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Editorial on the Research Topic
Nutrition and sustainable
responsible consumption

development goal 12:

Food is the core element of sustainability and it is an integral component of
sustainable development goals (SDGs). The food system contributes between 25-34%
of the global greenhouse gas emission, together with other detrimental environmental
impacts including biodiversity loss, acidification of soils, etc. Approximately, 30% of
the produced food is lost or wasted on a global scale, which involves postharvest loss,
processing and distribution loss and wastage at a consumer level. A rapid rise in global
population and food losses collectively compromise food security and SDGs. The effective
management of food waste and byproducts can minimize the challenges of food security
and environmental hazards associated with the disposal of food waste. Implementation of
effective strategies and control measures can reduce food loss and enhance food availability.
These strategies include integrated supply chain models, raising awareness, redistribution,
effective models for recovery of value-added products, and management of disposals.
Among SDGs, the target of SDG 12 (sustainable consumption and production) is addressed
to significantly reduce food waste at all levels of food supply chain i.e., farm to fork.
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Food loss and waste

On a global scale food loss and waste (FLW) is a major hurdle
in achieving sustainable food systems. A food system involves
all stages of the supply chain i.e., from farm to fork. Around
one-third proportion of globally produced food is lost or wasted.
Food loss corresponds to post-harvest loss, whereas food waste is
primarily associated with the consumer level (1). The term food loss
and waste highlight all the food resources including byproducts,
secondary metabolites and all other edible components which can
be used as a food or can enter food chain but either lost or
wasted during preharvest, post-harvest, processing, distribution,
and consumption levels. The magnitude of food waste generated
is usually self-reported and based on predictions. Comprehensive
analyses about economic, environmental and recycling impacts
of food waste are extremely important for developing FLW
management policies as highlighted in the systematic review by
Bilali et al.

Contributing factors of food loss and
waste and control strategies

The globalization and industrialization of food processing,
high demand for animal protein, changes in eating habits and
lifestyle are major hurdles toward the achievement of sustainable
food system. In developing countries, a major proportion of
food is wasted at postharvest level due to lack of infrastructure
and technology, whereas in developed countries consumer level
wastage predominates (2). Tonini et al. reported that lack of
food management and excessive purchase of perishable foods are
predominant reasons of food waste in households with children.
It is important to identify the potential factors and magnitude of
food waste generated at each scale, i.e., at production, processing
distribution and consumer levels. The implementation of audit and
accountability can contribute toward minimization of food waste.
Cook et al. in their study identified the important factors which
influence the implementation of food waste audits in foodservices.

Due to diversified nature of food, the contributing factors for
FLW can be lack of an appropriate technology, infrastructure,
seasonal variability, variations in supply and demand, poor
logistics, poor packaging, and storage (3). In their study Afriyie
et al. highlighted the importance of food storage at consumer
level. Consumer awareness and basic training about food storage
can ensure food security and safety. FLW can be minimized by
effective food supply chain management (SCM), raising awareness,
improved logistic framework, digitalization of supply chain and
sharing responsibility with different stakeholders of the entire
food chain.

Sustainable consumption and
recovery of value-added components

A strong coordination among all stakeholders is the
backbone of food The
development of sustainable food SCM requires integration
The

sustainable consumption model.

between the concepts of sustainability and SCM (4).
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modification of dietary habits toward the use of organic
fruits and vegetables, fiber enriched foods and exploration of
alternative protein sources can contribute to sustainable food
systems. For food policy makers, tools based on information,
market and regulatory aspects are integral to developing a
sustainable system (5). As mentioned by Grant and Rossi
(a), there is dire need to develop national platforms to
support the awareness programs and implementation of FLW
management policies.

Lange and Nakamura proposed that edible insects can play
a role in sustainable food systems due to the presence of high-
quality protein, nutrients and associated environmental benefits.
Food waste and byproducts can also be explored for valuable
components, which can be utilized as functional ingredients
in the food chain. Yeast protein is of great interest as an
alternative protein due to ease of scale-up, relatively low-cost
and nutritional value. Girtner et al. in their study formulated
vegan spread powders by using torula yeast as an alternative
source of protein and observed variations in sensory acceptance
with change geographical origin of the consumers. The food
product development and marketing strategies should also consider
consumer preferences based on cultural variations to avoid new
food product failure.

The concept of food waste valorization was taken up by
Chalklader et al. who reported that fish waste can be used as a
source of functional protein hydrolysates, which can be used as a
functional ingredient in aquafeed. The concept of responsible food
consumption is directly linked with food waste prevention. In their
study, Grant and Rossi (b) reported that consumers who follow
the dietary guidelines are well aware of the concept of responsible
consumption and limitations of food waste. Lack of adherence to
dietary guidelines can comprise the health status of individuals.
A similar concern was raised by Temesgen et al. who reported
that approximately 80% of pregnant females in Ethiopia did not
receive iron and folic acid supplements during required intervals
due to non-adherence.

In summary, articles in this Research Topic highlight the
importance of FLW and its impact on responsible consumption.
To meet future needs and attain a sustainable food system, it
is extremely important to implement the policies at national
and global level to manage food waste, recover valuables from
byproducts and ensure awareness among food chain stakeholders.
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Food loss and waste (FLW) is an environmental, social, and economic problem. Countries
all around the world are looking for efficient strategies to prevent and reduce FLW, as
recommended by target 12.3 of the Sustainable Development Goals (SDGs) of the United
Nations. The European Union (EU) is strongly committed to helping solve the FLW issue,
setting up the Platform on Food Losses and Food Waste, and adopting the Farm to Fork
Strategy. Italy has also adopted a consolidated approach toward this issue, in particular
through the redistribution of food surplus to those in need, a policy that was instituted
with the Gadda Law 166/2016. Importantly, this normative framework also provided for
the establishment of the National Observatory on Food Surplus, Recovery, and Waste
[Osservatorio sulle Eccedenze, i Recuperi e gli Sprechi Alimentari (OERSA)]. This article
describes the creation and development of the OERSA, as the technical entity supporting
national FLW policies. One of the first actions taken by the OERSA was that of mapping
the FLW initiatives that were being implemented along the entire food supply chain in
[taly. This gave the OERSA a solid foundation on which to begin working on two different
fronts: (1) Collecting data regarding the primary production sector and at the consumer
level and (2) Establishing educational programs and awareness campaigns. The data
collected by the OERSA highlight that, although several actors of the Italian supply chain
are already conscious of the causes of FL\W, new strategies that focus on innovation and
cooperation should be encouraged.

Keywords: food loss, food waste, food donation, legislative framework, measurements, Italy

INTRODUCTION

Food loss and waste (FLW) prevention and reduction are among the political priorities
for national governments and international organizations. It is a subject that is attracting
increasing interest, spurring researchers to work on developing prevention, valorization, and
management strategies (1-3). The FLW issue is included in the Sustainable Development
Goals (SDGs), a universal call for action addressed to all the countries to promote prosperity
and protect the planet. The 17 SDGs were adopted by all the United Nations Member
States in 2015 as a part of the 2030 Agenda for Sustainable Development, which set out
a 15-year plan to achieve these SDGs (4). Each SDG is organized in measurable and
monitorable targets. Target 12.3, which aims by 2030 to halve per capita global food waste
at retail and consumer levels and reduce food losses along production and supply chains,
including postharvest losses, is included in the framework of SDG 12 related to sustainable
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The Italian Food Waste Observatory

consumption and production patterns. This means that the entire
agri-food chain, from primary production to consumers, must be
considered in connection with the FLW prevention strategies.

FLW is a priority also for the European Union (EU) and its
member states. In fact, the European Commission (EC) with
the Waste Framework Directive (2008/98/EC) (5) defined a
“hierarchy” in food waste management to be applied by the EU
member states. This strategy, which was further implemented
and adapted (1, 3, 6), considers the prevention and reuse of food
for human consumption, as the most preferable options, followed
by reuse for animal feeding and byproducts, recycling (including
composting), and energy recovery, while waste disposal through
landfills should be considered as a last resort.

In 2016, the EC established the EU Platform on Food
Losses and Food Waste (7), a public and private initiative
coordinated by the Directorate-General for Health and Food
Safety (DG SANTE), which includes the EU institutions, experts,
and stakeholders. The Platform supports all the actors in the
definition of food waste prevention measures, the sharing of best
practices, and the evaluation of the progress that has been made
over the years. In addition, the FLW question is a part of the EU
Farm to Fork Strategy released in 2019 (8), a program that aims
to achieve sustainable production, processing, distribution, and
consumption together with the prevention of FLW.

The Italian normative and cultural background from which
the FLW activities were derived is related to the management of
food surplus and its redistribution to those living in poverty. The
objective of this article is to describe the Italian actions related
to FLW and, in particular, the establishment and development
of the National Observatory on Food Surplus, Recovery, and
Waste [Osservatorio sulle Eccedenze, i Recuperi e gli Sprechi
Alimentari (OERSA)], a technical entity setup under the scientific
guidance of the Council for Agricultural Research and Economics
[Consiglio per la Ricerca in agricolture e I'analisi del’Economia
Agraria (CREA)], the national research institution responsible
for food, nutrition, and agricultural research (9, 10).

The research questions addressed in this article were: (i)
before the establishment of the OERSA, what was the scenario
in Italy concerning FLW, in particular regarding the different
sectors of the supply chain? (ii) what process was followed in
the development of the OERSA and how could this be replicated
in other contexts? and (iii) how has the work of the OERSA
contributed to tackling the FLW problem in Italy and how can
the data collection and methodologies of OERSA be exploited in
further research?

This article provides a contribution to the research discussions
on food waste action policies and how our experience could be
applied in other countries. The description given in this article of
the establishment of the OERSA could be used as an example of
field work carried out in this area, especially for the identification
of key work directives. In addition, the sharing of the main
findings of the OERSA, underlining the criticalities related to
FLW in Italy, and putting forward different possible solutions to
this issue, can provide valuable information based on a concrete
experience that could increase the impact of future actions.

The methodology for the preparation of this article was shaped
according to the objectives of the work. The OERSA results

presented in the following sections were taken from preexisting
studies published in scientific papers or scientific-technical
reports presented to stakeholders, the main conclusions of
which were subsequently elaborated for the purposes of this
article. Triangulation was employed throughout the process of
data gathering and analysis, comparing bibliographic material,
observations, and documents produced within the OERSA
framework to obtain information for the future development of
the OERSA itself and food waste policies in Italy.

ITALIAN POLICY AND ACTIONS ON FLW:
THE NATIONAL OBSERVATORY

Normative Framework

Italy has adopted a consolidated approach toward food surplus
management and redistribution to those in need, codified by a
well-defined regulatory process originating in the so-called Good
Samaritan Law (155/2003) (11). This law simplified the food
donation procedures supporting non-profit organizations in the
distribution of food charities. In 2016, an important step forward
was taken in the regulatory process with the introduction of the
166/2016 Law (12) that to some extent anticipated the 2030 UN
Agenda recommendations. This law provides measures aimed
at encouraging food and pharmaceutical surplus redistribution
as social solidarity actions through the simplification of
bureaucracy, tax deductions, and subsidies either for public or
private donors. The objectives of this normative act can be
summarized as follows:

e Promoting the recovery and donation of surplus food,
primarily to humans, especially to those in need.

e Reducing the environmental impact of FLW through actions
that aim to decrease waste and to increase the life cycle of
products through reuse and recycling.

e Supporting research activities and increasing consumer and
institution awareness, focusing on educating young people.

The Italian board responsible for the FLW activities is the
permanent table for combatting waste and promoting food
assistance [Food Waste Permanent Table (FWPT)] coordinated
by the Ministry of Agricultural, Food, and Forestry Policies. The
FWPT organizes activities to reduce food waste at the national
level with the aim of disseminating knowledge and sharing data
among the key actors in the production system, scientific experts,
and society as a whole. The FWPT includes representatives from
all the actors of the supply chain (primary sector, manufacturing,
industry, retail, and food services), representatives of different
Ministries (Health, Environment, and Economic Development),
charitable organizations, and Non-governmental Organizations
(NGOs) working on food distribution. In this context, the
166/2016 Law established the National Observatory on Food
Surplus, Recovery, and Waste as a technical independent
entity tasked with collecting and disseminating information and
statistics, policy, and best practices related to (i) surpluses along
the food supply chain; (ii) food recovery and reuse for human
consumption; and (iii) food waste at the household level.
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TABLE 1 | Assessment of actions and projects related to the food loss and waste in Italy as a benchmark of the OERSA development.

Sector Main findings

Primary sector

The Regional Agency for the supply in agriculture (AGREA) set up a platform which collects data and information on the recovery of

agricultural products. Food recovered for human distribution varies from 6,881 tons to 27,671 per year. Peaches, clementine,
melons, watermelons, onions, nectarines, kiwis, plums, pears and apples were the foods items collected most frequently.

Wholesale sector

The Italian network of markets (/talmercati) quantified the amount of fruit and vegetables products recovered from the market and

donated through charities that accounted for 4,000 tons in 2016, corresponding to a monetary value of 8 million euros. Recovery
actions were concentrated in northern Italian regions with the markets in Milan and Verona covering 70% of the donations.

Retail sector

The National Consumers’ Cooperative Organization (ANCC-COOP) during the period 2013-2016 found that between 1.2 and 1.4%

of food in their supermarkets became surplus. The food surplus redistribution accounted for 6,000 tons, 80% of which consisted of

fresh and perishable products.
Food service sector

The National Association of Catering Companies that has an Observatory on catering and nutrition (ORICOM-ANGEM) in 2015

performed a survey in a sample of school canteens in Northern Italy aimed at making a qualitative, quantitative and economic
estimation of food waste. Meal leftovers were 12.5% of the food prepared, especially side dishes. For each meal, the waste was

estimated at a monetary value of 0.18 euro.
Life project, an integrated
approach, from the industry
to the consumer

This project undertook an in-depth analysis across different stages of the food supply chain, focusing on food industries, large-scale
distribution and consumers. A survey carried out in 2018 among 40 companies highlighted that 60% of food surplus consisted of
meat and cured meat, pasta and bakery products, frozen and “IV. gamma” products. In the retail sector, fresh products such as dairy

products, fruit, vegetables, meat, and fish had greater excess than processed food. 90% of the food surplus was disposed of into
landfill and only 10% was donated to non-profit organizations. The consumer survey highlighted that the categories of food that
created the highest amount of waste were fruit, vegetables and prepared meals, with bread proving to be the food that was thrown
away the most often. The main causes of waste were the presence of mold, passing the best before date and changes in sensory
characteristics. Nevertheless, 70% of the sample reported knowing the difference between use-by and best before date.

Recovery sector/
Charity organizations

The information platform of the Banco Alimentare organization represents a valuable information source in terms of the accuracy and
the large number of data collected, as well as for the coverage of the national territory. The database analysis highlighted that, as a

result of Law 166/2016, from 2016 to 2017 the quantity of food recovered increased of 2,100 tons.
The collection of this data makes it possible to establish which sectors are keener on surplus donation respect to those in which

actions to promote donations are needed.

Development of the National Observatory

OERSA
The initial steps in the development of the OERSA consisted of a
benchmark assessment of the FLW actions of the members of the
FWPT. Semi-structured individual interviews were held with the
key representatives of the FWPT who provided documentation,
strategy, and policy documents where available. For the semi-
structured interviews, a broad framework of open questions was
used, allowing the dialog to be shaped and adjusted to follow
the line of the most informative topic areas emerging from the
responses of the interviewee. Interviews were then matched with
the documentation provided and triangulation was carried out,
comparing interview material, observation, and documents from
the various sources. Based on this information, a map of the FLW
initiatives was produced to identify potentialities and barriers
for a further reduction in FLW, the actors and stakeholders
involved along the food chain, and overall to gain an insight
into the stage of development of the national FLW polices. An
evaluation of the level of initiatives was then done in terms of
projects and best practices including the degree of involvement
of local communities, the availability of impact indicators
and monitoring data, and the added value of the initiative.
Critical issues, improvement practices already implemented,
strategies, and overall good practices for the prevention of
food surpluses and waste were collected and compared for
monitoring purposes.

The level of integration of the results collected from different
stakeholders was described in terms of performance and output
of ongoing actions. The strengths and weaknesses of the different

approaches, common intervention, and entry points as well as
gaps to be filled were identified. The results of this assessment
are shown in the first-year report of the OERSA (13) and
summarize in Table 1.

The meetings with the key informants of the FWPT showed
their willingness to share knowledge and data and at the same
time allowed the OERSA members to identify in which sector
further studies and interventions needed to be undertaken. As
a result, the OERSA developed two directives as a guide for the
actions to be implemented:

Directive Action 1: To Fill Information Gaps

e Collecting primary sector data and information through the
Agencies for Agricultural Supply, at the national and regional
levels, carrying out an exploratory survey on the primary
sector companies.
Collecting information at distribution and consumer level.
Carrying out an exploratory survey on the food service sector.
Carrying out qualitative and quantitative surveys
with consumers.

Directive Action 2: To Improve Policy and Intervention
Actions

Carrying out educational programs aimed at increasing the
awareness of food chain operators and consumers of the
importance of preventive actions to be established, alongside
counteractions for food surplus redistribution and recovery. Two
other actions aimed at reducing or preventing FLW during
redistribution were identified: the optimization of the use of
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instruments that guarantee the correct storage of fresh and
processed foods and the improvement of the logistic structure of
charitable organizations.

ACTIONABLE RECOMMENDATIONS IN
ITALY

Main Results of the OERSA Data Collection

In accordance with these two action directives, during their
first 2 years of activity, the OERSA carried out an assessment
on household food waste and an evaluation of food surplus,
losses, and waste in the primary sector (Directive action 1).
These activities were considered as a valuable tool in drawing up
policy actions (Directive action 2). During coronavirus disease
2019 (COVID-19) pandemic, considering the exceptionality of
the situation, the OERSA undertook a special assessment to
monitor the food habits of Italian consumers and to understand
their attitude toward food waste during the period of lockdown
between March and April 2020. The results of the data
collection were collected in 3 reports (13-15) and 3 peer-review
publications (16-18).

The OERSA household food waste measurement was the
first assessment done at the national level with a representative
sample of the Italian households. The data were collected using
the methodology developed by van Herpen et al. (19) that
allowed a comparison with other European countries (20).
The survey involved a representative sample of 1,142 Italian
households. The Italian families wasted, on average, 370g of
food per week—a quantity that is in line with that of the
Netherlands (365 g/week) and progressively different from
Germany (425 g/week), Hungary (464 g/week), and Spain (534
g/week). Perishable products, such as fresh fruit and vegetables,
bread, and non-alcoholic drinks, were those with the highest
level of waste. Unused (43.2%) or partly used (30.3%) products
were the categories thrown away most frequently. There was
a significant association between household food waste and
preventive practices and the ability to reduce the amount of
food that had to be thrown away. The detailed results of this
study were released through an OERSA report (in Italian) (13)
and a scientific paper (16). Data on household food waste were
further linked and duly elaborated with the data on food product
purchases in supermarkets and large-scale retailers as the amount
of food bought and its economic value (18). This study aims to
evaluate the weight and monetary values of food waste among
a sample of the Italian families, which reported a total amount
of 399kg of food waste per week (4.4% of the weight of the
overall food purchased), corresponding to a monetary value of
€1,052 (3.8% of the overall food expenditure). Clustering the
food groups according to waste quantity, typology, and monetary
value, it was possible to show that price has a role in the
generation of food waste, as the lower the unitary cost, the higher
the quantity of waste. Consequently, foods with high unitary
costs were those less likely to be thrown away.

The OERSA studies for the second-year report focused on
agricultural production (14). Two assessments were carried

out for this purpose. The first was an analysis performed on
preexisting data on agricultural surpluses. The results showed
that in 2017, about 3% of fruit and vegetables were left
unharvested. Losses were greater in the area of vegetable
cultivation (4%) than fruit cultivation (2.6%). Data concerning
unharvested fruits and vegetables vary significantly for every
product and can fluctuate considerably depending on the harvest
every year. Focusing on single crops was helpful to identify
the most problematic production with a high risk of market
imbalances. The establishment of the Producer Organization
(PO) system that brings together farming companies and
cooperatives created competitive advantages in preventing
criticalities generated by food surpluses and, therefore, also food
waste—in the case that the surpluses were distributed to the
poor. In 2017, 32,237 tons (0.3% of production) of fruits and
vegetables were collected as surplus, the majority of which (82%)
were subsequently distributed for consumption by those in need.

Considering the importance of the POs in the redistribution
system, a survey of the 17 POs was then carried out. The four
fruit supply chains with the highest market excess (apples, kiwis,
peaches, and plums) were analyzed, to evaluate the percentage
of the production, main causes, and possible interventions
regarding the food surplus generation. The tendency to generate
food surplus was higher for plums, lower for kiwis, and
variable for apples and peaches. The POs declared that the
primary reasons that led to food surplus were changes in
weather conditions (86.1%), the presence of parasites or phyto-
pathologies (63.9%), alongside problems related to the shape
or the size of the products (61.1%). The main food surplus
destination was human redistribution (64.9%), followed by
distillation (40.5%), composting (35.1%), and the processing
industry (18.9%). These figures demonstrated the efficiency of
the POs system in preventing food waste by the redistribution
of surpluses to the poor.

The OERSA special issue on COVID-19 (15) aimed to evaluate
how the Italian habits changed during the lockdown period,
the determinants of the changes, and the effect on food waste
prevention. The results showed that the lockdown in Italy
improved the overall quality of diet, but had negative effects both
on the quantity of food consumed and on the levels of physical
activity. This situation led to a general increase in body weight
and to an exacerbation of the sedentary lifestyle that were already
common in Italy. In addition, it highlighted that nearly 80% of
respondents were sensitive to food waste, signaling the increased
awareness of the Italian consumers of the negative consequences
of throwing away food (17).

OERSA Practical Outcomes

As mentioned above, the data collected by the OERSA were
aimed to provide a benchmark assessment as a reference
for further monitoring as well as to improve policy and
intervention actions. The first step in the development of the
recommendations was centered at a consumer level, which
was also the main food chain sector analyzed by the OERSA.
The results of the assessment (13-18) allowed the OERSA to
understand which behaviors are more closely connected with the
wasting of food. The high prevalence of fresh products that were
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thrown away is in line with the perception of not having a clear
idea of how to store these kinds of food correctly. In addition to
this, wasting unused and partly used food rather than leftovers
points to the fact that the consumers may have had difficulties
in understanding whether a product was still edible, but also in
having adequate equipment or space to store the food. Moreover,
price plays a role in generating waste, considering that the Italian
consumers tended to throw away less costly foods that were
bought in higher quantities.

The OERSA awareness campaigns were based on the
observatory results which were also confirmed by other studies
carried out in different samples (21-23) and in different
settings (24-27).

Several different tools were used for drawing up the
recommendations, specifically:

e Website: The OERSA official website (to go live soon) was
setup describing in detail how the OERSA was established, its
mission, and its main tasks. The website is considered the best
communication tool between the OERSA and those who are
interested in the subject of FLW. In addition, on the CREA—
food and nutrition center website—there is a section! that
briefly describes the work of the OERSA, where documents
and papers are published.

e Weekly updates on social networks: The OERSA created a
profile on various social networks where scientific content
is published. The Facebook? and Instagram® profiles are in
Italian, while its Twitter? account is in English and had around
250 followers at the time of publication. The idea behind
the use of social networks was to involve several population
groups and to reach an international public. In fact, even with
summarized and simplified content, the social network is likely
to permit a more immediate diffusion of information than the
official websites.

e The Second Edition of the National Nutrition Day carried
out in 2019 was dedicated to food waste and was entitled
“Nutrinformation: Waste on the Plate”>. Representatives from
all the levels of the supply chain, from the primary sector to
the distribution level, participated in this event, alongside
academic researchers, representatives from government
ministries, and students. It was an occasion to share
knowledge and experience and demonstrate a high level of
interest in the topic of FLW. To be as practical as possible and
go beyond providing purely academic information, a catering
school involved in food waste prevention projects was asked
to prepare the lunch using recipes made from leftovers, giving
a first-hand view of how to avoid waste.

e A chapter dedicated to FLW was included in the Italian Food-
based Dietary Guidelines that were updated in 2018 by the
CREA Food and Nutrition Research Center (28). The last
chapter of the guidelines deals with sustainable diets and the

'https://www.crea.gov.it/web/alimenti- e- nutrizione/-/osservatorio- sugli-
sprechi-alimentari
Zhttps://www.facebook.com/OERSA-103469301798441/

3 https://www.instagram.com/oersa_ita/

“https://twitter.com/_OERSA

Shttps://www.crea.gov.it/- /nutrinformarsi-lo-spreco-nel- piatto

food waste prevention issue is presented as one of the main
strategies to pursue the sustainability goals.

Several other communication strategies aimed at preventing
FLW were put in place by the observatory. Among these is the
“Decalogue against Food Waste,” a set of 10 recommendations
(29) that can be publicized in schools, events, and information
sessions. The 10 recommendations are shown in Figure 1.

Another educational tool produced as a food waste (FW)
prevention actionable recommendation was a booklet with
creative recipes (30) showing how to use no longer fresh foods
that have been in the fridge for a while as well as how to prepare
meals with leftovers.

In Italy, in addition to the OERSA, other actors are actively
involved in developing strategies against food waste.

e The Waste Watcher International Observatory (31) was setup
in 2013 as a spin-off of the University of Bologna. The
Waste Watcher International Observatory provided data on
household food waste and studied the behaviors of consumers
in terms of food management. In the recent years, circular
economy and sustainability issues have also been included
in its activity. A national awareness campaign called “Zero
Waste” involving experts, both in the private and public
sectors, and citizens organized various activities with the aim
of sharing best practices in the prevention of food waste and
general waste, to reduce the waste of water and energy and
optimize the use of land.

e The Food Sustainability Observatory (32) was setup in
2017 by the School of Management, Polytechnic University
of Milan, and deals with the analysis and dissemination
of best practices for innovation aimed at increasing the
sustainability of production, focusing on the circular economy
model in the agri-food system and on a more sustainable
supply chain model. This observatory conducts research,
awareness campaigns, and promotion activities for the food
supply actors.

DISCUSSION

The policy framework described above shows that the OERSA is
actively pursuing the directive objectives established during its
development. The OERSA plays a pivotal role in Italian action
related to FLW, as a technical entity is able to produce reliable
data that can be used as a driver for policy actions. According to
recent European estimates (33), consumers generate the highest
amount of food waste. Educational programs could be one of the
main strategies to tackle the problem and the recommendations
developed by the OERSA are coherent with this. Increasing the
awareness of consumers, who influence the entire supply chain
production, can positively influence the management of the agri-
food system, which, in turn, can reduce the generation of FLW.
Regarding the primary sector—the second largest contributor
to food waste after consumption level (33), the OERSA studies
have given a positive contribution by adding information on this
aspect. However, some areas have remained largely unexplored in
terms of direct measurements. The data collected by the OERSA
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planning the shopping,
preparing
and storing
food products

being careful about
special offers
and large packages

cooking
the right
quantities of food

being informed
about local food waste
reduction programs
in your area

offering food that was left-over
to your friends/guests

FIGURE 1 | The 10 recommendations made by the OERSA to prevent food waste by consumers.
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concerned only fruit, but research needs to be done also for
vegetables, cereals crops, and animal products. For example, high
discard rates are reported for fishing (10.1% of annual catches)
called bycatches (34). In this case, although the donation process
could run into difficulties related to the management of this kind
of product, alternative destinations for the discard, such as the
processing industry, could be identified.

The food supply actors pointed out that one of the main
destinations of the surplus food recovered is that of donations
for human consumption. This finding was supported by
data collected by the Banco Alimentare Organization (35),
highlighting that redistribution for human consumption is
a strategy that is now consolidated across the food supply
chain in Italy. The Banco Alimentare activity and similar non-
profit initiatives that work on the Italian area are the main
consequences of the incentives and subsidies established by
Italian regulations, in particular by the Law 166/2016. However,
even though this approach respects the food waste hierarchy
order, there is always a variable amount of food that unavoidably
becomes waste. In addition, the recovery process involves costs
for the storage and the management of food surplus or in some

cases also for processing it before it can be donated. The expense
for food surplus management was estimated at between 0.05 and
0.1 €/kg for manufacturing companies, 0.4 and 0.8 €/kg for retail
shops, and 1.5 and 2 €/kg for restaurants and canteens in Italy
(36). As previously mentioned, the donation of food surpluses is
an important aspect of the Italian normative framework and the
OERSA was developed in view of this. However, considering the
food waste hierarchy, the circular economy (CE) strategy action
plan (37) may be an efficient solution to achieve sustainable
production patterns (38, 39). For example, reusing food waste for
animal feed (40, 41) maybe one of the more suitable options to
insert a food product that could, otherwise, be thrown away back
in the food supply chain.

Nevertheless, the food waste hierarchy stresses prevention as
a priority strategy. In their systematic review, Redlingshdfer et al.
(42) stated that there are many problems related to the adoption
of actions aimed at the hierarchy of principles including that of
prevention. The analysis pointed out that food waste prevention
presents many obstacles such as insufficient public participation,
perceived high costs, inadequate stakeholder engagement, and
uncertainty in terms of policy performance. Additionally, models
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for improvement, examples, and best practices to create new
policies in food waste prevention are insufficiently reported. The
OERSA tried to overcome these criticisms and in consideration
of the actions described in this article, it could be said that Italy
is in a good position regarding the amount of data collected
and the robust methodologies followed, which are then used as
drivers to develop educational programs, awareness campaigns,
and cooperation between the different sectors of the supply chain.
In fact, although there are some aspects that need improvement,
as a consequence of the commitment of the government to the
FLW problem through the well-established legislation process
starting with the Law 155 and ending with the Law 166, Italy has
developed and implemented various policies (43) over the years,
having increased the interest in FLW prevention and reduction.

Considering the European scenario, the OERSA
recommendations are in line with the recommendations
for action developed by the EU Platform on Food Losses and
Food Waste (44). In fact, for the entire supply chain, the EU
advocates cooperation between different actors of the agri-food
system, an aspect strongly compatible with the nature of the
OERSA, which originates from the FWPT and, therefore,
includes representatives from the entire supply chain. At the
consumer level, the EU focuses on establishing guidelines for
the correct storage, management, and use of food and leftovers
at home and for planning the shopping at the supermarket
or at grocery stores. All these aspects are fully addressed by
the OERSA communication campaigns and are compatible
with the results of consumer surveys. For the primary sector,
although the OERSA has not yet established specific guidelines,
the dialog with the POs highlighted some points that also the
EU recommends should be improved, i.e., a better alignment
between supply and demand, allowing easy access to innovative
strategies and strengthening financial support to farmers. A
similar situation can be observed at the donation level. In this
case, a common viewpoint can be seen regarding the innovation
and modernization of the donation organization structure,
together with the idea that donation is the best destination for
food surplus.

Thanks to its work, the OERSA has obtained a comprehensive
overview of the FLW phenomenon and has developed initiatives
and strategies that have evolved in Italy over the years. Periodical
meetings with the FWPT and with the actors that are tackling
the FLW problem should be encouraged, following the EU
recommendations regarding the creation of cooperation between
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Food losses and waste (FLW) is considered a critical issue in the ongoing debate
on the sustainability of agri-food systems. However, the scholarly literature on
FLW is still geographically-biased, with more attention devoted to developed
countries, even in Europe. In this context, this article analyses the state of
research on FLW in the Western Balkan region (viz. Bosnia and Herzegovina,
Croatia, Montenegro, North Macedonia, and Serbia). A search performed in
October 2021 on the Web of Science database returned 34 documents,
and 21 eligible ones were included in the systematic review. The topical
analysis of the literature addressed causes of FLW, stages of the food supply
chain, extent and magnitude of FLW, FLW and food security, economic and
environmental impacts of FLW, and food waste (FW) management strategies.
A central finding was the scarcity of data on FW in the Western Balkans.
Moreover, the literature focused on FW at the consumer level, while food
loss at other stages of the food chain was generally overlooked. There
is a lack of comprehensive analyses of the economic and environmental
impacts of FLW as well as its implications in terms of food and nutrition
security. The quantification of FLW is generally inaccurate and based on
estimates and self-reported data. The literature focuses on FW reuse and
recycling (e.g., energy, compost) while other management strategies (e.g.,
reduction/prevention, redistribution) are rarely addressed. However, the results
indicated that consumers in the Western Balkans pay attention to the FW
issue, especially during the COVID-19 pandemic, which is an encouraging sign
that can be exploited in awareness-raising campaigns and education activities.
Meanwhile, research on FLW in the Western Balkans is highly needed to fill the
identified knowledge gap and provide evidence to policies dealing with the
transition to sustainable food systems in the region.

KEYWORDS

food loss, food waste, sustainable food system, environment, food security, waste
management, Balkans
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El Bilali et al.

Introduction

Food loss and waste (FLW) refers to a decrease in food
mass at all stages of the food chain (1). It occurs along
the whole food chain from harvest to consumption; food
loss occurs upstream of the food chain (e.g., production,
transport, processing), while food waste takes place downstream
of the chain (e.g., retail/distribution and consumption) (1-
3). Food wastage is influenced by several behavioral, personal,
product, and societal factors (4). FLW generates far-reaching
environmental, economic and social impacts (I, 3, 5), is an
ethical scandal (6), and represents a serious threat to food and
nutrition security worldwide (1, 3, 7). Therefore, food waste
management hierarchies present different options for managing
waste to reduce its environmental footprints and impacts on
food security; they prioritize prevention and redistribution with
respect to its use as animal feed, for compost and/or energy
production, or its landfill disposal (1, 8). The extent of FLW
varies not only among countries but also from one commodity
to another; food loss is high in the developing world, while food
waste is predominant in developed countries (1-3).

Data on the extent and magnitude of FLW are generally
scarce and inaccurate. This is particularly true in developing
countries such as those of the Western Balkans. The countries
of the Western Balkans generate high amounts of municipal
waste (9) - Serbia, 2.46 million tons (0.33 t/capita/year) in
2019; Albania, 1.2 million tons (381 kg/capita/year) in 2019;
Bosnia and Herzegovina, 3.25 million tons of waste per year
(354 kg/capita); North Macedonia, 456 kg per capita in 2019; and
Montenegro, 292.7 thousand tons in 2017. While it is assumed
that food represents a significant share of solid municipal waste,
accurate data on the share of food waste and its amount
are missing.

In a recent systematic review of the literature on agri-
food systems worldwide, El Bilali et al. (10) found that the
research field is north-biased and dominated by researchers and
organizations from developed countries in Europe and North
America. It is not clear whether such a statement is true in
the case of FLW in general and in the Western Balkans in
particular. Nevertheless, as of October 2021, only two reviews
indexed in the Web of Science database address FLW in the
Western Balkans viz. Petravi¢-Tominac et al. (11) and Durisi¢-
Mladenovi¢ et al. (12). However, both reviews do not provide
a comprehensive analysis of FLW in the Western Balkans
neither geographically nor thematically. Indeed, geographically
speaking, the two articles focus on Croatia (11) and Serbia (12).
From the thematic viewpoint, they focus on biodiesel production
from waste while overlooking many other issues relating to
FLW, which is by far a multidisciplinary field. This makes the
case and shows the need for a comprehensive review of the
existing literature. In this context, the present systematic review
analyses the state of research on FLW in the Western Balkans,
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focusing on Bosnia and Herzegovina, Croatia, Montenegro,
North Macedonia, and Serbia. It addresses FLW causes, its
extent, and magnitude along the food chain, its economic,
environmental, and food security implications as well as FW
management strategies.

Methodology

The article draws upon a systematic review of records
indexed in the Web of Science (WoS) database and follows the
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines (13).

Search source and string

A search was performed on WS on October 16th, 2021, using
the following search string: (“food loss” OR “food wast™”) AND
(Bosnia OR Croatia OR Montenegro OR Macedonia OR Serbia
OR Balkan OR “South*east™ Europe”).

Inclusion and eligibility criteria

For the inclusion in the systematic review, a document
had to meet simultaneously three eligibility criteria: (i) the
thematic focus (viz. FLW is a central topic in the document); (ii)
geographical coverage (viz. the document deals with one or more
target countries), and (iii) document type (viz. the document
is a journal article, book chapter or conference paper; letters to
editors and/or notes were excluded).

Search strategy and selected documents

The initial search on WS returned 34 documents (Figure 1).
Following the screening of the titles, one record was excluded as
it does not deal with target countries. Additional 11 documents
were not considered for further analysis based on scrutiny of
abstracts. At this step, documents that address only recycling
or reusing animal waste (manure) or “unavoidable food waste”
were also excluded. Furthermore, one review was left out.
Consequently, 21 documents were considered in the systematic
review (Table 1).

Content and topical analyses
The content analysis of the selected literature was informed

by the methodological approach El Bilali and Ben Hassen
(34) adopted in their systematic review on FW in the Gulf

frontiersin.org
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Step of the Information flow

systematic review

Identification Documents identified

through WoS database
(n=234)

Documents screened
based on titles
(n=234)

Screening

Documents screened
based on abstracts
(n=33)

— Full-text articles
Eligibility assessed for eligibility
(n=22)
Studies included in the
systematic review
(n=21)

Inclusion in the
systematic review

FIGURE 1
Process of the search and selection of documents

Records excluded and reasons for
exclusion

One document excluded based on screening
of'titles (n = 1): It deals with Greece
Documents excluded based on scrutiny of
abstracts (n = 11): 10 documents do not deal
with FLW; 1 document does not address
target countries

1 review excluded

TABLE 1 Documents considered in the systematic review.

Year Number References
of
documents

2021 4 Ben Hassen et al. (14), Berjan et al.
(15), Guiné et al. (16), Knezevi¢ et al.
(17)

2020 3 Tlakovac et al. (18), Matek Sari¢ et al.
(19), Voca et al. (20)

2019 7 Berjan et al. (21), Djekic et al. (22),
Djekic et al. (23), Djekic et al. (24),
Janjic et al. (25), Jotanovic et al. (26),
Knezevic et al. (27)

2018 2 DPurisi¢-Mladenovi¢ et al. (12),
Tlakovac et al. (28)

2017 1 Knezevi¢ et al. (29), Rutz et al. (30)

2016 1 Rutz etal. (31)

2015 1 Dedinec et al. (32)

2010 1 Njezic et al. (33)

Cooperation Council (GCC) countries. Likewise, the limitations
of this systematic review are similar to those mentioned
by El Bilali and Ben Hassen (34). The topical analysis
addressed causes of food wastage, stages of the food supply
chain (viz. production, processing, distribution/trade/retail,
consumption), extent and magnitude of FW, food wastage
and food and nutrition security, economic impacts of food
wastage, environmental implications of FW, FW management
strategies (e.g., prevention, redistribution, recycling and reuse).
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The findings from the scholarly literature are analyzed to see
whether or not it addresses each specific topic (and to what
extent) as well as how the topic was addressed by comparing and
discussing data from the different selected documents.

Results and discussion

Geography of the research on FLW in the
Western Balkans

The systematic review suggests that research on FLW in
the Western Balkan countries is relatively recent, with the first
WoS-indexed article dating back to 2010 (33). One of the main
results of this systematic review is the marginality of research on
FLW in the target Western Balkan countries. It is, in fact, rather
surprising that only 21 documents dealt with food wastage in the
region. However, the analysis of the research geography shows
that attention devoted by scholars to FLW issue differs across the
Western Balkans. Indeed, most analyzed studies were performed
in Serbia and Croatia (Table 2). It should be underlined that
Croatia is the only country that is a member of the European
Union (EU) among the target ones and that might suggest that
it is better integrated into the research networks in the EU.
Meanwhile, Serbia is the most populous country among the
target ones. Nevertheless, there are some multi-country, regional
and global studies.

FLW along the food supply chain

The selected articles generally focus on FW at the
consumption stage, while little or no attention is paid to the
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TABLE 2 Geography of the research on FLW in the Western Balkan
countries.

Country or region References

(number of articles)

Bosnia and Herzegovina (2) Ben Hassen et al. (14), Djekic et al. (23)

Croatia (5) Tlakovac et al. (28), Ilakovac et al. (18),
Knezevic et al. (27), Matek Sari¢ et al. (19),
Vocaetal. (20)

Montenegro (1) Berjan et al. (21)
North Macedonia (1)

Serbia (6)

Dedinec et al. (32)

Berjan et al. (15), Djekic et al. (22), Djekic
et al. (24), Durisi¢-Mladenovi¢ et al. (12),
Janjic et al. (25), Njezic et al. (33)
Western Balkans* (1) Jotanovic et al. (26)!
Europe** (4) KneZevi¢ et al. (29), Knezevi¢ et al. (17)3,
Rutz et al. (31)3, Rutz et al. (30)?

Global*** (1) Guiné et al. (16)*

"This category includes at least two Western Balkan countries.

" This category includes at least a European country outside the Western Balkans.
““This category includes at least one non-European country.

!Former Yugoslavian Republics (Bosnia and Herzegovina, Croatia, Macedonia,
Montenegro, Serbia, Slovenia).

2Croatia, Poland, Lithuania and Serbia.

3Croatia, France, Macedonia and Spain.

4 Argentina, Brazil, Croatia, Greece, Hungary, Latvia, Lithuania, Poland, Portugal, Serbia,
Slovenia, Romania and United States.

remaining stages of the food supply chain, such as production,
harvesting, storage, transport and/or processing. Indeed, most
of the selected documents address food wastage at the consumer
level (e.g., households, restaurants, etc.), while food losses are
generally overlooked in the analyzed scholarly literature. Only
documents dealing with the valorization, recycling, and reuse of
FLW address food losses (12, 30, 31). This is rather surprising as
food losses should be more important in the target developing
and in-transition countries of the Western Balkans.

Causes of FLW

There is no article that analyses in a comprehensive way
the causes of FLW along the whole food chain in the Western
Balkan countries. However, some articles address the drivers
of food wastage in specific stages of the food chain (mainly
consumption) and/or in determined settings (e.g., university
canteens, restaurants, households). Voca et al. (20) argue that
plate waste in restaurants in Zagreb (Croatia) is affected not
only by the portion size (leftover and waste increase with
portion size) but also the type of meals (vegan meals are less
wasted than dishes including food of animal origin). Meanwhile,
Janjic et al. (25) enumerate too long storage, overconsumption,
and improper preparation, among the reasons leading Serbian
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households to throw away significant amounts of food. Ilakovac
et al. (28) report that the main culprits in household food
wastage in Croatia are preparing excessive amounts of food for
meals and purchasing an excessive quantity of food. Djekic et al.
(23) found that the highest-ranked reason behind household FW
in Bosnia and Herzegovina is linked to plate leftovers. In Serbia,
Djekic et al. (22) found two main reasons for throwing away
food: expiration dates and rotten smells and tastes. Meanwhile,
Knezevic et al. (27) found that attitude toward food wastage
among university students in Croatia is affected by the awareness
of FW problem, concerns about environmental and economic
impacts of FW, health concerns, and awareness and concerns
about the expiration date.

Extent of FLW

The selected documents do not include any comprehensive
quantification of FLW in the Western Balkan countries.
Furthermore, most of the few presented figures on household
FW quantities are based on estimates and self-reported data
and do not make any distinction between edible (cf. avoidable
FW) and inedible (cf. unavoidable FW) parts of food (Table 3).
Some scholars also analyzed the most wasted types of food.
Djekic et al. (22) argue that bread and bakery products are
the most discarded types of food in Serbia. Likewise, Berjan
et al. (21) found bakery products are the most wasted foods in
Montenegro. Also, Njezic et al. (33) show a significant amount
of leftover bread in Serbia.

Most studies report that food wastage is low in the Western
Balkans, with respect to other more developed European
countries, and highlight that consumers in the region have a
positive attitude and are willing to reduce food wastage (14, 15,
19, 21-23, 25). However, Guiné et al. (16) explore motivations
influencing people’s eating habits toward sustainability in 13
countries (viz. Argentina, Brazil, Croatia, Greece, Hungary,
Latvia, Lithuania, Poland, Portugal, Serbia, Slovenia, Romania
and the United States) and argue that “Although people avoid
food waste at home, the awareness for the waste at restaurants
still needs to be improved.”

FLW during the COVID-19 pandemic

More recently, some studies analyzed the effects of the
COVID-19 pandemic, and the related containment measures,
on FLW in some Western Balkan countries such as Bosnia
and Herzegovina (14) and Serbia (15). Both studies point out
that the pandemic affected food-related practices and behaviors,
including food wastage, but the findings are rather mixed;
for instance, Ben Hassen et al. (14) report that the pandemic
improved the awareness of Bosnians toward food with a decrease
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TABLE 3 Quantification of FLW in the Western Balkan countries.

10.3389/fnut.2022.983639

Document Country Type of FLW FLW quantity
Tlakovac et al. (18) Croatia Household food waste 75 kg/person/year
Djekic et al. (23) Bosnia and Herzegovina Household food waste 2.8 kg/household/week

Djekic et al. (22) Serbia

Djekic et al. (24) Serbia

in FW while Berjan et al. (15) found that household food wastage
increased in Serbia during the COVID-19 pandemic.

Implications of FLW in terms of food
security

The selected articles do not address the relationship between
FLW and food security; this is probably because food security
is not considered an issue in the Western Balkans but denotes,
anyway, a gap in the research field. However, many authors refer
to food security to justify reducing FLW in the Western Balkans.
For instance, the purpose mission of social supermarkets,
promoted in Europe during the 2008-2014 economic crisis, is to
decrease FW to improve access to food by socially marginalized
groups (17), thus combatting food poverty. Knezevi¢ et al.
(29) point out that various social initiatives, based on cross-
sector cooperation in food distribution, try to simultaneously
address the problems of food poverty and FW in Croatia
and other countries in the EU. Duridi¢-Mladenovi¢ et al.
(12) warn that the use of edible vegetable oils as a potential
feedstock for biodiesel in Serbia cannot be considered as a
long-term, sustainable choice due to the associated food vs.
fuel debate i.e., trade-offs between biofuel production and
food security.

Economic and environmental impacts of
FLW

The literature included in the systematic review suggests
that no article addresses the broad economic impacts of FLW.
Furthermore, the 21 selected articles do not examine neither
the impacts of FLW on the prices of agri-food products in
the Western Balkan countries nor how such price changes
affect consumers and producers, which are two recurring topics
in the literature on the economic implications of FLW (35,
36). However, some articles estimate the financial value of
food lost and/or wasted in different settings as well as the
economic benefits of recycling or reusing FLW. Berjan et al.
(21) argue that the monthly economic value of FW among
Montenegrin households is 5-25 Euro. Ilakovac et al. (28) report
that about two-thirds of the interviewed Croatian households
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1.54 kg/household/week
200 g/household/week (11.3 kg household/year)

consider FW a financial loss. Likewise, Knezevic et al. (27)
argue that concerns about the economic aspects of FW affect
the awareness of university students toward food wastage
in Croatia. Interestingly, Djekic et al. (24) study shows that
Serbian consumers are more aware of FW’s negative social
and environmental impacts than of its associated negative
economic dimensions.

Further, no article among the selected ones comprehensively
analyses the environmental footprints of FLW in the Western
Balkan countries. Furthermore, no article dealt with neither
the externalities of FLW (e.g., water pollution, ecosystem
disturbance, biodiversity loss, deforestation) nor the relationship
between FLW and climate change. Nevertheless, Djekic et al.
(23) report that food wastage contributes to global warming
(cf. climate change), acidification, and eutrophication. Likewise,
Djekic et al. (22) suggest that “The global warming impact of
food waste and food packaging waste was quantified around
3.46kg COze/household a week and 0.16kg COpe/household
a week, respectively” (p. 44). Djekic et al. (24) argue that
animal origin FW contributes significantly to CO, emissions
in Serbia. A study carried out by Guiné et al. (16) shows that
environmental motivations that affect people’s food habits in
many countries (including Croatia and Serbia) relate, among
others, to biodiversity preservation, natural resources and
energy saving, and industrial pollution reduction.

Meanwhile, Ilakovac et al. (28) found that about two-
thirds of the Croatian households consider FW bad for
the environment. Matek Sari¢ et al. (19) found that many
different socio-demographic factors influence environmentally-
concerned food choices in Croatia, such as age, gender,
education level, and marital status. Knezevic et al. (27) point
out that concern about the environmental impacts is one factor
affecting the attitude of Croatian university students toward FW.
Environmental awareness about FW changes from a country to
another even within the Western Balkan region. In this regard,
in their analysis of consumers’ environmental management of
FW of the former Yugoslavian Republics, Jotanovic et al. (26)
found that there are significant differences between countries;
respondents from Slovenia (that is a member of EU since 2004)
show a significantly higher level of ecological disposal of FW,
while respondents from Macedonia are less prone to dispose
of FW in an ecological manner in comparison to Bosnian and

Croatian ones.
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FLW management

The considered articles mention different food waste
recovery strategies ranging from FLW prevention and/or
reduction to FLW recycling and reuse (e.g., animal feed,
composting, industrial uses such as the production of
biogas/biofuel) through food surplus redistribution (donation
to food banks, social supermarkets, etc.), which are strategies
contemplated in the food waste management hierarchy (37, 38).
Tlakovac et al. (28) found that only a small share of the Croatian
households feed food leftovers to dogs or cats while many still
simply discard leftovers in the bin. Njezic et al. (33) suggest that
leftover bread represents an environmental problem in Serbia
(especially when landfilled), but also a potentially valuable raw
material as animal feed. Purisi¢-Mladenovi¢ et al. (12) analyze
the biodiesel production potential of Serbia and highlight that
besides conventional biodiesel sources (e.g., oilseed crops)
many other sources can be used, including waste cooking
oils as well as oils from non-edible agro-food wastes. Rutz
et al. (30, 31) show the potential of biomethane production
and its use in transport by using segregated FW (cf. catering
sector, households, food, and beverage industry) as feedstock
in four European cities [Zagreb (Croatia), Skopje (Macedonia),
Malaga (Spain), and Paris (France)] and highlight the multiple
environmental benefits of source-separated waste collection
and conversion into biomethane in comparison to other waste
treatment methods (e.g., landfilling, incineration, composting).
Dedinec et al. (32) use the Greenhouse Gas Costing Model
(GACMO) and highlight that sustainable management of waste
(including FW) can contribute to climate change mitigation
measures in developing countries such as North Macedonia.
Indeed, the use of the appropriate waste treatment methods
(e.g., mechanical biological treatment-MBT-with composting,
MBT with anaerobic digesters for energy production) can
reduce both GHG emissions and waste management costs (32).
Different socio-demographic factors affect the quantities of
FW produced and food wastage prevention potential. Ilakovac
et al. (18) report that in Croatia the respondent age positively
affected FW prevention, while the household income level and
size (especially the number of children and teens under 18) had
an adverse effect. KneZevi¢ et al. (17) analyse the perception
of consumers in Central Eastern Europe (viz. Croatia, Poland,
Lithuania, and Serbia) toward social supermarkets and put
that there is a positive attitude regarding the role of social
supermarkets FW reduction.

Conclusion

To the best of our knowledge, this is the first systematic
review on FLW in the Western Balkans. The relevance of the
present systematic review lies not only in informing the actors
of the food supply chain (e.g., policymakers, scientists, etc.)

Frontiersin Nutrition

21

10.3389/fnut.2022.983639

on the landscape of research on FLW in the region but also
in synthesizing available data and findings, highlighting the
existing knowledge gaps, and identifying research needs in the
field. The literature review clearly shows that research on FLW is
still marginal in the Western Balkans. Furthermore, the analysis
of the available literature shows that the research focuses on FW
at the consumer level, while food losses are often overlooked.
The existing research gaps also include causes and drivers of
FLW, extent, and quantification of FLW along the whole food
supply chain, implications of food wastage for food security, and
economic impacts and environmental footprints of FLW. Future
research should also pay more attention to the type of wasted
food (cf. avoidable vs. unavoidable FW) as it determines not
only environmental and economic impacts but also appropriate
FW management strategies (viz. prevention, redistribution,
recycling, and reuse). While FLW prevention and reduction
should be given priority, it is also vital to emphasize strategies
relating to the reuse and recycling of FW (cf. composting, energy
production, industrial use). As the causes of FLW are different,
also solutions depend on the food supply chain stage and differ
among countries and regions. In this respect, the integration
of FW reduction into policy is crucial. Moreover, the efficiency
of FW reduction solutions depends on the participation and
inclusiveness of a wide range of food supply chain stakeholders.
The review highlights the lack of accurate statistics and data
about food wastage in the countries of the Western Balkans,
and research should help provide data on the magnitude and
extent of FW in the region. Given the magnitude of FLW in
Western Balkan countries and the obvious knowledge gaps,
further research is needed to inform future policy and action.
The generation of new data through research is indispensable
for designing effective and efficient policies and strategies toward
addressing FLW issues in the region. The results indicate that
consumers in the Western Balkans pay increasing attention to
the FW issue, which is an encouraging sign that can be exploited
in other awareness-raising campaigns and education activities.
In order to be effective in reducing and/or preventing food
wastage, these activities should consider their FW habits, starting
from procurement planning through food storage and meals
preparation. The reduction of FLW is paramount for food and
nutrition security, climate change mitigation, and sustainable
management of natural resources in the broader context of
sustainable food systems. Therefore, curbing FLW is crucial to
achieving the Sustainable Development Goals (SDGs) in the
Western Balkans.
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Background: Designing a food waste audit tool for novel hospital foodservice
practice does not guarantee uptake. Intended users must be consulted to
understand the tool's feasibility and face validity. This study aimed to identify
the perspectives of staff involved in the operation of hospital foodservices
on (1) how an evidenced based consensus pathway food waste audit tool
is perceived to translate into practice, and (2) to determine the factors
that influence the completion of food and food-related waste audits within
this setting.

Materials and methods: Purposeful sampling was used to recruit staff with
knowledge on the operation/governance of foodservices within hospitals in
Victoria, Australia. Semi-structured interviews (n = 20) were conducted via
Zoom to explore barriers and enablers to completing food and food-related
waste audits and a previously published food waste audit tool. NVivo was used
for inductive thematic analysis.

Results: Three factors determined the completion of food and food-related
waste audits in hospital foodservices, and each factor could be a barrier
or an enabler; (1) capacity: the availability of time, labour and materials to
complete an audit (2) change: staff resistance to audit procedures and how to
gain their buy-in (3) processes, governance, and leadership: the opportunity
for high level support, policy and structure to encourage waste audits if
present. The consensus tool appeared to have face validity. Planning audit
operations, conducting stakeholder meetings, providing education/training
to foodservice team members, and facilitating communication between
managers and staff were described to support consensus tool use and
audit completion.

Conclusion: The consensus tool can be used to support hospital foodservices
to complete food and food-related waste audits, although it may need
to be customised to be fit for purpose. Optimising the capacity, change
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management and processes, governance and leadership of the foodservice
department may improve the experience and success of a food and food-
related waste audit.

foodservice, hospital, food waste, audit, sustainability

Introduction

An estimated 40% of all food produced is lost or wasted
globally (1). This has economic, environmental, and social
consequences for society, including contributing nearly 10%
of total carbon emissions, driving food insecurity and food
scarcity, spawning community conflict, and costing the global
economy around USD one-trillion annually (2). In response
to the UN Sustainable Development Goals (SDGs) countries
around the world have adopted their recommendation to halve
global food waste by 2030 (SDG goal 12.3) (3). Measuring
food waste through food waste audits and waste analytics is
critical to achieving this goal as it allows industries to monitor
their waste and confidently demonstrate progress over time
(4). For example, the “Target, Measure, Act” campaign from
the UK Waste and Resource Action Programme (WRAP) (5)
asks food and drink businesses to set a food waste target,
consistently measure their waste, and act to reduce this food
waste. Measuring food waste also facilitates changes to practice
to reduce the amount of waste generated and/or sent to landfill.
The Australian National Food Waste Roadmap which lists
47 interventions predicts that measuring food waste is the
intervention that has the second largest capacity to reduce food
waste (2.69 million tonnes over 10 years) (6).

With these benefits in mind, measuring food waste could
be transformative in the healthcare industry where there are
high amounts of food waste; estimated as half of total hospital
waste in some institutions (7). It arises due to a variety of
reasons such as patients’ poor appetite, meal interruptions on
the ward, food quality, portion sizes, and rigid ordering systems
(8,9). Aggregate food waste audits (which measure preparation
waste, excess food, and plate waste) are important to quantify
baseline waste, highlight problem areas or products within
the foodservice, and monitor waste over time (10). A recent
systematic review (10) consolidated 17 different food waste
audit methods into a consensus pathway food waste audit tool
that describes how to plan, conduct and analyse an audit in
healthcare (Figure 1). The tool recommends that foodservices
complete regular food waste audits for a duration of 2-weeks
(14 days), collecting food and food-related waste (e.g., food
packaging, plastic cutlery), before (preparation waste) and after
(plate waste) meal times, including the waste from the plating
line, and to measure waste using electronic scales.
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However, there continues to be an evidence-practice gap
when implementing evidence based practice change into
healthcare settings (11, 12). Guidelines for complex settings
such as hospitals are often developed and assumed to be
adopted in practice without considering site readiness, local
significance, or organisational goals (12). Previous research has
reported that staff involved in hospital foodservice operations
are aware of the food waste problem and want to implement
strategies for measuring and reducing waste (13-15). However,
limitations to measuring food and food-related waste exist and
include minimal staff training, problems with data collection
(e.g., faulty equipment and missing data) and audit method
feasibility (10). Furthermore, kitchen staff completing a 1 day
hospital food and food-related waste audit reported difficulty
sorting their dish room waste because of staffing resources,
safety, and space considerations (16). Other research suggests
the challenges faced by foodservice staft are not unique to
measuring food and food-related waste. For example, a study
which explored the perspectives of hospital foodservice staff
on their experiences of delivering a nutrition intervention,
identified challenges with completing their existing work tasks
due to strict time schedules, specific work role allocations, and
the rigid foodservice structure (17).

The aims of this study were to identify the perspectives
of staff involved in the operation of hospital foodservices on
(1) how an evidenced based consensus pathway food waste
audit tool is perceived to translate into practice, and (2) to
determine the factors that influence the completion of food and
food-related waste audits within this setting.

Materials and methods

A qualitative description approach (18) was used where
the authors approached the research from an interpretivist
position (19). Interpretivism views knowledge as subjective and
based on individual’s previous experiences. Realities are multiple
and perceived to be socially constructed from the interactions
between researchers and participants, to make meaning of
the questions under investigation. Participants were hospital
foodservice workers who were purposefully selected based on
their wealth of knowledge and experience from their work role
to describe and explain in depth the phenomenon under study

frontiersin.org


https://doi.org/10.3389/fnut.2022.1062619
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Cook et al. 10.3389/fnut.2022.1062619

. : To selecta method tick circle @
Which best describes ()= preferred method

Before the audit begins g
v Determine goals, aims & complete food your foodservice? [ Where is food prepared? ]

service walkthrough
Choose a normal operating time I T )
| Onsite !—;l Both $ | Offsite

<

v Recruitdata collectors & create data
collection sheet

v Gather equipment, complete audit v Preparation v Unserved
training & a trial v Unserved v Plate waste
How much data do v Plate waste

you want to collect?

[ What data to collect ]

[ Duration of the audit ] T 1
[ . T | Food waste 6 [ Food related waste 6
| Minimal ‘L | Detailed J) ¥ eg. packaging
Both
v 1day audit v 2 week audit (14 days)

v Provides snapshot v Provides variability
When to collect data
1 1
I Before and aﬂerJ]‘L After only

Which method will you use

[ Equipment for all methods ] to collect your data? O
T v Preparation v Plate waste
I
v
v Bin & bin liners (preferable compostable) v tnseved
v Containers for weighing waste Plate waste
v Camera & labels
v Personal protective equipment o -
v' Data collection & instruction sheet Which resources are required
v Analysis software T
v Integrated menu management software 1 :

Where will you I Electronic scales Al Visual estimation J)

- collectwaste? v Most accurate v Filltransparent container
Location v Weigh waste v' Conversion rate required

(vol = kg) or calculate by
= 1 no. of containers full
l Patient kitchen A | Onsite restaurant A OR
O v Bysight (0, %, %, %, all
1 — plate waste)
| Staff cafeteria | Combination A v Use menu data to
e calculate estimated
Commissary : waste
Kitchen | Ward !How will you mleasure food waste?
o

[
[ Completed at every stage ]

Record weight of tableware and subtract from final results
Keep count of plates/bins measured to not double up on results
Record no. of meals served & no. of patients served

Take photos

Label bins

Unserved waste -~

¥ Collect waste at certain stage of food service in
aggregate
v Measure via chosen method & record results
¥ Remove waste from kitchen after each meal
service
B

Preparation waste

SSUKS

Plating & senvice

Cooking & plating

O

v All food from preparation area v All food from plating line v All plate waste returned
e.g. broccoli stalks, bread crusts, e.g. individual items/portions, from service
meat off cuts full meals

How will you analyse data?
|

[ I I | 1
Total waste (&I Waste per meal g | Waste per patient $ | Cost of waste $ Compare food

. ’ provided &

wasted
What solutions can you put in place?
v Work with the team to implement solutions

Did your solutions reduce food waste?
v Repeat the waste audit using the same technique and compare the findings

FIGURE 1

food waste audit methods in hospital foodservices originally presented in Cook et al. (10).

Hospital food waste audit consensus tool developed from the most common food waste audit methods identified in the systematic review of
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(18). Inquiry through the use of semi-structured interviews
allowed the opportunity for the researcher to interact with
participants and obtain insightful information about what they
perceived were barriers and enablers to completing food and
food-related waste audits within their individual context. The
study was approved by the Monash University Research Ethics
Committee (Project ID: 28908) and was developed and reported
following the Consolidated criteria for reporting qualitative
research (COREQ) guidelines (20).

Setting, participants, and recruitment

Participants sought to form the sample were staff with
knowledge on the operation or governance of hospital
foodservices. These key informants included foodservice
workers and managers, foodservice dietitians, project
coordinators, waste management staff, and sustainability
officers. They were recruited from public hospitals in Victoria,
Australia, using a maximum variation sample approach to
include a varied selection of hospitals that may have different
realities and experience or perceive the phenomena under study
uniquely (21).

Using a random number generator (22) public hospitals in
Victoria, Australia (23) were assigned a number 1-140, and
clusters of 10 hospitals were invited fortnightly to participate in
the study. To recruit the desired key informants for interviews,
hospital administrators were contacted by phone to ask for
operations managers email addresses. Operations managers
were then contacted to identify and request contact details
of possible participants, which were shared (with consent) to
the research team. A consent form, organisational permission
letter and explanatory statement were provided to contacted
participants. When these were returned a one on one interview
was scheduled. At the end of interviews a snowballing sampling
strategy was utilised, whereby participants were asked to identify
(if possible), another participant with knowledge on the research
topic, and were requested to ask this person to contact the
research team if they were interested in participating (24).

Recruitment, data collection and analysis were completed
concurrently. During data analysis a combination of
information power (considering this study’s broad aim, sparse
specificity, use of theory, lower dialogue quality, and cross-case
analysis strategy) (25) and evidentiary adequacy (ensuring an
adequate amount, variety, interpretative, disconfirming, and
discrepant evidence is collected) (26) were utilised to determine
when a sufficient sample size of hospitals had been reached.
The appropriate sample size was deemed satisfactory by the
research team through the assistance of the maximum variation
sampling technique (21) as it facilitated sampling a wide range
of multiple realities (different hospitals) and diverse experiences
(different participant roles) helping to reach information

power (25). Therefore, a larger sample of hospitals was sought
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compared to other qualitative studies (9, 13, 27, 28) in this area
of research as there is a finite number of potential participants
within each hospital (as hospitals usually only contain one
foodservice dietitian and foodservice manager). Recruitment
of hospitals and therefore identification of important key
informants was difficult due to the interruptions of COVID-19
with low response rates from invited participants.

Data collection

The semi-structured interview schedule (Table 1) developed
by the researchers for this study consisted of open-ended
questions to explore barriers and enablers toward completing
food and food-related waste audits. Prior to data collection,
pilot interviews were completed with nine individuals (four
dietitians, four foodservice dietitians, and one food safety
and quality coordinator) to test the interview protocol, gauge
participant understanding and refine the protocol if required.
The major alteration for the interview protocol was providing
participants the consensus pathway food waste audit tool
(Figure 1) (10) and an explanation of how it was designed for
use, in advance of their interview.

All interviews were conducted and audio recorded via
zoom (Version 5.5, Zoom video communications, California)
during the period August to November 2021 by one researcher,
a Ph.D. candidate and Accredited Practising Dietitian who
has previously worked in foodservices and had prior research
experience on the topic of food waste audits. Before interviews
began, this researcher explained their position and relationship
to the project, and confirmed the participant’s understanding
of the interview topic, data confidentiality and consent.
Demographic information (e.g., name, age, gender, job title, and
time in position) were collected for descriptive purposes and to
verify data sources during analysis. This research was completed
during Victorias 6th COVID-19 lockdown period, thus to
reduce participant burden interviews were not repeated and
transcripts were not member checked. However, clarification of
participant responses or contribution of additional information
by participants occurred by email exchange. Additionally, to
ensure the researcher provided their full attention to the
participant field notes were not taken. Therefore to demonstrate
researcher reflexivity during data collection, the interviewer and
two other research team members met fortnightly to discuss the
concurrent findings (peer debriefing) (29).

Data analysis
Demographic information were analysed and reported

using descriptive statistics in Microsoft Excel (Version 16.0).
Audio recorded interviews were auto-transcribed using Otter.ai
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(Version 2.1.52, California),' and transcripts were checked for
accuracy by the primary researcher by concurrently listening to
recorded audio and manually editing the transcripts. Inductive
thematic analysis using a semantic approach proposed by Braun
and Clarke (30) was completed by the primary researcher using
NVivo (NVivo, QSR International, Victoria). One researcher
(NC) conducted initial coding and assigned codes as either
“barriers” or “enablers.” Next codes with similar meanings
or ideas were categorised into broader factors underneath
the “barriers” or “enablers” headings. This thematic analysis
technique was guided by the approach of previous qualitative
studies exploring barriers and enablers to different guidelines
and interventions (31-34).

Results

Twelve hospitals participated out of the 70 contacted (17%
response rate) where a majority of hospitals were unable to
be recruited due to unavailable operations managers email
addresses, lack of response, and eligible participants declining
the invitation due to time commitments. From the 12 hospitals,
21 participants were interviewed with five of these recruited
through snowball sampling. One of the 21 participants withdrew
their data post-interview, leaving 20 participants from 11
hospitals for data analysis.

Of the participants, the average (£standard deviation) age
was 44 £ 11 years, with a majority (n = 6, 30%) between
the ages of 31-40 years. Sixty percent of the participants were
female. Participants had worked in their current role between
2-months and 25 years, mostly (n = 15, 75%) for less than
5 years. The most prominent role reported was foodservice
dietitian (n = 4), followed by hotel services coordinator.
The other 14 positions reported had varying responsibilities,
including: cooking food, stock management, allergy control,
recipe development, management of sustainability projects, and
training of staff. The hospital size represented ranged between
18 and 600 beds, with most hospitals ranging from 100 to 300
beds. The most common foodservice production method was
cook chill (n = 5), consistent with the practices of Victorian
public hospitals, followed by cook fresh (n = 2), cook freeze
(n = 1) and the remaining kitchens using combinations of
cook chill, cook fresh and cook freeze (n = 3) (35). Five health
services reported completing a food waste audit previously,
measuring either unserved or plate waste. Interview length
ranged from 50 to 94 min.

The following results discuss participants’ perspectives
of the consensus pathway food waste audit tool including
their general reflections and preliminary thoughts, suggested
recommendations for change in design and how they perceive
the tool would be used in practice.

1 https://otter.ai/
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Strategies to implement the consensus
tool

Preparing for an audit and introducing the concepts to staff
were described by participants when asked how they would
support the execution of a food waste audit within their hospital.
Participants suggested that understanding the goals of the
audit, assessing their current practice before auditing, planning
audit logistics, conducting meetings, providing education to
the foodservice team, and facilitating communication between
managers and staff about the audit process were all important to
ensure a food waste audit was completed.

“it’s just figuring out what we actually want to get out of it,
for starters, figuring out what we want to do, what goals, and
what we want to get out of the audit.” (Participant 8, Hotel
services coordinator)

Two participants (Participant 2, Foodservice project officer
and Participant 4, Food safety supervisor) suggested that
creating a data entry sheet to record waste volumes would
be helpful in addition to the consensus tool, as it would
avoid them needing to create this themselves. Moreover,
one participant (Participant 11, Group management support
services) suggested that introducing an audit at the same time as
another foodservice system change (such as a new menu or the
integration of a new electronic menu system which supported
data entry) would enhance the implementation of a food waste
audit compared to having multiple different system changes
occurring over time. This point was not raised by others.

Perceptions of the consensus pathway
food waste audit tool

The majority of the participants were supportive of the
tool and believed it was detailed, supported understanding of
concepts, encouraged different thinking and would facilitate
decision making for the completion of a food waste audit.

“I mean, I love your food waste audit tool. And it gets to
the real nuts and bolts of where we’re wasting and allows
us to then look at it and then just see where we’re wasting
food and perhaps then drill down as to why.” (Participant 12,
Foodservice dietitian)

Some participants perceived the tool as busy and confusing,
while others commented that its use would be individual and
specific, with a higher level of knowledge needed to use it
in practice. Recommendations to change the structure and
content of the tool were provided by 14 participants. Several
respondents advised that they would alter the tool to suit their
individual needs; for example, one participant focused their
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recommendations around providing more explanation on how
to complete the audit, and to include detailed information why
certain areas of food waste needed to be considered.

“I just need more info [Information] because all this info is
good to know, this is what I need to do, but it doesn’t show me
how to do it, you get what I mean?. so probably just mention
a little bit more like preparation waste is for this, and why
are you looking at that? And why are you looking at unserved
waste? And why are you looking at plate wastage? I guess, a
little bit more detail. I think you have to think about who is
the audience. . .” (Participant 10, Foodservice dietitian)

When asked how the tool would support participants to
complete a food waste audit, the most common response was
that the tool supported appropriate decision-making processes
to be able to complete a food waste audit successfully. Several
participants reported that the tool was ready to use and
explained how they would use it in practice.

“I think it’s great, because it gives a tool for people that don’t
have that prior knowledge to use, so I can give this to the
foodservice supervisor, and say, I think if you’re doing an
audit, this is what you need to consider before you just jump
in and do an audit. ... And they can use this to actually ask
themselves what do I need to do? What do I need to consider?”

(Participant 17, Foodservice dietitian)

TABLE 1 Semi-structured interview protocol to explore staff involved
in the operation of hospital foodservices perspectives on how an
evidenced based consensus pathway food waste audit tool is
perceived to translate into practice, and to determine the factors that
influence the completion of food and food-related waste audits
within this setting.

Main semi-structured interview questions

1. Can you please tell me about your role, how long you have been in this role and
how it is involved in the operation of the hospital foodservice?

2. What do you see as current and anticipated barriers toward regular food waste
audits in hospital foodservices?

3. What can you see as current and anticipated enablers toward regular food waste
audits?

4. Reflecting on our discussion of barriers and enablers to hospital foodservice food
waste audits, what strategies do you think could be used to best roll out a food
waste audit in your hospital?

5. What do you think of the decision tree pathway (referring to pathway included
within previous publication, which was shared with participants) (10)? Would you
change anything?

6. How, or in what way, could the decision tree pathway support food waste audits
in your foodservice?

7. When you think back to what we have discussed today is there anything you
would like to add before we conclude the interview?

Example prompt questions

- Why do you think these barriers are in place?
- How do they effect the completion of food waste audits?
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Other comments were focussed toward using the tool
for education purposes, with one participant (Participant 12,
Foodservice dietitian) suggesting the tool could act as a starting
point and training guide to prepare students for a food
waste audit project.

“I think its just a really neat way of preparing for a food
waste (audit). So I could imagine showing this to a student
and saying, what are we going to measure? Are we going to
measure everything? Or are we just going to measure plate
waste? Are we just going to measure preparation waste? and
then following it down I think would work really well. So it
could be very useful as a training tool.”

The subsequent results describe the findings for the second
aim of this study. There were three factors which determined
the completion of food and food-related waste audits in hospital
foodservices; (1) capacity: the availability of time, labour and
materials required to complete an audit (2) change: staff
resistance to audit procedures and how to gain their buy-in (3)
processes, governance and leadership: the opportunity for high
level support, policy and structure to encourage waste audits
if present. The barriers and enablers for each of these factors
are presented below and are connected whereby one suggested
barrier can be solved by a reccommended enabler and vice versa
(Figure 2).

1. Capacity

Time was identified as the largest barrier to conducting food
waste audits in hospitals and was mentioned by all participants,
in part attributable to the study being conducted during the
COVID-19 Delta outbreak. Several participants explained how
foodservices run on a strict time schedule and the inclusion of
additional tasks required time to be allocated within rostered
hours. Participants perceived that there was no time left in
their scheduled work day to consider completing a food waste
audit due to the large nature and detail of the task, day
to day interruptions, and time constraints of usual practice.
Moreover, participants reported that it is hard to justify a food
waste audit when other tasks such as allergen management and
meeting government food standards take priority. Participants
also commented on the expected regularity (more than once a
year) of audits (10) and that repeating the audit regularly would
also not be feasible. One participant (Participant 13, Sustainable
food systems dietitian) who had previously completed an audit,
described that it took 6-months to plan the audit, complete it,
and analyse the data.

Labour was also recognised as a one of the largest
barriers to completing food waste audits. A food waste
audit was labelled as labour intensive, needing a lot of staff
resources to collect, sort and measure waste. Foodservices were
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Participant reported barriers and enablers to the completion of food and food-related waste audits. Orange circles represent barriers and blue
circles represent enablers. White text are the major factors and the black text are individually generated codes

perceived as “an understaffed department” that experiences “And the labour, so if I was going to do this at lunchtime, I'd
considerable unplanned leave, with staffing numbers sometimes . . o
) actually need another two people assisting, like checking as

barely meeting requirements to run day to day operations. the trolleys come in because there’s time limits on the strip
For example, one participant (Participant 1, Support service down of the trolleys to get everything ready for the next meal
manager) advised that her department has minimal full time . S s X o
period. So, there would be me, lets say the supervisor and then

staff and are reliant on part-time or casual staff. In addition, time we’d need another body to assist. And so that would be the
pressures were frequently reported by participants. This resulted same if we’re going to do it for breakfast, lunch and dinner.”

in the question of “who are we going to get to do it?” being (Participant 20, Facilities services manager)

stated often by participants. They described that they would

need to hire extra staff to complete audit tasks, find extra labour

. . . Participants felt staff needed a deep knowledge and
hours (time) or re-allocate their current workforce to meet audit P p &

requirements. The associated funding needed to pay staff was understanding of the process to execute the audit correctly. One
also a related issue. participant (Participant 6, Foodservice manager) suggested her
Frontiers in
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staff did not have the necessary skills or knowledge to complete
the audit but others felt their staff were capable.

The belief of participants was that the lack of foodservice
specific equipment and materials were also a hindrance
to food waste audit completion. These included practical
tools for data collection such as technology (spreadsheets,
artificial intelligence, electronic foodservice systems), forms and
templates, as well as training materials to support this process.
Other items required for completing industrial-scale food waste
audits, such as weighing scales and bins, were not readily
available within the organisations who were represented. These
items were important because those interviewed, as well as their
staff, did not have the knowledge to design their own or procure
these resources.

“What, I was trying to say is, that is it something we can
just adopt, and use? Rather than trying to create something
new again, for example, you mentioned here in the decision
tree tool the resources required are electronic scales. But it
did not mention what kind of electronic scales? What are
you referring to? How big or small? Are you talking about
mini ones where we just weigh? Or are you talking about the
big one? So from my experience, I know that we are talking
about the huge one. In terms of, where can we get it from?
So be as detailed as possible. . .” (Participant 10, Foodservice

dietitian)

Additionally, some participants from rural sites suggested
that the location of the hospital and the position of the kitchen
reduced the practicality of completing an audit due to the design
of the kitchen providing little space to collect waste.

An increase in labour was the most prominent enabler
described by interview participants. To aid audit completion,
participants suggested multiple solutions including creating a
new role solely focussed on completing food waste audits via
increasing full time equivalent hours, using casual employees,
or splitting tasks up between current staff. However, this
would require alterations to current staff scheduling practices.
Participants also placed value in having tertiary level healthcare
students complete food waste audits. Other suggestions included
collaborating with other departments or hiring an external
person to undertake the audits.

“or maybe getting someone who's qualified to do it, a bit
like an external food safety auditor. ... maybe the same
thing, maybe you have a food waste auditor, that comes out
periodically and does the audits for you and presents the
results and says these are the issues, and this is what you have

to address.” (Participant 4, Foodservice dietitian)

Resources were also perceived as enablers toward
completing food waste audits. Equipment to facilitate the

audit process, including scales, bins and software, as well as
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an implementation tool such as the consensus pathway (10),
were recommended resources to help support audit execution.
Technology that could assist in the reporting and collation of
data was seen as a worthwhile investment to track changes in
waste overtime. Participants were enthusiastic toward having
the capability to input food waste data into an electronic system
that would allow them to immediately, or retrospectively, access
information to support decision making regarding patient care
or foodservice improvements. Some foodservices were already
achieving this through the use of an online portable patient
intake application (visually estimating food waste on the ward
when plates are collected by kitchen staff) (36) or sharing data
with other foodservices and food rescue organisations. An
electronic version of the consensus pathway food waste audit
tool was recommended which would allow portability, accuracy,
reduce paper waste and decrease time needed for manual data
entry and analysis.

“to my knowledge I haven’t found an easier way, and that’s
where you've got systems like an electronic foodservice system
such as mobile intake where you can just plug stuff in and
then it gets extrapolated really easily, that obviously makes it
a lot easier. . . so probably another enabler is if you’ve got an
electronic food system, is there some way that that electronic
food system can support the data entry for food waste? then
that’s obviously an enabler that you can just pull data from.”

(Participant 17, Foodservice dietitian)

Many participants mentioned the conceivable financial
incentives from reducing food waste as a result of actioning
improvements to foodservice operations following audit data
analysis. For example, potential cost savings could be generated
through less waste hauling and reduction in resources such
as time and labour for food preparation if there is a stronger
understanding of portion requirements for service.

2. Change

Participants described that foodservice staff themselves were
a barrier to food waste audit completion. Participants perceived
that the magnitude of the change, and the time it required,
would disrupt the daily routines of staff who are already resistant
to the introduction of new initiatives. Some participants in
manager roles alluded to the fact that some foodservice staff had
been working in the same role and completing the same tasks for
up to 40 years, emphasising why practice change may be difficult
in this staff group. Managers also reported that foodservice staff
perceived the extra work required for food waste audits being
too difficult or not their responsibility. It was further reported
that lower level of skills in data collection and limited knowledge
of the importance of audits were barriers to accurate audit
completion. Foodservice staff, although highly valued, were
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believed to be habitual in their tasks and impacted by any small
or large variation in practice, which led to foodservice managers
not wanting to involve them in planned food waste audits.

“I just think that anything that disrupts the routine in the
kitchen is burdensome for the staff and is seen as a burden for
the staff. I don’t know what it is within the culture of the staff,
but I think they don’t like anything that’s out of the ordinary
to happen. They like to know their trolleys are going to be
ready to go to the ward at a certain time, they take that up,
when they’ve taken that up, they’ve got their break, then they
come back. I just think in some ways, that becomes much more

burdensome. ..” (Participant 5, Foodservice dietitian)

Communicating to staff what the method is to complete
food waste audits as well as ensuring the method was performed
correctly were described as enablers. Many participants
explained that improving the accuracy of audits could be
achieved through planning, education and training. Participants
provided unique examples of how staff are currently trained,
and described they would use these strategies again. These
included completing a trial audit, practicing audit methods,
training manuals, paid training, and using materials provided
by an in-house training advisor.

The most reiterated point in regards to education was
to confirm that staff understand how to complete the task
properly, so data are trustworthy. Checking with staff to confirm
their awareness of the audit steps in the lead up to and
during an audit as well as receiving their feedback on the
process afterward was suggested by a number of participants.
Conducting meetings with all foodservice staff completing the
audit, and discussing the audit regularly, in as much detail as
possible, was another strategy to ensure that “everyone is on
the same page.” One participant (Participant 13, Sustainable
food systems dietitian) highlighted that when communicating
to specific staff groups with different levels of education, framing
information with the appropriate lens was essential to ensuring
the message was understood.

“I think it all just generally falls back to training. And it needs
to be robust training so that everyone knows exactly what

needs to be done.” (Participant 1, Support services manager)

Additionally, gaining foodservice staff buy-in to the idea of
an audit before introducing it to their workload was viewed
as a critical enabler. To reinforce staff interest one participant
(Participant 17, Foodservice dietitian) suggested explaining to
the staff group how the audit may benefit them in the future
through possible additional funds being generated from less
food waste, and that these funds could lead to the purchase of
equipment which would make their job easier such as a new
dishwasher. Gamification of the data collection process was
another strategy said to possibly encourage staff participation

Frontiers in Nutrition

32

10.3389/fnut.2022.1062619

whereby setting an achievable target or challenge for staff to
work toward may make things fun. Participants also shared
that they have staff members in their teams who are concerned
about food waste and who would be intrinsically motivated to
partake in an audit.

“So I think definitely start at grassroots and talk to the staff
about what they would think would be a benefit of a plate
waste audit, or food waste audit, get their thoughts and ideas
back, get an understanding of how they think they would like
it to operate, and then obviously work with the managers on
the other side of things.” (Participant 2, Foodservice project
officer)

Moreover, asking for staff to contribute to the audit design
was a major recommendation from participants who believed
that, “foodservice staff have so much knowledge of the kitchen
and how it works.” (Participant 13, Sustainable food systems
dietitian)

3. Processes, governance, and
leadership

The hospital, as an organisation, was also perceived as
a barrier toward conducting food waste audits. Participants
described the initiation of food waste audits requiring planning
and organisational support, however, staff hierarchy and
task prioritisation reduced the endorsement of audits as
a quality improvement project when compared to other
clinically important tasks. Current waste management practices
and the absence of guidelines or standards that mandated
hospitals to measure food waste were identified as barriers to
audit completion.

“So to put on potentially other tasks, such as doing plate
waste audits regularly, or fairly regularly, I think would be
something difficult to get on board when we’re not even
meeting accreditation standards, like choices with meals and
things like that, which I think people would see and consider
more of a priority than looking at food waste.” (Participant 4,
Food safety supervisor)

Several participants explained how different internal and
external influences would help support the implementation of
a food waste audit. One strategy described was the use of a
top down approach from government to mandate food waste
audits through policy or legislation and mandatory reporting.
Similarly, participants mentioned that hospital level guidelines
or standards are essential to follow for other tasks in the
foodservice, such as nutrition standards for meals and menus,
and having these for food waste audits would increase their
regularity and support workflow.
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“And so if they make it in a way that every hospital mandates
it, which I say if you can put it in a standard it will be
perfect, because it makes it very clear that this has to be done.”
(Participant 10, Foodservice dietitian)

Executive level support from the organisation was said
to be an enabler to implementing food waste audits. Some
hospitals already had established environmental sustainability
working groups and food waste audits were a “project”
participants believed could be of future focus. Influencing
change through identifying an individual in a leadership role
(such as a supervisor, manager, or champion) was also discussed.
Modifying other foodservice practices such as the foodservice
type from cook chill to room service and when or how waste
was collected were expected to facilitate the implementation
of food waste audits and help achieve the overall goal of
reducing food waste.

“But there are other ways around meeting that waste
management I guess. With a new food project that we’re going
to introduce it will be designed so we can do plate waste
audits, which is beneficial for a number of reasons. One of
those reasons is obviously food waste data. The other reason
is malnutrition of our patients and residents. So that gives
dietitians sort of an insight or data to look into as far as how
nutrition balances go for our patients. From our point of view,
it gives us an insight of food waste.” (Participant 11, Group

management support services)

Discussion

This study sought to identify the perspectives of staff
involved in the operation of hospital foodservices on how
an evidenced based consensus pathway food waste audit
tool is perceived to translate into practice, and to determine
the factors that influence the completion of food and
food-related waste audits within this setting. With positive
reflections toward the consensus tool presented by a majority
of participants, hospital foodservices are encouraged to use
the tool to plan, conduct and analyse a food and food
related waste audit. Additionally, the findings indicate a
number of reported barriers that are perceived to deter from
prioritising and completing a food waste audit, including time,
labour, resources, the staff population, hospital logistics, and
change. However, various enabling factors were described by
participants which present a solution to these barriers, such
as outsourcing labour, training staff, organisational support,
increased resources, and an uncomplicated audit procedure.
For hospital foodservices to successfully trial or implement
this tool in their practice the perspectives presented in
this study should be reviewed. Appropriately applying the
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consensus pathway food waste audit tool may then promote
possible outcomes such as decreases in waste, monetary
savings and workflow enhancements. Moreover, if the use
of the consensus tool is magnified to other food providing
institutions experiencing high amounts of food waste such as
aged care, prisons and childcare (37), this could have large
influences on the economic, social and environmental impacts
associated with food waste (38). This may promote reputational
sustainability within these organisations or industries and
(39) will contribute to the actions required to meet UN
SDG 12.3 (3).

The consensus pathway food waste audit tool (10) may act
as a guideline and reference point for hospital foodservices to
recognise the essential decisions required before completing
a food waste audit. The tool provides users with different
choices to design an audit to best suit their foodservice
operations. It appeared that the tool had face validity and
was accepted by those working in the foodservice setting
who are the intended users. Participants described the need
to customise the tool to their needs and their contexts, and
this is appropriate and recommended. A systematic review
has found that providing flexibility in intervention design
to different hospital sites that are incorporating the same
intervention caters for unique site specific barriers and enablers
(40). Additionally, transferring the current manual version of
the tool to an online format which is interactive, similar to other
foodservice innovations that can calculate food waste (36, 41—
43), may be the next step to accelerate the tool’s accessibility
and support its usage at scale. Refinements recommended in
this study for the tool’s detail, design, and content could be
integrated at that time. Furthermore, evidence based strategies
to reduce food waste (8, 9) or waste management strategies
aligned with the food recovery hierarchy (44) to divert
waste from landfill could be built into the tool to provide
direction on what actions can be taken after a waste audit is
completed (45).

Within the three categories of (1) capacity, (2) change,
and (3) processes, governance and leadership identified in this
study the reported barriers and enablers were inter-linked,
whereby collectively across all interviews the barriers to practice
change were combatted by suggested enablers from the same
or different participants (Figure 2). This pattern of clear
associations between reported barriers and enablers occurred
in a similar systematic review (40) exploring the barriers and
enablers to implementing hospital interventions, which also
found comparable themes to those derived from our data;
system, staff, and the intervention itself. Participants in the
present study suggested that for foodservices to support a
food and food-related waste audit at their site they need to:
increase overall staff resources; obtain necessary equipment;
gain key stakeholder buy-in and executive support; develop
an audit plan; and lead, communicate, and educate those
expected to complete the audit. These could possibly be achieved
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through the involvement of hospital nutrition and dietetics
departments in the audit process. Dietitians are equipped
with communication, leadership and management skills, have
experience with project development, implementation and
evaluation (46), regularly have work-based placement students
who could assist with data collection, and also collaborate
with other professionals such as speech pathology (47) who
have a vested interest in the foodservice. Furthermore there
is a role for other staff groups, including members from the
organisational environmental/sustainability committees, and
nursing and medical staff who are committed to sustainability
in healthcare (48).

Limitations

This study was completed during the height of the
delta-strain COVID-19 outbreak in Melbourne, Victoria (49).
Consequently, recruitment of participants was challenging
as the healthcare system prioritised its resources to combat
the pandemic. There were considerably more participants
in management roles rather than general foodservice roles,
potentially due to their greater availability to participate
in an online interview. However, although these staff were
not front line workers they were still able to contribute
valuable opinions regarding waste audit implementation within
their teams. Completing interviews via Zoom (Version 5.5,
Zoom video communications, California) rather than face
to face may be viewed as a limitation, however, research
has demonstrated interview participants perceive this method
as time and cost-effective, convenient and practical (50).
Furthermore, this method allowed the researchers to access
previously out of reach participants as a result of the
COVID-19 pandemic. This research has been designed in
a way to support internal coherence, increasing its quality,
trustworthiness and rigour (19). Philosophical alignment was
established through the interpretivist paradigm whereby the
authors’ relativist ontology, subjectivist epistemology, value
bound axiology, use of qualitative description methodology and
semi-structured interview data collection method supported
research design (19, 51, 52). Additionally, reflexivity was
demonstrated during data collection and analysis through
explaining to participants the researcher’s connection to the
project, and the research team conducting fortnightly peer-
debriefing sessions where collective group discussion of themes
occurred (29).

Conclusion

This research uncovered perceptions of the factors
that may influence implementation of food and food-
related waste audits and an evidenced based consensus
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pathway food waste audit tool which could facilitate decision
making among staff involved in hospital foodservices. The
consensus tool appears to have face validity according to
the participants interviewed in this study and could be
used to design a food and food-related waste audit in a
hospital foodservice. However, before integrating this tool
into practice, hospital foodservices must consider the findings
highlighted in this study to identify possible barriers and
or enablers that may impact their site-specific style of food
and food-related waste audit. Customisation of an audit
best suited to a hospital’s environment, resources, workforce
and perhaps behaviours will then support appropriate audit
execution and outcomes.
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Introduction: Food loss and waste are urgent problems to address. Recent
estimates highlighted that the highest quantities of waste are generated at the
household level and for this reason, the interest in this sector has increased
over years.

Methods: To investigate if there is a connection between consumers’
behaviors aiming at reducing food waste and consumers’ choices in adopting
healthy eating habits, a survey among a sample (n = 2,869) representative of
the Italian population was carried out with the use of validated questionnaires.

Results: Results demonstrated that the higher the adherence to the lItalian
dietary guidelines indicator (AIDGI) the higher the score measuring household
food waste behaviors (HFWB). In particular, the highest AIDGI corresponds to
a preponderance of respondents that was more able to plan the shopping
and the use of food (38.9%, p < 0.001), to better evaluate the quantities to
cook (404%, p < 0.001), to avoid impulsive buying (35.2%, p < 0.01), to have
a high knowledge of the food stored (38.4%, p < 0.001), to reuse leftovers
(35.4%, p < 0.001), to assess food safety (34.7%, p < 0.001), to plan accurately
(34.9%, p < 0.01), to know how to prolong the shelf life of a product (34%,
p < 0.05), and to cook creatively (32%, p < 0.01). In addition to that, half of
the respondents with the lowest AIDGI score did not receive any education
regarding food waste (51.1%, p < 0.001). HFWB indicators globally resulted in
scores ranging from 40 to 80% revealing the attention of Italians to food waste
issues. Regarding eating habits, in half of the sample (50.4%) a consumption
pattern with low adherence to nutritional recommendations was found, in
particular among men (34.4%), younger age groups (40%), and people living in
large families (42.3%).

Discussion: The overall results provided interesting information that could
give input for planning nutrition education actions and identifying targets and
topics to be addressed.

food waste behaviors, dietary recommendations, eating habits, sustainability,
household, Italy
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1 Introduction

Food loss and waste (FLW) is a problem that needs
to be addressed urgently due to its social, economic, and
environmental implications. The main sector responsible for
generating waste along the food supply chain is the household
consumption level. According to recent estimates, 17% of
available food is wasted globally, with 61% of which consisting
of household food waste (1). Various studies have highlighted
that household food waste is influenced by specific causes and
determinants (2-6). In 2018, a research model was developed
to categorize the reasons for household food waste (7, 8),
identifying Motivations, Opportunities, and Abilities (MOA)
as the main drivers of food waste. The motivations include
awareness of food waste and the social norms related to
throwing away food. The opportunities consist of the access
to grocery shops either as typology and variety of products, or
shop organization, e.g., the opening times and the geographical
proximity. The abilities concern all the factors related to the
organizational aspects of eating, such as planning, storing, and
cooking the food. Although not included in the classical MOA
models, the researchers also looked at other potential drivers
of FLW, including whether education received from parents on
food waste had an impact on the amount of food thrown away
(9, 10). All these factors can influence household food waste
prevention practices, which can be identified as planning the
shopping and the use of the food, avoiding impulsive buying,
checking for food already stored, cooking the right quantities of
food for the family, and storing or using leftovers (7).

The MOA theoretical framework on household food waste
was used in Italy in a national survey carried out in 2018
(11), to investigate the food waste behavioral profile of Italian
consumers to obtain data to address the causes and to design
FLW prevention strategies. In Italy, throwing away food is
associated with a widespread negative emotional experience,
with the majority of respondents stating that they considered
food waste a deplorable practice. For Italian consumers,
the ethical aspects of food waste are more important than
the ecological consequences. At the household level, time
availability and unexpected events were reported as key aspects
of difficult food management in the kitchen, even though
respondents declared abilities in the use of the leftovers.

The 12th goal of the sustainable development goals (SDGs)
of the 2030 agenda established by the United Nations (12, 13)
regarding sustainable production and consumption patterns
includes target 12.3 which focuses on halving per capita food
waste at the retail and household level by 2030 (14). Adopting a
sustainable diet could be a strategy to limit the environmental
impact of the food system and to make consumers more
sensitive to the FLW problem (15, 16). Several studies have
stated that the Mediterranean diet, which has been largely
recommended for many years for its health-protective aspects,
is also sustainable (17). The Mediterranean diet pattern has
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a low impact on soil, water, and energy resources (18). The
Mediterranean diet principles were followed to establish the
Italian food-based dietary guidelines, which were updated in
2018 with a focus on the sustainability of the dietary pattern.
In particular, directive no. 13 of the Italian dietary guidelines
brings together recommendations on how to adopt a sustainable
lifestyle that can improve the quality of the diet and that can
reduce food waste (19).

The rationale of this work is based on the recommendations
of the Europe sustainable development report 2021 (20) that
underlies the need for European union member states, including
Italy, to adopt significant actions to achieve the 12th goal
of SDGs to fulfill what the 2030 agenda established. In this
sense, the analysis and knowledge of food waste behaviors
and their relationship with healthy eating habits may be
considered determinant elements to pursue the sustainability
goal. However, data on these topics are limited and with
non-univocal findings. Helander et al. (21) reported that a
shift toward a healthy and sustainable diet can lead to an
increased amount of food waste considering that a healthy diet
is characterized by the consumption of products that largely
contribute to food waste, such as fruit, vegetables, and milk.
To the best of our knowledge, the relationship between the
determinants of a healthy diet and food waste is a new area of
interest investigated only in a few studies. Conrad et al. (22
found that high-quality diets were associated with greater food
waste and Carroll et al. (23) reported a correlation between
diet quality and fruit and vegetable waste. Similar results were
reported in the study of Mijares et al. (24), which observed
that the quantity of waste of fresh vegetables, cereals, and dairy
products was related to a higher quality of the diet even though
the high quality of diet was associated with low total food waste.
On the same topic, another study pointed out that consumers
who pay particular attention to food consumption and nutrition
have also attitudes to prevent and limit food waste generation
confirming the idea that healthy eating habits are associated with
a sustainable lifestyle (25). In consideration of this scenario, we
would demonstrate that attention to sustainability issues can
affect both eating habits and food waste behaviors.

The main purpose of this study is to evaluate the consumers’
food waste behaviors and their food habits investigating
whether there is a connection between these two aspects.
The hypothesis underlying this research is that adherence to
dietary recommendations is linked to a good food management
capacity and consequently to the prevention of food waste at
the household level. This work would address the following
research questions: (i) to what extent the adherence to
dietary recommendations is related to food waste attitudes?
(ii) To what extent do sociodemographic aspects influence
consumers behaviors in terms of dietary patterns? (iii) Nutrition
educational activities could be the place to promote food waste
prevention practices?
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This work is part of the activities of the Italian Observatory
on food surplus, recovery, and waste, a technical entity with a
pivotal role in the production of research, methodologies, and
reliable data that can be used as drivers for policy actions. One
of the priorities recognized by the Observatory was to assess and
monitor household food waste at the national level to support
the development of actions aimed at reducing the amount of
food waste (26). In light of this commitment, the behavioral
assessment presented in this paper will provide inputs to allow
for a better understanding of the causes of household food
waste, as well as information to develop potential targets and
intervention strategies to help reduce waste in the framework of
the promotion of healthy diet.

2 Materials and methods

2.1 The survey methodology

A cross-sectional survey including 2,869 respondents,
representative of the Italian adult population (age > 18 years),
was carried out.

The data collection was performed by SWG S.p.A., a
specialized market research agency, through interviews carried
out among a panel group, including more than 60,000
individuals profiled according to the main sociodemographic
variables and purchasing habits. The online procedure through
the computer assisted web interviewing (CAWI) method was
self-completed by 2,619 participants. The remaining sample
(n = 250) consisted of people who were unfamiliar with the
online system and therefore used the computer assisted personal
interviewing (CAPI) method, with direct contact with the
operators. The sampling plan was carried out to provide a
stratification for area of residence and using simultaneously
fixed quotas for age classes and gender. During the survey, the
number of key component parameters such as the family size
and the level of education were kept under control. The sample
size of 2,500 was calculated in order to cover 11 territorial
areas with a probability proportional to size methodology and
with a statistical margin of error of 1.82% at 95% of confidence
interval. The reported sampling permitted to cover Italian
macro-regions and some high-density population areas in order
to assess the territorial variability related to socioeconomic and
cultural diversity between the Italian regions. The sample size
was increased of 10% to cover the population that do not use
internet. All indicators were aligned with the data provided by
istituto nazionale di statistica (ISTAT) related to 2020 (27). The
data were weighted to ensure the representativeness with respect
to the parameters of area, gender, age, and level of education.

To participate in the SWG panel consumer surveys,
respondents were required to sign a privacy agreement and
consent form to collect and process their personal data in
advance, following the Italian data protection law (Legislative
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Decree 101/2018) in line with European commission general
data protection regulation (679/2016). Before starting the data
collection, participants were informed about the objective of the
research and the consequent statistical analysis. Participation
in the study was fully voluntary and anonymous and subjects
could withdraw from the survey at any time and for any
reason. This study was conducted according to the guidelines
of the declaration of Helsinki (28) and all procedures involving
research study participants were approved and are in line with
the SWG code of conduct (29). The assessment did not involve
any invasive procedures nor induce any changes in dietary
patterns. Therefore, the study did not require approval from the
ethics committee.

The data collection was performed between the 26th of
June and the 20th of July 2020. This period was selected in
consideration of the fact that the social restrictions related to the
Coronavirus disease-2019 (COVID-19) pandemic in Italy were
attenuated from the 18th of May 2020 and further reduced after
the 3rd of June 2020 when all the social activities started again
and free movement between regions was allowed.

2.2 The survey structure and the
questionnaire

The measurements carried out in the present study were
shaped according to the objective of the survey. An articulated
questionnaire was administrated with the first part covering
sociodemographic information (gender, age, region of residence,
education, job, income, and family size). Two main modules
constitute the core of the assessment tool: (i) the household food
waste behaviors (HFWB) questionnaire; (ii) a food frequency
questionnaire that permitted the evaluation of adherence to
the Ttalian dietary guidelines indicator (AIDGI). These two
modules represented the capitalization of the work carried out
in previous studies (11, 30) in which the methodologies of data
collection were tested, validated, and adapted to the Italian
context. The full questionnaire used for this paper is reported
in the Supplementary material (Supplementary Table 1).

Household food waste behaviors were measured with the
validated questionnaire developed by van Herpen et al. (31)
and further adapted to the Italian context (11) assessing
determinants and behaviors of consumers toward food waste.
The HFWB module included 39 questions that assessed (i)
prevention practices (planning the shopping and using the
food, avoiding impulsive buying, the overview of stored food,
cooking the right quantities of food, and storing and using
leftovers), (ii) abilities (the perceived difficulty with assessing
food safety, the perceived difficulty with cooking creatively, the
perceived difficulty with accurate planning, and the knowledge
of prolonging the shelf-life), and (iii) education received from
parents (parents’ attention to prevent food waste). A 7-point
scale was used with answers ranging from “strongly disagree” to
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PREVENTION PRACTICES
A
I do the shopping list 28.2 204 . ] 7 o e
| plan what to buy and what to cook 28.8 24.2 A7
| plan the handling of food in the household 31T 21.8 - 466
| usually eat foods that are going to be spoiled 14.3 14.4 ]
I plan what to cook for each day of the week 424 23151 I — ) e —
B
| buy products that| do not need 66.5 254 =g
| buy food that| have not plan to buy 61.9 296 =gi5mm
Regarding food, | consider myself an impulsive buyer : 66.1 23.2 =07
[
| know exactly what | stored 1753 19.4 e S () 3 3 S S S—
| can see what | stored in one glance 17.8 2472
| make sure that food that needs to be eaten firstlies in
. 17 19.7 I ——— ) S ————
sight
My shelves and/or fridge are organised 16.5 20.5 63
D
Before cooking, | think carefully about the quantities | 20 194 —— (G
need
| am precise to cook the right quantities 19.9 20.7 - 504
| usually measure the ingredients of the meal 29.7 201 I 5 ()2
| try to not have any unnecessary leftovers ! 15.5 16.9 I —————— 0 7O D———
E
If | have leftovers on the plate or in the pan, they will be 284 19.2 S —— 4 S ——
stored
All food that| prepared will eventually be eaten (including . 14.0 71—
leftovers)
The leftovers | stored will be eaten 137 14.6 7. 7
If | cook too much food, | save the leftovers 135 15 R 71 5 S
If | serve too much food, | save the leftovers 226 4745 I ——— 0 — ———
| finish food that was served 9.8 12.8 | 71272
0 10 20 30 40 50 60 70 80 90 100
Never, rarely, occasionally Sometimes = Frequently, usually, always
FIGURE 1
Food waste prevention practices among the sample: planning the shopping and using the food (A); avoiding impulsive buying (B); the overview
of stored food (C); cooking the right quantities of food (D); storing and using leftovers (E). Percentage values (%).

“strongly agree” or from “never” to “always.” The answer scales (27). The module consists of 18 food category items. For each
were further grouped into four categories following the quartile category respondents were asked to quantify the frequency of
distributions that varied for each behavior related to food waste: consumption on a scale of five possible answers: more than once
low, low-medium, medium-high, high. a day, once a day, few times a week, less than once a week,

Eating habits were evaluated by adapting the food frequency never. Hence, the AIDGI was created with a procedure similar to
questionnaire used by the Italian national institute of statistics Benedetti et al. (32). AIDGI was based on a qualitative frequency
Frontiers in Nutrition frontiersin.org
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scale and provided a synthetic evaluation of the adherence to
a healthy diet defined in the dietary guidelines. For each food
group, the following scores were assigned: +2 points in case
of frequency of consumption in line with recommendations,
0 points in case of frequency of consumption very far from
recommendations, and +1 points for answers close to the
recommendations, but not exactly in line with them. AIDGI
was calculated as the sum of 18 group scores. For example, for
the groups “fresh fruit” and “vegetables,” the maximum score
(2 points) was set for “more than once a day,” a score of 1
was assigned to the option “once a day,” and 0 scores were
assigned to the other reported intakes. The scores obtained
from each category were summed up and four AIDGI levels
were identified: low (0-18), medium-low (19-20), medium-
high (21-23), and high (> 23).

2.3 Data analysis

Descriptive statistics to illustrate the most important
characteristics of the data collected were performed, such as
food waste behaviors, the food habits of Italian consumers,
and the adherence to nutritional reccommendations. AIDGI and
HFWB ordinal measures were calculated based on quartiles of
the quantitative scores. A contingency analysis was performed
to check associations between variables such as AIDGI and
sociodemographic, and AIDGI and HFWB. Specifically, double-
entry tables were processed, and the Chi-squared test of
independence was applied along with post-hoc tests to check
pairwise comparisons with Bonferroni corrections of the
p-values. A p-value less than 0.05 was fixed for statistical
significance. The statistical analysis was performed using IBM
SPSS Statistics, version 25.

3 Results

3.1 Sociodemographic characteristics
of the sample

The study sample resulted aligned to the Italian socio-
demographic composition (27) for the effect of the sampling
procedure and the subsequent weighting of the data. In
particular, variables such as gender, age, and region of living
have the same distribution of the Italian population. Small
differences were observed amongst the level of education and
the family size. In the present sample, the medium and high level
of education are more represented (respectively +6 and +4%)
than in the Italian population while the low level of education is
less common (—9%) respect to the percentages measured at the
national level. For the family size, single-member families are
lower represented (—18%) and two-members families are more
represented (+7%) respect to Italian population. Nevertheless,
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the overall distribution of smaller (one and two members) and
larger (more than three members) families is similar to the
national data. The results are therefore representative of the
population in Italy, distributed in macro-regions corresponding
to the local population density (Supplementary Table 2).

3.2 Household food waste behaviors in
ltaly

3.2.1 Prevention practices

Figure 1 reports the results obtained from the survey on
household food waste prevention practices that included five
subsets of questions (panels A, E). Planning food shopping and
handling food in the household were common practices. More
than two-thirds (71.3%) of the Italian families in the sample
paid attention to eat purchased foods before throwing them
away. Around half of the respondents, declared they made a
food shopping list, planned what to buy and what to cook,
and organized the management of food in the family. Planning
what to cook for the week was less frequently reported (34.1%)
(Figure 1, panel A). The majority of Italian families (66.1%)
did not consider themselves impulsive buyers, avoiding buying
no-needed or no-planned products. However, around 25% of
the sample declared having bought “sometimes” unnecessary
products (Figure 1, panel B). Having a good overview of the
food inventory in the kitchen, as well as knowing what was in the
fridge or stored in the pantry, were practices commonly adopted
by Italian families, with approximately 60% of respondents
having reported the habit of checking the quality and the
quantity of stored food (Figure 1, panel C). Regarding the
precision in cooking (Figure 1, panel D), avoiding producing
leftovers was reported by around 70% of respondents, alongside
the ability to be precise in measuring ingredients, preparing,
and cooking the correct amount of food for the families.
Italian families were also careful to eat all food that was
prepared, including leftovers (Figure 1, panel E). The majority
of respondents (77.4%) finished all the food on their plates. If
there were leftovers (either due to having cooked or served more
than what was necessary) they were stored and further reused.

3.2.2 Abilities

In Figure 2, the results of the subset of questions related
to the influence of the consumers’ abilities on food waste
generation are reported.

Around 70% of Italian families had no difficulties with
understanding whether the food was still edible and safe to eat,
using smell or taste, or evaluating the external aspect (Figure 2,
panel A).

More than 60% of the respondents reported having cooked
creatively, using the food that was in the fridge and leftovers, and
experiencing new recipes to cook (Figure 2, panel B).

frontiersin.org


https://doi.org/10.3389/fnut.2022.1026829
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Grant and Rossi

10.3389/fnut.2022.1026829

ABILITIES

Sometimes | do not know if food is still safe to eat

Itis difficult to estimate if food is still safe to eat

| find difficulties with estimating if food is still safe to eat using
smell or taste

B

| leave foods in the fridge, because | do not know how to cook
them

| find difficulties with using a recipe that | do not know

| find difficulties with cooking with leftovers

| find difficulties with preparing a meal with products | have at
home

c

| find difficulties with estimating how much food | should cook
for the main meal

| find difficulties with estimating how much food my family
should eat during the week

| find difficulties with estimating how much food | should buy

| know how to keep products fresh as long as possible
| know the fridge temperature to keep my food fresh as long as
possible

| know the best way to keep meat and fish fresh as long as
possible

| know the best way to keep fruit and vegetables fresh as long as
possible

Strongly disagree, disagree, quite disagree

FIGURE 2

0

Neither disagree nor agree

67.1 1741 15.8
72 15.7 123
71.6 15.3 131
78.2 13.8 8
59.9 18.7 214
62.6 18.3 19
73.2 16.6 10.2
75.4 15 9.7
67.9 19 131
75 15.3 9.7
14.7 184 66.8
16.9 20.6 62.5
14 19.7 66.3
15.3 18.3 66.4
10 20 30 40 50 60 70 80 90 100

Strongly agree, agree, quite agree

Food waste abilities among the sample: the perceived difficulty with assessing food safety (A); the perceived difficulty with cooking creatively
(B); the perceived difficulty with accurate planning (C); the knowledge of prolonging the shelf-life (D). Percentage values (%).

Concerning food purchase planning, around 70% of
respondents declared they were able to estimate the quantities
of foods to buy and cook, to satisfy the needs of the family
(Figure 2, panel C).

Panel D of Figure 2 reports the answers to the questions
related to the knowledge of prolonging the shelf-life of foods.
Around 60% of respondents considered themselves to know the
best way and the optimal temperature to store fresh foods (fruit,
vegetables, meat, and fish) and preserve them longer.

3.2.3 Education received from parents

Education received from parents was reported as a factor
impacting on food waste behavior for almost 80% of Italian
families (Figure 3). The attention of the parents to food waste
and being taught not to throw away food were reported as
having influenced the respondents’ attitudes to food waste early
in their childhood.
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3.3 Adherence to the ltalian dietary
guidelines

Italian consumers did not follow the dietary guidelines
as far as concerning the intakes of processed meat, (69.9%),
sugary drinks (74.7%), and alcoholic beverages (80.4% beer
and wine, 63.9% other alcoholic drinks) which resulted higher
than recommended. In addition, most of the respondents (90%)
reported a frequency of consumption of milk and yogurt
lower than the recommendations. Bread, pasta, and rice were
consumed in the adequate quantities only in 20% of cases,
although around 50% of families declared a consumption
frequency near the recommendations. However, most of the
respondents reported to follow the guidelines in terms of
the occasional consumption of cakes and sweets (80.5%) and
savory snacks (57.2%). Almost half of the families reported
an appropriate consumption of legumes (55.9%), nuts (51.9%),

frontiersin.org


https://doi.org/10.3389/fnut.2022.1026829
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Grant and Rossi

dairy products (57.8%), fish and fisheries products (55.4%),
and white meat (68.3%). In line with dietary guidelines, a low
intake of red meat was declared by 52.4% of respondents while
a high percentage of them reported an appropriate level of
consumption of fruit (40.7%) and vegetables (29.8%).

These results are reported in Supplementary Table 3.

3.4 The AIDGI and lItalian
sociodemographic variables

The AIDGI was conceived to identify four levels of
adherence to nutritional recommendations that in our sample
were homogeneously distributed: 28.9% low; 21.5% low-
medium; 25.5% medium-high; 24.1% high. The relationship
the AIDGI
(Supplementary Table 4) showed that among those who

between and sociodemographic variables
obtained the lowest AIDGI score, a preponderance of men
(p < 0.001), younger groups (18-44 years old, p < 0.01), and
families with five or more members (p < 0.05) was found.
On the other hand, in the highest AIDGI level group, a
preponderance of women (p < 0.05), older groups (> 55 years
old, p < 0.001), and families with two members (p < 0.05) was
observed. No significant differences were observed concerning

education level and income groups (data not shown).

3.5 The relationship between AIDGI
and the adoption of household food
waste behaviors

The results of the contingency analysis with the Chi-square
test between AIDGI and HFWB are shown in Table 1. In the
group of participants with the highest adherence to dietary
guidelines there was a significant preponderance of respondents
that was more able to plan the purchasing and the use of
food (38.9%, p < 0.001), to better evaluate the quantities to
cook (40.4%, p < 0.001) and to avoid impulsive buying (35.2%,
p < 0.01). In addition, in this group a medium-high and high
knowledge of the food stored (respectively 31.2 and 38.4%,
p < 0.001) and a tendency to reuse leftovers (respectively 30.5
and 35.4%, p < 0.001) were observed. On the other hand,
more than one-third of Italian families who obtained the lowest
AIDGI scores reported a less frequent adoption of food waste
prevention practices (p < 0.001).

As reported in Table 1, consumers with the highest AIDGI
reported a medium-high and high capacity in assessing food
safety (28.8 and 34.7%, p < 0.001), in planning accurately (29.4
and 34.9%, p < 0.01), in knowing how to prolong the shelflife of
a product (32.4 and 34%, p < 0.05), and in cooking creatively
(29 and 32%, p < 0.01). On the other hand, more than one-
third of the respondents who obtained the lowest AIDGI level
less frequently adopted these practices (p < 0.001), especially as
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far as concerning the knowledge of the shelf-life of a product
(49.1%).

Finally, half of the respondents with low AIDGI scores
did not receive any education regarding food waste (51.1%,
p < 0.001) while those who achieved the highest AIDGI had a
family in which the parents paid attention to avoid food waste
(medium-high 30.8% and high 33.7%, p < 0.01).

4 Discussion

Food waste, eating habits, and nutritional education are
intrinsically linked in terms of public health, environmental
protection, and sustainability goals. The main purpose of this
paper was to evaluate consumer food waste behaviors and
food habits to demonstrate if and how these aspects are
correlated. To the best of our knowledge, this is the first study
that investigated the relationship between consumers food
waste habits and the quality of their diet in a representative
sample of the Italian population. The added value of this
work is the interdisciplinary approach combining nutrition and
sustainability aspects focusing on an emerging topic as food
waste. In fact, according to Conrad et al. (22), it is necessary
to collect more data concerning the relationship between the
quality of the diet and food waste, since at the moment this
is a critical research gap in the field of the sustainability of
the food system.

The most significant result of this assessment is the strong
statistically significant association between food waste attitudes
and adherence to nutrition recommendations. The results of the
contingency analysis confirmed that in the Italian consumers it
is possible to demonstrate a polarization. In particular, among
the group of population with higher AIDGI levels, higher
HFWB indicators’ scores corresponding to behaviors aimed at
preventing and limiting food waste were observed. On the other
hand, in the lower AIDGI classes was reported a tendency to
have lower HFWB scores that correspond to habits that may
produce most waste. In other words, consumers with better
food consumption patterns were also consumers with increased
attention toward food waste in terms of prevention, knowledge
of the problem, and abilities in the kitchen to limit the food
that is thrown away. This is an important point in terms of
policy and intervention strategies. In fact, according to our
results, adherence to dietary recommendations is a driver of
food waste prevention. These results represent an important
answer to the prefixed research questions, hence demonstrating
the importance of including food waste prevention practices in
the framework of educational nutritional activities.

The correlation between food habits, through the AIDGI,
and food waste behavior in Italy strengthens the concept that
sustainability is a goal that can be achieved by combining
different aspects. Although it was conducted in the UK and
included participants aged only between 18 and 35 years old,
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EDUCATION FROM PARENTS

When growing up, | was not allowed to throw away
food

My parents taught me to handle food with
appreciation and care

My parents paid attention to prevent food waste

0
Strongly disagree, disagree, quite disagree

FIGURE 3
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Education received from parents among the sample. Percentage values (%).

the study developed by Savelli et al. (25) supports our findings
and conclusions. The promotion of a healthy diet together with
campaigns for food waste reduction could be public health
actions that efficiently reach different population targets. It
should be considered that in recent years, consumers have
become more sensitive toward the issue of the sustainability
of dietary choices (33, 34). Considering the HFWB indicators,
the education received from parents on preventing food waste
was particularly correlated to a high AIDGI. This finding
could be interpreted considering that the acquisition of healthy
eating habits, since childhood, could influence other aspects of
sustainability including the attention to the limitation of food
waste. It is a consolidated concept that educational strategies are
most efficient if applied among the youngest. In various studies,
educational activities targeting students resulted in positive
behaviors changes, such as an increase in the consumption
of fruit and vegetables and a decrease in the amount of
food waste (35), or the adoption of a healthier lifestyle that
includes sustainable food choices (locally grown or organic
foods) (36, 37).

In addition to that, it is important that educational actions
would reach the most in need. According to our data, the
segment of the population with low AIDGI is also the group of
people with a low level of indicators of food waste prevention
and reduction behaviors. This population group should be
identified as a target for educational campaigns combining
nutrition and food waste topics.

The relationships between diet and food waste are complex.
Conrad et al. and Carroll et al. (22, 23) found a correlation
between higher levels of a certain type of food wasted
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(vegetables, fruit, dairy products) and a higher-quality diet.
This could be expected considering quantitative aspects, since
healthy eating means, among other aspects, a high level of
consumption of fresh and perishable products impacting the
quantity of discarded food. In addition to that Garnett et al. (38)
described a scenario in which consumers reported knowledge,
attention, and consideration in terms of sustainability even with
difficulties in adopting behaviors in line with the intentions. This
could be related either to the fact that consumers are resistant
in changing their habits or to the ineffectiveness of current
educational programs that probably should be more incisive.
Half of the sample reported a consumption pattern with
low adherence to nutritional recommendations in particular
among men, the youngest, and people living in large families.
The homogenous distribution of the four levels of AIDGI found
in Italy in this study was the same that was found in the
previous study that used AIDGI in a selected sample of the
population. As shown by Scalvedi et al. (30), categorizing AIDGI
at three levels, the results were 32% low, 40% medium, and
28% high with a quite homogeneous third-party distribution.
Even though improving the adherence to the Italian dietary
guidelines, especially among the above-mentioned subgroups,
is a necessary public health action, overall Italian eating habits
showed interesting results in terms of the consumption of foods
impacting the environment and influencing the sustainability of
the dietary patterns. The quota of consumers that declared a low
intake of red meat and adequate frequencies of consumption of
white meat, fish, and plant-based products should be taken into
account. The overtime changes in these consumption patterns
need to be confirmed by an update of Italian food consumption
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TABLE 1 The relationship between adherence to the Italian dietary guidelines indicator (AIDGI) and household food waste behaviors (HFWBs)

(prevention practices, abilities, education received from parents).

AIDGI levels
Overall sample Low Low-medium  Medium-high High
(%) (%) (%) (%)
28.9 21.5 25.5 24.1
Prevention practices
Planning and using Low (0-3.6) 44.8* 204 19.2 15.7
Low-medium (3.7-4.4) 28.3 284 25.5 17.7
Medium-high (4.5-5.4) 21.2 20.6 31.5 26.7
High (>5.4) 16.6 16.9 27.6 38.9*
No impulsive buying Low (1-4.3) 36.5% 224 24.8 16.4
Low-medium (4.4-5.0) 29 22 25.2 23.7
Medium-high (5.1-6) 27.5 21 255 259
High (>6.0) 17.5 19.9 27.4 35.2*
Overview of stored food Low (1-4.0) 50.2% 22 17.2 10.6
Low-medium (4.1-5.0) 22.8 23.7 325 21
Medium-high (5.1-5.75) 19.3 21.5 28 31.2%
High (>5.75) 18.4 18.1 25 38.4*
Cooking the right quantities Low (1-4.0) 45.6% 25 18.2 11.3
Low-medium (4.1-5.75) 24 23.9 29.1 23
Medium-high (4.75-5.75) 219 19.7 32 26.3
High (>5.75) 17.1 16.8 25.7 40.4*
Using leftovers Low (1-4.17) 50.5% 21.5 16.6 11.5
Low-medium (4.18-5.33) 279 26.1 26.3 19.7
Medium-high (5.34-6.35) 19.2 20.3 30 30.5%
High (>6.35) 16.9 18.1 29.6 35.4*
Abilities
No difficulty with assessing food safety Low (1-4.34) 38.5% 25.9 20.1 15.6
Low-medium (4.35-5.67) 35.4% 18.7 26.4 19.5
Medium-high (5.68-6.67) 233 18.8 29.1 28.8%
High (>6.67) 15.8 21.8 27.7 34.7*
No difficulty with cooking creatively Low (1-4.34) 40.8* 26.7 20.3 12.2
Medium-low (4.35-5.67) 37.9* 20.2 21.3 20.6
Medium-high (5.68-6.34) 19.7 20.2 30.7 29.4*
High (>6.34) 16 18.6 30.5 34.9*
No difficulty with accurate planning Low (1-4.34) 40.8* 26.7 20.3 12.2
Medium-low (4.35-5.67) 37.9* 20.2 21.3 20.6
Medium-high (5.68-6.34) 19.7 20.2 30.7 29.4*
High (>6.34) 16 18.6 30.5 34.9*
Knowledge of prolonging shelf life Low (1-4.0) 49.1% 20.1 19 11.8
Medium-low (4.1-5.0) 22.7 24.8 28.4 24
Medium-high (5.1-6.0) 18.2 22 27.4 32.4*
High (>6.0) 19.9 16.2 29.8 34*
Education received from parents
Parents’ attention to preventing food waste ~ Low (1-4.67) 51.1% 21.3 17.2 10.3
Medium-low (4.7-5.67) 25.9 28.1 24.5 21.5
Medium-high (5.68-6.9) 19.4 19.9 29.9 30.8*
High (7.0) 16.9 18.7 30.7 33.7*

*p < 0.05 calculated performing the Chi-square test with Bonferroni correction.
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data that presently are available for the period 2005-2006 (39).
It is also true that these food habits combine health-promoting
aspects with environmental issues. The recommendation of a
consumption pattern that includes foods that preserve human
health and natural resources was one of the main objectives of
the last updated revision of the Italian dietary guidelines (19).
These guidelines provide recommendations aligned with the
most recent evidence not only on healthy eating but also on the
wider social and environmental implications of dietary choices
with the idea of promoting a food environment that contributes
to good public and personal health, as well as to local and global
environmental sustainability (40).

In addition, our results highlighted that most the Italian
consumers tried to adopt behaviors aimed at preventing and
reducing food waste during their daily life. Attention was paid
to avoiding generating food surplus, or otherwise storing them,
and then consuming the leftovers. This result was confirmed
in the assessment of Scalvedi and Rossi (11) in which the
attention of Italian consumers toward food waste, the habits of
consuming all foods that are cooked and using the leftovers was
already reported. Furthermore, similar data were reported by
Annunziata et al. (41) in an assessment of food waste behaviors
in Southern Italy in which the sub-sample that wasted less
reported reusing leftovers more than the group that wasted
higher quantities of food. Another aspect largely reported by
Italian consumers is the influence of education from parents as a
determinant of food waste preventive attitude. According to van
Geffen et al. (7) awareness of parents for food waste prevention
during the upbringing did not affect food waste levels directly.
However, a higher awareness during the upbringing led to a
better overview of the stored food, to cook precisely and to use
leftovers, confirming the results of the present assessment.

The results of this study need to be interpreted also in
consideration of the period of data collection. Even though
it was realized after the lockdown period-that in Italy was
gradually reduced from the 18th of May 2020-the pandemic
could have influenced dietary habits and food waste behaviors.
The effect of the COVID-19 pandemic had an impact on dietary
practices both negatively and positively throughout Europe.
Several studies reported an increase in the quality of the diet with
increased consumption of healthy foods that were, however,
associated with poor lifestyle outcomes such as weight gain
and limited physical activity (42, 43). In terms of food waste,
in a survey carried out during the most restrictive phase of
the containment measures against COVID-19 in Italy, the
awareness of food surplus and waste was reported by nearly 80%
of participants who claimed to have consumed all the food they
cooked and reported to have had the capacity to store surplus
and consume the leftovers (44). The consumers awareness
toward food waste during the pandemic period was confirmed
by other European studies (45-47). According to Principato
etal. (48), in Italy, the unexpected positive effect of the lockdown
caused by the pandemic was that most consumers threw away
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less food in comparison to the pre-pandemic situation with a
better implementation of food management practices (shopping
list, meal planning, etc.). In addition, the logistical difficulties
of grocery shopping experienced by consumers resulted in an
increased capacity for handling household food consumption,
with a reduction in the amount of food wasted. In light of these
points, our results on the avoidance of impulse buying together
with the reported cooking creativity could be the carryover effect
of the lockdown period, after which this data collection was
realized. Further assessments are needed to monitor the trends
to detect changes in food waste behavior.

This study has strengths and limitations. The strength of
this work is represented by the sampling methodology that
provided the national representativeness of the Italian adult
population in terms of gender, age, income, and education.
Another important added value of this assessment is the use
of a questionnaire that had already been tested in Italy. The
questionnaires were specifically designed to collect information
on HFWB and AIDGI as the main outcomes of the study, in
line with the pre-determined objectives. However, this kind of
study has a general limitation related to self-reported answers
that could affect the reliability of the responses. The food waste
behavior and the eating habits assessed were based on the
participants’ perceptions that may not reflect reality and the
answers could be influenced by the willingness of declaring
behaviors corresponding to socially desirable norms or healthy
food consumption practices. However, the large sample size,
the robustness of the methodology, and the confirmation of
our results with other similar surveys support the reliability of
the data collected.

In conclusion, the achievement of SDGs includes the
improvement of human health guaranteeing access to healthy
foods for all, and the reduction of food waste at the consumer
level. With this study, we demonstrated that in Italy these aspects
are correlated. Food waste is associated with nutrient wastage
and food waste reduction interventions can successfully address
food sustainability and nutrition quality. According to the
present paper, Italians that follow nutritional recommendations
are also consumers with higher attention toward the limitation
of food waste. This is a point to take into consideration while
planning nutrition education actions.

Food waste prevention and reduction are key aspects
of sustainability and a responsible food consumption
attitude. According to Springmann et al. (49), the inclusion
of sustainability of food choices into the nutritional
recommendations could be not only beneficial from a health
perspective but also necessary to meet global sustainability goals
and to stay within the environmental limits of the food system.
The results of the present study are in line with these points.

Considering the scarcity of data collected concerning AIDGI
and HFWB at the national level, this study could be considered
a benchmark for future monitoring assessments despite the
exceptional events that took place in 2020 due to the COVID-19

frontiersin.org


https://doi.org/10.3389/fnut.2022.1026829
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Grant and Rossi

pandemic. This data confirmed the importance of targeting the
younger age groups who are most in need of nutrition education
actions. The recent increase in young people’s awareness of
climate and environmental issues could be exploited to transmit
the message regarding the importance of combining healthy
food behavior and food waste issues as key elements to improve
the sustainability of their dietary choices.
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Introduction

The world population has been estimated to increase to over nine billion people by 2050
(United Nations, 2019), with the demand for animal-derived protein expected to rise at an
even higher rate (Godfray et al., 2010). Population growth in China has been associated with
a significant increase in meat consumption (Al-Ali et al., 2018). The required rise in global meat
production predicted in 2014 over the following 35 years was 72% (Wu et al., 2014). However,
animal-derived food, including beef, pork and poultry, is becoming increasingly expensive, in
both economic and environmental terms, and has increasingly been associated with depletion of
resources, emission of greenhouse gases, pollution and health issues. In the everyday life of the
future, meat cannot be consumed on the scale it is today.

The constant growth of the world’s population, food insecurity in some world regions as well
as an increasing demand for and rising cost of animal protein will require a significant increase of
food production and will place an unprecedentedly heavy burden on limited natural resources.
This will pose a major challenge for the agricultural food industry, which needs to account
for not only demographic and economic factors, but also issues related to a range of natural
resources, such as energy, land and water (Calicioglu et al., 2019). Environmental sustainability
will become a key issue, since unsustainable patterns of consumption and production are
causally related to the current planetary crises of biodiversity loss, pollution and climate change.
The United Nations Sustainable Development Goal #12 of ensuring sustainable consumption
and production patterns entails the transformation of energy and materials to maintain or
even improve human wellbeing without negatively impacting environmental resources (United
Nations, 2022). In the context of achieving environmentally sustainable food security worldwide,
edible insects as a future food for humans have become an issue of increasing interest
(Lange and Nakamura, 2021b). While insect consumption may provide various benefits, the
narrative of edible insects as a solution to resource challenges and hunger may be misleading.
Thus, the present opinion piece argues that the presence of high-quality protein and various
micronutrients as well as potential environmental and economic benefits may render edible
insects globally a food for the future and an environmentally sustainable solution to malnutrition
and food insecurity. However, scaling up the farming of insects, including more efficient
breeding and ecologically friendly rearing methods, may not necessarily result in sustainability
or more food resources for all. Edible insect products in a global market may become novel
ingredients used to provide new snacks for overfed consumers.

Insects as food source

Insects are one of numerous food sources that have been consumed throughout the history
of human development (Pager, 1976; Backwell and d’Errico, 2001). Edible insects have been an
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important source of protein, fat and micronutrients in otherwise
plant-based diets (Rothman et al., 2014), and insect eating is, to
various degrees, common in all primates (McGrew, 2014). Today, the
eating of insects remains popular in many regions worldwide (mainly
Central and South America, sub-Saharan Africa and Southeast Asia),
with regular consumption of edible insects estimated to form part
of traditional diets of more than two billion people (van Huis et al.,
2013).

Edible insects are a promising source of macronutrients and
micronutrients. The available evidence suggests a high nutritional
value of insects, since they are rich in protein, fat, vitamins, minerals
and fibre (Lange and Nakamura, 2021a). The amount of protein and
various types of lipids in insects depends primarily on species, type of
diet and stage of metamorphosis (van Huis et al., 2013). The protein
content of insects is in the same range as that of beef and pork (40—
75 g/100 g dry weight) (Istituto Nazionale della Nutrizione, 1989).
Insect consumption can contribute to the total intake of protein
and various amino acids and may therefore enhance nutritional
quality in the human diet (Bukkens, 1997). Most species of edible
insects, such as yellow mealworm beetle, black soldier fly, housefly
and house cricket, meet the amino acid content (e.g., phenylalanine,
tyrosine, tryptophan, threonine and lysine) recommended by the
World Health Organisation (World Health Organization, 2007). The
total fat content of insects has been found to range from 2 to 62%
(Williams et al., 2016). The fatty acid profile of insects is similar to that
of animal fats and vegetable oils (Tzompa-Sosa and Fogliano, 2017).
Compared to beef and pork, however, insects are particularly rich
in unsaturated fatty acids, with some insect species containing up to
75% of total fatty acid content (Rumpold and Schliiter, 2013; Tzompa-
Sosa et al., 2014). The composition of omega-3 polyunsaturated and
some other fatty acids in mealworms is comparable to that found
in fish and higher than that in pig and cattle. The omega-6/omega-
3 fatty acid ratio can be influenced by diet (Lange and Nakamura,
2021b). Edible insects are also an important dietary source of fibre,
since the exoskeleton of many insects consists of chitin. Edible insects
appear to be a promising source of food bioactives, such as minerals,
polyunsaturated fatty acids and fibre, and may be able to provide
a wide range of food supplements and functional food ingredients
for specific purposes. However, in view of the very large number of
edible insect species and the many factors affecting their nutrient
and bioactive content, generalisable conclusions concerning their
nutritional value and potential health-promoting properties cannot
be drawn.

Environmental benefits of edible insects

Major environmental benefits of edible insect production are
related to the relatively high feed-to-meat conversion rate, with
insects converting plant proteins to insect proteins far more
efficiently than other animals (Deroy et al., 2015). While crickets
require <2 kg of feed for every 1 kg of bodyweight gain (Collavo et al.,
2005), the average amount of feed required to produce an increase in
bodyweight by 1 kg is 2.5 kg for chicken, 5 kg for pork and up to 10 kg
for beef (Smil, 2002). A further advantage of insects as a food source is
the high percentage of the animal that can be consumed. Up to 80% of
a cricket is edible for humans, compared to 55% for pigs and chickens
and 40% for cattle (Nakagaki and de Foliart, 1991).
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With respect to sustainability, a major advantage of edible
insects is the viability of farming them wusing organic food
waste, such as compost, manure or vegetable waste not suitable
for human consumption, which may decrease environmentally
damaging contamination. The food waste used for rearing insects
provides an attractive approach to closing the loop of the food value
chain in a sustainable circular economy (Ojha et al., 2020). Using
organic side streams as insect feed can also increase the profitability
of insect farming (Offenberg, 2011). However, the use of this form
of waste may result in a reduction in growth and nutrient efficiency
(Smetana et al., 2016). Moreover, mortality rates of crickets may
increase when organic waste is used as feed (Lundy and Parrella,
2015).

Edible insects appear to be more climate-friendly than cattle,
pigs or chickens, since they require less space and water to grow
and develop and cause fewer greenhouse gas emissions. Food
production in its present form can be expected to result increasingly
in deforestation, environmental degradation and greenhouse gas
emissions. The large-scale facilities producing livestock and fish
incur huge environmental costs (Tilman et al., 2002; Fiala, 2008).
Land use, in particular, will become a critical factor. The raising of
livestock, accounting for over 70% of agricultural land use worldwide
(Food Agriculture Organization of the United Nations, 2009), will
increasingly contribute to the environmental problems, since the
decrease in land available for agriculture as a consequence of climate
change is likely to exacerbate food insecurity (Lloyd et al, 2011;
Premalatha et al., 2011).

The ever-increasing demands on water supply will threaten global
biodiversity as well as agricultural output and food production. Up to
70% of freshwater is used worldwide for agriculture (Pimentel et al.,
2004), with meat production requiring particularly large quantities
of water. The volume of water required for producing 1kg of meat
has been estimated to be 2,300 L for chicken, 3,500 L for pork and
22,000-43,000 L for beef (Chapagain and Hoekstra, 2003; Pimentel
et al., 2004). The amount of water needed to produce 1kg of edible
insects is thought to be considerably lower (van Huis et al., 2013).

Livestock rearing has been estimated to produce 18% of
greenhouse gas emissions, which is higher than emissions produced
by the transport sector (Steinfeld et al., 2006). Insects appear to emit
substantially smaller amounts of greenhouse gases and ammonia
than cattle or pigs. The emissions of carbon dioxide, methane and
nitrous oxide resulting from the farming of edible insects have been
found to be lower by a factor of 100 per kg of weight in comparison
with cattle (Oonincx et al, 2010). Manure and urine (ammonia)
also contribute to environmental pollution and cause nitrification
and soil acidification (Aarnink et al., 1995). Ammonia emissions of
edible insects compare favourably to pigs, with a tenfold difference
(Oonincx et al., 2010).

Possible problems of sustainable edible
insect production

Despite the wide range of potential benefits of insect
consumption, the narrative of edible insects as the solution to
malnutrition and hunger as well as to resource and climate
challenges or even as “the last great hope to save the planet” (Martin,
2014) is misleading. While insects can provide nutritious and
sustainable food for a growing population, they are not a panacea.
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Various problems may be associated with the sustainable production
of edible insects. While they were believed to be an inexhaustible
natural resource in the past (Schabel, 2006), some populations of
insects are currently under threat of extinction due to their collection
by humans (Ramos-Elorduy, 2006). Since several edible insect
species are predated on by other insects and animals, a decrease in
their numbers may have adverse effects on other insect populations
and a wide range of ecosystem functions. For example, collecting
edible insects may threaten essential ecosystem services, such as
pollination, composting and pest control (Losey and Vaughan,
2006). In order to preserve wild insect populations and to avoid
overexploitation, with the number of collected insects exceeding
the capacity for regeneration capacity (Cerritos, 2009), the use of
edible insects as a sustainable food source requires large-scale insect
farming (van Huis et al., 2013). Whether scaling up the production of
edible insects, with associated requirements including feed, energy,
processing and transportation will involve unforeseen environmental
costs and will, in fact, prove to be more sustainable than traditional
livestock rearing remains to be seen. Sustainability in this context
may be a property of mass production rather than of organisms. The
current destructive food production methods should not be replaced
by equally harmful new production systems for insect-based foods.
Future research is therefore required to compare the sustainability
and environmental impacts of large-scale farming of edible insects
with those of existing farming practices.

Questions regarding insects as
sustainable food source

Many questions regarding the use of edible insects as a sustainable
food source remain to be answered. The future sustainability
and environmental impact of large-scale rearing, harvesting and
producing of edible insects is largely unknown and needs to be
investigated in more detail in order to allow comparisons with
traditional livestock raising and farming practices. In particular,
suitable insect species and their requirements (feeding, housing,
animal health and welfare) (Berggren et al., 2019) as well as
processing, transport and storage conditions of insect-based foods
need to be studied. Our knowledge of food safety in relation to
insects for human consumption and of potential hazards of the
intake of insects is limited. In common with other animal and
plant-based foods, edible insects could be associated with various
health risk factors, such as allergens, anti-nutritional compounds,
food contaminants (e.g., mycotoxins, pathogenic microorganisms)
and chemical residues (e.g., pesticides, heavy metals) (Lange and
Nakamura, 2021b). This requires further consideration and research.

The potential socio-economic benefits of insect farming on
improving food security in low-income countries requires further
study. Once edible insects become a commodity in global markets,
they may, like soy, serve as feed for livestock rather than food
for humans and may therefore not benefit vulnerable populations.
Cricket powder has become an ingredient of novel snacks for higher-
income consumers, while low income individuals collecting and
selling insects do not eat this nutritious food themselves. For example,
increasing demand for insects from city-dwellers in Thailand led
to the import of insects from bordering low-income countries with
higher rates of malnourishment. Thus, the major source of protein of
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rural peasants in Cambodia, Laos and Myanmar is consumed mainly
as snacks by well-fed urban people in Thailand (Miiller et al., 2016).

A major obstacle to the inclusion of insects in human diets
is consumer acceptance in western societies. The advantages of
edible insects cannot be realised if people do not choose to eat
them. In Europe and North America, insect consumption is viewed
with feelings of disgust and is associated with a precarious and
primitive lifestyle (Rozin and Fallon, 1987; Vane-Wright, 1991).
Food disgust and aversion to insect consumption is mainly rooted
in culturally determined food habits and can be attributed to
prejudice (Mela, 1999). The question of whether people in western
countries are willing to incorporate insects into their daily diet
therefore depends on learning to tackle negative attitudes towards
them by making edible insects available and educating the general
public. Various approaches have been used to convince people that
insects are palatable and thus influence consumer choices towards a
favourable outlook on insects as a food source (Lange and Nakamura,
2021b). These include educational exhibitions in museums and zoos,
combinations of educational talks and experience of insect eating,
gastronomic activities, such as insect snacks and menus in bars
and restaurants, as well as edible insect cookbooks. Experimental
experience has confirmed the effectiveness of “bug banquets” in
overcoming disgust towards edible insects (Lange and Nakamura,
2021b).

Furthermore, environmental sustainability appears not to be
the main factor influencing acceptance and consumption of insect-
based foods, but taste, price and availability (Berger et al., 2018;
House, 2018). In consequence, the edible insect industry may forego
sustainability measures, and the potential of insects as a sustainable
food alternative might be diminished. In addition, the very high
cost of cricket products, reflecting high demand and low supply,
renders them currently an unlikely alternative to conventional
protein sources.

In addition, the limited knowledge of food safety in relation to
the use of insects in food production is likely to be a barrier to
the introduction and promotion of edible insects as human food
in western countries (Lange and Nakamura, 2021b). Risk factors to
human health associated with the intake of edible insects include
allergens as well as biological and chemical hazards. Both prevalence
and concentration of contaminants in edible insects are influenced by
species, stage of harvest, feed substrate and production methods. The
use of hazard-free feed substrate is essential in improving the food
safety of edible insects.

Conclusion

In summary, while food production will need to grow
substantially in the future in order to meet the need for global
food security, the environmental footprint of agricultural production
systems has to be reduced dramatically. Amending diets by including
edible insects in human consumption can markedly halt agricultural
expansion for livestock production and may solve the dilemma
of increasing population and consumption. Furthermore, edible
insects could provide an eco-friendly and sustainable production
approach and a nutritional profile beneficial to consumer health.
The nutritional quality of edible insects appears to be equivalent or
even superior to that of common animal-derived foods. Compared
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to cattle and pigs, insects have a faster growth rate, a higher feed-to-
food conversion efficiency, lower requirements for space and water
as well as lower emissions of greenhouse gas and ammonia. It seems
ironic that we invest energy, land and water in growing lower-
quality protein, which requires more input than insects. Money is
spent worldwide to save crops containing only 14% plant protein by
killing another food source (insects) whose protein content in dry
insect matter can be as high as over 70% (Premalatha et al., 2011;
Rumpold and Schliiter, 2013). Large-scale production of insect-based
foods may help solve the looming global food insecurity problem and
contribute to accomplishing the sustainable development goals set by
the United Nations.
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of Poultry and Fish Diseases, Faculty of Veterinary Medicine, Alexandria University, Alexandria, Egypt

Valorising waste from the processing of fishery and aquaculture products into
functional additives, and subsequent use in aquafeed as supplements could be a
novel approach to promoting sustainability in the aquaculture industry. The present
study supplemented 10% of various fish protein hydrolysates (FPHs), obtained
from the hydrolysis of kingfish (KH), carp (CH) and tuna (TH) waste, with 90% of
poultry by-product meal (PBM) protein to replace fishmeal (FM) completely from
the barramundi diet. At the end of the trial, intestinal mucosal barriers damage,
quantified by villus area (VA), lamina propria area (LPA), LPA ratio, villus length (VL),
villus width (VW), and neutral mucin (NM) in barramundi fed a PBM-based diet was
repaired when PBM was supplemented with various FPHs (p<0.05, 0.01, and 0.001).
PBM-TH diet further improved these barrier functions in the intestine of fish (p<0.05
and 0.001). Similarly, FPHs supplementation suppressed PBM-induced intestinal
inflammation by controlling the expression of inflammatory cytokines (tnf-a and il-
10; p<0.05 and 0.001) and a mucin-relevant production gene (i-mucin c; p<0.001).
The 16S rRNA data showed that a PBM-based diet resulted in dysbiosis of intestinal
bacteria, supported by a lower abundance of microbial diversity (p<0.001) aligned
with a prevalence of Photobacterium. PBM-FPHSs restored intestine homeostasis by
enhancing microbial diversity compared to those fed a PBM diet (p<0.001). PBM-
TH improved the diversity (p<0.001) further by elevating the Firmicutes phylum and
the Ruminococcus, Faecalibacterium, and Bacteroides genera. Muscle atrophy,
evaluated by fiber density, hyperplasia and hypertrophy and associated genes
(igf-1, myf5, and myog), occurred in barramundi fed PBM diet but was repaired
after supplementation of FPHs with the PBM (p<0.05, 0.01, and 0.001). Similarly,
creatine kinase, calcium, phosphorous, and haptoglobin were impacted by PBM-
based diet (p<0.05) but were restored in barramundi fed FPHs supplemented diets
(p<0.05 and 0.01). Hence, using circular economy principles, functional FPHs could
be recovered from the fish waste applied in aquafeed formulations and could
prevent PBM-induced intestinal dysbiosis and muscular atrophy.

bioactive peptides, animal protein, mucosal barriers, bacteria diversity, muscle atrophy,
sustainable aquaculture
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GRAPHICAL ABSTRACT

Introduction

The transformation of fish waste produced by fish processing
industries into value-added products such as FPHs, and subsequent
utilization in aquafeed, has been an emerging research area in light of
the circular economy (1). Such a strategy could potentially result in
recycling some of the 1.3 billion tons of food waste produced globally
(2) and 7.3 million tonnes waste produced each year in Australia (3).
It has been estimated that approximately 100,000 tonnes of waste are
produced by seafood industries in Australia every year (4), and an
estimated AUD, 15 million per annum, is required for disposal (5).
High-quality FPHs, characterized by a well-balanced amino acid
composition and an abundance of low molecular weight peptides, can
be produced from fish processing waste. Such FPH has been
considered a suitable immunostimulant for human and animal
nutrition (1, 6). Adding a smaller quantity of FPHs has been reported
to enhance the palatability of aquafeed, thereby improving the growth
and health of aquaculture species (1, 7). The presence, by
supplementation, of sufficient bioavailable nutrients in FPHs, has been
reported to compensate for nutritional shortcomings of low-quality
alternative plants (7) and animal protein aquafeed ingredients (1, 8).

The feasibility of using alternative animal protein aquafeed sources,
including PBM, has been investigated for decades in order to facilitate the
replacement of FM, a finite and high-cost conventional protein source
(9). PBM has been well researched due to its high protein content and
amino acid balance similarity close to FM and higher than plant protein
sources (10). There has been significant success in the commercial
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application of PBM and aligned oil in Australia and New Zealand (10,
11). However, the major reason for the historically limited use of PBM on
a world scale, as with many animal by-product proteins, is the variation
in nutritional composition from batch to batch and among suppliers. This
variation has major implications for aquafeed producers due to affecting
the biological quality and utilization of the finished feed (9). There is a
good number of studies on incorporating PBM in aquafeed formulation
with various successes for finfish and crustacean aquaculture (9). One
study reported that barramundi fed with high inclusion levels of PBM
demonstrated disruption of mucosa barrier functions in the gills and
intestine (11). Mucosal barrier functions are important in maintaining
cellular and tissue homeostasis (12-14), thereby maintaining intestinal
homeostasis, which is directly linked to growth performance and health
status of farmed teleost fish (15, 16). Impairment of the fine-tuned
intestinal mucosal barrier aggravates intestinal mucosal permeability,
contributing to the invasion of pathogenic bacteria and intestinal
inflammation of fish (17). Similar to this reported response of barramundi
to PBM-based diets, several other studies found that high inclusion of
alternative proteins stimulated intestinal dysbiosis by damaging mucosal
barriers and stimulating inflammatory responses (18-21).

Such shortcomings of incorporating low-quality alternative
proteins into aquafeed could potentially be overcome by complementing
with functional additives such as FPHs. For example, supplementation
of FPHs ameliorated the quality of PBM, resulting in improved growth
performance, immune response, and gut health of barramundi (1, 8).
Similarly, 10% of FPH supplemented with 80% of plant protein in the
diet of Atlantic salmon, Salmo salar, resulted in a significant increase in

frontiersin.org


https://doi.org/10.3389/fnut.2023.1145068
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Chaklader et al.

growth performance and health (7). Supplementation of FPH also
benefited the overall immunity of largemouth seabass, Micropterus
salmoides, increased anti-inflammatory cytokines (tgf-# and il-10), and
reduced pro-inflammatory cytokines (il-8), (22). In alternative protein
studies, it is important to understand the interaction between intestinal
mucosal barrier functions, microbiota, and anti-inflammatory
cytokines in maintaining intestinal homeostasis. This area has not been
well-researched in barramundi nutritional studies.

Intestinal mucosal barrier damage and inflammation are reported
to be linked with intestinal microbial composition. Like many other
factors, the balance of bacterial composition can be reshaped or altered
by dietary modification (23, 24), which in turn influences the mucosal
barrier maturation and development of fish. Several studies have
observed a stimulatory effect of alternative aquafeed protein sources on
gut dysbiosis of aquaculture fish (25). It is of interest, therefore, to
examine the gut microbial composition when functional ingredients,
such as FPHs, are added to ameliorate the quality of low-quality
alternative protein. This analysis can be completed with deep
surveillance by high-throughput 16S rRNA, a new powerful approach
of next-generation sequencing technologies independent of culture-
based techniques (23, 26). FPHs supplementation could be a good
strategy to maintain intestinal homeostasis by reshaping the bacterial
composition since FPHs containing essential amino acids are a good
natural source of nitrogen required for the growth of gut microbiota
(27). Also, FPHs have been reported to proliferate bacterial composition
by accelerating the activity of amino peptides and proteases in bacteria
(28). One of the most beneficial effects of FPH is the reduction of
pathogenic bacteria with a concurrent increase in the growth of
beneficial bacteria, as described in the review of Aloo and Oh (29). Our
previous study found that supplementing tuna hydrolysate with PBM
enhanced the bacteria diversity in the intestine of barramundi (8). In
addition, plant protein influenced opportunistic bacteria, in particular,
Aeromonas bacteria, in the same species, but the abundance of
Aeromonas decreased when supplemented with FPHs (30).

In addition to the negative effect of replacing FM with PBM or
other alternative protein sources on barramundi gut health, a
PBM-based diet also caused a histopathological change, myotome
necrosis, in the barramundi muscle (11). Previous studies in our
laboratory found negative effects of plant protein on muscle
microstructure and creatinine kinase production, associated with
muscle damage and thereby impacting the muscle health of
barramundi (31, 32). However, no single study is dedicated to
understanding the potential effect of FM free diet on the interaction
between muscle damaging enzymes, muscle micromorphology, and
muscle health-relevant genes. Largely overlooked parameters
contributing to muscle growth are hyperplasia (recruitment of new
muscle fiber) and hypertrophy (growth of existing fiber), the main
determinants of fish growth, which have been reported to be regulated
by nutrients in juvenile fish (33, 34). For instance, dietary
supplementation of threonine, methionine and tryptophan influences
the hyperplasia and hypertrophy of various fish species (33, 34).

The comparison of various FPHs derived from marine and
freshwater fish waste was the first attempt to evaluate the efficacy of
FPHs in preventing the negative effect of completely replacing FM
with PBM. Hence, the present study investigated the effect of various
FPHs supplementation with PBM on intestinal homeostasis and
muscle growth in juvenile barramundi. Intestinal homeostasis was
evaluated by intestinal microbiota composition and anti-inflammatory
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cytokine expression, while muscle growth was determined by the
extent of hyperplasia and hypertrophy. To our knowledge, this is the
first study on the effect of PBM on the muscle growth of barramundi
specifically and the complementary effect of FPH on preventing
negative effects on muscle growth induced by PBM.

Materials and methods
Ethical statement

All experimental procedures involving fish were conducted at
Curtin Aquatic Research Laboratory (CARL), subsequent to review
and approval by the Animal Ethics Committee of Curtin University
(ARE2018-37) in strict accordance with the guidelines and regulations
in Australia for the care and use of animals.

Experimental diet and fish husbandry

Details of the feed formulation (Table 1) and fish rearing protocol
have been described in our previous articles (1, 11). All hydrolysate
produced from fish waste was freeze-dried, and the molecular weight
distribution is presented in Table 2. The peptide analysis protocol was
determined by size exclusion chromatography of proteins, as illustrated
in our previously published article (1). Briefly, five test diets were
formulated, including a FM-based diet (Control), a PBM-based diet
(PBM) and supplementation of 10% yellowtail kingfish, Seriola lalandi
hydrolysate (KH), carp hydrolysate, Cyprinus carpio (CH) and southern
bluefin tuna, Thunnus maccoyii hydrolysate (TH) respectively with 90%
of PBM (designated as PBM-KH, PBM-CH, and PBM-TH). For feed
preparation, all the dried ingredients were weighed, and mixed
homogenously; thereafter, oil was added and mixed thoroughly.
Distilled water was then gradually added to make a stiff dough which
was passed through a mincer to produce pellets. Pellets were dried in an
oven for 36 h at 60°C and stored in the refrigerator (4 C) in plastic bags.

Following acclimatization in aligned experimental systems, 25
fishes were stocked in replicated tanks containing 250 L sea water (375
fish in 15 tanks). Water quality, including DO, temperature, and other
parameters, was maintained at an optimal level by an aerator, electric
heater, and external bio-filter. Ammonia nitrogen and nitrite were
checked by commercial kits and maintained at <0.50 mgL™" by water
exchange. Experimental diets were fed to fish until visual satiety twice
daily, at 8.00am and 6.00 pm, respectively, over a period of 42 days.
After 42 days post-feeding, fish were bulk-weighed and counted to
estimate the growth performance of fish.

Histological analysis

Two hindgut and muscle tissue samples per tank were collected
from euthanised (AQUI-S®, 175mg/L) fish that were used for other
biometry indices reported in our previous trials (1, 11). Tissue samples
were immediately fixed in 10% neutral buffered formalin and slides
were prepared following standard protocol for histological analysis.
Hindgut tissue was stained with Periodic Acid-Schiff (PAS) to visualize
neutral mucus-producing mucin cells, while muscle tissues were
stained with Hematoxylin and Eosin (H&E). All slides were subjected
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TABLE 1 Feed formulation and nutritional composition of experimental diets from our previous studies (1, 11).

Diets
Ingredients (g/100g) Control PBM+KH PBM+CH PBM+TH
‘PBM* 0.00 69.50 61.40 61.40 61.40
sKH 0.00 0.00 9.50 0.00 0.00
"CH® 0.00 0.00 0.00 9.00 0.00
ITH® 0.00 0.00 0.00 0.00 11.80
fTuna FM¢ 72.00 0.00 0.00 0.00 0.00
Canola oil® 1.00 3.00 3.00 3.00 3.00
Cod liver oil® 0.50 6.00 6.00 6.00 6.00
Corn/wheat starch® 7.00 7.00 3.00 5.00 5.00
Lecithin—Soy (70%)¢ 1.00 1.00 1.00 1.00 1.00
Vitamin C¢ 0.05 0.05 0.05 0.05 0.05
Dicalcium phosphate® 0.05 0.05 0.05 0.05 0.05
Methionine 0.00 0.40 0.00 0.00 0.00
Wheat (10 CP)* 16.90 11.50 13.50 12.00 9.20
Vitamin premix* 0.50 0.50 0.50 0.50 0.50
Cholesterol® 0.00 0.00 2.00 2.00 2.00
Salt (NaCl)® 1.00 1.00 0.00 0.00 0.00
Proximate composition (dry matter)*
Crude Protein (%) 47.88 47.86 48.00 47.71 47.87
Crude Lipid (%) 10.59 12.71 10.73 10.71 10.66
Moisture
Ash

*Kindly provided by Derby Industries Pty Ltd T/A, Talloman Lot Lakes Rd, Hazelmere WA 6055. "SAMPI, Port Lincoln, Australia. ‘Specialty Feeds, Glen Forrest Stockfeeders, 3150 Great
Eastern Highway, Glen Forrest, Western Australia 6071. “Determined according to Association of Official Analytical Chemists (AOAC). “Poultry by-product meal (PBM): 67.13% crude
protein, 13.52% crude lipid and 13.34% ash. ‘Fishmeal: 64.0% crude protein, 10.76% crude lipid and 19.12% ash. #Kingfish hydrolysate (KH): 57.07% crude protein, 31.98% crude lipid, 2.55%
moisture and 0.29% ash. "Carp hydrolysate (CH): 59.01% crude protein, 12.89% crude lipid, 0.73% moisture and 46.21% ash. "Tuna hydrolysate (TH): 58.4% crude protein, 1.05% crude lipid
and 11.3% ash.

TABLE 2 Molecular weight (%) of kingfish hydrolysate (KH), carp
hydrolysate (CH), and tuna hydrolysate (TH) (1).

at —80°C until analysis. All genes expression analysis associated with
intestinal inflammation (¢nf-a and il-10), intestinal defense (i-mucin
¢), and muscle growth (igf-1, myf5, and myog) were conducted in the

Molecular weight Hydrolysates
(Da) present study. The forward and reverse primers were designed from
CH the known nucleotide sequence of barramundi, Lates calcarifer. During
>10,000 55 32 1.8 primer design from the predicted sequence, the primer sequences were
10,000-5,000 1.9 1.1 6.8 checked and confirmed using the sequence read achieve (SRA) blast
in NCBI (National Center for Biotechnology Information). All the
5,000-1,000 223 45.0 36.8
primer sequences with their product size, melting temperature (Tm),
1,000-500 313 131 27 and GenBank accession number were given in Table 1. The expression
500-238 18.1 15.9 16.8 analysis was performed by Quantitative real-time PCR following the
<2382 207 116 15.2 method described in our previous study (1). Briefly, the protocols of

manufacturer’s different test kits including RNeasy Mini Kit (Qiagen,
Hilden, Germany), Turbo DNase-free Kit (Thermo Fisher,
United States), RNeasy MiniElute Cleanup Kit (Qiagen, Hilden,
Germany), and Omnicript RT kit (Qiagen, Hilden, Germany) were
followed to extract RNA, digest DNA, purify RNA, and synthesize first
strand ¢cDNA, respectively. Following qRT-PCR analysis using
PowerUp™ Cyber Green Master Mix (Thermo Scientific,
United States) with 7500 Real-Time PCR System (Applied Biosystems,
United States), 22T was used to calculate the relative expression of

to light microscopy (BX40F4, Olympus, Tokyo, Japan) to take images.
Hindgut mucosal morphology were determined by ImageJ software.

Gene expression analysis

The collected intestinal and muscle tissue from the euthanized

(175mg/L AQUI-S®) barramundi were kept in Eppendorf containing
RNA-later (Thermo Scientific, United States) and immediately stored
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genes against the ef-Ia which was more stable than other reference
genes (f-actin) analyzed in the present study (Table 3).
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TABLE 3 Primers of tumor necrosis factor-o (tnf-a), interleukin-10 (i(-10), i-mucin C, insulin like growth factor-1 (igf-1), myf5, myog and elongation

factor-1a (ef-1a) genes used in qPCR.

Genes Primer sequence Tm (°C) Product size (bp) Accession no.

inf-a F: GAGTTTACCACCGGGAATCG 60.5 163 XM_018704368
R: CCTTTGTCGAACCATCCAGC

il-10 F: CTGATGCCTCACATGGAGTC 60.5 175 XM_018686737
R: GCAGATCCAGTTCACCCATG

i-mucin ¢ F: CCAACAACTACTACTGCTGC 58 147 XM_018670824
R: GGTTGTAAGTGCTGCCATTG

igf-1 F: ACGCTGCAGTTTGTATGTGG 58.4 157 EU136176.1
R: CTTAGTCTTGGGAGGTGCA 57.5

myfs F: GCAATGCCATCCAGTACATC 58.4 167 XM_018661930
R: TGCATTCACCTGTTGCCACA

myog F: AGGAAGACAGTGACCATGGA 58.4 175 XM_018685841
R: GCAGCCTTTCGATATACTGG

ef-la F: AGGAAGTGAGCACCTACATC 58.4 122 GU188685
R: CTTGAACCAGGGCATCTTGT

Hindgut microbiota

Gut DNA extraction

Bacterial DNA from fish samples was extracted using a Blood and
Tissue Kit (Qiagen, Hilden, Germany). The DNA extraction was
performed following the manufacturer’s instructions with additional
beads disruption and homogenization using a tissue lyser II (Qiagen,
Hilden, Germany). Briefly, the hindgut digesta were collected inside
a Dbiosafety cabinet, transferred into 1.5mL Eppendorf, and
resuspended in 100 pL of physiological phosphate-buffered saline
(PBS). After homogenization, samples in Eppendorf were centrifuged
briefly, and the protocol of the Blood and Tissue Kit was followed. The
DNA concentration was measured in a Nanodrop Spectrophotometer
2000cc (Thermo Fisher Scientific, United States). An even
concentration of 50 ng/pL was achieved through dilution with DEPC-
treated water (Thermo Fisher Scientific, Waltham, United States).

Amplicon sequencing

The V3V4 region of the 16S rRNA gene was amplified with Illumina
overhang adapter in 35cycles of PCR using a S1000 Thermal Cycler
(Bio-Lab Inc., United States) as described previously. Positive amplicons
in 1% agarose gel were purified using AMPure Beads, indexed with
Nextera® XT Index Kit (Illumina) as described in Illumina 16S
Metagenomic Sequencing Library Preparation. Samples were sequenced
in a MiSeq platform (Illumina) using V3 kit (600 cycles).

Sequence data processing

Raw sequences were imported in giime2 (v2021.11) for paired-end
processing of reads. Deionizing was performed in the DADA2
algorithm implemented in giime2. Quality trimming of demultiplexed
reads was performed using a q2-DADA2 plug-in with the following
parameters: -p-trim-left-1 0; -p-trunc-len-f 280; -p-trim-left-r 0; and
-p-trunc-len-r 220. Chimeric sequences and reads with more than five
expected errors were filtered out. Most non-chimeric reads (92%) were
merged and assigned to feature frequency amplicon sequence variants
(ASVs) representing the biological feature of amplicon sequences. The
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feature ASV table was filtered based on the lowest non-zero frequency;,
150. Taxonomic classification of ASVs was performed using the
consensus BLAST classifier method against SILVA 138 release.
Chloroplast and mitochondrial sequences were removed. Clostridium
sensu stricto 1 was renamed as Clostridium, whereas uncultured,
unclassified and ambiguous taxa were grouped into other bacteria.
Each sample was rarefied to an even depth of 12,376 for further
analysis of alpha-beta diversity and microbial composition.

Bioinformatic and statistical analysis

Downstream bioinformatic and statistical analysis were performed
in R software (v4.22; R Core Team, 2013). Alpha-beta diversity analysis
was performed using phyloseq (35), microbiomeSeq,' microbiome,
and vegan R packages. Alpha diversity was measured in terms of
observed species, Shannon, and Simpson indices. The Kruskal-Wallis
rank test was used to compare diversity measurements among groups.
Weighted (relative abundance) and unweighted (presence-absence)
UniFrac distance metrics were considered for the visualization of beta-
ordination. Permutational multivariate analysis (PERMANOVA) for
beta-dispersion with 1,000 permutations was performed using the
vegan R package (36) to visualize the feeding effect on gut microbiota.
Shared, unique, and core genera in different groups were identified
using MicEco, Euler, and microbiome R packages. The relative
abundance of bacteria at various taxa levels was calculated with the
phyloseq R package. Linear Discriminant Analysis Effect Sizes (LEfSe)
at a LDA cut-off value of >2.0 was employed to identify differentially
abundant bacteria in five different diet groups using the Microbiome
Marker R package. p value of >0.05 was considered as statistically
significant at every phase of the data analysis. The raw sequence data
in fastq format have been deposited to the National Center for

1 https://github.com/umerijaz/microbiomeSeq

2 https://github.com/microbiome/microbiome
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Biotechnology Information (NCBI) and are currently available under
the BioProject accession number PRINA909982.

Serum metabolites

Blood collection protocols from three fish/tank were described
in our earlier study (1). Following blood collection using from
anesthetized barramundi (8 mg/L of AQUI-S®) by puncturing the
caudal vein, blood was allowed to clot for 4h on ice and then
centrifuged to separate the serum. The collected sera were preserved
at —80°C for further analysis. Creatine kinase (CK; OSR6179)
calcium (OSR60117), Mg (OSR6189), inorganic phos (OSR6122),
iron (OSR6186), gamma-glutamyltransferase (GGT; OSR6020), and
albumin (catalog code OSR6102) were run on a AU480 Clinical
Chemistry Analyzer (Beckman Coulter Australia Pty Ltd., Lane
Cove West, NSW) using Beckman Coulter clinical chemistry Kkits.
A phase haptoglobin assay kit was used to analyze serum
haptoglobin following the manufacturer’s instructions (Tridelta
Development Ltd., Co. Wicklow, Ireland).

Statistical analysis

Unless stated otherwise, all results were represented as
mean + SE. Normality and equal variances of all data were checked by
Shapiro-Wilks and Levene’s tests and transformed if necessary. The
influence of experimental diets with respect to control were compared
by one-way variance analysis (ANOVA) with Dunnett’s multiple
comparisons test. The significance level was set at p<0.05, p<0.01,
and p<0.001.

Results

Intestinal mucosal barriers and
inflammatory response

Intestinal quantitative measurements and inflammatory responses
in barramundi-fed the various test diets are presented in Figure 1.
Barramundi fed a PBM-based diet showed a significantly lower villus
area (VA; p<0.01) when compared to those fed the control diet
(Figure 1B). Supplementing various FPHs attenuated the negative
effects of replacing FM completely with PBM, as supported by
comparable VA in barramundi-fed PBM supplemented with FPHs to
control fed barramundi (p>0.05) and a significantly higher VA in
barramundi-fed PBM-TH (p <0.05) when compared to the PBM-only
based diet (Figure 1B). However, lamina propria area (LPA; p<0.01)
and LPA ratio (p<0.001) increased significantly in barramundi-fed a
PBM-based diet but were similar in barramundi-fed PBM-FPHs based
diets when compared with those fed the control diet (Figure 1B;
p>0.05). Meanwhile, LPA (p<0.01) and LPA ratio (p<0.001) were
significantly lower in barramundi-fed PBM supplemented with FPHs
than those fed a PBM-based diet.

Poultry by-product meal-based diet negatively affected the villus
length (VL), villus width (VW), and neutral mucin (NM; p<0.001;
Figure 1C), which all improved in the intestine of barramundi-fed PBM
supplemented with various FPHs when compared with the PBM-based
diet (p<0.05 and 0.001). Total intestinal wall (TTW), muscularis thickness
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(MU), muscularis externa (ME), muscularis interna (MI), and submucosa
(S; Figure 1E) were unaffected by test diets (p>0.05).

The expression level of tnf-a increased significantly in the intestine
of barramundi fed PBM-based diet (p <0.001) but supplementation of
FPHs regulated the expression level of tnf-a, supported by a
comparable expression level of tnf-a as observed in control fed
barramundi (p <0.001). il-10, an anti-inflammatory cytokine, showed
a significantly lower expression in the intestine of barramundi fed the
PBM-based diet (p <0.05), but the expression levels of il-10 improved
significantly in barramundi fed PBM diets supplemented with FPHs
when compared to those fed the PBM-based diet (p<0.05).
Barramundi fed PBM supplemented FPHs diets showed a similar
expression level of il-10 when compared with the control (p>0.05).
i-mucin ¢ showed a similar response to il-10, with a lower expression
in barramundi-fed the PBM-based diet (p < 0.01). i-mucin ¢ expression
improved when FPHs were supplemented with PBM when compared
to those fed only a PBM-based diet (p <0.001). There was no statistical
difference in the expression level of i-mucin ¢ between the control and
FPHs-supplemented PBM groups (p >0.05).

Gut microbiome

[llumina reads

After trimming and filtering, 865,019 quality reads were obtained
from 45 samples ranging from 7,864 to 29,862. On average,
19659.2 +5047.2 reads were merged, accounting for 86.5% of the total
reads generated per sample. In total, 1,215 ASVs were generated,
wherein 10 and 20 ASVs comprised 72.6 and 86.2% of the total reads.
Phylogenetic classification of reads was obtained for both bacteria and
archaea, resulting in 26 phyla, 121 families and 146 genera. The
rarefaction curve using rarefied read abundance (Figure 2) and
average good’s coverage index (0.998) value suggested sequencing
samples at maximum saturation level.

Alpha-beta diversity

A comparison of alpha diversity showed significant differences in
microbial communities (Figure 3A). The highest bacterial diversity
was observed in the fish gut from the PBM + TH diet, whereas the
lowest diversity was recorded for PBM only when compared to the
other groups (p<0.001). Shannon and Simpson’s analysis revealed
significantly higher abundance and even distribution of top abundant
taxa in the gut of fish fed the PBM+TH diet (p<0.001). Beta-
ordination showed different bacterial communities in the PBM and
PBM+TH groups and clustered separately from the control,
PBM +KH and PBM + CH diets (p=0.001) regardless of presence-
absence (Figure 3B) and relative abundance (Figure 3C). However,
relative abundance generated more distinct separation of gut bacterial
communities than presence-absence, signifying a diet-specific
increase of top abundant existing bacteria in the gut. Centroid analysis
of beta-dispersion showed strong influence of PBM and PBM + TH
diets in gut bacterial communities’ groups, when compared to the
control and PBM + KH which had no distance differences.

Microbial composition

From the 146 identified genera, 106 were found to be unique in
the PHM + TH and PBM + CH diet groups suggesting the colonization
of new bacteria with these two diets. Among the classified ASVs,
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The representative histological micrograph of the intestine showing measurements (A,D); the comparison of quantitative measurements of the
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FM-based control, PBM alone, or supplemented with various FPHs supplemented diets over a period of 42 days. VA, villus area; LPA, lamina propria
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Strenotrophomonas was found distributed in more than 90% of
samples irrespective of diet groups; and, therefore, can be defined as
core genera of juvenile barramundi (Figure 4A). Proteobacteria was
found dominant in control, PBM and PBM + KH diets, wherein more
than 60% of reads were classified to Proteobacteria in the fish gut from
the PBM diet. Fish gut had Actinobacteria-rich communities with the
PBM + CH diet, whereas 72% of reads were assigned to Firmicutes for
the PBM + TH diet group (Figure 4B), higher Pseudomonas abundance
was detected at the genus level in the control (24.2%) and PBM + KH
(34.6%) groups. Photobacterium (54.6%) and Mycobacterium (42.4%)
were dominant in the PBM and PBM+CH groups, respectively
(Figure 4C). No single dominancy was observed in the PBM + TH
group with the Ruminococcus group represented 11% of the sequences.

Linear Discriminant Analysis Effect Sizes-based differential
abundance identified 24 taxa at phylum and genus levels with
significantly higher abundance in five different feeding groups. Higher
Proteobacterial abundance in the PBM diet and Firmicutes abundance
in the PBM + TH group was detected. At the genus level, the control
group had a significantly higher abundance of Escherichia-Shigella,
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Streptococcus, and Enterococcus. Significantly higher Photobacterium
with PBM, Staphylococcus and Pseudomonas with PBM +KH and
Mycobacterium and Legionella with PBM + CH diets were observed
when compared to the other treatments. Finally, the PBM + TH diet
augmented the abundance of Ruminococcus, Faecalibacterium, and
Bacteroides in the aligned fish gut (Figures 5A,B). Ruminococcus was
positively associated with the i mucin ¢ and inflammatory cytokines
(tnf-a and il-10) in the intestine of the PBM-TH fed barramundi
group (p<0.05), while other mucosal barrier functions (LPA, LPA
raito, NM, VL, and VW) showed no correlation with any genus in
barramundi fed all test diets (p>0.05), as determined by Pearson
correlation (Figure 6).

Muscle health

Muscle measurement and quantification, and muscle-health-
relevant gene expression, are presented in Figures 7A-E. Muscle
fiber area (Figure 7B; p<0.001) and density (Figure 7C; p <0.05)
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FIGURE 2
Rarefaction curve showing the depth and saturation level of sequences for a specific group (top) and individual (bottom) sample. Rarefied data was used
to generate the rarefaction curve where X-axis represents the number of reads (rarefied) and Y-axis is the values for specific alpha-diversity metrics.

decreased significantly in barramundi-fed PBM-based diets, but
supplementation of various FPHs improved fiber area and density
when compared with the PBM-fed group (Figures 7B,C; p<0.001).
PBM-fed barramundi showed a lower number of <20 pm muscle
fibers (hyperplasia; p <0.05) which improved in barramundi when
fish were fed PBM supplemented with FPHs (Figure 7D; p<0.01).
However, when compared with the control diet, 20-50 pm muscle
fibers were enhanced in barramundi-fed PBM (p <0.001). 20-50 pm
muscle fibers decreased in barramundi fed FPHs supplemented
PBM diet when compared to those fed the PBM-based diet
(p<0.001) but were comparable to the control-fed barramundi
(p>0.05). Similar to hyperplasia, hypertrophy (>50pm) was
significantly impacted by PBM (p <0.01); however, the negative
effect of PBM was attenuated when barramundi was fed FPHs-
supplemented PBM diets (p <0.001). There was no difference in the
hypertrophy measurements of barramundi-fed control and FPHs-
supplemented diets (p>0.05). Though the expression of igf-1 I
(p<0.05), myf5 (p<0.01), and myog (p<0.001) were negatively
impacted by the PBM based diet, supplementation of various FPHs
prevented the PBM-induced negative effects on the expression
levels of these genes (p <0.05, 0.01, and 0.001). The expression of
igf-1, myf5 and myog did not differ between the control and the
FPHs-supplemented PBM fed barramundi (p>0.05).
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Serum metabolites

The effect of PBM and PBM-FPHs diets on a panel of serum
metabolites is presented in Figure 8. Creatine kinase (CK;
Figure 8A) elevated significantly in fish fed the PBM diet when
compared to the control (p<0.05), but there was no variation
between control and PBM-FPHs fed barramundi (p>0.05).
However, compared to those fed only PBM, FPHs supplementation
with PBM attenuated CK levels in barramundi (p <0.05). PBM
negatively impacted the levels of calcium and phosphorous
(p <0.05) in barramundi serum which was restored when PBM was
supplemented with FPHs (p<0.05 and 0.01). Barramundi-fed
PBM-FPHs showed no variation in the levels of calcium and
magnesium when compared with the control (p >0.05). Haptoglobin
levels demonstrated a similar trend (p <0.05 and 0.01). Meanwhile,
the different experimental diets did not affect on phosphate, iron,
GGT, albumin, and AG ratio (p>0.05).

Discussion

Supplementing immunostimulants, such as FPHs, in the aquafeed
formulation is being used to ameliorate the impact of sub-optimal
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Diversity of gut bacteria in barramundi fed FM-based control, PBM alone or supplemented with various FPHs supplemented diet over a period of

42 days. (A) Alpha diversity measurements in terms of Observed, Shannon, and Simpson. (B) Beta-ordination presenting clustering of samples based on
unweighted (presence-absence) and weighted (relative abundance) UniFrac distance metric. Kruskal-Wallis with Wilcoxon-rank test for multiple
comparisons were used to compare alpha-diversity within groups. Different superscript letters in the boxplot indicate significantly different mean

values at value of p<0.05.

alternative protein sources, including the prevention of intestinal
dysbiosis (1, 7). Replacing FM protein with PBM damaged the general
architecture of the barramundi intestine, as proven by the reported
atrophy of mucosal fold and reduction of microvilli height and width
(11). However, the effects of PBM alone or in combination with FPHs
on a wide range of intestinal mucosal barriers in relation to intestinal
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microbiota and cytokine expression have not been previously reported
and thoroughly investigated.

One of the main consequences of replacing high levels of FM with
alternative protein sources is gut enteritis resulting from the widening
of the lamina propria area (LPA) and shortening of the mucosal folds,
subsequently to be associated with intestinal inflammation (37, 38).
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Gut bacterial composition in the intestine of barramundi fed FM-based control, PBM alone or supplemented with various FPHs supplemented diet over
a period of 42 days. (A) The number of shared, unique and core genera in five different feeding groups. (B) Pie-chart representing the relative
abundance of bacteria at phylum-level. (C) Relative abundance of top 1% genera in five different feeding groups.

Such consequences have previously been reported in the gut of
barramundi and other carnivorous fish species fed alternative proteins
such as PBM and soybean meal (11, 39). In the present study, such an
elevation in LPA, and consequently enteritis, in the intestine was
found in barramundi-fed a PBM-based diet. The damaging effect of
PBM-only diets on intestinal structure were further validated by the
lower expression of anti-inflammatory cytokines and the presence of
low diversity of microbiota. These negative effects were countered
when PBM was supplemented with various FPHs. A similar LPA and
LPA ratio in the barramundi fed FPHs supplemented PBM diets to the
positive control diets was observed, suggesting that FPHs
supplementation could prevent or decline the occurrence of intestinal
enteritis. Apart from minimizing intestinal enteritis, FPHs
supplementation with PBM increased the villus length and width
associated with the absorptive surface area. This may explain the
comparable growth performance of barramundi-fed FPHs
supplemented diets when compared to those fed a control FM-based
diet in an earlier study (1). Similarly, dietary inclusion of tilapia and
shrimp hydrolysates separately or concurrently prevented intestinal
dysbiosis induced by a low FM-diet and intestinal mucosal health was
even better than fish fed a high FM-based diet (40).
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The mechanism for enhanced performance when FPHs are
included is likely due to various reasons and is therefore difficult to
explain. FPHs contain peptides with a shortened length and free amino
acids that have been reported to enhance palatability and nutrient
absorption by stimulating protein synthesis via the activation of the
TOR pathway and inhibition of the AAR pathway. These pathways
regulation were previously reported to facilitate gastrointestinal
development by improving microbiota and regulating inflammatory
cytokines expression in largemouth bass, Micropterus salmoides (41).

A good number of studies have found a potential anti-
inflammatory effect of FPH in both in vivo and in vitro conditions,
coupled with the reduction of the expression levels of
pro-inflammatory cytokines, such as tnf-a, il-6, il-1, and il-8 (42-44).
Intestinal inflammation has been reported to be associated with the
higher expression of pro-inflammatory, with a concurrent lower
expression of anti-inflammatory cytokines in fish (45). For example,
replacing FM with 50 and 75% of soybean meal stimulated gut
inflammation by elevating the expression of pro-inflammatory
cytokines (tnf-a, il-1f, il-2, and il-8) and lowering the expression of
anti-inflammatory gene il-4 (46). A similar result was found in the
present study, where the PBM-based diet enhanced the expression of
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Differential abundance of bacterial communities in barramundi fed FM-based control, PBM alone or supplemented with various FPHs supplemented
diet over a period of 42 days. LDA value of >4.0 and p value>0.05 were considered for differential abundance analysis.

tnf-a and reduced the expression of il-10, aligning with the results of
the LPA and LPA ratio, thereby aggravating intestinal inflammation.
A contrasting and balanced inflammatory response was found in the
intestine of barramundi when the PBM was supplemented with
various FPHs. This was supported by a higher expression of both tnf-a
and il-10 in PBM-FPH fed groups when compared to those fed
PBM-based diet, and the results were comparable to fish fed the FM
control diet. Dietary supplementation of FPHs provided a similar
beneficial effect on inflammatory responses in the intestine of larval
the of
pro-inflammatory cytokines (5-lox and il-8) and upregulation of anti-
inflammatory cytokines (il-10) (22). These authors reported that the
presence of high amounts of free histidine and glycine in FPHs

largemouth bass, manifested by downregulation

supressed the inflammatory response in largemouth bass. Also, the
inhibitory effects of anti-inflammatory cytokines on the expression of
pro-inflammatory cytokines have been reported to be suppressed in
the inflammatory response in some teleost fish (22).

Poultry by-product meal supplemented with black soldier fly
larvae meal, and FPHs were reported to influence the mucins
production, in particular, acidic and neutral mucin, in the gut of
barramundi (1, 8). The association between mucin and mucin-
relevant production genes, such as i-mucin ¢, and microbial genera
composition has been reported for the first in the present study.
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Similar to neutral mucin production in the intestine of barramundi,
the expression of i-mucin ¢ was aggravated by the PBM-based diet but
restored in the intestine of barramundi-fed PBM-FPH diets,
suggesting that supplementation of FPHs could prevent PBM-induced
gut mucosal dysfunction thereby maintaining gut homeostasis.

Gut microbial diversity has also been reported to be associated with
gut homeostasis (47). Alternative protein ingredients in aquafeed are
reported to often reduce bacterial diversity and thus compromise the
health of farmed fishes (25). Although the evaluation of gut microbial
composition in response to alternative finfish aquafeed protein sources
has been gaining importance in the evaluation of gut health of farmed
fish, understanding the interaction between gut microbial composition
and mucosal epithelial barriers and associated genes has largely been
overlooked. In this study, gut microbial diversity were negatively
impacted by the PBM-based diet along with an enrichment of the
Photobacterium genus. The prevalence of this genus was recently
reported to increase in the gut system of barramundi when exposed to
a variety of environmental stresses (48). In the present study, the
observed bacterial dysbiosis in the intestine of barramundi fed PBM
protein only was aligned with the results of the negatively altered
mucosal barriers and expression of inflammatory cytokines and i-mucin
c. Thus, the PBM-only based diet compromised gut homeostasis. It has
previously been reported that rich bacterial diversity has been associated
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with a number of beneficial roles in fish health: stimulation of innate
immunity, out-competition of pathogens for nutrients and colonization
and production of antimicrobial compounds (e.g., bacteriocins, peptides
and proteins). These functions deprive pathogenic bacteria in the gut
surface for the establishment, resulting in resistance to pathogen
invasion and intestinal infection (8, 49-51).

Fish protein hydrolysates supplementation with PBM restored
diverse beneficial microbial composition, as proven by a
significantly higher microbial diversity in barramundi-fed
PBM-FPHs diets when compared to those fed PBM-based diet. The
reasons for this improvement may be multiple. For example,
peptides from the hydrolysis process contain a rich source of
essential amino acids (not analyzed in the current study), which
have been reported to act as natural sources of nitrogen essential
for microbiota growth (27). Enzymatic hydrolysis in the present
study also produced more than 90% of smaller peptides, which may
also be related to the beneficial effect of FPHs on gut microbiota.
Notably, a high gut microbial diversity with increased prevalence of
Ruminococcus, Faecalibacterium, and Bacteroides in barramundi fed
the PBM-TH diet suggested further beneficial effects of TH
supplementation specifically. A substantial enrichment in the
composition of Ruminococcus in mice fed Spirulina platensis
protease hydrolysate for 8 weeks has also been reported (52). Our
previous studies found an enrichment of Ruminococcus in the gut
of barramundi-fed PBM diets supplemented with black soldier fly
larvae meal alone or in combination with TH (3, 8). Ruminococcus
produces short-chain fatty acids which play an important role in the
degradation of indigestible carbohydrates, such as resistant starch
(53) and dietary fibers, and have been reported to mitigate
metabolic disorders caused by high-lipid diets (54-56). Also,
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Ruminococcus species were used as a probiotic (Zado®) and
reportedly boosted the overall health of Nile tilapia, Oreochromis
niloticus (57). This probiotic effect may explain the strong
correlation between the Ruminococcus prevalence and mucosal
barrier functions and inflammatory cytokines in the present study.
Similarly, Faecalibacterium is the most important commensal
butyrate-producing bacterium, which was abundantly found in
healthy shrimp (58) and is considered a bio-indicator of human
health (59). Bacteroides strain has been documented as a healthy
bacteria in grass carp, Ctenopharyngodon idella and also has been
reported to alleviate lipopolysaccharide-induced inflammation in
mice (60). Thus, these genera may contribute to the more efficient
energy utilization of feed, and improved intestinal health of the host
by producing butyrate as an end product of dietary fiber
fermentation and by promoting mucosal barrier functions. The
beneficial effect of dietary FPHs on proliferating the abundance of
beneficial bacteria (Plesiomonas) and reducing the prevalence of
harmful bacteria (Staphylococcus) was previously observed in the
intestine of larval largemouth bass, Micropterus salmoides (22). This
was concomitant with the observant mucosal barrier results (VA,
VL, VW, and NM).

The gut inflammatory response could be associated with the gut
microbiota, promoting the health of farmed fish. For instance, the
expression of il-10 in the anterior intestine was positively associated
with the abundance Serratia nematodiphila, while tnf-a expression
was positively associated with the abundance of Paracoccus yeei in
Gilthead Sea Bream, Sparus aurata juveniles fed processed and
non-processed animal protein (61). A similar positive association
between Ruminococcus and tnf-a and il-10 was found in
barramundi-fed PBM-TH in the present study. Also, in our study, a
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The representative histological micrograph of muscle showing the measurements of muscle fiber (A); the comparison of quantitative measurements of
muscle fiber (B,C) and the frequency percentage of hyperplasia and hypertrophy (D); and fold change in the expression of muscle growth relevant
genes (E) of barramundi fed FM-based control, PBM alone or supplemented with various FPHs supplemented diet over a period of 42 days.

positive association of Ruminococcus with the expression of i-mucin ¢
in the gut of barramundi-fed PBM-TH was observed, suggesting that
the abundance of the beneficial Ruminococcus, further increased by
TH supplementation, played a role in maintaining the gut homeostasis
by balancing inflammatory responses and enhancing mucus
production. A higher proportion of small peptides in TH than the
other FPH’s might have provided more beneficial effects on the
barramundi gut.

Fish growth is directly linked to muscle growth which results from
the hyperplasia and hypertrophy of muscle fibers (33, 62).
Quantification of histological muscle fiber morphology is one of the
important determinants to understand fish muscle growth in aquafeed
nutrition research. This quantification provides information on the
recruitment of new muscle fibers (hyperplasia, < 20pm) and
hypertrophy (> 50 pm) of existing muscle which has been reported to
be influenced by dietary modifications (33). The effect of FM-free
diets on muscle fiber morphology aligned with the expression of
muscle growth-regulating genes has been evaluated for the first time
in this study. The present study found a decline in the size and number
of muscle fibers and frequency of hyperplasia and hypertrophy in
barramundi fed the PBM-based diet, suggesting that complete
replacement of FM with PBM negatively impacted muscle growth.
This negative impact can be alleviated in barramundi when various
FPHs were supplemented with PBM, which was validated by a
significant increase in the muscle fiber frequency in barramundi-fed
FPH supplemented PBM, which was comparable to the control.
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Similarly, the incorporation of 12% of FPH improved muscle growth
by regulating muscle microstructure and ultrastructure and muscle
growth-related gene expression in turbot (63).

Insulin-like growth factor (igf) genes are growth hormones
encoding the highly conserved growth regulatory peptide igf-1. igf-1
is used as a biomarker in aquaculture research and is correlated with
classical parameters such as growth to understand better the
nutritional status of experimental fish (64). The quality of dietary
protein has been reported to affect igf-1 expression by functioning as
a mediator in muscle to promote growth and inhibit protein
degradation, thereby affecting the growth of fish (65). The lower
expression of igf-1 in barramundi-fed PBM in the present study,
aligning with poor growth performance in our previous study (11),
suggested that a PBM-based diet was not palatable, resulting in
starvation which might have loosened the sensitivity of muscle tissues
to produce igf. This was further validated by lower feed intake in
barramundi fed the PBM-based diet (11). Similar to igf, fish growth is
also regulated by myogenic regulatory factors such as (MRF) and
myostatin  (MSTN), directly stimulating muscle proliferation,
differentiation and hypertrophy (66). myf5 and myog are specific MRF
that regulate myogenesis by contributing to muscle cell proliferation
and initiation and maintenance of the differentiation programs (67).
As reported here the PBM-based diet down-regulated the expression
levels of myf5 and myog, suggesting that PBM could negatively impact
the hyperplasia and hypertrophy of barramundi muscle by regulating
the expression of igfand MRE
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42 days.

Serum Creatine kinase (CK; A), calcium (B), Magnesium (Mg; C), inorganic phosphate (D), iron (E), haptoglobin (F), gamma-glutamyltransferase (GGT;
G), albumin (H), and AG (I) of barramundi fed FM-based control, PBM alone, or supplemented with various FPHs supplemented diet over a period of

Supplementation of 10% of various FPHs alleviated the negative
effect of the PBM-only diet on the muscle growth of barramundi. This
was supported by significantly higher expression of igf and MRF in
the muscle of barramundi-fed PBM diets supplemented with FPHs
when compared to those fed the PBM-based diet. The expression
levels of igf and MRF in barramundi fed FPHs supplemented diets
were similar to those fed the FM-based control diet. Such attenuation
of PBM-induced negative impact on muscle health by FPHs
supplementation could be due to the presence of functional molecules
or aligned with the amino acids content in FPHs. Such functional
molecules in FPHs have been related to increasing plasma igf-i levels

Frontiers in

67

and liver igf~i mRNA expression of fish (
that supplementing marine protein hydrolysates and hydrolysed fish

). Two recent studies found

protein powder elevated the expression levels of igf-1 aligned with an
increased upregulation of TOR pathway-related genes (41, 69). Hence
FPHs could be used to prevent the negative effects of FM omission
and alternative protein source replacement in barramundi diets.
Investigation of blood biochemistry parameters has been a
powerful analytical tool commonly used in aquaculture studies to
monitor the health status of experimental aquacultured animals.
Muscle health has been reported to be associated with the levels of CK

in barramundi blood, which have been reported to be elevated in
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barramundi when fed alternative proteins such as soybean meal and
lupin meal (31, 32). In this study, a PBM-based diet increased the CK
level, aligning with aggravated muscle growth-relevant gene
expression. Also, our previous study found histopathological changes
manifested by myotome necrosis in the muscle of barramundi fed a
PBM-based diet (11). However, CK activity appeared normal when
the PBM diet was supplemented with FPHs, suggesting the alleviation
of PBM-induced negative effects on barramundi muscle health. Some
minerals are good indicators of the secondary phase of stress response
in fish, as levels can be decreased by stress such as starvation and
malnutrition (70-72), and this can indicate pathological situations
(73) in fish blood. A significant drop in the levels of calcium and total
phosphorus in the serum of barramundi fed the PBM diet when
compared to the control diet suggested that barramundi fed PBM
might have suffered from malnutrition or starvation. This was
supported by a lower food intake and various pathological indicators
(e.g., hepatic steatosis, gill hyperplasia and muscle necrosis) as
previously reported (11). An elevation of these minerals in the
PBM-FPH-fed barramundi to levels comparable to the control, when
compared to the PBM-only treatment, indicated the alleviating
capacity of FPHs to prevent the PBM-induced negative effects on
mineral levels and content in barramundi serum. Magnesium levels
were not altered by the test diets, suggesting that barramundi might
have uptaken magnesium from the water, as previously reported in
many marine species (70, 74).

Haptoglobin (Hp), a protein that binds with free hemoglobin, has
been reported to be associated with lipids and protein oxidation
thereby causing damage in surrounding tissue (75). The formation of
a complex between haptoglobin and hemoglobin inhibits free
hemoglobin-mediated tissue damage (76). For instance, renal failure
was found in mice lacking haptoglobin (77). In the present study,
barramundi fed the PBM diet, which lacks haptoglobin, when
compared to fish fed the FM control diet, might have suggested that
PBM inclusion stimulated oxidative damage in barramundi. This
notion was supported by a negative effect of the PBM diet on GPx and
MDA activity (11). However, FPHs supplementation with PBM
restored the levels of Hp, underpinning the antioxidant activity of
FPHs, thereby repairing the tissue damage. The remaining serum
metabolites which were analyzed remained unchanged and within the
normal range of barramundi health status.

In summary, the PBM-only based diet aggravated intestinal
homeostasis by impacting intestinal mucosal barrier function,
inflammatory response, and microbial composition. Supplementation
of 10% of various FPHs, including KH, CH, and TH, obtained from
enzymatic hydrolysis of fish waste, could prevent PBM-induced gut
enteritis, manifested by quantifying LP and LPA ratio and
inflammation in the intestine of barramundi. Also, various FPHs
supplementation with PBM restored gut microbial composition and
balanced the
supplementation improved further the intestinal mucosal barrier
functions (VA, VL, VW, and NM), supported by a significant
improvement in microbial diversity with significant enrichment in the

inflammatory response. In particular, TH

Firmicutes, Ruminococcus, Faecalibacterium, and Bacteroides genera.
The abundance of Ruminococcus may have positively influenced the
inflammatory cytokines, mucin production relevant genes and VA in
the barramundi intestine. Muscle atrophy was triggered by the
PBM-based diet, but this effect was improved with FPHs
supplementation, as demonstrated by a significant increase in muscle
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fiber quantification (fiber density, hyperplasia, and hypertrophy) and
muscle health relevant gene expression (IGF-1, myf5, and MyoG).
Hence, FPHs could be used as supplementary functional ingredients
with low-quality alternative protein sources to prevent PBM-induced
negative effects on intestinal homeostasis and muscle health, as well
as providing a good option in increasing circularity and resource
utilization in the aquaculture industry. However, further commercially
relevant long-term studies are needed to confirm the beneficial
supplementation effect of FPH with PBM in the barramundi diet
along with final product quality to ensure product quality produced
on raw material sourced from the circular economy is the same.
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Introduction: Household-level food storage can make food available to
consumers, and promotes food security. Nevertheless, attention is mostly
devoted to enhancing food storage at the farmer and national levels, neglecting
the household level. It is therefore critical to assess food storage practices of
households. This study examined food storage practices of households, evaluated
expert opinions on household-level food storage, and assessed the effect
household characteristics has on food storage and food security.

Methods: Dzorwulu and Jamestown communities in Accra, Ghana, were chosen
as the study locations. The study consisted of a survey, expert interviews and
structural equation modeling. For the survey, 400 food household heads selected
using systematic sampling method responded to a semi-structured questionnaire.
Seventeen (17) experts were also purposively sampled and interviewed.

Results and Discussion: The results showed that, most households stored
foodstuffs they often consumed, with generally low storage of fruits and
vegetables. Perishable foods such as cassava, tomato, yam, and banana were
stored by 37.8, 42, 38.3 and 43.8% of households, respectively, for 1-3days.
Households often stored food within a period of 2weeks, due to poor storage
facilities and lack of food storage knowledge. About 85.8% of households had
never received training on food storage. Most households used baskets, bowls,
sacks and polyethylene bags to store food at home, and some used refrigerators
and deep freezers. Regarding the link between food storage and food security,
household heads'income showed a significant positive moderating effect (p<0.01),
households’ socioeconomic status had a positive effect, while household size
indicated a significant negative moderating effect (p<0.01). The experts asserted
that, household-level food storage enhances food security and food safety, and
reduces food expenditure and food wastage. The limited food storage knowledge
of households should be a basis for intervention to enhance proper food storage
practices within households.

household-level food storage, food security, food safety, food waste, household
income, Ghana
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1. Introduction

Achieving food security and ending hunger is a major aim of the
United Nations sustainable development goals, SDG 2 (United
Nations, 2015). Nevertheless, the number of people affected by hunger
in the world were between 702 and 828 million in 2021, and about 2.3
billion people were moderately or severely food insecure in the world
in the same year (FAO et al., 2022). Another concern is also the
pressure on food security from climate change - the Food and
Agriculture Organization (FAO) noted that because of its impact on
agriculture, climate change will negatively affect food security in all of
its dimensions (FAO, 2016), and hence increase economic pressure on
food access. Simulations performed using the International Model for
Policy Analysis of Agricultural Commodities and Trade (IMPACT)
predict that inflation-adjusted prices of maize, rice and wheat (the
three most important staple grains in the world) would increase
between 31 to 106% by the year 2050 (Nelson et al., 2010). Generally,
rise in food prices will lead to increase in food insecurity and poverty,
especially for urban poor households.

A key contributing factor towards global food insecurity is post-
harvest losses (Makalle, 2012). Post-harvest loss causes direct physical
and quality loss of food which can reduce its economic value and may
also make it unsuitable for human consumption. It is estimated that
about one-third of food produced globally (valued at US $1 trillion)
is lost or wasted annually, with per capita food losses in Sub-Saharan
Africa projected to be about 37% or 120-170kg/year (FAO, 2011;
Sheahan and Barrett, 2017). Although there are losses along the food
value chain from production to consumer level, food loss during
storage is regarded to be most critical, particularly in developing
countries, since most losses occur at this stage (Aulakh et al., 2013;
Majumder et al., 2016). There can be 50 to 60% loss of food grains
during storage due to factors such as poor storage practices (Kumar
and Kalita, 2017). Also, nearly 50% of most food crops cultivated in
Ghana for example are wasted and do not get to the final consumer,
and food wastage in Accra, the capital city of Ghana, is mainly
attributed to factors such as inadequate financing and inappropriate
food storage structures (Nyo, 2016). Nevertheless, food storage can
make enough food available to consumers and enhance food security
when adequate effort is made in promoting efficient food storage
methods and use of improved storage structures.

In most parts of the world, attention is usually devoted to
enhancing food storage at the national and farmer levels, neglecting
food storage at the consumer or household-level. In India for instance,
the central government procures food from farmers, store and
distribute it to mostly vulnerable urban and rural consumers or
households at affordable prices (Spiclmann and Aggarwal, 2017).
Governments of several countries in Africa including Ghana
undertake similar food policy to stabilize food prices and help farmers
to easily market their produce. The National Food Buffer Stock
Company (NAFCO) established in 2010 in Ghana is responsible for
avoiding food surpluses from the market by buying cereals such as rice
and maize from farmers at a minimum guaranteed price and store
them in warehouses during the glut season. In the lean season, the
cereals are released onto the market to stabilize prices and make the
food readily available to consumers (Armah et al., 2019). Despite this
food policy capable of making food prices stable and ensuring food
availability during lean seasons, it has still not been able to eradicate
hunger and avoid food insecurity, especially in poor households
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(Spielmann and Aggarwal, 2017). In China, the Scientific Grain
Storage Project has been implemented by the government to minimize
food storage losses by promoting advanced storage facilities including
metal mesh warehouses, metal silos and steel framework warehouses
to farmers at subsidized prices (Luo et al.,, 2021). Similarly, improved
storage facilities such as hermetic storage bags and silos are being
promoted for use to farmers in Ghana to reduce postharvest losses.
Regardless of the effort geared towards enhancing food storage at the
national and farmer levels in Ghana, little attention is paid to
promoting food storage at the consumer or household-level in
the country.

In prehistoric times, household-level food storage was a robust
and common adaptation strategy for coping with inter-annual
variability in crop production and securing annual supply of food. A
study by Dean (2006) assessed the variations in household food
storage capacity within prehistoric households in Tsegi Canyon,
Northeastern Arizona, around 1,250 and 1,300 CE. The study revealed
that households increased their corn store rooms or granaries while
their living spaces decreased, in order to store more grains. Overall, in
the study area, granary spaces increased by 61% at the expense of
living spaces, during the period when agricultural production
worsened. Household storage bins were also used to store 3 to 10 tons
of grains for 2 to 3years among the Hausa people of present-day
Nigeria around the 18" century (Spielmann and Aggarwal, 2017).
Household-level food storage is critical for minimizing postharvest
losses and securing food supply to consumers. Hence, it is important
to channel efforts on investigating and developing appropriate
strategies for enhancing food storage within households. The aim of
this study was therefore to assess food storage practices of households
in Accra, Ghana. We also evaluated the opinions of experts on
household-level food storage practices, and assessed the direct and
moderating effect of household characteristics on food storage and
food security.

2. Methods
2.1. Study design

The study consisted of a survey, expert interviews and partial least
squares-structural equation modeling (PLS-SEM). The survey was
carried out from November, 2020 to January, 2021. Semi-structured
questionnaires were administered to food household heads - the
person who has the major task of planning and preparing food for
members of a household (Webber et al., 2010). The interviews were
conducted between October to November, 2020 by interviewing
experts in food storage, food security, food safety, food value chain
and post-harvest technology. The structural equation modeling was
done by using data collected from the survey to predict the impact of
household characteristics on food storage and food security.

2.2. Data collection

2.2.1. Survey

This study forms part of a larger study, and so the procedure for
collecting the survey data is the same as described earlier by Afriyie
etal. (2022). Data was collected from households in two communities,
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Dzorwulu and Jamestown, located within Accra, Ghana, (5°33°00” N,
0°12°00” W, 61m) (Attipoe and Li, 2016). These study areas were
selected because of the different socioeconomic statuses of their
inhabitants. Dzorwulu is inhabited by 3,309 households who are
mainly of middle-income socioeconomic status, with some high-
income status households (Owusu et al., 2013; AWMA, 2019).
Jamestown has 5,013 households that are mostly regarded to be of
low-income status, residents usually live in congested housing and
have low educational levels (Boatemaa et al., 2018; AMA, 2019). Using
stratified random sampling procedure, a total of 400 respondents were
selected for the study, with 160 respondents from Dzorwulu and 240
from Jamestown [using Egs. (1)-(2)]. Systematic sampling method
was used to select households at an interval of 1:22 [using Eq. (3)].
Pieces of paper with numbers from 1 to 22 written on them were
shuffled in a container, and one number was randomly chosen to
decide the penultimate household (Ovuga et al., 2005). We observed
a spacing of 22 households from a selected household to the next.
Sample size was determined at 95% level of confidence, 50%
degree of variability and 5% level of precision (Cochran, 1963):

2
z°p(l—-
n=2P-p) W)
d
Proportional allocation
ny = Zhn (2)

Estimating the systematic sample interval (k) was done according
to Subramani et al. (2014) and Sudakar (1978):
n

k= (3)

Where; N=total number of households, n=sample size,
Ny =number of households in a community, n,=sample size of a
community, d=margin of error, z=the confidence interval, and
p=degree of variability.

The survey questionnaire was made up of 47 questions and
required about 40 min to complete. Generally, it aimed to find out the
food storage behavior and practices of households, and effect of food
storage on food security, safety, food wastage and expenditure as
indicated in the supplementary file. A total of 400 questionnaires that
were administered were all valid, which represents 100% response
rate. The questionnaire was pre-tested by administering to 35
households in Osu, a community in Accra that has similar
characteristics as the study areas. In pre-testing the questionnaire,
we were able to; ensure respondents understood its content, avoid
ambiguity, and determine the time needed to complete it. The survey
was conducted in Ga and Twi (local languages), and English, which
were the languages preferred by the respondents.

2.2.2. Expert interviews

The expert interviews were done by face-to-face interviewing 17
experts from the Ministry of Food and Agriculture of Ghana (MoFA),
Departments of Agriculture (Regional, Metropolitan and Municipal),
Kwame Nkrumah University of Science and Technology (KNUST),
Council for Scientific and Industrial Research (CSIR) and SEND
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Ghana (Non-Governmental Organization promoting agricultural
development in Ghana), using purposive sampling technique. The
interviews were all carried out in English language by the same
researcher by asking questions about household-level food storage
methods, factors affecting it, and its influence on food security, waste,
food safety and expenditure, using open-ended interview guide which
consisted of nine (9) questions.

2.3. Data analyses

Data obtained from the survey were subjected to descriptive
analysis using Statistical Package for the Social Sciences (SPSS)
(version 26). Food commodities stored by households, storage period
for various foods within households, and storage methods for food
commodities were assessed. Food commodities were classified under
the six food groups of Ghana including starchy roots and plantain;
cereals and cereal products; legumes; animal products; fruits,
vegetables and mushrooms; and fats and oils (INti, 2008). Canned,
cooked and leftover foods were also included in the analysis. The SPSS
was also used to estimate the socioeconomic status (SES) of
households through principal component analysis (PCA). The PCA is
a statistical technique that is used for reducing variables in a dataset
into smaller set of variables or dimensions (Vyas and Kumaranayake,
2006). Data for variables that capture living standards, including,
household ownership of durable assets (example; car, television,
refrigerator), and infrastructure and housing characteristics (example;
sanitation facility, housing floor material, source of water) were
subjected to PCA to estimate the SES of the sampled households
(Rutstein and Johnson, 2004; Vyas and Kumaranayake, 2006).
Additionally, the expert interviews were directly transcribed verbatim
in English. Analysis of the transcripts was carried out by inductive
coding using NVivo (version 12), in vivo codes and codes assigned by
the researcher were used for data coding (Lamers et al., 2021). Key
themes emerged were used to analyze the results based on the
responses from the participants. The partial least squares-structural
equation modeling was carried out by the use of SmartPLS software
3.2 (Ringle et al, 2015). Validity and reliability of formative and
reflective constructs were tested (Hair et al., 2017). The model did not
have any formative constructs and all concepts were modeled as
reflective constructs, hence reliability was assessed using Cronbach’s
alpha and composite reliability tests (Hair et al., 2019). Composite
reliability values were between 0.71 and 1.00, well beyond the 0.70
recommended threshold, and average variance extracted values were
also between 0.56 and 1.00, indicating acceptable convergent validity,
because they were beyond the recommended 0.50 threshold (Saunders
etal, 2019; Afriyie et al., 2022).

3. Results

3.1. Socio-demographic characteristics of
respondents

The survey comprised of participants who were mainly females
(85%), mostly had Junior High School/Middle level education (31.5%)
and were mainly between 40 to 59 years of age (40.8%). A majority of
the survey participants were also traders (60.8%) (Table 1). The expert
interviews were done with interviewees who were between ages 27 to
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TABLE 1 Distribution (%) of respondents and households by characteristics (n=400).

Variable % Variable %
Age of respondents Household size
Less than 18 years 0.3 1 18.8
18-25years 13 2-3 41
26-39years 38.8 4-5 28.5
40-59 years 40.8 6 or more 11.8
60 years and above 7.2 Socioeconomic status of households (SES)
Sex of respondents Higher-income/richest 23
Female 85 Upper-middle-income 6.5
Male 15 Middle-income 18
Education of respondents Lower-middle-income 16.5
Tertiary (Degree/diploma) 15.8 Lower-income/poorest 56.8
SHS/secondary 25.8 Education of household heads
JHS/middle 31.5 Tertiary (Degree/diploma) 20.3
Primary 19.5 SHS/secondary 26
None 7.5 JHS/middle 28
Occupation of respondents Primary 17.8
Professional/technical/managerial/clerical 6.3 None 8
Agricultural self-employed 0.8 Occupation of household heads
Trade 60.8 Professional/technical/managerial/clerical 13
Service 6.3 Agricultural self-employed 25
Skilled manual 15.8 Trade 41.8
Unskilled manual 9.3 Service 7.2
None 1 Skilled manual 23
Monthly income of respondents (GHZ) Unskilled manual 12,5
above 2,500 22.8 None 0
2001-2,500 10.5 Monthly income of household heads (GHZ)
1,501-2000 2 above 2,500 29
1,001-1,500 15.5 2001-2,500 7
501-1,000 38 1,501-2000 4
500 and below 11.3 1,001-1,500 13.8
501-1,000 39.5
500 and below 6.8

SHS, Senior High School; JHS, Junior High School; GHZ, Ghana Cedi. Principal Component Analysis (PCA) was used to estimate the socioeconomic status of households (Rutstein and

Johnson, 2004; Vyas and Kumaranayake, 2006; Kabudula et al., 2017).

58 years, with 35.3% being males and 64.7% females (Table 2). The
experts had educational levels of Bachelor’s degree (47.1%), Master’s
degree (35.3%), and Doctorate degree (Ph.D.) (17.6%).

3.2. Survey

3.2.1. Food storage methods used by households
The study showed that most households stored starchy roots such
as cassava in polyethylene bag (15.8%), bowl (15.8) and on the floor
(10.3%) (Figure 1A). Yam and plantain were usually kept on the floor
(28.4, 31% respectively), in deep freezer (12.1, 10.8% respectively) and
in a polyethylene bag (13.3, 16% respectively). Rice was mainly stored
by 49.8% of households in a sack while 22.2% kept maize in a bowl.
Bread was usually stored by households in a refrigerator (40.5%) and
polyethylene bag (31.5%). Majority of households kept meat (48%)
and fish (47%) in deep freezer, 49.8% of households stored milk in a
refrigerator while 37.5% stored groundnut in a polyethylene bag.

Frontiers in Sustainable Food Systems

Additionally, households usually used basket to store orange (23%),
pepper (29.6%), onion (38.3%) and garden eggs (28.1%) (Figure 1B).
Banana was mainly stored in a polyethylene bag (17%) while tomato
was mostly kept in a bowl (28.1%). Deep freezer was often used to
store cooked food (39.5%) and leftover food (34.5%). Overall, middle-
and higher-income households usually used refrigerator and deep
freezer to store perishable foods. Households without these storage
facilities resorted to using methods such as storing in a bowl, basket,
and on the floor, and therefore could not store food for longer period.
Non-perishable food commodities were often stored using a sack,
polyethylene bag and bowl.

The study also revealed that 65.8 and 31% of households owned
refrigerator and deep freezer, respectively for storing food (Table 3).
We found that 2.6% of lower-income households rented spaces in
deep freezers from other people to store their food and paid an
amount ranging from 2 to 5 Cedis (which is 0.34 to 0.86
United States Dollars; using Bank of Ghana exchange rate) per day,
as at the time of the study. Some other households also used various
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TABLE 2 Characteristics of expert interview participants.

10.3389/fsufs.2023.1194321

Serial number (SN) Sex Age Education Specialization
01 Male 41 Bachelor’s degree Food security

02 Female 55 Master’s degree Food safety

03 Female 50 Bachelor’s degree Food safety

04 Female 58 Master’s degree Food value chain

05 Male 34 Bachelor’s degree Food storage

06 Female 37 Bachelor’s degree Post-harvest technology
07 Female 41 Master’s degree Food value chain

08 Female 29 Bachelor’s degree Food safety

09 Female 38 Ph.D. Food security

10 Male 35 Bachelor’s degree Post-harvest technology
11 Male 53 Ph.D. Food storage

12 Male 42 Master’s degree Post-harvest technology
13 Female 37 Master’s degree Food security

14 Female 49 Master’s degree Food safety

15 Female 33 Bachelor’s degree Food value chain

16 Female 46 Ph.D. Food security

17 Male 27 Bachelor’s degree Food storage

indigenous ways to store food. For instance, wood ash is sprinkled
or smeared on cut surfaces of leftover fresh yam to increase shelf
life, onion is mixed together with lime, and pieces of charcoal are
put into soup when storing to avoid spoilage (Table 4). Additionally,
a majority of households (85.8%) had not received any training on
food storage (Table 5), meaning that a training intervention could
have helped households to enhance their food storage practices.

3.2.2. Food commodities stored by households

The results showed that food commodities stored by most
households included yam (80%), rice (80.7%), bread (86.7%), fish
(80.2%), groundnut (81.2%), tomato (86.2%), pepper (89.2%), onion
(90.5%), palm oil (91.5%), and leftover food (84.5%) (Figures 2A,B).
Generally, there was low storage of fruits and vegetables, and maize, a
staple food commodity was stored by 61% of households. Leftover
food being mostly stored implies that majority of households avoided
food wastage by not throwing away foods they were unable to finish
consuming. Households did not generally store millet, snail, taro,
Bambara nuts, palm kernel oil, groundnut oil and coconut oil probably
because they did not usually consume them. The study also revealed
that all households stored basic foodstuffs including tomato, pepper,
onion, garden eggs, bread, and palm oil (Figures 3A,B). The higher the
socioeconomic status of a household, the more it is able to store most
foods. Lower-income households were generally the least to store
most food commodities. This can be attributed to the fact that they do
not have appropriate storage facilities, or they usually buy what they
can consume for the day, since poor households often do not have
enough money to buy food in bulk to store.

3.2.3. Storage period for various foods by
households

The results showed that food commodities mostly stored by
households for 1-3 days were cassava (37.8%), yam (38.3%), plantain
(36.5%), bread (40%), milk (27.8%), orange (43.3%), banana
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(43.8%), tomato (42%), cooked food (60.5%), and leftover food
(78.8%) (Tables 6A,B). Majority of households stored maize (25%),
fish (32.8%), egg (32%), groundnut (36.8%), pepper (39.5%), onion
(42.5%), garden eggs (35.8%), and canned food (18%) for 4-6 days.
Rice, palm oil, and refined vegetable oil were mainly stored by 29.8,
27.5,and 21.3% of households, respectively for 1-2 weeks. Although
a majority of households generally stored most food commodities
within a period of 2 weeks, some of them stored rice, oats, meat, fish,
poultry, groundnut, onion, palm oil, palm kernel oil, refined
vegetable oil, coconut oil, shea butter, and canned food for a month
or more.

3.3. Expert interviews

The results of the expert interviews are grouped into six main
themes: the effect of household-level food storage on (1) the eating
pattern and food preference of consumers, (2) food security, (3) food
expenditure, (4) food wastage, (5) food-based nutrition and safety, and
(6) factors that affect household-level food storage.

3.3.1. Eating pattern and food preference of
consumers

The majority of participants mentioned that food storage at the
household-level compels consumers to eat the same food over the
period during which it remains in storage. Although households may
prefer to eat a different food, they do not, because the food in storage
will go bad if not eaten, especially when the storage facility is not
suitable, as narrated by a participant below;

“People eat what food is available at home so that it doesn’t go bad.
Once the food is there and I know it may go bad, I am forced to eat the
same food more often so that it will finish without going bad, even
though I may prefer to eat a different food”. (Food safety expert, SN03)
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FIGURE 1

(A) Common storage methods for starchy roots and plantain, cereals and cereal products, animal products, and legumes, (B) common storage
methods for fruits, vegetables and mushrooms, fats and oils, canned, cooked, and leftover foods. Ref, refrigerator; Dee, deep freezer; Bow, bowl; Bas,
basket; Pol, polyethylene bag; Sac, sack; Bot, bottle; Cra, crate; Jer, jerry can; Cok, cooking pot; Flr, floor; Cup, kitchen cupboard; Kcb, kitchen cabinet;
Ksh, kitchen shelf; Tab, on top of table; Trf, on top of refrigerator; Pal, pallet; Grd, in the ground.

One of the experts revealed that even for households having
proper storage facilities, most of them cook food, particularly
stews and soups, and store them for use during the week or
beyond. This helps to save time and energy needed to cook
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frequently every day, but compels households to eat the
same stew and soup for the period they remain in storage till they
are exhausted, which affects their eating pattern and food
preference.
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“Some households with proper storage facilities cook stews and soups
during weekends and store them in refrigerators and deep freezers
for use during the week or beyond”. (Food value chain expert, SN15)

3.3.2. Food security

Most participants asserted that household-level food storage
improves food security within households. Some of them affirmed
that when there is food scarcity, households that always store food will
be secured compared to those who do not. Some dimensions of food
security such as availability, accessibility and utilization were cited, as
recorded verbatim below;

“When households are able to buy food in bulk and store at home,
it makes food always available, accessible and properly utilized by
the households”. (Post-harvest technology expert, SN12)

“The ideal situation is to be able to shop for and eat fresh and
healthy food every day, but in cases of food disruptions, consumers
may face challenges. For instance, when there is food price increase
or food shortage, consumers who always store food at home will
have an upper hand compared to those who do not. Therefore, it is
important to always store food to ensure food availability at home”.
(Food value chain expert, SN07)

TABLE 3 Households that have refrigerator and deep freezer to store
food.

Socioeconomic . Deep
status il IeTe freezer
Lower-income 91(22.8%) 1(0.3%)
Lower-middle-income 65(16.3%) 20(5%)
Middle-income 72(18%) 68(17%)
Upper-middle-income 26(6.5%) 26(6.5%)
Higher-income 9(2.3%) 9(2.3%)
Total 263(65.8%) 124(31%)

It was observed that 2.6% of households in the lower income class rented spaces in deep
freezers to store their food and paid an amount ranging from 2 to 5 Cedis (0.34 to 0.86 USD;

10.3389/fsufs.2023.1194321

Additionally, it was revealed that in order to improve food
security, households should be able to buy food in bulk and store for
longer period, preferably beyond the lean season. Participants noted
that food prices in Ghana are lower during glut seasons and higher
during lean seasons, therefore it will be in the best interest of
households to buy food in bulk to store during glut seasons to avoid
the high food prices and possible food scarcity during lean seasons.

“When food is in abundance during surplus season and you are able
to store, you can always fall on what you have stored during the lean
season since it will be available”. (Food security expert, SN13)

“Most foods are seasonal and prices change, hence it is good to store
when in season and the cost is less so that during off-season there
will be food available for use”. (Food safety expert, SN03)

3.3.3. Food expenditure

According to some participants, household-level food storage is
cost-effective and enhances food surplus due to bulk purchases and
discount deals which helps households to buy more food with the
same amount of money or less. Also, by planning and avoiding
frequent food purchases, households are able to save money, to
minimize food expenditure.

“Storing food in bulk at home cuts down on costs since you get
reduced price when you buy in bulk or you can even get surplus or
additional foodstuff”. (Post-harvest technology expert, SN06)

“When food is stored at home, it helps to spend less money on food
since it prevents buying food regularly and in bits which may

be expensive”. (Food storage expert, SN11)

However, storage facilities such as deep freezer and refrigerator
needed to store food require the use of electricity, which can
be costly. Therefore, the participants indicated that whilst purchasing
food in bulk and storing makes food available and minimizes costs,
keeping the foodstuff in good condition and of high quality can
be expensive. Below are the verbatim responses from some of

using Bank of Ghana exchange rate) per day, as at the time of the study. the participants.

TABLE 4 Various indigenous ways of food storage used by households.
Commodity Different forms of storage % Response
Cassava Stored in granular flour form (gari) 10.2

Pour hot water on cassava in sack to store for longer period 0.8

Yam Sprinkle wood ash on cut surfaces to prevent it from going bad quickly 6.5
Maize Store maize in dough or flour form 19.3
Meat Stored as smoked 9
Poultry Stored as smoked 1.3
Fish Stored as smoked, salted or fried 26.3
Snail Stored as smoked 6.3
Milk Store opened can milk in cold water in a bowl 2.5
Onion Mix onion together with lime when storing to increase shelf life 4.1
Cooked food Put pieces of charcoal in soup before storing to prevent it from going bad quickly 1.5

Frontiers in Sustainable Food Systems

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1194321
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Afriyie et al. 10.3389/fsufs.2023.1194321

TABLE 5 Household training status on food storage.

Have you or your household received training on food storage?

Socioeconomic status

Yes No Not sure
Lower-income 5(2.2%) 194(85.5%) 28(12.3%)
Lower-middle-income 1(1.5%) 56(84.8%) 9(13.6%)
Middle-income 1(1.4%) 66(91.7%) 5(6.9%)
Upper-middle-income 2(7.7%) 21(80.8%) 3(11.5%)
Higher-income 3(33.3%) 6(66.7%) 0(0%)
Total 12(3%) 343(85.8%) 45(11.3%)

Food commodities stored by households (starchy roots and plantain,
cereals and cereal products, animal products and legumes)
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FIGURE 2

(A) Food commodities stored by households — starchy roots and plantain, cereals and cereal products, animal products, and legumes, (B) food
commodities stored by households - fruits, vegetables and mushrooms, fats and oils, canned, cooked, and leftover foods.
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FIGURE 3
(A) Various socioeconomic households storing starchy roots and plantain, cereals and cereal products, animal products, and legumes, (B) various
socioeconomic households storing fruits, vegetables and mushrooms, fats and oils, canned, cooked, and leftover foods.
“I don't think it helps much, because for instance if I buy tomatoes “Buying food in bulk and storing is relatively cheaper but ability to
in bulk at a cheaper price but I store in the refrigerator or deep pay for electricity to store some foods in refrigerators and freezers
freezer for longer period, the problem is, the cost goes into the is also a factor to consider”. (Post-harvest technology expert,
electricity bill”. (Food value chain expert, SN04) SN12)
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TABLE 6 (A) Storage period for starchy roots and plantain, cereals and cereal products, animal products, and legumes.

% Response

Commodity

More than

Never 1-3days 4—6days 1-2weeks 3-4weeks 1month

Starchy roots and tubers

Cassava 41 37.8 15 4.8 1.5 0
Yam 19 38.3 333 9.5 0 0
Cocoyam 69 15.8 10.5 3.5 1.3 0
Sweet potato 85 9 4.5 1.5 0 0
Taro 91.8 5.8 2.5 0 0 0
Plantain 25.8 36.5 25.5 11.3 1 0

Cereals and cereal products

Maize 39 18.5 25 12.3 53 0
Rice 19.3 17.5 16 29.8 12.3 5.3
Millet 95.8 1.3 15 1.3 0.3 0
Oats 75.5 11.5 5 5.5 1.8 0.8
Wheat 87.8 6 3.5 1.8 1 0
Bread 133 40 39.5 7.2 0 0
Biscuits 61.5 20.3 13.3 5 0 0

Animal products

Meat 44 29.5 17.8 6.3 1.8 0.8
Fish 19.8 25 32.8 16.5 35 25
Poultry 60.3 21 113 5 13 13
Egg 253 20.3 32 21 15 0
Milk 39.8 27.8 24 8.3 03 0
Snail 82.8 7.2 5 5 0 0
Legumes
Cowpea 67 6.8 16.5 9.5 0.3 0
Soybean 89.2 3.8 4.5 1.8 0.8 0
Groundnut 18.8 26.2 36.8 15.5 2 0.8
Bambara 91.3 3 3.8 15 0.6 0
Agushie 63 17 15.5 43 0.3 0
3.3.4. Food wastage “If you don't store food well or if you don't check how long you are
The analysis revealed that household-level food storage storing the food, it will go bad and become waste”. (Food value
contributes to reducing food wastage, especially when food is properly chain expert, SN04)
stored. The participants mentioned that because households plan and
store the quantity of food they need within a particular period of time, “Sometimes electricity or power outage causes food stored in
they do not usually waste the food. refrigerators and deep freezers to go bad, thereby wasting the food”.

(Food security expert, SN16)
“Storing food at home reduces food wastage, especially when there
is proper means of storing”. (Food safety expert, SN08)
3.3.5. Food-based nutrition and safety
“If food is stored well in the house, it reduces food going waste since The participants held that storing food at the household-level
you plan and store the quantity you need”. (Food storage  hasa positive effect on food-based nutrition and safety. Food storage

expert, SN11) encourages households to cook food at home, therefore they are not
exposed to food handled or stored and cooked outside under

Improper storage of foodstuff, unplanned use of foodstuft and  unhygienic conditions or food that do not contain enough nutrients.

unforeseen circumstances such as electricity failure can however cause

stored food, particularly in refrigerators and deep freezers, to go bad “When you store food at home, it makes you cook food at home and

or wasted. so you will rarely buy cooked food outside. Food cooked outside may
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TABLE 6 (B) Storage period for fruits, vegetables and mushrooms, fats and oils, canned, cooked, and leftover foods.

% Response

Commodity Never 1-3days 4-6days 1-2weeks 3—4weeks Mlore EL
month
Fruits, vegetables and mushrooms
Orange 27 43.3 24.8 5 0 0
Mango 56.8 29.3 11.5 2.5 0 0
Pineapple 57 29.8 12.3 1 0 0
Pawpaw 62.3 22 13.5 2.3 0 0
Banana 24.5 43.8 27.8 4 0 0
Watermelon 60 23.5 13 33 0.3 0
Tomato 138 12 34.8 4 5.5 0
Pepper 10.8 37.5 39.5 7 53 0
Onion 9.5 26.5 425 155 35 2.5
Leafy vegetable 57.8 23.3 14.5 43 0.3 0
Carrot 663 18.8 8.8 6 0.3 0
Cucumber 74 15.8 7.8 25 0 0
Avocado 57.8 26.5 13.3 25 0 0
Okro 63.5 25.8 9.5 13 0 0
Garden eggs 21.5 35.3 35.8 7.5 0 0
Mushrooms 86.8 4.8 5.2 3.3 0 0
Fats and oils
Palm oil 8.5 16.5 213 27.5 19.8 6.5
Palm kernel oil 97.8 0.5 0.3 1 0.3 0.3
Groundnut oil 98.3 1 0.5 0.3 0 0
Refined vegetable oil 225 19 19.3 21.3 14.5 35
Coconut oil 92.3 0.8 0.5 35 2 0.8
Margarine 69 10.5 12.8 6.8 1 0
Shea butter 91.3 0.5 2.5 33 2 0.5
Canned food 44.3 17.3 18 11 7.2 2.3
Cooked food 23.3 60.5 14 23 0 0
Leftover food 155 78.8 53 0.5 0 0
not contain all the necessary nutrients, it may also be cooked in an “Once you have the various foods stored at home, when planning
unhygienic place and hence may pose health problems”. (Food meals, cooking or eating, you will ensure you have all the needed
security expert, SN0O1) nutrients and because you are cooking or handling it yourself,
you take the necessary safety measures”. (Food safety expert, SN14)
“When you store food well at home, you are able to eat safe and
healthy food because you make sure you store in a clean and suitable
environment”. (Food security expert, SN16) 3.3.6. Factors that affect household-level food

A majority of the participants also asserted that household-level
food storage enhances food nutrition and safety through diet
planning. They revealed that storing food helps households to plan
their meals and diets to ensure that optimum amounts of nutrients are
retained and does not pose any health challenges.

“Mostly when storing food at home, you store the ones you can
get enough nutrients from and once food is stored well it will
not have any health problems”.
expert, SN04)

(Food value chain
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storage

Most participants cited some factors that affect household-level
food storage to be electricity, temperature, shelf life of food, pest
infestation, improper storage practices, unsuitable storage facilities
and financial capability of households. Electricity is important because
“if there is no power or electricity supply, you cannot use storage
equipment like refrigerator and deep freezer” (Food security expert,
SNO1). These storage equipment or facilities are at the core of
household-level food storage. Some of the participants asserted that
the shelf life of food is critical in determining the storage period of
food. Additionally, fertilizers and agro-chemicals used to spray
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FIGURE 4
A network analysis of direct and moderating effect of household characteristics on the relationship between food storage and food security. The +/—
shows the strength of the association between and among the clustering variables, and the [+] shows a positive association between variables at
significance level p<0.05.

foodstuff just before harvesting can also affect the shelflife of food, as
indicated by the verbatim responses below;

“The period or time of storage should be considered with regards to
the shelf life of the food commodity, and the use of proper storage
facilities should be of importance”. (Food safety expert, SN02)

“The shelf life of the food commodity, and the fertilizer and agro-
chemicals used to spray the food before harvesting can affect how
long it can be stored”. (Food security expert, SN09)

Food in storage should be well protected against pests since
“stored foods can be easily infested by storage pests when they are not
properly handled and stored” (Food safety expert, SN14), especially
when households do not have suitable storage facilities. Also, “sorme
people do not have the capital or money to purchase storage equipment
like a refrigerator or deep freezer” (Food storage expert, SNO5) or they
use improper food storage methods due to lack of knowledge.

“Inadequate knowledge in storing the various types of food affects
the way food is stored at home”. (Food security expert, SN16)

3.4. Partial least squares-structural
equation modeling

3.4.1. Direct effect of household characteristics
on food storage and food security

Results from the PLS-SEM showed that, the direct effect of
households’ socioeconomic status on food security was negative and
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statistically significant (f=—0.330, p value=0.000, p <0.01) (Figure 4).
Income of household head also exhibited a negative and statistically
significant relationship with food security (f=—0.353, p value=0.000,
p<0.01). This indicates that averagely the socioeconomic status of
sampled households in the study was low with majority of household
heads having low income, hence this will generally not lead to achieving
household food security through food storage. Household size showed
a positive and statistically significant direct effect on food security
($=0.294, p value=0.000, p<0.01). This implies that the average
household size of participants in the study does not put a household at
a food security risk, but could rather promote food security.

3.4.2. Moderating effect of household
characteristics on food storage and food security
The PLS-SEM results also revealed that households’ socioeconomic
status had a positive moderating effect on the relationship between food
storage and food security, although not significant (#=0.013, p
value=0.705, n.s) (Figure 4). This means that improving households’
socioeconomic status can increase the strength of the link between food
storage and food security, and vice versa. Therefore, higher socioeconomic
status of a household can help to improve food security through food
storage. Income of household head also showed a significant positive
moderating effect on the relationship between food storage and food
security (£=0.201, p value=0.001, p<0.01). This implies that to ensure
household-level food storage lead to the attainment of food security, the
income of household head needs to be improved, particularly within poor
households. The findings also indicated that moderating household size
had a negative and significant effect on the link between food storage and
food security (f=-0.160, p value=0.001, p<0.01). Hence, large
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household size will impede the achievement of household food security
through food storage.

4. Discussion

The study findings indicate that food commodities such as rice,
groundnut, fish, tomato, palm oil, and pepper were often stored by most
households. These are some of the key food commodities used for
preparing major dishes consumed by households in Ghana daily, which
implies that households in the study areas usually store foodstuffs they
mostly consume. Aberman et al. (2022) in their study in Ghana reported
that these were some of the main food commodities that participants
usually purchased for consumption. The generally low storage of fruits
and vegetables by households in the study communities can be attributed
to the fact that, relatively their consumption is usually low, which affected
their overall storage since households infrequently consumed them.
We also observed that, higher-income households were capable of storing
most foods compared to lower-income households. Higher-income
households had the financial resources to acquire improved storage
facilities that enabled them to store most foodstuffs than what lower-
income households could store. Since rich households have the ability and
capacity to invest in and adopt improved agricultural technologies (Al
and Erenstein, 2017).

The study found that households mostly stored perishable foods
including cassava, bread, yam, tomato, plantain, cooked food, banana and
leftover food for 1 to 3days. Food commodities have period of time they
can be stored before deteriorating and are not safe to consume. The type
of food, type of storage facility and storage conditions like temperature are
some of the factors that affect the shelf life of food (Xue et al., 2014;
Garden-Robinson, 2020). Participants for the expert interviews also
acknowledged that the period of storing food at home can be influenced
by fluctuations in the supply of electricity, financial capability of
households and food storage practices employed by households. Bread for
example when stored at room temperature has about 7 days shelflife, but
when it is stored in a deep freezer, the shelf life can increase to 3months
(Boyer and Mckinney, 2018). Meat and fish can be kept for between 4 to
12months when frozen; vegetables and fruits can also be stored for about
2weeks or longer and still be of good quality when appropriate storage
techniques are employed (Boyer and Mckinney, 2018; Garden-Robinson,
2020). The findings also revealed that most of the sampled households
stored food within a period of 2 weeks, which can be ascribed to the use
of inappropriate storage facilities, and lack of adequate up-to-date
knowledge in storing the various foods for a longer period, since most the
households do not have any training in food storage.

Furthermore, our findings revealed that, well-to-do households
usually used deep freezer and refrigerator for storing perishable foods,
due to their suitability in preventing food spoilage. Refrigerator and deep
freezer are effective for; slowing down bacterial growth, minimizing food
spoilage and preserving food quality, hence prolonging the shelf life of
food commodities (Aung and Chang, 2014). During freezing, the physical
state of the substance or food is changed by converting water into ice
when energy is removed through cooling below freezing temperature,
such as —18°C (Rahman, 2007). The results also showed that households
made use of various storage methods to store their food including; using
a basket, sack, bowl, polyethylene bag and in the ground. Households
used polyethylene bags for storing food in this study due to its relatively
cheaper price, durability and ease of use, and also because it is capable of
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delaying deterioration of perishable foodstuffs such as cassava for some
days. However, Rujnic-Sokele and Baric (2014) noted that polyethylene
bag is non-degradable, poses great danger to aquatic life and in some
countries there is a levy on its use or it is banned. A study carried out to
assess food storage practices of farmers by Prempeh et al. (2017) reported
that cassava was stored by 27% of farmers in polyethylene bags, 8% in the
ground or pit, 34% in sacks, 26% in water and 6% stored cassava under a
shade. Wumbei et al. (2019) also conducted a study in Wulensi, Ghana to
show that 63% of farmers stored yam in traditional barns, while 8% stored
it in the ground, and 29% of farmers kept it under trees covered with grass.

In addition to the survey outcomes, the expert interviews also
revealed findings regarding the impact of household-level food storage.
We found from the experts that, most households are compelled to eat the
same food for the period it remains in storage until it is finished, lest it
goes to waste, particularly due to inappropriate storage facilities. With
appropriate cost-effective storage facilities and up-to-date knowledge in
food storage practices, households can store varieties of food commodities
so that they can have options to choose any food they prefer to eat. Having
dietary diversity or eating different food types is critical for obtaining
various micro- and macro-nutrients to ensure nutrient adequacy (Sibhatu
etal, 2015). All the experts who were interviewed asserted that storing
food at the household-level promotes food security. This supports a study
by Tesfaye and Tirivayi (2018) who reported that storing food, particularly
using improved storage technologies promotes food and nutrition
security, and could be an important factor in alleviating the problems of
feeding the increasing global population. Darfour and Rosentrater (2016)
also reiterated that in order to minimize food and nutrition insecurity in
Ghana, it is critical to improve food storage practices in the country by
building the capacity of households, consumers and relevant stakeholders.
Although most experts acknowledged that household-level food storage
helps to reduce food expenditure, some of them asserted that using
facilities such as refrigerator and deep freezer to store food can be costly
due to high electricity bills. A study by Sakah et al. (2019) showed that
households in Ghana use refrigerators and deep freezers for a whole 24h
period, with spikes around 8:00 pm and 2:00 pm because of dinner and
lunch times, respectively. Their study revealed that households’ use of
these storage facilities contributes to 15% of peak electricity load, which
makes it the third priority target for minimizing high electricity
consumption in Ghana. It is therefore ideal for households to always buy
and use energy efficient food storage facilities in order to minimize
electricity consumption and save some money.

The expert interviews also indicated that storing food within
households helps to reduce food wastage, especially when households
have suitable storage facilities to store food. On the other hand, when
households do not store food or do not take full responsibility of ensuring
that food is properly handled and stored, there could be significant food
waste generation. Food wastage within households is mostly caused by
unplanned or unintended outcome of entangled daily routines revolving
around food, including improper handling and storing of food (Dobernig
and Schanes, 2019). The food waste generation rate of sampled households
in Accra was reported to be averagely 0.12kg/person/day (Attipoe and Li,
2016). Rutten and Verma (2014) however noted that, reducing food waste
by 50% in Ghana by the year 2025 will help to improve food production
and enhance food security in the country. The qualitative results revealed
that, food storage at the household-level enhances food-based nutrition
and safety, because it encourages households to plan their diets and also
cook food at home. Therefore, households are able to obtain optimum
nutrients from food and are not exposed to any health problems by eating
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food cooked under unhygienic conditions outside home. This is in
support of a research by Lin and Guthrie (2012), which indicated that due
to dietary guidance or planning, food cooked at home were richer in
nutrients than food cooked away from home. Food cooked at home was
higher in nutrients such as calcium and significantly lower in fat content,
while food cooked away from home was higher in cholesterol, sodium
and saturated fat, and lower in dietary fiber. Improper food hygiene and
food safety practices by street-cooked food handlers have also been
reported to be a major cause of food-borne illness among consumers
(Sani and Siow, 2014; Ayaz et al., 2018). It is therefore important to
promote food storage within households in order to enhance effective
food safety practices and safeguard the health and wellbeing of consumers.

Additionally, the results showed household head’s income and
socioeconomic status of household to have a positive effect on the link
between food storage and food security. Increasing the income of
household head and improving household’s socioeconomic status
therefore enhances the achievement of household food security through
food storage, and vice versa. Income is a key determinant that affects
food storage and food security of households. Poor households struggle
to acquire sufficient nutritious food and adequate resources such as
proper food storage structures (De Marco and Thorburn, 2009). They
become vulnerable to limited availability and access to food, which
subsequently affect its re-distribution to household members
(Drammeh et al., 2019). However, rich households are able to buy and
consume adequate nutritious food, and acquire suitable food storage
facilities. Various studies have reported that increase in household
income lead to improvement in food security. For example, studies done
in Nigeria and Ghana revealed that household food security improved
by 1.65 times by increasing households’ monthly income (Babatunde
and Qaim, 2010; Owusu et al., 2011). Antwi and Lyford (2021) also
reported that a unit increase in the income of households lead to
increasing the probability of achieving high household food security
status by 5.3%. Also, household size had a negative effect on the
relationship between food storage and food security. This implies that
large household size has the likelihood of worsening food security,
regardless of the food storage techniques used. When there are more
members in a household, demand for food increases, and can outweigh
the household’s food supply, especially for poor households (Antwi and
Lyford, 2021). The larger the size of a household, the likelihood of
available food to each household member becoming lesser, which
subsequently affect the household’s food and nutrition security status
(Olayemi, 2012). According to a study by Antwi and Lyford (2021), a
unit increase in household size reduced the likelihood of household to
attain high food security status by 3.4%.

5. Conclusion

To increase food security in urban households, it is crucial to
understand consumer food storage practices at the household-level.
The study found that rich households are able to store more food than
poor households, since they have financial capability to acquire
appropriate food storage facilities, while poor households mainly
resort to traditional food storage methods and facilities. The findings
indicated that most households do not have any training in food
storage, contributing to the short period they stored food. The study
also revealed that households must eat the same stored food until it is
finished to avoid wasting it, especially due to poor storage facilities.
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Income of household head and socioeconomic status of households
was found to positively affect food security through food storage.
Policies that promote the use of cost-effective storage facilities,
enhance up-to-date food storage expertise, and facilitate the provision
of social interventions to particularly poor households, will enable
consumers to store varieties of food commodities for longer periods at
home, to be able to always access available food and consume variety of
foods, in order to promote food and nutrition security. Future research
and assistance geared towards providing training interventions and
upgrading indigenous food storage methods and facilities are necessary
for building households’ capacity to adopt proper food storage practices.
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Introduction: The consumption phase accounts for approximately half of the
food waste generated within the food system. Numerous studies have identified
families with children as the primary contributors to food waste. The aims of this
paper is to enhance the comprehension of food waste behaviors in households
with children by characterizing it and studying how socioeconomic characteristics
and food-related behaviors can predict it.

Methods: A survey was conducted among 806 families with children, categorized
by the child's age and family structure. The study utilized descriptive statistics
to summarize the food waste behaviors and binary regression to evaluate the
predictive abilities of 12 variable related to the socio-economic characteristic,
purchase, and preparation behaviors and diet quality factors.

Results: Perishable food items, such as fruits, vegetables, cereal-based product,
and dairy products, were the primary items wasted in households with children.
Two patterns of food waste were identified: inadequate food management leading
to small amounts of waste in families with young and middle-aged children, and
over-purchasing perishable items leading to waste in other households with
children. Household type and purchasing habits were significant predictors, while
the purchaser’s age and buying channel showed lower predictive capacity.

Discussion: Policies to reduce food waste should prioritize raising awareness
among children, promoting good practices at the household level, and creating
favorable conditions during purchases. Strategies include enlisting children’s
participation in meal planning and food preparation as well as limiting the
promotion of ultra-processed products and incentivizing the sale of bulk products
at supermarket.

KEYWORDS

waste, household, parametric model, food related behavior, socio-economic

Highlights

- Perishable foods and dairy product are the most important contributors of food waste;

- Two distinct patterns of food waste identified in households with children;

- Household type and shopping list use as key factors in predicting food waste generation;
- Policies should focus on young families with small and medium-sized children;
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1. Introduction

The exponential growth of the global population by 2050 is
expected to drive a 50% increase in demand for food products, thereby
intensifying resource consumption and greenhouse gas emissions
associated with the food system (1, 2). Therefore, it is crucial to
increase resource use efficiency to prevent food insecurity and reduce
the food system’s environmental impact in the foreseeable future.
Among the strategies, the reduction of food waste has been identified
as a practical measure to improve resource use efficiency and increase
food availability while reducing pressure on natural resources (3). In
particular, the consumption stage of the food value chain has received
increasing attention, as it generates the highest contribution in terms
of quantities and environmental impacts (4, 5). Consequently,
reducing domestic food waste has become a crucial global target
under Sustainable Development Goal 12.3 (6), particularly in high-
income regions such as the United States of America and Europe,
where the problem is particularly acute (7).

Domestic food waste comprises spoilage, products thrown away
without use, and leftover meals (8). Food spoilage constitutes the bulk
of food waste and is easy to estimate since the entire product is
discarded; meanwhile, leftovers are the least quantifiable form of food
waste among consumers (9). The composition of household waste
primarily comprises items that are associated with high levels of
consumption and low economic value (10). Specifically, perishable
items such as fruits, vegetables, and baked goods are responsible for
generating more than half of the food waste produced by households,
whereas animal-based products such as meat, fish, and eggs contribute
to a negligible proportion of the waste stream [(11, 12)].

Many authors revealed that households with children tend to
generate more food waste than households without children (13-17).
In particular, research has demonstrated that the quantity of food
waste increases as the number of children in the household increases,
and the drivers of food waste may vary based on the child’s age (18).
Households with young children and adolescents commonly over-
purchase and over-prepare food due to their changing food
preferences (15), picky eating behaviors (19), and parental intention
to provide nutritious and suitable meals for their children (20). In
contrast, in households with older children, the primary reason for
food waste is the difficulty in predicting their eating habits, such as
their presence during mealtimes (21).

Despite this evidence, there still needs to be more representative,
reliable primary data on food waste generation at the household with
children level (22). In particular, more empirical studies are required
to unveil the drivers of food waste and existing framework conditions
leading to domestic food waste in these household (23). This
segmentation is required to pave the way to curb domestic food waste
and point out directions to design policies and interventions
specifically for this type of household (24). Indeed, interventions
targeting specific characteristics of homogeneous groups of consumers
have been proven to be more effective than “one-size-fits-all”
ones (25).

The aim of this paper is to enhance the comprehension of food
waste behaviors in households with children by characterizing it and
studying how socioeconomic characteristics and food-related
behaviors can predict it. A questionnaire was administered to 806
families with children categorized by life-cycle stages based on the
childs age and family Unlike

composition. previous
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questionnaire-based studies (13, 15, 26), the objective of this research
was not to measure the amount of food waste produced at home but
rather to determine which households with children were more likely
to produce food waste at home. A binary regression model was used
to assess the predicting capacity of the socioeconomic factors and
food-related behaviors in the household with children. The variable
included in the model were identified in studies with the same focus
but with different sample designs (13, 15, 20, 27, 28). The results were
used to identify interventions and policy implications that can target
specific aspects of drivers to influence food waste behaviors.

2. Methods
2.1. Study design

The current investigation is part of an exploratory analysis that
investigates household expenses, food waste behavior, and residue
generation in the population of Cerdanyola del Valles, a municipality
situated in the Vallés Occidental region of Catalunya, Spain, with an
estimated population of 60,000 people (29). Three online surveys with
different designs and objectives were conducted during the study,
involving 1,854 households in the municipality. Our study
administered the questionnaire to 806 households, with 23%
responding to at least one of the two preceding surveys. The
questionnaire collected data on food waste behaviors, socioeconomic
characteristics, food purchase and preparation behaviors, and diet
quality. A professional market research organization was contracted
for the recruitment and data collection of the survey. The sample was
selected based on the percentage of households with young children
(<5years old) (27%), households with middle age children (5-17 years
0ld)(36%), households with mayor age children (18-30years old)
(25%) and households father,
children<30years old)(12%) present in the Spanish population with

single-parent (mother or
representative quotas for gender and age (Sampling error: 3.8%) (30).
For further details on the socio-demographic characteristic lifecycle
stage see also Supplementary Table S1 in the Supplementary Material.

Only the person responsible for at least half of the shopping trips
and preparing meals at home were involved in the study. The survey
encompassed a total of 14 questions that were administered in both
the Catalan and Spanish languages. The initial segment of the
questionnaire centered on food waste behaviors, while the subsequent
segment inquired into socioeconomic attributes and food-related
behaviors. The survey was conducted online and presential between
October 2022 with CAWI methodology, for a total of 15 min for each
interview. The in-person interview was conducted in supermarkets,
municipal markets, and grocery shops to obtain a heterogeneous
sample. Before administering the questionnaire, a pre-test was carried
out with 25 families with children to check the comprehensibility of
the questions and answers and to calculate the average interview time.

2.2. Ethical statement

The Research Ethics Committee of the Autonoma University of
Barcelona (Barcelona, Spain) approved this study protocol (code
number 5539). All procedures were in accordance with the ethical
standards established by the Declaration of Helsinki (31). All
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respondents were informed about the objectives and procedures of the
study and provided informed consent before filling out the survey,
which was compliant with the General Data Protection Regulation
(GDPR). The processing of personal data complies with current
Spanish and European legal regulations on data protection.

2.3. Food waste behavior

Respondents were asked whether they had discarded edible food
in the past seven days to investigate food waste behavior. Food waste
was defined as any edible food, liquid or solid, not intended for human
consumption, including disposal in the garbage bin, use as pet food,
or composting organic matter, as defined by the High-Level Panel of
Experts on Food Security and Nutrition (32). Therefore, the study
excluded the inedible portion of the products to identify only the
household that discarded food which could have been consumed. A
seven-day recall period for the food waste question was intended to
simplify responses and reduce potential respondent bias (33).

In order to characterize food waste, the person responsible for
purchasing food was asked to list the products or dishes that had been
discarded during the week. The questionnaire’s administrator
subsequently categorized the product or dish into food product
categories, such as fresh vegetables, fresh fruit, fresh bread, cereal
products, milk and dairy products, animal-based products (e.g., fish,
meat, and eggs), frozen or canned products, and ready-to-eat or
ready-to-made products. If a dish was composed of multiple products,
only the category of the main ingredient was recorded in the
questionnaire. Additionally, the disposal reason of the product
category was recorded to classify them in quantity-related problems
at purchase, quantity-related problems at home and durability. The
quantity-related problems are related to the purchase of a too large
packaging size or wrong product as well as the preparation of too
much food at home. Meanwhile, durability is associated to the fact
that a product becomes spoilt, unsavory or past the best-before or
use-by date.

2.4. Socio-economic characteristics and
food-related behaviors

The socioeconomic characteristics and the food-related behavior
are listed in Tables 1, 2. The socio-demographic variables considered
were the type of household with children, the age and working status
of the responsible for the purchase, the size of the household, and
monthly household income. In particular, the responsible for purchase
was asked to provide numerical values for the age, number of
household members, and monthly household income. Meanwhile, a
multiple-choice question was applied to collect the data related to the
type of household and the working status (see Table 3).

Regarding food purchase and preparation behavior, the
questionnaire includes questions related to the main purchasing channel,
the frequency and organization of food purchases, and the frequency of
food preparation. The main purchasing channel was identified among
supermarkets, grocery shops, and alternative markets; meanwhile, the
frequency of purchase was assessed with a multiple-choice question
(answer format: “I buy the majority of food in a single
purchase+supplement shopping” and “I buy the majority of my food at
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different times throughout the week”). The organization of the purchase
was assessed with yes or no questions related to the realization of a
shopping list. Furthermore, the preparation behavior was identified
based on the number of times the household prepares food at home
during a week (answer format: four-point scale ranging from one time
per week to daily). Finally, the diet quality at home was assessed with
either the frequency of fresh food consumption (Seven-point scale
ranging from once a fortnight to never to daily) and the type of diet
through a multiple-choice question (answer format:” Mainly animal-
based, animal product consumption >4 days per week” and “Mainly
plant-based (animal product consumption <4 days per week”).

2.5. Data analysis

The statistical analysis for this study was performed using the latest
available version of R software (R-4.3.0). In particular, the analysis was
divided into two subsequent steps such as (1) the descriptive statistics
to summarize the data and (2) the binary logistic regression to assess
the variable’s capacity to predict food waste generation.

First, the socioeconomic and food-related behaviors were analyzed
and summarized. Then the waste generated during the last seven days,
the number of wasted products, product group, and the disposal reason
were examined regarding the household life cycle stage. The analysis at
household level has a specific interest regarding potential policy and
prevention measures. Then, the relationship between food waste
behavior and the socio-demographic variable and food behavior was
assessed though a binary logistic regression. A dummy variable called
“Declared food waste” was used as a dependent variable in the binary
logistic regression, and the 14 variables were used as explanatory
variables. After the first round of analysis, the explanatory variables
that were not significant were excluded, and a second regression was
performed with the remaining variables. A value of p of less than 0.05
was considered statistically significant. Multicollinearity was checked
using Pearson correlation to determine the correlation between
independent variables. The outliers have been examined and removed
from the numerical variables such as age and household monthly
purchase. The results were presented with an interval corresponding to
a confidence level of 95%. ANOVA analysis was performed to assess
the relative importance of the variable on predicting food waste
generation. Furthermore, the accuracy test was conducted to evaluate
the predictive performance of the logistic regression model. Specifically,
the proportion of correct predictions over 500 observations obtained
from the same model was assessed. As a fundamental diagnostic
measure for logistic regression, the accuracy test provides valuable
insights into the model’s predictive accuracy.

3. Results

Table 1 provides an overview of the demographic composition of
the sample analyzed in this study. The majority of responsible
individuals for food purchases were female (70%), under the age of 54
(79%), and employed part-time or full-time (78%). Approximately
half of the families with children included in this study comprised less
than four members (Mean: 3.57). Regarding household income, 16%
reported a monthly income below 1.500 Euros, while 32% reported a
monthly income greater than 3.500 Euros. Given that Catalonia’s
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TABLE 1 Socio-demographic characteristics of the sample analyzed in Cerdanyola del Valles.

Socio-economic factors Variable Missing value No. Observation Frequency

Male 242 30%
Gender 2

Female 562 70%

<54years old 636 79%
Age 0

>54years old 170 21%

Employed 630 78%
Work status 0

Not employed 176 22%

<4 people 380 47%
Household size 0

>4 people 423 53%

Low income 116 16%

Medium low-income 94 194 27%
Household income

Medium high-income 172 24%

High-income 230 32%

<500 Euro/month 410 61%
Household food expenditure 132

>500 Euro/month 264 39%

average net household income is 3,000 Euros per month (29), families
reporting a monthly income below 1,500 Euros were defined as
“low-income households.,” between 1.500 Euros and 2.000 Euros were
defined as “medium low-income household,” between 2.500 Euros and
3.500 Euros were defined as “medium high-income” and higher than
3.500 Euros “high-income household” Among the families with
children in the study, 61% reported spending less than 500 Euros per
month on food and non-alcoholic beverages, however several outliers
were identified (mean: 537 Euros/month). This value is higher than
the regional statistics reported for Catalonia, which indicates an
average monthly expenditure of 450 Euros on food and non-alcoholic
beverages in families with children (34). The difference in reported
expenditures may be attributed to the difficulty responsible individuals
face in accurately estimating the amount spent on food and beverages
each month. This difficulty is supported by the fact that approximately
15% of families could not respond to the expenditure question and the
presence of several outliers in the analysis.

Table 2 provides an overview of the food-related behaviors
reported by families with children. Consistent with regional food
consumption trends, half of the households purchase groceries from
supermarkets/hypermarkets (35). Two out of three families make a
single shopping trip and supplement it with smaller purchases
throughout the week, while one out of three families only shop at one
location. Moreover, 70% of families reported making a grocery list
based on what is needed at home before heading to the store.
Regarding food consumption behavior, 66% of families reported
consuming fresh products at home daily, while almost all families
consume animal products at home more than four days a week.

3.1. Food waste generation in the
household with children

During the seven days analyzed through a questionnaire, 63% of

households with children reported disposing of less than two food
items. Families with young (3.2) and middle-aged (2.4) children had
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the highest average number of discarded products, while single-parent
families (1.8) and families with adult children (1.5) reported the
lowest values. The food items most frequently discarded belonged to
the category of vegetables (80%), followed by fruit (78%) and cereal-
based product (63%). Dairy products also represented a frequently
discarded product group, with 25% of families reporting throwing
them away particularly, the household with young reported the
highest percentage of dairy products wasted during the analysis
(Figure 1). Meanwhile, animal-derived products such as meat, fish,
and eggs were the least frequently discarded, along with ready-to-
prepare/eat products.

Regarding the reasons for disposal, two out of three families
reported throwing away most of their food items without having used
them. The vast majority of the food were wasted due to the durability
of the product (76%), while only a tiny portion of the products were
discarded due to quantity problems related at purchase (10%) or at
home (14%). In Figure 2, it can be observed that families with young
and middle-aged children reported the highest levels of food waste
due to quantity-related issues. In these families, quantity problems
were mainly related to preparing too much food, and to a lesser extent,
to over-purchasing. Conversely, most of the families with adult
children and single-parent households wasted products due to
durability. Furthermore, the causes of waste due to quantity were
primarily related to over-purchasing, which was often attributed to
purchasing products in excessively large packaging sizes.

3.2. Regression results

The last data analysis step was estimating the binary regression
models to investigate the drivers generating domestic food waste in
households with children. The regression model included six
socioeconomic factors such as the sex of the responsible for purchase
(reference value: male), age of the responsible for purchase (from
smallest to largest, numerical value), working status of the responsible
for purchase (reference value: employed), type of household
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TABLE 2 Food-related behaviors of the household with children analyzed in Cerdanyola del Valles.

Food-related behavior Variable No. Observation Frequency
factors

Supermarket 418 52%
Market channel

Other: grocery store, municipal market, alternative market 388 48%
How do you organize your food I buy the majority of food in a single purchase+supplement shopping 574 71%
shopping? I buy the majority of my food at different times throughout the week 232 29%

y jority y 8

Do you prepare a shopping list before Yes 556 69%
purchasing? No 250 31%
How do you organize the food I cook every day 126 16%
preparation at home? I do not cook every day 680 84%

Mainly animal-based(animal product consumption >4 days per week) 774 96%
How do you define your diet?

Mainly plant-based (animal product consumption <4 days per week) 31 4%
Frequency of fresh food consumption Daily 532 66%
at home Not daily 274 34%

(reference: household with young children), household size (from
smallest to largest, numerical value), annual household income
(reference value: <2.500 Euro per month) and household expenditure
in food (from smallest to largest, numerical value). In addition, the
food-related behavior included six factors in the regression model as
the primary purchase channel (reference value: supermarket/
hypermarket), frequency of purchase (reference value: one general
purchase per week + complimentary shopping), elaboration of a
shopping list (reference value: yes), frequency of food preparation
(reference: daily), the type of diet (reference value: mainly animal-
based(animal product consumption >4days per week) and the
frequency of fresh product consumption (reference value: daily).

The logistic regression model successfully identified four
predictors of food waste generation in households with children.
Table 3 illustrates each factor’s variables, degree of significance, odds
ratio at the 95% confidence level, and the results of the ANOVA
analysis. After the first round of the binary regression model, four
factors with statistically significant parameters were retained and
inputted in the final regression model. Table 2 illustrates each factor’s
variables, degree of significance, odds ratio at the 95% confidence
level, and the results of the ANOVA analysis. No factors were excluded
due to multicollinearity during the analysis. The outlier analysis
excluded 20% of the data concerning monthly household expenditure,
while no outliers were identified for the age of the household head. For
further details on the results of the first regression model see
Supplementary Table S2 in the Supplementary Material.

Among the socioeconomic variables examined, the age of the
household head and family type were significant predictors of food
waste generation. The analysis revealed a negative relationship
between the age of the household head and the likelihood of food
waste generation, indicating that older household heads were
associated with a lower probability of generating food waste (odds
ratio=1.04, p<0.01). In terms of family type, households with adult
children (odds ratio=2.27, p<0.05) and single-parent families (odds
ratio=2.8, p<0.001) were found to have a lower probability of wasting
food compared to households with small and medium-sized children.
Regarding food-related behaviors, households that reported procuring
their food from grocery stores and municipal markets had a lower
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probability of generating food waste than those who obtained their
food from the supermarket/hypermarket channel (odds ratio=1.54,
p<0.05). Moreover, a lower probability of food waste was associated
with creating a shopping list before grocery shopping (odds
ratio=1.82, p<0.05).

The ANOVA analysis highlighted that the household type (LR
Chisq=20.7) and the realization of the shopping list before purchase
(LR Chisq=7.6) are the factors with the higher impact on the variation
in the prediction of food waste generation. On the other hand, the age
responsible for the purchase (LR Chisq=6.6) and the purchase
channel for groceries (LR Chisq=6.1) have a lower impact on
the prediction.

4. Discussion

4.1. Food waste characterization in the
household with children

The data set showed that 31% of the households did not record
food waste during the previous seven days. Related information from
food waste studies realized in Spain, Italy, and Denmark suggest that
between 15 and 40% of respondents to questionnaires stated not
wasting any edible food within a regular week or during the previous
week (27, 28, 35). As self-reported food waste is prone to social
desirability and memory bias (33), the request to declare whether the
household wastes some edible product instead of quantifying
we attempted to minimize this bias. Indeed, several studies found self-
reported food waste highly subjected to underreporting (13, 36, 37),
especially in households with multiple members (38). Despite our
efforts, the findings of our study are influenced by subjective
perceptions of edibility, particularly when determining whether certain
parts of a food item, such as vegetable peels, are edible or not. This
makes it challenging to categorize food products as either edible or
inedible in advance. However, unlike other studies that rely on
questionnaires to measure household food waste, we aimed to gain a
more nuanced understanding of households with children prone to
generating food waste.
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TABLE 3 Socio-economic and food-related behaviors identifies as predictors for food waste generation in the household with children.

Variable Odd ration Confidential level 95% LR Chisq
Lower bound Upper bound

Age of the responsible of

1.0 1.0 1.1 <0.001 6.6
purchase
Household with young
children
Household with middle-age

1.0 0.6 1.6 0.83 207
children
Household with adult children 22 1.2 4.2 >0.01
Single-parents household 2.8 1.5 5.5 >0.001
Main purchase channel:
Supermarket 6.1
Main channel: no supermarket 1.6 1.1 23 >0.05
Realize shopping list (No)

7.6

Realize shopping list(Yes) 1.8 1.2 2.8 >0.05

The probability of declared food waste is expressed in odds ratio with the upper and lower bound to achieve a confidence level of 95%.
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children

Single-parents household

W spoilt

Unsurprisingly perishable food, such as fruits, vegetables, and cereal-
based product, are the primary items discarded, as previous studies have
shown (13, 39). In addition, our findings indicate that dairy product
contribute significantly to domestic food waste in households with young
children and middle-aged individuals. This result highlights the
importance of not excluding a specific dairy product, such as milk, from
food waste quantification studies in households with children, as it is a
common practice to exclude liquids in current literature (28, 40).
Respondents reported spoilage as the primary reason for food waste in
their homes, which aligns with other literature (14, 36).

Previous research by Herzberg et al. (13), Koivopuro et al. (41), and
Falasconi et al. (27) has indicated that households with young and
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middle-aged children exhibit a higher prevalence of quantity-related
issues in the context of serving or preparing excessive food compared to
other family types. Such problems may be attributed to these households’
challenges in providing healthy and appropriate food for their children
(20,42, 43) while also managing their children’s finicky eating habits (15).
The analysis confirmed the higher presence of quantity-related problems
in families with young and middle-aged children. Additionally, it was
highlighted that households with older children and single-parent
households reported the most significant waste causes due to spoilt and
quantity-related problems during purchase. This evidence suggests the
presence of two distinct patterns of food waste in the household with
children. Specifically, households with young and middle-aged children
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problems at purchase, home and spoilt.

Reasons for disposal are listed for the different type of the households with children. The reasons for disposal included in the analysis are the quantity-

appear to waste food due to inadequate food management strategies,
resulting in frequent small amounts of waste. In contrast, food waste in
other households with children, and more in general to the other type of
households, may result from over-purchasing perishable items discarded
before consumption.

4.2. Prediction of food waste generation
through socio-demographic and
food-related behavior variables

Binary logistic regression identified four variables to identify
which households and behaviors should be prioritized for food waste
reduction. Household type and making a shopping list before going
shopping are the two most influential factors in the model studied.
The higher likelihood of food waste in families with young and
middle-aged children empirically confirms the child’s age as a valid
variable for predicting food waste generation, consistent with the
qualitative analysis of Kansal et al. (18). The greater time and money
constraints may underlie this higher likelihood of food waste, as
indicated by Parizeau et al. (14). Meanwhile, careful grocery shopping
planning has been confirmed as a critical behavior to reduce food
waste at home, even for families with children. Many studies have
stated that careful grocery shopping planning is an effective tool to
prevent overbuying and, consequently, food waste (14, 44, 45).
Moreover, the limited use of the shopping list could serve as a proxy
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for other planning behaviors, which might explain the increased
occurrence of food waste (46). Indeed, Quested et al. (37) have shown
a robust positive association between the creation of shopping lists
and “planning behavior,” such as the premeditated planning of meals,
inspection of existing food inventories before shopping, employment
of freezing techniques to prolong the shelflife of food, and repurposing
of leftovers.

In addition to the type of household and the purchase planning,
the buyer’s age and the purchasing channel were found to be factors
with predictive power within the model. The inverse relationship
between the age of the person in charge of food purchasing and the
probability of generating food waste is consistent with previous studies
(13, 36, 47). As well as other studies have also reported a higher
likelihood of waste among individuals who purchase groceries from
supermarkets (48-50). Specifically, products in predetermined
packaging or products on discount (i.e., 3x2) induce consumers to buy
more food than necessary for their families. In addition to the method
of selling products, the presence of ultra-processed food items such as
unhealthy snacks, frozen pizza, ice cream, and flavored yogurt in
supermarkets has been indicated as a reason for food waste generation
at home. Indeed, consuming these products, particularly appreciated
by adolescents and young children (51), can compete with healthy
product products such as fruits and vegetables served during
mealtimes. Graham-Rowe et al. (20) showed that some parents
frequently over-portion dinner for children to discourage eating
unhealthy snacks, which could lead to significant food waste.
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Moreover, supermarkets are known for their persuasive marketing
appeals targeting children. Chen et al. (52) and Haselhof et al. (53)
highlight that children can employ persuasion, begging, and emotional
appeals to influence their parents into purchasing products with
attractive packaging or advertised on television.

In contrast to several studies, household income (36, 47, 54, 55)
and the number of household members (56-58) were not found to
be predicting factors for food waste generation in families with
children. The focus of this study on a specific segment of the
population characterized by a similar number of household members
and monthly income levels explains this finding. This result puts into
perspective the importance of these two factors as predictors of food
waste within the population, given that families with children typically
have higher incomes and a more significant number of household
members. However, the fact that the analysis does not quantify food
waste but only assesses whether or not waste was generated in the last
week may explain why these two variables were not significant.

Regarding the methodology used in this study, the application of
predictive models in food waste research during the consumption
phase is increasing during the last decade (59). Previous research has
demonstrated how predictive models can be customized for various
sectors with limited utilization of these statistical techniques (60, 61).
The food waste behavior was analyzed both with parametric (17, 62)
and no parametric machine learning algorithm (63, 64). The choice to
employ a parametric model for this research is based on two primary
factors. Firstly, the analyzed variables have been observed in numerous
studies, emphasizing the need for a well-established and interpretable
approach. Secondly, the main objective of this analysis is to achieve
accurate predictions rather than exploring intricate relationships or
uncovering hidden patterns within the data. Additionally, focusing on
a specific segment of the population helps mitigate the presence of
outliers within the sample, while the ample sample size enables the
model to be less susceptible to overfitting. Parametric models using
both linear regressions (10, 13, 62) and logistic regression (17, 27, 28).
These two predictive models differ in their output and data
requirements. Logistic regression, utilizing a dummy variable,
determines whether a household wastes food but does not provide
information on the extent of the food waste. However, challenges and
costs associated with quantitative analyses of consumption-related
food waste, along with uncertainties due to cognitive biases and
different perceptions of food waste among users (65, 66), limit the
scalability of the predictive linear regression model. The use of
categorical variables to assess food waste behavior (i.e., Declared food
waste) enables quick and cost-effective data collection through
questionnaires giving the possibility to increase the number of samples
analyzed. The increase in the number of studies on food waste is
fundamental for deepening knowledge about food waste and
developing strategies to decrease it.

4.3. Policy implications

This section presents policy implications for addressing food waste
in households with children based on the findings of this research and
evidence from the literature. As highlighted by the analysis, policies
aimed at preventing food waste should focus on young families with
small and medium-sized children. Specifically, policy actions are
required to facilitate changes in the perception of waste, promote good
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practices, and create favorable conditions for reducing food waste in
these families. Placing the child at the center of policies to raise
awareness about food waste is crucial, given their ability to directly and
indirectly, influence waste (18). In this regard, promoting a healthy diet
and describing the impact of food waste in schools can help reduce
waste in families in the short term and create greater awareness of food
waste in future families in the long term (15). As well as promoting
local and seasonal products and menus mainly based on plants within
schools can play a crucial role in educating children and supporting
families in this critical aspect of daily life (67). Regarding this aspect,
Simanskiené et al. (68) recommended that educational institutions
design lessons or lectures centered around responsible consumption
topics. In particular, the development of methodological resources,
such as exercise books and the creation of computer games that
demonstrate the impact of individual consumption and behavior, can
help educate students about responsible consumption and its role in
environmental preservation.

Concerning good practices, the policies should stimulate planning
behavior within the household with children, such as creating a
shopping list, pre-planning meals and inspecting existing food stocks
before purchasing (37). These behaviors can be stimulated through the
promotion of online tools and apps for creating shopping lists (69),
managing existing food stocks (70). Given the significance of food
waste related to quantity problems arising from over-preparation of
food, it would be beneficial to assist households in reusing leftoversby
providing recipes particularly for perishable product. This can
be achieved by promoting food reusing apps [e.g., (71)], launching
campaigns [e.g., (72)], and incorporating them into product
packaging. Moreover, enlisting children’s participation in activities
such as meal planning and food preparation, such as cooking together,
are practices that have been found to have a constructive impact on
dietary patterns and food waste generation (18).

Public policies should strive to create favorable conditions to
reduce food waste in households with young and middle age children.
Firstly, policies should encourage responsible consumption within the
population through awareness-raising campaigns (73). In particular,
parents should be informed as much as possible about the food waste
impact on the environment and the region in which they live.
Concerns about food waste and moral attitudes (i.e., feelings of guilt
when discarding food) are crucial to determine their intention not to
waste food and reshape the individual attitude toward buying and
consuming food (74). For example, positive correlation between the
variables planning routines and awareness of environmental problems
has been observed by Fiore et al. (75). Secondly, specific policies are
required to incentivize the sale of bulk products and limit the
promotion of ultra-processed products in the supermarket. Focusing
on supermarkets is necessary since most people use this purchasing
channel as the main one due to time and money constraints. In this
sense, promoting the sale of bulk products helps the shopper buy the
exact amount of products needed for the household by limiting
overbuying and reducing the generation of other packaging waste.
Furthermore, developing customized packaging for products such as
fruits and vegetables targeted toward families with children could
partially alleviate quantity-related problems at purchase (i.e., less
quantity and more variety). On the other hand, to reduce the
consumption and potential distractions caused by ultra-processed
products when purchasing goods, limiting their promotion campaigns
aimed at adolescents and young children is crucial. One strategy to
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achieve this is placing these products in less visible locations, such as
on top shelves or in areas the responsible shopper may not pass by.

Finally, it is essential to mention that policies for managing organic
waste should be implemented in addition to food waste prevention
policies. Food waste management accounts for approximately
one-third of the entire food system’s greenhouse gas (GHG) emissions
(76) due to the widespread use of landfilling and open dumping, both
of which are strongly linked to high GHG emissions (77). By
implementing the separate collections in the neighborhoods with a
high percentage of households with children, the potential to employ
low-carbon-footprint waste management technologies such as aerobic
digestion and composting is increased, which can help to mitigate
GHG emissions. This two-pronged approach of preventing and
managing organic waste is essential to decrease food waste and its
impact on families with children in parallel.

5. Conclusion

The issue of food waste is a significant challenge faced by societies
worldwide. This study adds to the growing body of literature on
household food waste by examining the food waste behaviors of
households with children and identifying factors that can predict food
waste generation. Our results show that perishable food items such as
fruits, vegetables, bread, and dairy products are the primary items
discarded. In particular, quantification analyses of food waste in
households with children should take into account liquid waste,
especially from milk, to avoid underestimating the problem. The study
also identified two patterns of food waste in households with children:
inadequate food management strategies resulting in frequent small
amounts of waste in families with young and middle-aged children,
and over-purchasing perishable items discarded before consumption
in other households with children.

These findings are crucial for policymakers and stakeholders as
they can help in developing targeted interventions to reduce household
food waste, particularly for families with young and middle-aged
children. Based on our study, strategies to reduce food waste in
households with children should focus on improving food management
strategies and promoting planning behavior such as making shopping
lists. Schools can play a vital role in educating children and supporting
families, while online tools and apps can encourage good practices
such as planning and reusing leftovers. Policies that incentivize the sale
of bulk products and limit the promotion of ultra-processed items in
supermarkets can also be implemented, along with policies for
managing organic waste to decrease their impact on families with
children. It is important to note that reducing household food waste
requires a multi-stakeholder approach involving policymakers, food
manufacturers, retailers, and consumers. The results of this study
contribute to the growing body of literature on household food waste
and emphasize the importance of considering socio-demographic and
food-related behavior variables in predicting food waste generation
and implementing effective interventions.

Future research using a predictive model for food waste behavior
should focus on young people living alone or sharing a house,
identified by different studies as the household type generating the
highest kg per capita of food waste (13, 16, 41). As well as in comparing
different populations with different levels of awareness on food waste
aspects or shed light on the cultural impact of food waste. Finally, to
advance in the study of food waste in households with children,
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research should focus on assessing which variable identified by logistic
regression has the most significant weight. In this case, quantifying
food waste in a small sample would make it possible to define which
behavior should be prioritized in a given population segment.
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Alternative protein sources are gaining attraction in food industry and
consumers. Proteins obtained by single-cell organisms, such as torula yeast, are
of enormous interest, as they are highly scalable, efficient, and sustainable, and
the production costs are comparably low. Nevertheless, proteins obtained from
yeasts are still mostly known and studied for feed applications, despite their
nutritional, functional, and sensory benefits for various food applications. Testing
consumer acceptance of products, especially products containing alternative
proteins provides insights into, e.g., market success, consumer perception,
and optimization potential. In this study, the development of two vegan spread
powders, high in protein and containing torula yeast as an alternative protein
source, is introduced. The result of food product development using torula
yeast were “Leberwurst’-style (14.7% protein) and a "Balkan”-style (9.7% protein)
spreads both meeting the criteria “at least 20% kcal from proteins of total product
kcal” and thus claimable as "high-protein.” The application of the alternative
protein from torula yeast within the final products was studied by a consumer
acceptance test (n=123) within three different countries (Germany, Iceland,
and Sweden). Consumers also rated their trust in food production actors, the
food industry in particular, and their willingness to try new foods. Overall, both
spreads received acceptance values in the range of “like slightly.” It is noticeable
that the consumers liked the spread “Balkan style” more than “Leberwurst”-style.
The background variables revealed higher neophobic characteristics of Icelandic
consumers compared with Swedish or German consumers. However, German
consumers felt transparency, and communication was missing, but Icelandic
consumers, in general, had more trust in the overall food value chain. This
knowledge allows for the development of strategies that address cultural-specific
barriers and capitalize on cultural values that promote openness to culinary
innovation. The identification of cultural variations in consumer preferences
emphasizes the need for customized approaches to product development
and marketing. These findings could have implications for businesses and
policymakers in understanding and catering to the preferences and concerns
of consumers in these respective countries. Businesses might benefit from
emphasizing transparency and improving communication strategies. This could
involve providing clear information about the sourcing, production, and other
aspects of the food value chain.
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1 Introduction

By 2050, the world population is expected to reach up to 9.8
billion people accompanied by debate about carbon footprint
reduction, sustainable and biodiverse food systems, and the sufficient
protein supply in future (Ismail et al., 2020; Grossmann and Weiss,
20215 Jach et al,, 2022; Di Lena et al., 2023). Alternative protein interest
and their use in different food products are not only steadily increasing
and gaining huge market share but are also one of the most discussed
food science topics (Grossmann and Weiss, 2021; Banach et al., 2022;
Verstringe et al., 2023).

Alternative protein attraction by the consumer can be divided into
plant-based proteins, single-cell organisms, aquatic organisms, and
insects (Sawicka et al., 2020). As the global population continues to
grow, alternative protein sources can help address food security
challenges by providing efficient and scalable sources of protein
(Henchion etal,, 2017; Rusu et al., 2020). The alternative protein market
exceeded 50 billion USD in the year 2020 and is estimated to grow up
to 155 billion USD by 2027. These numbers are a result of the growth of
concerns about the environment, the increasing demand for alternative
protein products, and the growing number of vegans, vegetarians, and
flexitarians worldwide (Ahuja and Bayas, 2021). The people who belong
to these three dietary groups helped expedite the use of alternative
proteins in common food products, while also the food industry
observed the benefit of the commercialization of products using such
protein sources (Ismail et al., 2020). The development of alternative
protein sources is ongoing, influenced by factors such as flavor, texture,
cultural perceptions, and technological advancements. As consumers
become more conscious of their dietary choices and their impact on the
planet, the demand for diverse and sustainable protein sources is likely
to continue to increase (Banach et al., 2022).

Single-cell organisms, such as yeasts in particular, are of interest, as
single-cell proteins have the advantage of being highly scalable and
efficient in terms of resource utilization. In addition to the low-cost
biomass production with low environmental footprint (as well as the
possible cultivation of side-stream products from various agro-industries),
single-cell proteins show nutritional advantages, especially with regard to
high protein content with a well-balanced amino acid profile, enzymes,
trace minerals, and vitamins (Bekatorou et al., 2006; Jach et al., 2022).

Torula yeast (as well as most of the other yeast types) is mostly
known and studied for feed applications so far, e.g., in fish diets
(Olvera-Novoa et al., 2002; Leeper et al., 2022) and broilers (Lezcano
and Herrera, 2013), shrimp (Mbuto, 2017). However, in the context of
the growing population, the importance of food grade that produced
yeasts is steadily increasing (Bekatorou et al., 2006). Jach et al. (2022
reported the useful integration of yeast biomass into food as
emulsifiers, flavor enhancers, and vitamin carriers. Beyond that,
Bekatorou et al. (2006) specified the use of yeast proteins as an
ingredient within meat alternatives, seasonings, sauces, soups, and
dips. This is of particular interest for providing products for flexitarian
consumers, who prefer to reduce meat-based products in their diets
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and are looking for corresponding meat alternatives that resemble
appearance, flavor, texture, and price of meat products (Joseph et al.,
2020). The use of alternative proteins in food products is essentially
accompanied by consumer acceptance, assuring market success and
thus comprising interest in consumer perception of these products
(Aschemann-Witzel et al., 2020).

Consumer attraction to alternative proteins in food is multifaceted
and influenced by health, sustainability, ethics, culture, taste, and
price. Aspects, influencing consumer acceptance, can be divided into
three main categories, namely, product-related characteristics,
psychological factors, and external environments such as trust and
social environment, also covering food neophobia aspects (the
unwillingness to eat and the habit of avoiding novel food products;
Onwezen etal, 2021; De Kock et al., 2022). Different studies revealed
that consumer acceptance of products including alternative proteins
depends on the expected (Michel et al., 2021) or experienced sensory
properties (especially. taste) of the products (Dietrich et al., 2016;
Grahl et al., 2020).

In this study, analysis of the sensory acceptance by consumers
from three different countries (Germany, Iceland, and Sweden) of two
developed vegan spreads (Leberwurst and “Balkan”-style) containing
alternative proteins from torula yeast as an ingredient has been
performed. In addition, additional information on the general
acceptance of the protein concepts and consumer confidence
is discussed.

2 Materials and methods
2.1 Vegan spreads

Two types of vegan spreads based on different spices were
developed. The final spreads were developed to be a “ready-to-use”-
powder. Thus, the end-user of the products, namely, the consumer, is
required to add vegetable oil and boiling water, enabling the highest
possibilities of convenience and easy and long-term storage
opportunities. Torula yeast powder (ARBIOM, Paris, France) was
evaluated within the NextGenProteins EU project, which had high
potential for use based on its sensory characteristics (such as umami
and meat-like characteristics) in food application.

The first variant of spread developed resembled a meat-like
product in accordance with the German “Leberwurst” (liver sausage).
Leberwurst is a type of sausage that originates from Germany, which
has a distinctive smooth and spreadable texture, and is commonly
consumed as a spread on bread or crackers. Leberwurst generally has
arich and savory characteristic, though it can vary in flavor depending
on the specific recipe and region. Thus, the goal was to achieve a meat-
like and savory flavor, accompanied by a reddish to brown color, a
spreadable texture that translates to soft and smooth mouthfeel, and
finally meeting requirements for “high protein” claims (according to
the Regulation (EG) 1924/2006).
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The second spread was designed to have a smoked/rich paprika-
flavored spread, called the “Balkan”-style. The Balkan cuisine has a
rich culinary tradition characterized by a variety of flavors and
ingredients, with influences from Mediterranean and Eastern
European flavors. “Balkan”-style generally refers to the spices and
herbs commonly used in the cuisine of the Balkan Peninsula, such as
sweet and hot paprika, oregano, thyme, garlic, onion, and coriander.
The goal was to achieve a smoked, savory, and paprika-spiced flavor
and a reddish color. The Balkan spread was designed to have similar
textural and mouthfeel properties to the “Leberwurst” spread and also
meet the requirements of the “high protein” claim.

The following raw materials were additionally considered: broth,
texturized vegetable proteins (T'VP), seasonings, herbs, vegetable/
onion plant powders and flavors for flavor development, caramel
powder, fruit and vegetable powders for color development, pea
protein and other (protein-rich) flours, and oil for texture and
mouthfeel-optimization. For the composition of the final products, it
was decided that at least 50% w/w of the powder should consist of
protein- and texture-defining ingredients (proteins, flours), and
flavoring/coloring ingredients should account for the remainder of
the recipe.

Product development was performed under “trial-and-error”-
conditions, starting with texture and mouthfeel-related raw materials
and adding further flavoring and coloring compositions until a near
optimal product formulation was attained. Final recipes were tasted
and associated with nutritional calculations based on raw material
nutritional values before consumer testing.

2.2 Consumer testing

2.2.1 Recruitment and questionnaire
development

The target group was selected based on a screening questionnaire.
Essential criteria were age (18-45 years) and certain openness toward
new and innovative foods. The selection of the target group,
comprising participants up to 45years old with a specific level of
openness toward new and innovative foods, is rooted in a strategic
approach to capture a dynamic and influential demographic. The
decision to focus on individuals of up to the age of 45years is driven
by the recognition that this age range represents a critical segment of
the population characterized by a heightened receptivity to novel food
experiences. The empirical evidence suggests that younger
demographics, up to this age, tend to exhibit greater openness to
experimentation with novel food items. Research indicates that
individuals in this age bracket are more likely to adopt and adapt to
innovative food products, making them a pivotal focus for
understanding consumer preferences and potential market success. In
addition, the incorporation of individuals with varying levels of
openness and potential food neophobia enhances the robustness of
our study, offering valuable insights into both the successful
commercialization of innovative food products and the identification
of potential obstacles in diverse consumer clusters.

Further questions were related to the education level the size of
household, and known food allergies. Only participants who fulfilled
the selection criteria were invited to the test.

The questionnaire was developed and consisted of two parts. In
the first part, the overall sensory acceptance of the products was
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measured without giving any additional information. Afterward, an
open question was asked to specifically ask about product strengths
and weaknesses. Second, the acceptance of the alternative proteins was
asked again after providing information about the protein source used
for the corresponding product. The questionnaire ended with the
collection of background variables (trust in the stakeholders, trust in
the food industry, food neophobia, and sociodemographic questions).

2.2.1.1 Acceptance

Acceptance of the consumers was analyzed using a 9-point
hedonic scale starting from 1 =dislike very much up to 9=like very
much in constant distances, with 5=neither like nor dislike as a
neutral opinion. The results are collected per product with a
comparison between the countries as a mean value. Within-country
mean values were tested for significance using Student’s t-test. The
Kruskal-Wallis test was further used to compare the mean values
between the countries.

2.2.1.2 Background variables

All background variables were presented in the distribution of the
entries in %, and the distribution was tested by the means of
Chi-square tests. All background variables were collected after testing.

Trust in stakeholders: The focus was on trust toward actors in the
food value chain. A modified scale (Siegrist and Hartmann, 2020) was
applied to measure respondents’ trust in various actors (stakeholders)
of the food chain. The query was carried out using selected actors on
a scale from 1 =no trust at all to 5=a high level of trust.

Trust in food industry: A scale after Mcready et al. (2020) was
used for the measurement of trust in the food industry. The question
construct contains 9 items, which were evaluated on a seven-point
Likert scale from 1 (do not agree at all) to 7 (agree completely).

Food Neophobia: The tendency to avoid novel foods was
measured by the alternative Food Neophobia Scale (FNS-A), which
was recently developed by de Kock et al. (2022). Eight items were
measured on a scale; answers were provided with seven-point scales
ranging from 1 (do not agree at all) to 7 (agree completely).

The questionnaire was initially prepared in English and then
translated into the language of each target country by the respective
native-speaking authors.

The questionnaire data were collected using a computer/tablet
program. In Germany, the data were collected using sensory software
FIZZ (2.51) in Sweden and Iceland, and the online questionnaire from
SoSciSurvey was used.

Table 1 shows the composition of the recruited target group for
the spreads. A total of n =123 test persons participated in the test, with
50 consumers from Germany, 48 from Sweden, and 25 from Iceland.

The distributions between the countries were very similar, but
there were differences in the characteristics of gender, education
level, and household status. While in Germany and Iceland,
approximately 40% male and 60% female consumers participated,
the ratio in Sweden was 30/70%. It is striking that, especially in
Germany 60% of the participants have a secondary level of school
education. This proportion is lower in the other countries, where
more people with a university degree or higher participated in the
test. While in Germany the majority (36%) of the participating
consumers from this test live together with a partner, 36% of
Icelandic participants still live at home with their parents and in
Sweden almost half (48%) live alone.
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TABLE 1 Composition of the target group for spreads per country.
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Germany Sweden Iceland
Total N =50 N =48 N=25
Gender % % %
Male 40 29 40
Female 60 70 56
Diverse 0 1 4
Prefer not to say 0 0 0
Age % % %
18-24 years 22 21 24
25-34years 36 38 36
35-45years 42 42 40
Education level % % %
Basic education/elementary or lower 0 2 8
Secondary education (vocational qualification, high school) 60 35 28
University education (bachelor’s degree) 34 25 32
University education (master’s degree or higher; MA/MSc, PhD, MD) 4 25 28
Other, please specify 2 13 0
Prefer not to say 0 0 4
Household % % %
Ilive at home with my parents 16 6 36
Ilive alone 22 48 8
Ilive alone with my child/children 0 4 12
Tlive with my spouse 36 19 8
Tlive with my spouse and child/children 18 15 28
Tlive with other adults (other than spouse or family members) 8 6 8
Prefer not to say 0 2 0
Basic dietary behavior % % %
I regularly eat products of animal origin and non-animal origin (omnivorous) 68 71 84
I only eat meat sometimes (e.g., beef, pork, poultry, fish, seafood) 12 6 8
Tavoid red meat (e.g., or pork, beef), but eat other meat products like chicken or fish 5 6 0
1 do not eat meat (e.g., beef, pork or poultry), but I eat fish (’'m a pesco-vegetarian) 9 4 8
I do not eat meat (e.g., beef, pork, poultry or fish), but I eat other products of animal origin 6 6 0
(e.g., eggs, cheese, milk) ('m a lacto-ovo-vegetarian)
I do not eat any meat, eggs or dairy products (I'm a vegetarian) 1 2 0
1 do not eat anything of animal origin (I'm a vegan) 0 4 0

2.2.2 Product preparation

The corresponding amount of vegan spread powder (22.2% w/v)
was mixed with vegetable oil (11.1% w/v) and further homogenized
after the addition of 66.7% w/v of boiling water. Both spreads are
prepared 1 day in advance to cool down completely. The spreads were
served by piping them on bread without a crust for consumer testing.

2.2.3 Test procedure

The consumer testing was conducted in three different countries
(Germany, Iceland, and Sweden) as a central location test (CLT).
Consumers neutralized their taste with water between the two
samples. All consumers provided informed consent and privacy
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statement before the start of the test and provided signatures of written
consent. The test was conducted as a semi-monadic test, and the
samples were rotated.

2.2.4 Data analysis for consumer testing

2.2.4.1 Statistical analysis

Mean values per product and country were formed for the overall
acceptance. The mean values were tested for differences using a
non-parametric test, as the conditions for a normal distribution were
not met. The mean values between the countries were tested using the
Kruskall-Wallis test. Mean values were compared by the
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Kruskal-Wallis test with a level of significance of alpha=5%,
displaying the significance by either using “*” or different letters. The
null hypothesis is: There are no differences in the sensory acceptance
of the overall impression in the countries tested (Germany, Sweden,
and Iceland). The pairwise differences between the countries were
tested by the multiple pair-wise comparisons using the Steel-Dwass—
Critchlow-Fligner. The statistical analyses were carried out by using
IBM SPSS 29 software.

3 Results
3.1 Vegan spread powder development

The recipes of both powder-based vegan spreads were composed
of the base of pea protein, torula yeast powder, and different flours
which are mainly responsible for the texture of the produced spreads
and to achieve the “high protein” claim. In the case of the
“Leberwurst”-style, spread crushed TVP, made up of pea protein and
torula yeast powder, was added to the final recipe, as certain coarseness
was expected for this product.

In terms of flavoring and coloring substances, the “Leberwurst”-
style spread powder consisted of vegetable broth, onion and leek
powder, caramel powder, dried chives, and beetroot powder. The taste
was further complemented by marjoram, pepper, and citric acid.

The internal defined characteristics collected revealed a typical
reddish to brownish color, accompanied by detectable onion and
leek smell, connected with meat-like properties. The umami flavor
and oily notes were recognizable followed by the taste of herbs and
slightly caramel. The texture was further characterized as soft
and spreadable.

The prepared vegan spread “Leberwurst’-style (with the addition
of oil and water) resulted in 10.8% lipids, 3.0% carbohydrates, 1.5%
fibers, and 14.7% protein, calculated by the used raw material
nutritional values. With regard to the Regulation (EG) 1924/2006, the
prepared spread can be legally claimed as “high protein” as 34% of the
total energy is produced by the protein.

Flavoring and coloring substances selected for the final “Balkan’-
style spread were tomato, mustard, onion, miso and leek powder,
smoke flavor, vegetable broth, and raw cane sugar complemented by
muscat, cardamonm, salt, and paprika spice.

The spread was characterized as follows: A reddish, paprika-like
color with visible herbs together with smoked paprika and a spicy
smell connected with meat-like properties. The taste was summarized
as spicy and fruity associated with “Balkan”-like characteristics
supported by a soft, creamy, and spreadable texture.

The” Balkan™-style spread recipe occurs with 10.3% lipids, 2.3%
carbohydrates 0.4% fibers, and 9.7% proteins, based on the
information about raw materials. The benefit of “high protein” claim,
according to the Regulation (EG) 1924/2006, is also applicable to
this spread.

For the final application, in the case of both powder-based vegan
spreads, 50 g of the spread powder was blended with 25 g of vegetable
oil before pouring over 150 mL of boiled water under stirring. After
cooling down to room temperature, the spreads could be used on the
top of the bread. This easy preparation guarantees the highest
Furthermore,

convenience for the consumer. high-protein

characteristics, both spreads resulted in vegan, including alternative
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FIGURE 1
Both vegan spreads containing torula yeast: “Balkan”-style spread
without topping and “Leberwurst”-style spread with green topping.

proteins from single-cell protein (torula yeast). Figure 1 shows both
vegan spreads on baguette bread.

3.2 Consumer acceptance

Figure 2 summarizes the spontaneous overall acceptance of
both spreads.

The savory “Leberwurst’-style spread was equally well-received
by consumers across three countries and is scored near 5 points on the
scale (neither like nor dislike), which means they have a neutral
opinion about the product. No significant differences are found
between the mean liking values. The “Balkan”-type spread is rated
significantly better in Germany and Sweden, with a mean score of 6.4,
compared with Icelandic results with a score of 5.1. In detail, over 70%
of responses from Sweden and Germany chose at least “like slightly,”
Icelandic results being slightly lower with nearly 40% in this range of
likeliness. With regard to the “Leberwurst’-type spread, the countries
differ: Icelandic participants show a higher acceptance within this type
of spread compared with the “Balkan’-type and approximately 55%
respond with “like slightly” or even higher. German (55%) and
Swedish (45%) results are thus comparable to Icelandic responses but
are rated generally lower compared with the “Balkan”-style spread.

In comparison, consumers were asked to rate acceptance at a later
stage of the testing after giving some information about the alternative
protein source, such as Torula.

3.3 Background variables

At the end of the test, consumers were asked to answer questions
related to trust and in particular, trust toward stakeholders in the food
value chain and the food industry in order to complement an insight
about how consumers rate the whole food value chain.

3.3.1 Trust in stakeholders

First, the participants were asked to answer the question “How
much do you trust the following food industry players?,” using the
Likert scale, as presented in Figure 3.
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FIGURE 2
Spontaneous overall acceptance (1 = dislike very much, 9 = like very much) of both tested spread comparison of mean values by Kruskal-Wallis test;
different letters show significant difference, alpha 0.05
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FIGURE 3
Mean values of the background variables tested by Kruskal-Wallis test; pairwise comparison with Steel-Dwass—Critchlow—-Fligner procedure; *show
significant difference, alpha 0.05.

In most of the defined actors toward the food value chain, the ~ 3.3.2 Trust in the food industry
trust, compared between the countries, is similar. Nevertheless, trust Moreover, consumers were confronted by different statements on
in primary food producers, food industry, and retailers is significantly ~ trust toward the food industry, using the Likert scale as well.
higher among Icelandic consumers as compared with German and  includes all presented statements and the mean values of answers
Swedish consumers. per country.
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There are no significant differences between the mean scores of
the countries, although German consumers seem to be less able to
agree with the statements, dealing with information and transparency

4.1
4.0
4.0

of the food industry.

sufficiently
open about

production of
food

3.3.3 Food Neophobia

. 5 Last but not least, food neophobia was inquired according to the

0L c alternative scale by De Kock et al., 2022. The results are presented in
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The present study underlines the sensory acceptance of both

developed vegan spreads in powder form, as they are one of a kind and
contain novel proteins derived from Torula yeast. No comparable
products on the market were identified at the time of writing this

regard to
43
4.4
4.0

producing

study, especially with regard to the use of torula yeast in foods. This

...isacting in

the public
interest with

shows the unicity of the torula yeast food application.

Two flavors were developed: a spicy “Balkan” style spread and a
savory-type spread “imitating” German “Leberwurst”
Of the two tested products, the “Balkan’- style spread performed

5.3

slightly better than the “Leberwurst’-style product based on sensory

necessarily
skilled people
53
49

to produce

properties alone. In Germany and Sweden, the “Balkan’- style spread

very much trust).

was rated significantly better than in Iceland.

The open questions from the blind tasting provide additional

information about the optimization potential for both spread
products. Essentially, the seasoning and the mouthfeel are
characteristics, in which the “Balkan” - style product, in particular, can

competent

enough to
deal with the
production of

be optimized. Some consumers in all countries remark that the
product tastes too spicy and in general too intense. In addition, sandy

no or very little trust; 5

and slimy characteristics were identified. The “Leberwurst’-type

spread was described as “not visually appealing” by the consumers,
and the taste itself was not intense enough. In addition, some

5.0
5.1
4.6

consumers noted a pappy aftertaste. An optimization of the products

..is doing a
good job
with regard
to producing

in terms of these characteristics could therefore be required to further
increase the overall acceptance.

Both seasoning and mouthfeel are crucial factors that interact to
create a holistic sensory experience when eating (Fiorentini et al.,
2020). A well-seasoned dish with a pleasing mouthfeel can result in
a more enjoyable and memorable dining experience. Seasoning

Germany
Sweden
Iceland

5.2
5.3
5.2
*Significant different to Sweden; Kruskal-Wallis test; p <0.05. Comparison of mean values by Kruskal-Wallis test, alpha 0.05.

TABLE 2 Trust in food industry (1

refers to the use of various flavor-enhancing components and helps
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TABLE 3 Alternative Food Neophobia scale, comparison of mean values (scale 1 = disagree strongly; 7 = agree strongly) by Kruskal-Wallis test; different
letters show significant difference, alpha 0.05.

Country New food I am afraid | do New foods I like to Itis Foods Foods
eating to eat not mean an challange exciting to from that look
experiences things trust adventure myself by try new other strange
are important | have new for me (R) trying new foods cultures  scare me
for me (R) never had foods foods (R) when look too
before travelling weird to
(R) eat
Germany L7 2.2 2.5 3.1 2.4 2.1 2.4 2.4°
Sweden 2.0 2.0 24 2.3¢ 2.3¢ 19 2.0 3.1
Iceland 2.7 3.4 2.8 3.1 3.2 26 26 4.1¢

*<Significant different to Iceland. *Significant different to Sweden and Germany. “Significant different to Sweden and Iceland. “‘Significant different to Germany and Iceland; all comparisons by

Kruskal-Wallis test; p <0.05.

TABLE 4 Pairwise correlation (Pearson correlation) of background variables and overall liking of consumers (N = number of datasets).

Overall liking

General trust

Trust in food Food Neophobia

industry
Opverall liking Pearson correlation 1 —-0.013 —0.006 —0.138
Sig. (2-tailed) 0.889 0.947 0.129
N 246 123 123 123
General trust Pearson correlation —-0.013 1 0.440°%* 0.047
Sig. (2-tailed) 0.889 <0.001 0.604
N 123 123 123 123
Trust in the food Pearson correlation —0.006 0.440%* 1 0.002
industry Sig. (2-tailed) 0.947 <0.001 0.980
N 123 123 123 123
Food Neophobia Pearson correlation —0.138 0.047 0.002 1
Sig. (2-tailed) 0.129 0.604 0.980
N 123 123 123 123

**Correlation is significant at the 0.01 level (two-tailed).

to bring out the natural flavors of ingredients, balance out flavors,
and create a harmonious and pleasing taste profile. Seasoning can
vary greatly, depending on cultural preferences, regional cuisines,
and individual tastes (Jeong and Lee, 2021). Proper seasoning can
elevate a dish from being bland or one-dimensional to being rich
and complex in flavor. Mouthfeel, on the other hand, refers to the
tactile sensations that food creates in the mouth. It encompasses a
range of sensations, such as texture, temperature, viscosity, and the
physical sensations experienced while chewing and swallowing. The
mouthfeel of food can greatly impact the overall eating experience
(Suzuki et al., 2021).

The consumer tests showed that the spreads, both using the
alternative protein from torula yeast, are accepted by consumers but
still have the potential for sensory optimization. In principle, the
torula yeast protein concept was rated positively. Interestingly, in this
study, Icelanders seem to have more trust in food value chain actors
than Swedes and Germans. In Germany, consumers rated the
properties that measure transparency and communication in the food
industry, as less expressed, these results being only evaluated as trends
as they did not show significance. However, this could be an important
signal for players in the German market that increasing attention
should be given to communication and transparency to the consumer,
considering especially marketing campaigns of developed products
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containing new alternative proteins (Kornher et al, 2019; Tso
etal., 2021).

Early versions of some alternative protein products faced criticism
for their taste and texture (Malek et al, 2019; Tso et al, 2021).
However, manufacturers made significant strides in improving the
taste and quality of these products, making them more palatable to
consumers. Cultural preferences, habits, and regional differences can
influence how quickly these options become mainstream. Ongoing
research, development, and consumer education will likely continue
to shape the trajectory of alternative protein acceptance in the years
to come (FSA, 2022). In the German market, several trends and
factors are gathering efforts to contribute to the growth of the
alternative protein sector (Zollman Thomas and Bryant, 2021).

As a result, food neophobia appears to have a strong impact on
acceptance within this study. When individuals experience food
neophobia, they tend to stick to familiar foods and avoid trying new
ones, which can limit their exposure to diverse nutrients and flavors.
It has been shown that Icelanders have been more neophobic than
Germans and Swedes, regardless of age. It is clear that neophobia can
be influenced by cultural norms and social pressures. If certain foods
are considered unusual or unfamiliar within a particular culture or
social group, individuals may feel even more reluctant to try them
(Costa et al, 2020). Neophobic individuals might miss out on
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experiencing the richness and diversity of global cuisines (Hopkins
etal., 2023). This can hinder their ability to appreciate different flavors
and culinary traditions.

The analysis revealed a fascinating interconnection between
consumer acceptance and food neophobia. Participants with lower
levels of food neophobia exhibited a more positive response to the
innovative food products. The statement suggests that individuals who
have lower levels of food neophobia tend to show a more positive
response to innovative food products. This implies that individuals
with lower levels of food neophobia are more likely to embrace and
enjoy innovative food products. This positive response may manifest
in terms of willingness to try, liking the taste, or overall acceptance of
the new food items. Overall, this observation highlights a connection
between an individual’s openness to trying new foods (lower food
neophobia) and their receptiveness to innovative food products. It
aligns with the idea that people with a more adventurous or less
neophobic attitude toward food are generally more willing to explore
and enjoy novel culinary experience. Unfortunately, neither a
correlation of food neophobia, trust, and trust toward the food
industry with the overall impression of the products nor a linear
correlation was able to identify a direct significant relationship. This
part emphasizes the difficulty in establishing a direct and significant
relationship between various factors (food neophobia, trust, and trust
toward the food industry) and the overall impression of the products.
The attempts were made to correlate these variables, but none of these
attempts revealed a clear and statistically significant connection.
Additionally, the mention of linear correlation suggests that
we explored whether there was a linear trend or relationship between
these variables and overall impression, but this analysis did not yield
significant results.

This aligns with previous research suggesting that individuals
open to new culinary experiences are more likely to embrace and
appreciate novel food items (Jaeger et al., 2021; Siddiqui et al., 2022).
The findings highlight the pivotal role of food neophobia as a
determinant of consumer acceptance, emphasizing the need for
tailored marketing strategies and product positioning to address
potential barriers associated with higher levels of food neophobia. The
interplay between these background variables suggests a complex web
of factors influencing consumer acceptance. For instance, individuals
with high trust in stakeholders may be more inclined to overcome
initial hesitancy associated with food neophobia (Siegrist and
Hartmann, 2020). Additionally, aligning innovative products with
specific diet preferences can capitalize on existing consumer habits
and preferences, fostering a more positive reception. Therefore, a
nuanced analysis of the interplay between consumer acceptance and
background variables provides valuable insights into both practitioners
and researchers. Recognizing the multifaceted nature of factors
influencing consumer behavior allows for more informed product
development, marketing strategies, and interventions aimed at
overcoming potential barriers to successful commercialization (Sostar
and Ristanovi¢, 2023). By considering the holistic context in which
consumer decisions are made, stakeholders in the food industry can
better tailor their approaches to meet the diverse and evolving needs
of their target audience.

Several studies have explored the relationship between personality
traits, particularly openness to experience and food preferences
(Esposito et al., 2021; Golestanbagh et al., 2021; Pristyna et al., 2022).
Individuals with higher levels of openness are generally more
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adventurous and curious, making them more inclined to explore
diverse cuisines and try unfamiliar foods. Cultural factors, exposure
to different culinary traditions, and the influence of social and
environmental factors also play a role in shaping attitudes of
individuals toward new foods (Geuens, 2023). Additionally, positive
or negative experiences with trying new foods in the past can impact
the willingness of a person to experiment with novel culinary options.

5 Conclusion

Two vegan spread powders, namely a “Leberwurst”-style variant
with 14.7% protein and a “Balkan’-style variant with 9.7% protein,
have been developed, enriched with high protein content and
featuring torula yeast as an innovative alternative protein source. The
consumer acceptance test indicated that both spreads received
favorable rating, falling within the “like slightly” range. Notably, the
“Balkan-style” spread garnered higher consumer preference compared
with the “Leberwurst’-style variant. Both products meet the criterion
of providing “at least 20% kcal from proteins of total product kcal,”
qualifying them as “high-protein” and eligible for such claims. Proteins
derived from torula yeast are gaining significant attention due to their
immense appeal. These proteins boast attributes of being highly
scalable, efficient, and sustainable, with production costs that are
notably economical in comparison to other sources.

Analysis of background variables revealed that Icelandic
consumers exhibit higher neophobic characteristics compared with
Swedish and German consumers. Despite higher neophobic
characteristics, Icelandic consumers, in general, express more trust
in the overall food value chain. This implies that, despite being
cautious about trying new things, Icelandic consumers have
confidence in the transparency, quality, or reliability of the food
supply chain. Additionally, German consumers feel that transparency
and communication are lacking in the food value chain. This
suggests that there might be concerns or dissatisfaction among
German consumers regarding how information about food products
is communicated to them. These findings could have implications
for businesses and policymakers in understanding and catering to
the preferences and concerns of consumers in these respective
countries. Understanding the unique characteristics and preferences
of consumers in each country can guide businesses and policymakers
in developing targeted strategies that address specific concerns
and build trust within the food value chain. This approach can
contribute to more successful market penetration and improved
consumer satisfaction.
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Background: Iron and folic acid deficiency is a worldwide public health concern,
particularly in low and middle-income countries. In Ethiopia, adherence to iron
and folic acid supplements is still very low. Despite the fact that a number of
studies on IFA supplementation have been conducted in Ethiopia, they do not
indicate a nationwide problem and do not use advanced models to demonstrate
clustering effects. The purpose of this study was to assess the level of non-
adherence to iron folic acid supplementation and predictors among pregnant
women in Ethiopia.

Objective: To assess iron folic acid supplementation adherence level and its
associated factors among pregnant women in Ethiopia using data from the 2019
Mini-Ethiopian demographic health survey.

Methods: The Mini Ethiopian Demographic and Health Survey 2019 data were
obtained from the official database website of the Demographic and Health
Survey program (http://dhsprogram.com). The analysis included a sample of
2,356 weighted study participants. A multivariable multilevel mixed-effects
logistic regression model was used Variables with p-values less than 5%) was
reported as statistically significant variables in the multivariable analysis.

Results: The proportion of mothers who did not adhere to iron and folic acid
supplements was 81.03% (95 %Cl, 79.39, and 82.56). Birth interval less than
2years [AOR: 2.03; 95% ClI: 1.12, 3.66], women ever born less than six children
[AOR: 1.99; 95% CI: 1.09, 3.64], starting ANC visit during first trimester [AOR:
2.74; 95 %Cl: 1.03, 7.30], region [AOR=0.24; 95% CI: 0.10], and having a high
no ANC visit in the community [AOR=1.77; 95% Cl: 1.08, 2.88] were statistically
significant factors. There was Intra-Custer Correlation (ICC=17.72%), indicating
that 17.72% variability in non-adherence levels was due to clusters.

Conclusion and recommendation: In Ethiopia, nearly four out of every five
pregnant women did not receive iron folic acid supplementation for the
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recommended periods. Birth intervals, number of children, timing of ANC visits,
region, and community level no ANC service were significant factors for non-
adherence IFAS. As aresult, the community, govern metal and non-governmental
sectors enacting on health should focus on reducing non-adherence through
tailored interventions on factors that influence it.

KEYWORDS

non-adherence, iron folic acid supplementation, Mini-EDHS 2019, women, Ethiopia

Introduction

Iron and folic acid deficiency is a global public health concern,
particularly in low and middle-income countries (1). Iron with folic
acid is an important micronutrient for physiological function, growth,
and development, as well as the mother’s and her fetus’s survival
during pregnancy and later life. Similar to other nutrients, the demand
for and scarcity of iron and folic acid increase during pregnancy to
meet the daily requirement for the fetus’s life development and
growth (2).

The World Health Organization (WHO) estimates that iron
deficiency is responsible for approximately 50% of all anemia cases (3).
More than 56 million pregnant women suffer from anemia worldwide,
with Africa accounting for two-thirds (17.2 million) (4) According to
the Ethiopian Demographic and Health Survey (EDHS), the
prevalence of anemia among women aged 15-49years fell from 27 to
17% in 2011, but increased to 24% in 2016, with pregnant women
accounting for 29% (5). Similarly, different studies conducted in
Ethiopia show that the prevalence of anemia among pregnant women
was between 21 and 54% (6-10).

A large population based study conducted among 22
Sub-Saharan African countries showed that only 28.7% of women
took iron supplements for >90days during pregnancy (11). The
Ethiopian demographic health survey of 2016 reported that only 5%
of pregnant women took an iron with a folic acid tablet for 90 days
and 58% of pregnant women did not at all during their time of
pregnancy (12). A meta-analysis studies done in 2019 and 2020 show
that the pooled estimated prevalence of adherence to iron-folic acid
supplementation among pregnant women in Ethiopia was 41.38 and
46.15% ranging from the lowest 17.1% to the highest 74.5%,
respectively, (13, 14).

Findings from different literature shows that poor knowledge and
awareness about anemia during pregnancy, inaccessibility of IFAS,
fear of side effects, believed to be responsible for not conforming to
the recommended IFAS during pregnancy, utilization of ANC
services, inadequate supply of IFA tablets, poor counseling and lack of
knowledge on anemia were the identified associated factors for poor
adherence to IFAS (15-17).

Iron and folic acid supplementation (IFAS) with optimal
adherence is the main cost-effective strategy for prevention and

Abbreviations: AOR, Adjusted Odds Ratio; ANC, Ante-Natal Care; Cl, Confidence
Interval; ICC, Intra-Cluster Correlation; IFAS, Iron Folic Acid Supplementation;
MEDHS, Min-Ethiopian Demographic Health Survey; NNP, National Nutrition
Program; WHO, World Health Organization.
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control of iron and folate deficiency anemia during pregnancy
(18). IFAS during pregnancy was shown to reduce the risk of all
types of maternal anemia by 70% and iron deficiency anemia by
57% (19).

World Health Organization recommends that all pregnant women
receive a standard dose of 30-60 mg iron and 400-pg (0.4 mg) folic
acid beginning as early as possible during gestation. Ideally, women
should take 180 tablets before delivery; however, many countries,
including, Ethiopia aim for women to receive 90+ tablets during
pregnancy (20).

Reducing anemia is an important component of achieving
women’s and children’s health. The second global nutrition targeted a
50% reduction of anemia in women of reproductive age in 2025 (21).
Similarly, Ethiopia National Nutrition Program (NNP II) also set a key
target to increase the number of women receiving iron-folic acid
supplements for more than 90days during pregnancy to 40% by
2020 (22).

Despite the fact that various studies have been conducted in
Ethiopia to assess the magnitude and factors associated with iron
supplementation adherence, these studies were conducted on a small
number of participants and are therefore not representative of the
general population. Furthermore, the majority of these studies were
conducted on pregnant women receiving ANC services in health
facilities, which may have inflated their findings. As a result, the
current study used a two-stage multilevel mixed-effects logistic
regression model with Mini-EDHS 2019 data to identify individual
and community-level predictors of iron to folic acid supplementation
during pregnancy.

Methods
Study area and data source

The data were retrieved from the Ethiopia Mini Demographic and
Health Survey (DHS), 2019 programs official database website.'
Ethiopia is a Federal Democratic Republic with 11 geographical
regions where the two are city administrations. Regional states are
divided into zones, and zones are subdivided into woredas, and
woredas into kebeles, the lowest administrative units. The 2019
mini-DHS were conducted in all the geographic areas of the country
from March 21, 2019, to June 28, 2019. In terms of its population size,
Ethiopia is the second most populous nation in Africa with more than

1 https://dhsprogram.com/data/available-datasets.cfm
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112 million people (56,010, 000 Females and 56, 069, 000 Males) in
2019. Women of reproductive ages (15-49 Years) represent 21% of the
population in the country (MDHS, 2019).

Study participants

The Mini Ethiopian Demographic and Health Survey (MEHDS)
was conducted to reproductive-age women. This study targeted
women between the ages of 15 and 49 years who had their last child
within the 5years preceding the survey in Ethiopia, EMDHS 2019. A
weighted 2,356 women who had received IFA supplements and were
asked how many days they consumed IFA tablets/ syrup during their
last pregnancy that occurred 5 years prior to the mini national survey
were included in the sample, and the dataset we used was the
maternal dataset.

Study variable

Dependent variable: The outcome variable of this study was IFA
supplementation adherence level.

IFA adhered: Those mothers who took the supplement of IFA for
the recommended periods which is 90 days or more.

Not adhered: mothers who took the IF supplement for less than
the recommended periods (less than 90 days).

Independent variables: All the independent variables were
classified into individual-level and community-level variables.

Individual-level variables: Maternal age, religion, wealth index,
women’s education level, parity, ANC visits, birth interval, number of
children ever born marital status, head of the household and number
of ANC visits.

Community-level variables: The two non-aggregate community-
level factors were place of residence and region. Community women
illiteracy, poverty, and no ANC visit were variables derived from
aggregating individual-level variables. Based on the distribution of the
average values calculated for each cluster, each aggregate variable was
classified as “high” or “low” The median value was used for aggregate
variables, and the median value was used as a cut off point for
categorization. As a result, these variables were measured in the
following manner.

Community women'’s illiteracy level

Low: The proportion of illiterate below the median of
illiteracy level.

High: The proportion of illiterate higher than the median
illiteracy level.

Proportion of no ANC at the community

Low: The proportion of no ANC visit in the clusters below the
median level.

High: The proportion of no ANC visit in the clusters median and
above level.
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Community poverty level

Low: The proportion of poor below the median of poor wealth index.
High: The proportion of poor above the median of poor
wealth index.

Data analysis

The analysis was carried out using Stata 17.0. The data were
weighted using a primary sampling unit to restore representativeness
and obtain a reliable estimate. The proportions and frequencies were
estimated weighted for each variable. This was based on a thorough
explanation of the mini-EDHS sample weighting procedure (23).
Continuous variables were categorized and re-categorize using
information obtained from various works of literature. The variables
were described using descriptive statistics.

Due to the hierarchical nature of the 2019 EDHS data, a multilevel
mixed effect binary logistic regression analysis was fitted in this study
to estimate the effects of individual and community-level determinants
of TFA supplementation non-adherence.

We have employed a complex multilevel data analysis technique
(melogit [pweight=wt] || v001:) to adopt a comprehensive approach
in examining intricate survey data through a multilevel logistic
regression model. By utilizing this method, we effectively address the
complexities of the survey design and ensure the provision of accurate
statistical inferences.

To select potential variables for multivariable analysis, bivariable
multilevel binary logistic regression analysis was performed on each
independent individual and community level variable. Finally,
multivariable multilevel analysis was performed, and variables that
showed a significant association at p value less than 0.05 with adjusted
odds ratio and 95% CI were reported as statistically significant factors
for IFA supplementation non-adherence in Ethiopia.

Model building and selecting the
best-fitted model

To identify the potential factors associated with non-adherence
to iron folic acid supplementation, a multilevel mixed effect binary
logistic regression was fitted. The null model (Model I) was fitted first.
The variance of the random effect in this model was 0.71, indicating
that there is significant variation across clusters. There was also Intra-
Custer Correlation (ICC=17.72%), indicating that 17.72% variability
in non-adherence levels was due to clusters. Model II was fitted after
bivariable analysis by adding individual level factors to the null
model. Model I1I was then fitted by incorporating the community
level variables into the null model. Finally, model IV was fitted by
combining individual level and community level factors. The final
model (Model IV) was appropriate to identify the individual and
community level factors of non-adherence to iron folic acid
supplementation in Ethiopia after checking the model fitness level
using different post estimation methods (AIC, BIC, and loglikelihood)
(Table 1). Variable Inflation Factors (VIF) and tolerance level were
used to check for multicollinearity among independent variables, and
there was no collinearity across variables.
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TABLE 1 Variability at community-level and model comparison for iron
folic acid supplementation adherence among women age 15-49 with a
child born in the 5years preceding the survey in Ethiopia, EMDHS 2019.

Parameters Null Model Il Model Model
model 11 1\
ICcC 17.72%
AIC 2198.684 2200.598 1547.79 1535.278
BIC 2210.171 2217.829 1613.219 1649.778
Log likelihood —1097.342 | —1097.299 = —761.8949 | —746.639
Results

Socio-demographic characteristics of
women

The data were first weighted. The analysis included 2,356 women
who were given/brought for supplementation during pregnancy out
of a total of 3,927 women aged 15-49 with the last child born in the
5years preceding the survey. Of the total respondents, 1,256 (53.33%)
were between the age group of 25-34years, nearly (42%) had no
formal education, and the majority (94.1%) were currently in union.
The majority of the mothers were Orthodox Christian (44.81%)
followers, 46.96% of respondents were from the rich households, and
86.95% had 6 or more children ever born. From the total number of
participants, 69.61% were from rural areas, and 867 (36.81%) were
from Tigray and Amhara regions. Almost 1,100 women (46.69%)
come from wealthy families, while 769 (32.66%) come from
low-income families. Almost 86.95% of the households were headed
by a man, and the majority of women (83.74%) had a birth interval of
2years or more between the births of the index child (Table 2).

In terms of community educational level, 1,273 (54.03%) of
women in the community had low literacy level, and 1,393.39
(59.15%) of the community had low poverty level (Table 2).

Women's characteristics related to
maternal health service utilization

In this survey, 271 (11.49%) women were confirmed pregnant at
the time of the survey, and 56.26 percent began ANC during the
second trimester. The majority of the women (56.20%) was
multiparous and had four or more ANC visits during their pregnancy
(57.60%). One thousand three hundred thirty-seven (56.76%) of the
women in the community have low proportion of not having ANC
visits (Table 3).

The magnitude of adherence level to iron
folic acid supplementation of pregnant
women in Ethiopia

Iron folic acid supplements were given to 2,356 women (59.99%).
Among those, 1,909 (81.03% (95% CI: 79.39, 82.56)) of women did
not follow WHO recommendations for iron folic acid (IFA)
supplementation, while 18.97% of women in Ethiopia adhered to iron
folic supplementation in Ethiopia (Figure 1).
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TABLE 2 Socio-demographic characteristics of Ethiopian women aged
15-49 with a child born in the 5years preceding the survey, EMDHS 2019.

Variables Category Frequency Percentage
Maternal age 15-24 years 625.5 26.55
25-34years 1,256.2 53.33
35-39years 308.9 13.11
40-49years 164.9 7.00
Maternal No education 986.9 41.89
educational level Primary 956.99 40.63
Secondary and 411.71 17.48
higher
Religion Orthodox 1,055.5 44.81
Muslim 700.2 29.73
Protestant 571.5 24.26
Others 28.35 1.20
Residence Urban 715.77 30.39
Rural 1,639.78 69.61
Region Tigray_Amhara 866.99 36.81
Oromia 832.5 35.34
SNNPR 434.45 18.44
Most urbans 114.84 4.88
Eastern 66.86 1.69
pastoralist
Marital status Currently in 2,216.3 94.1
union
Currently not in 139.3 5.9
union
Household wealth Poor 769.38 32.66
index Medium 486.27 20.64
Rich 1,099.90 46.69
Community women | Low 1,272.65 54.03
education(illiterate) High 1,082.91 45.97
Community poverty = Low 1,393.39 59.15
High 962.16 40.85
Birth interval Less than 2 years 289.67 16.26
Two and more 1,491.97 83.74
years
Number of children | Less than 6 1,889.75 80.22
ever born 6 and above 465.81 19.78
Head of the Male headed 2,048.07 86.95
household Female headed 307.49 13.05

Factors associated with non-adherence to
iron folic acid supplementation

To identify the potential factors associated with non-adherence to
iron folic acid supplementation, a multilevel mixed effect binary
logistic regression was fitted. The final model (Model IV) was
appropriate to identify the individual and community level factors of
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TABLE 3 The characteristics of maternal health service utilization of
women aged 15-49 who had a child in the 5years preceding the MEDHS
2019.

Variables Category Frequency Percentage
Parity uni para 565.94 24.03
Multi para 1,323.81 56.20
Grand multipara 465.81 19.78
Currently NO Or unsure 2,084.99 88.51
pregnancy Yes 270.56 11.49
Timing of first First trimester 853.33 36.23
ANC visit Second trimester 1,325.20 56.26
Third trimester 177.02 7.52
Number of No ANC visit 106.11 4.50
ANC visit 1-3 ANC visit 892.73 37.90
during 4 and above 1,356.72 57.60
pregnancy ANC visit
Proportion of Low 1,337.04 56.76
no ANCinthe | ppop 1,018.52 4324
community

IFA Suplmentation adherence level

= Adhered

m Non-adhered

FIGURE 1

Iron folic acid supplementation adherence level among women age
15-49 with the last child born in the 5years preceding the survey in
Ethiopia, MEDHS 2019.

non-adherence to iron folic acid supplementation in Ethiopia after
checking the model fitness level using different post estimation
methods (AIC and loglikelihood) (Table 1). According to the
multilevel multivariable analysis results Birth interval, the number of
children ever born, timing of First ANC visit, region, and proportion
of no ANC in the community were statistically significant factors of
non-adherence to iron folic acid supplementation in Ethiopia
(Table 4).

The odds of non-adherence to iron folic acid supplementation of
pregnant women having birth interval less than 2 years were 2times
higher than having two and above years birth interval [AOR: 2.03;
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95%CI: 1.12,3.66; at p<0.05]. The odds of non-adherence to iron to
folic acid supplementation of pregnant women ever born less than 6
children were also 1.99 times higher than whoever born 6 and more
children [AOR: 1.99; 95% CI: 1.09, 3.64 at p <0.05]. The timing of first
ANC visit was also significant factor for non-adherence. Those
mothers who started there ANC visit during first trimester were 2.74
times more likely become non-adherence to iron folic acid
supplementation when compared to who started in third trimester
[AOR: 2.74; 95% CI: 1.03, 7.30 at p<0.05].

On the other hand, mothers from SNNPR were decreases the
non-adherence to IFA supplementation by 76% when compared to
Tigray Amhara region [AOR =0.24; 95%CI: 0.10, 0.61 at p <0.01]. The
odds of non-adherence to iron folic acid supplementation also were
1.77 times higher among higher Proportion of no ANC in the
community than counter parts [AOR=1.77; 95%CI: 1.08, 2.88 at
p<0.05] (Table 4).

Variability at community level and model
comparison to select the appropriate
model

Variability at community-level and Model comparison for iron
folic acid supplementation adherence among women age 15-49 with
a child born in the 5years preceding the survey in Ethiopia, EMDHS
2019 as shown in Table 4.

Discussion

Iron folic acid supplementation is critical in the prevention and
treatment of iron deficiency anemia, especially in pregnant women
whose iron requirements increase due to fetal and maternal needs
(24). Thus, the purpose of this study was to assess the level of non-
adherence to iron folic acid supplementation during pregnancy and
its associated factors among Ethiopian women aged 15-49 years who
had the last child in the previous 5years using MEDHS 2019. The
overall magnitude of non-adherence to iron folic acid supplementation
was high in Ethiopia. Birth interval, number of children ever born,
and time of ANC visit were individual level factors that were
significantly associated with non-adherence to iron folic acid
supplementation during pregnancy in Ethiopia, whereas region and
proportion of community no ANC visit were community level factors.

In Ethiopia, the overall magnitude of non-adherence to iron folic
acid supplementation during perinatal periods was 81.03% among
women aged 15-49 years. This finding is higher than the meta-analysis
study conducted in Ethiopia (53.85, 58.62%) (13, 14), different single
study reports in Ethiopia (24-27), 22 African countries DHS data
(71.3%) (11), DHS data report of Haiti (68%) and Malawi (65%) (28),
meta-analysis in SSA (60.8%) (29) and the study done in Kenya (30).
The magnitude of non-adherence in this study was also slightly lower
than the magnitude of non-adherence to iron folic acid
supplementation reported in Ethiopia using EDHS 2016 (86.6%) (31,
32) and the magnitude of non-adherence in northern Ethiopia
(89.5%) (33). Furthermore, according to the EDHS 2016, 95% of
pregnant women took iron folic acid for less than 90days. The
difference could be due to the study design, as the current study used
a large-scale survey, whereas the others used meta-analysis and a
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TABLE 4 Individual and community level factors associated with iron folic acid supplementation adherence among women age 15-49 with the last
child born in the 5years preceding the survey in Ethiopia, MEDHS 2019.

Variables IFA supplantation adherence level COR at 95% ClI AOR at 95% CI
Non adhered Adhered
Age of the women 15-24years 485.36 140.14 1 1
25-34years 1,023.09 233.10 0.70(0.46, 1.07) 1.14(0.52, 2.48)
35-49years 400.14 73.74 0.57(0.34, 0.95)* 1.44(0.60, 3.45)
Religion Orthodox 865.26 190.26 1 1
Muslim 542.72 157.49 1.40(0.90, 2.14) 1.70(0.91, 3.19)
Protestant 476.11 95.36 0.95(0.52, 1.74) 1.68(0.73, 3.82)
Others 24.49 3.85 0.53(0.054,5.25) 1.22(0.08, 17.48)
Birth interval Less than 2 years 217.57 72.10 1.71(0.93, 3.14)* 2.03(1.12,3.66)*
Two and more years 1,249.69 242.28 1 1
Number of children ever | Less than 6 1,504.81 384.94 1.96(1.17, 3.29)* 1.99(1.09, 3.64)*
born 6:and above 403.79 62.03 1 1
Timing of first ANC visit | First trimester 636.41 216.93 3.80(1.47,9.80)* 2.74(1.03,7.30)*
Second trimester 1,112.37 212.83 2.06(0.79, 5.344) 1.61(0.59, 4.39)
Third trimester 159.81 17.21 1 1
Household head Male 1,648.90 399.17 1 1
Female 259.69 47.80 0.64(0.44, 0.92)* 0.64(0.36, 1.15)
Region Tigray_ Amhara 705.27 161.73 1 1
Oromia 633.66 198.83 1.5(0.96, 2.35) 1.23(0.61, 2.49)
SNNPR 399.66 34.79 0.37(0.21, 0.67)* 0.24(0.10, 0.61)*
Most urbans 81.49 33.35 2.02(1.38,2.95)* 1.44(0.73, 2.84)
Eastern pastoralist 57.87 8.99 0.72(0.38, 1.35) 0.49(0.19,1.29)
Western semi-pastoralist 30.65 9.27 1.42(0.87, 2.30) 1.53(0.69,3.39)
Residence Urban 567.28 148.49 1 1
Rural 1,341.31 1,639.78 0.73(0.50, 1.06) 1.16(0.61, 2.20)
Community illiteracy Low 1,008.38 264.26 1 1
level High 900.21 18270 0.91(0.64, 1.30) 0.99(0.51,1.90)
Community poverty Low 1,103.67 289.72 1 1
High 804.92 157.25 0.74(0.52,1.05) 0.68(0.39, 1.18)
Proportion of no ANC Low 1,076.53 260.51 1 1
in the community High 832.06 186.46 0.95(0.66, 1.36) 1.77(1.08, 2.88)*

*Indicates variable which have association with outcome variable.

single survey in a limited area. Another explanation for the variation
could be recall bias for EDHS data, which increases non-adherence
while most individual studies are conducted at the institution level
during the time of ANC follow up. Furthermore, this finding was
lower than the EDHS, 2016 different reports, and this is due to various
interventions made between 2016 and 2019. Another reason for the
variation could be due to study periods and location.

In this study, pregnant women with birth intervals of less than
2years had twice the odds of not taking IFA supplements as compared
with birth intervals of 2 years or more. This finding is consistent with
the findings of a study on Folic Acid Supplementation and
Interpregnancy Interval in Norway (34) and a study in Tanzania (35).
The shorter birth intervals were primarily due to a lower proportion
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of planned pregnancies (34). Because of the unplanned pregnancy, the
iron folic acid supplementation is not taken as recommended.

Mothers who have had fewer than six children are more likely to
have poor adherence for IFA supplementation than mothers who have
had six or more children.

Mothers with less than six children are more prone to
non-adherence to iron and folic acid (IFA) supplementation due to
several justifiable reasons. Firstly, mothers with fewer children often
have a relatively younger age, which can be associated with a lack of
experience and knowledge regarding the importance of IFA
supplementation during pregnancy. They may be less aware of the
potential risks and benefits of IFA supplementation, leading to a
higher likelihood of non-adherence.
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Secondly, mothers with six or more children tend to have a higher
level of experience and familiarity with pregnancy and maternal health
practices. They have likely received more exposure to healthcare
information and interventions, including IFA supplementation,
throughout their previous pregnancies. This accumulated experience and
knowledge may contribute to a higher level of adherence among this
group. Therefore, the higher level of adherence among mothers with six
or more children can be attributed to a combination of factors, including
increased awareness, experience, knowledge, and support. Timing of the
first ANC visit was one of the significant factors for non-adherence to IFA
supplementation during pregnancy. This study found that mothers who
started their ANC in the first trimester were 2.7 times more likely to
be non-compliant than mothers who started in the third trimester. This
finding contradicts the findings of a study conducted in Gondar and
Debre Tabor hospitals, which found that beginning the first ANC visit
increases IFA supplementation adherence (25, 27) and Ethiopian ANC
strategy which demonstrated that initiating the first ANC visit actually
increased adherence to IFA supplementation. During pregnancy, it is best
to begin iron and folic acid supplementation as soon as possible. Most
Ethiopian women do not begin iron folic acid supplementation during
the first trimester of pregnancy because the majority of them discover
their pregnancy after the first trimester and begin ANC during the second
half of pregnancy (36).

This delay in starting IFA supplementation is often attributed to
late pregnancy detection, as many women only discover their
pregnancy after the first trimester and subsequently initiate
ANC visits.

Interestingly, when women do begin ANC visits in the first
trimester, they may also commence IFA supplementation during this
time. However, this early initiation of IFA supplementation can lead
to physiological disturbances, particularly gastrointestinal discomfort,
which commonly occurs during the first trimester. Consequently,
some women may discontinue taking IFA due to these adverse effects.
This initial negative reaction to IFA tablets during the first trimester
can have a lasting impact on adherence to IFA supplementation in
subsequent months of pregnancy, ultimately resulting in
non-compliance with the World Health Organizations (WHO)
recommendations.

It is recommended to start IFA supplementation early in
pregnancy, the timing of the first ANC visit plays a significant role in
adherence to IFA supplementation. The contradictory findings
between studies emphasize the need for further research and tailored
interventions to ensure optimal adherence to IFA supplementation
throughout pregnancy, taking into account the specific context and
challenges faced by pregnant women.

We found that IFA supplement non-adherence is associated with
clusters with a higher proportion of no ANC in the community.
Non-adherence to iron folic acid supplementation was also 1.77 times
higher in communities with a higher proportion of no ANC than in
others. This finding is consistent with Ethiopian studies (32, 37), Haiti
and Malawi (28). This could be because an ANC visit is the entry point
for utilizing maternal health care services such as IFA supplementation.
This fosters in the community positive compliance behavior in the use
of TFA supplements.

The findings also revealed that there is variation in IFA
supplement adherence across regions, which is treated as a
community level variable. Women in SNNPR had higher levels of
adherence than women in northern Ethiopia (Ambhara-Tigray).
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Mothers residing in the SNNPR region exhibited a significantly lower
rate of non-adherence to IFA supplementation, with a reduction of
76% compared to mothers residing in the Tigray Amhara region. This
finding contradicts previous research findings in Ethiopia (13). The
observed variation in non-adherence to IFA supplementation
between the SNNPR and Tigray Amhara regions can be attributed to
intensified  intervention efforts by governmental and
These

implemented in response to previous studies reporting inadequate

non-governmental organizations. interventions were
adherence and supplement utilization in the SNNPR region. It is
possible that this discrepancy reflects the regional and federal
governments commitment to enhancing intervention strategies,
particularly in maternal services, with a specific focus on improving
adherence to IFA supplementation. In this study; we tried to
investigate individual and community-level factors associated with
non-adherence to IFA supplementation in Ethiopia. As a result, it is
more representative, and policymakers and other stakeholders can
use the study’s findings to plan and implement effective strategies and
interventions. This study, however, has some limitations. Because the
outcome variable was assessed based on the maternal report within
the 5years preceding the survey, the study was subject to recall bias.
Furthermore, some of the data was incomplete and difficult

to analyze.

Conclusion and recommendations

In Ethiopia, nearly four out of every five pregnant women did not
receive iron folic acid supplementation for the recommended periods.
Birth intervals of less than 2years, women having fewer than six
children, and beginning ANC visits during the first trimester were
individual level factors that increase the non-adherence to iron folic
acid supplementations. Non-adherence to iron folic acid
supplementation in Ethiopia was also influenced by region and
on ANC Thus, the

recommendations are important.

community level service. following

Promote birth spacing: Encourage women to have a birth interval
of at least 2years between pregnancies. This can be done through
family planning programs and education on the importance of birth
spacing for maternal and child health.

Enhance maternal health services: Focus on women who have had
fewer than six children, as they were found to have a higher likelihood
of non-adherence. Strengthen antenatal care (ANC) services by
ensuring early initiation of ANC visits during the first trimester. This
can be achieved through awareness campaigns and improving access
to quality ANC services.

Regional interventions: Consider regional variations in
non-adherence rates and tailor interventions accordingly. Identify
regions with higher non-adherence rates and implement targeted
strategies to address the specific challenges and barriers faced in

those areas.
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