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A B S T R A C T   

The major sustainability concern is food waste, which might be minimized by more effective redistribution of 
surplus food, supply chain waste management, and sustainable food management. Due to technological and 
infrastructure issues that require technology application at a wide scale with minimal environmental impact, 
food waste and food loss occur at all levels of the supply chain. Strategies for food redistribution, recovery, and 
reuse provide the economy with extra by-products and financial advantages. Because of the complicated re
lationships between distributors and suppliers, contractual obligations, inaccurate food demand forecasts, and 
food standards, changing consumption and production patterns at the industry and market levels is difficult. 
Based on this the objective of the review was to discuss the strategies for reducing food waste and achieving 
sustainable development goals and the role of different actors in reducing food wastage and in implementing 
SDGs. Several Sustainable Development Goals (SDGs), including those related to finishing world hunger (SDG 2), 
ensuring sustainable agriculture (SDG 2), promoting sustainable economic growth (SDG 8), and combating 
climate change (SDG 13), among others, have been found to depend on reducing the amount of food that is 
wasted and have destroyed.   

1. Introduction 

Sustainable Development Goals (SDGs), commonly known as Global 
Goals, consist of a series of goals set by global agreement to preserve all 
aspects of the habitability of the planet, suppress poverty, and ensure 
that people live in peace and prosperity, now as well as in the future 
(Morton et al., 2017). It has been reported that sustainable development 
is "a kind of development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs". 
Sustainable development served as the guiding principle to heal the gap 
between the North and the South (Siegel and Lima, 2020). However, 
there were many divergent viewpoints about what growth meant, along 
with other theories about how it could be accomplished (Fukuda-Parr 
and McNeill, 2019). In this situation, the development goals evolved 

into a unique attempt to overcome these differences and find common 
ground, "with a set of ideas as the consensus global norm concerning 
both the ends and the means of development." (Fukuda-Parr, 2019). The 
same principles guided the design of both the Millennium Development 
Goals (MDGs) and the Sustainable Development Goals (SDGs): A 
social-political priority must be stated, a time-bound quantitative aspect 
must be realized, and measurement techniques must be used to track 
progress (Fukuda-Parr and McNeill, 2019). 

The goals for global accords shape discourse on how to conceptualize 
development difficulties. It may be claimed that the motivation behind 
these aims’ persuasive language is what primarily determines how they 
affect policy, governments, and other society stakeholders. The Goals 
were formally adopted by UN member states in 2015 from 2016 to 2030 
to deal with the overwhelming empirical and scientific evidence 
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indicating the world required a substantially sustainable strategy 
(Fukuda–Parr, 2019). The goal is to provide a thoroughly researched 
structure that is both politically and scientifically viable as well as being 
understandable to the general public. As global policies are imple
mented to ensure a healthy, fair, or flourishing future for generations, 
these objectives provide the best chance to ensure critical cooperation as 
well as alignment (Morton et al., 2017). The SDGs are clearer, more 
detailed, and more comprehensive than the MDGs, and every nation 
must act upon them. The 17 Sustainable Development Goals have 169 
targets, which makes them more extensive and ambitious than the 
Millennium Development Goals in that they can confront the funda
mental reason for poverty and the need for development that benefits 
everyone. The goals cover 3 aspects of sustainable development: envi
ronmental protection, social inclusion, and economic prosperity. 

The new global goals seek to improve upon the achievements and 
momentum of the MDGs by focusing on issues such as inequality, 
adequate employment, economic growth, cities and human settlements, 
industrialization, oceans, ecological systems, peace, climate change, 
energy, sustainable consumption and production, and justice. MDGs 
were only intended to be executed in developing countries; new Goals 
are applied universally to all nations SDGs place an intense focus on 
ways to achieve implementation, like the mobilization of financial re
sources, technology, capacity-building, data, and institutions. New 
Goals recognize that addressing climate change is important to 
achieving poverty eradication and sustainable development. The goal of 
SDG 13 is to promote immediate action to lessen the climate change 
effects. On the basis of this, the purpose of this riview is to provide 
possibilities for reducing food waste and achieving the Sustainable 
Development Goals (SDGs), as well as to explore the involvement of 
various individuals in both the reduction of food waste and the imple
mentation of the SDGs. 

2. Analysis of relationship between food waste and key SDGs, 
including SDG 2, SDG 12, SDG 13, and SDG 14 

Food waste is defined as the reduction of food utilized for con
sumption in the supply chain due to loss, damage, disposal, or diversion 
to other uses (FAO, 2014). The primary cause for the elevated food waste 
is the miscoordination among stakeholders along the food supply chain 
(Govindan, 2018). Food is thus wasted across the food supply chain 
(FSC), from the initial stages of manufacturing to final consumption. 
Lack of efficient physical infrastructure and post-harvest, production 
and processing techniques, causes food loss in its early stages (Gus
tavsson et al., 2011). Retail, hospitality, and consumption are respon
sible for the majority of food waste at the FSC’s final stage (Parfitt et al., 
2010). Food waste has a direct impact on the economy, the environment, 
and society because it results in one-third loss of the edible foods pre
pared for human consumption (Papargyropoulou et al., 2014). As a 
result, the developed world’s higher rates of food waste and increasing 
food insecurity represent a contradiction of "scarcity within abundance" 
(Galli et al., 2019). Because of the variety in production patterns, 
chemical and physical characteristics, and underlying challenges or 
differences in assessing their rising volume, managing food waste is a 
huge task. Population expansion, industrialization, urbanization, and 
globalization all play a part in world’s escalating food waste production. 
The variety of eating habits and increased purchasing power as a result 
of these phenomena (Thyberg and Tonjes, 2016). 

The Problem of food waste has worsened due to insufficient funding, 
and urgency in its management. As demand for natural resources like 
water, land, and energy rises, the problem is expected to persist until 
2050. There’s growing recognition of food waste as a significant global 
sustainability concern, spurred by international and national initiatives. 
Mitigation efforts tie food waste to related issues like food poverty, while 
solutions are guided by Sustainable Development Goals (SDGs). Zero 
hunger is the goal of SDG 2, sustainable consumption, and production 
(SCP) patterns are the goal of SDG 12, combating climate change is the 

goal of SDG 13, and conservation of marine ecosystems is the goal of 
SDG 14. The SDGs are an indicator of the main goal of sustainable 
development since they represent a common statement of stakeholder 
requirements on a global scale that balances social, economic, and 
environmental growth (Fonseca and Carvalho, 2019). Food waste and 
loss (FWL) have significant negative impacts, drawing increasing global 
attention due to their links to food security and climate change. 
Throughout its lifecycle—from production to consumption—food 
directly affects the environment. Unlike typical products, food waste is 
intertwined with societal issues like eating habits and cultural traditions. 
It intersects with problems such as unequal access to food, contributing 
to obesity and associated health issues, particularly in affluent and 
developing nations. 

According to the UN, 1.3 billion tonnes of food are lost each year, 
which results in 795 million people going without food and nearly 1 
billion people being undernourished (Grosso and Falasconi, 2018). 
Additionally, 2 billion people globally are overweight or obese, and 
consuming too much food is detrimental to the environment as well as 
human health. The food business is responsible for around 22 % of the 
world’s total greenhouse gas emissions and 30 % of its total energy use. 
Implementing circular economy solutions centered on decreasing food 
waste and adopting sustainable consumption habits can help accomplish 
SDGs 2 and 12 more quickly (Mokrane et al., 2023). Climate change is 
exacerbated by food waste (SDG 13). Global food consumption patterns 
change as a result of rising wages, urbanization, and diets that include 
more animal-based foods, processed foods, sweetened beverages (that 
are linked to obesity and overweight), and high greenhouse gas (GHG) 
emissions. By 2050, GHG emissions associated with the preparation of 
these diets will account for 80 % of all food processing, if this worldwide 
dietary change trend continues (Režek Jambrak et al., 2021). In terms of 
responsible consumption (SDG 12), the novelty of more environmentally 
friendly food packaging can increase the shelf stability of fresh foods 
and, as a result, decrease food waste (Spada et al., 2018), and the 
accompanying economic and environmental costs. 

To enhance food safety and sustainability, researchers propose 
implementing modern thermal and nonthermal processing methods, 
utilizing secure, clean, and energy-efficient technology. This approach 
promotes smart land use, efficient factory production, and reduced 
greenhouse gas emissions, aligning with Sustainable Development Goal 
13 (SDG 13) to combat climate change. SDG 14 focuses on conserving 
marine ecosystems and sustainable resource use, aiming to manage fish 
stocks for maximum sustainable yield. Achieving this goal requires 
addressing illegal and overfishing practices, alongside reducing fish 
losses and waste through improved governance and management. 
Lowering food waste of fish products supports sustainable resource 
utilization and aligns with SDG 14 objectives. By eliminating harmful 
subsidies and discouraging discarding, reducing food waste emerges as a 
viable strategy to advance SDG 14. 

3. Strategies for reducing food waste and achieving SDGs 

Every step of the food supply chain, from initial agricultural pro
duction to final household consumption, results in food waste. This trash 
is typically concentrated during the consuming stage in developed na
tions. In this sense, the food services industry is important since it 
generates around 25 % of consumer waste and over 75 % of this waste 
might be avoided (Hollins, 2013). Thus, a variety of tactics have been 
suggested by academics and professionals to lessen it. All phases of the 
food transformation process were examined by the measures, which also 
included bettering planning and purchasing practices, repurposing 
kitchen scraps, providing consumers with smaller portion sizes and 
takeout bags, and conducting awareness campaigns. Despite the unde
niable advancement that has occurred over the last decade as a decen
tralized process taking place in such a short period of duration, the field 
of study has organizational problems that make it hard for investigators 
to identify the gaps that require to be filled and for those who practice to 
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have simple access to the primary answers. As a result, methods for 
preventing food waste need to be improved and strengthened. 

3.1. Managerial 

This group consists of all waste reduction programs that are imple
mented across the board by the management and are thus carried out, 
guided, or enforced, with a focus on two crucial solutions: involving 
workers and monitoring food waste. Employee dedication is highlighted 
as essential for success, with recommendations including rewards for 
goal achievement and awareness of the environmental and social im
pacts of waste. They make a number of recommendations on ways to 
support this commitment, such as rewarding those who reach their goals 
(Goh and Jie, 2019) or emphasizing the negative environmental and 
social effects of food waste. Measurement is the process of determining 
how much food is wasted within the company. It is frequently referred to 
as the "first step" and serves as a baseline as well as a diagnosis of the 
issue. Many publications suggest procedures for carrying out this 
quantification, while others examine the difficulties in doing so (Burton 
et al., 2016). Other managerial strategies mentioned include planning, 
executing, and monitoring actions to reduce waste, as well as miscel
laneous actions like developing policies and forming partnerships. 
(Kasavan et al., 2018). Additionally, a figure presents an overview of 
processes for manufacturing functional foods using bioactive-rich sub
stances (Fig. 1). 

3.2. Supply chain management 

Supply Chain Management (SCM) in food establishments involves 
purchasing, planning, and storing food. One crucial aspect of SCM is 
planning, which involves determining what and how much food should 
be procured. To design plans that minimize waste, two factors need to be 
considered. Firstly, menu design plays a vital role in reducing losses 
throughout the process. Menus should be created with considerations 
that help minimize waste. This includes utilizing resources that the 
establishment already possesses, enhancing the use of leftovers, and 
incorporating ingredients that are approaching their use-by dates. By 
incorporating these elements into the menu, the establishment can 
optimize resource utilization and minimize food waste. Forecasting and 

demand planning are essential in Supply Chain Management (SCM) for 
menu planning, helping establishments estimate food item demand 
accurately to procure the right quantities and minimize over-purchasing 
and subsequent waste (Vizzoto et al., 2021). The planning process re
sults in a list of items to purchase, with three main purchase de
terminants identified: preventing misunderstandings through 
centralized buying and stock double-checking, reducing inventory via 
JIT delivery or batch size adjustments, and product specification to 
minimize food waste (Betz et al., 2015). Proper handling and storage 
conditions are also crucial at the operational level. 

3.3. Food preparation 

The act of preparing involves turning raw materials into dishes that 
are ready to be served. The four tactics are centered on the type, 
quantity, and way that food should be prepared to reduce waste. As food 
waste decreases with increased food flavor, dealing professionals should 
have regular training to prevent food waste (Derqui et al., 2016). In 
terms of quantity, strategies are offered, such as cooking in stages, to 
prevent overcooking while retaining a high level of response to 
incoming orders (Silvennoinen et al., 2015). 

3.4. Food serving 

Food presentation to clients is referred to as serving approaches. The 
eight criteria include serving sizes, food presentation on buffets, tables, 
and menus, as well as portion sizes. Most often, plate waste is caused by 
portion size (Betz et al., 2015). Numerous studies show that some 
serving methods waste more food than others. For instance, self-service 
patrons frequently leave food on their plates than patrons of buffets that 
are provided by a third party. 

Buffets produce higher serving losses than "a la carte services," in a 
similar way. Changes to serving styles may therefore result in less food 
being wasted. If focusing on eliminating plate waste is the goal, self- 
service needs to be avoided (Ellison et al., 2019). 

3.5. Consumer behavior 

The three consumer behavior techniques employ prodding, rewards, 

Fig. 1. Overview of the processes to take into consideration when manufacturing possibly functional foods utilizing bioactive-rich substances.  
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or awareness-building to change consumers’ attitudes toward food 
waste. Awareness campaigns, which are the most commonly debated in 
academia, explore customer’s beliefs and ideals to draw their attention 
to how commonly they leave their food on plates (Lorenz et al., 2017). 
Even though there have been numerous studies examining their impact 
on food waste, it is still not apparent how much they may actually 
reduce the waste if the data are inconclusive. Fig. 2 displays several 
examples of food labels that market the production of their products as 
being environmentally friendly. 

3.6. Information exchange 

Information asymmetry contributes to many errors and mis
conceptions that ultimately result in food waste. The disparity between 
employees and customers may be lessened by external communication 
tactics. Internal communication needs to be improved when the 
disparity exists within the personnel. 

3.7. Alternative destinations 

The food has already been unsuccessfully devoured at this point, 
either by the individuals for whom it was originally meant or in the 
setting in which it was offered. Thus, the last-ditch effort to convince 
them to consume the meal is to discover substitute locations. 

4. Role of different actors in reducing food wastage and in 
implementing SDGs 

Governance of food safety and waste reduction differs greatly. In 
order to reduce food wastage, stable value chains and concurrent, 
observable failures in the market are necessary, and it is unquestionably 
the responsibility of the government to ensure norms that are suitable 
for safeguarding the health of the public. Almost all stakeholders agree 
that wasting food is unacceptable on moral, financial, and environ
mental grounds. As a variety of players and institutions with various 
underlying viewpoints drive food waste reduction technologies, a closer 
study uncovers a more "wicked" situation (Szulecka and Strøm-An
dersen, 2022). Considering that the European Union (EU) ranks second 

globally in terms of per-person food losses and waste at the consumption 
and pre-consumption stages. It is not unexpected that national and local 
European stakeholders have begun to debate managing food waste more 
frequently (FAO, 2019). The decrease in food waste is a goal shared by 
every stakeholder in the food distribution network, including farmers, 
food processors, retailers, consumers, nonprofit groups, and government 
agencies (Ghinoi et al., 2020). To efficiently bring about changes to 
technological advances, practices, and laws that a single player is unable 
to support in order to lessen food wastage, it appears that all parties 
involved must cooperate (Papargyropoulou et al., 2014). 

Minimizing food waste involves a social dilemma akin to a public 
goods game, where some individuals cooperate to reduce waste while 
others defect. This qualitative study complements behavioral sciences 
by examining these behaviors and co-evolutionary processes. Through a 
sociological approach, the study explores diverse perspectives and tac
tics of various actors within national policy contexts to understand ac
tion mechanisms and organizational structures. Additionally, a 
schematic representation of sustainable development goals is provided 
in Fig. 3. Emerging nations like Malaysia and Thailand have integrated 
food waste (FW) management systems into their legal frameworks, but 
funding shortages hinder effective implementation. Priority should be 
given to establishing proper technical segregation and collection within 
the municipal solid waste management system. Adequate infrastructure 
and financial support are crucial for sustainable operations in formal 
collection sectors. Currently, developing nations allocate most of their 
budgets to landfilling FW, limiting investment in treatment facilities and 
recycling programs. Governments should incentivize the adoption of 
novel technologies like anaerobic digestion and biochemical treatment 
to enhance FW recycling. Furthermore, regulations and corporate 
practices must be revised to encourage sustainable food production, 
such as adopting the closed-loop supply chain model (Thi et al., 2015). 
Governments should establish national food banks and collaborate with 
the World Bank’s global food bank to facilitate food donations. This 
platform can redistribute nutritious food from post-harvest phases and 
unsold food from merchants and wholesalers to feed millions of hungry 
people globally, effectively managing food waste. (Brain et al., 2013). 
Animal feeding should be implemented since it is inexpensive and 
simple to do so in developing nations that rely largely on livestock, like 

Fig. 2. Several food labels advertise their production to be sustainable.  

S. Manzoor et al.                                                                                                                                                                                                                               



Future Foods 9 (2024) 100362

5

India, Mexico, and China. 
Therefore, by disposing of food waste, developing nations may both 

combat the rising cost of feed and combat climate change. Raising public 
awareness of food waste issues and altering consumer behavior is 
important to decrease food waste production. To encourage the recy
cling of food waste, developing nations urgently require the creation of 
programs like "Food Waste into Energy" (in US), "Love Food-Hate Waste" 
(in UK), and "Zero Waste" strategy (in Europe) (Thi et al., 2015). In the 
end, the system throughout its entirety should contribute to public ed
ucation, thinking about the future, and maintaining the community 
involved in every stage of the entire process. 

5. SDG in the supply chain 

The network of activities that compose the food supply comprises 
disposal of waste, retail sales, food manufacture, and agricultural 
cultivation. As a result of the physical distance between the place of 
primary manufacturing and the point of consumption, supply chains are 
divided into "local" and "global" categories. Large retailers, widely 
functioning multinational enterprises, cooperatives, or short-supply 
chains might be in charge of the food supply. Farmers, food traders 
(including distribution and retail), food processors (including all types 
of B2B food processors), and consumers make up the traditional food 
supply chain, though chains may vary depending on how food is altered 
during core operations (Djekic et al., 2021). Govindan (2018) shows 
how consumption and production habits in connection to societal obli
gations and natural ecosystems can have a direct impact on achieving 
SDG 12. The interdependence between SDG 2 and SDG 12 can be shown 
in the way that changes to the current food supply chain can improve 
food quality and security (Govindan, 2018; Asian et al., 2019). 

Farmers are critical for attaining the SDGs, hence it is necessary to 
change present agricultural practices to more "holistic" ones like agro
ecology, climate-smart agriculture, & sustainable agriculture. Higher 
yields for novel rice varieties were reported by Arouna et al. (2017), 
increasing income (SDG 2; an average of USD 3.9 per year per person) 
and lowering poverty (SDG 1; around 18 % and 24 %) for small-scale 
farmers in sub-Saharan Africa. Despite this, Thornton et al. (2018), 
who assessed the state of modifications in agricultural practices of 6300 
smallholders in 21 countries, found that the adoption of improvements 

in farming practices has lagged behind those required to attain food 
security. The construction of a smart honey supply chain, which 
increased food security and food safety and decreased honey fraud, is 
one example of how technological advancements in agriculture are 
paving the way for providing food security associated with SDG 2 
(Rünzel et al., 2021). 

This blockchain-based smart farming system was built. For farmers 
to opt to change their agricultural practices, access to and ownership of 
land must be a key consideration. According to Charoenratana and 
Shinohara (2018), "farmers’ increased agricultural stability will result in 
greater confidence in making investments in the land and offer a broader 
range of professional opportunities which will generate sufficient to 
allow stable food supplies of farming households". Thus, they came to 
the conclusion that improving land security is essential for enhancing 
food security. Additionally, because women own between 5 and 30 
percent of the cultivated land in underdeveloped nations, access to land 
and other resources is essential for attaining gender equality (SDG 5) in 
agricultural systems (Agarwal, 2018). 

Food processors must innovate resource-efficient methods, minimize 
residues, and enhance waste recycling to achieve sustainability. Priori
tizing sanitation and access to water, especially potable water, is 
essential at every stage of the food processing supply chain to meet SDG 
6 goals. (SÁ et al., 2017). Food processing ought to adopt renewable 
energy sources in relation to affordable and environmentally friendly 
energy (SDG 7). With the digitalization, innovation, and optimization of 
the food manufacturing industry, like Industry 4.0 and the construction 
of efficient and high-quality infrastructures, food processing could also 
indirectly affect the motivation, industry, and infrastructure (SDG 9). 
Utilization of resources could be decreased throughout the entire dis
tribution network, productivity can be increased, jobs can be created, 
and food systems can gain valorization through effective planning, 
optimization, and digitization (Mangindaan et al., 2022). Three areas 
that are extremely connected to the water-food-energy nexus could be 
achieved by combining the goals of SDGs 2, 6, and 7 (Lin et al., 2021). 
Food traders are essential to achieving SDGs 2, 3, which call for inex
pensive and readily available food. Given that climate change will cause 
more than 50 million people to be undernourished by 2050 (SDG 13), 
the current international food trade practice needs to be changed 
(Janssens et al., 2020). 

Fig. 3. Schematic representation of sustainable development goals.  
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5.1. SDG in packaging 

Traders can market as well as promote healthy food goods in their 
retail locations by using a variety of food labels. International ISO 
standards define environmental claims as "claims which indicate the 
environmental aspects of a product or service" and give users the option 
to convey information about the environment in a range of levels and 
forms (Djekic et al., 2021). Environmental labels have to employ an 
accurate and verifiable evaluation approach and take into account all 
pertinent life cycle effects of a product (aligned with food labels as 
necessary legal standards). Furthermore, product details should offer 
social and potentially economic advantages alongside environmental 
benefits, aligning with the SDGs. To simplify, let’s refer to this as "sus
tainable labeling." Many organizations have introduced voluntary sus
tainable labeling initiatives to inform consumers about specific 
ingredients or production processes in the food they purchase. Kaczor
owska et al. (2019) these institutions receive funding from manufac
turers, merchants, NGOs, or public bodies. They all share four 
objectives: (1) Providing consumers with knowledge (2) Presenting in
formation in easily understandable formats; (3) Building consumer trust 
through utilization and verification processes; and (4) Empowering 
consumers to make informed choices. Sustainable labeling allows con
sumers to express their personal preferences for product attributes and 
compare various quality qualities to determine their preferences (Asioli 
et al., 2022). 

In this regard, it is noteworthy to mention two recent labels that have 
entered the European market: Eco-Score, which displays the environ
mental influence on food (SDG 6, 7, 13), and Nutri-Score, which com
bines nutritional and health issues; both add value to food choices (SDG 
12) (De Bauw et al., 2021). All the labeling programs, including ISO 
standards and the recent Eco-Score and Nutri-Score, are intended to 
encourage consumers to choose foods that have a lower environmental 
effect and to engage in responsible consumption. The plethora of pro
grams available has boosted market-based incentives for eco-friendly 
commodities and industrial methods. 

5.2. SDG in dairy 

The dairy industry, comprising farmers, businesses, and co
operatives, must utilize diverse technologies to enhance sustainability 
across various aspects such as primary production, cow feeding, animal 
husbandry, manure management, milk processing, derivatives produc
tion, and material selection for packaging (Rotz et al., 2010). Conse
quently, employing "greener" technology, improving the supply chain 
networks, as well as the design the product is necessary for the dairy 
sector to accomplish the SDGs (Mozas-Moral et al., 2021). Educating 
food firms on sustainable management, resource efficiency, and food 
loss reduction is crucial. Utilizing agro-industrial waste and residues, 
such as seeds, skin, stalks, rind, pomace, and leaves, is essential. These 
by-products can serve as sources of bioactive substances like dietary 
fiber, carotenoids, phytosterols/stanols, PUFAs, and phenolic compo
nents, enabling dairy companies to implement sustainable practices 
effectively (Granato et al., 2022). Creating potentially useful dairy 
products is complex, requiring compliance with regional regulations like 
those of the FDA and EFSA. Products must appeal to consumers while 
being logistically and economically feasible. Enhancing the bioactivities 
of dairy foods and increasing their nutrient density can be achieved by 
adding extracts of bioactive substances, employing a complementary 
strategy. While some research supports utilizing side-streams for 
bioactive substances, regulations on innovative food products need 
frequent updates to match scientific advancements. Health claims must 
be supported by human interaction data. Developing functional dairy 
foods with added bioactive components remains challenging across food 
technology sectors. To address sustainability, technical and legal issues, 
and clinical evidence, a multi-actor approach is essential. 

6. Future scope 

Establishing an earlier advancement in mechanization and precision 
agriculture, use of automation and robotics are currently employed in 
numerous facets of the food system (such as cultivation, harvesting, and 
environmental monitoring) and have a wide range of possible uses in the 
future (Clapp and Ruder, 2020; Sparrow and Howard, 2021; Klerkx and 
Rose, 2020). Applications for robots in animal husbandry comprise pest 
control, livestock and crop monitoring, abattoir operations, or food 
delivery. Further autonomous cropping equipment includes that for 
planting, surveying, tending, harvesting, and handling (Roldán et al., 
2017; Herrero et al., 2020; Bechar and Vigneault, 2017). Automation 
and robotics have significantly improved food safety in urban-centric 
food processing facilities. While reducing labor and agrochemical 
costs, they may increase energy expenses. Automation enhances mana
gerial decision-making by minimizing cognitive biases, reducing expo
sure to toxic machinery and chemicals, and lowering human injuries 
(SDGs 3, 8). By using fewer toxic agrochemicals and reducing ecological 
impact, automation enhances resource efficiency (SDGs 12, 14, 15) and 
reduces input waste with precise dosing (SDG 12). It boosts supply chain 
resilience against disruptions like pandemics, population decline, or 
aging (Klerkx and Rose, 2020). However, it may lead to increased pro
duction, processing, and revenue in certain subsectors, impacting 
landscapes and small-scale farmers (SDGs 10, 14, 15). Automation re
duces unskilled labor needs, potentially driving urban migration, ur
banization, unemployment, poverty, and social conflicts without 
sufficient social support (SDG 8) (Herrero et al., 2020; Herreron et al., 
2021). 

Automation could, however, help those regions with manpower 
shortages where productivity is constrained by aged farm labor and 
growing urbanization. Furthermore, if robotics becomes more widely 
used, there may be a greater demand for professionals with knowledge 
of how to create, maintain, and fix robotic equipment. Overall, there 
may be a greater spatial separation between production and consump
tion, which would weaken socio-cultural linkages to the land and 
environment for a population that is becoming more urban. Robotics are 
also susceptible to failure, power supply issues, and hacking-related 
disturbances. Therefore, automation may simply swap out the labor’s 
susceptibility to disruption for machinery’s susceptibility to other 
disruptive causes (Sparrow et al., 2020). 

7. Conclusions 

Reducing food losses targets both consumer and retail food waste, 
along with losses across the supply chain, including post-harvest losses. 
This aids in alleviating global hunger and malnutrition by ensuring more 
food reaches those in need. It also reduces environmental impact, such 
as greenhouse gas emissions, water use, and land degradation, pro
moting sustainable consumption and production practices. Moreover, it 
saves money for producers, retailers, and consumers, offering economic 
benefits and aligning with ethical and social responsibility standards. 
Achieving this goal requires legislative measures, innovations, and 
behavioral changes, motivating action from governments, corporations, 
and individuals. Many nations and organizations have set reduction 
targets and implemented programs to monitor progress. Eliminating 
hunger (SDG 2), promoting sustainable agriculture (SDG 2), fostering 
economic growth (SDG 8), and combating climate change (SDG 13) are 
all contingent on reducing food loss and waste, showcasing the inte
gration of environmental, social, and economic sustainability efforts. 
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SÁ, A.G.A., de Meneses, A.C., de Araújo, P.H.H., de Oliveira, D., 2017. A review on 
enzymatic synthesis of aromatic esters used as flavor ingredients for food, cosmetics 
and pharmaceuticals industries. Trends Food Sci. Technol. 69, 95–105. 

Siegel, K.M., Bastos Lima, M.G., 2020. When international sustainability frameworks 
encounter domestic politics: the sustainable development goals and agri-food 
governance in South America. World Dev. 135, 105053 https://doi.org/10.1016/j. 
worlddev.2020.105053. 
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