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Preventing food losses and waste is a potential strategy for better balance food supply and demand and is essential to
improve food security while reducing environmental impact and providing economic benefits to the different actors in the
food supply chain.
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| 1. Introduction

One-third of the food produced globally for human consumption, corresponding to about 1.3 billion tonnes, is lost or
wasted each year along the food supply chain (FSC) [H, FSC includes the series of related activities used to produce,
process, distribute and consume food [&. Each stage of the FSC consists of several operations, both agricultural and
industrial, within which different types of losses and waste occur. Understanding the causes and identifying why food is
lost and wasted is a key step in improving resource efficiency in the long term [l Losses along the FSC generally depend
on socioeconomic, biological and/or microbiological, chemical or biochemical, mechanical and/or environmental factors 4!,
Some of these are related to the technologies, methods, techniques and practices employed and used by the several
actors in the food system, such as mechanisation, agronomic practices and farm management practices. Other factors
are related to natural causes, such as the presence of insects, pests, mould, temperature conditions and humidity, or to
the socio-economic environment, such as access to market information. Indeed, the combination of these elements can
considerably influence food loss and waste (FLW) 2IE],

Urbanisation is one of the causes linked to the production of large quantities of food waste, as it has led to the expansion
of the FSC to meet the population’s food needs . Therefore, it is important to improve storage, transport and sales
techniques and conditions to avoid losses and waste due to the increasing distance between the production site and the
final consumption site [&. To confirm these global trends, Parfitt, et al. 2! considered the differences in post-harvest losses
between developing, transition and developed countries. As developing countries grow economically, the condition of their
infrastructure and techniques improves and the nature of their food losses changes. With rudimentary post-harvest
infrastructure, most food losses occur at the harvest and post-harvest stages, whereas in countries with more advanced
infrastructure, food waste occurs at the retail and consumption levels 29, So, the richer a country becomes, the more its
food losses nature is voluntary. The amounts of losses also depend on a change in diet composition especially in
countries with transition economies such as India, Russia or Brazil, which, as a result of increasing income, consume
more and more fresh products such as meat, fish and fruit and vegetables which are more perishable 1. Furthermore, in
a scenario of expanding commerce and large-scale distribution, many retailers in emerging countries such as Asia, South
America and Africa are being replaced by supermarkets 2. In addition, there is an increasing trend towards higher quality
products, which has a significant impact on the amount of food waste produced 12!, FLW vary according to the stages of
the FSC: the production stage is considered to be the most important point for food loss, particularly during product
processing (interrupted production; product change, human error, etc.) while at the household level the most waste occurs
(141 However, there are also differences depending on the type of raw material. Generally, as fresh foods that are easily
perishable, fruits and vegetables, partly due to their high water content, are characterised by higher levels of loss than
cereals and pulses 22, The high humidity of the climate can have a negative impact on food preservation, especially in
developing countries where there are more losses during the early stages of the food chain, also due to an increase in
production as a result of the need to follow the seasonality of products, which results in a lack of sales of excess goods.
However, errors in management and in adopting the correct methods of harvesting, storage, processing, etc., can also
affect levels of vegetable products losses. Meat losses, on the other hand, are less pronounced and show smaller
differences between countries 14,



| 2. Food Loss and Food Waste along the Food Supply Chain
2.1. Definition of “Food Loss” and “Food Waste”

In order to understand what is meant by food loss and food waste, it is important to refer to the correct definitions of
“food”. With the latter term is indicated any substance or product, whether processed, partially processed or unprocessed,
intended to be, or reasonably expected to be, consumed by humans 1€, Food includes beverages, chewing gum and any
substance, including water, intentionally incorporated into food during its manufacture, preparation or processing L.
Therefore, it should be possible to distinguish between food loss and food waste according to the stage where they occur
along the FSC.

There are several products to consider and definitions proposed in the literature for the phenomena of FLW. The products
to be considered are only those agricultural products originally intended for human consumption, ready for harvesting or
post-harvesting 18, However, the terminology used may be different. The FAO 18l uses the term “food waste” only in
reference to the last stages of retail and consumption, and it can be distinguished according to the destination, the edible
part and the nutritional value of the food lost or wasted. Moreover, the FAO 18! considers also the various problems
associated with FLW: the impacts on the environment, the economy, on health and food safety. Many definitions also
focus on the difference between “quantitative” and “qualitative” loss. Conceptually, it is easier to define and measure
guantitative losses and waste than qualitative ones. Quantitative FLW refers to the decrease in the mass and volume of
food for human consumption, while qualitative FLW refer to the decrease in the chemical/physical and/or organoleptic
characteristics of food for human consumption . |n both previous cases, there may be a consequent economic loss:
in the former case, farmers will have less volume or weight to sell, and in the latter case, the price offered for their
products will be lower than that offered for higher quality food products 2229, |n addition, with regard to the loss of quality
of a product, there will also be a nutritional loss with a consequent health risk for the consumer 24, The FAO @& has
produced a definitive picture of FLW as a global reference for stakeholders to use within their own operational context.
Food loss is defined as the decrease in the quantity and quality of food resulting from the decisions and actions of food
suppliers along the FSC, excluding retail, food services and consumers. Food losses therefore occur at the production,
post-harvest and processing stages along the food chain. Food waste, on the other hand, refers to the decrease in the
guantity and quality of food resulting from the decisions and actions of retailers, food service providers and consumers.
Both depend more on the causes of food loss or waste than on the stage at which it occurs along the food chain. Causes

that can be identified in the poor protection and conservation of the product along the FSC or refusal for product surplus
[22][23]

However, the European Commission’s project FUSIONS “Food Use for Social Innovation by Optimising Waste Prevention
Strategies”, whose aim was to make Europe more efficient in reducing food waste, applied the term “food waste” to all
stages of the FSC, without differentiating between edible and non-edible parts of foodstuffs, nor considering products
intended for animal feed or alternative uses. In fact, any food, or inedible parts of food, sent to animal feed, bio-material
processing or other industrial uses was included in the terms “valorisation and conversion”. Thus, the term “food waste”
described “any food, and inedible parts of food, removed from the FSC to be recovered or disposed (including composted,
crops ploughed in/not harvested, anaerobic digestion, bio-energy production, co-generation, incineration, disposal to
sewer, landfill or discarded to sea)” (24,

2.2. Food Loss during Cultivation and Harvest

In the cultivation and harvesting phases, various factors contribute to food losses such as biotic (e.g., insects and pests)
and abiotic (e.g., climatic conditions) stresses, causing food waste to several degrees depending on the type of crop and
where that crop is produced. In fact, more modern cultivation and harvesting techniques in developed countries result in
higher yields than in non-industrialised countries where lack of knowledge of the best techniques to adopt at these stages
and of appropriate equipment is the primary cause of losses [111123],

Rapid spoilage of goods is caused by an attack of pathogens that can act even faster if the foodstuffs are already
damaged or have injuries sustained during the various stages of harvest, transport or sale 12281 This is especially true in
developing countries, which often have inadequate infrastructure (such as barely passable roads) and non-ideal storage
facilities &, and where the losses incurred are also due to a lack of adequate knowledge and sound management
practices in warehouses, as well as limited technical, financial and managerial resources 11s],

Improper handling of products during harvesting, including the use of large machinery, can cause damage and injuries
that facilitate the entry of pathogens that lead to faster deterioration of crops, especially roots and tubers. This is one of
the major causes of loss in farms that, especially in industrialised countries, will produce more than the effective demand



also to prevent damage caused by unpredictable weather events (28l This results in surplus crops being sold to
processors or used as animal feed. However, this is not economically advantageous as prices in these sectors are lower
than in retail 2.

Food losses during the harvest stage also depend on harvesting methods and timing. In developing countries, in
particular, food can be lost as a result of premature harvesting: due to food shortages or desperate need for money,
farmers are sometimes forced to harvest crops too early, affecting not only market value but also nutritional value,
resulting in food that is unfit for consumption being wasted 22, However, food losses can also occur following a delay in
harvest, as products left in the field after reaching maturity are susceptible to attack by pests, rodents and fungi. This
results in an increase in decay and a consequent decrease in quality as well as increased susceptibility to damage during
transport 22, Knowing when to produce and harvest different crops is of crucial importance as these are affected by
weather conditions, which are often unpredictable. Indeed, high temperatures can compromise the proper formation of
flowers and fruit and they can be sunburned. Moreover, not only high temperatures, but also colder climates can cause
increased action by insects and fungi, increasing the likelihood of disease and forcing farmers to use pesticides 12!,
Losses can affect not only field products, but also meat as a result of diseases that can affect animals due to poor herd
management, temperatures and access to water, increasing overall mortality 29,

2.3. Food Loss during Post-Harvest

The largest post-harvest losses take place in the storage stage and are easier to estimate and prevent 4. As previously
mentioned, the causes of food losses vary across the world and between the same types of commaodities. For example,
low-income countries cause loss of fresh fruit and vegetables mostly as a result of inadequate infrastructure or lack of cold
storage compared to industrialised countries. As a result, products are consequently destined for disposal due to a shorter
shelf life and thus a higher perishability and will B1. This can also happen if the crop remains in a pile waiting to be
transported and thus also exposed to heat and direct sunlight due to too long a period of waiting between the different
stages of the FSC 15,

During post-harvest, increased losses can be linked not only to the use of inadequate equipment, but also to the use of
unsuitable packaging for a particular fruit and vegetable product, causing physical damage that decreases the shelf life of
the harvest. In fact, interviews carried out with operators of some farms have confirmed the fact that post-harvest losses
also occur as a result of human errors deriving mostly from a lack of knowledge in the correct handling of different
products 1. Many foods, especially fruit and vegetables, have to follow standards of size, shape and quality to meet the
demands of the end consumer, and these are often not respected as a result of processing errors or damaged packaging.
This leads to the throwing away of food that is still viable because these errors are not necessarily synonymous with a
decrease in taste, nutritional value or food safety 14, However, these products with shape or “cosmetic” defects not
usable for the fresh market could be canned or frozen or, if broken, crushed or seriously damaged, diverted to the industry
for processing (for juice or puree) or treatment (fresh-cut). Furthermore, waste can be avoided by allowing volunteers to
collect residual streams of products that, due to shape or cosmetic problems, cannot be appropriately wrapped and
packed and to distribute them through food banks 2.

Stuart 23] studies were based on understanding the influence of standards on food loss levels. In particular, on one British
farm Stuart found that large quantities of carrots were being used for animal feed production as they were slightly
declining B3, The finished products, before being packaged, pass through machines that search for aesthetic defects
(colour, size, shape) so that the products in the packages are all uniform, which is important for consumer satisfaction.

The processing of different products requires quality standards that must be respected especially for those foods intended
for human consumption. So, for example, cleaning the line for the production of two different products can be important to
prevent residues from the previous processing from affecting the quality of the subsequent foodstuffs and therefore to
avoid the production of waste 4. In many developing countries, however, it is often not cost-effective to invest in storage
or processing facilities because the seasonality of produce means that it is not used all year round. Thus, the lack of
infrastructure to store fresh food to meet demand means that food losses increase 24,

In order to maintain the required standards, products in damaged or incorrectly sealed packaging are lost, as these errors
could lead to a decrease in the quality of the foodstuffs with consequent damage to the processors who would be rejected
by the buyers [14],



2.4. Food Loss and Waste during Distribution, Retail and Consumption

During transport, losses can occur due to damage to packaging, which makes products more susceptible to spoilage, but
also due to the long distances often present between the place of production and the place of sale. This leads not only to

higher transport costs, but also to the possibility of higher losses due to bad roads or unsuitable means of transportation
s)

At the retail stage, it is important to make demand forecasts in order to avoid products remaining unsold before the
recommended use-by date. This is complicated, however, as demand depends on the seasonality of the products,
promotions offered by supermarkets or the time of year 241,

In developed countries, supermarkets offer a large number of goods of different types and brands to meet consumer
demands. However, this increases the likelihood that products will not be sold before their use-by date, leading to higher
levels of waste 53],

Correct storage and display methods at retail level are also important, and this is why retail staff must be trained. This is
mostly the case in both developed and non-industrialised countries: food wastage occurs mostly due to the poor hygienic
conditions of markets which also lack the necessary facilities for cooling and thus proper preservation of food 2. In these
countries, however, poverty means that levels of wastage are very minimal, so they hardly ever occur at household level
51 |In contrast, in rich countries the consumer can “afford” to waste food, not only because of the higher income, but also
because there is a high amount of food available from retail shops and restaurants 28], Restaurants offer buffets where
you can take as much food as you want at a fixed price, which encourages consumers to take more food than they
actually need; retail shops offer cheap deals that encourage over-purchasing or offer ready-to-eat food in too large a
portion B2,

In addition to waste due to poor planning of (over)purchases, consumers often confuse labels regarding “use by” or “best
before” and do not pay attention to storage instructions on the packaging. As a result, food is often thrown away both
because it is not consumed before it has passed its “best by” date and also because many goods in retail shops remain
unsold since consumers prefer to buy food with a longer shelf life 28],

Underlying all of this is a lack of complete knowledge about levels of waste and its impact in both economic and
environmental terms 111,

References

1. FAO. Global Food Losses and Food Waste. Extent, Causes and Prevention; Food and Agriculture Organization of the
United Nations: Rome, Italy, 2011; Available online: (accessed on 24 April 2021).

2. FAO. The State of Food and Agriculture—Moving forward on Food Loss and Waste Reduction; Food and Agriculture Or
ganization of the United Nations: Rome, Italy, 2019; Available online: (accessed on 24 April 2021).

3. Luo, N.; Olsen, T.L.; Liu, Y. A Conceptual Framework to Analyze Food Loss and Waste within Food Supply Chains: An
Operations Management Perspective. Sustainability 2021, 13, 927.

4. Global Strategy, Improving Methods for Estimating Post-Harvest Losses. A Review of Methods for Estimating Grain Po
st-Harvest Losses. Working Paper n.2. 2015. Available online: (accessed on 24 April 2021).

5. Sheahan, M.; Barrett, C.B. Review: Food loss and waste in Sub-Saharan Africa. Food Policy 2017, 70, 1-12.

6. HLPE. Food Losses and Waste in the Context of Sustainable Food Systems; A Report by the High Level Panel of Expe
rts on Food Security and Nutrition of the Committee on World Food Security; HLPE: Rome, Italy, 2014; Available online:
(accessed on 24 April 2021).

7. Bricas, N. Urbanization Issues Affecting Food System Sustainability. In Designing Urban Food Policies. Urban Agricultu
re; Brand, C., Ed.; Springer: Cham, Switzerland, 2019.

8. Lipinski, B.; Hanson, C.; Lomax, J.; Kitinoja, L.; Waite, R.; Searchinger, T. Reducing Food Loss and Waste: Working Pa
per; World Resources Institute: Washington, DC, USA, 2013; Available online: (accessed on 24 April 2021).

9. Parfitt, J.; Barthel, M.; Macnaughton, S. Food waste within food supply chains: Quantification and potential for change t
0 2050. Philos. Trans. R. Soc. B Biol. Sci. 2010, 365, 3065-3081.

10. Van Gogh, B.; Boerrigter, H.; Noordam, M.; Ruben, R.; Timmermans, T. Post-Harvest Loss Reduction: A Value Chain P
erspective on the Role of Post-Harvest Management in Attaining Economically and Environmentally Sustainable Food



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Chains; Wageningen Food & Biobased Research report; No. 1751; Wageningen Food & Biobased Research: Wagenin
gen, The Netherlands, 2017.

BCFN, Food Waste: Causes, Impact and Proposals. Barilla Center for Food & Nutrition. People, Environment, Science,
Economy. 2012. Available online: (accessed on 24 April 2021).

Reardon, T.; Timmer, C.P.; Barrett, C.B.; Berdegué, J. The Rise of Supermarkets in Africa, Asia, and Latin America. Am.
J. Agric. Econ. 2003, 85, 1140-1146.

Centre for Non-Traditional Security Studies, Mind the Gap: Reducing Waste and Losses in the Food Supply Chain. NT
S Insight. 2011. Available online: (accessed on 24 April 2021).

Dora, M.; Wesana, J.; Gellynck, X.; Seth, N.; Dey, B.; De Steur, H. Importance of sustainable operations in food loss: E
vidence from the Belgian food processing industry. Ann. Oper. Res. 2020, 290, 47-72.

COMCEC. Reducing On-Farm Food Losses in the OIC Member Countries; Standing Commitee for Economic and Com
mercial Cooperation of the Organization of Islamic Cooperation: Ankara, Turkey, 2016. Available online: (accessed on 2
4 April 2021).

European Commission. Commission Regulation of the European Parliament and of the Council of 28 January 2002 La
ying down the General Principles and Requirements of Food Law, Establishing the European Food Safety Authority an
d Laying down Procedures in Matters of Food Safety, 178/2002/EC; Official Journal, L 31, 1.2.2002; European Commis
sion: Bruxelles, Belgium, 2002.

Patel, S.; Dora, M.; Hahladakis, J.N.; lacovidou, E. Opportunities, challenges and trade-offs with decreasing avoidable f
ood waste in the UK. Waste Manag. Res. 2021, 39, 473-488.

FAOQ. Definitional Framework of food loss. SAVE FOOD: Global Initiative on Food Loss and Waste Reduction; Working
paper; Food and Agriculture Organization of the United Nations: Rome, Italy, 2014; Available online: (accessed on 24 A
pril 2021).

Ishangulyyev, R.; Kim, S.; Lee, S.H. Understanding Food Loss and Waste—Why Are We Losing and Wasting Food? Fo
ods 2019, 8, 297.

FAO; IFAD; WFP. Food Loss Analyses to Identify Major Causes of Losses and to Recommend Solutions to Reduce Po
st-Harvest Loss—Grain Supply Chains in Burkina Faso; Technical Brief; The Democratic Republic of the Congo and Ug
anda: Rome, Italy, 2021; Available online: (accessed on 24 April 2021).

Chaboud, G.; Daviron, B. Food losses and waste: Navigating the inconsistencies. Glob. Food Secur. 2017, 12, 1-7.

EU Platform on Food Losses and Food Waste. Recommendations for Action in Food Waste Prevention. Developed by t
he EU Platform on Food Losses and Food Waste. 2019. Available online: (accessed on 24 April 2021).

Gustafson, S. FAO SOFA Report 2019: New Insights into Food Loss and Waste. International Food Policy Research In
stitute (Issue Post 22 October 2019). 2019. Available online: (accessed on 24 April 2021).

FUSIONS. FUSIONS Definitional Framework for Food Waste. Full Report. Reducing Food Waste through Social Innov
ation. 2014. Available online: (accessed on 24 April 2021).

Mesterhazy, A.; Olah, J.; Popp, J. Losses in the Grain Supply Chain: Causes and Solutions. Sustainability 2020, 12, 23
42.

Hammond, S.; Brown, J.; Burger, J.; Flanagan, T.; Fristoe, T.; Mercado-Silva, N.; Nekola, J.; Okie, J. Food Spoilage, St
orage, and Transport: Implications for a Sustainable Future. BioScience 2015, 65, 758-768.

Edmonds, G. Wasted time: The Price of Poor Access; Development Policies Department, International Labour Office: G
eneva, Switzerland, 1998.

Liliane, T.; Mutengwa, C. Factors Affecting Yield of Crops, Agronomy—Climate Change & Food Security; IntechOpen: A
manullah, Afghanistan, 2020; Available online: (accessed on 24 April 2021).

Johnson, L.; Bloom, J.; Dunning, R.; Gunter, C.; Boyette, M.; Creamer, N. Farmer harvest decisions and vegetable loss
in primary production. Agric. Syst. 2019, 176, 102672.

Rojas-Downing, M.M.; Nejadhashemi, A.P.; Harrigan, T.; Woznicki, S.A. Climate change and livestock: Impacts, adaptat
ion, and mitigation. Clim. Risk Manag. 2017, 16, 145-163.

FAO. The State of Food Insecurity in the World. How Does International Price Volatility Affect Domestic Economies and
Food Security? Food and Agriculture Organization of the United Nations: Rome, Italy, 2011. Available online: (accessed
on 24 April 2021).

Oosterkamp, E.; Van der Sluis, A.; van Geffen, L.; Aramyan, L.; Bos-Brouwers, H. Cosmetic Aspects in Specific Marketi
ng Standards for Fruit and Vegetables; Removing Cosmetic Aspects from the EU Marketing Standards: Implications for



33.
34.

35.

36.

37.

38.

the Market and Impact on Food Waste; Memorandum 2019-014; Wageningen University & Research: Wageningen, Th
e Netherlands, 2019; Available online: (accessed on 24 April 2021).

Stuart, T. Waste: Uncovering the Global Food Scandal; W.W. Norton & Co.: London, UK, 2009.

Eggersdorfer, M.; Kraemer, K.; Cordaro, J.B.; Fanzo, J.; Gibney, M.; Kennedy, E.; Labrique, A.; Steffen, J. Good Nutritio
n: Perspectives for the 21st Century; Karger: Basel, Switzerland, 2016; pp. 45-59.

Mena, C.; Adenso-Diaz, B.; Yurt, O. The causes of food waste in the supplier—retailer interface: Evidences from the UK
and Spain. Resour. Conserv. Recycl. 2011, 55, 648—658.

Brautigam, K.R.; Jorissen, J.; Priefer, C. The extent of food waste generation across EU-27: Different calculation metho
ds and the reliability of their results. Waste Manag. Res. 2014, 32, 683—-694.

Papargyropoulou, E.; Steinberger, J.K.; Wright, N.; Lozano, R.; Padfield, R.; Ujang, Z. Patterns and Causes of Food W
aste in the Hospitality and Food Service Sector: Food Waste Prevention Insights from Malaysia. Sustainability 2019, 1
1, 6016.

Toma, L.; Costa Font, M.; Thompson, B. Impact of consumers’ understanding of date labelling on food waste behaviou
r. Oper. Res. 2020, 20, 543-560.

Retrieved from https://encyclopedia.pub/entry/history/show/24145



