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    Today’s societies continue to change very rapidly in social, economic and cultural 
terms. In addition to these changes in consumption culture and habits, industriali-
zation, population growth, urbanization, increase in production and diversification 
have also made various problems, that have started to make us feel the weight 
especially in the 1960s and became a serious problem today. 

The wasting of resources by inefficient and excessive use, the excessive and preten-
tious consumption habits and consequently the increase of individual borrowing 
and the decrease in saving rates are shown at the very beginning of these prob-
lems. 

Inadequate technology, poor transportation, poor storage, mis-packaging and im-
proper preservation conditions in all food chains are other factors that cause food 
waste. Considering that one out of every three plates in the world goes to waste 
and in every 1 minute, 3 children die from hunger and 60 percent of the wasted 
food can be recovered, the importance of the situation is once again clearly seen.

The unconscious use of resources is directly related to the economics and pros-
perity levels of countries. Furthermore, due to all these factors, unconscious and 
excessive consumption causes the ecological balance to deteriorate with each pas-
sing day.

As Bursa Commodity Exchange, we aim to draw attention to the importance of 
food losses and food wastes all over the world in terms of economy and to raise 
awareness on this issue; and we have prepared this study in order to put post-har-
vest losses forward in numbers in products such as tomato, fig, grape and cherry 
in our strategic partners in “Best Innovative Approach to Minimize Post Harvest 
Losses within Food Chain for VET”  Project with expreinced project partners from 
Austria, Spain, Romania and Turkey.

I present my love and respect with the wish that this prepared work will be useful 
to all the relevant groups and to shed light on the works to be carried out in the 
future.

     Özer MATLI
     Chairman of the Board
      Member of Board of TOBB 

FOREWORD
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INTRODUCTION
One of the biggest challenges that the world facing is the inability to provide enou-
gh food to meet the nutritional needs of the global population expected to reach 
about 10 billion by 2050. Food production should increase by 50 percent globally 
to feed the population in 2050. Food security is a complex situation that requires 
a holistic approach to all forms of malnutrition, the productivity and incomes of 
small-scale food producers, the durability of food production systems, the sustai-
nable use of biodiversity and genetic resources (FAO, 2017).  

Food waste has become an obstacle in front of the prevention of malnutrition that 
has become a major problem worldwide. Even though food waste is reduced in 
middle and high income countries, this does not help to overcome food insecurity 
in low-income countries. Unless these waste foods are recycled, insecure food will 
also be on the agenda again in middle and high-income countries as it is in low-
income countries. (Bagherzadeh et al., 2014:5).   

  Dr. Ren Wang stated that when global food loss and waste is considered as a 
country, it will have a larger surface area than his own native land, China. He drew 
attention to the size of food waste around the world by expressing that this ima-
ginary country will be the biggest water user and the third largest greenhouse gas 
producer for irrigation and that the food that will be produced in the agricultural 
area of this country in question will not be edible. (Cited from Wang, Glimm, 
2018). 

Due to the population growth and industrialization all over the world, the agri-
cultural areas used for fruit and vegetable production, which are among the main 
food sources of the world population, are decreasing. While the amount of agri-
cultural land per capita in the world decreased from 3.7 decares to 1.9 decares 
between 1961 and 2015, this number decreased from 8,2 decares to 2,6 decares 
in Turkey. While the area covered by the agricultural land in Turkey was 27,6 mil-
lion hectares in 1992, this number decreased to 23,4 million hectares in 2017. To 
express it clearly, approximately 4 million hectares of agricultural land (15 percent 
of all agricultural land) has been lost in 25 years (TEMA Foundation Report, 2018). 
This decrease in agricultural areas at the present time has caused the products pro-
duced in the existing areas not to be enough for the world population. In addition 
to all these, natural phenomenons experienced due to environmental pollution 
and global warming negatively affect vegetable and fruit production. 

According to 2016 data, 1/3 of the agricultural products produced in the world 
are considered as loss or waste (FAO Report, 2016). Again, according to the same 
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report, the total value of post-harvest losses and food waste of developed countri-
es has reached USD 680 

billion. This figure has reached USD 310 billion in developing countries. (FAO Re-
port, 2016) In other words, about USD one trillion worth of food is wasted every 
year. According to another report published by FAO, it is determined that the nut-
ritional problem of 870 million hungry people can be eliminated even if only 25 
percent of food losses and food wastes are prevented.

Food waste and food loss, and the associated environmental, social and economic 
implications, have become a topic of increasing global concern. Because with every 
morsel of food that is produced and wasted, the embedded nutrition, energy, wa-
ter, capital and other resources are also wasted (WWF Report, 2017). The number 
of studies carried out after 2010, especially in order to prevent post-harvest loss 
and food waste, has globally increased considerably. 

In the last 10 years, due to all these losses mentioned above, many countries, espe-
cially industrialized countries, consider this issue as a ‘priority issue’. Particularly in 
the European Union (EU) and the USA, the most important issues were the preven-
tion of post-harvest losses and food waste. Today, serious steps have been taken 
both in the EU countries and also in the USA.

The European Union plans to reduce post-harvest losses and food waste by 30 
percent by the year of 2025. Almost all of the member states of the European 
Union are organizing various campaigns in order to raise the awareness of the 
community on this subject and prepare impressive videos within the scope of the-
se campaigns (EU Report, 2013 Reducing food waste). On the other hand, United 
Kingdom plans to reduce its food waste by one third by 2025 (United Kingdom 
government website, 2015).

This report is prepared to evaluate the causes of post-harvest losses and food was-
te, to explain the initiatives and successful examples in the prevention of losses, 
and to analyze the economic losses of post-harvest losses of grape, tomato, cherry 
and fig, and it is believed that this report will be a resource for employees, project 
stakeholders and policy makers in post-harvest sectors. 
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1. GENERAL OUTLOOK ON FRESH FRUIT AND 
VEGETABLE LOSS AND WASTE

1.1. Distribution and the Causes of Post-harvest Losses in Developed Countries 
While the post-harvest product losses have been reduced up to 15-20 percent as 
a result of the studies carried out by the developed countries, particularly in the 
USA and European Union, since the 1970s to prevent the post-harvest losses, the 
increase in food waste has increased significantly.

As seen in Graphic 1, more than 50 percent of food waste is taking place during 
the consumption phase, especially in Europe and North America. Opposed to this 
table, as it can be seen in Graphic 3 on page 17, on the contrary to developed 
countries, in developing countries, particularly in Southeast Asia and Sahara Africa, 
production and storage/packaging departments account for one-third and three-
thirds of post-harvest losses, respectively. As it is understood from the graphics, 
while we need to focus on “Farm and post-farm” processes in order to reduce post-
harvest losses in developing countries, we need to focus on “Fork” – consumption 
– for developed countries. (Resource, World Resources Institute Report, 2013)   

The fact that developed countries have extensive and effective cold storage sys-
tems is the main reason for the low post-harvest losses in these countries. On the 
other side, the sophisticated management system and technological developments 
in the supply chain lead to low post-harvest losses in these countries (R: J: Hodges 
et al., 2010).

As an example, in the United States, the cost of post-harvest losses to the economy 
is estimated to be USD 161.6 billion (Jean Bazby, 2014). When it is examined on the 
basis of product, the annual cost of the loss of fresh tomatoes to the US economy 
is 2,918 billion dollars (Jean Bazby, 2014).

Graphic 1: Distribution of food waste in developed countries

Resource: World Resources Institute, Reducing Food Loss and Waste, 2013
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When approached in detail, food losses and food wastes can be covered under 5 
headings. These are specified as; harvest, preservation, packaging, transportation 
and marketing.

HARVEST
Wrong applications performed during production, deficiencies in the fight against 
diseases and harmful pests, not using appropriate techniques during harvesting 
and not knowing the required applications cause losses in fruit and vegetable pro-
duction. 

The product being collected before ripening period or when it is excessively ripe-
ned, insufficient and inappropriate fruit collection containers in the garden, mec-
hanical damages due to lack of harvesting methods, failure to protect the product 
from the sun and delays in delivery to the packaging houses or to the market cause 
losses.

Ripening period during the harvesting is the main factor determining the product 
quality and shelf-life. Unripe fruits are more inclined to mechanical damage and 
deterioration and, may have poor qualities such as high acidity and low sugar 
when they are ripened. On the other hand, extremely ripened fruits have a low 
shelf-life. Early harvest reduces the nutrients and economic value of the products, 
and in some cases, the production may be completely lost due its not being sui-
table for consumption. 

Harvest techniques can also cause losses. Exposure to more than one treatment 
in perishable foods, especially fruits and vegetables, increases the loss. In the pre-
harvest period, improper implementation of cultural processes such as frost, hail, 
drought, excess rainfall, diseases, physiological disorders, plant nutrition, plant 
protection, irrigation, fertilization, pruning cause loss of fruits and vegetables. 

In the harvest period, factors such as har-
vest time not being detected correctly, 
harvesting at the wrong time, failure to 
implement the harvesting applications 
correctly, and not applying the pre-coo-
ling process cause losses during the har-
vest period. Although it varies according 
to species and varieties during produc-
tion and harvesting in perishable foods, 
there is an average loss of 20 percent. 
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PRESERVATION
After harvesting, the quality of the product cannot be improved and only its pre-
servation can be maintained. The preservation process starts with harvesting. Most 
garden products have a short harvest period. This market period can be extended 
with the preservation. Poor preservation conditions lead to an increase in these 
spoilages.

The cold chain is a continuous delivery of a product from production to consump-
tion at a certain temperature. Uninterrupted cold chain in perishable foods ensures 
that the product meets the consumers without being spoiled. Effective cold chain 
management starts with pre-cooling and continues with cold storage, cold trans-
portation and refrigerated display cabinets. International Institute of Refrigeration 
(IIR) has calculated that in developing countries, 23 percent of perishable foods are 
spoiled because refrigerators are not used. 

After treatments such as cleaning, sorting and packaging of products after the 
harvest, products may need to be stored in processes ranging from several hours 
to several months. With the storage of products, time management can be made 
better and thus there will be no need to rush in marketing and consumption. Of 
course, this is the case when the storage is done under suitable conditions, ot-
herwise serious losses can be experienced in the products. 

In developed countries, storage is provided properly throughout the entire supply 
chain beginning from the production stage. Combined with advanced post-har-
vest technologies such as cold storage, controlled atmosphere, even the shelf-life 
of perishable foods is significantly longer. Lack of proper storage facilities available 
in developing countries is shown as the main cause of post-harvest losses in these 

countries. In addition to the heavy 
losses during long-distance trans-
portation, spoiling of vegetables 
and fruits and the formation of 
environmental problems are seen 
unless the necessary attention is 
paid to processing and storage. In 
the storage period, the improper 
application of the preservation 
conditions (breakage of the cold 
chain, diseases, harmful pests, 
physiological disorders in the pro-
ducts) leads to a loss of 3 to 10 
percent of the product. 
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PACKAGING
Packaging is a bandage or container which protects the product from external 
factors, keeps the products together and provides easy transportation, storage 
and distribution of the product from the production stage to the consumer. How 
much of the fruits and vegetables produced in the world are packaged is not 
known exactly. Nevertheless, it is a known fact that fruit and vegetable packaging 
prolongs shelf-life, reduces the risk of physical damage and provides easy storage 
and transportation. Generally, the habit of packaging fresh fruits and vegetables is 
associated with countries’ development and living standards. Even though the use 
of packaging for fresh fruits and vegetables is widespread in developed countries, 
it is still limited in developing countries. 

Good classification in packaging facility, adequate cooling and ventilation are of 
great importance. Selecting the packaging material specific to the product and 
packing in accordance with the product ensures that the post-harvest losses ca-
used by the packaging are also minimized. Mistakes during processing result in 
incorrect size, weight, shape, appearance or damaged packaging in the final pro-
duct. 

Although all these issues 
do not have a negative ef-
fect on the quality and reli-
ability of the product, they 
do not meet the standards 
and cause the products to 
be discarded. Proper pro-
cessing and packaging is 
a very important factor in 
order to reduce the wa-
ter loss of vegetables and 
fruits and to protect them 
against damages. Having 
information such as gra-
ding, processing instructi-
ons, proper storage tem-
perature on the material 
used in packaging is also 
a very important issue in 
terms of packaging cost in 
post-harvest technologies.
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TRANSPORTATION
Transportation ensures that the fresh product moves fast in the supply chain. In 
order to reduce mechanical damage, temperature deterioration, staining and con-
tamination due to nutrient pathogens, fresh products must be carefully protected 
during transportation. It is the responsibility of the transportation provider to en-
sure that the transportation vehicle is in well-maintained and hygienic conditions. 
Transportation is often the costliest element in the marketing channel. The trans-
portation method of fresh fruits and vegetables is determined by the distance, the 
time of deterioration and the value of the product. (Harris, 1988). 

Delays can lead to poor quality and loss of product. Since transportation causes a 
certain amount of time loss between production and consumption, it is one of the 
main reasons for losses for especially fresh products. 

In developed countries, it is seen as a standard practice to transport perishable fo-
ods with refrigerated vehicles. In these developed countries, food losses occur only 
if the cooling system in the vehicles is broken, in the event of an accident or due to 
a delay in loading and unloading. 

In developing countries, the lack of suitable means of transportation, poor roads 
and ineffective logistics managements prevent good protection of perishable fo-
ods during transportation. In general, in developing countries, loading and unloa-
ding operations are carried out by unqualified people with low levels of education, 
which in turn increases the likelihood of mechanical damage experienced by the 
products. Especially in rural areas where production is intense, insufficiency and 
poor quality of transportation conditions cause to increase food losses. 
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MARKETING
Agricultural marketing includes all of the activities starting with the producer’s qu-
antity and quality of products, continues with product preparation for the market, 
standardization, storage, transportation and finally, delivery to the consumer. In 
other words, activities that ensure the the passing of the products to the produc-
tion locations to the sales locations, and later to the consumers are called agricul-
tural marketing.

Public, private sector, commodity exchanges, marketplaces, cooperatives and uni-
ons, collectors and wholesalers play a role in the marketing of economically impor-
tant agricultural products. Marketing systems vary according to the structure of 
the product. The path followed in the marketing of fresh fruits and vegetables dif-
fers from the marketing systems of animal products, industrial plants and cereals.

It is of great importance that the marketing systems are chosen correctly, and the 
appropriate marketing channels are used in the agricultural products with a na-
tural high risk of loss, such as product and quality loss, as it is the case with fresh 
fruits and vegetables. In places where retail sales are carried out, the issues such 
as temperature, humidity, lighting and transportation have an impact on the ac-
ceptability of the product. The majority of food losses during the retail phase are 
experienced in perishable products such as vegetables, fruits, seafood, meat and 
dairy products. 

In many district bazaars in developing countries, sellers are trying to prevent the 
products to be affected by the sun and deterioration of their visuality by pouring 
unclean waters onto fruits and vegetables. Such practices lead to the purchase, 
consumption, or disposal due to rapid spoiling of unreliable food by the buyer. 
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1.2. Distribution and the Causes of Food Waste in Developed Coun-
tries
As mentioned above, food losses in developed countries have reached serious ra-
tes. In particular, the United States ranks first in the world in food losses. One third 
of every food produced in the US is wasted and this causes an economic loss of 
around USD 161 billion each year. (Christian Karim, 2014). 

According to a study conducted in the United States; 66.5 million tons (133 billion 
pounds) of food was wasted in 2014 (Jean Buzby et al., 2014).
Research shows that the impact of post-harvest losses and the food waste on the 
economy reaches serious rates. According to another study conducted in the US, 
a 1% reduction in food waste brings a gain of USD 1.66 billion to the US economy 
(Mark Rosegrant et al., 2016).

Additionally, in Japan, which is considered to be one of the most traditional socie-
ties in the world, 6.2 million tons of food is wasted annually. The increasing level of 
income in the new generation is shown to be the main reason for this. (FAO, 2017)

In developed countries, the causes of food losses are divided into two groups:
1-Losses in retail stage;
- Sunken or damaged packages, inappropriate packaging that damages the food,
- Foods not purchased due to reduced sales during holiday periods,
- Products that are spilled, scraped or do not have sufficient temperature, are not properly 
stored,
- Over-stored products due to the lack of the planning of customer number,
- Consumers not buying stained, shapeless or different sized products, discharged products 
due to products such as fruits and vegetables having a short self-life can be counted among 
these.

Graphic 2: Food consumption in developed countries

Resource: Wasted: Understanding the economic and social impact of Food Waste, Christian Karim, 
2014. Countries included in the study: USA, Canada, New Zealand and Australia
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2-Losses caused by consumers;
- Products which are spilled, damaged or stored at the appropriate temperature,
- Sprouting of cereals and root products, 
- Fruits whose expire date has passed,
- Consumers mixing the expire date with the recommended dates and disposing 
the foods while they can be used,
- Deficiencies in preparing and cooking foods,
- Psychological behaviors, palate delight, etc. (Consumers preferring smooth-loo-
king foods),
- Seasonal factors (The emergence of more food waste in the summer seasons),
- Holiday/the new year food that are not eaten or left half eaten, (Jean Buzby et 
al., 2014).

  In Christian Karim’s “Waste: Understanding the social and economic impacts of 
food waste” titled 2014 article; an interview with the tomato producer is an inte-
resting anecdote for both the cause of the post-harvest losses and the size of the 
food waste. One of the largest tomato producers in the US who did not want to 
share its name, said that major retailers such as Wallmart, Costco, Giant and Sa-
feway accepted only four tomato vines from vine tomatoes, and that they do not 
accept vines that have less or more tomatoes, no matter how good the shape and 
nutritional value is.  For this reason, the producer stated that they tried to donate 
113 tons of fresh tomato (250 thousand pounds) but adds that due to cost of lo-
gistics being high, they disposed these tomatoes (Christian Karim, 2014).
Transportation costs are, in many ways, one of the leading actors in the loss and 
waste of post-harvest fresh fruit and vegetables. Products from the farmers are 
waiting at the distribution center hundreds of miles away, the products, which 
cannot be sold until they agree with the wholesale suppliers, are disposed due to 
the separate cost of being returned or transported (Christian Karim, 2014).

Thus, in the developed countries, as mentioned above, the technology, the profes-
sional management process in the supply chain and the fact that the supermarkets 
are the last decision-makers, provide a reduction in post-harvest losses, but this 
also shows that it has become the source of increasing food waste.  
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1.3. Distribution and the Causes of Post-harvest Losses in Developing Countries 

Quite a few articles and research are published on post-harvest losses. These artic-
les are particularly focused on 4 different areas in post-harvest losses:
1) The size of post-harvest losses, 
2) The overall economic impact of post-harvest losses, 
3) The ways to reduce post-harvest losses by using traditional methods and new 
technologies,
4) The economic cost (Mark Rosegrant et al., 2015).  

Regardless of the fact that such research on post-harvest losses, unfortunately, 
very little consensus has been reached on the benefits of methods of reducing the 
size of the problem or post-harvest losses. First, the issue of estimating the size 
of post-harvest losses is far from being scientific. Even from a global perspective, 
the estimate of post-harvest losses indicates a very wide range (between 10-50 
percent). This lack of accurate information, combined with the fact that there is al-
most no data from important developing countries, such as BRIC countries (Brazil, 
Russia, India and China), is very much influenced by the reliability of estimations 
of post-harvest losses (Mark Rosegrant et al., 2015). However, in terms of deve-
loping countries, the extent of post-harvest losses in underdeveloped countries, 
particularly in Africa, the Far East and Latin America, has reached considerable 
proportions. 

As it can be seen in the graphic below, post-harvest losses in developing countries 
are quite high compared to food waste. On the other hand, although it differs ac-
cording to each region, in the developed countries, food waste is more in retail and 
consumption, whereas in developing countries, the most losses are experienced 
especially in production, storage and distribution / marketing processes. 

For example, in developed countries, while per capita food waste varies between 
95-110 kg per year, in underdeveloped countries in Sub-Saharan Africa and South-
Southeast Asia, this rate is only between 6-11 kg. (FAO, Global Food Losses and 
Food Waste Report, 2011).
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Particularly in the developing Asian and African countries, the high levels of hunger 
and poverty clearly reveal the importance of improving the prevention of post-har-
vest losses in these regions. 

On the other hand, according to the United Nations; It is expected that the world 
population will exceed 9 billion by 2050 and this increase is expected to occur in 
less developed countries such as Sub-Saharan Africa and South and Southeast Asia 
(UN, 2013). Therefore, if the post-harvest losses are not reduced in these regions, 
it is predicted that the number of people facing hunger will increase considerably 
in the following periods. 

The reasons of post-harvest losses in developing countries are gathered under 14 
main titles and 66 sub-titles as a result of many researches and analyzes carried out 
(L.H. Aramyan et al., 2014).

These are; 
1. Not having enough air-conditioning work on cold chain and transportation ve-
hicles,
2. Cold storage storages being deficient or inadequate,
3. Packaging of post-harvest products,
4. Packaging,
5. Energy infrastructure and inadequacies in roads,
6. Market information and product pricing,
7. R&D deficiency in training and post-harvest,
8. Processing capacity,
9. Investment and credit access capacity,
10. Deficiencies in quality standards and quality control,
11. Lengthiness of the supply chain,
12. Crop protection,
13. Structure and type of organizations,
14. Lack of institutions and services in reducing the post-harvest losses.

Graphic 3: Distribution of food waste and loss in developing countries

Resource: World Resources Institute, Reducing Food Loss and Waste, 2013
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The factors affecting the post-harvest losses and quality in fresh fruits and vege-
tables are not limited to the above 14 titles. Pre-harvest factors are also among 
the issues that affect post-harvest losses and product quality (Vikas Kumar et al., 
2015).

Kumar examined pre-harvest factors affecting post-harvest losses under two hea-
dings. According to this, as an important factor in preventing post-harvest losses; 
ground, soil type, irrigation, root, shading (protection against heat) and nutrition 
have emerged as important factors.

Although these issues will be discussed in detail in the following chapters, it is sup-
ported by research that technology is the most effective method to reduce post-
harvest losses and increase profitability. As an example, farmers who use holistic 
agricultural technologies obtain 2.5 times more profit than farmers who use tradi-
tional methods and experience less post-harvest losses. The cooling technologies 
used in vegetables also derive 7.5 times more profit than normal production and 
harvesting standards (Mark Rosegrant et al,. 2016).

1.4. Causes of Food Losses in Developing Countries
As seen in the Graph.3, even though in some developing countries food waste has 
reached serious rates of up to 30 percent, unfortunately there is not much work on 
food waste in developing countries.

BRICS countries have serious implications for the world economy on food producti-
on and consumption. The reasons why food waste has increased in these countries 
are as follows:

- Increased per capita income in these countries increased food waste, as it has in 
developed countries,
- With the increase in per capita income, consumers prefer food products that are 
highly processed and have increased accessibility instead of preparing food,
- Increasing demand for more, increase in new, high quality and fresh products 
also creates pressure on producers and marketers.

Another important issue that causes food waste is that supermarkets are preferred 
instead of traditional markets. As it is in developed countries; Brazil and China’s 
agricultural supply chain has a system canalized by supermarkets. And this causes 
more food waste. (Emerging markets website, 2013).
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1.5. Successful Examples on Preventing Post-harvest Losses in Developed Countries

As mentioned above, the prevention of post-harvest losses in developed countries 

has come into prominence as the problem of the states in the 1970s and 1980s. In 

the last 20 years, only 5 percent of the funds allocated for agriculture for research 

and development in developed countries are reserved for the post-harvest losses 

(Lisa Kitinoja et al., 2010).

One of the main reasons for this is the fact that the retail sector has reached to the 

decisive level in the agricultural sector and the supply chain has gained importance. 
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1.6. Initiatives and Successful Examples to Prevent Food Loss in Developed Countries
Although food waste-related initiatives are not adequate between governments 
and non-governmental organizations, significant steps have been taken in this re-
gard and successful examples have come to existence. In this regard, the G20 sum-
mit held in Antalya in 2015 carries the specialty of being one of the meetings that 
took the leading steps at the level of heads of state. 

Studies initiated under the leadership of FAO five years ago in Japan are continuing 
under the leadership of the government and local authorities. Within the scope 
of the Mottainai (meaning; what a big waste) program, the loss of food waste to 
the environment and the economy is explained to students from primary school to 
university (FAO, News, 2017).
In 2011, in Düsseldorf, Germany, the biggest event up to now on post-harvest loss 
and food waste was realized. The event focused on 4 main topics. These are; re-
search and evaluation, support for result-oriented policies, awareness raising and 
coordination of global initiatives. As a result of the event, “SAVE FOOD”, one of the 
largest organizations in the global sense, was established. 

Think, Eat, Save Campaign was launched by the United Nations Environment Prog-
ram, FAO and MesseDüseldorf as part of the SAVE FOOD organization. The campa-
ign aims to reduce food wastes on the global, regional and country level, especially 
in consumers, retailers and the accommodation sector. 

Another international organization established on this issue is the United States-
based Global Food Banking Network (GFN). The aim of GFN is to provide coordina-
tion between the food banks operating in 31 countries and to distribute the foods 
collected from these countries within the country or in other countries. 

The European Union still supports two separate initiatives. The first one is; the 
FUSIONS initiative initiated to prevent food waste within the European Union. The 
other is the APHLIS program that is held to prevent post-harvest losses in South 
Africa (Global Food Policy Report, 2016).

Global initiatives to prevent food waste are not limited to these. The most impor-
tant ones are; the World Resources Institute, Food and Agriculture Organization of 
the United Nations (FAO), the United Nations Environment Program, the Consumer 
Goods Forum, the World Business Council for Sustainable Development and the 
Water and Resources Movement Program. Additionally, all G20 countries organize 
awareness campaigns in their own countries on these issues.
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Another global initiative on this issue is the “Champions 12.3” initiative. This initi-
ative, which was established in connection with the goal of reducing food waste 
by the year 2030 of the United Nations Sustainable Development Program, was 
launched in 2015 after the UN meeting. Volunteers from UN representative coun-
tries, non-governmental organizations, international organizations and research 
organizations support the initiative, which is intended to be complementary to 
Save Food and Think, Eat, Save campaigns. 

United Kingdom’s Waste Reduction Action Plan (WRAP), established in 2005; 
brings together major retail brands, brands, other stakeholders in the supply chain, 
designers, environmental experts, research institutes, universities to prevent food 
waste. As a result of the efforts that aimed to reduce household waste in the con-
text of WRAP between 2012 and 2017, 1.1 million tons less waste was produced in 
the United Kingdom compared to 2012. Within the scope of the campaign; while 
WRAP, local authorities and retail firms involved in the campaign spent 26 million 
pounds in total, 6.5 billion pounds was saved. The benefits of the campaign are 
not limited to this. With this campaign, 1 billion cubic meters of water was saved, 
and 430 thousand hectares of agricultural land was not wasted.

One of the most interesting initiatives in this area is the “Ugly Fruit Initiative” (Ugly 
Fruit Initiative/http://www.imperfectproduce.com), which is established based in 
the USA and operates in Canada, France and the United Kingdom. Markets in the 
United States, Canada, France and the United Kingdom are encouraging consu-
mers to buy products that could be wasted, with their impressive advertising, 
songs, posters and videos. The initiative has so far saved 20 thousand tons of food 
from being wasted, and also donated 700 tons of food to food banks.
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1.7. Successful Examples on Preventing Post-harvest
Losses in Developing Countries 
The issue of preventing post-harvest losses in developing countries is another topic 
that is on the agenda of the world after food waste. In this field, many interna-
tional organizations and countries have carried out many successful works in the 
last 20 years, especially in the underdeveloped and developing countries in Africa 
and Far East Asia. The fact that post-harvest losses in countries in these regions are 
decreasing by between 30 and 80 percent is the main reason for the international 
organizations to focus on these regions. 

One of the most successful examples of this issue is; the project carried out to 
reduce post-harvest losses in Afghanistan with the support of the Cultivating New 
Frontiers in Agriculture (CNFA), international development organization. Tomato 
producers in Karuk, Afghanistan, lose more than 50 percent of their products du-
ring their harvest period due to their transportation carried out on rough roads 
and during packaging. Moreover, tomato producers accept whichever price given 
in the wholesaler market because they find it difficult to return on the same road 
with the goods. With the support of the international development organization 
CNFA, USD 60,000 worth of plastic strong boxes were distributed to farmers so 
that they could carry their tomatoes. 

As a result of the distributed plastic strong boxes and training provided, the loss of 
tomato producers in the Karuk region has decreased from 50 percent to 5 percent. 
Moreover, in total, farmers received more than USD 75 thousand more than the 
previous year. (Brian Lipinski et al., 2013).

In a study conducted by the RIU initiative in Nigeria in 2009, approximately 600 
thousand farmers were distributed PICS (Purdue Improved Cowpea Storage Bags) 
bags. The aim is to increase the profits of farmers with commercially available, 
non-toxic storage bags for the cowpeas.

Before the study; it was investigated whether the farmers had knowledge about 
the storage techniques. As a result, it was found that only one fourth of the far-
mers had limited knowledge about the storage techniques. On the other hand, 
many of the farmers were skeptical about the applicability of PICS bags at the 
beginning of the project, eventually a female farmer volunteered to use the PICS 
bags. As a result, farmers using PICS bags have achieved an average of 48 percent 
more profit in cowpea sales and the cowpeas sold in these bags were sold at prices 
of 5-10 percent more than those sold in other bags.  These bags became so popu-
lar that half a million PICS bags were sold at the end of 2012 in Nigeria. (Moussa 
et al., 2012.)
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Another successful example on this issue can be seen in Afghanistan.  In a FAO 
project supported by the German government, metal silos were built for 18,000 
households. These silos were prepared by the local tinsmiths trained in this field. 
At the end of the project, food loss per year decreased from 15-20 percent to 1-2 
percent and farmers started to earn higher income because sales increased in the 
market. Another success of the project is that after the completion of the project, 
the farmers who did not participate in the project ordered 4,500 silos for them 
from the local tinsmiths who took this training. (World Resources Institutes, Redu-
cing Food Loss and Waste, Brian Lipinski et al., 2013) 

Again a study showing that it can be successful with just a few simple studies and 
leaning on this issue is shown in Pakistan. A food producer has taken a loss and 
waste inventory of the product it supplies to the supply chain. Later, by identifying 
the main points of the food losses and wastes, by providing trainings on cooling 
and storage, by improving the lean management process, it achieved a 25 percent 
improvement.
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1.8. Initiatives and Successful Examples to Prevent Food 
Loss in Developing Countries 
Developing countries such as Turkey, Russia, Brazil, South America are experiencing 
considerable amounts of losses not only on post-harvest losses but also on food 
waste. The most important reason for this is; the increase in national income per 
capita and the decline in food prices in these countries. 

As a consequence, these countries are trying to raise awareness not only about 
post-harvest losses but also on food waste with different campaigns or legal arran-
gements. One of the most successful examples of preventing food waste is Turkey’s 
studies on preventing the bread waste.  

As a result of the campaign carried out by the Turkish Grain Board and the Turkish 
Ministry of Agriculture and Forestry in January 2011, together with the relevant 
organizations to prevent waste of bread, the program achieved the following ac-
hievements in 2014: Bread waste decreased by 18 percent from 2011 to 2012. In 
2012, a daily 5.9 million loaves of bread (2.7 billion loaves per year) were wasted, 
while in 2013, 4.9 million loaves of bread (1.8 billion loaves per year) were wasted. 
This means a 40 percent reduction (Robert Capone et al. 2016).

The economic value of food waste in South Africa is USD 7.7 billion (Anton Nah-
man et al., 2014).  The fact that food waste is so high in South Africa has been one 
of the reasons that pushed the United Nations and the South African government 
to collaborate. 

In 2015, South Africa’s National Food Waste Prevention and Mitigation Program 
launched pilot scheme in two cities. The program supported by the United Nations 
Environment Program, United Nations Food and Agriculture Organization, non-
governmental organizations and private sector organizations and academicians 
under the leadership of the South African Department of Trade and Industry, is also 
supported by the United Kingdom Waste and Resources Action Program (WRAP).   

The objective of the program is; to increase public awareness about food waste, 
to provide education in schools and to prepare reports to draw the road map of 
South Africa (FAO, website news, 2015). In 2014, the Chinese government also 
introduced a program to prevent post-harvest losses and food waste. The Central 
Committee of China has implemented this campaign with a regulation on the fight 
against food waste and implementation in solid economies. State Administration 
of Grain, the Ministry of Industry and Information Technology and the General 
Administration of Quality Supervision, Inspection and Quarantine of China have 
identified a roadmap for prevention of post-harvest losses and food waste (FAO, 
web site news, 2014). 
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2. EUROPE ON FRESH FRUIT AND VEGETABLE LOSS AND WASTE
2.1. General Situation in European Union Countries
As in other developed countries, the European Union has been conducting various 
studies for a long time to reduce post-harvest losses. When looking at the analysis 
regarding the European Union, it would be correct to divide the union into two parts. 
While West and Central Europe drew back to 10% in post-harvest product losses, post-
harvest losses for many products in Eastern Europe are still at around 30%. According 
to Science Daily’s report published in 2012, food waste in the European Union is close 
to 50 percent (Science Daily website news, 2012), this figure is 40 percent in Eastern 
European countries. 

Uncertainties between the international institutions regarding post-harvest losses and 
food waste also make it difficult to give a definite figure. The most important reason 
for this is the uncertainty about the definition of food waste and the difficulty of 
collecting information in the agricultural sector. Therefore, it is very difficult to reach 
definite and clear data on this issue. 

The European Union has been working with international institutions for a long time 
to establish a common standard on this issue (EU Report, Combating Food Waste, 
2016). On the other hand, one of the most important issues for the European Union 
since 2013 is; to prevent post-harvest losses and food waste, depending upon the Uni-
ted Nations Sustainable Development Goals. The target is to reduce total food waste 
by 30 percent by 2025 and by 50 percent by 2030 (EU Report, Sub Group On Food 
Waste, 2014).

In 2016, the European Union established the European Union Platform on Food Losses 
and Food Waste, composed of various institutions, experts from different countries 
and related non-governmental organizations.

The objective of the platform was determined as; “Supporting all actors in the Euro-
pean Union, identifying the areas of work required to prevent food losses and food 
waste, sharing best implementations with the public and evaluating the developments 
carried out over time” (European Union website, news, 2014). The platform has star-
ted to determine its road map by establishing subgroups in this issue.

Chart 1: Distribution of post-harvest losses and food waste in the EU (%)

Resource: Fighting against Food Losses and 
Waste: An EU Agenda, 2017 
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2.2. European Union’s Studies on Post-harvest Losses
Developed countries, especially the European Union, deal with the issue of post-
harvest losses and nutrient waste as a whole, without separating one from the 
other. One of the main reasons for this is; the achievements of developed countries 
obtained as a result of many years of studies on post-harvest losses. Due to the 
high food waste, this issue has been declared as ‘first priority’ for the European 
Union.

2.3. European Union’s Studies on Food Waste
Food waste and post-harvest losses in middle and high-income countries are a re-
sult of consumer habits and arise from the lack of coordination of different actors 
in the agricultural supply chain. 

In the last 10 years, food prices have been constantly going down, in other words, 
the percentage of food per capita income declines (in the last 10 years the share 
of food prices in income has declined from 30 percent to 10 percent). This cause 
a considerable amount of waste in in-home consumption and catering services 
(Fighting against Food Losses and Waste: An EU Agenda – 2017).

One of the priority studies of the European Union in this regard has been; to provi-
de a methodology and definition for measuring post-harvest losses and food was-
tes. In relation with food; identifying the ‘edible’ and ‘non-edible’ parts of the food 
or making definitions such as ‘being able to be recycled according to the expiration 
date’, clarified the sustainability of the food supply chain. Such a methodology 
is also important in order to determine which sector is more likely to cause post-
harvest losses and food waste. For example, according to the current situation, 
53 percent of the post-harvest losses occur in in-house consumption, 19 percent 
during processing, 17 percent in the retail sector and 11 percent in the production 
sector (Fighting against Food Losses and Waste: An EU Agenda – 2017).

The European Union estimates that post-harvest losses and food waste of 88 milli-
on tons in 2012 will increase to 126 million tons in 2020 if no measures are taken.  
The European Union makes a considerable amount of effort to create a framework 
for general acceptance to combat against post-harvest loss and food waste. The 
institutions at different levels also carry out some studies for this purpose. Apart 
from the studies carried out by the European Union, the studies conducted by the 
countries themselves are also noteworthy. 

As mentioned above, it is remarkable what the United Kingdom, which was in the 
period of separation from the European Union, did to prevent the post-harvest los-
ses and food waste. Thanks to the campaigns of United Kingdom between 2012-
2017, 1.1 million tons less food was wasted and £ 6.5 billion were saved.
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Between 2014 and 2016, France and Italy also started to combat against post-har-
vest losses and food waste with highly creative steps. In these two years, France 
and Italy have increased their food donations by making new legal arrangements 
and reduced their post-harvest losses and food waste. 

In France, food waste and food loss in the entire food supply chain has reached a 
total of 10 million tons. This corresponds to a loss of about EUR 16 billion in fresh 
fruit and vegetable products. Approximately 29 percent of losses are experienced 
in the retail process, 14 percent in the processing process and 13 percent in the 
production process. 

The food losses and the food wastes reaching to these figures motivated French 
politicians and non-governmental organizations. The law on the reduction of was-
te and losses introduced by the French government has also been supported by 
non-governmental organizations. The law specifically targets the food distribution 
sector and supermarkets with an area of more than 400 square meters. 

Researches have revealed that food losses and food wastes are mostly caused by 
foods thrown by supermarkets because of their close expiration date. Although 
there were discussions about the campaign on its not giving importance to the 
subjects such as education, research, development, quality standards and labeling, 
a very successful campaign was carried out. 

In Italy, a country that loses more food and makes more food wastes every year 
than France, food loss and food waste of about 12.5 billion euros (even though it is 
below the EU average) is being experienced. Moreover, 3 percent of the agricultu-
ral product was left in the fields without being harvested. The Italian government 
which decided to take action on this issue in 2016 introduced the Law on Preven-
ting Food Waste in 2016. 

The main purpose of the law is; to match those who are in need with excess food, 
and the other is to simplify the food donation for the producers. As a result of 
the campaign, food donation, which was 550 thousand tons per year, with the 
support of non-governmental organizations and donations, exceeded 1 million 
tons at the end of 2017. During the campaign, the advertisements of the Italian 
government on television were found to be very effective in reducing food waste 
(Fighting against Food Losses and Waste: An EU Agenda – 2017).
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3. COMPARISON OF POST-HARVEST LOSSES IN GRAPE, CHERRY, 
TOMATO AND FIG YIELDS OF AUSTRIA-SPAIN-ROMANIA-TURKEY
The rate of post-harvest losses of these 4 countries can seriously affect the high 
or low per capita income (as mentioned in the previous chapters, the increase in 
income level may affect factors such as the food waste rate of the individuals, 
whether the product is left in the field after harvest). Apart from that, transporta-
tion of products in post-harvest losses is another factor that significantly affects 
the increase or decrease of losses. Consequently, the surface area of the country, 
the quality of the roads in the country, are among the reasons that affect the rate 
of post-harvest losses. The amount of per capita income is also shown as one of 
the main reasons for post-harvest losses and food waste. According to FAO’s re-
search; as the national income per capita rises, food waste starts to increase, and 
the rate of post-harvest losses with other factors begins to decrease. Apart from 
these; issues such as the level of technology in the country, the level of education 
of farmers, the number of farms engaged in industrial agriculture are important 
points in making these comparisons. 

3.1.Post-harvest Losses – Grape 
Grape is one of the most common fruits of the world. It can be consumed as wine, 
grape juice, grape molasses and raisins. As fresh fruit, grapes are a very delicate 
fruit, therefore the losses during harvest and distribution are very high (Fabio Men-
carelli et al., 2005 FAO). 

Accurate determination of harvest time, which is one of the most important fac-
tors in preventing post-harvest losses, directly affects the quality of the harvested 
grapes. The quality of grapes depends on the sugar-acid proportion, color and 
aromatic content of the grapes. According to the usage of the grape, the processes 
to be considered in the harvest and the harvest criteria vary. 

Resource: CIA-World Factbook, Eurostat, 2016 Website
*The percentage of primary school graduate farmers in total farmers

Chart 2: Basic economic and social indicators of Partner Countries
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One of the most striking rates in the comparison of post-harvest losses of 4 coun-
tries in the table below is that; the post-harvest loss of grapes in Romania is only 
0.1 percent. The main reason for this is the fact that 85 percent of the grapes pro-
duced in Romania are used in wine and fruit juice production, as stated in the ‘Best 
Innovative Approach Minimization Harvest Losses within Food Chain for VET Ro-
mania’ report. The fact that the external appearance of the products used in wine 
and fruit juice production is not important, causes the use of damaged, crushed 
products, which leads to a low rate of loss in grapes. Wide usage area of grapes 
affects the low post-harvest losses in the world’s most grape-producing countries 
and other countries, such as Spain and Turkey.

On the other hand, as Austria is a country that produces more wine grapes, most 
of the grapes produced are used in wine making. (Https://www.belvini.de/oesterre-
ich) Table grapes are imported to a great extent. In addition, the rapid consuming 
of good-looking products, as in other developed countries, can be explained as the 
main reason for the 5% loss in Austria.

3.2. Post-harvest Losses – Tomato 
In the amount of losses observed in tomatoes; the way of use of the fruit, the way 
of harvesting, the marketing process and the technologies used in the post-harvest 
period play an important role. It is of great importance in which ripening period 
are the tomatoes harvested for the post-harvest life of tomatoes. As a matter of 
fact, table tomatoes can be harvested especially in 3 different ripening periods. 
These are; green, pink and red ripening periods. It is important that the harvest 
takes place in the green and pink stages of the harvest in the tomatoes to be stored 
or transported for a long time. Especially the tomatoes that have reached the stage 
of red growth are among the products that can spoil very quickly. 

Chart 3: Grape production and post-harvest losses by countries (2016)

Resource: Best Innovative Approachto Minimize Post Harvest Losses within Food Chain for VET Romania, 2017, 
https://www.belvini.de/oesterreich,https://mueef.rlp.de/fileadmin/mulewf/Publikationen/Umweltjournal_56_neu.

pdf

*Import included 
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The reason for the high post-harvest loss of tomato in Romania, as stated in the 
‘Best Innovative Approach of the Minimize Post Harvest Losses within Food Chain 
for VET Romania’ report, is that it is divided into three sections. The first is the lack 
of a suitable transportation system, the second is the lack of refrigerated transpor-
tation system, and finally the lack of heat management and cold storage of fresh 
fruits and vegetables. 

The fact that tomato is a tropical climate fruit, is a factor that facilitates the pro-
duction of it in Mediterranean countries such as Spain and Turkey. For this reason, 
these two countries are the world’s top ten tomato producers. 

On the other hand, Turkey having more than 1,5 million tons of post-harvest loss is 
a fairly high rate. There are several reasons why Turkey experience a 12 percent loss 
in tomato production. The first reason is the low level of education of the employe-
es in the agricultural sector. Another reason is the insufficiency of cold storage and 
heating/cooling systems in the vehicles used in transportation. Again, according to 
a study conducted in Turkey, the striking of tomato stems to other tomatoes during 
transportation is another factor affecting post-harvest loss. 

In addition to this, the surveys show that 50 percent of tomatoes are wasted in 
post-harvest losses and consumption in developed and developing countries. The 
main reason for the loss during consumption is that tomatoes are among the pro-
ducts that go bad rapidly. 

Graphic 4: Tomato production figures and post-harvest loss rates according 
to major countries (2016)

Resource: A review of postharvest handling and losses in the fresh tomato supply chain: a 
focus on Sub-Saharan Africa (M. S. Sibomana et al., 2016)
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Tomato harvesting is carried out in two ways, one is by hand and the other is by 
machine. In developed countries, tomato harvesting is carried out more with mac-
hines, and in developing or underdeveloped countries it is collected by hand, whi-
ch is the traditional method. And when this is combined with the reasons such as 
the lack of cold storages and education, having bad roads it causes serious harvest 
losses.   As seen in the research carried out by M. S. Sibomana et al. in the above 
graphic, Turkey experience a serious amount of post-harvest loss in tomatoes.

Chart 4: Tomato production and post-harvest losses by countries

Resource: Best Innovative Approachto Minimize Post Harvest Losses within Food Chain for VET Romania, 2017, 
Strategische Umweltprüfung zum Wiener Abfallwirtschaftsplan (Wr. AWP) 2019-2024 und zum, 2018, Dr. Martina 

Ableidinger et al., http://www.sabormediterraneo.com/port/tomate_perdida_sabor.htm

*Import included 
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3.3. Post-harvest Losses – Cherry  
One of the most important features of cherry fruit is that it continues to live and 
to its respiration after the harvest. Therefore, understanding the physiology of this 
fruit is very important in order to manage the retail and storage process well. Fru-
its can be divided into two different categories in terms of ripening: climatic and 
non-climatic. Since products such as cherries and sour cherries are non-climatic 
products, their ripening periods are different. Therefore, the developments in post-
harvest technologies do not affect the quality of cherries.  

On the other hand, due to the short harvest and retail period of cherries, the actual 
losses are caused by post-harvest moisture loss, softening and decay. Preventing 
post-harvest losses is possible through storage and use of appropriate post-harvest 
technologies. 
Storage and timing are very important in reducing the after-harvest losses of cher-
ries. After harvesting taking the cherries to storage facilities in the shortest possible 
time, is critical in reducing the post-harvest losses and preserving the quality of the 
cherry (Eugene Kupferman, 1986).

Although Turkey is one of the largest cherry producers in the world, the lack of cold 
storage, the low level of education of the employees in these storehouses, the lack 
of refrigerant in the transportation vehicles and the failure of farmers to harvest in 
time depicted in the previous sections, cause high losses. 

Due to Spain’s using technology better and having sophisticated cold storage, the-
ir post-harvest loss in cherry fruit is fairly lower than Turkey’s. Spain, for example, 
has achieved considerable success in enhancing quality production and reducing 
post-harvest losses with the prohibition and alternative recommendations it put in 
every stage of cherry production.

Chart 5: Cherry production and post-harvest losses by countries

Resource: Best Innovative Approachto Minimize Post Harvest Losses within Food Chain for VET Romania, 2017, Lagebericht zu 
Lebensmittelabfällen und - verlusten in Österreich, DI Christian Pladerer, 2016, Revista Fruticola, Evaluación de sistemas de medi-

ción de firmeza para uva de mesa y cerezas utilizados en la industria frutícola, BRUNO DEFILIPPI BRUZZONE, 2011, 
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3.4. Post-harvest Losses – Fig
It is important to know the characteristics of the fig at every stage from harvest to 
consumption in order to prevent losses. The fast ripening and fast sugar accumu-
lation characteristic of fruits is a peculiar feature for figs. There are water soluble 
substances and sugar increase in fig which are not seen in other fruits before ri-
pening in and these changes in the fruit stops with the harvest. After the harvest, 
in fig fruit, doesn’t matter under which conditions they are kept waiting, ripening 
progression is not in question. For this reason, the most important issue in the 
harvest of fresh figs is the harvest ripening of the fruit. Training of the employees 
working with this sensitive fruit from all stages, from the garden to the table, is 
important to reduce product losses (Innovative Approaches to Reduce Postharvest 
Losses in the Food Chain, 2017).

Turkey is a world leader in fig production with a 30 percent share. In addition, since 
Austria and Romania from the partner countries have a low or no fig production, 
they not included in the above table. The main reason for not growing figs in these 
countries is the fact that the fig is a subtropical climate plant. However, in 2013, 
the Austrian government said it would support fig production (Umwelt Journal, 
Rheinland Pfalz, 2013).

Spain, with an annual production of approximately 43 thousand tons, produces 30 
percent of the fig produced in the European Union. However, it is estimated that 
Spain will increase its production in the coming period with the works it has done 
to increase the fig production and quality (C. A. BOUZO et al. 2017). In addition, as 
it will be detailed in the new technologies section, Spanish researchers continue to 
work on the packaging, which will increase the shelf-life of the fig from one week 
to 21 days. 

The main reason for the low post-harvest losses in figs both in Turkey and Spain 
is that products that are damaged in the harvesting period are made use of with 
drying as it is in grapes. 

Turkey being the world leader in the production and export of dried figs is another 
indicator of this. 

Also, as all over the world, fresh figs being one of the most income-generating 
fruits, causes more caution spent to the figs during the harvest and post-harvest 
processes. In 2011, fresh figs ranged from $ 2-3 / kg (Arzu Göçmez et al., 2014).
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Chart 6: Fig production and post-harvest losses by countries

Resource: Innovative Approaches to Reduce Postharvest Losses in the Food Chain, 2017, 
https://www.frutas-hortalizas.com/Fruits/Origin-production-Fig.html
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4. ECONOMIC ANALYSIS OF POST-HARVEST LOSSES
Post-harvest losses and food waste, especially in developed countries, to one third 
of the total agricultural products produced, means not only the economic loss due 
to these products, but also the loss of the workforce used to produce them, the 
land and many other components used during production. As an example; wasting 
one third of the total agricultural products produced means wasting a one third of 
the area sown by each farmer, wasting a one third of the time spent on producing 
that product. 

Until a few years ago, the lack of a standard in the calculations on the economic 
cost of post-harvest losses and food waste resulted in calculations to be different 
in the US, in the European Union and in the Far East. In 2013, the Food and Agri-
culture Organization of the United Nations (FAO) began working on a calculation 
that would become standard throughout the world with a decision made by this 
organization (FAO) and opened a website called www.flwprotocol.org with part-
ner international organizations. 

In the following calculations while the losses in the environment and nutritional 
value of post-harvest losses were made on this data, the economic value of these 
losses was calculated according to the simple calculation model due to the lack of 
sufficient data.

4.1. Economic Losses – Grape 
The purchase price of fresh grapes from the farmer was determined as 2 TRY per 
kilogram in 2016 in Turkey. The economic value of Turkey’s post-harvest losses with 
the 328 thousand tons of (328.000.000 kg) post-harvest loss in 2016 in just grape 
harvest is 656 million TRY, approximately EUR 223 million in foreign exchanges. (As 
of October 2016, Euro rate was calculated as 3.4 TRY.) Costs such as effort spent, 
agricultural land and gasoline are not included in these calculations.  

In Spain, the purchase price of fresh grapes from farmers in 2016 is determined as 
33 cents per kilogram in October (la opinion de zamora web site, news, 2016). With 
a loss of 520 thousand tons (520,000,000 kg) in 2016, Spain lost EUR 171,600,000 
just only due to the post-harvest grape loss. Again, costs such as effort spent, ag-
ricultural land and gasoline are not included in these calculations.  

In 2016, 47,500 tons of grapes were lost in post-harvest in Austria. The purchase 
price of grapes in the same year was set as 30 cents in Austria. (Vinaria website, 
news, 2016)
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The economic cost of the post-harvest losses caused by only 3 countries and only 
on grapes is above EUR 400 million as seen in the table. Since the post-harvest loss 
related to Romania is very low and there is no data on the Romanian grape purc-
hase price, no calculation has been able to be made on this issue. 

Another important effect of post-harvest losses of food products is the damage 
caused to the environment. Issues such as unnecessary water and land use, emis-
sions gas ratio are among the factors that affect climate change caused by global 
warming. 

As seen in the table below, according to the formulation prepared by the flwpro-
tokol website, the effect of the post-harvest losses of grapes in Spain on the envi-
ronment is seen in detail. The damage caused to the environment by the country, 
which gives the most post-harvest losses in each product, will be shown under that 
title. 

Chart 7: Grape production and post-harvest losses and economic 
value by countries (2016)

Chart 8: The impact of the post-harvest losses of grapes on the
environment- Spain

Resource: Best Innovative Approachto Minimize Post Harvest Losses within Food Chain for VET Romania, 
2017,https://www.belvini.de/oesterreich,https://mueef.rlp.de/fileadmin/mulewf/Publikationen/Umweltjournal_56_

neu.pdf

Source: www.flwprotokol.com

*Import included
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4.2. Economic Losses – Tomato 
Both production and post-production loss of tomato, one of the main food sour-
ces grown in many countries, is one of the highest rate of agricultural products. 
Therefore, in developed or developing countries, the post-harvest losses of toma-
toes vary between 10 to 40 percent. The main reason for this high loss rate is that 
the tomato is sensitive, its post-harvest durability decreases rapidly, and humid 
environment is needed for this plant. Because of this structure of tomatoes many 
studies have been done about the losses in each phase, especially in the supply 
chain. Improper transportation, loss of quality control part, preservation in woo-
den cases or incorrect packaging are some of these. Additionally, a large number 
of studies were conducted to determine post-harvest losses and food waste in the 
tomato supply chain. These studies include age, income, gender, diversity of the 
tomato market in the country and socio-economic factors such as land size within 
its scope. The main reason of all these studies is to prevent the post-harvest loss of 
tomato and the food wastage.   

However, some of these studies and solution suggestions are applications that 
require high investments, and these are not feasible because they bring serious 
cost burdens on developing countries. (Identification of determinants of posthar-
vest losses in Zimbabwean tomato supply chains as basis for dedicated interventi-
ons, Lesley Macheka et al., 2017) 

For the reasons stated above, Turkey also experience a high rate of loss, with a rate 
of 12.5 percent, in the post-harvest loss of tomato. The purchase price of tomatoes 
in 2016 was determined as 0.35 kuruş (TRY) per kilogram (http://www.hal.gov.tr 
website, 2016). This corresponds to an economic value of around 614.800.000 TRY 
(EUR 183.000.000). (As of October 2016, Euro rate was calculated as 3.4 TRY.) In 
the same period, Spain was the country that experienced the lowest post-harvest 
loss with 8.5 percent and 433.000 tones and had the least post-harvest loss among 
the total of 4 countries.  As of 2016, the average purchase price of tomatoes in 
Spain is 0.57 cents (Hortoinfo website, 2016). (This corresponds to a value of EUR 
246 million.)

The purchase price of tomatoes in Romania in 2016 corresponds to 0.10 cents (zf 
news site, 2016). The post-harvest loss of tomato of Romania in 2016 is 177 thou-
sand tons. The economic value of this loss was EUR 17.700.000.

Data on the tomato purchase price of Austria in 2016 is not available. Post-harvest 
loss of only 3 countries from tomato was realized as approximately € 450 million 
in 2016.
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Chart 9: Tomato production and post-harvest losses and economic 
value by countries (2016)

Chart 10: The impact of the post-harvest losses of tomatoes on 
the environment- Turkey

Resource: Best Innovative Approachto Minimize Post Harvest Losses within Food Chain for VET Romania, 2017, 
Strategische Umweltprüfung zum Wiener Abfallwirtschaftsplan (Wr. AWP) 2019-2024 und zum, 2018, Dr. Martina 

Ableidinger et al., http://www.sabormediterraneo.com/port/tomate_perdida_sabor.htm

Source: www.flwprotokol.com

*Import included
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4.3. Economic Losses – Cherry 
In Turkey, 2016 cherry purchase price was 6 TRY per kilogram (http://www.hal.
gov.tr website, 2016) and economically, the value of post-harvest losses was 414 
million TRY (EUR 122 million). Although the production rate of cherries is low and 
the loss rates are correspondingly low, the high value given per weight causes the 
post-harvest cost to be high. 

Even when Spain is one of the most important cherry producers in Europe, it has 
a low production compared to cherry production of Turkey. The purchase price of 
cherries in Spain in 2016 was approximately € 2.3 (Excelente sprecios, website, 
2016). This corresponds to a post-harvest loss of approximately EUR 19 million. 

Romania attracts the attention with the low post-harvest loss in cherry production. 
As of 2016, the purchase price of cherries in the Romanian cherry market, which 
has a post-harvest loss of 1.4 percent, has been realized as EUR 0.60 (2 RON). (Evz 
news website).

Chart 11: Cherry production and post-harvest losses and economic 
value by countries (2016)

Chart 12: The impact of the post-harvest losses of cherries 
on the environment- Turkey

Resource: Best Innovative Approachto Minimize Post Harvest Losses within Food Chain for VET Romania, 2017, 
Lagebericht zu Lebensmittelabfällen und - verlusten in Österreich, DI Christian Pladerer, 2016, Revista Fruticola, 

Evaluación de sistemas de medición de firmeza para uva de mesa y cerezas utilizados en la industria frutícola, 
BRUNO DEFILIPPI BRUZZONE, 2011,

Source: www.flwprotokol.com
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4.4. Economic Losses – Fig 
Fig production is one of the agricultural products that Turkey is the leader of. In 
2016, fig producers put the figs into market with a price of 2.25 TRY per kilogram 
(http://www.hal.gov.tr website, 2017). In the same year in Turkey, with a post-har-
vest rate of 3.8 percent and total loss of 10 thousand tons, and an economic loss 
of 25 million TRY (EUR 7.4 million) was realized.  

Spain, one of the major fig producer countries in Europe, experienced a 2.5 per-
cent loss and a total loss of 1.075 tons in 2016. In the same year, the purchase price 
of figs in Spain was around €1.5 (Gohigos Adismonta website). Spain’s loss of fig 
production was € 1.6 million. 

As mentioned above, Romania and Austria were not taken into evaluation due to 
their lack of fig production.

Figure 13: Fig production and post-harvest losses and economic 
value by countries (2016)

Chart 14: The impact of the post-harvest losses of figs on the
environment- Turkey

Resource: Innovative Approaches to Reduce Postharvest Losses in the Food Chain, 2017, 
https://www.frutas-hortalizas.com/Fruits/Origin-production-Fig.html

Source: www.flwprotokol.com
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5. NEW TECHNOLOGIES TO AVOID POST-HARVEST LOSSES 
Preventing post-harvest losses is; an issue that can be achieved by developing cer-
tain issues for developing and underdeveloped countries. For example, factors such 
as the training of workers in the agricultural sector, improvement of transportation 
infrastructure conditions, increasing the number of cold storage facilities, selection 
of the right packaging for the right product, application of the technologies used 
in the countries where they are not used will lead to a significant reduction in post-
harvest losses in these countries. 
On the other hand, with the United Nations 12,3 decisions and the increase in 
global awareness in this area, the studies on reduction of post-harvest losses and 
food waste have increased considerably since 2010. 

Studies and researches on this subject have gathered momentum. For example, the 
packaging product that increases the shelf life of the fig from a week to 21 days 
and is explained in the article published in 2015 by the researchers of Extremadura 
and Citytex University in Spain, is one of the successful examples. According to 
this product; it is possible to create a passive modified atmosphere environment 
with micro-holes and to provide the survival and development of microorganisms 
required for figs (Freshplaza.com, 2015).

As mentioned above, it is possible to reduce the post-harvest losses and increase 
the profit from the product, especially in the less developed countries, with the te-
chniques that are simple or used for long years. For example, farmers in Karok city 
of Afghanistan have difficulty in selling their products due to the rugged terrain 
and the post-harvest losses in tomatoes exceeding 50 percent due to crushing and 
puncturing during transportation and poor appearance of the rest of the products. 
Under the leadership of the CNFA organization (Cultivating New Frontiers in Agri-
culture), farmers in the Karok region were provided with 15 thousand plastic boxes 
worth 60 thousand dollars, as a result, the tomato loss, which was 50 percent, has 
dropped to 5 percent. More importantly, the tomatoes of the Karok region became 
the preferred products in the market. 

As in every sector, nanotechnology-based products have started to become wi-
despread in the agricultural sector. In the project supported by the Canadian In-
ternational Food Safety Research Fund (CIFSRF), scientists have developed a new 
packaging system that extends the shelf-life of fruits. Guelph University in Canada 
has invented a patented technology using a safe, plant-based chemical compound 
(hexanal) that reduces post-harvest losses. On the other hand, Tamil Nadu Agri-
cultural University in India has developed a nano film to extend the shelf-life of 
fruits and vegetables. In a similar manner, the Industrial Technology Institute in 
Sri Lanka has a bio-wax formulation that helps reduce post-harvest damage. The 
nanoparticles in this project were developed by creating new revenue opportuni-
ties for natural fibers derived from agricultural waste products, especially coconut 
shells and banana plants, primarily for small-scale entrepreneurs. The project also
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establishes a connection with the private sector for biodegradable packaging ma-
terials. Researchers are also adapting the technologies developed in this project to 
other economically important garden plants; including fruits, flowers and vegetab-
les (Lisa Kitinoja, 2016).

Turkey has also contributed to the technology of agricultural sector. Duygu Yıl-
maz’s Biolive company, after two years of research, has produced bio-plastics from 
the olive seed and has managed to extend the shelf-life of foods up to two weeks 
and in some products, for up to one month. Yılmaz, by partnering with Vestel, 
one of the largest white goods producers in Europe, will cover the refrigerators 
with this material and thus, will significantly reduce food waste. Duygu Yılmaz 
encourages the suppliers of large supermarket chains in developed countries and 
ensures that they are doing research on this issue (http://www.fortuneturkey.com/
zeytin-cekirdeginden-plastik-uretiyor-54559).

Developments in the packaging system are of great importance in reducing post-
harvest losses and food waste. With the developments in this area, it will be possib-
le to increase the shelf life, to monitor the freshness, to display information about 
quality, to increase security and to increase the comfort and this will affect all areas 
of the supply chain. For example, PICS bags, which are three-layer, hermetically 
sealed plastic bags, allow the storage of grains and dry legumes in places that 
doesn’t contain pesticides. PICS bags limit damage to stored foods by preventing 
moisture, air, and light from getting into grains and dried legumes and kill insects 
through a low concentration of oxygen in bags. Another example for fruits is; a 
modified atmosphere packaging that uses a protective gas instead of atmospheric 
air in the packaging to keep the product fresh as long as possible. Packaging has 
recently started to include intelligent functions such as detection, retaining, recor-
ding and monitoring, which also allow monitoring and identification of potential 
problems (Lisa Kitinoja, 2016).

Another technology developed in this regard is a system providing the separation 
and packaging of cherries. This system, developed by UNITEC, can separate and 
pack 35 different vegetables and fruits, especially cherries, without making any 
mistake. Newly developed system can make a quality selection of cherries accor-
ding to a range of parameters ranging from hardness, freshness, sweetness, sur-
face defects, color and degree and can identify and pack more than 100 thousand 
fruits per hour on a single line (Freshplaza.com, website, news, 2016). 
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Nowadays, there are quite a few technological developments about food waste, 
not only about preventing post-harvest losses. 

For example; wasteless.co company is one of them. With the application deve-
loped by the company, it is possible to learn the expiry date of meat, milk, fresh 
vegetables and fruits, and the discounts on the products with close expiration date 
can be seen. In this way, instead of throwing the products with close expiry date, 
it will be ensured that these products will be reintroduced to consumers again at 
low prices. Or the application developed by Tesco markets in the United Kingdom is 
an example of such practices: With study called Tesco FareShare FoodCloud, Tesco 
informs aid associations, which it works together, about the products with close 
expiration dates with the help of an application, and prevents these foods from 
being thrown away.  

While this is the case in retail markets, there are serious technologies developed for 
another area such as restaurants and diners where food waste is high. 

Winnow Solutions and Lean Path companies are one of the two companies that 
develop technology in this subject. Restaurant and diners measure the amount of 
daily waste in a business by means of measuring the waste in their kitchen with 
devices and in this way, they can reduce the amount of waste as well as reduce the 
costs by effectively using foods. 
Nowadays, there are many applications or technologies not just for restaurants 
or markets, but also for in-house consumption, which is one of the places where 
food waste is most common. With smart refrigerator products, smart cameras 
and mobile phone applications, it can be seen which products are in the refrige-
rators, the expiry dates 
can be followed. The 
technologies that offer 
the dishes that can be 
made with the produ-
cts in the refrigerator 
have been used for a 
long time (Postharvest 
losses of fruit and ve-
getables during retail 
and in consumers’ ho-
mes: Quantifications, 
causes, and means of 
prevention, Ron Porata 
et al., 2015). 
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6. CONCLUSION
The waste of one third of the agricultural products produced annually throughout 
the world during the harvesting or consumption phase poses a serious risk to the 
world population that is expected to be 9 billion by 2050. However, considering 
the labor, energy, water and other issues spent on wasted or lost yields after the 
harvest, it is seen that more than USD 1 trillion worth of value is wasted. On the 
other hand, if the measures are not taken as soon as possible, it is very likely that 
the world will have serious food crisis in the future as a result of the decrease of 
agricultural lands. Therefore, in order for the world to be able to combat this crisis, 
it has become mandatory for all states, the private sector, farmers and consumers 
to work together on agricultural production and on the consumption of these in 
an integrated and innovative approach.

As mentioned above, the Food Bank initiatives in different parts of the world, as 
well as the coordinated conduct of the work in the United Nations, the United Sta-
tes and the European Union, are encouraging developments for the future.

In order to reduce post-harvest losses and food waste and, if possible, to increase 
the number of agricultural products and increase production without increasing 
the burden on agricultural lands (chemical supports in order to increase efficiency 
etc.) should be adopted as the main strategy.

In both developed and developing countries and underdeveloped countries, en-
couraging incentives are also needed to reduce post-harvest losses and food was-
te. n developed countries, it is accepted that post-harvest losses are relatively low 
and losses in the retail and consumption stages considered to be higher. The in-
cineration or disposal of food waste is a process that is difficult for both retailers 
and food processers.

The strategy for reducing post-harvest losses and food waste should 
include the below items:

• Awareness-raising campaigns on consumers about matters such as appropriate 
portions, food purchasing information, meal planning, food waste use, expiration 
date. Studies show that consumers whose awareness is high in this issue act more 
carefully about food waste.

• Application of food tax to institutions who have high food waste.

• Increasing the cost and taxes of food waste. This should be done especially for 
food residues and agricultural product wastes from places such as restaurants, ho-
tels, dormitories, etc. (it is important to consider that the tax increase may increase 
the illegal waste of food).
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• Private sector (waste industry, non-governmen-
tal organizations working on this issue and reta-
ilers) and the general public (such as local mu-
nicipalities, government) to develop cooperation 
in reducing food residues and food waste. The 
use of techniques to reduce post-harvest losses 
in developing countries and the increase in mec-
hanization will increase the quality of life of the 
societies in these countries and the productivity 
and profitability gained from agriculture.

• In the long term, it will be useful for develo-
ped countries to calculate their food waste at the 
national level and provide information on where 
to transfer resources to efficiently reduce food 
waste.

• There are much more serious problems in front 
of developing countries. However, the most im-
portant issue is to conduct studies on the effects 
of climate change on small farms. Another impor-
tant issue is to make benefit-cost analysis of stu-
dies carried out on reducing post-harvest losses 
for efficient use of resources with a reliable and 
sound approach.

• There is a need from the researches to carry 
out studies to increase the capacity of the private 
sector in order to meet the needs of small farm 
owners. In order for the United Nations Sustai-
nable Development Program to achieve its goal 
of reducing food waste by 2030, there are seri-
ous differences in the studies to be done by the 
developed countries and developing countries. 
Developed countries will be able to reduce food 
waste with issues such as by organizing cam-
paigns on consumer education, with carefully 
prepared new taxes and with public and private 
sector cooperation. Developing countries should; 
give priority to trainings centered on farmers. Be-
cause a well-established infrastructure is the cor-
nerstones of the process from farms to market.
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