Ozturk M er al (2025)

‘ l Notulae Botanicae Horti Agrobotanici Cluj-Napoca
Volume 53, Issue 3, Article number 14683
AcademiFres DOI:10.15835/nbha53314683 Aorplac Borsajeac Hord

Review Article

Livestock-mediated food waste conversion: Advancing resource
efficiency and sustainable agriculture

Munir OZTURKY, Iqra SIDDIQUE?, Alvina GUL?, Ibrahim Ertugrul
YALCIN®**, Volkan ALTAY* Bengu TURKYILMAZ UNAL?

! Ege University, Department of Botany and Centre for Environmental Studies, Izmir, 35100, Tiirkiye; munirozturk@gmail.com
2National University of Sciences and Technology, Atta-ur-Rahman School of Applied Biosciences, Department of Plant
Biotechnology, Islamabad, 44000, Pakistan; iqrasiddique2811@gmail.com; alvina_gul@asab.nust.edu.pk
Bahceschir University, Faculty of Engincering and Natural Sciences, Department of Civil Engineering Istanbul, 34353,
Tiirkiye; ibrahimertugrul.yalcin@bau.edu.tr (corresponding author)

?Hatay Mustata Kemal University, Faculty of Science and Arts, Department of Biology, Hatay, 31060,

Tiirkiye; volkanaltay34@gmail.com
SNigde Omer Halisdemir University, Faculty of Science, Deparement of Biotechnology, Nigde, 51240,

Tiirkiye; bengu35540@hotmail.com

Abstract

Food waste throughout the agri-food supply chain has significant environmental and economic
consequences on a global scale. To address this issue, upcycling food waste through livestock is a promising
approach that can help achieve sustainability goals. The upcycling of food waste via livestock involves feeding
food waste to animals, such as pigs or chickens, instead of disposing of it as waste. This approach offers multiple
benefits, including reducing the amount of food waste that ends up in landfills, reducing greenhouse gas
emissions, and producing a source of protein, offering a sustainable solution to the food waste problem.
Through utilizing food waste as a resource for animal feed, this process adds value while simultaneousiy tackling
environmental concerns linked to food waste. Furthermore, this process can generate income for farmers and
lower the cost of animal feed. However, there are regulatory and safety concerns associated with the use of food
waste as animal feed, necessitating strict guidelines and monitoring, Despite the challenges, upcycling food
waste via livestock provides a promising solution to food waste management issues. It provides a win-win
solution for both the environment and economy, presenting a promising way forward for the future of
agriculture by minimizing food waste, promoting sustainability in the food industry, and offering a new source
of animal feed. This study argues that upcycling food waste through livestock farming has significant potential
for minimizing food waste, promoting sustainability in the food industry, and providing a new source of animal
feed. It provides a win-win solution for both the environment and economy, representing a promising way
forward for the future of agriculture.
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Introduction

The majority of food waste consists of edible foods intended for the use of humans, but were discarded,
deemed unfit, or consumed by pests. It includes the food material parts and edible or appealing products that
can be used (Parfitt et al, 2010, Foresight, 2011). Each country has a different amount and makeup of food
waste. In the harvest phase after the harvesting and processing phases of the supply chain of food,
Underdeveloped nations are responsible for 44 percent of the world’s food waste. By contrast, industrialized
nations like those in North America, Europe, South Korea, Oceania, China, and Japan are largely accountable
for approximately 56 percent of food wastage, of which about 40 percent occurs during the pre-consumer as
well as post-consumer stages (Ashraf er al, 2012; Lipinski er al, 2013; Ozturk er al, 2011, 2019, 2022).
Depending on which stage it happens in the food supply chain, food waste and food loss might be further
subdivided. Food loss is the term for food waste that happens at the early phases of the food supply chain, such
as during production, transportation, processing, and storage. Lower returns are found in the value chain at
these phases. Food waste refers to the wastage of food that occurs throughout the supply chain, particularly
during the retail and final stages of consumption. At this stage in the chain, the food waste indicates more
opportunity for value development (Gustavsson et a/, 2011, Bond ez al, 2013, FAO, 2019a). There are two
main sites that food waste usually comes from: homes and commercial spaces like restaurants. Food waste can
have serious negative effects on human health and is 2 major environmental issue (Blair and Sobal, 2006; Bond
et al, 2013). Food loss and food waste are the reasons for the emission of greenhouse gases and have a
detrimental effect on natural resources. The hike in food prices and the global rise in food insecurity serve as
more evidence of the carelessness in food waste handling and the shortcomings of the current food system.
Upcycling food waste is a novel strategy to address food waste by converting materials that would otherwise be
thrown away into products with added value known as upcycled food (Aschemann-Witzel er al, 2023).
Feeding livestock provides an opportunity to recycle food waste and its nutrients. Due to the innate capacity
of livestock animals to digest a variety of biomass, there is a chance to maximize the use of industrial, urban,
and agricultural byproducts. We can efficiently produce more food while lessening the demand for resources,
minimizing the negative impacts of waste on the environment, and easing the burden of climate change by
rerouting these materials to cattle. The capacity of cattle to transform these resources into valuable animal
products offers a workable way to provide food sustainably (Dou, 2021). This chapter presents a compelling
argument that raising livestock for upcycling food waste holds significant promise in reducing food waste,
promoting sustainability in the food sector, and providing an alternative source of animal feed. It offers a win-
win solution for the economy and ecology and shows that agriculture has a bright future ahead.

Types of Food Waste

The FAO Food Balance Sheet lists 100 food groups, and there are differences in the types, forms, sources,
and nutritional characteristics of food waste. Food waste's economic worth is determined by its energy, amino
acid, protein, and phosphorus content. All of these are costly elements of animal diets. Based on source, nature,
empirical uses, and suitability for feeding to animals, food waste is divided into four categories.

Ex-food waste

This type of food waste is often referred to as "off-spec” food, which describes produced food items that
were pulled from the supply chain due to logistical issues like incorrect labelling or packaging, or because they
did not meet brand requirements for consistency, appearance, or product specifications (Vandermeersch et al,
2014). Ex-foods include surplus bakery goods, salty snacks, and confections high in sugar. Ex-foods are
nutritionally similar to cereal grains, while certain products have higher fat content because they contain butter,
margarine, or vegetable oil. There is a range of 25 to 73 percent starch concentration and 11.0 to 19.0 MJ kg
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digestible energy content. For safe, reliable, and simple mixes, they may need to be dried and heat treated, but
otherwise they are dry and require little processing (Pinotti e a, 2021).

Fruit and vegetables waste

Vegetables and fruits have a high wastage percentage amongall classes of food. Approximately 50 percent
of the global food waste is associated with vegetables and fruits (Wang et a/, 2023), with a high proportion of
61 percent happening in China (Xue eral, 2021). The residues left from harvesting, packaging, processing, and
handling are discarded according to business protocols dictated by the customers. Discards generated before
consumption by humans offer a lucky chance for upcycling into animal feed due to their large quantity,
predictable output, source separation, and targeted collection. But upcycling the discards of vegetables and fruit
is limited by their high content of moisture, making them prone to spoilage. Drying can increase the time of
storage and maintain the nutritional profile, but the costs and greenhouse gas emissions make it prohibitively
expensive to use. Co-ensiling the crop residues or dry hay with fresh fruit can produce quality feeds. Solid-state
fermentation employing bacteria or fungi can preserve perishable biomass for animal feeding. Wetness makes
long-distance transportation expensive, making animal feedinglimited to nearby farms. Innovative, low-carbon
drying methods could enhance animal-based upcycling (Nayan et a/, 2020; Dou er al, 2022).

Unsellable in the marker

The market serves as a conduit between consumers and the food production and provision sectors.
Unsold foods are routinely declared as leftovers, such as bakery products, fresh produce, meats, and other foods
from animal sources that are approaching or exceeding “best-before” or “use-by” dates on the labels of products,
even though they do not indicate any concerns about food safety (Ruppenthal and Horo$, 2021, Mijares et al,
2021). This type of wasted food is most likely more common in developed countries as compared to developing
countries (Jinno et a, 2018). According to a study by Jinno et a/. (2018), the materials and foods left unsold
in grocery stores in the US consist of almost 75 percent vegetables and fruits, 5 percent bakery items, and 20
percent meats and foods from animal sources. These materials can be a great source of amino acids, phosphorus,
and energy for pigs (Fung er al, 2019a). (2019b) found that food waste from supermarkets that is thermally
treated, including fruits, dairy, vegetables, meat, and bakery lefrovers, has metabolizable energy more than corn
(Shurson er al, 2022). Recommend limiting diet inclusion to less than 10% to minimize overfeeding and high
excretion. Proper treatment before feeding is crucial for animal health and consumer trust.

Lefrover food from a consumer

Similar to non-point sources, post-consumer waste of food is produced in many homes, restaurants, and
food service facilities. Even more complicated is post-consumer food waste, which includes any food-associated
material that was once cooked or raw, edible or inedible, whole or in parts, and plant- or animal-based. A study
reviewed 150 studies on the chemical and physical characteristics of food leftover or food waste from schools,
services, and households, as well as samples taken from municipal solid waste streams. The study found
significant differences in DM, pH, lipids, fiber, ash, and total N in food waste sources, with food services having
higher lipid concentrations. The nutrient composition was extremely variable, with DM, pH, crude protein,
and carbohydrate concentrations varying (Dou and Toth, 2021). The high degree of variability is not
unexpected as several studies have demonstrated the effect of consumer behaviour and sociodemographic
factors on the composition of household food waste (Patetta et al, 2019; Shaw, 2021).

Economic, Environmental, and Social Consequences of Food Waste

Food waste, no doubt, is a significant social issue that has an adverse effect on consumer welfare, the
ecosystem, the environment, and the security of food. In addition to the fact that approximately 1 billion people
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worldwide suffer from malnourishment, one-third of all edible food products that are for human consumption
are wasted or lost annually during transportation. The amount of food wasted at the consumer stage in
industrialized parts of the world is almost equal to the total amount of food present in sub-Saharan Africa, with
per capita waste in these countries ranging from 95 to 115 kg annually. Furthermore, avoidable food waste has
a detrimental impact on the environment, with China and the US accounting for the third-highest global
carbon footprint. Food waste occurs throughout the food supply chain, but for several reasons, cutting it at the
consumer or household level is prioritized. First, in developed nations, consumer food waste accounts for most
of the food waste. Second, the food resource usage and environmental impact peak after it has been delivered
to the customer and may be prepared at home. Third, houschold food waste mostly ends up in the garbage,
adding to costs and having an adverse effect on the ecosystem. In contrast, a significant portion of food lost
during the supply chain earlier is at least utilized, such as to feed different animals (Van Doorn, 2016).

The European Union wastes about 88 million tons of food each year, causing significant environmental
impacts. A study reveals that food waste adds to 15-16 percent of the entire impact of whole food supply chain.
Food that comes from animals is the main source that has different environmental impacts during the primary
production step. During the production process, greenhouse gas emissions are the primary cause of nearly 75
percent of all food waste-associated effects on global warming (Scherhaufer er a/, 2018). An estimated 35
percent of food that is bought to be consumed at home is wasted. Given that one-third of global greenhouse
gases are produced by the food industry, the environmental effects are the most significant. There are more
nuanced social and economic repercussions. According to U. S. data, families lose hundreds of dollars annually
due to food waste, and over-consumption increases costs and restricts access (Tadigadapa, 2022).

Addressing Global Crises of Food Waste

The increase in waste is a major issue faced by the current food systems. Large amounts of food loss and
food waste, as well as the unsustainable use of natural resources, are indicators of inefficiencies in food systems
(Messner et al, 2021). Around one third of the food prepared for human consumption is wasted or lost
worldwide, which is equal to approximately 1.3. billion tons of food annually (Gustavsson er al, 2011).
Understanding the reasons behind consumer-generated food waste will be more helpful for prevention because
the majority of food waste happens at the household stage (Aydin and Yildirim, 2021). Food wastes and food
losses are indirectly associated with the several environmental effects including deforestation, soil erosion,
greenhouse gas emissions, and air and water pollution, which arise during the preparatory steps of food
preparation and production, food storage, its transportation, and the management of waste (Mourad, 2016).
This is because food production is notably resource intensive. Governments, corporations, NGOs, academics,
and the public are all beginning to recognize food waste as a pressing issue due to the growing environmental
and economic issues. As a result, there is significant data on the amounts of food lost or wasted and the
emissions related to it in the whole food production to consumption process (Edjabou et al, 2016). Alarming
data show that food waste is a serious issue for society, the economy, and the ecosystem. The retail to
consumption level of food waste generated in 2019 amounted to approximately 931 million tonnes, with
houscholds accounting for 61% of the waste, food services contributing 26% and the retail sector contributing
13 percent (Varghese et al, 2021). About 8-10 percent of greenhouse gas emissions worldwide are caused by
food waste (Mbow et al, 2019). Food waste is regarded as a paradoxical issue (Richards er a/, 2021). Huge
amounts of food are lost or wasted, where millions of people continue to experience food insecurity (Chaboud
and Daviron, 2017; Papargyropoulou et al, 2022). To make the necessary enhancement in food supply, feasible
food systems must be diverted towards sustainability (Richards and Hamilton, 2018). Certain objectives are
set in order to achieve this, including notable decreases in food loss and waste as well as improved resource
utilization effectiveness (WHO, 2021). The academic community, NGOs, and government have shown
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concerns and are paying serious attention to food waste because of the growing financial and ecosystem loss it
causes, which is pushing policymakers to take preventive action.

Concept of Food Waste Upcycling

Fortunately, food waste is a problem that is recognized globally. Increasingly, public-private partnerships
and value chains are implementing initiatives to share data and expertise on reducing food waste. While food
waste is a complicated problem that requires a wide range of solutions. Repurposed food is an innovative idea
for creating plans and policies to reduce food waste. Trend reports indicate a huge potential market for the
term, which is becoming more and more popular in the food industry (Forbes, 2021). Upcycled food
introduces upcycling, a fundamental idea of the circular economy to the food industry. It is in keeping with the
movement in policy to support closing the loop in food and agriculture among other major industries (Aldaco
et al, 2020). Upcycling is a term that is becoming more and more popular as a trend in green consumer
behaviour (Adiguzel and Donato, 2021; Aschemann-Witzel et a/, 2023). Concerns about the environment,
climate alteration, and the willingness to incorporate sustainable actions into dicts and food choices are
growing. About 78% Europeans believe that climate change is a major issue (Bonev et al, 2022). Expectedly,
recycled food holds significant potential for the agriculture and food sectors' sustainable transition. In light of
this sustainable shift in food production and consumption, greater diversity is required. Upcycling needs to be
defined precisely, and its dynamic nature must be recognized. Two distinct product categories surface in the
market: one addresses symptoms but not the underlying causes, providing a valuable intermediate solution,
while the other concentrates on the core causes of food waste and sustainability problems, providing a
significant long-term impact (Aschemann-Witzel e al, 2023).

Upcycling Potential of Livestock Animals

Most of the recentiy published research on using food waste as feed livestock animals comes from
Taiwanese, South American, South Korean, Indian, and Japanese nations. While tests on poultry beef and dairy
cattle Pack small ruminants and other animal species have also been conducted pig feeding is the focus of most
of the studies (Angulo er al, 2012). Animals have long been fed food scraps as part of a common practice.
According to a study a number of significant Australian retailers provided farmers with about 40000 MT of
food as feed (Al-Tulaihan et al, 2004). In the UK, 2.2 MT of food by-products were converted to animal feed
in 2010 (Parfitt et al, 2010). Approximately, 1.6 MT of food waste was upcycled to animal feed in the US
where 84-86% of waste from the processing and manufacturing sector was converted to either land applications
or animal feed (Alliance, 2016).

Animals raised for livestock are essential in repurposing food scraps into valuable feed which promotes
resource efficiency and sustainability. Different livestock species have the capacity to make efficient use of
various kinds of food waste. Cattle and other ruminant animals can make good use of high-dictary-fiber plant-
based food waste. This means that these animals can eat unsalable fruits and vegetables which are high in fiber
and can provide them with energy (Nath et a/, 2023a). It is especially easy for pigs to turn food scraps into
productive feed ingredients. According to research, the value of feeding of several food waste sources is on par
with or higher than that of conventional pig ingredients like corn and soybean meal. An environmentally
friendly and long-lasting solution to food waste is provided by recycling important nutrients from food waste
into the dicts of pigs. These creatures can break down different biomass materials such as food scraps.
Particularly pigs and ruminants livestock animals have a great deal of potential to turn food waste into useful
feed supporting resource efficiency and sustainable farming methods (Nath et al, 2023a).
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Role of animals in food waste upcycling

The highest priority in the food retrieval hierarchy is still preventing food waste from happening. This
is the leading way to mitigate food waste (Van Bemmel and Parizeau, 2020). Due to the fact that large amounts
of food waste are still produced. Socicties cannot only focus on preventing waste they also need to advance in
tandem with bettering food waste management in order to meet a number of sustainability goals. While
anaerobic digestion and composting have received a lot of attention and are being used more frequently as food
waste treatment options, upcycling to animal feed is higher in the hierarchy of food waste recovery. By
capturing part of the nitrogen and carbon in stable materials and recycling them back into the soil, composting
helps to improve soil health and reduce the need for fertilizer. Using multifunctional additives, modeling
emissions control, and Al-based process control techniques, food waste composting efficiency can be increased
(Li ez al, 2013).

Biogas is a renewable energy source produced by anaerobic digestion and digestate has properties that
are similar to those of compost that are beneficial to the soil (Ozturk, 2014; 2017; Ren er a/, 2018). Instead of
recycling nutrients back into the soil, which is the base level of system of food production, through anaerobic
digestion or composting, the use of a variety of food waste sources to make animal feed is a better idea. This
enables the upcycling of lipids, protein, minerals, and carbohydrates via animals to make nutrient-rich food for
humans (Eastham and Creedon, 2023). The procedure of repurposing food waste into feed for animals is
unmatched by any other method. This minimizes the requirement for traditional feedstuffs like grains and
oilseed meals which has a knock-on effect of saving land and fertilizer as well as preventing the loss of
phosphorus and nitrogen, and other resources (Nath ez a/, 2023b). But not every food scrap can be used to
make animal feed. High-quality materials with modest amounts of protein and energy with very low risks of
feed safety can be treated by thermal treatment and are suitable for converting to feed for animals, whereas poor
quality materials or materials with more feed safety risks should be treated by anacrobic digestion or
composting,.

Livestock animals have traditionally served as biological processors, converting unwanted or inedible
food ingredients into eggs, milk, meat, etc. Modern treatment techniques can aid in the transformation of food
waste into the feed products that are safe, wholesome, and enhanced in value. One workable way to tackle waste
management, resource conservation, food security, pollution, and climate change mitigation at the same time
is to recover consumption-stage food waste for feeding animals (Dou er al, 2018). A range of feed sources
obtained from nearby crop processing is commonly used in animal diets in place of some cereal grain. When
wheat is ground into flour, a mixture of by-products known as bran and germ is created, which can be fed to
cattle as wheat middling. This is also true of major crops such as soybeans, sunflowers, and oats whose hulls are
frequently removed during the processing stage and added as a source of fiber to ruminant diets. Cattle diets
can benefit from the utilization of potato processed by-products as well as other fruit and vegetable by-products.
They must, however, be used immediately or treated further (such as ensiling) due to their high moisture
content to prevent spoiling. In response to growing consumer demand for innovative goods like meat
alternatives, it is anticipated that the variety and quantity of by-products in animal diets would increase as
commodity fractionation for inclusion in meals increases. South Korea and Japan, which have been leaders in
this field divert up to 60 percent of their everyday food waste to feed animals (Nguyen er al, 2017). More
specifically, a range of microbes present in the rumen and intestine, up to a lesser extent, can effectively break
down plant fiber that is edible to humans, as well as plant byproducts. This enables the host to produce protein
of high quality that contains essential fatty acids and amino acids (Matthews ez a/, 2019).

Amount of food waste put to use as ingredients in animal feed

Worldwide, yearly 6 billion tons of feed are taken by food-producing livestock animals, of which about
72 percent is composed of roughages that are consumed by livestock such as goats, sheep, and cattle. Of 1.57
billion tons of , oilseed meal, grain by-products, and grains consumed, 65 percent are fed to poultry and swine
(Mottet et al, 2017). Considering this perspective, globally above 1.3 billion tons of consumable food material
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go to rubbish cach year. This amount is 3 million tons which is more than the number of oilseed meals and
cereal grains by-products consumed by pigs and poultry both. Furthermore, global animal production and
meat-processing industries annually produce approximately 60 million tons of animal by-products (Hamilton,
2004). Since swine and poultry cannot effectively utilize the fiber in roughages and need diet that is higher in
energy and nutrients than those for livestock. There is a great chance to recycle nutrients and energy from
different sources of food waste into feed for animals. A larger percentage of food rubbish could be turned into
animal feed which would relieve a lot of pressure on the water use and land for agriculture and reduce reliance
on the production of crops for animal feed worldwide. A study showed that if the European Union adopt
centralized and regulates systems to cautiously recycle the waste from food into feed to be consumed by animals,
just like those which are successfully being used in South Korea and Japan, this would end up in a 21.5 percent
reduction in land used for European pork production (Zu Ermgassen et al, 2016). Moreover 8, 8 million tons
of edible grains that are currently given to pigs to eat could be replaced if 39 percent of the food waste generated
in Europe were used to make feed for pigs. This is equal to 70. 3 million tons of cereal that European citizens
consume each year (Shurson, 2020). These conservative estimates explicitly show the substantial potential to
enhance energy, phosphorus and nitrogen recovery by redirecting these priceless resources towards feed in the
food animal production systems.

Benefits of Food Waste Upcycling

Increasing populations and hiking incomes in developing economies are expected to be the main drivers
of the 60-70 percent predicted global hike in animal-sourced food by 2050 (FAQ, 2019b). Together with the
growing demand for food derived from animals comes the competition for scarce resources between fuel, food,
and feed, as well as the pressing need to cut greenhouse gas emissions and develop more circular food systems
and economies. Because locally it is a non-competing sourced nutritional resource with minimal environmental
impact, upcycling the waste of food to animal feed is a great way to have the most significant impact on
achieving sustainability and food security. Animals raised for meat, milk, and eggs can be fed food waste sources
that include food that is edible but uneaten as well as food that is unpalatable, inedible, or that is unfit for
consumption by humans (Sandstrém ez al, 2022, van Zanten, 2022).

There are several advantages to upcycling waste of food into animal feed, including resource efficiency
and positive effects on the environment. Reusing food waste as livestock feed minimizes the amount of food
waste that would otherwise end up in landfills, which helps create a more circular food system, and it also lessens
the effects on the ecosystem of producing feed crops. In addition to lowering greenhouse gas emissions and
improving resource use efficiency, this practice can increase the world’s food supply and decrease food
competition for resources. Using food waste in animal diets helps to address issues with food security, waste
management resources, and the environment. Livestock can act as up-cyclers, converting edible materials into
quality protein such as milk, eggs, and meat. This can help to address the issues associated with waste
management, food security, resource conservation, and environmental sustainability. That is why they are a
crucial component of the strategy to cut down on food waste and loss (Dou ez a/, 2018). It is also possible for
farmers to save money by turning food waste into animal feed which can also free up land that would have been
used to grow feed crops and lower methane emissions from decaying food waste (Sandstrém et al, 2022).
Global animal production of food contributes 14.5 percent (about 7.1 gigatons of CO; equivalent) of
greenhouse gas emissions annually, with the high amount from beef i.e., 35.3 percent, cattle i.c., 30.1 percent,
poultry (8.7 percent), and swine (9.5 percent). The production stage, processing, and transportation of feed
account for roughly 46.7 percent of the greenhouse gas emissions linked to global food production for animals.
Enteric methane emissions from livestock account for about 39.1 percent of the emissions, while N,O and
methane emissions from manure storage account for roughly 9.5 percent. Since the highest amount of
greenhouse gas release in the animal food sectors comes from feed production, processing, and transportation,
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using feed ingredients with lower environmental impact offers the best chance of drastically reducing
greenhouse gas emissions (Gerber et a/, 2013). All things considered, turning food waste into livestock feed
offers a viable solution that is advantageous to the environment and the food production chain.

Challenges and Solutions Associated with Livestock Upcycling

Utilizing food waste and by-products in animal production poses several challenges despite their
widespread availability. However, these issues can be handled with the right management and policies.

Logistics of collection and distribution

The most practical solution is to dispose of consumer food waste in landfills. However there are
challenges worldwide regarding the effective and economical collection and distribution of this waste (Dou er
al, 2018). Long—distance waste material transportation however presents Iogistical challenges in both
metropolitan districts with their wide dispersion and rural areas with their small towns and isolated farmsteads.
While consumers prefer to buy locally grown food, there may not be many options available to minimize food
waste in the area, other than utilizing it as a substrate for the production of biogas or composting. Designing
effective and efficient strategies that lessen food loss and waste throughout the food supply chain requires a
methodical approach to food waste accounting. Luckily, the amount of food waste estimated during
production and processing is simpler than estimated for the home and food sectors because of regulated
processes that yield known-quantity byproducts. Due to the diverse range of consumer purchasing and
consumption habits, defining the vast array of food waste originating from homes, businesses, and food services
is much more challenging (Caldeira er a/, 2019).

Environmental impact

Numerous life cycle assessments (LCAs) have been done out in the past ten years to compare the
environmental effects of using livestock feed versus the conventional disposal methods (landfill anaerobic
digestion and composting) for food waste and loss. Yet one of the flaws with a number of these assessments has
been the endpoint effects' inclusion without taking into account upstream effects along the food chain, such as
fertilizer, water, land use, and energy, in addition to greenhouse gas and other gases like ammonia
liberations (Dou et al, 2018). A hybridized life cycle assessment (LCA) discovered that wet processing, which
is more environmentally friendly than composting and anacrobic digestion reduces the environmental impact
of turning municipal waste into feed for pig production (Salemdeeb ez aZ, 2017). In South Korea, for example,
food waste needs to be dried and processed in centralized facilities, which requires energy. But because it
contains less water and spoils less easily once the waste is produced, it can be transported over longer distances
at a fair price. While it breaks down more quickly and is more expensive to transport, wet food waste does not
emit greenhouse gases when used locally, unless it is dried and transported over long distances.

Economic viability

The logistics of gathering, moving, and processing food waste and by-products for use in animal diets
may prove to be unaffordable, particularly when considering high-moisture food waste and by-products.
Animal diets can profit financially from using byproducts and food waste, especially for diets that are high in
moisture. By-products are more readily available to farms in Canada for free when compared to cereal grains
and protein supplements which reduces feed costs and increases the amount of feed that is fed to animals. Large-
scale food waste diversion to livestock food requires correctly identifying sources of food waste in the food
supply chain quantifying waste and coordinating. Canadian distributors and processors of animal feed are
constrained by financial constraints (MacRac ez al, 2016; Gooch et al, 2019). For food waste recycling process
to be viable on a commercial scale economic analysis utilizing return on investment metrics are essential.
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Byproducts and food waste can become more popular of there are incentives, especially in retail. Processing and
manufacturing sector (Caldeira er a/, 2020).

chu/a tory restrictions

Regulations also limit what food waste and byproducts can Be used in animal diets. The Feed Acts
permit the use of a variety of bakery wastes and processed by-products as feed, however various less volume and
unique by-products related to innovative processing techniques and alterations in consumer requirements are
not covered at this time. For example, the extraction of hemp oil yields by-products which contain 32 percent
crude protein, such hulls and meal which are substantial sources of fiber and protein but are currently not
allowed in diets. The growing demand from consumers for innovative products like quinoa has resulted in
wastes and byproducts that have sufficient nutritional value to take the place of cereal grains, but these are often
not allowed to be used in animal diets. Other cases use is governed by existing regulations which either forbid
or restrict use. To prevent prions which are suspected to be there in certain risk materials from entering food
chain and causing bovine spongiform encephalopathy, for example the stringent Enhanced Feed Ban restricts
the recycling of meat and bone meals. Regulations that are supported by research could address the
sustainability and economic viability of food production by making food waste and loss at the processing, retail,
and consumer levels more easily accessible and by permitting the safe expansion of by-product use in proportion
to the growth of commodity production. Evaluation of the quality of the nutrients

Comparing animal feed to conventional ways of disposing of waste like anaerobic digestion landfills and
composting life cycle assessments (LCAs) have been used to evaluate the ecosystem effects of each. These
analysis however, frequently ignore upstream effects on the food web, including those related to water, land
usage, fertilizer, energy, greenhouse gas (GHG), and emission of ammonia. According to a hybridized life cycle
assessment, using municipal waste as pig feed lessened the environmental impact (Shahin and Symons, 2011).
It is necessary to compare NIRS spectra with traditional laboratory analysis of the feeds to develop trustworthy
calibration equations for each by-product before using them on the farm. Other fast screening techniques, for
instance, flow-injection mass spectrometry, can be utilized to identify contaminants. Still, their high equipment
costs and operational complexity would limit their applicability to distribution centres that handle food waste
and byproduct processing. However, a prompt and right assessment of the nutritional profiles of food waste
and by-products is required if they are to be used in precision livestock feeding systems (Dou et a/, 2018).

Feed safety concerns

The health of humans, animals, and the environment must not be jeopardized when food that fails to
meet human quality standards is diverted to landfills. Herbicides, heavy metals, and mycotoxins are among the
contaminants found in food waste and byproducts. Food waste and fruit and vegetable leftovers with high
moisture encourage the growth of bacteria and fungi which may result in the production of toxins. Commercial
composting facilities employ a range of techniques such as density separation vacuuming and manual removal
to get rid of impurities like plastic glass metal and stone (Levis ez a/, 2010). Labor and sophisticated equipment
are therefore needed to part away the usable food waste from packaging waste and outside contaminants in
order to divert this food waste to animal food (Truong er a/, 2019).

Food wastes have been stabilized by a variety of preservation methods including heat sterilization and
heat sterilization along with drying to 80-95 percent dry matter ensiling alone or after heat treatment without
or with the addition of fermentation aids (bacterial enzymes or acids) and enzymatic treatment (Dou et al,
2018). These ways, however, can significantly increase the cost of their use and are usually carried out at an
industrial scale that is centralized making them difficult for smaller stakeholders to implement. Advanced low-
energy and low-cost processing techniques based on biotechnological and physicochemical techniques have
been developed in the European Union to process tubers, fruit, cereals, dairy wastes, and vegetables waste into
bulk feed and to create specific functional feed additives like immune-stimulating protein hydrolysates, protein
hydrolysates, fiber having prebiotic qualities, and antioxidants to improve oxidation (Petrusan et al, 2016).
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More recently Californian growing pigs were fed enzymatically treated lefrovers from supermarket food i.c.,
fruit, vegetables, meat, and dairy items (Jinno et a/, 2018). The amount of nutrition from these wastes was
equivalent to the nutrition in typical corn-soybean diet however, because of the high-water content of the feed
the pig’s intake was decreased resulting in less weight gain. Therefore, for these food wastes to be adopted their
prices need to be set such that their cost of gain stays at least same or lower than that of standard diets.

Rules and potential biosafety risks related ro repurposing food waste into animal feed

For many centuries animals particularly, pigs have been fed various types of cooked or uncooked food
waste referred to as swill or garbage in numerous countries. Nevertheless, during the last several decades certain
disease outbreaks have happened in a few nations leading to differing biosecurity viewpoints and laws for
turning waste food into animal food among nations. Taiwan, South Korea, Thailand, and Japan are among the
nations that have proactively considered the environmental and nutritional advantages of recycling a significant
amount of food waste into food or feed for animals. These nations have developed the necessary infrastructure
and regulations to achieve this while minimizing the risks associated with biosafety (Westendorf, 2000).
Government policies in Japan that prioritized recycling food waste into feed for animals over other disposal
ways were first put into place in 2001 and then revised in 2007 (Takata et a/, 2012). Approximately, in Japan,
40 percent of waste food originates at pre-consumer stages such as wholesale, food manufacturing, and grocery
stores, and a smaller portion comes from post-consumer sources like households and restaurants. This food
waste is then processed thermally and recycled into animal food which is branded as “Eco Feed” (Liu er al,
2016). In a similar vein South Korea has put policies, procedures, and facilities in place to turn a sizable amount
of food waste into safe animal feed. South Korea forbade the disposal of food waste in landfills in 2005. Instead,
approximately 45 percent of the waste is repurposed for animal consumption, but 10% is disposed of by
anaerobic digestion process, co-digestion with sewage sludge and vermi composting, and 45% is composted
(Kim et al, 2011; Dou er al, 2018). As evidenced that the successful development and implementation of
appropriate rules and regulations and plans have been implemented to make sure thermal treatment,
transportation, and storage of processed or upcycled food waste to lessen its biosafety risks as an ingredient of
animal feed. Both South Korea and Japan have shown that repurposing a significant portion of house food
waste into feed can be achieved sustainably (Zu Ermgassen et al, 2016).

Food Waste Upcycling to Achieve Sustainability

By reusing food waste produced during the pre-harvest to consumer stage and post-consumer levels of
supply chains, food waste up-cycling has high potential to positively add to achieving the UN Sustainable
Development Goals of careful usage and production, minimizing the climate alteration effects, and improving
quality of life on land and enhancing life below water. Despite strong evidence and motivation, these laws and
policies require comprehensive changes to facilitate the recovery, recycling, and re-purposing of more valuable
nutrients from various food waste streams into animal feed. Governments could offer financial support,
incentives, or one-time subsidies to entrepreneurs who develop the innovative infrastructure necessary for
collecting, supplying sufficient capacity, and utilizing state-of-the-art thermal processing tools to ensure the
biosafety of dehydrated waste streams. Additionally, they could establish channels of distribution to connect
these supplies with commercial animal feed producers. It is possible to identify high-risk food waste sources
that could be contaminated with disease-causing biological species and redirect them toward other beneficial
processes, such as recycling through composting, biofuels production, and biogas, to prevent the spread of
potential discases. Extra Life Cycle Analysis is required for different dehydrated waste sources and by-products
of livestock animals’ by-products, which animal nutritionists can utilize while creating eco-nutrition programs
for feeding animals that produce food. The global feed industry is shifting towards re-purposing and utilizing

feed ingredients from waste, which have an acceptable nutritional profile and a reduced environmental impact.
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Further research on animal nutrition is, however, desperately needed to create more reliable and thorough
databases on digestible nutrient composition as well as precise prediction equations for different food waste
sources used in the production of complete animal feeds that are both economical and nutritionally sound.
This will help animal nutritionists fully account for the economic and nutritional value of sources of food waste
in their formulations. To reduce the possibility of prion and pathogen transmission via repurposed food waste
utilized as animal feed, new risk assessments and comprehensive bio-security protocols based on best biosafety
practices, particularly for pathogens and viruses, should be carried out (Shurson, 2020).

Present and future trends

There will be a 70 percent increase in demand for animal protein by 2050. Concurrently, member
nations of the United Nations (UN) have committed to cutting food waste in half by the year 2030.
Furthermore, even in the event that the dietary modifications suggested by the UN Intergovernmental Panel
on climate alterations are implemented, more efficient methods of producing food and animal feed will be
needed to ensure a more sustainable food supply in the future. Nowadays, most developed nations' regulatory
frameworks either restrict the kinds of waste that can be utilized as animal feed or outright forbid feeding food
waste to them. The waste from food service establishments and retail, however, can be safely and effectively
used in commercial production establishments. Based on liquid and dry feeding systems, the Japanese have
established a profitable industry re-purposing food waste into feed for pigs that is supported and encouraged
by national policy. With this feeding method, they have created licensed Eco feed-branded products and have
not allowed emergency animal diseases to have a detrimental impact on the pork industry. A plan to address
food safety and biosecurity concerns must be developed and implemented if other nations are to invest in and
develop industries that convert food waste into livestock feed. To evaluate the industry’s profitability and
estimate the possible investment needed for new infrastructure for feed production, storage, and collection, a
regional techno-economic analysis is necessary. To encourage producers and the livestock industry to actively
participate in driving change, legislation grounded in rigorous scientific research will also be necessary.

Conclusions

Nowadays, more than one-third of the world's grain production is consumed by livestock animals. But
livestock animals, including insects, may serve as effective bio-processors to turn the inevitable waste of food
into functional animal protein. A circular food system would fulfil the growing requirements for animal feed
while also alleviating the detrimental environmental effects of intensive livestock production and food waste
sent to landfills. To prevent adverse outcomes for animal welfare, health, biosecurity, food safety, economy,
market access, and food insecurity, it will be essential to ensure that feed safety is properly regulated upon the
establishment of a food waste to livestock feed industry to achieve sustainability goals.
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