara Region, Ethiopia, 2018. BMC Res.
Notes 12:377. doi: 10.1186/s13104-019-4407-9

Keba, A., Laura Rolon, M., Tamene, A., Dessie, K., Vipham, J., Kovac,
J, et al. (2020). Review of the prevalence of foodborn pathogens
in milk and dairy products in Ethiopia. Int. Dairy J. 109:104762.
doi: 10.1016/j.idairyj.2020.104762

Kelemu, S., Niassy, S., Torto, B., Fiaboe, K., Affognon, H., Tonnang, H.,
et al. (2015). African edible insects for food and feed: inventory, diversity,
commonalities and contribution to food security. J. Insects Food Feed 1,
103-119. doi: 10.3920/JIFF2014.0016

Kirezieva, K., and Luning, P. A. (2017). “The influence of context on food safety
governance: Bridging the gap between policy and quality management,” in
Hybridization of Food Safety Governance, Chapter 8, eds P. Verbruggen and T.
Havinga (Edward Elgar Publishing), 156-180.

Kirk, M., Ford, L., Glass, K, and Hall, G. (2014). Foodborne illness,
Australia, circa 2000 and circa 2010. Emerging Infect. Dis. 20, 1857-1864.
doi: 10.3201/eid2011.131315

Kora, A. J. (2019). Leaves as dining plates, food wraps and food packing material:
Importance of renewable resources in Indian culture. Bull. Natl. Res. Centre
43:205. doi: 10.1186/542269-019-0231-6

Krishnaveni, M., Patakamuri, S. K., and Rajeswari, A. (2017). Route and optimal
location analysis of egg supplychain using geo-spatial technology. J. Geomat.
11. Available online at: https://isgindia.org/wp- content/uploads/2017/04/007.
pdf

Kuckertz, A., Hinderer, S., and Rohm, P. (2019). Entrepreneurship and
entrepreneurial opportunities in the food value chain. NPJ Sci. Food 3:6.
doi: 10.1038/s41538-019-0039-7

Kumar, A., Thapa, G., Joshi, P. K., and Roy, D. (2017). Adoption of food safety
measures among Nepalese producers: do smallholders benefit? Food Policy 70,
13-26. doi: 10.1016/j.foodpol.2017.05.002

Kumar, A., Thapa, G., Mishra, A. K., and Joshi, P. K. (2020). Assessing food and
nutrition security in Nepal: evidence from diet diversity and food expenditure
patterns. Food Sec. 12, 327-354. doi: 10.1007/s12571-019-01004-y

Kussaga, J. B., Jacxsens, L., Tiisekwa, B. P., and Luning, P. A. (2014). Food safety
management systems performance in African food processing companies: a
review of deficiencies and possible improvement strategies. J. Sci. Food Agric.
94, 2154-2169. doi: 10.1002/jsfa.6575

Kuyu, C. G, and Bereka, T. Y. (2020). Review on contribution of indigenous
food preparation and preservation techniques to attainment of food security
in Ethiopian. Food Sci. Nutr. 8, 3-15. doi: 10.1002/fsn3.1274

Kwil, L., Piwowar-Sulej, K., and Krzywonos, M. (2020). Local entrepreneurship
in the context of food production: a review. Sustainability 12:424.
doi: 10.3390/su12010424

Lake, D., Sisson, L., and Jaskiewicz, L. (2015). Local food innovation in a world of
wicked problems: the pitfalls and the potential. J. Agric. Food Syst. Commun.
Dev. 5, 13-26. doi: 10.5304/jafscd.2015.053.002

Lancker, K., Fricke, L., and Schmidt, J. O. (2019). Assessing the contribution of
artisanal fisheries to food security: a bio-economic modeling approach. Food
Policy 87:101740. doi: 10.1016/j.foodpol.2019.101740

Longe, O. O. (2016). Insecticidal action of some plant powders on maize weevil
[Sitophilus zeamais Curculionidae)] affecting stored maize grains (Zea mays).
Int. J. Agric. Innov. Res. 4, 784-788. Available online at: https://ijair.org/index.
php/issues?view=publication&task=show&id=698

Maestre, M., Poole, N., and Henson, S. (2017). Assessing food value chain
pathways, linkages and impacts for better nutrition of vulnerable groups. Food
Policy 68, 31-39. doi: 10.1016/j.foodpol.2016.12.007

Markos, S., Belay, B., and Astatkie, T. (2017). Evaluation of egg quality traits
of three indigenous chicken ecotypes kept under farmers’ management
conditions. Int. J. Poult. Sci. 16, 180-188. doi: 10.3923/ijps.2017.1
80.188

Mengistu, S., Abayneh, E., and Shiferaw, D. (2017). E. coli O157:H7 and Salmonella
species: public health importance and microbial safety in beef at selected
slaughter houses and retail shops in eastern Ethiopia. J. Vet. Sci. Technol. 8:468.
doi: 10.4172/2157-7579.1000468

Merem, E. C., Twumasi, Y., Wesley, J., Alsarari, M., Fageir, S., Crisler, M., et al.
(2019). Regional assessment of the food security situation in west africa with
GIS. Food Public Health 9, 60-77. doi: 10.5923/j.fph.20190902.04

Merish, S., Tamizhamuthu, M., and Walter, T. M. (2014). Review of Shorea robusta
with special reference to traditional Siddha medicine, research and reviews. J.
Pharmocog. Phytochem. 2, 5-13. Available online at: https://www.rroij.com/
open-access/review- of-shorea-robusta-with-special- reference-to-traditional-
siddha-medicine-5-13.pdf

Mersha, G., Asrat, D., Zewde, B. M., and Kyule, M. (2010). Occurrence
of Escherichia coli O157:H7 in faeces, skin and carcasses from
sheep and goats in Ethiopia. Lett. Appl. Microbiol. 50, 71-76.
doi: 10.1111/j.1472-765X.2009.02757.x

Minervino, A. H. H., Zava, M., Vecchio, D., and Borghese, A. (2020). Bubalus
bubalis: a short story. Front. Vet. Sci. 7:570413. doi: 10.3389/fvets.2020.570413

Morse, T., Masuku, H., Rippon, S., and Kubwalo, H. (2018). Achieving

integrated approach to food safety and hygiene—meeting the
sustainable development goals in sub-saharan Africa. Sustainability 10:2394.
doi: 10.3390/su10072394

Muzemu, S. (2013). Evaluation of Eucalyptus tereticornis, Tagetes minuta
and Carica papaya as Stored Maize Grain Protectants against Sitophilus
zeamais (Motsch.) (Coleoptera: Curculionidae). Agric. For. Fisher. 2, 196-201.
doi: 10.11648/j.aff.20130205.13

Mwangangi, B. M., and Mutisya, D. L. (2013). Performance of basil powder
as insecticide against maize weevil, Sitopillus Zeamais (Coleoptera:
Curculionidae). Discour. ]. Agric. Food Sci. 1, 96-201. Available online at:
http://www.resjournals.org/JAFS/PDF/2013/Dec/Mwangangi_and_Mutisya.
pdf

Negatu, B., Dugassa, S., and Mekonnen, Y. (2021). Environmental and
health risks of pesticide use in Ethiopia. J. Health Pollut. 11:210601.
doi: 10.5696/2156-9614-11.30.210601

Noort, M. C., Reader, T. W., Shorrock, S., and Kirwan, B. (2016). The
relationship between national culture and safety culture: implications for
international safety culture assessments. J. Occup. Organ. Psychol. 89, 515-538.
doi: 10.1111/joop.12139

Nordhagen, S., Igbeka, U., Rowlands, H., Shine, R. S., Heneghan, E,
and Tench, J. (2021). COVID-19 and small enterprises in the food
supply chain: early impacts and implications for longer-term food system
resilience in low- and middle-income countries. World Dev. 141:105405.
doi: 10.1016/j.worlddev.2021.105405

Nyarugwe, S. P, Linnemann, A. R, Ren, Y., Bakker, E.-]., Kussaga, J. B., Watson,
D., et al. (2020). An intercontinental analysis of food safety culture in view
of food safety governance and national values. Food Control 111:107075.
doi: 10.1016/j.foodcont.2019.107075

Ohanenye, I. C., Emenike, C. U., Mensi, A., Medina-Godoy, S., Jin, J., Ahmed, T,
etal. (2021). Food fortification technologies: influence on iron, zinc and vitamin
A bioavailability and potential implications on micronutrient deficiency in
sub-Saharan Africa. Sci. Afr. 11:¢00667. doi: 10.1016/j.sciaf.2020.e00667

Osti, N. P. (2020). Animal feed resources and their management in Nepal. ACTA
Sci. Agric. 4, 2-14. doi: 10.31080/ASAG.2020.04.737

Owusu-Kwarteng, J., Akabanda, F., Agyei, D., and Jespersen, L. (2020).
Microbial safety of milk production and fermented dairy products in Africa.
Microorganisms 8:752. doi: 10.3390/microorganisms8050752

Pokhrel, P. (2016). Postharvest handling and prevalence of aflatoxin
contamination in Nepalese Maize Produce. J. Food Sci. Technol. Nepal 9,
11-19. doi: 10.3126/jfstn.v9i0.16198

Prasad, A., Du, L., Zubair, M., Subedi, S., Ullah, A., and Roopesh, M. S. (2020).
Applications of Light-Emitting Diodes (LEDs) in food processing and water
treatment. Food Eng. Rev. 12, 268-289. doi: 10.1007/s12393-020-09221-4

Preston, F., and Lehne, J. A. (2017). Wider Circle? The Circular Economy in
Developing Countries. Chatham House. Available online at: https://www.
chathamhouse.org/2017/12/wider-circle- circular- economy- developing-
countries

Robert, H. (2020). Innovations in agriculture
response to the COVID-19 pandemic. Mol.
doi: 10.1016/j.molp.2020.07.011

Sapkota, S., and Phuyal, R. (2016). An analysis of consumers awareness and
their purchasing behavior for adulterated rice-grains in Nepal. World
Rev. Bus. Res. 6, 98-119. Available online at: https://www.researchgate.
net/publication/309290746_An_Analysis_of_Consumers_Awareness_and_
Their_Purchasing_Behavior_for_Adulterated_Rice- Grains_in_Nepal/link/
5808524508ae5ed04bfe83dc/download

an

and food
Plant 13,

supply in
1095-1097.

Frontiers in Sustainable Food Systems | www.frontiersin.org

12

September 2021 | Volume 5 | Article 742908


https://doi.org/10.1186/s13104-019-4407-9
https://doi.org/10.1016/j.idairyj.2020.104762
https://doi.org/10.3920/JIFF2014.0016
https://doi.org/10.3201/eid2011.131315
https://doi.org/10.1186/s42269-019-0231-6
https://isgindia.org/wp-content/uploads/2017/04/007.pdf
https://isgindia.org/wp-content/uploads/2017/04/007.pdf
https://doi.org/10.1038/s41538-019-0039-7
https://doi.org/10.1016/j.foodpol.2017.05.002
https://doi.org/10.1007/s12571-019-01004-y
https://doi.org/10.1002/jsfa.6575
https://doi.org/10.1002/fsn3.1274
https://doi.org/10.3390/su12010424
https://doi.org/10.5304/jafscd.2015.053.002
https://doi.org/10.1016/j.foodpol.2019.101740
https://ijair.org/index.php/issues?view=publication&task=show&id=698
https://ijair.org/index.php/issues?view=publication&task=show&id=698
https://doi.org/10.1016/j.foodpol.2016.12.007
https://doi.org/10.3923/ijps.2017.180.188
https://doi.org/10.4172/2157-7579.1000468
https://doi.org/10.5923/j.fph.20190902.04
https://www.rroij.com/open-access/review-of-shorea-robusta-with-special-reference-to-traditional-siddha-medicine-5-13.pdf
https://www.rroij.com/open-access/review-of-shorea-robusta-with-special-reference-to-traditional-siddha-medicine-5-13.pdf
https://www.rroij.com/open-access/review-of-shorea-robusta-with-special-reference-to-traditional-siddha-medicine-5-13.pdf
https://doi.org/10.1111/j.1472-765X.2009.02757.x
https://doi.org/10.3389/fvets.2020.570413
https://doi.org/10.3390/su10072394
https://doi.org/10.11648/j.aff.20130205.13
http://www.resjournals.org/JAFS/PDF/2013/Dec/Mwangangi_and_Mutisya.pdf
http://www.resjournals.org/JAFS/PDF/2013/Dec/Mwangangi_and_Mutisya.pdf
https://doi.org/10.5696/2156-9614-11.30.210601
https://doi.org/10.1111/joop.12139
https://doi.org/10.1016/j.worlddev.2021.105405
https://doi.org/10.1016/j.foodcont.2019.107075
https://doi.org/10.1016/j.sciaf.2020.e00667
https://doi.org/10.31080/ASAG.2020.04.737
https://doi.org/10.3390/microorganisms8050752
https://doi.org/10.3126/jfstn.v9i0.16198
https://doi.org/10.1007/s12393-020-09221-4
https://www.chathamhouse.org/2017/12/wider-circle-circular-economy-developing-countries
https://www.chathamhouse.org/2017/12/wider-circle-circular-economy-developing-countries
https://www.chathamhouse.org/2017/12/wider-circle-circular-economy-developing-countries
https://doi.org/10.1016/j.molp.2020.07.011
https://www.researchgate.net/publication/309290746_An_Analysis_of_Consumers_Awareness_and_Their_Purchasing_Behavior_for_Adulterated_Rice-Grains_in_Nepal/link/5808524508ae5ed04bfe83dc/download
https://www.researchgate.net/publication/309290746_An_Analysis_of_Consumers_Awareness_and_Their_Purchasing_Behavior_for_Adulterated_Rice-Grains_in_Nepal/link/5808524508ae5ed04bfe83dc/download
https://www.researchgate.net/publication/309290746_An_Analysis_of_Consumers_Awareness_and_Their_Purchasing_Behavior_for_Adulterated_Rice-Grains_in_Nepal/link/5808524508ae5ed04bfe83dc/download
https://www.researchgate.net/publication/309290746_An_Analysis_of_Consumers_Awareness_and_Their_Purchasing_Behavior_for_Adulterated_Rice-Grains_in_Nepal/link/5808524508ae5ed04bfe83dc/download
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Varyvoda et al.

Enabling Food Safety Entrepreneurship

Sautet, F. (2013). Local and systemic entrepreneurship: solving the puzzle
of entrepreneurship and economic development. Entrep. Theor. Pract. 37,
387-402. doi: 10.1111/j.1540-6520.2011.00469.x

Sharma, B. (2017). Milk markering and daity value chain development in Nepal in
relation with climate resilence effort in the present context. Nepalese Vet. J. 34,
144-151. doi: 10.3126/nvj.v34i0.22917

Siegrist, M., and Hartmann, C. (2020). Consumer acceptance of novel
food technologies. Nat. Food 1, 343-350. doi: 10.1038/543016-020-
0094-x

Sonnino, R. (2016). The new geography of food security: exploring the
potential of urban food strategies. Geogr. J. 182, 190-200. doi: 10.1111/geoj.
12129

Steier, G., and Patel, K. K. (2017). International Food Law and Policy. Springer
International Publishing. doi: 10.1007/978-3-319-07542-6

Stilgoe, J., Owen, R, and McNaghten, P. (2013). Developing a
framework for responsible innovation. Res. Policy 42, 1568-1580.
doi: 10.1016/j.respol.2013.05.008

Teferi, S. C. (2020). A review on food hygiene knowledge, practice and food safety
in Ethiopia. Sci. J. Food. Sci. Nutr. 6, 4-10. Available online at: https://www.
scireslit.com/Nutrition/SJFSN-ID27.pdf

Teixeira, A,, Silva, S., Guedes, C., and Rodrigues, S. (2020). Sheep and goat meat
processed products quality: a review. Foods 9:960. doi: 10.3390/foods9070960

Temu, A., Rudebjer, P., Yaye, A. D., and Ochola, A. (2016). Curriculum Guide
on Neglected and Underutilized Species: Combating Hunger and Malnutrition
with Novel Species. Rome: African Network for Agriculture, Agroforestry and
Natural Resources Education (ANAFE).

Tesfaw, L., Taye, B., Alemu, S., Alemayehu, H., Sisay, Z., and Negussie, H. (2013).
Prevalence and antimicrobial resistance profile of Salmonella isolates from
dairy products in Addis Ababa, Ethiopia. Afr. J. Microbiol. Res. 7, 5046-5050.
doi: 10.5897/AJMR2013.5635

Thapa, G., Kumar, A., Roy, D., and Joshi, P. K. (2019). Does Greater Food Safety
Consciousness Benefit Smallholder Dairy Farmers? Evidence from Nepal. The
International Food Policy Research Institute.

Thapa, G., Kumar, A, Roy, D., and Joshi, P. K. (2020). Food safety
consciousness and consumers’ milk purchaising behaviour: evidence from a
developing country. J. Agric. Appl. Econ. 52, 503-526. doi: 10.1017/aae.20
20.14

Thompson, L. A., Darwish, W. S., Tkenaka, Y., Nakayama, S. M., Mizukawa, H.,
and Ishizuka, M. (2017). Organochlorine pesticide contamination of foods in
Africa: incidence and public health significance. J. Vet. Med. Sci. 79, 751-764.
doi: 10.1292/jvms.16-0214

Tomita, A., Cuadros, D. F., Mabhaudhi, T, Sartorius, B., Ncama, B. P., Dangour,
A. D, et al. (2020). Spatial clustering of food insecurity and its association
with depression: a geospatial analysis of nationally representative South African
data, 2008-2015. Sci. Rep. 10:13771. doi: 10.1038/s41598-020-70647-1

Uprety, R., and Shivakoti, S. (2019). “Extension policies and reforms in Nepal:
an analysis of challenges, constraints, and policy options,” in Agricultural
Extension Reforms in South Asia: Status, Challenges, and Policy Options, eds
S. Babu, and P. K Joshi (Amsterdam: Academic Press; Elsevier Inc.), 61-77.
doi: 10.1016/B978-0-12-818752-4.00004-7

van der Heijden, K., Younes, M., Fishbein, L., and Miller, S. (eds.). (1999).
International Food Safety handbook: Science, International Regulation, and
Control (1st edn.). Boca Raton, FL: Routledge. doi: 10.1201/9780203750346

Vergis, J., Rawool, D. B., Singh Malik, S. V., and Barbuddhe, S. B. (2021). Food
safety in fisheries: application of one health approach. Indian J. Med. Res.
153, 348-357. Available online at: https://www.ijmr.org.in/article.asp?issn=
0971-5916;year=2021;volume=153;issue=3;spage=348;epage=357;aulast=
Vergis

WorldBank (1998). Indigenous Knowledge for Developmental Framework for
Action. Washington, DC: Knowledge Learning Center Africa Region.

Author Disclaimer: The views and opinions expressed in this paper are those of
the authors and not necessarily the views and opinions of USAID or FES.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Varyvoda, Cederstrom, Borberg and Taren. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Sustainable Food Systems | www.frontiersin.org

13

September 2021 | Volume 5 | Article 742908


https://doi.org/10.1111/j.1540-6520.2011.00469.x
https://doi.org/10.3126/nvj.v34i0.22917
https://doi.org/10.1038/s43016-020-0094-x
https://doi.org/10.1111/geoj.12129
https://doi.org/10.1007/978-3-319-07542-6
https://doi.org/10.1016/j.respol.2013.05.008
https://www.scireslit.com/Nutrition/SJFSN-ID27.pdf
https://www.scireslit.com/Nutrition/SJFSN-ID27.pdf
https://doi.org/10.3390/foods9070960
https://doi.org/10.5897/AJMR2013.5635
https://doi.org/10.1017/aae.2020.14
https://doi.org/10.1292/jvms.16-0214
https://doi.org/10.1038/s41598-020-70647-1
https://doi.org/10.1016/B978-0-12-818752-4.00004-7
https://doi.org/10.1201/9780203750346
https://www.ijmr.org.in/article.asp?issn=0971-5916;year=2021;volume=153;issue=3;spage=348;epage=357;aulast=Vergis
https://www.ijmr.org.in/article.asp?issn=0971-5916;year=2021;volume=153;issue=3;spage=348;epage=357;aulast=Vergis
https://www.ijmr.org.in/article.asp?issn=0971-5916;year=2021;volume=153;issue=3;spage=348;epage=357;aulast=Vergis
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

	Enabling Food Safety Entrepreneurship: Exploratory Case Studies From Nepal, Senegal, and Ethiopia
	Introduction
	Unsafe Food as Public Health Risk
	Microbial Contamination of Food
	Chemical Contamination of Food
	Food Authenticity Issue

	Factors Limiting Growing Food Businesses
	Meat and Dairy
	Eggs
	Fish

	Insights to Food Safety Entrepreneurship Acceleration
	Diversify Markets With ASF
	Capture the Potential of Neglected and Underutilized Animal-Sourced Food
	Apply Synergy of Innovative Technologies and Existing Practices
	Introduce Digital Geotechnologies for On-Going Management

	Final Considerations
	Author Contributions
	Funding
	Acknowledgments
	References


