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Introduction
Finding detailed information on the methods used to measure postharvest losses for fruit and vegetable
crops can be a difficult task and, over the past few decades, researchers have developed many different
methods, each focusing on different aspects of the value chain and on varying types of food losses. The
objective of this white paper is to gather existing information and compile the findings into a single
document that can be easily shared and used as a basis for future research and method development.
Literature searches on measurements of postharvest losses of fruits and vegetables were conducted using
a wide range of databases and journals, and for both published and unpublished sources over a 25-year
period (1990-2015). The findings are described for key studies and the overall results of the literature
review are organized by region/country, types of crops, measurement methods (surveys/interviews or
sampling/quantitative measurement) and the key parameters being measured along horticultural value
chains. Summary tables of the findings on percentages of measured losses are presented for many
different crops, in terms of physical losses, qualitative losses, and/or decreases in economic value.
Literature searches and reviews
Literature searches on fruit and vegetable postharvest losses were conducted in a wide range of
databases, journals, and other sources (both published and unpublished), using parameters that included
a long list of postharvest horticulture related key words and a 25 year time period (1990-2015). Online
databases included AidData, USAID Documents, World Bank Projects and Operations, UN FAO,
INPhO, and DEVEX.
The authors were assisted in the initial literature review conducted during 2009-10 for a World Food
Logistics Organization (WFLO) research project by a team of eight scientists and educators from the
USA, Europe, Middle East/North Africa, India and Chile. As a team we had the language skills to read
and review the existing literature in English, French, Spanish, Arabic and Hindi. We reviewed the
global literature up to and including 2010 to learn about any postharvest loss measurement activities
undertaken in the field as part of projects funded by the World Bank, US Agency for International
Development (USAID), US Department of Agriculture (USDA), Consultative Group on International
Agricultural Research (CGIAR), UN Food and Agriculture Organization (FAO), Japanese International
Cooperation Agency (JICA) and the various European Union development entities. JICA, for example,
has done quite a bit of horticultural development work in India, Kenya, the Middle East and Indonesia.
The literature review and keyword searches were updated in 2012 by Dr. Adel A. Kader and again
during mid-2015 by Dr. Lisa Kitinoja, and this white paper includes pertinent results covering the entire
period spanning 1990-2015. We did not include studies undertaken in the laboratory to compare the
effects of different postharvest technologies on losses of fresh produce, and we did not include food
processing studies.
A few international studies were conducted in the 1970s and 1980s (Ceponis and Butterfield, 1973;
National Academy of Sciences, 1978; Cappellini and Ceponis, 1984; Blond, 1984), and a few
postharvest systems assessments were done for vegetables in the USA in the 1980s (Brennan and
Shewfelt, 1989; Prussia et al., 1986), but a long gap was found in the 1990s through the early 2000s.
Most of the investigations of which we are aware were done by private consultants as quick assessments
during the start of postharvest infrastructure development projects and the results are still considered
proprietary information. More recently, a wave of synthesis studies (compiling existing information
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from different studies) and meta-analyses (reanalyzing existing data) have been done to characterize
food losses by INTERPACK (Gustavsson et al., 2011), the World Resources Institute (Lipinski et al.,
2013), a United Nations High Level Panel of Experts (HLPE 2014) and International Research
Development Center (IDRC) by scientists affiliated with the International Centre of Insect Physiology
and Ecology (known as ICIPE) (Affognon et al., 2015). The resulting estimates of postharvest losses for
horticultural crops from these widely dispersed studies vary somewhat, and differ by region, country,
crop and season, often without much explanation of what is being measured, when, or how.
Nevertheless, the UN FAO SAVE FOOD Initiative currently uses the figures of 45% for losses of both
roots/tuber crops and fruits/vegetables, and many international development authorities (e.g. the
UNFAO, the World Bank and USAID) and journal article authors citing primary works typically quote a
general range of 30 to 50% postharvest losses.
The diagrams and infographic shown on the following pages are based upon synthesis studies and
developed for global dissemination by the UN FAO SAVE FOOD Initiative (FAO, 2012).
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Source: UN FAO SAVE FOOD Initiative 2012
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Source: UN FAO SAVE FOOD Initiative 2012
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Postharvest losses of fruits and vegetable crops
Data on postharvest losses generally have been collected either via surveys/interviews or via
sampling/direct measurements, and are reported as physical and/or economic loss. Occasionally data are
provided on qualitative losses (due to damage, disease, pests, appearance changes, etc.).
Written surveys and interviews require people to try to recall or remember what happened in the past,
sometimes weeks, months or even a season earlier than when the data are being collected, and so are
generally considered to be less accurate than making direct measurements. Sampling or direct
measurements are considered to be more accurate, but may not be highly reliable. Often when
measurements have been made in the field, little or no information is provided regarding important
variables such as how much time has passed since harvest, the temperature of the produce and ambient
air, relative humidity or the type of packaging. The time of harvest, for example, could be hours, days or
weeks before the sampling is done, but the exact time of the harvest is generally unknown to the data
collector, while both qualitative and quantitative losses continue to occur in the period following
harvest.
For this literature review, the focus was on assessing written articles and project reports on postharvest
losses in developing countries, and on gathering as many examples of direct measurements (i.e.:
sampling of changes in weight, quality ratings or market value) as possible. Many of the published
reports include general estimates of postharvest losses by the author(s) and/or refer to loss estimates or
measurements published by other authors. We found 63 unique documents (51 published articles and 12
project reports) that included primary data on postharvest losses of fruits and vegetables, including 18
from Sub-Saharan Africa, 6 from North Africa/Middle East, 32 from Asia & the Pacific, and 7 from
Latin America/Caribbean. Many of these reports covered multiple crops and/or multiple countries, and
provide data based on interviews or sampling as follows:
Table 1. Postharvest losses literature review
Published Reports
SubNorth
Saharan
Africa/
Africa
Middle
East
Survey/Interviews
6
3
Sampling/Measurements 12

Asia &
the
Pacific

3

16

Latin
Total
America
& the
Caribbean
4
29

16

3

34

It is important to remember that surveys and interviews do not always result in gathering accurate
information on postharvest losses. As an historical example and warning, sampling the physical losses
of potatoes, grapes and tomatoes at Egyptian farms, wholesale and retail markets was reported to total
17.6, 28.0 and 43.2% respectively, yet interviews of these same value chain players resulted in reported
average total losses of 8.8, 11.9 and 27.6%, indicating that their perceptions of losses were much lower
than was the reality (Blond, 1984). In addition, losses over the links of a horticultural value chain are
cumulative, but the assessments are not always carried out along the entire chain or reported in detail for
the entire chain. Finally, the researcher’s choices regarding how to report data can lead to confusion.
For example, someone reporting 10% losses during harvest and another person reporting 10% losses
during marketing can sometimes be reported as an average of 10% losses for that commodity, but in
another case be reported as 20% losses (the sum of the two measurements made for that commodity) and
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occasionally will be reported as a cumulative amount (10% plus 10% of the remaining 90% = 19%
losses). Table 2 provides an example of how different ways of estimating postharvest losses can result
in different reported data.
Table 2: Three different ways to estimate the total postharvest loss % of a food crop:
Stakeholder / value chain Surveys
Measurements (sampling)
Step of the
actor estimates
(recall)
postharvest chain
Harvest
2%
2%
2% of the initial 100%
Postharvest handling 3%
3%
3% of remaining 98%
Transport
5%
5%
5% of 95%
Storage
10%
10%
10% of 90%
Marketing
2%
2%
2% of 81%
79.4% remaining
range of 2% to 10%
Total loss of 22%
Cumulative losses of
Reported as:
losses
20.6%
For illustrative purposes only.
As shown in Table 3, postharvest losses for a single commodity, in this case mangoes, can vary by
country, by season, and by the data collection method. Pre-harvest factors, such as insect infestation and
rainfall, can have a major impact on postharvest losses.
Table 3. Postharvest losses in mangoes
Country

Method used

Losses (%)

Reference

Benin

Sampling

17 (early April)
70 (mid-June) due to fruit flies

Vayssieres et al 2008

Brazil

Survey

28

Choudhury & da Costa
2004

Costa Rica

Sampling
wholesale
market

14.1 (dry season)
84.4 (rainy season) - due to
Anthracnose

Arauz et al 1994

Mexico

Interviewing
consumers

< 10 at home

Baez-Sanudo et al 1994

Pakistan

Survey
Sampling

31
36.1

Mushtaq et al 2005
Malik & Mazhar 2008

at

Since physical damage is a leading cause of postharvest losses, the extent of losses often depends on the
relative susceptibility of the commodity to physical damage. As shown in Table 4, losses in tomatoes
ranged from 18 to 28% while losses in onion, potato, and yam ranged from 9 to 12.4%. Tomatoes
harvested red ripe (in Ghana) experienced much higher postharvest losses than tomatoes harvested at the
breaker or turning stage of maturity (in Rwanda) when measured using the same sampling loss
assessment methods on the farm (F), at wholesale (WS) and retail (R) markets (WFLO 2010).
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Greater postharvest losses of bananas (increased physical damage incidence and severity) were
associated with longer transport distance on poor roads (George & Mwangangi, 1994). Lower losses in
general were reported in Fiji and in Laos, where the vegetable supply chain is rather short and direct
(Underhill & Kumar, 2014; Weinberger et al 2008). In contrast, “there is higher retailer participation in
Cambodia and Vietnam, i.e. supermarkets, wet market vendors, grocery stores and street vendors, and
this is associated with higher losses” (Weinberger et al 2008).
Table 4 summarizes some of the data that have been collected for various fruits and vegetables in SubSaharan Africa, Asia/Pacific and North Africa/Middle East.
The number of people surveyed or the number of samples taken as the basis for reporting average %
losses varies for each study, as do the total number of data points collected. For example, Weinberger et
al (2008) surveyed groups of 50 people handling 2 to 5 crops in each of three countries, and Olayemi et
al (2010) surveyed a random sample of 110 farmers in Nigeria (60 tomato growers, 25 bell pepper
growers and 25 hot pepper growers). WFLO (2010) measured assorted postharvest loss variables for 3
samples on each of 10 farms, 10 wholesale market places and 10 retail market stalls for each crop
studied.
Table 4. Postharvest losses of fruits and vegetables in selected developing countries
Region and
Country

Commodity

Method
used

Losses

Reference

Sub-Saharan Africa
Benin

Tomato

Sampling

28% in volume; 40% in
economic value in 5 days

IITA 2008

Ghana

Tomato

Interviews

20%

Bani et al 2006

Ghana

Tomato

Sampling

25% (F); 21.5% (WS);
23% (R) physical losses

WFLO 2010

Ghana

Yams

Sampling

25-63% price discount
depending on degree of
quality losses

Bancroft
1998

Kenya

Banana
(imported from
Uganda)

Sampling

18.2 – 45.8%

George
&
Mwangangi 1994

Kenya

Dessert Banana

Survey &
Sampling

11.2% physical losses;
30-50% reduced market
value

Save Food 2014

Plantains
4.6% physical losses; 2030% reduced market
value
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Region and
Country

Commodity

Method
used

Losses

Reference

Niger

Dried
onions
and tomatoes

Sampling

15% discarded; 65% sold
with high levels of
quality losses

Tröger et al 2007

Nigeria

Tomato
Bell pepper
Hot pepper

Survey

20%
(farm);
28%
(transit)
12%
(farm);
15%
(transit)
8% (farm); 10% (transit)

Olayemi
2010

Nigeria

Yam

Survey

12.4% (economic loss =
10.5%)

Okoh 1997

Rwanda

Tomato

Sampling

7.8% (F); 10.7% (WS);
14.7% (R) physical
losses

WFLO 2010

Tanzania

Sweetpotato

Sampling

32.5-35.8%

Rees et al 2001

Cambodia
Laos
Vietnam

Tomato

Survey

24.6%
16.9%
19.1%

Weinberger et al
2008

Cambodia
Laos

Yard-long bean

Survey

21.8%
12.2%

Weinberger et al
2008

Laos
Vietnam

Chili pepper

Survey

10.7%
16.9%

Weinberger et al
2008

Fiji

Vegetables
Fruits

Sampling

0.07 to 2.44%
4.07 to 10%
in municipal markets

Underhill&
Kumar 2014

Bangladesh

Fruits
Vegetables

Survey

23.6-43.5%

Kamrul Hassan et
al 2010

Bangladesh

Litchi

Survey

8% at harvest
4.6% during handling
7.5% by consumer

Molla et al 2010

Pakistan

Tomato
Tomato, potato,
onion

Survey

20%
22, 12, 9%

Mujib et al 2007
Zulfiqar et al
2005

et

al

Asia

&
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Region and
Country

Commodity

Method
used

Losses

Reference

Sri Lanka

Bananas

Survey

20% from farm gate to
retailer

Wasala et al 2014

Sri Lanka

Tomato

Survey

54%
cumulative
(measured at wholesale
market)

Rupasinge et al
1991

North Africa/Middle East
Egypt

Oranges
Tomatoes

Sampling

14%
15%

El Shazly et al
2009

Egypt

Pomegranate
Onion

Sampling

23%
19%

Tolba et.al 2009

Iran

Grapes

Survey

13%

Jowkar 2005

Jordan

Tomato,
eggplant,
pepper, squash

Sampling

18, 19.4, 23, 21.9%

El-Assi 2002

Oman

Fresh produce

Survey

3 – 19%

Opara 2003

Saudi Arabia

tomato
cucumber
figs
grapes
dates

Survey

17%
21.3%
19.8%
15.9 % to 22.8%
15%

Al-Kahtani and
Kaleefah 2011

The WFLO (2010) Appropriate Postharvest Technologies Planning Project, undertaken for the Bill &
Melinda Gates Foundation, measured postharvest physical and quality losses for a variety of key fruits
and vegetables in four countries, and provided detailed measurements of % physical losses, %
mechanical damage and % decay losses at the farm, wholesale and retail levels. In each case, the %
losses are not added across the 3 locations, but reported separately for each type of damage at each
location (see Table 5). Quality losses due to mechanical damage were consistently very high in SubSaharan Africa, regardless of the country or crop.
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Example of a tool kit
used for measuring
postharvest losses in
fruits and vegetables
(WFLO 2010)

Table 5: Postharvest losses of fruits and vegetables in Ghana, Benin, Rwanda and India at the farm (F),
wholesale market (WS) and retail market (R).

Source: Illustration from WFLO 2010 Slide Deck (Kitinoja & Cantwell 2010)
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Sampling based studies in Tanzania reported that up to 86% of sweet potatoes were damaged during
postharvest handling and transport to local market, resulting within a few days in a 9% loss of market
value (Tomlins et al 2000; Ndunguru et al, 2000). The reason market value did not decline further is that
consumers in Tanzania tolerate slight to moderate skinning injury and other symptoms of root damage in
sweet potato. In a follow-up study undertaken by Tomlins et al (2007), the range of losses was 23.7 to
66.9%.
Table 6. Percentage of sweet potato roots with severe damage in Tanzania
Sampling Location
Type of damage

Farm

Lakeshore

Port

Market

Broken roots

1

4

18

18

Skinning injury

1

7

43

53

Cuts

2

2

5

4

Source: Tomlins et al 2000; Ndunguru et al, 2000.
Ohiokpehai et al (2009) reported for Tanzania that a survey of wholesalers and retailers at the Kariakoo
Central Market showed a wide range from low to high incidence of postharvest losses in quantity
(physical wastage) and quality downgrading affecting all major types of produce. The reported
magnitude of physical losses ranged between 0-33% for fruits and 0.4-35% for vegetables, while quality
loss affected 0.5-60% of the total quantity of vegetables and 5-80% of the fruits being traded. A high
incidence of postharvest losses was reported by supermarkets and street vendors. One supermarket
(Shoppers’ Plaza) reported the magnitude of fresh produce losses ranging from 16% (onion), 20%
(banana), 30% (mango), 30-40% (orange), and 50% (tomato). “These losses were attributed mainly to
inadequate cool chain management." (p.9).
Interviews conducted in Ethiopia reported a very wide range of estimates of postharvest losses as shown
in Table 7 (Tadesse, 1991). In general, the more delicate and highly perishable types of produce (guava,
tomatoes) suffered higher losses than the less perishable commodities (citrus fruits, carrots, cabbage).
Table 7. Estimated postharvest losses of fruits & vegetables in Ethiopia based on interviews
Fruits

Losses (%)

Vegetables

Losses (%)

Guava

49.2

Tomato

19.4

Pineapple

28.2

Melon

16.7

Mango

26.3

Onion

10.7

Mandarin

17.4

Potato

6.0

Papaya

11.5

Sweet potato

2.9

Orange

9.0

Beet root

2.7
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Fruits

Losses (%)

Vegetables

Losses (%)

Banana

8.1

Green beans

2.2

Grape

4.3

Sweet pepper

2.0

Grapefruit

1.9

Carrot

1.1

Lemon

1.3

Cabbage

1.1

Source: Tadesse, 1991.
Many of the studies and reports we analyzed for this white paper come from India. In recent years, the
Government of India (GOI) has begun to look more seriously at postharvest wastage and has been
funding research on how to reduce losses on the farms and in the marketplaces. The most important
vegetables are listed first in Table 8, having been investigated in 1993 by S.K Roy and his team at the
Indian Agricultural Research Institute (IARI). Vegetables such as potatoes, onions and tomatoes have
been the most heavily studied, followed by a few fruit crops.
Table 8. Postharvest losses reported for fruits and vegetable crops in India
Commodity

Method
used

Losses (%) in India

Reference

Sampling
Interviews
Sampling
Sampling
Sampling

18
19.8
12.8 (field) +12.4 (wholesale)
+ 9.5 (retail)
29.4 (economic loss = 16.2)
10.5

Roy 1993
Gauraha 1999
Pandey et al 2003

Onion

Sampling
Sampling
Sampling

30
12.9
15.7

Roy 1993
Kumar et al 2006
Chaugule et al 2004

Tomato

Sampling
Sampling
Sampling
Interviews
Interviews
Interviews
Sampling

13
30.3 – 39.6
11.9 – 21.4
20
32.6
35
1% economic loss

Roy 1993
Pal et al 2002
Sharma et al 2005
Ajay et al 2003&2004
Gauraha 1999
Gajbhiye et al 2008
WFLO 2010

Cauliflower

Interviews
Sampling
Sampling
Interviews

22.4
28.6 – 35.1
12.9
15 – 20

Gauraha 1999
Pal et al 2002
Wadhwani & Brogal 2003
Gajbhiye et al 2008

Vegetables
Potato

14

Kumar et al 2004
Kumar et al 2006

Commodity

Method
used

Losses (%) in India

Reference

Cabbage

Sampling
Sampling
Interviews

24.9 – 30.4
9.4
15 – 20

Pal et al 2002
Wadhwanj & Brogal 2003
Gajbhiye et al 2008

Cucurbits

Sampling

52% economic loss

WFLO 2010

Bell pepper

Sampling

6.7 – 17.1

Sharma et al 2005

Citrus

Sampling

27

Roy 1993

Mango

Sampling
Sampling

26
20% economic loss

Roy 1993
WFLO 2010

Okra

Sampling

31% economic loss

WFLO 2010

Guava

Sampling

20

Roy 1993

Litchis

Sampling

30% economic loss

WFLO 2010

Mango
Grapes

Sampling

29.7 (local market)
14.4 (local); 21.3
market)
28.8
(wholesale);
(cooperative)
35.4 (distant market)

Fruits

Banana
Pomegranate

(distant

Sreenivasa Murthy et al
2009

18.3%

LK interviewing farmers in India (2009)
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Postharvest loss % for fruits as reported by Sreenivasa et al (2009) depend upon the specific marketing
channel being assessed, which includes variables such as the amount of time it takes to market the crop
(delays in marketing) as well as the distance to market (damage during transport). The following
diagram is provided to illustrate how marketing channels may differ for each crop and country.
Marketing channels for bananas in Karnataka, India (Sreenivasa et al (2009):

Reported losses in Nepal for a few vegetable crops appear to be related to how long the crops are
handled and stored before marketing (Udas et al, 2005). Tomatoes and fresh radishes are highly
perishable and therefore are sold as rapidly as is possible, while cabbage and cauliflower can be kept
much longer and are often transported to distant markets before sale.
Table 9. Postharvest losses of vegetables in Nepal (reports based on sampling)
Vegetable

Farm
(% loss)

Retail
(% loss)

Total
(% loss)

Cauliflower

6

41

47

Cabbage

9

34

43

Radish

6

4.5

10.5

Tomato

3

7

10

Source: Udas et al, 2005

Information gaps and missing data
We have identified concerns in terms of the quality of available information, since many of the data
were collected via surveys or interviews, and we have found many information gaps, since there are
regions, countries and key crops with missing data. Underhill & Kumar (2014) reported, “There have
been no previous studies that have sought to quantify postharvest horticultural losses in Fiji, or the wider
South Pacific region”. Researchers rarely made comprehensive measurements along the entire value
chain, or reported on all three aspects of loss: i.e. physical, quality and economic losses. The numbers
of interviews or samples used to determine and report on % loss averages were inconsistent and widely
variable. Reports of % losses for a specific crop can vary over time (see data reported for tomatoes,
cauliflower or cabbage in India in Table 7). Percent losses are occasionally reported as averages of
several or many crops (see Carvalho et al 2003, and Fehr & Romao, 2001 in Table 9; Underhill &
Kumar, 2014), or as averages for a specific crop across several countries (Weinberger et al 2008).
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One of our findings is that the levels of reported losses worldwide for fruits and vegetables do not
appear to have changed much between the 1970s (when the 30 to 40% losses estimate was first
published by the National Academy of Sciences) and the present time. The range of reported losses for
various crops is enormous (from 0 to 80%) and this wide range is most likely due to the nature of the
produce (whether it is highly perishable, moderately perishable or less perishable) plus a host of
unreported contributing factors (such as initial disease incidence in the field, time from harvest,
temperature during handling, weather conditions, type of packages used, etc.).
When standard
deviations are reported, they tend to be very high. For example, Weinberger et al (2008) reported that
farmers (N=187) experienced average losses of 6.4±5.7% in Cambodia, Laos and Vietnam; George &
Mwangangi (1994) reported that 10±9.88% transit losses in bananas (N=15) being transported from
Uganda to Kenya; and Kitinoja & Al Hassan (2012) reported that the % mechanical damage for
individual samples of cabbage handled in very large sacks in Ghana (N=30) was measured at 55±20.1%
(farm), 32±25.7% (wholesale), and 45±27.6% (retail market).
The main factors that are most consistently related to higher levels of postharvest losses include rough
handling, use of poor quality packages, high postharvest handling temperatures and delays in marketing
(Kitinoja & Al Hassan 2012; WFLO 2010; Kitinoja and Cantwell 2010; Molla et al 2010). Losses for
highly perishable leafy green vegetables have been measured to be as high as 70 to 80% in West Africa,
and for losses in fruits to be 50 to 70%, especially during the rainy season. It is not unusual to find
postharvest losses reported to average 20 to 50% during the period of time between harvesting and final
retail marketing, matching the figures used for UN FAO SAVE FOOD promotional info-graphics and
posters. This amounts to an enormous waste of seeds and planting materials, land, energy, fertilizers,
water, labor and other productive resources.
Reported losses for fruits and vegetables in the least developed countries, while high, are not much
different from the levels of losses reported for countries that are considered more developed. For
comparison purposes, the following tables summarize some of the reported postharvest losses for
horticultural crops in Latin America, China and Thailand.
Table 10. Postharvest losses of fruits and vegetables in Latin America
Country
Commodity

Method
used

Losses (%)

Reference

Brazil: Tomato
Bell pepper
Carrot

Interviews

30
30
12

Vilela et al 2003

Brazil:
Pineapple,
banana,
orange,
papaya & passion fruit

Sampling

Wholesale = 11.6
Retail =
7.7
Total =
19.3

Carvalho et al 2003

Brazil:
Fruits
Vegetables

Interviews

16.6
(marketing
chain) + 3.4 (home
consumer)

Fehr & Romao 2001

Sampling

21.7

Zaccari et al 1995

Uruguay: Onion

&

&
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Table 11. Postharvest losses of vegetables in China
Commodity

Method
used

Losses (%)

Reference

Chinese cabbage
Broccoli
Bunching onion

Interviews

10 – 15
10 – 15
10 - 12

Zheng et al 2001

Pak Choi
Chinese cabbage

Sampling

27.2 - 34.5
22.7 - 61.6

Wang
2001

Fruits & vegetables

Interviews

15 - 35

Feng 2001

&

Bagshaw

Table 12. Postharvest losses of vegetables in Northern Thailand based on sampling at the collection
center
Range of Losses (%)
Vegetable

due to:
Bruises

due to:
Pests
Disorders

Total % Losses

Head lettuce

21.3 – 27.4

20.7 – 40.1

48 - 61

Leaf lettuce

23.3 – 30.0

19.5 – 35.9

50 - 60

Spinach

17.5 – 24.8

17.6 – 30.0

35 – 52

Cabbage

13.8 – 19.2

10.9 -18.5

28 – 32

Celery

21.9 – 24.5

17.5 – 35.9

42 - 58

&

Source: Boonyakiat, 1999

Conclusions and Recommendations
Our literature reviews have uncovered a range of information on postharvest losses, but identified many
more information gaps, in terms of regions, countries, crops and loss characteristics (whether
quantitative, qualitative or economic). While we recommend that any missing data be collected by
scientists and graduate students working in the field of postharvest technology, and that existing loss
data be updated, the assessment methods utilized for data collection and data analyses must be better
standardized so that the baseline results can be interpreted, compared to future measurements and
therefore be more useful for supporting local, national and regional efforts to reduce postharvest losses.
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The basis for loss measurement can be monetary loss or unit loss (Bell et al, 1999; LaGra 1990; Kantor
et al, 1997). Monetary loss depends upon market prices, and unit loss can be measured as changes in
numbers of items or as weight loss percentages.
One advantage of monetary loss measurement is the characterization of the accumulated costs of a
commodity.
Losses expressed in monetary terms should increase at each and every step in the
postharvest handling chain, up until the commodity is consumed. It is reasonable to assume that the
economic value of a commodity, as represented by price per kg, would probably be a true measure of
costs as averaged over a period of years. Prices at any one time and place, however, will vary with
supply and demand, various governmental support programs, and other market factors. Monetary losses
are one of the key factors that can lead people to seek advice and make investments in postharvest
technologies that can help to reduce losses.
Unit loss measurements characterize losses of a commodity expressed by the percentage of units or a
percentage loss of weight. Often loss is counted after the unit is considered unfit for human
consumption, and is being discarded. Some problems with unit loss measurements include the
following:
1) The point at which a commodity becomes inedible often depends upon the social-economic level of
the consumers and/or on local cultural preferences.
2) Reduction of quality, condition, or appearance might involve serious monetary losses but would not
be reflected in the data as long as the produce was consumed.
3) Diversion of produce to a secondary or salvage market might represent a real loss in monetary terms,
but would not be considered a loss by this method because it would be consumed.
4) Moisture loss is an important factor in quality and consumer acceptability of fresh fruits and
vegetables. Such loss of acceptability would be measured as a unit loss only if dehydration was so
severe as to render the commodity unfit for human consumption.
There is simply no “easy” way to measure postharvest food losses. Since fruits and vegetables are
handled by many people, sometimes over a long period of time, produce samples may be examined for
loss at convenient points in the distribution chain. Many past measurements have targeted postharvest
losses occurring on the farm (at harvest), in the packinghouse, after storage, and at wholesale and retail
markets. Differences in pack-out commodity weight and the weight upon entering the packinghouse is
the loss due to cullage. Likely included as culls are small sizes, immature and over-mature or over-ripe
produce, and variously damaged or defective (deformed, hail or frost damaged, etc.) units. Culls are a
postharvest loss unless there was an available alternate use or secondary market. For example, if culled
fruits were processed to jams or candies, further measurements would be required to determine the
extent to which losses in the processed products occurred. If long-term storage is involved in the value
chain, postharvest loss sampling may occur as packed produce is removed from cold or dry storage to be
loaded into transit vehicles. Measurements of weight are commonly made before and after
transportation, so weight loss can usually be determined in distribution centers or upon arrival at retail
stores.
The UN FAO SAVE FOOD Initiative is developing a methodology for measuring postharvest losses
that includes screening (literature reviews and key informant interviews), surveys (estimates and
observations), sampling (measurements) and synthesis. This methodology is known as the 4 S
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Approach, and combines many of the types of data collection methods that were used for the postharvest
loss assessments we have reviewed for this white paper. The initial case study for the 4 S Approach
was on postharvest losses in fish (Diei-Ouadi and Magwe, 2011), but case studies on horticultural crops
have been completed in Kenya (SAVE FOOD 2014) and are currently underway in Cameroon, Rwanda,
Uganda, India and Indonesia. The results are being synthesized and a series of reports on critical loss
points and potential solutions will soon be published by the UN FAO. In October 2015, ADMI will host
the 1st International Congress on Postharvest Loss Prevention in Rome, which will include a
professional session on measuring postharvest losses. In addition, the World Resources Institute is
developing a global reporting protocol that will allow countries to standardize data on food losses and
share results on a more regular basis.
(http://www.wri.org/sites/default/files/uploads/2014_FLW_Protocol_Overview_Dec.pdf).
When these loss assessment methodologies and protocols have been more fully developed, The
Postharvest Education Foundation will provide further guidance via a follow-up white paper on
recommended postharvest loss assessment and reporting methods.

Acknowledgments
Thank you to Drs. Hala Chahine-Tsouvalakis, Farbod Youssefi, Sunil Saran, S. K. Roy, Marita Cantwell
and Kerstin Hell for their contributions to the original literature searches during 2009-10. With their
kind assistance we were able to access postharvest loss assessment documents and project reports
written in English, French, Spanish, Arabic and Hindi.
Dr. Adel A. Kader was instrumental in developing the outline for the first draft of this review and was
actively working with Lisa Kitinoja on gathering references and writing the original manuscript for a
PEF white paper when he passed away in December 2012. As one of the founding members of The
Postharvest Education Foundation, Dr. Kader is deeply respected and missed by the global community
of postharvest research, education and outreach professionals.
Databases
AidData [Online]. http://aida.developmentgateway.org/
USAID, Documents [Online]. http://dec.usaid.gov/
World Bank, Projects and Operations [Online].
http://web.worldbank.org/WBSITE/EXTERNAL/PROJECTS/
UN FAO, INPhO [Online]. http://www.fao.org/inpho/
DEVEX, [Online]. http://www.devex.com/

20

References
AFFOGNON, H. et al. Unpacking postharvest losses in Sub-Saharan Africa: A Meta-analysis
World Development Vol. 66, pp. 49–68, 2015
AJAY, V. and K.P. Singh. 2004. Postharvest loss of vegetables: a study. Haryana-J. Hort.-Sci. 33(1/2):
152-153.
AJAY, V.; K.P. Singh, and K. Avnish. 2003. Postharvest losses of vegetables: an assessment. AnnalsAgric.-Res. 24(4): 815-818.
AL-KAHTANI, S. H. and A. M. Kaleefah. 2011. Postharvest Technology impact on marketing loss and
economic resources losses for important vegetables and fruit crops in Saudi Arabia. A technical project
summary funded by King Abdul-Aziz city for science and technology, titled: Agricultural marketing in
Kingdom of Saudi Arabia: Current situation, challenges, and solutions.
ARAUZ, L.F., A. Wang, J.A. Duran, M. Monterrey. 1994. Causas de pérdidas poscosecha de mango a
nivel mayorista en Costa Rica (Factors causing postharvest losses of mango fruit at central distribution
market in Costa Rica). Agronomia Costarricense, 18, 47 – 51.
BAEZ-SANUDO, R., A. Rodriguez-Felix, J.H. Siller, E. Bringas-Taddei, M.A. Baez, G. CamarenaGomez, and R. Martinez-Antunez. 1994. Habitos de compra, consume y perdidas de mango a nivel
consumidor (Purchasing habits, consumption and loss of mango at the consumer level). Proc. Interamer.
Soc. Trop. Hort. 38:28-31.
BANCROFT, R. et al. 1998. The marketing system for fresh yams in Techiman, Ghana and associated
postharvest losses. Tropical Agriculture 75(1/2):115-119.
BANI, R.J., M.N. Josiah, and E.Y. Kra. 2006. Postharvest losses of tomatoes in transit. AMA,
Agricultural Mechanization in Asia, Africa and Latin America 37 (2):84-86.
BELL, A., F. Mazaud, and O. Muck. 1999. Guidelines for the analysis of post-production systems.
FAO, Rome, Italy and GTZ, Eschborn, Germany, 102 pp.
BLOND, R.D. (editor). 1984. The Agricultural Development Systems Project in Egypt, pp.42-48 (Fruit
and Vegetable Postharvest Losses) and pp.190-194 (Economic Evaluation of Postharvest
Losses).University of California, Davis.
BOONYAKIAT, D. 1999. Postharvest losses of highland vegetables in Thailand. Acta Hort. 483:251254.
BRENNAN, P. S. and Shewfelt, R. L. 1989. Effect of cooling delay at harvest on broccoli quality
during postharvest storage. Journal of Food Quality, 12: 13–22.
CAPPELLINI, R.A. and M.J. Ceponis. 1984. Postharvest losses in fresh fruits and vegetables. In: H.E.
Moline (ed.), Postharvest pathology of fruits and vegetables: postharvest losses in perishable crops.
Univ. Calif. Bull. 1914, pp. 24-30.

21

CEPONIS, M.J. and J.E. Butterfield. 1973. The nature and extent of retail and consumer losses in
apples, oranges, lettuce, peaches, strawberries, and potatoes marketed in greater New York. USDA
Mktg. Res. Rpt. No. 996, 23 p.
CHAUGULE, R.R., S.R. Bhonde, and U.B. Pandey. 2004. Assessment of postharvest losses in onion.
News-Letter-National-Horticultural-Research-and-Development-Foundation 24(1): 11-16.
CHOUDHURY,-M-M and T.S. da Costa. 2004. Perdas na cadeia de comercializacao da manga(Losses
in the commercialization network of mango). Documentos-da-Embrapa-Semi-Arido 186, 41 pp.
DIEI-OUADI, Y. and Y. I. Mgawe. 2011. Post-harvest fish loss assessment in small-scale fisheries.
FAO Fisheries and Aquaculture Technical Paper 559. Rome: FAO. 93pp.
EL-ASSI, N. 2002. Postharvest losses of peppers and squashes produced for local markets in Jordan.
Mutah Lil-Buhuth Wad-Dirasat 17:35-45 (in Arabic).
ELSHAZLY, F.A. et al. 2009. A study of losses in some important agricultural crops. Unpublished
report of the Agricultural Economics Research Institute, Ministry of Agriculture and Land Reclamation,
Giza, Egypt, 177 pp. (in Arabic).
FEHR, M. and D.C. Romao. 2001. Measurement of fruit and vegetable losses in Brazil- A case study.
Environment, Development and Sustainability 3:253-263.
FENG,-S-Q. 2001. Problems and countermeasures in postharvest handling of fruits and vegetables in
China.
Postharvest-handling-of-fresh-vegetables, in: Proceedings-of-a-workshop-held-in-Beijing,China,-9-11-May-2001. ACIAR Proceedings No.105. pp. 8-11.
GAJBHIYE,-D-T, N.N. Kukade,-N.T. Bagde,-and A.L. Burade. 2008. An economic analysis of postharvest losses of selected vegetables in Nagpur district. J. Soils-& Crops 18(2): 469-472.
GAURAHA, A K. 1999. An estimation of post-harvest losses in vegetable crops. AgriculturalMarketing 41(4): 9-13.
GEORGE, J. B. and B.M. Mwangangi. 1994. Some factors affecting banana storage and ripening: a
case study of banana handling and ripening in Kenya. Acta-Hort. 368: 628-633.
GUSTAVSSON, J., C. Cederberg, U. Sonesson, R. vanOtterdijk, and A. Meybeck. 2011. Global food
losses and food waste extent, causes and prevention. FAO Report for INTERPACK, FAO, Rome, 38pp.
HLPE. 2014. Food losses and waste in the context of sustainable food systems. June 2014.
IITA. 2008. Pertes Post-récoltes de Légumes Frais dans le Sud du Bénin (Piments, Laitues et Tomates).
74 pp. (in French)
JOWKAR, M. M., H. Mohammadpour, Z. Farshadfar and A. Jowkar. 2005. A look at postharvest in
Iran. Acta Hort. 682:2177-2182.
KAMRUL HASSAN, M. et al 2010. Post Harvest Loss Assessment: A Study to Formulate Policy for
Loss Reduction of Fruits and Vegetables and Socioeconomic Uplift of the Stakeholders USAID Report.
(Bangladesh).
22

KANTOR, L.S., K. Lipton, A. Manchester and V. Oliveira. 1997. Estimating and addressing America’s
food losses. Food Review 20:3-11.
KITINOJA, L. and Al Hassan, H. A. (2012). Identification of Appropriate Postharvest Technologies for
Improving Market Access and Incomes for Small Horticultural Farmers in Sub-Saharan Africa and
South Asia. Part 1: Postharvest Losses and Quality Assessments. Acta Hort (IHC 2010) 934: 31-40.
KITINOJA, L. and Cantwell, M. 2010. Identification of Appropriate Postharvest Technologies for
Improving Market Access and Incomes for Small Horticultural Farmers in Sub-Saharan Africa and
South Asia.
WFLO Grant Final Report to the Bill & Melinda Gates Foundation.
http://ucanr.edu/datastoreFiles/234-1848.pdf (slide deck)
KUMAR,-D-K; H. Basavaraja,-and S.B. Mahajanshetti. 2006. An economic analysis of post-harvest
losses in vegetables in Karnataka. Indian-J.Agric.-Econ. 61(1): 134-146.
KUMAR,-N-R, N.K. Pandey, P.S. Dahiya, R.K. and P. Arun-. 2004. Postharvest losses of potato in
West Bengal: an economic analysis. Potato J. 31(3/4): 213-216.
LAGRA, J. 1990. A commodity systems assessment methodology for problem and project
identification. Postharvest Institute for Perishables, University of Idaho - Moscow, Idaho.
LIPINSKI, B., Hanson, C., Lomax, J., Kitinoja, L., Waite, R., and T. Searchinger (2013). Creating a
sustainable food future- reducing food loss and waste. World Resources Institute. WRI Working Paper
39p.
MALIK, A.U. and M.S. Mazhar. 2008. Evaluation of postharvest losses in mango. Report to the
Australian Center for International Agricultural Research, 8pp.
MOLLA, M.M. et al. 2010. Survey on postharvest practices and losses of litchi in selected areas of
Bangladesh. Bangladesh J. Agril. Res. 35(3) : 439-451, September 2010
MUJIB-UR-REHMAN, -Naushad-Khan, and Inayatullah-Jan. 2007. Postharvest losses in tomato crop
(a case of Peshawar valley). Sarhad J. Agric. 23(4): 1279-1284.
MUSHTAQ, K, M.S. Javed, and A. Bari. 2005. Postharvest losses in mango: the case of Pakistani
Punjab.
Proceedings-of-the-International-Conference-on-Postharvest-Technology-and-QualityManagement-in-Arid-Tropics,-Sultanate-of-Oman,-31-January-2-February,-2005; pp89-94.
NATIONAL ACADEMY OF SCIENCES. 1978. Postharvest food losses in developing countries. Board
on Science & Technology for International Development, NAS, Washington, D.C., 202 p.
NDUNGURU, G.T., A. Westby, A. Gidamis, K.I. Tomlins, and E. Rwiza. 2000. Losses in sweetpotato
quality during post-harvest handling in Tanzania. African Potato Assoc. conf. Proc. Vol. 5, pp. 477-479.
OKAH, R.N. 1997. Economic evaluation of losses in yams stored in traditional barns. Trop. Sci. 38:125127.
OHIOKPEHAI, O., L. Opara, H. Kinyua, K. Kamau and L. A. Wasilwa. 2009. Value-adding and
marketing food and horticultural crops in sub Saharan Africa: importance, challenges and opportunities.
23

OLAYEMI, F.F. et al. 2010. Assessment of post-harvest challenges of small-scale farm holders of
tomatoes, bell pepper and hot pepper in some local government areas of Kano State, Nigeria. Bayero
Journal of Pure and Applied Sciences, 3(2): 39 – 42.
OPARA, L. U. 2003. Postharvest losses at the fresh produce retail chain in the Sultanate of Oman.
Australian-postharvest-horticulture-conference,-Brisbane,-Australia,-1-3-October,-2003, pp 248-249
(abstract).
PAL, S., M.K. Khan, G.R. Sahoo, and N. Sahoo. 2002. Post-harvest losses on tomato, cabbage and
cauliflower. Agric. Mech. Asia, Africa and Latin America 33:35-40.
PANDEY,-N-K, P.S. Dahiya, K. Anshuman and N.R. Kumar. 2003. Marketing and assessment of postharvest losses in potato in Bihar. J. -Indian-Potato-Assoc. 30(3/4): 309-314.
PRUSSIA, S.E., Jordan, J.O., Shewfelt, R.O., Beverley, R.B. 1986. A systems approach for
interdisciplinary research on horticultural crops. Georgia Agric. Exp. Station Research Report No. 514.
Athens, GA, USA.
REES, D. et al. 2001. Effect of damage on market value and shelf life of sweetpotato in urban markets
of Tanzania. Tropical Science 41(3):1-9.
ROY, S.K. 1993. Research achievements (October 1985 – March 1991) of Indo-USAID subproject on
postharvest technology of fruits and vegetables. Indian Council of Agricultural Research, New Delhi,
India.
RUPASINGHE, H.P.V. et al 1991. A case study on identification and assessment of postharvest losses
of tomato. University College, NW Province (Sri Lanka).
SAVE FOOD, 2014. Food Loss Assessments: causes and solutions. Kenya case studies (Bananas).
SHARMA,-R-L, Manju-Choudhary; and Arti-Shukla. 2005. Post-harvest losses of bell pepper and
tomato fruits in Himachal Pradesh. Integrated-plant-disease-management-Challenging-problems-inhorticultural-and-forest-pathology,-Solan,-India,-14-to-15-November-2003; pp173-177.
TADESSE, F. 1991. Post-harvest losses of fruits and vegetables in horticultural state farms. Acta Hort.
270:261-270.
TOMLINS, K.I., G.T. Ndunguru, E. Rwiza, and A. Westby. 2000. Postharvest handling, transport and
quality of sweet potato in Tanzania J. Hort. Biotechnol. 75:586-590.
TOMLINS, K.I., et al. 2007. On-farm evaluation of storing fresh sweetpotato roots in East Africa.
Tropical Science 47(4):197-210.
TROGER, K., O. Henselb and A. Bürkert. 2007. Conservation of Onion and Tomato in Niger Assessment of Post-Harvest Losses and Drying Methods. Tropentag 2007 University of KasselWitzenhausen and University of Göttingen, October 9-11, 2007. Conference on International
Agricultural Research for Development

24

UDAS, S., B.K. Rai, P.P. Khatiwada, M. Gurung, and R. Thapa. 2005. Assessment of postharvest
handling systems of vegetables in the Eastern Hills of Nepal. Acta Hort. 682:2191-2197.
UNDERHILL, S.J.R. and S. Kumar. 2014. Quantifying horticulture postharvest wastage in three
municipal fruit and vegetable markets in Fiji. Int’l J. Postharvest Technology and Innovation, Vol. 4,
Nos. 2/3/4, 2014.
VAYSSIERES, J., S. Korie, O. Coulibaly, L. Temple, and S.P. Boueyi. 2008. The mango tree in central
and northern Benin: Cultivar inventory, yield assessment, infested stages and loss due to fruit flies
(diptera tephritidae). Fruits, 63:335-348.
VILELA, N.J., M.M. Lana, E.F.do Nascimento, and N. Makishima. 2003. Perdas na comercializacao de
hortalicas em uma rede varejista do Distrito Federal (Losses in the commercialization of vegetables in a
retail network of the Federal District, Brazil). Cadernos de Ciencia and Tecnologia. 20(3): 521-541.
WADHWANI, M K and T.S. Bhogal. 2003. Economics of production, post-harvest management and
price behaviour of cole crops in western U.P. - an empirical analysis. Agricultural-Marketing. 46(1):
10-20.
WANG, X. and J.S. Bagshaw. 2001. Postharvest handling systems assessment of pak choi and Chinese
cabbage in Eastern-central China. Postharvest-handling-of-fresh-vegetables-Proceedings-of-aworkshop-held-in-Beijing,-China,-9-11-May-2001. ACIAR Proceedings No.105. pp. 22-25.
WASALA, W.M.C.B. et al. 2014. Postharvest Losses, Current Issues and Demand for Postharvest
Technologies for Loss Management in the Main Banana Supply Chains in Sri Lanka. Journal of
Postharvest Technology 02 (01): 080-087, January’ 2014.
WEINBERGER, K., C. Genova II, and A. Acedo. 2008. Quantifying postharvest loss in vegetables
along the supply chain in Vietnam, Cambodia and Laos. Int. J. Postharv. Technol. Innov. 1: 288-297.
WFLO. 2010. Identification of Appropriate Postharvest Technologies for Improving Market Access and
Incomes for Small Horticultural Farmers in Sub-Saharan Africa and South Asia. WFLO Grant Final
Report to the Bill & Melinda Gates Foundation, March 2010. 318 pp.
ZACCARI, F., J. and A. Bianchi. 1995. Evaluation of postharvest losses of sweet onion (Allium cepa
L.) cultivar Granex 33 harvested in the south of Uruguay for export to the USA (1993-1994).
(Evaluacion de las perdidas en poscosecha de cebolla dulce (Allium cepa L.) cultivar Granex 33
cosechadas en el sur de Uruguay con destino de exportacion a Estados Unidos de America ,1993-1994).
Harvest-and-postharvest-technologies-for-fresh-fruits-and-vegetables ASAE Conference Proceedings;
pp 414-420.
ZHENG, S., L. Wu, G. L. Gao and P. Wu. 2001. Assessment of Postharvest handling systems for
vegetables in Beijing. Postharvest-handling-of-fresh-vegetables-Proceedings-of-a-workshop-held-inBeijing,-China,-9-11-May-2001. ACIAR Proceedings No.105. pp. 17-21.
ZULFIQAR, M., D.Khan, and M. Bashir. 2005. An assessment of marketing margins and physical
losses at different stages of marketing channels for selected vegetable crops of Peshawar Valley. J.
Appl. Sci. 5(9): 1528-1532.
25

The Postharvest Education Foundation
2015-2016 Board of Directors

Lisa Kitinoja, President
Patrick D. Brown, Vice President
Deirdre Holcroft, Secretary
Devon Zagory
Diane M. Barrett
Hala Chahine-Tsouvalakis
Lizanne Wheeler

Copyright 2015 © The Postharvest Education Foundation
ISBN 978-1-62027-006-6

26

