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SUMMARY

Postharvest loss and waste (often referred to as wastage) is a global problem affecting
all produce along the supply chain from farm to plate. These losses not only decrease
food supply but also mean that huge amounts of the resources and effort used in the
production of horticultural crops are squandered. From an economic perspective,
addressing postharvest losses is not only helpful to producers aiming to sell more, but
also to consumers who could save money as the available food becomes more
affordable. To date, there is little scientific data available on the incidence and

magnitude of postharvest losses of fruit and other food crops in South Africa.

The aims of this study were to assess postharvest losses in quantity and quality of
‘Crimson Seedless’ table grape and ‘Packham’s Triumph’ pear along the supply chain
and quantify the associated economic, environmental and resource impacts in order

to inform mitigating actions.

The base measurement for table grape losses occurred in the packhouses of four
farms in the Western Cape during the commercial harvest. The highest quantity (%) of
physical losses in the supply chain was found to occur at this level when compared to
the cold storage (2 or 4 weeks at -0.3°C + 0.7°C and 81.3% + 4.1% RH), retail (10
days at 5.4°C + 0.6°C and 83.7% + 2.9% RH) and consumer/home (ambient) storage
(25.1 + 1.3°C and 46.6 + 6.0% RH) stages. There were large differences between the
2017 and 2018 seasons, with the 2018 season’s losses being half that of the first. The
main reason for losses at the packhouse level was mechanical damage (7.1% in 2017
and 3.09% in 2018) due to rough handling of crates and could be improved by making
workers more aware of the necessity to handle crates with care. Harvest timing is also
essential, as delayed harvesting reduces shelf life and increases postharvest losses,
as evidenced by this research. The farm that sustained the highest losses in 2017
(23.3%) harvested later than was optimal, and therefore, the bunches stayed on the
vines too long. In 2018 the harvest occurred two weeks earlier than in 2017, and the
grapes were in better condition leading to fewer losses on farm level (5.85%).

Among all supply chain scenarios, the main quality problem was rachis and stem
browning at temperatures higher than -0.5°C. This caused berries to drop faster and

bunches to look less fresh, as well as causing bunches to weigh less when sold. While
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500 g and 1 kg punnets are routinely kept at around 5°C at the retail level, during peak
season 4.5-10 kg cartons are often stacked on the floor under ambient conditions.
Therefore, the table grapes would have a maximum shelf life of seven days before the
stems have browned and too many berries per bunch are decayed to sell. Therefore,
itis advisable to keep cartons at -0.5°C and high RH and only place bunches in punnets

in 5°C display fridges as the stock sells.

The base measurement for losses of pear occurred in the orchard of two farms in the
Western Cape during commercial harvest. It was found that 18% of the harvest on the
one farm and 19% of the harvest on the other, did not reach the minimum quality
standards. The main reasons were deformed fruit and too small size. The only decay,
among all supply chain scenarios, occurred when pears were kept under ambient
conditions (25.1 + 1.3°C, 46.6 + 6.0% RH) where 3.3% were decayed after seven days
and 6.6% after 10 days. The majority of physical losses were due to weight loss with
a 3.9%, 3.6 and 3.7% decrease in weight for supply chain Scenario B (to local retail
markets), supply chain Scenario C (to export retail markets) and supply chain Scenario

D (simulated ‘abusive’ treatment of fruit within the export chain) respectively.

Of the data gaps in the existing knowledge on global food loss and waste, the largest
gap is the lack of available data on postharvest losses, retail and household level
(shelf-life) food waste data. Therefore, this study contributed to the advancement of
new knowledge by generating primary data on postharvest quantity and quality losses

along the supply chain to manage the food loss and waste problem better.
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OPSOMMING

Na-oes verliese en vermorsing is 'n wéreldwye probleem wat alle produkte in die
voorsieningskettings van plaas tot bord beinvioed. Hierdie verliese verminder nie net
die voedselvoorraad nie, maar beteken ook dat groot hoeveelhede van die hulpbronne
en moeite wat in die produksie van tuinbougewasse gebruik word, vermors word.
Vanuit 'n ekonomiese oogpunt is die vermindering van na-oesverliese nie net nuttig vir
produsente wat meer wil verkoop nie, maar ook vir verbruikers wat geld kan bespaar
namate die beskikbare voedsel meer bekostighaar word. Tot op hede is daar min
wetenskaplike data beskikbaar oor die voorkoms en omvang van na-oesverliese van

vrugte en ander voedselgewasse in Suid-Afrika.

Die doel van hierdie studie was om na-oes verliese in hoeveelheid en kwaliteit van
druiwe 'Crimson Seedless' en pere 'Packham’s Triumph' deur die verskaffingsketting
te meet en die gepaardgaande ekonomiese, omgewings- en hulpbronimpakte te

bereken om ingeligte besluite te kan maak wat na-oesverliese verminder.

Die basismeting vir tafeldruifverliese het tydens die kommersiéle oes in die pakhuise
van vier plase in die Wes -Kaap plaasgevind. Die grootste hoeveelheid (%) fisiese
verliese in die voorsieningsketting het op hierdie stadium voorgekom in vergelyking
met die verkoelde opberging (2 of 4 weke by -0.3°C + 0.7°C en 81.3% + 4.1% RH),
kleinhandel (10 dae by 5.4°C +0.6°C en 83.7% + 2.9% RH) en verbruiker (25.1 + 1.3°C
en 46.6 £ 6.0% RH) stadiums. Daar was groot verskille tussen die 2017- en 2018-
seisoene met 2018 se verliese die helfte van die gedurende die 2017-seisoen. Die
hoofrede vir verliese op pakhuisvlak was meganiese skade (7.1% in 2017 en 3.09% in
2018) as gevolg van rowwe hantering van kratte en kan verbeter word deur werkers
meer bewus te maak van die noodsaaklikheid om kratte versigtig te hanteer.
Oestydsberekening is ook noodsaaklik, aangesien vertraagde oes raklewe verminder
en lei tot verhoogde na-oes verlies soos bewys deur hierdie navorsing. Die plaas wat
die hoogste verliese in 2017 gely het (23.3%) het later as optimaal geoes en die trosse
het dus te lank aan die stokke gebly. In 2018 het die oes twee weke vroeér as in 2017
plaasgevind, en die druiwe was in 'n beter toestand wat gelei het tot minder verliese
op plaasviak (5.85%). Die belangrikste kwaliteitsprobleem was rachis en stingel
verbruining by temperature hoér as -0,5°C. Dit het veroorsaak dat bessies vinniger val

en dat trosse minder vars lyk, asook dat trosse minder weeg as hulle verkoop word.

Vi
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Terwyl 500 g of 1 kg plastiek bakkies gereeld by ongeveer 5°C op kleinhandelviak
gehou word, word 4,5 —10 kg kartonne dikwels op die vloer gestapel tydens piek
seisoen by kamer temperatuur en humiditeit. Die tafeldruiwe sou dus 'n maksimum
rakleeftyd van sewe dae hé voordat die stingels verbruin en te veel bessies per tros
vrot om te verkoop. Dit word dus aanbeveel dat kartonne by -0,5°C en hoé RH gehou
word en trosse slegs in bakkies in 5°C yskaste geplaas word soos die voorraad

verkoop.

Die basismeting vir verliese van pere het tydens die kommersiéle oes in die boord van
twee plase in die Wes-Kaap plaasgevind. Daar is gevind dat 18% van die oes op die
een plaas en 19% van die oes op die ander plaas nie die minimum kwaliteitstandaarde
bereik het nie. Die hoofredes was misvormde en te klein vrugte. Die enigste bederf,
onder alle voorsieningskettingscenario's, het plaasgevind toe pere by kamer-
temperatuur en humiditeit (25.1 + 1.3°C, 46.6 £ 6.0% RH) gestoor is waar 3.3% na 7
dae en 6.6% na 10 dae bederf het. Die meerderheid fisiese verliese was as gevolg van
gewigsverlies met 'n 3.9%, 3.6 en 3.7% afname in gewig vir voorsieningsketting
Scenario B (na plaaslike kleinhandelmarkte), voorsieningsketting Scenario C (om
kleinhandelmarkte uit te voer) en voorsieningsketting Scenario D (gesimuleerde swak

hantering van vrugte in die uitvoerketting) onderskeidelik.

Die grootste gaping in die bestaande kennis oor wéreldwye voedselverliese en
vermorsing, is die gebrek aan beskikbare data oor na-oesverliese, kleinhandel- en
huishoudelike vlak (rakleeftyd). Hierdie studie het dus ten doel gehad om nuwe kennis
by te dra deur primére data oor na-oesvelies hoeveelheid en kwaliteitverliese in die
voorsieningsketting te genereer om sodoende die voedselverlies- en afvalprobleem

beter te bestuur.

Vii
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CHAPTER 1
GENERAL INTRODUCTION AND OBJECTIVES

1. Background

High incidence of postharvest loss has been identified as one of the major global
challenges of the 215t century as efforts increase to reduce hunger, improve food
security, and use natural resources sustainably. Various international organizations
conducting research, under the auspices of the Food and Agriculture Organization of
the United Nations (FAO), indicated that a third of all food produced globally and almost
half of all fruit and vegetables are never consumed (Porat et al., 2018).

In addition, lost and wasted produce consume a quarter of all the water used by
agriculture annually, requires farmland area the size of China, and generates an
estimated 8% of global greenhouse gas emissions. In effect, if lost and wasted food
were a country, it would be the third largest greenhouse gas emitter after China and
the United States (Smil, 2004; Parfitt et al., 2010; FLW Protocol, 2016).

The issue of postharvest loss prevention has become very important globally.
Reducing postharvest loss is more cost effective and less time consuming than
strategies to increase production. Therefore, instead of putting all efforts into
increasing food production, reducing the inefficiencies that exist throughout our supply
chains will significantly increase food availability and security while also promoting
environmental sustainability (FAO, 2011; Shafiee-Jood and Cai, 2016; Munhuweyi et
al., 2016).

Clear knowledge of the magnitude of postharvest losses and identifying the causes
are a crucial first step without which it is impossible to monitor the results of mitigating
actions or policy changes. This knowledge is also essential in order to determine how
to control and reduce losses over time and space (Kafa and Jaegler, 2021). The past
decades have seen a growing body of literature on the quantification of postharvest
losses across supply chains at global, regional, and national levels. Yet, despite these
increased efforts, several researchers have highlighted concerns on contradictions and
the absence of data, calling for more research (Rutten, 2013; Affognon et al., 2015;
Xue et al., 2017).
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Measuring postharvest losses and food waste is complex and highly variable
depending on the country being considered, which commodity is investigated, the
circumstances under which the food is being handled, and the length of time the food
is stored (Kitinoja and Kader, 2015). At whatever level of precision postharvest fruit
loss is defined, the value will be specific to that time and location (Matare, 2012). Itis,
therefore, important that research generate accurate data for a specific food product,

such as fruit, for a particular region and that these efforts continue over time.

Fruit production and export marketing is a major contributor to the South African
economy through the supply of nutrients, employment, and income. Many rural
communities in South Africa, such as in the Western Province, depend largely on fruit
production, processing, and trade. While it is estimated that fruit and vegetables
account for around 47% of the overall postharvest loss in South Africa, that figure does
not include losses at the primary production level (Oelofse and Nahman, 2013). Part
of the problem lies in sourcing operational data from stakeholders. In addition, the
competitive nature of the industry also negatively influences the sharing of information,

including the incidence of losses (Louw, 2017).

This study will therefore focus on measuring postharvest losses in quantity and quality
of table grape (cv. Crimson Seedless) and pear (cv. Packham’s Triumph) along the
supply chain in the Western Cape Province of South Africa and calculate the

associated economic, environmental and resource impacts thereof.

2. Aim and Specific objectives
2.1. Research Aim

This dissertation aimed to provide the first scientific measurement of postharvest loss

of fruit along the supply chain in South Africa.

2.2. Specific Objectives

The specific objectives of this study were to:

a) Analyse farm packhouse data in order to compare it with direct sampling data
of losses and determine whether the farm data is accurate or whether losses

may be greater than perceived by industry.
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b) Measure postharvest losses in quantity and quality of ‘Crimson Seedless’ table
grapes at packhouse level, after two weeks of cold storage for the local markets
and four weeks cold storage for the international markets followed by 10 days
under retail conditions and shelf life of 3, 7 and 10 days.

c) Measure postharvest losses in quantity and quality of ‘Packham’s Triumph’
pears at orchard level, after two weeks of cold storage for the local markets and
four weeks cold storage for the international markets followed by 10 days under
retail conditions and shelf life of 3, 7 and 10 days.

d) Quantify the impacts of these losses in terms of economic, environmental and

resource costs.

3. Thesis structure

This dissertation is structured into five (5) chapters, each addressing a research focus.

Chapter 1 provides a brief background and discusses the research aims and

objectives (General introduction).

Chapter 2 is a literature review, which provides an overview of the causes of
postharvest losses in fruit, sites where these losses occur, different methods for
assessing postharvest losses of fruit, the magnitude of postharvest losses of fruit, as
well as the economic and environmental impacts thereof. It is clear from the literature
review that there is a dearth of information on scientifically measured losses of fruit
through direct sampling, especially studies that start at farm level and continue along

the supply chain.

Chapter 3 is a case study of the magnitude of postharvest fruit loss of apples, pears
and grapes using historical data provided by eight farms in the Western Cape, South
Africa. The data was analysed to evaluate the differences between cultivars and
between fruit types. This provided insight into the differences between what farm

records state they lose and what is measured through direct sampling.

In Chapter 4, the incidence of postharvest losses in quantity and quality of table grape
(cv. Crimson Seedless) along the supply chain and the associated economic,
environmental and resource impacts were assessed. The base measurement for

losses at harvest occurred in the packhouse on each farm after the bunches were

3
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trimmed for packaging and the resulting berries sorted into categories based on the
reason for being cut from the bunch, 1) berry too green in colour, 2) mechanical
damage or 3) decayed. It was quantified as the weight of the berries removed as a
percentage of the original weight of the bunches before trimming. At each evaluation
date thereafter, physical losses were quantified as the decrease in bunch weight and
the amount lost due to decay or SO2 damage expressed as a percentage of the initial
berry numbers per bunch. The data was collected over two seasons and the
differences between seasons illustrate how variable these losses can be and why

ongoing measurements are important.

Chapter 5 aimed to measure postharvest losses in quantity and quality of pear (cv.
Packham’s Triumph) along the supply chain and the economic, environmental, and
resource impacts. In order to achieve this, farm level losses were measured in the
orchards by inspecting full picking bags and quantifying the percentage that would be
discarded due to defects or too small size. Thereafter, physical losses were quantified
as the decrease in fruit weight as well as the amount lost due to decay. Changes in

guality parameters were also measured at each evaluation time.

Chapter 6, the general discussion integrates the results of all the research chapters.
It also highlights the practical contribution of the studies to the South African
horticultural industry. In particular, it highlights how data obtained in this study can be
used by producers, sellers and policymakers to improve the postharvest handling of

‘Crimson Seedless’ table grape and ‘Packham’s Triumph’ pear.
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CHAPTER 2

LITERATURE REVIEW: QUANTIFYING THE MAGNITUDE AND IMPACT OF
POSTHARVEST LOSSES IN THE FRUIT SECTOR
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Abstract

A major challenge to global food security is postharvest losses. With rapidly growing

populations, especially in the poorest countries where food is already in short supply,

there is an increased urgency to do a better job of preserving humanity’s food supply.

Besides the loss of produce that impacts food security, postharvest losses also

represent wastage of natural resources used in production. When attempting to

mitigate this problem, it is important first to understand the causes. Causes may be

direct or indirect. Direct losses occur when the commodity disappears because of

spoilage or consumption by insects, rodents, and birds, whereas an indirect loss is the

lowering of the quality of the product to the extent that it draws a lower price or is
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rejected completely. Losses are also classified as primary or secondary. Primary
causes directly affect the produce, such as insects, microorganisms or mechanical
damage, while secondary causes include inadequate harvesting, packaging and
storage. Losses may occur anywhere along the value chain, from the point where the
fruit has been harvested up to the point of consumption. Different methods for
assessing postharvest loss exist. Estimates and surveys can be faster and cheaper
than sampling, but it is also less accurate. Due to their relative high perishability,
horticultural products are particularly vulnerable to postharvest losses. Postharvest
losses for a single commodity can vary by season, by country and by the data collection
method. South Africa produces vast volumes of fruit every year, yet; there is little
scientific data available on postharvest losses in South Africa. Further studies are
needed to track various fruits from harvest to consumer to provide more information
on handling procedures and the origin of defects associated with losses and

downgrading.

1. BACKGROUND

Postharvest loss is one of the most critical issues facing the sustainability of food
systems around the world. The Sustainable Development Goals (SDGs) announced
by the United Nations in 2015 highlighted the international community’s immense
concern to decrease postharvest loss between the farm and the plate in global supply
chains (Kafa and Jaegler, 2021). Feeding the growing world population, predicted to
reach 9.1 billion by 2050 sustainably and affordably, has become a dominant challenge
of the 21st century. With rapidly growing populations, especially in the poorest
countries where food is already in short supply, there is an increased urgency to do a
better job of preserving humanity’s food supply to alleviate hunger and malnutrition
(Hodges et al., 2011; FAO, 2013). The UN Food and Agriculture Organization (FAO)
estimates that to feed the growing world population by 2050 sustainably will require a
70% increase in food production. However, the FAO also reports that a massive one-
third of the edible portions of the food produced globally is lost or wasted along the
way from farm to plate, which amounts to about 1.3 billion tonnes per year, with 38%
of the volume consisting of fruit and vegetables (FAO, 2013; Statista, 2019).

Furthermore, postharvest losses mean that huge amounts of the resources used in
food production are squandered (FAO, 2013; FLW protocol, 2016; Statista, 2019). Itis
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indeed disturbing to note the amount of effort and resources being dedicated to the
cultivation of the plant, including inputs of labour, irrigation, fertilisation, and crop
protection, only to be wasted soon after harvest. Minimising the loss of fresh fruit will,
therefore, not only increase our food supply without any new inputs, but will also reduce
the use of land, chemicals, energy and other inputs needed to produce horticultural
crops, thereby conserving natural resources and protecting the environment (Kader,
2005; Munhuweyi et al., 2016).

From an economic point of view, addressing postharvest losses are not only helpful to
producers aiming to sell more but also to consumers who could save money as the
available food becomes more affordable (Rutten, 2013). It is, therefore, very important
that improvement of postharvest chains receive as much attention as production
practices. The past decades have seen a growing body of literature on the
guantification of postharvest loss across supply chains at global, regional, and national
levels. Yet, despite these increased efforts, several researchers have highlighted
concerns on contradictions and the absence of data, calling for more research (Xue et
al.,, 2017). Quantifying postharvest loss is a crucial first step, without which it is
impossible to monitor the results of mitigating actions or policy changes. Knowing the
magnitude and causes of losses is also essential in determining how to control and

reduce losses over time and space (Kafa and Jaegler, 2021).

2. CAUSES OF POSTHARVEST LOSSES OF FRUIT — AN OVERVIEW

2.1 Definition of terms

Differing terms, scopes and definitions of postharvest losses have been employed in
research studies. Some of these terms include “postharvest loss” (PHL), “postharvest
food loss” (PHFL), “post-harvest loss and waste” (PHLAW) and “food loss and waste”
(FLW). Chaboud and Davrion (2017) provided an analysis of the numerous ways that
loss and waste are grouped with regards to timing, extent, terminology, criteria and
category by separate agencies and states, which showed that more consistency in

future data collection efforts is required (Kitinoja et al., 2018).

For the purposes of this review, the following definitions are used (de Lucia and
Assennato, 1994; Hodges et al., 2010; FAO, 2011; Chaboud and Davrion, 2017):
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‘POSTHARVEST’ implies after separation from the medium and site of immediate
growth or production of the food. Postharvest begins when the process of collecting or
separating food of edible quality from its site of immediate production has been
completed. The food need not be removed any great distance from the harvest site,
but it must be separated from the medium that produced it by a deliberate human act

with the intention of starting it on its way to consumption.

‘FOOD’ denotes the weight of wholesome edible material that would normally be
consumed by humans, measured on a moisture-free basis. Inedible portions such as

skins, stalks, leaves, and seeds are not food.

‘POSTHARVEST LOSS'’ refers to food products produced for human consumption
which have undergone a change in availability, wholesomeness or quality, rendering

them unfit for human consumption.

‘FOOD LOSS’ the decrease in quantity or quality of food resulting from decisions and
actions by food suppliers in the supply chain, excluding retailers, food service providers

and consumers.

‘FOOD WASTE' refers to the decrease in quantity or quality of food resulting from the

decisions and actions by retailers, food service providers and consumers.

2.2 Types of loss

Food losses may be direct or indirect. Direct losses occur when the commodity
disappears because of spoilage or consumption by insects, rodents, and birds,
whereas an indirect loss is the lowering of the quality of the product to the extent that
it draws a lower price or is rejected completely. If people consume the food, it is not
lost; if people for any reason do not consume it at all, then it is considered a postharvest
food loss. It is usual to describe postharvest losses in terms of loss in weight, but at
times it can be more helpful to consider the loss in economic terms or as a loss of
nutritional units. (Harris and Lindblad, 1978; Boxall, 2001; Hodges et al., 2014; Kumar
and Kalita, 2017). For example, there is a difference between 1 kg of beef lost or 1 kg
of lettuce lost. Beef contains more calories than lettuce when considered from a food

security perspective; however, beef production requires far more resources than
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lettuce production and will, therefore, have a larger impact on natural resource

conservation (Chaboud and Davrion, 2017).

2.3 Causes of losses

Postharvest losses can be quantitative (e.g., physical weight losses) and qualitative
(e.g., loss in edibility, nutritional quality, caloric value, consumer acceptability, etc.)
(World Bank et al., 2011). There are so many causes of loss in the postharvest food
chain that it helps classify them into two main groups, primary and secondary causes,

with sub-groupings.

2.3.1 Primary causes of loss
These are causes that directly affect the food. They may be classified further into the

following groups:

Biological

Insects, rodents, birds, monkeys and other animals cause weight losses through direct
consumption of the food and quality losses due to their excreta, webbing, and some
unpleasant odours that can be imparted the food. Allwood and Le Blanc (1997)
conducted host surveys in seven Pacific Island countries, where insecticide use was
kept to a minimum, losses of fruit caused by fruit flies (Diptera: Tephritidae) was
reported to be 12% for papaya, 35-38% for breadfruit, 45-90% for guava, 4% for
Orange, 80% for Surinam cherry, 20-25% for mango and 60% for cumquat. Fuentes
et al. (2017) reported that the guava weevil (Conotrachelus dimidiatus) damage 37.4%
of guava fruit in Calvillo, Aguascalientes, Mexico while the small avocado seed weeuvil
(Conotrachelus perseae) could cause losses of up to 85% if appropriate control

measures are not applied.

Microbiological

A wide variety of microorganisms can cause degradation of fruit, they usually directly
consume only a small amount, but they damage the food to the point that it becomes
unacceptable because of rotting or by reducing its palatability by inducing offensive
taste. Microorganisms contributing to food loss and waste include bacteria, yeast and
mould (Bist and Bist, 2021). Species of Phytophthora, Botrytis, Geotrichum,
Aspergillus, Penicillium, Alternaria, and Fusarium have been reported as prevalent

pathogens contributing to postharvest food losses 10 — 30% in tomatoes (Etebu et al.,
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2013). Penicillium expansum, which causes blue mold rot, can lead to losses of 10 —
30% of stored pear fruit (Amin et al., 2017).

Chemical

Chemical constituents naturally present in stored foods can spontaneously react,
causing loss of colour, flavour, texture and nutritional value. An example is the Maillard
reaction, also known as non-enzymatic browning (NEB), the most important chemical
reaction responsible for quality and colour changes during prolonged storage of citrus
products (Bharate and Bharate, 2012). There can also be accidental or deliberate

contamination of food with harmful chemicals such as pesticides or lubricating oil.

Biochemical reactions

Off-flavours, discolouration and softening can occur in foods during storage due to a
number of enzyme-activated reactions. A limiting factor influencing the economic value
of fruit is the short ripening period and reduced shelf life associated with biochemical

changes in the cell walls (Payasi et al., 2009).

Mechanical

The most prevalent type of mechanical damage affecting fresh fruit is bruising. Leading
to a downgrade in quality, it contributes to physical and income losses in the fruit
industry (Opara and Pathare, 2014). Up to 30—40% of fresh produce may be affected
by bruising and other types of mechanical damage from harvest to market (Peleg and
Hinga, 1986). This amounts to significant financial losses in the fresh produce industry,
as reported by Funt et al. (2000) based on their study on the effects of bruising on total

returns in the New Zealand apple industry.

Environmental and atmospheric conditions

Extreme temperatures, too hot or too cold, can spoil the fruit. In a case study on the
development of cold chains for fresh fruits and vegetable distribution in Indonesia,
Waisnawa et al. (2018) report that without cooling, the rate of decay for fresh fruit and
vegetable products is very high due to high temperature and humidity. Conversely,
when fruit is stored under too cold temperatures, water in the cells form ice crystals
which may cause damage that results in tissue softening and browning (Dongmei et

al., 2018). At times, controlled atmosphere (CA) storage facilities with improper
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atmospheric composition due to negligent supervision can also cause losses. (Atanda
etal., 2011).

Physiological

Climacteric fruit (such as pear, apple, banana, and peach) are prone to premature
ripening due to the production of ethylene, which is accompanied by an increase in
respiration rate (Busatto et al., 2017). Natural respiration, the process by which stored
food reserves in the fruit (carbohydrates, proteins, fats) is broken down, generates heat
and accounts for a significant level of weight loss. It also hastens senescence, reducing
the food value and leading to loss of flavour (Kader, 2002). Changes that occur during
ripening may also increase the sensitivity of the product to mechanical damage or
infection by pathogens. Consumer acceptance and nutritional level may also be

reduced with these changes (Alkan and Fortes, 2015).

Postharvest losses of horticultural crops are caused mainly by microbiological,
physiological and mechanical factors during postharvest activities such as harvesting,
handling, storing, processing, packaging, transporting and marketing. (Mrema and
Rolle, 2002, Idah et al., 2007). For example, in a survey of 120 farmers in four local
government areas in Nigeria, it was found that 62.5% of postharvest losses of tomatoes
was due to mechanical damage (Olayemi et al., 2010). Similarly, Kasso and Bekele
(2018), who assessed the causes of postharvest loss of horticultural crops amongst
296 small-scale farmers in Ethiopia, reported that 43.5% of mango losses were
attributable to mechanical damage, 35.5% losses of oranges were caused by abrasion,
decay and shrinkage while 19.8% postharvest losses of banana was due to decay,

softening, bruising and peel split.

2.3.2 Secondary causes of losses
Inadequate or non-existent postharvest practices, deficient technologies and improper
techniques used during harvesting, transportation and storage result in suitable

conditions for secondary causes of loss to occur. Some examples are:

i.  Inadequate harvesting, packaging and handling skills.
Kitinoja and AlHassan (2012) reported that during the harvesting of litchis,
pineapples and bananas in India and Rwanda, the temperatures were much

higher than what is recommended for maintaining the quality of the harvest.
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Sharma et al. (2018) shares similar results during grape harvesting in India,
reporting that harvesting in the early morning hours is better as increased
temperature results in more loss of grapes. Rough handling of bunches
during harvesting also caused mechanical damage and leaving filled crates
in direct sun light for an extended period of time are practices which lead to
higher levels of post-harvest losses at the harvesting stage.

Shortage of suitable containers for the transport and handling of perishables.
Flimsy containers, open baskets, cloth sacks and dirty, rough wooden crates
lead to high postharvest losses. For bananas, 14.8+21.0% (farm),
35.1+33.1% (wholesale) and 30.1+24.4% (retail market) was measured
by Kitinoja and AlHassan (2012). Sosa et al. (2016) likewise reports that in
Argentina, harvested pears are usually packed and stored in cardboard
boxes with nylon bags at 0/-1°C and 95% RH for short or long periods and
decay on packed fruit in these boxes are a major concern. While this is
standard industry packaging, Sosa et al. (2016) found that when a
percentage of fruit has latent grey mould infections, this becomes inoculum
for the formation of nests in the cardboard boxes during high RH storage.
Inadequate storage facilities.

Verma & Singh (2004) and Singh et al. (2009) found that inadequate
infrastructure and lack of cold storage in developing countries resulted in
fresh fruit losses ranging from 20 - 50%.

Inadequate transportation to move the food to market before it spoils.
Yahaya and Mardiyya (2019) provide an example from Nigeria, stating that
the transportation of perishable products was the most precarious stage in
the supply chain. Produce delivered to local markets are transported by
trolley, motorcycles or on the bus resulting in high levels of losses due to
physical and mechanical injury and uncontrollable environmental conditions
such as temperature and humidity. The magnitude of such losses were not
quantified. lordachescu et al. (2019) reported losses of 8% for fresh fruit
during transportation in European countries; there was no reference to
specific fruit type.

Traditional processing and marketing systems can be responsible for high
losses. Suitable marketing infrastructure is crucial for the efficient marketing
of fruit (Hassan, 2010). In Bangladesh, for example, the majority of

horticultural products are produced by smallholders, but due to a weak and
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fragmented supply chain, only a small percentage of the produce reaches
urban markets (Minten et al., 2010).

Legal standards can affect the retention or rejection of food for human use
by being too lax or unduly strict. A product standard document contains
approved specifications on a given product put in place by a consortium of
organisations. These standards include mandatory quality requirements that
deal with hygiene and cosmetic quality standards, often addressing the size,
shape, and colour of the fruit. These standards are intended to optimise the
packaging and logistic process and promote trade; however, high cosmetic
requirements are partly responsible for a percentage of the production being
downgraded. As such, fruit is often processed into other products, and it
does not imply food losses. However, high cosmetic quality standards may
cause part of the production to disappear from the human food chain
(‘outgrading’), resulting in losses (Roels and Van Gijseghem, 2017).
Meticulous, informed management is essential for maintaining food in good
condition during marketing and storage. According to Bendekovi¢ et al.
(2015), the ‘from the field to the table’ strategy tries to completely manage
fresh produce’s journey from production to the consumer. Many problems
can arise along the way from production, during transport and in storage.
Therefore, it is important to establish and maintain effective communication
between all the subjects involved to preserve fruit quality along the entire
production chain.

A very large crop can overload the postharvest handling system or exceed
the consumption need and cause excessive wastage. Producers may leave
crops without harvesting if, at the time, demand is low and returns cannot
cover the cost of harvest and transportation. Farmers overproducing to
guarantee the contractual obligation with the buyers can also lead to

oversupply and more crops left unharvested (FAO, 2014).

3. SITES OF LOSSES

Losses may occur anywhere along the value chain (Figure 1), from the point where the
fruit has been harvested up to the point of consumption (FAO, 2011, Rezaei and Liu,

2017). Of the food lost or wasted globally, 40% is lost during early-stage postharvest
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and processing in developing countries, while in developed countries, most is wasted

during the latter stages of retail and consumption (Bond et al., 201).

a. Losses may occur right after harvest (described as the removal of the product
from the plant that produced it). According to Ludwig-Ohm et al. (2019) easily,
perishable fruit incurs higher losses at the farm level; for example, according to
farmers’ estimates, strawberry losses of 15% to 20% were reported while losses
for apples were between 6% and 16%. Opara et al. (2021) reported losses for
pomegranate at this level to be between 6.74% and 7.69%. Results may vary
greatly between years due to the strong influence of favourable or unfavourable

weather conditions and the timing of the harvest (Ludwig-Ohm et al., 2019).

b. Losses in quantity and quality occur during transportation. All forms of
transportation are used to convey foods from production to the ultimate point of
consumption. Most developing countries need an improved transportation
system to reduce the time lag between the site of production and the market.
The main problems encountered during this phase of the supply chain is poor
infrastructure, lack of appropriate transport systems, lack of refrigerated
transport, poor temperature management and loading and unloading practices
(lordachescu et al., 2019). There are several factors that affect produce quality
during transport, and it all starts with the initial quality of the fruit at harvest.
Locally produced fruits can be quite mature and ripe because the time to market
is short. When produce is shipped over great distances, however, it is less
mature and must have no mechanical damage or other defects that predisposes
it to perceptible quality loss during a long postharvest handling period.
Containing different fruit into the same load during transportation also affects
shelf life, particularly where high ethylene-producing fruit and ethylene-sensitive
commodities are mixed (Kader and Rolle, 2004). George and Mwangangi
(1994) found that greater postharvest losses of bananas (increased physical
damage incidence and severity) were associated with longer transport distance
on poor roads. Idah et al. (2007) reported that 13.89% of fresh tomato fruits
were damaged during transportation from farm to market in Nigeria. Kasso and
Bekele (2018) reported that the majority of respondents in their study on
postharvest losses in Ethiopia believed that problems related to transportation
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and road conditions were responsible for losses of 43.53% for mango, 30.31%

for papaya, 23.10% for guava and 19.87% for banana.

Postharvest losses also occur during storage. Lack of suitable storage facilities
compromise quality and can lead to considerable postharvest losses (as much
as 25%) of fruit produced (Veena et al., 2011). Poor sanitation of storage rooms
and lack of knowledge on temperature requirements also lead to losses
(lordachescu et al., 2019). While fresh fruit can be stored successfully for
periods of weeks up to many months if handled correctly under refrigerated or
controlled atmosphere conditions, many developing countries lack such
facilities and use common storage (under ambient temperature and humidity).
It is estimated that fresh fruit deterioration rate increases two to three-fold with
every 10°C increase in temperature (Kader, 2005). Underhill and Kumar (2015)
reported losses of 6.2%, 8.2%, and 13.4% of tomatoes under ambient storage

conditions after one, two, and three days.

. Losses at the retail level are much higher in developed countries. Retail stores
assume that customers buy more from overflowing displays, preferring to pick
their apples from a huge pile rather than from a meagrely filled bin. This leads
to overhandling by both staff and customers and damage to fruit on the bottom
of the pile due to the accumulated weight (Natural Resources Defense Council,
2017). Amorim et al. (2008) reported incidences of mechanical injuries in
peaches of up to 14.5% at the wholesale market in Sao Paulo, Brazil.
Munhuweyi (2012) reported losses of tomatoes at the retail level to range from
12.50 — 18.16%, with an average of 14.46%. Matare (2012) measured retalil
losses of three different fruit types: peach (Yellow Clingstone) losses after two
days of storage were 57.85% and 18.91% at ambient and optimum storage
conditions, respectively, while the physical loss of pears (Packham’s Triumph)
were level 0 - 10% with an average of 3.61% and losses of soft citrus (Minneola
Tangelo) ranged between 7.67 - 13%.

. Losses finally occur at the consumer level. In developing countries, this area
probably requires minor attention in terms of reducing postharvest losses as it
is likely that these in-home losses are low because the cost of food accounts for
so much of the family budget that food must be of very poor quality to be
discarded. However, in developed countries, household consumption is the

primary source of food waste (Bond et al., 2013). A landmark study on loss for
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the US, Canada, Australia, and New Zealand collectively reported that 61% of
produce is lost at this stage of the supply chain (Reich and Foley, 2014), with
19% of this loss being fresh fruit (Natural Resources Defense Council, 2017).
Matare (2012) found losses of peaches during consumer storage of 30.01% to
93.97%, with an average of 57.85% after two days under ambient condition.
Refrigeration lowered the losses to between 13.53% to 25.85% with an average
of 18.92%. Losses for pears at this level of the supply chain ranged from 2.41%
to 25% with an average of 12.29% under ambient conditions and 0.1% to 6.85%
with average 2.38% at 0 °C after four days. The average physical loss of soft
citrus after seven days was 13.72% under ambient conditions and 5.29% at 5
°C (Matare, 2012). Duo et al. (2004) reported decay incidences of 16% in
Minneola stored at 22 °C after 14 days while Nules mandarins stored at ambient
temperature had 100% decay after seven days (Perez-Lopez and Carbonell-
Barrachina, 2005).
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Figure 1. Sites and types of losses along the fresh fruit supply chain. (Adapted from Bourne, 1977).
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4. METHODS FOR ASSESSING POSTHARVEST LOSSES OF FRUIT

A major obstacle in achieving postharvest loss mitigation is the lack of clear knowledge
of the real magnitudes of losses, which makes it impossible to measure progress
against any loss reduction targets (Affognon et al., 2015). Until recently, reliable and
systematic estimations of global postharvest loss and waste have been difficult to
determine due to an absence of a global and consistent quantification methodology for
reporting and managing food removed from the food supply chain (Parfitt et al., 2010;
Kitinoja et al., 2011). In response, the Food Loss and Waste Protocol was established
in 2013, with the first international Food Loss and Waste Accounting and Reporting
Standard formalized in June 2016 during the Global Green Growth Forum (3GF) held
in Copenhagen. Quantitative data about postharvest loss is still incomplete as
measuring these losses is complex and highly variable depending on the country being
considered, which commaodity is investigated, the circumstances under which the food
is being handled, and the length of time the food is stored (Kitinoja and Kader, 2015).
At whatever level of precision postharvest fruit loss is defined, the value will be specific
to that time and location (Matare, 2012). Comprehensive, nationally representative
assessments of postharvest fruit losses are relatively rare and very expensive (Minor
et al., 2019). Instead, many researchers rely on small-scale, detailed studies of
postharvest loss for a particular product or region (Dusoruth et al., 2018). This type of
analysis can shed light on the individual instances studied and can also help to inform
the larger conversation around postharvest loss in general. Researchers have
developed many different methods during the past few decades, each focusing on
different aspects of the value chain and varying types of food losses (Kitinoja and
Kader, 2015). Currently, the primary methods for assessing postharvest fruit losses

include estimates, surveys and field sampling of produce.

4.1 Estimates

Estimation is the interpretation of several scientific measurements based on expert
knowledge, experience and judgment of the observer (NAS, 1978). Estimating
postharvest loss is difficult and unreliable as estimates are based on personal
experiences, and the amount of loss given has not been obtained by actual
measurements (Hodges et al., 2010, Kitinoja and Kader, 2015). Often quoted data is
from the Economic Research Service of the United States Department of Agriculture

(ERS). While several estimates have been made on postharvest loss at the retail and
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consumer level, the ERS report that data limitations prevent estimating total
postharvest loss across all commodities at the farm level and the farm to retail levels.
Figures between 10-40%, and as high as 50-70% are regularly quoted with fruit and
vegetables lumped together in one group and no data on specific fruit reported (Kader,
2005; FAO/World Bank, 2010; Parfitt et al., 2010; Prusky, 2011; UN FAO SAVE FOOD
Initiative, 2012). Statements like ‘For fruits like apples and citrus losses vary around
10 — 40 percent are not specific or very useful other than providing an idea on the size
of the overall problem (Lundqvist et al., 2008). Furthermore, many estimates link to
datasets collected 30 years ago and are fragmentary and unconsolidated (Affognon et
al., 2015).

During the 1970s and 80s, a few international studies were conducted (Ceponis and
Butterfield, 1973; National Academy of Sciences, 1978; Cappellini and Ceponis, 1984;
Blond, 1984), and a small number of postharvest systems assessments on fruit were
done in the USA (Salunkhe and Desai, 1984; Prussia et al., 1986). A large gap is found
in the literature from the 1990s through the early 2000s. Most of the investigations were
done by private consultants as quick assessments during the start of postharvest
infrastructure development projects, and the results are still considered proprietary
information (Kitinoja and Kader, 2015). More recently, a number of meta-analyses
(reanalyzing of existing data) and synthesis studies (compiling existing information
from different studies) have been done to characterize postharvest 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 (Kitinoja and
Kader, 2015). Table 1 lists some examples in the literature where estimates were used
to determine postharvest losses of specific fruit. The advantage of using estimates is
that it is useful in raising awareness about the problem of postharvest losses (Kitinoja
and Kader, 2015). Data from published studies, press reports and interviews with
product experts are used so it is less expensive than collecting data through actual
measuring and give rapid results. The disadvantage of using estimates is that there

are often temptations to cite "worst case" figures to dramatise the problem or “minor
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cases” figures in trying to defend notions concerning losses (FAO, 1983).
Overestimates or underestimates can occur where insufficient information is used in
the estimation. Kantor et al. (1995) suggest that the loss estimated for most agricultural
commodities are understated due to limitations inherent in the food supply data in the

published studies on which these estimates were based.

Table 1: Examples of studies using estimates of postharvest fruit losses

Crop Country Farm Postharvest Wholesale Retail Total Author
level handling level loss
and storage
Apple Armenia 9% 3% 5% 2% 19% Urutyan, 2013
Apple Jordan 9.8% 11.2% Al Hiary, 2012
Apricot Jordan 14.2%  26.5% Al Hiary, 2012
Papaya uU.S. 54.9% Buzby et al., 2009
Peach Jordan 17.1% 42.3% Al Hiary, 2012
Mango Ethiopia 26.3% Tadesse, 1991
Mango Benin 17.6% Vayssiéeres et al., 2009
Mango Pakistan 0-70% Stonehouse et al., 1998
Tomato Bangladesh 10.8% 14% 36.4% Jasim Uddin, 2010
Oranges Benin 20% 5.4% 9% Kitinoja, 2010
4.2 Surveys

Surveys usually comprise questionnaires and interviews with stakeholders in the
supply chain within a specific location for a specific fruit (Newman et al., 2008; Barry
et al., 2009). Questionnaire loss assessment (QLA), as these surveys are usually
called, been widely used to estimate mainly economic losses (NAS, 1978; FFTC, 1994;
Murthy et al., 2007; Gangwar et al., 2007; Barry et al., 2009). Information used in
policy- and decision-making is usually generated using this method (Ward and Jeffries,
2000). Whether survey data generates reliable estimates of postharvest losses is
guestionable, and the honest answer is that no one really knows (Sheahan and Barrett,
2015). It relies on a person’s ability to accurately recall mounting losses up to the point
in time when the survey was conducted. The timing of the survey may also be
significant, especially if it does not represent the entire postharvest period, and
responses reflect only a portion of the time fruit might be stored. For example, if losses

are standard in a community, farmers might subconsciously report only relative loss
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rates, thereby underestimating the true magnitude of postharvest losses at the farm
level (Sheahan and Barrett, 2015).

Table 2 lists some examples in the literature where surveys were used to determine
postharvest losses of the specific fruit. Bhattarai et al. (2013) assessed postharvest
losses of mandarin orange in Nepal using a systematic survey of oral questionnaires,
personal interviews, group discussions and informal observation in the field. The
losses were reported as 7, 25, 3, 1 and 5% maximum during harvesting, transportation,
grading, packaging, and marketing, but the article does not mention the number of
interviewees. Kasso and Bekele (2018) assessed the causes of postharvest loss of
several horticultural crops in Ethiopia. Stratified and multistage random sampling
techniques were used to sample representative Peasant Associations and
respondents (n = 296). The total amount of postharvest losses per crop type and the
major reasons for the losses were reported, but the supply chain in these losses

occurred was not specified.

Rahiel et al. (2018) assessed production potential and postharvest losses of fruits in
Ethiopia through semi-structured questionnaires, focus group discussion and field
observation on 120 farmers’ cultivation sites via formal and informal surveys. Although
the reasons for losses were discussed, no data on losses for specific crops were
provided. The advantage of using this method is that questionnaires and interviews
are more effective where there are limited resources and time constraints. This method
can be used to quantitatively assess postharvest losses of all types except for
nutritional losses. Researchers collect data from farmers, pack houses, wholesalers,
retailers and consumers (Fehr and Romao, 2000). Researchers also acquire some
data from agricultural departments, marketing organisations and municipalities (Murthy
et al., 2007; Gangwar et al., 2009). The disadvantages are that surveys and interviews
do not always result in gathering accurate information on postharvest losses. When
interviewing respondents, they sometimes have difficulties in giving absolute figures in
which case relative amounts such as fractions or percentages are used which distorts
the actual amount of postharvest loss to be measured. Written surveys and interviews
require people to try to remember what happened in the past, sometimes months or
even a season earlier than when the data are being collected, and so are largely
considered to be less accurate than making direct measurements (Kitinoja and Kader,

2015). As a historical example, sampling the physical losses at Egyptian farms,
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wholesale and retail markets for grapes and tomatoes was reported to total 28.0 and
43.2%, respectively. Yet, interviews of these same value chain players resulted in
reported average total losses of 11.9 and 27.6%, indicating that their perceptions of

losses were much lower than was the reality (Blond, 1984; Kitinoja and Kader, 2015).

Table 2: Examples of studies in which questionnaires and interviews (Surveys) were

used to measure postharvest fruit losses

Crop Country Farm Transport Handling Wholesale Retail Total Author
level and level loss
storage
Apples Germany 6-16% Ludwig-
Ohm et al.,
2019
Apples Afghanistan 5.8% 11.2% 19.1% 4.9% Masood,
2011
Banana Ethiopia 10% Minten et
al., 2016
Grapes Pakistan 4.8% 5.2% 11% 20.5% Aujla et al.,
2011
Mango Kenya 25-44%  Affognon
etal., 2015
Mango Pakistan 31% Mushtaqg et
al., 2005
Mango Ethiopia 45.32% Kasso and
Bekele,
2018
Orange Nepal 7% 25% 3% 5% Bhattarai
etal., 2013
Orange Ethiopia 35.58% Kasso and
Bekele,
2018
Plum Vietnam 28% Newman et
al., 2008
Strawber  Germany 15-20% Ludwig-
ries Ohm et al.,
2019
Tomato Vietnam 19% Weinberge
retal,
2008
Tomato India 35% Gajbhiye et
al., 2008
Tomato Pakistan 20% Mujib et
al., 2007
Tomato Pakistan 22% Zulfigar et
al., 2005
4.3 Sampling

When actual sampling of the produce is used to quantify physical and qualitative losses
at specific links in the supply chain, the data generated is more meaningful and reliable
(FAO, 2011; Matare, 2012; Munhuweyi, 2012). Sampling is done to carry out laboratory
trials to assess the response of fruits under different handling and storage conditions.
Laboratory simulations directly identify sources of deterioration quickly and provide
corrective measures (Bollen, 2006). However, sampling of specific links in the supply
chain gives an incomplete assessment of the supply chain; therefore, tagging and
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tracing becomes more appropriate in assessing the supply chain. Tagging and tracing
is used to obtain statistically valid and meaningful results in which the actual loss are
most accurate when data takes the form of a continuous measurable variable (NAS,
1978).

Tagging and tracing involve fieldwork, with both destructive and non-destructive
sampling at the points of interest along the supply chain. The accuracy of the results
depends on the suitability of the experimental design, principally the sampling method,
sample size and data analysis. For example, Dodd (2014), together with two
international partners, Sainsbury’s in the United Kingdom and BT-9 Tech in Israel,
participated in a project to monitor fruit quality (apples, pears, soft citrus and plums)
along the export supply chain. The project aimed to illuminate the parts of the supply
chain usually unseen by producers/exporters — the final leg of the voyage, from the
time the fruit arrives at the foreign port to where it is sold. This entailed gathering
information on the storage and fruit pulp temperatures as well as the relative humidity
in the fruit export containers. Radio frequency identification (RFID) technology,
comprising data recorders, radio receivers and hand-held scanners, made the study
possible. Data recorders, known as tags, were inserted into fruit pallets at the start of
the journey and the temperature and humidity information recorded was transferred by
the radio receivers, via satellite, to a central server from where it could be retrieved
through the internet. The study found that the weak links in the supply chain, from a
temperature and relative humidity perspective, were the container loading facilities,
shipping containers, the receiving distribution centres and the retail distribution
centres. Having successfully followed 22 fruit shipments from packhouse to retailer,
the data indicated that only 14 shipments adhered to the export protocols. While no
guality issues were recorded with any of these shipments, the data gathered provided
the exporters and retailers with a new insight into their supply chain, and claims for
losses can now be backed up with scientific evidence. Table 3 lists some examples of
studies that have used sampling to measure postharvest losses of fruit.

Matare (2012) quantified postharvest losses and changes in physico-chemical
properties of fruit at retail and post-purchase storage levels for peach, pear and citrus
(Mineola Tangelo) in South Africa. Three different retail outlets were selected
representing different handling systems and supply chains. Two of the outlets had a
refrigerated facility to store fruit before display, and shelf temperature was controlled
by air conditioners. The third outlet was an open market where the fruit was displayed

in cartons under a shaded area. While the difference in losses, both quantitively and
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gualitatively, due to temperature and relative humidity, were discussed in detail. The
unknown postharvest factors like harvest date and transport conditions before the fruit
reached the retail level limit the study. Kitinoja and AlHassan (2012) assessed
postharvest losses for various fruits at three locations, namely at farm, wholesale
market and retail level for each crop and in four countries. While US team members
briefly joined the local assessment teams in each country to participate in the process
at each site, the majority of the loss assessment efforts were carried out by local
partners, with over 100 trainees and local supervisors participating in a 6 month long
data collection effort. When such a large number of people are involved, many with
limited training in data collection, there is inevitably missing data and wrong
measurements at times. The protocols developed for measuring these losses in
developing countries, however, identified four major factors, namely: temperature, poor
quality containers, poor field sanitation and time to reach retail markets. Addressing

these could prove invaluable to reduce loss and improve farmer incomes.

The advantage of using the direct sampling method is that data generated is generally
regarded as more accurate than other methods and can therefore provide industry
specific information that can be used for mitigation strategies (Kitinoja and Kader,
2015). There are also several disadvantages; however, sampling not only is time
consuming and expensive, but it also requires the cooperation of many role players in
the particular supply chain. One of the critical determinants of reliability is robust
sampling; itis, therefore, important for an entity without expertise in sampling to consult
a statistician to help guide the sampling design. There is almost always a trade-off
between the desired level of certainty and the resources available for the study. For
example, increasing the sample size typically reduces sampling error; however, to
double confidence in the results, the number of samples must be quadrupled, so
reducing uncertainty can quickly become very expensive (FLW protocol, 2016).
Kitinoja et al. (2018) state that while direct measurements are generally considered to
be more accurate, the data may not be as reliable as expected if there is little or no
information on important variables such as crop maturity at harvest, time that have
passed since harvesting, temperatures of the produce and ambient air, relative
humidity in the storage environment, or the type of containers or packaging used. Each
of these factors affects postharvest losses, and it is therefore important to include this

data to make sure that the data reliably captures the full extent or causes of losses.
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Crop

Peach

Pear

Citrus

Litchi

Banana

Pomegranate

Mango

Mango

Mango

Grapes

Tomato

Country  Sample size

South 360 fruit

Africa

South 360 fruit

Africa

South 600 fruit

Africa

India 500 fruit

Rwanda 200 fruit

South 1630 fruit (540 per cultivar)
Africa

Benin 300 fruit per cultivar was assessed
Costa

Rica

Pakistan

Egypt

Australia 3 subsamples of 100 fruits each

% loss at

18.5+7.4%
14.8+21.0%

6.74%-7.69%

15.1% 6.9%

28,7%

26

% loss at
farm wholesale

35.1+33.1%

% loss at retail
18.91% (optimum cold
storage)

57.85% (Ambient

conditions)
0-10%; Average: 3.61%

7.67%-13%

18%

30.1+24.4%

6.0%

5,4%

% Total loss

17% (early April)
70% (mid-June)

14.1% (dry season)
84.4% (rainy season)

36.1%

28%

40.3% - 55.9%

Author

Matare, 2012

Matare, 2012

Matare, 2012

Kitinoja and
AlHassan, 2012
Kitinoja and
AlHassan, 2012

Oparaetal.,
2021

Vayssieres et al
2008

Arauz et al 1994

Malik and
Mazhar 2008

Blond, 1984

McKenzie et al,
2017
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5. MAGNITUDE OF POSTHARVEST LOSSES OF FRUIT

The basis for loss measurement can be monetary loss or unit loss (Bell et al., 1999;
Kantor et al., 1997). Monetary loss depends upon market prices, and unit loss can be
measured as changes in the numbers of items or as weight loss percentages. So, how
much fruit is lost in the postharvest food chain? It is known that losses are highly
variable depending upon the country as well as the commodity considered, the
conditions in which the fruit is being handled, and the length of time the fruit is stored.
Higher losses are expected in more perishable fruit, and the extent of loss will increase

with time of storage.

The FAO-World Bank “Missing Food” report (World Bank, 2011) made a significant
contribution in demonstrating current knowledge on the nature, magnitude, and
economic value of postharvest losses, but it also points out that major data gaps exist
especially concerning fruit. They concluded there is a pressing need for more
guantitative evidence of the actual level and nature of postharvest losses. Postharvest
fruit loss is an issue in all the economies in the world. Data on postharvest losses,
however, are often reported as a combination of fruit and vegetables, for example, the
Food and Agriculture Organization (Gustavsson et al., 2011) reported that 45% of all
fruit and vegetables produced is lost or wasted globally, amounting to as much as 644
million tons annually (BCG, 2018).

Rezaei and Liu (2017) lists losses of fruit and vegetables, from production to
consumption, for different regions as follows: Europe, 46%; North America and
Oceania, 52%; Industrialized Asia, 38%; Sub-Saharan Africa, 51%; North Africa, West
and Central Asia, 55%; South and Southeast Asia, 51% and Latin America, 54%.
Kitinoja (2016) reports that in developing countries, 44% of fruit and vegetables are
lost before even reaching the consumption stage. In India, nearly 30% of the country’s
fruits and vegetables are lost due to a lack of cold-storage facilities (Murthy et al., 2009;
Mukherji and Pattanayak, 2011).

Similarly, Yahaya and Mardiyya (2019) reported that about 30% of fruits and
vegetables are rendered unfit for consumption due to spoilage after harvesting in
Nigeria. In Australia, 33% of food lost are horticultural products, amounting to 1.32
million tons annually (DEE, 2010; ABC, 2013). Terry et al. (2011) reported losses for

fruit and vegetables through the wholesale supply chain in the United Kingdom to be
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10%-15% depending on the product. Eriksson et al. (2012) found that the total loss of
fresh fruits and vegetables was 4.3%; this study was limited to the retail level, however.
However, fruit and vegetables belong to a wide range of products with a large
difference in physiology. To obtain more practical information, it is, therefore, better to

report the data separately for specific crops (Matare, 2012).

5.1 Magnitude of postharvest losses of specific fruit

Due to their relative high perishability, horticultural products are particularly vulnerable
to postharvest losses. Postharvest losses for a single commaodity can vary by season,
by country and by the data collection method, as shown in Table 4. Ludwig-Ohm et al.
(2019) conducted research on postharvest losses of apples in Germany through face-
to-face interviews with producers and decision-makers from different levels of the value
chain, although only farm level losses were quantified. The main reasons for these
losses were identified as unfavourable weather conditions, oversupply, and the very
strict quality standards of the food retail sector. Masood (2011) investigated the apple
supply chain in Afghanistan. Data was collected through surveys, interviews, and field
observation; again, no direct sampling was done. It was concluded that while
postharvest losses in apples occur throughout the supply chain, the maximum losses
were noticed at the storing stage. The main reasons included poor harvest techniques
and packaging materials, such as re-used wooden crates, and the absence of cold
storage rooms. Buzby et al. (2011) focused solely on the retail and consumer level and
used data from the Economic Research Service/U.S. Department of Agriculture, so

again, no direct sampling was done.

However, Argenta et al. (2021) used direct sampling and conducted trials over three
years to characterize and quantify apple losses during long-term CA storage and shelf-
life. While this study only focused on one part of the supply chain, it did so intensively,
and the data obtained was considered sound. llyas et al. (2007) investigated the entire
apple supply chain in Pakistan and collected data by both surveys and direct sample
taking. It was concluded that under a modified and controlled atmosphere, postharvest
losses in apples could be minimized greatly by avoiding mechanical damage to fruits

and proper storage.

Mebratie et al. (2015) studied the determinants of postharvest banana loss in Ethiopia

through structured questionnaires and interviews. The main cause for postharvest loss
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of bananas at the farm level was mechanical damage while rotting was the main cause
at the retail level. Poor postharvest handling practices from farm to retail were the major
factors leading to banana losses in the supply chain. White et al. (2011) performed
waste audits at banana packing sheds in Australia to quantify the amount of fruit
discarded due to cosmetic imperfections. The data gathered, together with production
records and interviews with growers, were used to inform a nutritional analysis, a life
cycle assessment and an economic analysis to quantify nutritional, environmental and
economic impacts. Mvumi et al. (2016) used field and market visits and observations
along with structured questionnaires to analyse the banana postharvest supply chain
in Zimbabwe. Fernando et al. (2019) assessed the quality of bananas along the entire
postharvest supply chain from farm gate to retail store through direct sampling and
found that the level of cosmetic damage progressively increased from packhouse to
retail and was greatly influenced by package height and pallet positioning during
transport. llyas et al. (2007) investigated the banana supply chain in Pakistan and
collected data by surveys and direct sample taking. It was found that most postharvest
losses in bananas are due to mechanical injuries, improper storage and postharvest

decay by microorganisms.

Rajabi et al. (2015) quantified grape losses across the supply chain among small-scale
grape growers in Iran. Data was collected from government and private data sources,
interviews with grape growers and market consultations and no sampling data was
recorded. It was reported that most of the losses occurred during the production and
processing stages. This is different from the findings of Aujla et al. (2011) that found
most losses occurred during the consumer stage in Pakistan. In that study, data were
again obtained through questionnaires and government departments. Murthy et al.
(2014) used direct sampling to quantify losses of grapes along the supply chain in
India. It was concluded that water berries, a physiological disorder that causes affected
berries to become watery, soft, and flabby during ripening, were the major causes of

loss and suggested further research to sort out this problem.

From these examples, data on postharvest losses for specific fruit can differ greatly
between countries (Table 4). Some studies focus on only one part of the supply chain,
yet every link in the chain impacts losses down the line. Other studies use existing data
from government estimates made years previous. It seems necessary to research

direct sampling for specific fruit in specific countries to establish the actual situation
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and the major contributing factors to a loss for that region and use this knowledge to

create bespoke mitigating protocols.
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Crop Country Farm level Transport Handling and Wholesale Retail level Total  Author
storage loss

Apple Germany 6-16% Ludwig-Ohm et al., 2019
Afghanistan 5.8% 11.2% 19.1% 4.9% Masood, 2011
United States 8.6% Buzby et al., 2011
Brazil 3.9%to 12.1% Argenta et al., 2021
Pakistan 8% 4% 5% 7% 24% llyas et al., 2007

Banana Ethiopia 26.5% Mebratie et al., 2015
Australia 10%—-30% White et al., 2011
Zimbabwe 24-27% Mvumi et al., 2016
Australia 1.3% 9% 13.3% Fernando et al., 2019
Pakistan 6% 9% 14% 11% 40% llyas et al., 2007

Table grapes Iran 17.6% 9% 19% 7% 53% Rajabi et al., 2015
Pakistan 4.8% 5.2% 6.5% 20.5% Aujlaetal., 2011
India 3.4%-7.82% 12.13% 4.56% 19.95% Murthy et al., 2014

Pear

South Africa

Nordic
countries

Hungary
India

10%

8%
20-30%

0-10%; Average:

3.61%

31

Matare, 2012

Franke et al., 2016

WRAP, 2019
Mangaraj et al., 2011
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5.2 Magnitude of postharvest loss of fruit in South Africa

South Africa produces vast volumes of fruit every year, significantly more than what
the country’s population can consume. Most of the fruit produced in South Africa are
consequently exported, mainly to European markets, but exports to emerging markets
such as the rest of Africa and the Far East has grown substantially and continue to

grow.

While we find some worrying anecdotal information, there is little scientific data
available on food losses in South Africa. According to the initialt estimate by Oelofse
and Nahman (2013), fruit and vegetables account for 47% of the approximately 9.04
million tons of food lost and wasted per year in South Africa. This figure has recently
been updated with the new food losses and waste estimate for South Africa being 10.3
million tons per annum (Oelofse et al., 2021). This provides a preliminary estimate,
but as no primary data was collected during that research, it indicates the size of the
problem but does not provide accurate, reliable data for specific industries. The
authors state that these preliminary figures should be used with caution and are
subject to verification through primary data collection. This lack of primary data on
postharvest losses and the unknown economic, environmental and resource impacts

of these losses make it difficult to formulate mitigation strategies.

To date, there is a dearth of information on the incidence and magnitude of postharvest
losses of fruit and other food crops in South Africa. Matare (2012) assessed the
incidence of postharvest losses of ‘yellow clingstone’ peach, Packham’s Triumph pear
and soft citrus ‘Minneola Tangelo’ at the retail level in South Africa. This study showed
that postharvest losses of fruit at the retail level is variable depending on the season,
type of retail outlet, type of fruit, maturity, whether the fruit is climacteric or not
(climacteric fruit can be harvested at a lower maturity stage when they can withstand
rigors of postharvest handling and distribution), and storage condition. Losses of
peaches were measured at 18.91% under optimum cold storage and 57.85% under
ambient conditions, while average pear losses, where 3.61% and 7.67%-13% of the
soft citrus were lost. Higher losses of pear were expected as the fruit is on the market
during the summer when high temperature and low relative humidity are associated
with high levels of water loss and rapid respiration, and it also has a thin peel

predisposing it to injury, but the study showed that pears had the lowest incidence of
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losses. The sampling method used in this study gives more accurate data on
postharvest losses than surveys and estimations. However, the results obtained in this
study can only refer to the supply chains where samples were drawn and the 2011
marketing seasons of the studied fruit types. It was also concluded that further studies
are needed to track the studied fruits from harvest to consumer to provide more
information on handling procedures and origin of defects associated with losses and
downgrading.

Opara et al. (2021) quantified the magnitude of pomegranate fruit losses at packhouse
level, identified the causes, and estimated the impacts of losses. The results showed
that losses ranged between 6.74% to 7.69%. Environmental stress (sunburn, cracks
and splits) accounted for the highest incidence of loss, with 49.44% of the total losses,
with mechanical damage accounting for 37.84% of total fruit losses, microbial and
pathological spoilage accounted for 7.84%, insect damage contributed 2.96% while
irregular fruit size and shape contributed least to losses with 1.92%. This study also
points out that losses between cultivars vary as losses in ‘Acco’ were lower than in
‘Herskawitz’ and ‘Wonderful’ and that market standards (especially the export market)
greatly influence the amount of losses recorded at packhouse level. While these
studies provide a start for quantifying postharvest losses of fruit in South Africa, much
more research needs to be done on the wide variety of fruit produced in this country

to limit losses and promote sustainable use of resources.

6. ENVIRONMENTAL AND ECONOMIC IMPACTS OF POSTHARVEST LOSS

Postharvest loss not only reduces the amount of food available, but also constitutes a
substantial waste of economic and environmental resources (Kummu et al., 2012;
FAO, 2013). Agricultural production contributes copious amounts of greenhouse
gases to the phenomenon of global warming, consumes unsustainable amounts of
resources with detrimental environmental impacts such as deforestation, loss in
biodiversity and water scarcity, and contaminates the environment (Chapagain and
James, 2013). The demand for food is projected to increase by 50% in the next 30
years because of the growing population. Under these circumstances, it will become
progressively more difficult to meet sustainable development goals, especially from an
environmental perspective regarding the use of natural resources and the production

of greenhouse gas emissions (Nicastro and Carillo, 2021). Reducing postharvest loss
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is therefore a key part in utilising environmental resources more sustainably. Cattaneo
et al. (2021) estimated that preventing postharvest losses can reduce GHG emissions
by 8% and water use by a quarter. Simply put, reducing postharvest losses means
more food for all, less greenhouse gas emissions, less pressure on the environment,

and increased productivity and economic growth.

Life cycle assessment approaches have been used in a number of studies to assess
the impact of postharvest losses. Two main methods are typically used to perform this
assessment: top-down approaches, using for example input-output tables and related
figures for the impacts, or bottom-up approaches, using more detailed products
databases (Tonini et al., 2018). Reutter et al., (2017) discussed the advantages and
disadvantages of the two methods. Life cycle assessment (LCA) is an extremely data-
intensive methodology. The typical life cycle of a product covers numerous human
activities, each of which needs to be understood and documented in terms of
environmentally relevant material and energy flows (Wernet et al., 2016). Due to the
high cost of primary data collection, this information is usually not gathered within each
specific LCA project. It is therefore common practice to focus data collection efforts on
selected activities that fall within the actual scope for action and to use generic data
from Life Cycle Inventory (LCI) databases to model the remaining activities (Bourgault
et al. 2012). By first understanding the climatic impact of fruit production, the impacts

of the postharvest losses can be calculated.

Karlsson (2017) did a systematic review and meta-analysis on climate impact of fresh
fruit production that included nine types of fruit (apple, apricot, banana, grapes, kiwi
fruit, peach, pear, pineapple and orange). The result from the meta-analysis showed
that apple production had the smallest climate impact of 0.11 kg CO2eq/kg, followed
by Oranges 0.13 kg CO2eq/kg, Peach 0.177 kg CO2eq/kg Kiwi fruit 0.19 kg CO2eq/kg,
Grapes 0.2 kg CO2eq/kg, Pineapples 0.211 kg CO2eq/kg, Pears 0.225 kg CO2eq/kg,
Bananas 0.275 kg COzeq/kg and that apricot production had the largest impact with
0.36 kg CO2eq/kg. The system boundaries for that study, however stopped at the farm
gate. Janse van Vuuren (2015) included storage and transportation to the retalil
markets in calculations that led to much higher values for grape production for example
of 0.91 kg COzeq/kg. To determine the specific impact for a given fruit, the entire

supply chain has to be taken into consideration along with the energy cost for
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producing and marketing lost produce as well as the water that was required to
produce the lost fruit in the first place. The economic impact is calculated by multiplying
the amount of fruit lost by weight with the current value of the product on the market it

was destined for.

Measuring the impact of pomegranate losses at packhouse level, Opara et al. (2021)
found that the annual average loss of 7.16% translated to 328.79 tons with a monetary
loss of the total annual production estimated at ZAR 29.5 million (USD 1,754,984) per
annum. These losses also emitted 157 819 CO:2eq greenhouse gases into the
atmosphere that would require about 4 million trees at 0.039 metric ton CO:2 per tree
planted to sink this amount. Furthermore, an estimated 2 005 619 MJ of energy and
299 198.9 m? of water were wasted in production. This amount of wasted water could
meet the daily water requirement of up to 109 896 people in a year at 0.05 m? utilised

per person per day.

7. SUMMARY AND FUTURE PROSPECTS

The problem of postharvest losses remains a global issue. Data on combined fruit and
vegetable losses show that all regions across the world lose more than 30% of their
fresh produce from production to consumption with the average being 49.5% (Rezaei
and Liu 2017). The range of reported losses can be enormous and is often due to the
nature of the produce (whether it is highly perishable e.g. berries or more robust e.g.
apples), along with many other contributing factors (such as initial disease incidence
in the field, harvest time, weather conditions, temperature during storage and
marketing, type of packages used as well as the distance from production site to
market) (Kitinoja, 2015). Besides the loss of produce that impacts food security,
postharvest losses also represent wastage of natural resources used in production
such as the water, land and energy as well as contributing greenhouse gas emissions
that further impact climate change. They also represent the waste of investment capital
and opportunity cost that reduces farmers’ incomes and increase consumers’
expenses. Reducing postharvest loss throughout the supply chain then, should be
considered an effective solution to reduce the environmental impacts of agriculture, to
improve the income and livelihood of the chain actors and to improve food and nutrition

security for low-income consumers (Berjan et al., 2018).
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The current high rate of postharvest loss is not merely the consequence of the various
causes leading to losses, but also a result of lack of measurement. Information from
one location cannot be generalised as the losses reflect the time and situation when
they are taken, and these vary with time and the prevailing conditions in each place
(Munhuweyi, 2012). Postharvest loss data is often not measured by direct sampling,
considered the most accurate method, and also not frequently enough. If one does
not know how much or where postharvest loss is occurring, how can one take
measures to reduce it? It needs to be an ongoing process to determine if mitigation
strategies are working (Dora et al., 2020). It is therefore important that future research

generate accurate data for specific fruit and for a particular region.
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CHAPTER 3
QUANTIFYING THE MAGNITUDE OF POSTHARVEST FRUIT LOSSES: A CASE

STUDY OF INDUSTRY PACKHOUSE DATA IN THE WESTERN CAPE, SOUTH
AFRICA
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Abstract

While it is estimated that 10 — 30% of the production volume of fruit are lost at primary
production level, these estimates are not based on measurements. Few articles
provide measured losses at primary production level. Sourcing operational data from
stakeholders and the lack of adequate data with regard to the classification of different
types of losses and waste can hamper efforts. This paper investigates the current
situation for pears, grapes and apples, by reviewing data received from farms in the
Western Cape, South Africa. The more delicate a fruit is, the higher the losses at farm
level will be, this can be seen by apples and pears having production level losses with
means of 0.87 £ 0.8% and 0.59 * 0.38%, respectively, while grapes have mean
production level losses of 13.55 + 4.01%. The amount of ‘missing fruit’ (classified as
‘variance’ in farm records) is also worrisome as this is an indication that either the
method for measuring harvested fruit is faulty or that staff carry away or eat around
1.53 £ 0.87%, 3.20 + 1.68% and 3.40 £ 1.68% of the harvested apples, pears and
grapes, respectively. While the concept of ‘shrinkage’ is well known and researched

in the retail industry with an average of 1.62% loss of inventory per year across all
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industries, little is known and nothing published about ‘shrinkage’ in fruit packhouses.
Since the magnitude of ‘missing’ fruit on farm level is higher than that reported for
other sectors in the global retail industry, further research could investigate minimising
these losses as well as quantifying primary production site losses, as it could make a

marked difference to the income of farms.

1. INTRODUCTION

Global interest in the problem of food loss and waste has increased tremendously in
recent years, however, losses occurring at the primary production level is often
overlooked (Johnson et al. 2018). It is estimated that between 10 — 30% of the
production volume of fruit are lost at primary production level (FAO, 2009; Gustavsson
et al. 2011; FAO, 2013; Kitinoja and Kader, 2015; Hartikainen et al. 2020). These
estimates are not based on measurements, but cites other literature which is also not
based on field measurements. There are few articles that provide specific numbers for
specific fruits or cultivars like Murthy et al, (2014) does for ‘Thompson Seedless’

grapes.

Fruit and vegetables account for around 47% of the overall food waste in South Africa,
a figure that does not include losses at the primary production level (Oelofse and
Nahman, 2013). Part of the problem lies in sourcing operational data from
stakeholders. A lack of adequate data with regard to the classification of different types
of losses and waste can also hamper efforts. In addition, the competitive nature of the
industry also negatively influence the availability of information at the production level
(Louw, 2017).

To limit on-farm losses, it is necessary to know what the status quo is. This chapter
analyses packhouse data for pears, grapes and apples received from farms in the
Western Cape, South Africa to later be able to compare it against direct sampling data
and determine whether the farm data is accurate or whether losses are greater than

perceived by industry.
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2. MATERIALS AND METHODS

The data presented and the methods used were received directly from the farms.

2.1 Geographical location

The apple and pear data originate from the same two farms in Somerset-West
(latitude: 34° 04’S longitude: 18° 53'E) and in the Overberg area (latitude: 34°22’ S;
longitude: 20°34’ E), while the grapes were harvested on six farms near Somerset
West (Latitude: -34° 04' 60.00" S: Longitude: 18° 50' 59.99" E), De Doorns (Latitude:
-33° 28' 59.99" S; Longitude: 19° 40" 59.99" E), Robertson (Latitude: -33° 47' 59.99"
S; Longitude: 19° 52' 59.99" E) and Piketberg (Latitude: -32° 53' 59.99" S; Longitude:
18° 45'59.99" E) in the Western Cape Region of South Africa.

2.2 Cultivars and harvest times

Apples
‘Fuji’, ‘Golden Delicious’, ‘Granny Smith’, Pink Lady’, ‘Royal Beaut’, ‘Sundowner’ and
‘Top Red’ were harvested during the commercial harvest from February to May,

depending on the cultivar, in 2014 and 2015.

Pears
William’s Bon Chretien’; ‘Packham’s Triumph’ and ‘Forelle’ were harvested during the

commercial harvest in February 2014 and 2015.

Grapes
‘Crimson Seedless’, harvested during the commercial harvest in February and March
of 2015 and 2016.

2.3 Harvest and packing techniques

Apples and pears were harvested using picking bags (20 L) to gather the fruit from the
trees, after which the bags were emptied into bins (External Dimensions: 1270 mm X
1070 mm; Total height: 720 mm; Weight: 68 kg). The bins were then transported to
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the packing shed where they were emptied (tipped) into a grading machine (Pomone
system, Agrobotic, MAF RODA RSA) this is referred to as the tipped amount in kg on
the packing reports. The fruit were electronically scanned and sorted by the grading
machine. Similar size and quality fruit were then channeled to the various packing
stations (Figure 1). Damaged and decayed fruit were collected in separate bins and

weighed at the end of each day.

Grapes were cut from the vines and packed into crates in the vineyards. They were
then transported to the packing sheds where crates were placed on a central conveyor
line from where crates were taken by the packers to their work tables. The grape
bunches were trimmed and packed according to commercial practice and resulting
losses (dropped, decayed, damaged or green berries) were collected into bins and

weighed at the end of each day (Figure 2).

3. RESULTS AND DISCUSSION

3.1 Apples

Tables 1 and 2 summarises the 2014 and 2015 harvest data for apples received from
two different farms. To remain anonymous, the farms are labelled Farm 1 and Farm
2.

Postharvest losses per cultivar per farm

Farm 1:

‘Fuji: In 2014, 20 kg or 2.04% was classified as loss, due to damage or deformity, and
18 kg or 1.83% classified as missing fruit. Only 2014 data was available.

‘Golden Delicious’. In 2014, 2 400 kg or 0.93% was classified as loss and 2 850 kg or
1.11% was missing after harvest. A total of 5 250 kg or 2.04% was therefore lost. In

2015, 1 160 kg or 0.35% was loss and 376 kg or 0.11% missing with a total amount of
1 536 kg or 0.46%.
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‘Granny Smith’. In 2014, 920 kg or 0.64% was loss and 2 073 kg or 1.45% classified
as missing. A total of 2 993 kg or 2.10% of the harvest was lost. In 2015, 940 kg or
0.27% was classified as loss and 4 299 kg or 1.21% was missing adding up to a total
of 5 239 kg or 1.48% of the harvest.

‘Pink Lady’: In 2014, 10 820 kg or 0.77% was classified as loss and 27 266 kg or
1.93% classified as missing. The total amount lost was 38 086 kg or 2.70%. No data

for 2015 was provided.

‘Sundowner’. In 2014, 4 640 kg or 0.95% was loss with 488 kg or 0.10% missing fruit.
A total of 5 128 kg or 1.05% of this cultivar was lost at farm level. In 2015, 1 160 kg or
0.16% was loss and 13 177 kg or 1.80% of the harvest went missing. A total of 14
337 kg or 1.95% of the harvest was therefore lost.

Farm 2:
‘Royal Beaut’. 460 kg or 3.02% was classified as loss and 330 or 2.16% was missing

after packing. A total of 790 kg or 5.18% of the harvest was lost.

‘Golden Delicious’. 3 720 kg or 0.64% of the harvest was loss and 7 756 kg or 1.33%
of the harvest was missing. A total of 11 476 kg or 1.96% was lost at farm/packhouse
level. In 2015, 2 730 kg or 0.32% was classified as loss and 1 062 kg or 0.13% was
missing. A total of 3 792 kg or 0.45% was lost.

‘Granny Smith’. 1 420 kg or 0.83% was classified as loss and 3 705 kg or 2.16% was
missing after reaching the packhouse. A total of 5 125 kg or 2.99% of the harvest was
thus lost at farm level. In 2015,1 620 kg or 0.36% was loss and 10 968 kg or 2.41%
was missing. A total of 12 588 kg or 2.76% was lost.

‘Top Red’ In 2014, 80 kg or 0.71% was classified as loss and 340 kg or 3.04% went
missing. A total of 420 kg or 3.75% of the harvest was lost. Only the one year’s data

was available.

The largest amount of loss generated by a single cultivar, in terms of percentage, was

on 3.02% for ‘Royal Beaut’, while the largest amount of missing fruit was 3.04% for
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‘Top Red’. On Farm 1 the mean amount of apples across all cultivars, and for both
years, classified as loss was 0.76% + 0.59% and the mean for missing fruit was 1.19%
+ 0.73% while on Farm 2 the mean amount of loss generated was 0.97% * 0.67%
while the mean amount of apples that went missing in the packhouse was 1.87% +
1.01%. Losses was lower than the average losses of 5.8% reported by Masood, (2011)
for ‘Jawrasi’, ‘Golden Delicious’ and ‘Red Delicious’. Masood, (2011) also reported
that the main reasons for these losses were absence of proper harvesting materials
and that little care is taken by the unskilled pickers during harvesting. Ludwig-Ohm et
al. (2019) reported higher losses at farm level of 6 -16% in Germany though the cultivar
is not specified. While llyas et al. (2007) reports farm level losses in Pakistan to be

8%, also with no cultivar specified.

The amount of apples lost through theft in the packhouse is more than double that lost
through damage or decay. While the concept of ‘shrinkage’ is well known and
researched in the retail industry with an average of 1.62% loss of inventory per year
across all industries (these include: supermarkets and groceries, men’s and women’s
apparel, jewelry and watches, pharmacies, home improvement, building, hardware,

lumber and garden supply, consumer electronics, computers and appliances, pets and
animal supplies, shoes and footwear amongs others) in the United States (Mishra and
Prasad, 2006; National Retail Security Survey, 2020), little is known or published about
shrinkage in fruit packhouses. Since the mean magnitude of ‘missing’ apples on farm
level was 2.05%, further research could focus on minimising these losses as it is
higher than levels reported in the retail sector and could make a marked difference in

farm income.

3.2 Pears

Tables 3 and 4 summarises the 2014 and 2015 harvest data for pears also received

from Farms 1 and 2.

Postharvest losses per cultivar per farm

Farm 1:
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‘William’s Bon Chretien’. The amount of loss generated during packing was 820 kg or
0.24% while the amount classified as variance, i.e. missing fruit was 9 932 kg or
2.91%. The total amount of fruit lost was therefore, 3.15% of the harvest during 2014.

In 2015 no fruit of this cultivar were harvested or alternatively no records were kept.

‘Packham’s Triumph’. In 2014, 10 111 kg or 0.73% was classified as loss and 22 626
kg or 1.64% was classified as missing fruit. The total amount of fruit lost was 2.37%.
In 2015, 9 990 kg or 0.68% was classified as loss and 47 869 kg or 3.26% classified

as missing fruit. This brings the total amount of fruit lost at harvest to 3.94%.

‘Forelle’. In 2014, 760 kg or 0.93% of the harvest was classified as loss and 594 kg or
0.72% of the harvest was missing after packaging with the total amount of fruit lost at
harvest 1.65%. In 2015, 388 kg or 0.48% of the harvest was loss and 3 767 kg or
4.71% of the harvest was missing after packaging. A total of 5.19% of the harvest was

therefore lost.

Farm 2:

‘Packham’s Triumph’. This is the only cultivar grown. 231 kg or 1.08% was loss and
817 kg or 3,82% was classified as missing fruit. The total amount of lost fruit was
4.90% at harvestin 2014. In 2015, according to farm records, 0 kg or 0% was classified
as loss during this season and 1 492 kg or 5.56% was classified as missing fruit, so

the total loss at harvest was 5.56%.

In 2014 the mean for pears classified as loss from both farms was 0.74% + 0.36% and
0.38% = 0.34% in 2015. The highest amount of loss recorded was 1.08% of
‘Packham’s Triumph’ on Farm 2 in 2014. This is much lower than the measured data
of Franke et al. (2016) of 10% loss of pears at farm level in Nordic countries though
no specific cultivars were mentioned.The mean for missing fruit was 2.27% + 1.36%
in 2014 and 4.89% = 0.84% in 2015. The highest amount of missing fruit was also
‘Packham’s Triumph’ on Farm 2 with 5.56%. That is a large amount of fruit that
disappeared after harvested fruit are tipped in the packhouse and will have an impact

of the farms profitability.
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3.3 Grapes

Tables 5, 6 and 7 summarises the 2015 and 2016 harvest data for ‘Crimson Seedless’
received from six different farms. To remain anonymous, the farms are labelled Farm
3-8.

Postharvest losses of ‘Crimson Seedless’ per farm

Farm 3:

In 2015, 61 633 kg or 10.3% was classified as loss and 19 294 kg or 3.2% was
classified as variance that means it is missing fruit. The total amount of grapes lost at
harvest was therefore 13.5%. In 2016, 141 458 kg or 14.0% was classified as loss and
27 465 kg or 2.7% was classified as missing. 16.7% of grapes was therefore lost at

harvest.

Farm 4:

In 2015, 89 368 kg or 11.1% was classified as loss and 50 007 kg or 6.2% was
classified as missing fruit. In total, 17.4% was lost at harvest. In 2016, 109 700 kg or
14.9% was classified as loss and 46 152 kg or 6.3% was classified as missing fruit. A

total of 21.2% was therefore lost at harvest.

Farm 5:

In 2015, 290 776 kg or 19.9% was classified as loss and 67 787 kg or 4.6% was
missing fruit. 24.5% of the harvest was therefore lost at harvest. In 2016, 147 941 kg
or 16.6% was classified as loss and 26 729 kg or 3.0% was missing fruit. A total of

19.6% of the harvest was therefore lost at harvest.

Farm 6:

In 2015, 64 428 kg or 6.6% were classified as loss and 33 354 kg or 3.4% was missing.
A total of 10.0% of the harvest was lost. In 2016, 170 331 kg or 15.4% was classified
as loss and 27 780 kg or 2.5% was missing. A total of 17.9% of the harvest was

therefore lost.

Farm 7:
In 2015, 98 263 kg or 18.2% was classified as loss and 14 649 kg or 2.7% was

classified as missing. A total of 21% of this harvest was lost at farm/packhouse level.
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In 2016, 135 673 kg or 16.1% was classified as loss and 31 566 kg or 3.8% was

classified as missing. 19.9% of this harvest was lost.

Farm 8:

In 2015, 73 646 kg or 10.4% was classified as loss and 2 687 kg or 0.4% was missing.
A total of 10.8% of harvested grapes was therefore lost. In 2016, 66 035 kg or 9.1%
was classified as loss and 14 959 kg or 2.1% was missing. A total of 11.2% of

harvested grapes was therefore lost.

The mean % of grapes classified as loss across all six farms and for both years was
13.55% + 4.02%, ranging from 9.75% to 18.22% between farms. This is much higher,
than the 3.40% for ‘Thompson Seedless’ grapes headed for the domestic market in
India, and also higher than the 7.82% reported for the same cultivar headed for the
export market reported by Murthy et al, (2014). The mean amount of grapes classified

as missing was 3.42 + 1.68%.

4. CONCLUSION

The more delicate a fruit is, the higher the losses at farm level will be, this can be seen
by the production level losses of apples with means of 1.17 £ 0.81% in 2014 and 0.29
+ 0.08% in 2015 and production level losses of pears with means of 0.74 £ 0.36%
2014 and 0.38 £ 0.34% in 2015, while grapes have mean production level losses of
12.75 £ 5.15% in 2015 and 14.35 £ 2.72% in 2016. Grapes are more delicate than
pears and apples and this contributes much to the larger loss recorded for grapes on
farm level. The rough handling of crates has the effect of causing many berries to fall
off the bunches and as workers are paid according to how much they pack in a given
time period, their haste in getting more crates onto their worktable could be a big
reason for the higher magnitude of losses. Making the workers more aware of the
need to work carefully with the product could lead to a decrease in lost berries. These
finding show that every fruit type, indeed, every cultivar, therefore, must be
investigated to make appropriate recommendations as to how these losses can be

reduced.
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It is advisable for farm managers to make a greater effort towards better record
keeping methods as the data is often incomplete or obviously incorrect. For example,
in one of the records, it was stated that 118% of the harvest was tipped in the
packhouse, this is clearly not possible and throws doubt upon the rest of the data.

The amount of ‘missing’ fruit (called ‘variance’ in farm records) is also worrisome as
this is an indication that either the method for measuring harvested fruit is faulty or that
staff often carry away or eat around 1.53 £ 0.87%, 3.20 + 1.68% and 3.40 £+ 1.68% of
the harvest for apples, pears and grapes, respectively. It seems important, therefore,
to do further intensive research on the losses at farm level as it is the starting point for

the whole fresh fruit supply chain.
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Figure 1. Flow diagram of pear harvest from picking to packing
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Figure 2. Flow diagram of grape harvest from picking to packing

in packing shed.
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Table 1. Collation of packing reports for apples, ‘Fuji’, ‘Pink Lady’, ‘Golden Delicious’, ‘Granny Smith’, ‘Sundowner’, ‘Royal Beaut’,
‘Golden Delicious’, ‘Granny Smith’ and ‘“Top Red’, harvested on two farms in the Western Cape, South Africa for two years (2014
and 2015) according to the farms’ own records.

Year Farm Cultivar  Tipped kg Gradel Grade Grade?2 Grade2 Grade3 Grade3 Loss Loss Variance Variance Total
kg 1% kg % kg % kg % (Missing (Missing % lost
fruit) kg fruit) %
2014 1 Fuji 982 554 56.42 390 39.71 0 0.00 20 2.04 18 1.83 3.87
2014 1 Pink Lady 1409246 1116132 79.20 147073 10.44 107 956 7.66 10820 0.77 27 266 1.93 2.70
2014 1 Golden 257 292 196 546 76.39 30675 11.92 24 821 9.65 2400 0.93 2850 111 2.04
Delicious
2014 1 Granny 142 637 108 087 75.78 18 659 13.08 12 898 9.04 920 0.64 2073 1.45 2.10
Smith
2014 1 Sundown 487 216 392 128 80.48 52 163 10.71 37 486 7.69 4 640 0.95 488 0.10 1.05
er
2014 2 Royal 15 248 12 800 83.95 1285 8.43 373 2.45 460 3.02 330 2.16 5.18
Beaut
2014 2 Golden 584 674 466 726 79.83 62 607 10.71 43 866 7.50 3720 0.64 7 756 1.33 1.96
Delicious
2014 2 Granny 171 440 136 202 79.45 17 342 10.12 12 770 7.45 1420 0.83 3705 2.16 2.99
Smith
2014 2 Top Red 11 195 9717 86.80 897 8.01 161 1.44 80 0.71 340 3.04 3.75
2015 Sundown 733 998 624 150 85.03 32051 4.37 63 460 8.65 1160 0.16 13177 1.80 1.95
er
2015 1 Granny 354 332 260 445 73.50 11 466 3.24 77182 21.78 940 0.27 4299 121 1.48
Smith
2015 1 Golden 332 847 242 660 72.90 17 576 5.28 71075 21.35 1160 0.35 376 0.11 0.46
Delicious
2015 2 Golden 845 216 585 492 69.27 95 969 11.35 159 963 18.93 2730 0.32 1062 0.13 0.45
Delicious
2015 2 Granny 455 627 354 331 77.77 21 861 4.80 68 847 15.11 16 20 0.36 10 968 241 2.76
Smith
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Cultivar Tippedkg Gradel Grade Grade2 Grade2 Grade3 Grade3 Loss Loss Variance Variance Total
kg 1% kg % kg % kg % (Missing fruit)  (Missing fruit) % lost
in kg %
Fuji 982 554 56.42 390 39.71 - - 20 2.04 18 1.83 3.87
Golden 505 007 372 856 7459 51706 9.81 74931 14.35 2502 0.56 3011 0.66 1.22
Delicious
Granny 281 009 214 766 76.62 17 332 7.80 42 924 13.34 1225 0.52 5261 1.80 2.33
Smith
Pink Lady 1409246 1116132 79.20 147073 10.43 107 956 7.66 10820 0.76 27 266 1.93 2.70
Royal 15 248 12 800 83.94 1285 8.42 373 2.44 460 3.01 330 2.16 5.18
Beaut
Sundowner 610 607 508 139 82.75 42107 7.53 50 473 8.16 2900 0.55 6 832 0.94 1.50
Top Red 11195 9717 86.79 897 8.01 161 1.43 80 0.71 340 3.03 3.75
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Table 3. Collation of packing reports for pears, ‘Packham's Triumph’ and ‘Forelle’, harvested on two farms in the Western Cape,
South Africa for two years (2014 and 2015) according to the farms’ own records.

Year Farm Cultivar Tipped kg Gradelkg Gradel Grade2 Grade2 Grade3 Grade3 Loss Loss Variance Variance  Total

% kg % kg % kg % (Missing  (Missing % lost
fruit) kg fruit) %
2014 1 William’s 341671 266 918 78.12 7 793 2.28 56 208 16.45 820 0.24 9932 2.90 3.14
Bon

Chretien

2014 1 Packham's 1383066 1180 898 85.38 102 107 7.38 67 324 4.87 10111 0.73 22 626 1.64 2.37
Triumph

2014 1 Forelle 82 048 58 012 70.70 10471 12.76 12 211 14.88 760 0.93 594 0.72 1.65

2014 2 Packham's 21 385 16 689 78.04 1827 8.54 1821 8.52 231 1.08 817 3.82 4.90
Triumph

2015 1 Packham's 1469592 1207 264 82.15 100 378 6.83 104 091 7.08 9990 0.68 47 869 3.26 3.94
Triumph

2015 1 Forelle 79 968 60 953 76.22 12 450 15.57 2418 3.02 380 0.48 3767 4.71 5.19

2015 2 Packham's 26 833 19 847 73.96 2918 10.87 2576 9.60 0 0.00 1492 5.56 5.56
Triumph
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Table 4. Mean values per pear cultivar for both years and both farms.

Cultivar Tipped Gradel Gradel Grade2 Grade2 Grade3d Grade3 Loss Loss Variance Variance Total %
kg kg % kg % kg % kg % (Missing  (Missing lost
fruit) kg fruit) %

William’s Bon 341671 266 918 78.12 7793 2.28 56 208 16.45 820 0.24 9932 2.90 3.14
Chretien

Packham's 725219 606 174 79.88 51 807 8.40 43 953 7.51 5083 0.62 18 201 3.56 4.19
Triumph

Forelle 81 008 59 482 73.46 11 460 14.16 7314 8.95 570 0.70 2180 2.71 3.41
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Table 5. Collation of packing reports for grapes, ‘Crimson Seedless’, harvested on six farms in the Western Cape, South Africa for
two years (2015 and 2016) according to the farms’ own records.

Year Farm Crates Cartons Grapes Loss in kg Loss Variance Variance Total
harvested packed 4.5kg packed in kg % (Missing (Missing % lost
fruit) in kg fruit) %
2015 3 43 005 118 153 599 436 61 633 10.3 19 294 3.2 135
2015 4 65 143 153 560 802 067 89 368 111 50 007 6.2 17.4
2015 5 106 978 249 750 1464 296 290 776 19.9 67 787 4.6 24.5
2015 6 79 150 194 778 976 412 64 428 6.6 33354 3.4 10.0
2015 7 33 957 97 288 538 868 98 263 18.2 14 649 2.7 21.0
2015 8 53 884 140 681 708 401 73 646 10.4 2 687 0.4 10.8
2016 3 119 989 190 918 1009912 141 458 14.0 27 465 2.7 16.7
2016 4 81 306 142 199 735 497 109 700 14.9 46 152 6.3 21.2
2016 5 103 419 161 754 893 367 147 941 16.6 26 729 3.0 19.6
2016 6 119 808 215 696 1107 172 170 331 154 27 780 2.5 17.9
2016 7 92 715 160 267 840178 135673 16.1 31566 3.8 19.9
2016 8 80 228 146 507 724 150 66 035 9.1 14 959 2.1 11.2
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Table 6. ‘Crimson Seedless’ packhouse data for 2015 and 2016 on six farms in the Western Cape, South Africa.

Crates Cartons Grapes Loss in kg Variance Loss% Variance (Missing Total % lost
harvested  packed packed in kg (Missing fruit) in fruit) %
4.5 kg kg
Means for 63 686 159 035 848 246 113019 31 296 12.75 3.43 16.18
2015
Means for 99 577 169 556 885 046 128 523 29 108 14.35 3.40 17.75
2016

75



Stellenbosch University https://scholar.sun.ac.za

Table 7. Mean values per farm for ‘Crimson Seedless’ packhouse data (over two years) from six farms in the Western Cape, South
Africa.

Farm Crates Cartons Grapes Loss in kg Variance Loss % Variance (Missing fruit) Total % lost
harvested packed 4.5 packed in kg (Missing fruit) %
kg in kg
3 105 198 205 752 1178 831 219 358 47 258 18.22 3.81 22.04
4 81 497 154 535 804 674 101 545 23 379 12.15 2.95 15.10
5 99 479 205 237 1041792 117 379 30 567 10.99 2.95 13.95
6 67 056 143 594 716 275 69 840 8 823 9.74 1.23 10.98
7 63 336 128 777 689 523 116 968 23107 17.16 3.25 20.42
8 73224 147 879 768 782 99 534 48 079 13.02 6.26 19.28
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CHAPTER 4

POSTHARVEST LOSSES IN QUANTITY AND QUALITY OF TABLE GRAPE (CV.
CRIMSON SEEDLESS) ALONG THE SUPPLY CHAIN AND ASSOCIATED
ECONOMIC, ENVIRONMENTAL AND RESOURCE IMPACTS*!
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Abstract

High incidence of postharvest losses is a major challenge to global food security.
Addressing postharvest losses is a better strategy to increase business efficiency
and improve food security rather than simply investing more resources to increase
production. Global estimates show that fruit and vegetables are the highest
contributors to postharvest losses and food waste, with 45% of production lost. This
represents 38% of total global food losses and waste. However, the lack of primary

data on postharvest losses at critical steps in the fruit value chain and the unknown

*Blanckenberg, A., Opara, U.L. and Fawole, O.A. (2021). Postharvest losses in quantity and quality of Table
Grape (cv. Crimson Seedless) along the supply chain and associated economic, environmental and resource
impacts. Sustainability, 13, 4450. https://doi.org/10.3390/su13084450
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economic, environmental and resource impacts of these losses make it difficult to
formulate mitigation strategies. This paper quantified postharvest losses (quantity
and quality) of ‘Crimson Seedless’ table grapes at farm and simulated retail levels.
Table grapes were sampled from four farms in the Western Cape Province of South
Africa, the largest deciduous fruit production and export region in Southern Africa.
Mean on-farm losses immediately after harvest were 13.9% in 2017 and 5.97% in
2018, ranging from 5.51% to 23.3% for individual farms. The main reason for on-farm
losses was mechanical damage (7.1%). After 14 days in cold storage (-0.3 £ 0.7°C,
81.3 + 4.1% RH), mean grape losses were 3.05% in 2017 and 2.41% in 2018, which
increased to 7.41% in 2017 and 2.99% in 2018, after 28 days. After 10 days of further
storage under simulated market conditions (5.4 + 0.6°C, 83.7 + 2.9% RH), fruit losses
were 3.65% during retail marketing and 4.36% during export. Storing grapes under
ambient conditions (25.1 + 1.3°C and 46.6 + 6.0% RH) resulted in a higher incidence
of losses, increasing to 7.03, 9.59 and 14.29% after 3, 7 and 10 days, respectively.
The socio-economic impacts of the postharvest physical losses amounted to financial
losses of over R 279 million (US$ 17 million according to the conversion rate of 20
October 2020) annually, and this was associated with the loss of 177.43 million MJ
of fossil energy, 4.8 million m? of fresh water and contributed to the emission of

approximately 52 263 tonnes of COz equivalent.

1. INTRODUCTION

Interest in the mitigation of postharvest losses is heightened due to global concern
about food insecurity. Preserving the food supply after production has since the
earliest times been a problem for humankind (Kuhr, 1979). However, a dominant
challenge of the 21st century is how to feed the growing world population sustainably,
predicted to reach 9.1 billion by 2050, affordably while using the natural resources
required equitably and sustainably (FAO, 2009; Hodges et al., 2010).

The UN Food and Agriculture Organisation (FAO) estimated that feeding the growing
world population by 2050 would require 70% increase in food production
(Alexandratos, 2009). However, the FAO also reports that approximately one-third of
the edible portions of the food produced globally is lost or wasted along the supply

chain, from farm to plate, (FAO, 2013) with a total of 38% of the volume consisting of
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fruits and vegetables (Statista, 2019). Lost and wasted food consumes a quarter of all
the water used by agriculture annually, requires farmland area the size of China, and
generates an estimated 8% of global greenhouse gas emissions. In effect, if lost and
wasted food were a country, it would be the third-largest greenhouse gas emitter on
the planet after China and the United States (Smil, 2009; Parfitt et al., 2010; FLW
Protocol, 2016).

While 95% of all agricultural research investment focuses on increasing crop
production strategies, only 5% focuses on postharvest issues (Lipinski et al., 2013).
Reducing postharvest loss and waste is more cost effective and less time consuming
than production strategies. Therefore, the improvement of postharvest chains must
receive as much attention as production practices. Furthermore, limiting the loss of
fresh fruit will reduce the use of land, chemicals, energy, and other inputs needed to
produce horticultural crops, thereby conserving natural resources and protecting the
environment (Kader, 2005; Munhuwey et al., 2015).

A major obstacle in achieving postharvest loss mitigation is a lack of clear knowledge
of the real magnitudes of losses, making it impossible to measure progress against
any loss reduction targets (Affognon et al., 2015).

Apart from worrying anecdotal information, there is little scientific data available about
food losses in South Africa. A study (Oelofse and Nahman, 2013) provided a
preliminary estimate of the magnitude of food loss and waste generation in South
Africa of around 9.04 million tonnes per year. However, this study was based on
available data as reported by FAO and further assumptions as no primary data was
collected. While estimates do indicate the size of the problem, they do not provide
accurate and reliable data for specific supply chains.

The lack of primary data on postharvest losses at critical steps in the fruit value chain
and the unknown economic, environmental and resource impacts makes it challenging
to formulate mitigation strategies. There is a lack of standard methods to measure
postharvest losses of food crops, including fruit and vegetable crops. Researchers
have developed many different methods during the past few decades, focusing on
different aspects of the value chain and varying types of food losses (Kitinoja and
Kader, 2015). The lack of accurate and reliable postharvest loss data may result in
inaccurate assumptions on food wastage (Gustavsson, 2011).

In South Africa, fruit and vegetables account for 47% of food wastage (Oelofse and

Nahman, 2013). In the first South African study generating primary data on
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postharvest losses of vegetables at the retail level, (Munhuwey et al., 2015) found
vegetable losses for carrot, tomato and cabbages to be on average 17.93%, 15.33%
and 21.21%, respectively. The availability of primary research data on the magnitude
of losses in the fresh fruit value chain is very limited. Fruit is a major contributor to the
agricultural industry, considering foreign exchange earnings and employment
creation.

Table grapes account for 32% of the total area planted to deciduous fruits in South
Africa (DAFF, 2017), with ‘Crimson Seedless’ cultivar accounting for 20% of all vines
(SATI, 2016). ‘Crimson Seedless’ is a mid to late season red seedless grape cultivar
with firm berries characterized by its crisp texture and intensely sweet flavour. The
main quality problems during postharvest handling are moisture loss leading to loss of
mass, fungal infection and shrivelled rachis, which then become brittle and break
easily, and the browning of the stems, which reduces the visual appeal and price of
the product (Lichter et al., 2011; Ngcobo et al., 2012a; Ngcobo et al., 2013).
Although table grapes are non-climacteric fruit with a relatively low rate of physiological
activity (Crisosto et al., 2001), they are subject to severe postharvest losses during
storage and long distance transport (Li et al., 2015). Rapid moisture loss, which results
in rachis (cluster stem) drying and browning (Crisosto et al., 2002; Jiang et al., 2015),
mass loss (Ngcobo et al., 2012b), berry shatter, wilting and shrivelling of berries (Sabir
and Sabir, 2013) are some of the main quality problems experienced during
postharvest handling causing quantitative and quality losses. It has been suggested
that inappropriate handling processes are the main reason for weakening the natural
defences of grapes and making fresh grapes more susceptible to decay and
subsequent deterioration (Sabir and Sabir, 2017).

As the gross value of production of table grapes has increased significantly from R2
billion in 2006/07 to R7.1 billion in 2015/16, an increase of 248% (DAFF, 2017),
reduction of postharvest losses by even a few percentage points will not only reduce
the cost of production, trade and distribution but will also have significant financial
implications for all involved in the supply chain by lowering the price for the consumer
and increasing the farmers’ income. Therefore, this research aimed to generate
primary data on postharvest losses in quantity and quality of ‘Crimson Seedless’ table
grape through direct sampling at critical steps in the supply chain to inform future

action to reduce and better manage the postharvest loss problem.
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2. MATERIALS AND METHODS
2.1 Harvesting techniques and berry preparation

Data collection protocols were similar to those used by Kitinoja and Al Hassan, (2012).
Grapes were harvested from four farms during the last week of February and the first
week of March in 2017, and during the first three weeks of February in 2018. Both
times were during the commercial harvest. In 2017, a total sample size of 1200
bunches (300 bunches per farm) were collected, while 1600 bunches (400 bunches
per farm) were collected in 2018. The grapes were collected from four farms that each
have their own packhouse on site, near De Doorns, Robertson and Piketberg in the
Western Cape Region of South Africa. Bunches were weighed in the packhouse as
they came in from the vineyard, each bunch was then tagged with a unique label
identifying the farm of origin (V; K; R or D), the supply chain scenario the bunch was
destined for (A; B; or Cin 2017 and A; B; C or D in 2018) and the bunch number (1 —
100) e.g. VA29 (Table 1).

The grape bunches were then trimmed by expert packers according to commercial
practice and packed into standard 9 kg cartons (internal dimensions of the 9 kg cartons
were 58 cm long x 34 cm wide x 13.2 cm high) with a riffled sheet at the bottom, a
plastic liner as well as an SOz cover pad on top with a slow release of sodium
metabisulfite (Na2S20s) (Uvasys®, Cape Town, South Africa). Sodium metabisulfite
generates sulphurous anhydride gas (SO2) when in contact with humidity, inhibiting
the development and growth of fungi in table grapes during refrigerated packaging and

transport.
2.2 Supply chains simulated

In 2017, eighteen cartons per farm were collected and divided equally into three
simulated supply chain scenarios. In 2018, twenty-four cartons per farm were collected
and divided into four simulated supply chain scenarios. From each farm and for both
years, 100 bunches were used for each supply chain scenario simulated, i.e. 400
bunches per scenario. Four supply chain scenarios were studied (Table 1),
representing the range of postharvest handling practices that occur in local and export
marketing of Table grapes in the South African fresh fruit industry. According to export

grape producers (pers. communication Amelia Vorster, Technical Advisor (Quality) —
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Karsten Western Cape), Scenario D is a common occurrence and leads to tension
between role-players as to whether the fruit was mishandled before the report was

written and who is responsible for the losses if it is higher than expected.
2.3 Fruit loss evaluation and quality measurements
2.3.1 Postharvest losses

The base measurement for losses at harvest occurred in the packhouse on each farm
after the bunches were trimmed for packaging and the resulting berries sorted into
categories based on the reason for being cut from the bunch, 1) berry too green in
colour, 2) mechanical damage or 3) decayed. It was quantified as the weight of the
berries removed as a percentage of the original weight of the bunches before trimming.
At each evaluation date thereafter, physical losses were quantified as the decrease in
bunch weight and the amount lost due to decay or SO2 damage (a high concentration
of SO2 can damage table grapes by causing bleaching, cracking or causing early
browning of the rachis) expressed as a percentage of the initial berry numbers per

bunch.

2.3.2 Quality attributes

The following attributes were measured at each evaluation time:
1.Weight loss

Expressed as a percentage of the initial bunch weight. A total of 30 bunches x 4 farms

= 120 bunches per supply chain scenario.
2. Stem browning

Rated on a 5-point scale, with 1 being fresh/green and 5 being dry/brown (Kitinoja and
Kader, 2015; Gustavsson et al., 2011). A total of 30 bunches x 4 farms = 120 bunches

per supply chain scenario.
3. Total soluble solids (TSS) concentration

Fruit juice was extracted using a manual juice extractor (TMS® hand press

commercial pro manual juice squeezer). TSS of juice was measured with a digital
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refractometer (Atago, Tokyo, Japan). Twelve bunches per supply chain scenario were

used.
4. Titratable acidity (TA)

TA of juice was determined by titration to pH 8.2 using a Metrohm 862 compact

titrosampler (Herisau, Switzerland). 12 bunches per supply chain scenario were used.
5. Peel colour

Colour was assessed using a colorimeter (Minolta CR-400, Minolta Corp, Osaka,
Japan) and expressed as CIE L*, a* b* coordinate where L* defines lightness, a*
denotes the red/green value and b* the yellow/blue value (Pathare et al., 2013). A total

of 120 berries per supply chain scenario were evaluated for peel colour.
6. Firmness

Berry firmness (N) was measured by compression (TA.XT.plus, Stable Micro Systems
Ltd, Surrey, United Kingdom) (Chen and Opara, 2013). 120 berries per supply chain

scenario were evaluated for firmness.
2.4 Environmental and economic impacts of postharvest losses

Total greenhouse gas emissions were calculated using values provided by Janse van
Vuuren (2015). That study examined the annual cycle for grape production, beginning
with establishment costs, raw material extraction for production of inputs used on the
vineyard and included the factors of fertilizer, tillage, irrigation, pest management,
electricity and fuel consumption, ending at delivery of grapes. For every ton of grapes
produced, stored and transported to the retail market, approximately 0.91 ton of COzeq
is emitted into the atmosphere. The energy cost for producing and marketing the lost
produce was obtained using a reference value of 6 529 MJ/ton provided by Steenwerth
et al. (2015), and the water footprint was determined by multiplying the quantity of lost
produce with the reference water footprint value of 210.35 m?3/ton provided by
Kangueehi (2018). The value of table grapes lost was calculated using values provided
by SATI (2016), R13 134/ton for locally sold produce and R21 002/ton for exported

produce.
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2.5 Statistical analysis

Data on farm losses at harvest were subjected to a one-way analysis of variance
(ANOVA) and the physicochemical analysis data for firmness, total soluble solids
(TSS), titratable acidity (TA), peel colour, weight loss, decay, SO2 damage and stem
browning were subjected to mixed model analysis of variance (ANOVA) using
Statistica version 13.2 (TIBCO Software Inc., Palo Alto, CA) with ‘farm’ and ‘time’ as

fixed effect and cartons as a random effect.

3. RESULTS

3.1 Physical losses at farm level

In 2017, the measured losses at harvest for individual farms were 7.5%, 9.7%, 15.7%
and 23.3% for V; K; R or D respectively, while in 2018 the same farms lost 6.17 %,
6.39%, 5.51% and 5.85%. The average loss in 2017 was 13.9% and 5.97% in 2018.
The main reasons for the losses in 2017 were mechanical damage (7.1%), poor berry
colour (5%), and decay (1.8%). In 2018 the reasons remained the same, although the
amounts lost differed with mechanical damage (3.09%), poor berry colour (1.77%),
and decay (1.11%).

3.2 Physical losses along the simulated supply chain

3.2.1 Weight loss, decay and SO2 damage

Supply chain Scenario A (handling and marketing fruit under ambient conditions)

There was no statistically significant weight loss (P=0.28) after harvestin 2017 (Table
2); however, there was a decrease in weight of 2.34% after 3 days, 4.47% after 7 days
and 7.6% after 10 days, while in 2018 a decrease of 1.55% was noted after 3 days,
1.83% after 7 days and 4.43% after 10 days. (P=0.19). While not statistically
significant, this decrease in weight is important in terms of losses as it could affect the
profit margin as fruit are sold by weight. The incidence of decay increased significantly
(P<0.01) over time from 1% after 3 days to 3.3% after 7 days and 7.6% after 10 days
in 2017 and from 0.85% after 3 days to 1.67% after 7 days and 2.67% 10 days after
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harvest in 2018 (P<0.01). The incidence of SOz berry damage increased significantly
over time from 1.85% after 3 days to 2.31% after 7 days and 2.57% after 10 days in
2017 and from 0.37% after 3 days to 0.92% after 7 days and 1.19% after 10 days in
2018 (P<0.01).

Supply chain Scenario B (to local retail markets)

There was no statistically significant weight loss (Table 3) in both seasons (2017,
P=0.91, 2018; P=0.99). However, the weight decreased by 1.41% after 14 days in cold
storage, 1.87% after 10 days at retail conditions, and then by 2.53%, 3.78 and 5.36%
after 3, 7 and 10 days under ambient conditions respectively in 2017. While in 2018,
the decrease in weight were 1.85% after 14 days in cold storage, 2.57% after 10 days
at retail conditions, and then 4.03%, 4.40 and 6.76% after 3, 7 and 10 days under
ambient conditions. The incidence of berry decay increased significantly (P<0.01) over
time, although it remained at zero for the 14 days duration in cold storage (-0.3£0.7°C,
81.3 +4.1% RH) in 2017 with a small incidence of 0.4% in 2018. After 10 days at local
retail conditions (5.4 £ 0.6°C, 83.7 = 2.9% RH), there was a decay incidence of 2.1%
in 2017 and 1.2% in 2018. After 3 days under ambient conditions (25.1 = 1.3°C and
46.6 = 6.0% RH), the incidence of decay increased significantly (P<0.01) to 2.5% in
2017 and 2.2% in 2018. After 7 days, this increased to 5.5% in 2017 and 3.3% in 2018,
and after 10 days to 8.6% and 4.7% in 2017 and 2018, respectively. The incidence of
SO:2 berry damage in this study was 1% after 14 days in cold storage in 2017 (P=0.02)
and 0.8% in 2018 (P<0.01). SO2 damage increased significantly after 10 days at local
retail conditions from 1.8% in 2017 and 1.7% in 2018 to 2.1% after 3 days at ambient
conditions in both years, after which there was no further significant change.

Supply chain Scenario C (to international retail markets)

In 2017, weight decreased by 4.82% after 28 days in cold storage, 5.50% after 10
days at retail conditions and 6.61%, 7.90% and 10.22% after 3, 7 and 10 days under
ambient conditions respectively. In 2018, percentage decreases in weight was 1.89%
after 28 days in cold storage, 2.45% after 10 days at retail conditions and 2.64%,
3.95% and 5.18% after 3, 7 and 10 days under ambient conditions respectively. (Table
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4). Percentage decay increased significantly over time (P<0.01). After 28 days in cold
storage (-0.3£0.7°C, 81.3 + 4.1% RH), there was a 2.14% incidence of decay in 2017
and 0.94% in 2018. After 10 days at retail display conditions (5.4 £ 0.6°C, 83.7 + 2.9%
RH) this increased to 3.2% in 2017 and 2.6% in 2018. After being moved to ambient
temperature and humidity conditions (25.1 £ 1.3°C and 46.6 = 6.0% RH) for 3 days,
decay increased to 4.44% in 2017 and 3.16% in 2018. After 7 days, decay increased
to0 6.53% in 2017 and 4.95% in 2018, and after 10 days, it reached 9.92% in 2017 and
8.30% in 2018. SO2damage remained low. After 28 days in cold storage plus 10 days
at retail conditions, less than 0.5% damage was visible. In 2017 it increased
significantly (P<0.01) after removal from cold storage to 1.39% after 3 days at ambient
conditions, 1.68% after seven days and 1.85% after 10 days, but remained below 2%
overall. In 2018, however, it did not increase significantly (P=0.26) over time and

remained below 1% overall.

Supply chain Scenario D (simulated ‘abusive’ treatment of fruit within the export chain)

There was no statistically significant difference in bunch weight over time (P=0.19),
although a 1.35% decrease in weight is noted after 28 days in cold storage, 2.17%
after two days at ‘abusive’ ambient conditions, 3.04% after 10 days at retail conditions
and 3.96%, 4.74% and 5.70% after 3, 7 and 10 days under ambient conditions
respectively. (Table 5). Percentage decay increased significantly over time (P<0.01).
After 28 days in cold storage, there was a 0.84% incidence of decay, increasing to
1.34% after breaking the cold chain with two days at ‘abusive’ ambient conditions, 10
days at retail conditions increased this to 2.35%, and decay kept increasing
significantly at ambient conditions to 3.24% after 3 days, 4.46% after 7 days and 6.7%
after 10 days. SO2 damage remained low, with only 0.88% visible after 28 days in cold

storage and did not increase significantly (P=0.99) over time, remaining around 1%.

3.2.2 Total amount of physical losses

When the amount of weight loss, decay and SO2 damage are combined, the total
amount of losses along the different supply chain scenarios are as follows (Fig 1 and
2).
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Supply chain Scenario A (marketing at ambient conditions): In 2017, 13.9% was lost
at harvest, followed by 5.25% after 3 days, 7.83% after 7 days and 13.47% after 10
days. The total losses were 27.37%. In 2018 only 5.97% were lost at harvest. 2.77%
after 3 days, 2.87% after 7 days and 6.51% after 10 days. The total losses were

12.48%, less than half that of the previous season.

Supply chain Scenario B (to local retail markets): After 14 days in cold storage in 2017,
2.41% were lost, 4.36% after 10 days at retail condition followed by an additional
5.27% after 3 days at ambient conditions (shelf-life), 8.98% after 7 days and 12.64%
after 10 days. When this is added to the initial 13.9% lost at harvest, the total for this
supply chain simulation is 26.54%. In 2018, 3.05% were lost after 14 days in cold
storage, 3.65% after 10 days under retail conditions, 5.80% after 3 days under ambient
conditions and remained thus after 7 days while increasing again to 10.22% after 10

days. The total loss along this simulated supply chain in 2018 was 16.19%.

Supply chain Scenario C (to international markets): In 2017, 7.41% were lost after 28
days in cold storage, another 4.36% after 10 days under retail conditions and a further
7.03% after 3 days under ambient conditions, 9.59% after 7 days and 14.29% after 10
days. A total of 28.19% was lost in this export supply chain simulation in 2017. In 2018,
2.99% were lost after 28 days in cold storage, 3.79% after 10 days under retalil
conditions, 3.97% after 3 days under ambient conditions, 6.92% after 7 days and
10.22% after 10 days. A total of 16.99% were lost in 2018.

Supply chain Scenario D (simulated ‘abusive’ storage conditions of fruit within the
international supply chain): This simulation was done during the 2018 season only. It
was found that 3.03% was lost after 28 days in cold storage 3.19% after 2 days of
‘abusive’ ambient condition, 4.27% after 10 days at retail conditions. After 3 days
under ambient condition losses increased to 5%, 6.66% after 7 days, and 8.91% after
10 days.

3.3 Quality losses along the supply chain

Supply chain Scenario A (marketing at ambient conditions)
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In the 2017 season (Table 6), berry colour became lighter (L*) over time, although the
change was not statistically significant (P=0.06), during the 2018 season (Table 7),
however, the change in lightness (L*) of berry colour became statistically significant
(P<0.01). The measurements for a* denoting the red/green values (P=0.45) and b*
indicating the yellow/blue values (P=0.98) in 2017 and a* (P=0.21) and b* (P=0.75) in
2018, did not change significantly. There was no significant difference in firmness in
2017 or 2018 (P=0.79), although the values decreased over time. The TSS (P=0.85)
and TA (P=0.50) values did not change significantly in 2017 or in 2018, TSS (P=0.75)
and TA (P=0.73). For both seasons, the stem colour changed from fresh and green to

mostly dry and brown within 7 days after harvest (P<0.01).

Supply chain Scenario B (to local retail markets)

In 2017, there were no significant changes in any colour attributes for Lightness (L*)
denoting black/white values (P=0.79), a* denoting the red/green values (P=0.49) or b*
indicating the yellow/blue values (P=0.25) (Table 8). In 2018 no significant differences
were measured for a* (P=0.31) and b* (P=0.19). However, lightness (L*) values
increased (P<0.01), although this only became significant after 10 days at ambient
conditions as there was no significant difference between baseline measurements, 14
days in cold storage, 10 days at retail conditions or even after a week at ambient
temperature and humidity (Table 9). Berry firmness (P=0.21) in 2017 and (P=0.49) in
2018, showed no statistically significant changes. While TA (P=0.27) and TSS
(P=0.73) showed no significant changes in 2017, in 2018 the values did indicate an
increase for both TA (P<0.01) and TSS (P<0.01) over the storage period. For both
seasons, bunch stems and rachi remained fresh and green during the 14 days in cold
storage (-0.3 £ 0.7°C, 81.3 = 4.1% RH), but changed significantly (P<0.01) during 10
days at retail display conditions (5.4 + 0.6°C, 83.7 + 2.9% RH), and after 7 days
storage under ambient conditions (25.1 + 1.3°C and 46.6 + 6.0% RH), the stems were

mostly dry and brown.

Supply chain Scenario C (to international retail markets)

No significant difference in any colour attributes (Table 10) was observed in 2017, L*
(P=0.12), a* (P=0.15) and b* (P=0.72). In 2018, however, the attribute for lightness
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(L*) changed significantly (P<0.01), with berries becoming a bit lighter after removal
from cold storage but darkening again after 7 days under ambient conditions (Table
11), while a* (P=0.26) and b* (P=0.22) remained the same. The average berry
firmness remained unchanged in 2017 (P=0.90) and in 2018 (P=0.11). No changes
were observed in TSSin 2017 (P=0.67) orin 2018 (P=0.30). There is a trend, however,
indicating that TA may decrease somewhat over time, but with a P-value of 0.06, it
was just not statistically significant in 2017, while it was significant in 2018 (P<0.01).
Stem colour exhibited the same pattern for both years, remaining mostly fresh and
green during the 28 days cold storage (-0.3 = 0.7°C, 81.3 + 4.1% RH) only changing
significantly (P<0.01) during the 10 days at retail display conditions (5.4 + 0.6°C, 83.7
+ 2.9% RH) to mostly green with some smaller stems that have turned brown. After 3
days at ambient temperature and humidity (25.1 + 1.3°C and 46.6 = 6.0%RH), most
of the smaller stems (rachi) are brown, but the main stem is still green, after 7 days,

however, most stems are dry and brown.

Supply chain Scenario D (simulated ‘abusive’ treatment of fruit within the export chain)

Significant changes (P<0.01) in colour attribute (L*) for lightness was observed, (Table
12), with berries becoming lighter with increased temperature and lower humidity and
darker when returned to lower temperatures and increased humidity. No significant
difference in colour attributes a* (P=0.86) and b* (P=0.21) were observed. The
average berry firmness remained unchanged (P=0.23). There were significant
changes observed in TSS (P<0.01) with values increasing and TA values (P<0.01)
that decreased during storage. Stem colour changed significantly over time (P<0.01).
While stems remained fresh and green during the 28 days in cold storage, the 2 days
at ambient conditions, to simulate the abusive treatment, affected the stems to such
an extent that by the time they reached retail conditions, most of the stems were

already brown.

3.4 Socio-economic impacts of postharvest losses

Based on the percentage losses along the simulated supply chains, estimates were
made to determine the volume of table grapes that could be lost at the national level
(Table 13). In 2017, South Africa produced approximately 325061 tons, of which
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20046 tons were sold locally, and 305015 tons were exported (DAFF, 2017). The
ranges provided in the following data are estimates made from the lowest losses which
were recorded in the 2018 season to the highest losses that were recorded in 2017. It

thus provides a range of losses that could occur in any given season.

Supply chain Scenario A (marketing at ambient temperatures and relative humidity)

Losses translate were between 555 and 1 052 tons after 3 days. This equates to a
financial loss of R7.3 million — R13.8 million, 3 623 595 — 6 868 508 MJ of energy, 116
744 — 221 288 m3 water used in production and 505 — 957 tons CO2eq emissions.
After 7 days, the losses increase to 575 — 1 904 tons, R7.5 million — R25 million, 375
417 — 12 431 216 MJ, 120 951 — 400 466 m® and 523 — 1 733 tons CO2eq. After 10
days, 1 305 — 2 068 tons were lost, R17.1 million — R27.1 million, 8 520 345 — 13 461
972 MJ of energy, 274 507 — 435 003 m*® and 1 188 — 1 882 tonnes CO:zeq.

Supply chain Scenario B (to local retail markets)

After 14 days in cold storage, the losses were between 493 — 611 tons with a financial
loss of R6.5 million — R8 million, lost energy of 3 218 797 — 3 989 219 MJ, a water
footprint of 103 703 — 128 524 m? and 449 — 556 tons COzeq. After 10 days at retail
conditions, losses were 728 — 874 tons, R9.6 million — R11.5 million, 4 753 112 - 5
706 346 MJ, 153 135 — 183 846 m® water lost and 663 — 795 tons CO2eq.

Once moved to ambient conditions, the losses after 3 days were 1 163 — 1 431
tons, R15.2 million — R18.8 million, 7 593 227 — 9 342 999 MJ, 244 637 — 301 011 m3
and 1 058 — 1 302 tons CO2eq. After 7 days, 1 303 — 2 074 tons, R17.1 million — R27.2
million, 8 507 287 — 13 541 146 MJ, 274 086 — 436 266 m3 and 1 186 — 1 887 tons
CO2eq. After 10 days, 1 856 — 2 534 tons, R24.3 million —R33.3 million, 12 117 824 —
16 544 486 MJ, 390 410 — 533 027 m3 and 1 689 — 2 306 tons CO2eq.

Supply chain Scenario C (to export retail markets)

After 28 days in cold storage, the losses were between 13 299 — 29 861tons with a
financial loss of R279.3 million — R627.1 million, 86 829 171 —194 962 469 MJ of
energy, 2 797 445 - 6 281 261 m? of water and 12 102 — 27 174 tons CO2eq. After 10
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days at retail conditions, 11 560 — 21 443 tons, R242.8 million — R450.3 million, 75
475 240 — 140 001 347 MJ, 2 431 646 — 4 510 535 m® and 10 520 — 19 513 tons
CO2eq. After 3 days at ambient conditions, losses were 12 109 — 22 602 tons, R254.3
million — R474.7 million, 79 059 661 — 147 568 458 MJ, 2 547 128 - 4 754 331 m® and
11 019 — 20 568 tons CO2eq. After 7 days: 21 107 — 29 251 tons, R443.3 million —
R614.3 million, 137 807 603 — 190 979 779 MJ, 4 439 857 — 6 152 948 m3and 19207
— 26 618 tons CO2eq. 10 Days at ambient, and the losses were 31 173 — 43 587 tons,
R654.7 million - R915.4 million, 203 528 517 — 284 579 523 MJ, 6 557 241 — 9 168
525 m3 and 28 367 — 39 664 tons CO2eq.

Supply chain Scenario D (simulated ‘abusive’ treatment of fruit within the export chain)

After 28 days in cold storage, the losses were 9 242 tons with a financial value of
R194.1 million, 60 341 018 MJ of energy, 1 944 055 m® water and 8 410 tons COzeq.
After 2 days at ‘abusive’ ambient temperature and humidity before entering retail
conditions, the losses were 9 730 tons, R204.3 million, 63 527 170 MJ, 2 046 706 m?
water and 8 854 tons COzeq. After 10 Days at retail conditions, losses were 13 024
tons, R273.5 million, 85 033 696 MJ, 2 739 598 m? and 11 852 tons CO2eq. At 3 days
of ambient conditions, losses were 15 251 tons, R320.3 million, 99 573 779 MJ, 3 208
048 m3 and 13 878 tons CO2eq. 7 days ambient: 20 314 tons, R426.6 million, 132 630
106 MJ, 4 273 050 m® and 18 486 tons COzeq. After 10 days at ambient conditions,
the losses were 27 177 tons, R570.8 million, 177 438 633 MJ, 5 716 682 m® and 24
731 tons CO2eq

4. DISCUSSION

Physical losses at farm level

The losses measured on farm level in 2017 were higher than the findings of Louw
(2017), who concluded in an economic analysis of the South African table grape
supply chain that approximately 9.5% was lost between farm and intake. However, the

data used in that study was based on perception data gathered from different role-
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players in the table grape industry, the authors own elaborations and from SATI (2016)
as no primary data was collected.

Rajab et al. (2015) reported similar losses at agricultural production level of 15%,
where table grape losses were quantified along the supply chain in Iran. The materials
and methods of that study are unclear, however, as it divides the supply chain into
production, postharvest, processing, distribution and consumption stages without
clearly describing the various stages. In the present study, the losses at farm level
include what it seems they refer to as production, postharvest and processing into one.
If that is the case, the losses experienced in Iran was much higher than our findings
and amounted to 46% of total production. Rajab et al. (2015) used data from
government and private sources with estimates and interviews, and no primary data
was collected in that study.

In the present study, the average loss measured on farm level in 2018 was 5.97%.
This is less than reported by Rajab et al. (2015) and Louw (2017) but very similar to
the findings of Aujla et al. (2011) that reported losses of table grapes in Pakistan of
4.8% at farm level and Murthy et al. (2014) where losses of table grapes at farm level
in India were reported as 3.4% for grapes prepared for the domestic market while
grapes prepared for the export market sustained losses of 7.82% as the requirements
for export produce are stricter.

The losses measured in 2017 are similar to that of Murthy et al. (2014) for export
grapes (Thomson Seedless), but the reasons for the losses differ, water berries
(6.72%), harvest injury (0.57%), mummies (0.02%) and immature (0.26%). Sharma et
al. (2018) report losses of table grape (Nana Purple) on farm level as 8-10% due to
insufficient colouring, while Aujla et al. (2011) and Rajab et al. (2015) did not specify
the reasons for losses.

The large differences between farms in 2017, were unexpected and although it was
initially thought that it could have been due to different climatic conditions or soil types
it appears to have been related to different vineyard management practices as there
was no statistical difference between losses on the farms in the 2018 season and the
average losses were less than half recorded in 2017. The reasons for this could be
two-fold. Firstly, by having been made aware of how high the losses where during the
previous season, the farm managers took steps to reduce this during the 2018 season,
workers were trained to be more careful when handling the crates after harvest.
Secondly, the farm that sustained the highest losses (23.3%) in 2017 harvested later

92



Stellenbosch University https://scholar.sun.ac.za

than was optimal and therefore the bunches stayed on the vines too long. The 2018
harvest occurred two weeks earlier than in 2017, and the grapes were in better

condition leading to fewer losses on farm level.

Physical losses along the simulated supply chain

Supply chain Scenario A (handling and marketing fruit under ambient conditions)

These results support the research of Pereira et al. (2018) that reported the mass of
grapes cv. ‘Crimson Seedless’ always decreased with time at all combinations of
storage temperature and RH. Grapes stored at higher temperature lost weight faster
than those maintained at lower temperatures. The increased vapor pressure deficit
and respiration rates of the stems of grapes stored at higher temperatures accelerated
transpiration rates of fruit. Lichter et al. (2011) further found a linear profile for the
mass decreasing in grapes of cv. ‘Thompson’ and ‘Superior’. Similar findings were
also reported by Sharma et al. (2018), noting a 5% weight loss in grapes transported
in trucks in temperatures of 35-40°C before reaching the wholesale market.

The findings on the incidence of decay were similar to the findings of Ngcobo et al.
(2012a), who found severe incidence of decay (2 — 5 infected berries per carton) of
‘Regal Seedless’ table grapes after 7 days shelf life at 24.33 £ 0.04°C in similar
packaging to that used in this study. Mlikota et al. (2006) reported much higher levels
of 40.5% after 7 days at 15°C for cv ‘Thompson Seedless’. Visible decay in a carton
could make the carton hard to sell, even though less than 10% of the berries are
affected, as from the consumer’s perspective, appearance is the first factor that
influences purchase decision, followed by perceived value for money and fruit eating
quality (Eccher Zerbini, 2012). This is similar to the findings of Ngcobo et al. (2012a),
who found severe incidence of decay (2 — 5 infected berries per carton) of ‘Regal
Seedless’ table grapes after 7 days shelf life at 24.33 + 0.04°C in similar packaging to
that used in this study. Mlikota et al. (2006) reported much higher levels of 40.5% after
7 days at 15°C for cv ‘Thompson Seedless’. Visible decay in a carton could make the
carton hard to sell, even though less than 10% of the berries are affected, as from the
consumer’s perspective, appearance is the first factor that influences purchase
decision, followed by perceived value for money and fruit eating quality (Eccher
Zerbini, 2012).
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Supply chain Scenario B (to local retail markets)

The decrease of 5.4% and 6.8% in weight noted for the two seasons were more than
double the amount of 2% weight loss after 14 days of cold storage for cv. ‘Thompson
Seedless’ reported by Sabir et al. (2018), while findings on decay during cold storage
were similar to the 0% decay reported. After 10 days at retail conditions, the reported
decay was less than half the amount of 4.56% reported by Murthy et al. (2014). Similar
to Sortino et al. (2017) reporting 1% SO2 damage for cv 'Red Globe’ after 15 days in
cold storage, the incidence of SOz berry damage in this study was 1% after 14 days
in cold storage. Ngcobo et al. (2012a) and Zoffoli et al. (2008) reported that the
combination of free water (100% RH), as occurs with the formation of condensation
when cartons are removed from cooler conditions to ambient conditions, combined
with SOz in non-perforated liners may result in the formation of acidic conditions that
may increase SOz injury, this seems to be the case in this study also. It is suggested
that after a few days at ambient conditions, the free water evaporates, and the damage

stops.

Supply chain Scenario C (to export retail markets)

The measured weight loss was similar to the 5% after 10 days and 10% after 14 days
atroom temperature (25°C) and 45—-70% relative humidity reported by Xu et al. (2013)
for cv ‘Victoria’. After 28 days in cold storage (-0.3 £ 0.7°C, 81.3 + 4.1% RH), there
was a 2.14% incidence of decay in 2017 and 0.94% in 2018. These results were
similar the mean of 1.28% decay reported by Klaasen et al. (2006) for cultivars ‘Red
Globe’, ‘Sunred Seedless’ and ‘Thompson Seedless’ under similar conditions for the
same time period. After 10 days at retail display conditions (5.4 £ 0.6°C, 83.7 £ 2.9%
RH) this increased to 3.2% in 2017 and 2.6% in 2018. These results are slightly higher
than the 2.5% reported by Louw (2017) for the perceived losses of table grapes at
retail level and correspond to the lowest end of the 3 — 7% range of loss reported for
fresh fruit under retail conditions in the UK and Spain by Mena et al. (2011). Both Louw
(2017) and Mena et al. (2011), however, used data collected through interviews with
managers in food manufacturing and questionnaires completed by other role players

in the table grape supply chain while no primary sampling data was collected. 3 days
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after being moved to ambient temperature and humidity conditions (25.1 £ 1.3°C and
46.6 + 6.0%RH), decay increased to 4.44% in 2017 and 3.16% in 2018. Lichter et al.
(2002) reported decay of more than a hundred berries per kg after 4 weeks at 0°C and
3 days shelf-life at 20°C for cv. ‘Thompson Seedless’. Taking the average weight of a
‘Thompson Seedless’ berry as 5 g reported by Peacock et al. (2017), the data
translates to 500 g infected berries per kg or 50%, which is much higher than the decay

rate measured in this study.

The results for SO2 damage seem similar to the rating of 4 (11 — 20 berries per
replicate consisting of 10 bunches) with SO2 damage after 65 days at 0°C and 3 days
at 20°C reported by Lichter et al. (2008) although it is not easy to compare as that
study used a rating of 1 - 5 for describing SO2 damage and not % and it is unknown

exactly how many berries were in a replicate of 10 bunches.

Supply chain Scenario D (simulated ‘abusive’ treatment of fruit within the export chain)

The 5.7% decrease in weight noted is half the weight loss of around 12% reported by
Palou et al. (2010) for ‘Crimson Seedless’ table grapes under similar conditions and
for the same period. Decay and SO0> damage are disorders that can be caused or
aggravated by wet berries in combination with elevated temperature (Du Plessis,
2003). Results indicate that the decay in this trial was lower than that recorded for
supply chain scenario C, which was the same in all regards except for the two days
under ambient conditions. This could be due to condensation evaporating, leaving less

free moisture that would exacerbate decay.

Total amount of physical losses

Supply chain Scenario A (marketing at ambient conditions): For both years, the losses
were considerably less than the 53% reported by Rajabi et al. (2015) for table grape
losses along the supply chain under ambient conditions in Iran. No sampling data was
recorded in that study. However, the data used for their calculations were collected
through government and private data sources with horticulture expert estimates, grape

growers interviews, agriculture cooperation interviews and markets consultations.
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Supply chain Scenario B (to local retail markets): When these losses are taken only
from harvest to retail level, it translates to 18.26% loss in 2017 and 9.62% in 2018.
The result for 2018 is similar to Murthy et al. (2014), who reported losses of 7.96%
from the field to retailer in India.

Supply chain Scenario C (to export retail markets): The 2018 data was similar to
Murthy et al. (2014) reporting export supply chain losses for table grapes in India, of
19.95%, as well as the approximate figure of 15.5% reported by Louw (2017) for the
South African table grape supply chain, although no sampling data was collected for
those studies. The 2017 data of this study was significantly higher and showed how

variable the yearly losses could be.

Supply chain Scenario D (simulated ‘abusive’ treatment of fruit within the export chain):
In terms of quantity of losses, therefore, the 2 days at ambient conditions in the middle
of the cold chain did not cause a significant difference. It did, however, create a

difference in quality, as will be illustrated in the next section.

Quality losses along the supply chain

Supply chain Scenario A (marketing at ambient conditions): Results for firmness over
time supports the findings of Li et al. (2015) reporting no difference in firmness for cv.
‘Mystery’ after 6 days under ambient conditions (22 — 28°C) but contrasts with the
findings of Tamizheezham et al. (2018) for cv. ‘Muscat Hamburg’ reporting a significant
decrease of firmness over time under ambient conditions. Similar findings of
unchanging TSS and TA values were reported for both cv. Muskule and cv. Red Globe
by Sabir and Sabir (2013) during the first week of that research project. The results on
change in stem colour support the report by Lichter et al. (2011). The author reported
major rachis browning during marketing at ambient temperatures and relative

humidity.

Supply chain Scenario B (to local retail markets): The increase in lightness measured
in 2018 differ to the findings of Sabir et al. (2018) that found the L* values for the black
table grape cv. ‘Alphonse Lavallée’ decrease during cold storage, indicating that the

grapes became darker over time. Berry firmness results that showed no significant
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difference over time is similar to findings of Ahmed et al. (2018) reporting no significant
difference in firmness for cv. ‘ltalia’ after cold storage and 7 days shelf life. The
increase in TA measured during the 2018 season is similar Sabir and Sabir (2013)
also describing such a significant increase in TA after 2 and 3 weeks in storage for cv.
Muskule and cv. Red Globe. Li et al. (2015) and Sabir et al. (2011) describe increases
in TSS of grapes during cold storage due to water loss. In contrast to the 2018 findings,
yet similar to the 2017 findings of this study, TSS levels could remain stable under
different storage conditions and for different cultivars. Crisosto et al. (2002) reported
that TSS levels in cv. Red Globe, after up to 12 weeks in storage under different
controlled atmosphere (CA) conditions at 0°C, was almost equal to that measured at

harvest.

Supply chain Scenario C (to export retail markets): No significant difference in any of
the colour attributes was found in 2017, similar to findings of Colombo et al. (2018) for
cv. ‘BRS Isis’ after 50 days in cold storage plus 5 days under ambient conditions. In
2018, however, results indicated that berry colour became lighter, which differs from
Sabir and Sabir (2017) reporting that L* decreased with storage time for cv. ‘Thompson
Seedless’, while Ahmed et al. (2018) reported no significant changes in colour for cv.
‘Italia’ after 50 days of cold storage and 7 days under ambient conditions. No change
in firmness was observed. Similarly, Ahmed et al. (2018) reported no significant
difference in firmness for cv. Italia after up to 50 days in cold storage and 7 days shelf
life. No changes were observed in TSS, similar to findings of Sortino et al. (2017) for
cv. ‘Red Globe’. Results for changes in TA are similar to findings reported by Sabir
and Sabir (2017) that berry TA underwent a progressive decrease during storage for
cv. ‘Thompson Seedless’. Stem colour changes support the findings of Du Plessis
(2003) and Ngcobo et al. (2013) also noted for cv. ‘Thompson Seedless’ that the
average stem condition deteriorated more during the shelf life period than cold

storage.

Supply chain Scenario D (simulated ‘abusive’ treatment of fruit within the export chain):
Unchanged berry firmness was also reported by Li et al. (2015) for cv. ‘Mystery’ and
Sortino et al. (2017) for cv. ‘Red Globe’'. Lichter et al. (2011), however, reported a
decrease in firmness during shelf life trials for the white grape cultivars ‘Superior’ and
‘Thompson’ held in high (>95%) and low (70%) relative humidity at 20°C or 10°C for
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up to 11 days. Several researchers similarly reported general increases in TSS of
grapes during cold storage, including Li et al. (2015) and Sabir and Sabir (2011). This
is attributed to the gluconeogenesis pathway or water loss. Li et al. (2015) also
reported similar findings on stem browning for cv. ‘Mystery’ where cooling delays of

48 hrs resulted in a rachis browning score of 5, indicating very severe damage.

Socio-economic impacts of postharvest losses

The socio-economic impacts of these postharvest losses indicate a financial loss of
between R 279 million to over R600 million annually for the table grape export industry.
Louw (2017) estimated losses of approximately 9.5% between production and intake
stages for the South African table grape industry, translating into a financial loss of
R270.5 million with an additional 2.2% or R93.2 million between intake and export and
3.8% or R400 000 between the importer to retail depot. It is unclear how 3.8% equals
R400 000 when it was also stated that 2.2% equals R93 200 000, the accuracy of the
estimates are therefore uncertain. The values given for losses between production
and intake does, however, approximate the values this current study recorded for the
2018 season, while the losses during the 2017 season were more than double that

amount.

Additionally, as much as 177.43 million MJ of fossil energy and 4.8 million m? of fresh
water resources were lost. At the Eskom tariff rate of R0.90 per kWh, the lost energy
is worth R44.36 million (Eskom, 2019). The fresh water lost could sustain at least 263
013 individuals daily for a whole year at daily minimum usage rate of 0.05 m? per day.
Losses also contribute to unwanted emission of approximately 52 263 tons of CO:zeq,

contributing to environmental degradation from greenhouse gases.

5. CONCLUSIONS

The highest loss in the supply chain was measured at the farm level. It is therefore
important to include this stage when studies are conducted on the quantification of
postharvest losses. As the main reason for losses at this stage was mechanical
damage due to the rough handling of bunches and crates causing berries to drop off

the bunches as well as the crushing of berries due to loading too many bunches in
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crates, these losses could be improved by making workers more aware of the
necessity to handle crates with care. The harvest timing is also essential, as delayed
harvesting reduces shelf life and results in an increased postharvest loss.

The main quality problem, among all supply chain scenarios, were rachis and stem
browning at temperatures higher than -0.5°C. This caused berries to drop faster and
bunches to look less fresh, as well as causing bunches to weigh less when sold. While
5009 or 1kg punnets are routinely kept at around 5°C at the retail level, during peak
season 4.5 kg — 10 kg cartons are often stacked on the floor under ambient conditions.
Therefore, the table grapes would have a maximum shelf-life of 7 days before the
stems have browned, and too many berries per bunch are decayed to sell. It would be
advisable to keep cartons at -5°C and high RH and only place bunches in punnets in
5°C display fridges as the stock sells.

The increase in weight loss and especially stem browning recorded in Scenario D
(‘Abusive’ treatment of fruit within the export chain), compared to Scenario C (Shipping
to export markets) indicated the importance of eliminating the delay between reefer
delivery and quality checking as a break in the cold chain of two days have a significant

impact on the quality of the bunches and therefore also the price it can be sold at.

This study was conducted on farms with good infrastructure, cultivation practices and
cooling facilities, where nonetheless, farm-level losses of up to 23% were recorded. It
is significant that during pre-season interviews with farm management, the highest
estimate of losses was 13%, most of them lower. As ‘Crimson Seedless’ is a high
value crop, even relatively small improvements in future could have a large financial
impact for producer-exporters. In the changing local agricultural environment of many
more upcoming farmers entering the industry, this situation deserves much more

attention than what was the case so far.
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Table 1. Description of the supply chain scenarios studied

Supply chain Description Environmental condition
scenario
A Table grapes were harvested and stored Under ambient conditions for 10 days:
under ambient conditions, typical in areas 25.1+1.3°C
that lack cold storage facilities 46.6 + 6.0% RH
Measurements were taken at harvest and
after 3, 7 and 10 days.
B Handling of table grapes for domestic Cold store for 2 weeks: -0.3°C + 0.7°C
supply chain and 81.3% + 4.1% RH
Measurements were taken at harvest, after Retail store for 10 days: 5.4°C + 0.6°C
14 days in cold storage, after 10 days at 5,4 83.7% + 2.9% RH
retail conditions and then after 3, 7 and 10
days at ambient conditions. Consumer/home (ambient) store: 25.1
+1.3°Cand 46.6 + 6.0% RH
C Shipping to export markets Cold storage for 4 weeks at -0.3 +
0.7°C,81.3+4.1% RH
Measurements were taken at harvest, after
28 days in cold storage, after a further 10 Retail store for 10 days: 5.4°C + 0.6°C
days at retail conditions and then at 3, 7 and 83.7% + 2.9% RH
and 10 days at ambient conditions.
Consumer/home  (ambient) ‘shelf
store: 25.1 + 1.3°C and 46.6 + 6.0%
RH
D Reefer container containing export fruitare  Cold store for 2 weeks: -0.3°C + 0.7°C

left open on arrival for two days before fruit
is unloaded. ‘Abusive’ treatment of fruit

within the export chain.

Measurements were taken at harvest, after
28 days in cold storage then after 2 days
exposure to ambient conditions, after a
further 10 days at retail conditions and then

at 3, 7 and 10 days at ambient conditions

and 81.3% + 4.1% RH;

Ambient storage for 2 days: 25.1 +
1.3°C, 46.6 + 6.0% RH ;

Retail store display for 10 days: 5.4°C
+ 0.6°C and 83.7% + 2.9% RH;
Consumer/home  (ambient) ‘shelf
store: 25.1 + 1.3°C and 46.6 + 6.0%
RH
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Table 2. Physical losses of ‘Crimson Seedless’ table grapes measured as weight
loss (%) and decayed and SOz damaged berries (%) after 3, 7 and 10 days at
ambient conditions (25.1 + 1.3°C and 46.6 + 6.0% RH). Mean values with different
letter(s) in the same column indicate statistically significant differences (P<0.05).

Season 2017 2018
Time Weight Decay SO2 Weight Decay SO:2
loss (%) (%) (%) loss (%) (%) (%)

Harvest - 0 0 - 0 0
3 Days 2.342 1.05> 1.85°P 1552 0.85P 0.37°P
7 Days 4472 3.34> 2312 1.832 1.67° 0.922
10 Days 7.632 7.608 2572 4432 2.672 1.192
P-Value 0.28 <0.01 <0.01 0.19 <0.01 <0.01

Table 3. Physical losses of ‘Crimson Seedless’ table grapes measured as weight
loss (%) and decayed and SO2 damaged berries (%) after 14 days cold storage (-
0.3+£0.7°C, 81.3 + 4.1% RH), after another 10 days at retail conditions (5.4 + 0.6°C,
83.7 £ 2.9% RH) and then 3, 7 and 10 days at ambient conditions (25.1 + 1.3°C and
46.6 £ 6.0% RH). Mean values with different letter(s) in the same column indicate
statistically significant differences (P<0.05).

Season 2017 2018
Time Weight Decay SO:2 Weight Decay SO2
loss (%) (%) (%) loss (%) (%) (%)

Harvest - 0 0 - 0 0

14 Days (-0.5°C) 1412 0 1.0°b 1.852 0.4¢ 0.8°
10 Days ( 5°C) 1.872 2.1¢ 1.8 2572 1.24 1.7
3 Days 2.532 25¢ 212 4.032 22°¢ 2.12
7 Days 3.782 5,5b 2.2a 4,404 3.3b 2.12
10 Days 5.362 8.62 242 6.762 4,72 2.12
P-Value 0.91 <0.01 0.02 0.99 <0.01 <0.01
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Table 4. Physical losses of ‘Crimson Seedless’ table grapes measured as weight
loss (%), decayed and SOz damaged berries (%) after 28 days cold storage (-0.3 +
0.7°C, 81.3 £ 4.1% RH), after another 10 days at retail conditions (5.4 + 0.6°C, 83.7
+ 2.9% RH) and then for 3, 7 and 10 days at ambient conditions (25.1 + 1.3°C and
46.6 + 6.0% RH). Mean values with different letter(s) in the same column indicate
statistically significant differences (P<0.05).

Season 2017 2018
Time Weight  Decay SO:2 Weight Decay SO:2
loss (%) (%) (%) loss(%) (%) (%)

Harvest - 0 0 - 0 0

28 Days (-0.5°C) 4.822 2149 0.47° 1.892 0.949 0.252
10 Days ( 5°C) 5.502 3.20¢ 0.94¢ 2452  260¢ 0.622
3 Days 6.612 4.44° 1.39° 2.642 3.16¢ 0.622
7 Days 7.902 6.53° 1.682 3.952 495 0.622
10 Days 10.222 9922 1852 5.182 8.302 0.62%
P-Value 0.85 <0.01 <0.01 0.84 <0.01 0.26

Table 5. Physical losses of ‘Crimson Seedless’ table grapes measured as weight
loss (%), decayed and SOz damaged berries (%) after 28 days cold storage (-0.3
+0.7°C, 81.3 +4.1% RH), 2 days ‘abusive’ temperature and humidity (25.1 £ 1.3°C
and 46.6 + 6.0% RH), another 10 days at retail conditions (5.4 + 0.6°C, 83.7 £ 2.9%
RH) and then for 3, 7 and 10 days at ambient conditions (25.1 + 1.3°C and 46.6 *
6.0% RH). Mean values with different letter(s) in the same column indicate
statistically significant differences (P<0.05).

Season 2018

Time Weight loss (%) Decay (%) SO2 (%)
Harvest - 0 0

28 Days (-0.5°C) 1.312 0.84¢ 0.882
2 Days (ambient) 2.172 1.33¢ 0.982
10 Days ( 5°C) 3.042 2.354 1.062
3 Days 3.962 3.24°¢ 1.09@
7 Days 4,742 4.46° 1.10@
10 Days 5.702 6.702 1.21@
P-Value 0.19 <0.01 0.99
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Table 6. Supply chain Scenario A (2017): Changes in quality attributes of colour
(L*, a* and b*), Firmness (N), TSS (°Brix), TA (%) and stem browning index for
‘Crimson Seedless’ table grapes at harvest and after 3, 7 and 10 days at ambient
conditions (25.1 + 1.3°C and 46.6 + 6.0% RH). Mean values with different letter(s)

in the same column indicate statistically significant differences (P<0.05).

Year 2017
Time L* a* b* Firmness TSS TA Stem
(N) (°Brix) (%) browning
index
Harvest 29.552 5852 6.772 98.222 18.722 0.892 1¢
3 Days 30.812 4982 6.562 97.802 18.162  0.7528 2.4c¢
7 Days 31.072 5,082 6.592 96.872 18.342  0.732 4.4Pb
10 Days 30.912 4882 6.752 95.472 19.152 0.802 5.02
P-Value 0.06 0.45 0.98 0.79 0.85 0.50 <0.01

Table 7. Supply chain Scenario A (2018): Changes in quality attributes of colour
(L*, a* and b*), Firmness (N), TSS (°Brix), TA (%) and stem browning index for
‘Crimson Seedless’ table grapes at harvest and after 3, 7 and 10 days at ambient
conditions (25.1 £ 1.3°C and 46.6 + 6.0% RH). Mean values with different letter(s)

in the same column indicate statistically significant differences (P<0.05).

Year 2018
Time L* a* b* Firmness  TSS TA Stem
(N) (°Brix) (%) browning
index
Harvest 27.46¢ 7.912 6.952 098.152 20.882 0.86@ 1°¢
3 Days 27.64% 6.802 6.742 97.732 16.772 0.762 2.5°
7 Days 27.96° 6.842 6.832 96.962 18.60& 0.792 4.6°
10 Days 28942 7.852 7.002 95552 19.15& 0.852 4.82
P-Value <0.01 045 098 0.79 0.85 0.50 <0.01
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Table 8. Supply chain Scenario B (2017): Changes in quality attributes of colour
(L*, a* and b*), Firmness (N), TSS (°Brix), TA (%) and stem browning index for
‘Crimson Seedless’ table grapes at harvest after 14 days cold storage (-0.3 +
0.7°C, 81.3 £ 4.1% RH), after another 10 days at retail conditions (5.4 + 0.6°C,
83.7 £ 2.9% RH) and then for 3, 7 and 10 days at ambient conditions (25.1 £ 1.3°C
and 46.6 + 6.0%RH). Mean values with different letter(s) in the same column

indicate statistically significant differences (P<0.05).

2017
Time L* a* b* Firmness TSS TA Stem
(N) (°Brix) (%) browning
index
Harvest 33.652 7.762 7.282 98.232 17.342 0.992 1d

14 Days (-0.5°C) 30.782 6.602 7.082 100.14% 19.392 0.912 1.4¢
10 Days (5°C) 29.782 7.642 7.742 106.592% 18972 0.75% 2.4°

3 Days 30.61% 6.112 7.412 92.022 19.632 0.772 3.5°
7 Days 30.522 6.702 8.442 87.592 19.522 0.702 4.72
10 Days 31.382 6.862 9.202 88.882 17.102 0.682 492
P-Value 0.79 0.49 0.24 0.21 0.73 0.27 <0.01
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Table 9. Supply chain Scenario B (2018): Changes in quality attributes of colour
(L*, a* and b*), Firmness (N), TSS (°Brix), TA (%) and stem browning index for
‘Crimson Seedless’ table grapes at harvest after 14 days cold storage (-0.3 +
0.7°C, 81.3 £ 4.1% RH), after another 10 days at retail conditions (5.4 + 0.6°C,
83.7 £ 2.9% RH) and then for 3, 7 and 10 days at ambient conditions (25.1 £ 1.3°C
and 46.6 + 6.0%RH). Mean values with different letter(s) in the same column

indicate statistically significant differences (P<0.05).

2018
Time L* a* b* Firmness TSS TA Stem
(N) (°Brix) (%) browning
index
Harvest 27.46° 7912 2232 111.062 17.84° 0.72¢ 1d

14 Days (-0.5°C) 27.88P 8.22@ 2872 11459 17.99°> 0.85° 1.3¢
10 Days (5°C) 27.32P 7.323 4.05% 121.692 19.14@ 0.82° 2.7°

3 Days 27.84°> 7.052 2192 115.232 18952 0.78¢ 3.7°P
7 Days 27.56° 6.562 1942 119.03% 19.132 0.892 462
10 Days 30.302 6.012 3.452% 120.272% 18.952 0.85" 4.82
P-Value <0.01 0.31 0.19 0.49 <0.01 <0.01 <0.01
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Table 10. Supply chain Scenario C (2017): Changes in quality attributes of colour
(L*, a* and b*), Firmness (N), TSS (°Brix), TA (%) and stem browning index for
‘Crimson Seedless’ table grapes at harvest after 28 days cold storage (-0.3 +
0.7°C, 81.3 £ 4.1% RH), after another 10 days at retail conditions (5.4 + 0.6°C,
83.7 £ 2.9% RH) and then for 3, 7 and 10 days at ambient conditions (25.1 £ 1.3°C

and 46.6 + 6.0%RH). Mean values with different letter(s) in the same column

indicate statistically significant differences (P<0.05).

2017
Time L* a* b* Firmness TSS TA Stem
(N) (°Brix) (%) browning
index
Harvest 30.042 10.37@ 9.36@ 98.69@ 17.80% 1.13%2 1¢
28 Days (-0.5°C) 29.942 8.802 9.16@ 94.412 18562 0.742 1.14¢
10 Days ( 5°C) 28.612 7.892 9,542 98,702 19.152 0.642 1.97¢
3 Days 31412 6.812 8.722 97.002 19.282 0.73& 3.08¢
7 Days 31.782 6.522 8.102 99.702 19.172 0.672 4.53°
10 Days 31.692 5762 8.102 97.202 1857@ 0.672 5.002
P-Value 0.12 0.15 0.72 0.90 0.67 0.06 <0.01
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Table 11. Supply chain Scenario C (2018): Changes in quality attributes of colour
(L*, a* and b*), Firmness (N), TSS (°Brix), TA (%) and stem browning index for
‘Crimson Seedless’ table grapes at harvest after 28 days cold storage (-0.3 £ 0.7°C,
81.3 £4.1% RH), after another 10 days at retail conditions (5.4 + 0.6°C, 83.7 £ 2.9%
RH) and then for 3, 7 and 10 days at ambient conditions (25.1 + 1.3°C and 46.6 +
6.0% RH). Mean values with different letter(s) in the same column indicate

statistically significant differences (P<0.05).

2018
Time L* a* b* Firmness TSS TA Stem
(N) (°Brix) (%) browning
index
Harvest 27.45b 7.912 2232 106.602 17.802 0.72° 1¢

28 Days (-0.5°C) 27.75° 7.06% 1.762 106.02@  18.692 0.772 1.97¢
10 Days (5°C)  28.09% 7.202 2472 104.34% 18582 0.772 2.67¢

3 Days 28422 6.962 2.362% 110.07% 18.77% 0.72° 3.61°
7 Days 27.30¢ 6.602 2102 110.21% 18.552 0.69¢ 4.45°
10 Days 27.79% 7.233 2413 112.65% 18.532 0.73" 4.782
P-Value <0.01 026 022 011 0.30 <0.01 <0.01
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Table 12. Supply chain Scenario D (2018): Changes in quality attributes of colour
(L*, a* and b*), Firmness (N), TSS (°Brix), TA (%) and stem browning index for
‘Crimson Seedless’ table grapes at harvest after 28 days cold storage (-0.3 +
0.7°C, 81.3 + 4.1% RH), after 2 days ‘abusive’ temperature and humidity (25.1 £
1.3°C and 46.6 = 6.0%RH), after another 10 days at retail conditions (5.4 + 0.6°C,
83.7 £ 2.9% RH) and then for 3, 7 and 10 days at ambient conditions (25.1 + 1.3°C

and 46.6 + 6.0%RH). Mean values with different letter(s) in the same column

indicate statistically significant differences (P<0.05).

2018

Time L* a* b*  Firmness TSS TA Stem
(N) (°Brix) (%) browning

index

Harvest 27.46° 7912 9362 116.602 17.809 0.792 1¢
28 Days (-0.5°C) 27.49° 7.892 9.162 118.542 18.54¢ 0.76° 1.89¢
2 Days (ambient) 28.212 7.65% 9.232 115.722 17.75¢ 0.75P 3.259
10 Days (5°C) 27.71° 7.882 9542 123.012 19553 0.72¢ 4.01°
3 Days 27.60P 8.022 8.722 121.963 17.279 0.72¢ 4.62°
7 Days 28.232 7.692 8.342 116.282 19.11° 0.75° 4,942
10 Days 27.82b 7.832 8.122 123.242 19.74% 0.76° 4.942
P-Value <0.01 0.86 0.21 0.23 <0.01 <0.01 <0.01
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Table 13. Impact of postharvest losses in terms of magnitude, monetary value, energy used, water footprint and greenhouse gas
emissions in the production and distribution of table grapes along different supply chains.

Year Supply Chain Storage Condition Estimated physical and economic *Estimated environmental and resource impacts

Scenario losses

Time Temp (°C) and Humidity (%) Physical (ton) Value (ZAR) Energy (MJ) Water footprint (m?) Emissions CO.eq (ton)

2017 A 3 Days 25.1 £1.3°C,; 46.6 =+ 6.0%RH 10522 13 816 9682 6 868 5082 221 2882 9572
2017 A 7 Days 25.1 +1.3°C; 46.6 + 6.0%RH 1904° 25 007 316° 12 431 216° 400 466° 1733°
2017 A 10 Days  25.1 +1.3°C; 46.6 + 6.0%RH 2 068° 27 161 112° 13 461 972° 435 003° 1882°
2017 B 14 Days -0.3£0.7°C; 81.3 + 4.1%RH 4932 6 4750622 32187972 103 7032 4492
2017 B 10 Days 5.4 + 0.6°C; 83.7 £ 2.9%RH 874% 11479 116%® 5 706 346 ® 183 846 7952
2017 B 3 Days 25.1 +1.3°C; 46.6 + 6.0%RH 1431% 18 794 754 ¢ 9 342 999 301 011°% 1302%
2017 B 7 Days 25.1 £1.3°C; 46.6 = 6.0%RH 2074 27 239 916« 13 541 146 436 266 1887
2017 B 10 Days  25.1 +1.3°C; 46.6 + 6.0%RH 2 534¢ 33 281 556 16 544 486° 533 027¢ 2 306¢
2017 C 28 Days -0.3+0.7°C; 81.3 + 4.1%RH 13 2992 279 305 5982 86 829 171 2797 445° 12 1022
2017 C 10 Days 5.4+ 0.6°C; 83.7 + 2.9%RH 21 443° 450 345 886° 140 001 347° 4510 535° 19513°
2017 C 3 Days 25.1 +£1.3°C; 46.6 = 6.0%RH 22 602° 47 467 204° 147 568 458° 4754 331° 20 568°
2017 C 7 Days 25.1 £1.3°C; 46.6 = 6.0%RH 29 251° 614 329 502° 190 979 779° 6 152 948° 26 618°
2017 C 10 Days 25.1 +1.3°C; 46.6 + 6.0%RH 43 587¢ 915 414 174° 284 579 523° 9 168 525°¢ 39 664°
2018 A 3 Days 25.1 +1.3°C; 46.6 + 6.0%RH 5552 7289 3702 3623 595° 116 7442 505,052
2018 A 7 Days 25.1 £1.3°C; 46.6 = 6.0%RH 5752 7 552 0507 3754 1752 120 9512 523,252
2018 A 10 Days 25.1 +1.3°C; 46.6 + 6.0%RH 1 305° 17 139 870° 8 520 345° 274 507° 1187,55°
2018 B 14 Days -0.3+0.7°C; 81.3 + 4.1%RH 6112 8 024 8742 3989 2192 128 5242 5562
2018 B 10 Days 5.4 £0.6°C; 83.7 + 2.9%RH 7282 9 561 5522 4753 112% 153 135% 6632
2018 B 3 Days 25.1 £1.3°C; 46.6 = 6.0%RH 1163 15 274 842 7 593 227 244 637 1058
2018 B 7 Days 25.1 +1.3°C; 46.6 + 6.0%RH 1 303« 17 113 602 8 507 287% 274 086% 1186%
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2018 B 10 Days 25.1 +1.3°C; 46.6 + 6.0%RH 1 856¢ 24 376 704¢ 12 117 824¢ 390 410¢ 1 689¢
2018 Cc 28 Days -0.3+£0.7°C; 81.3 + 4.1%RH 29 8612 627 140 7222 194 962 4697 6281 2612 27 1742
2018 C 10 Days 5.4 £ 0.6°C; 83.7 £ 2.9%RH 11 560° 242 783 120" 75 475 240° 2431 646" 10 520°
2018 C 3 Days 25.1+1.3°C; 46.6 + 6.0%RH 12 109° 254 313 218" 79 059 661° 2547 128" 11019°
2018 C 7 Days 25.1+1.3°C; 46.6 + 6.0%RH 21107% 443 289 2142 137 807 603 @ 4 439 857 19 207
2018 C 10 Days 25.1 +1.3°C; 46.6 + 6.0%RH 31173° 654 695 3462 203 528 5172 6 557 2412 28 367,432
2018 D 28 Days -0.3+0.7°C; 81.3 £ 4.1%RH 9242+° 194 100 4847 60341 018% 1944 055° 8410%
2018 D 2 Days 25.1+1.3°C; 46.6 + 6.0%RH 9730¢% 204 349 4602 63527 170° 2046 7062 8 8542
2018 D 10 Days 5.4 £ 0.6°C; 83.7 £ 2.9%RH 13 0242 273 530 0482 85 033 696 ® 2739598 ® 11 852%
2018 D 3 Days 25.1+1.3°C; 46.6 + 6.0%RH 15251 % 320 301 502 99 573 779" 3208 048" 13 878%°
2018 D 7 Days 25.1+£1.3°C; 46.6 £ 6.0%RH 20 314°¢ 426 634 628° 132 630 106 ° 4273 050 ¢ 18 486 °©
2018 D 10 Days 25.1 +1.3°C; 46.6 + 6.0%RH 27 177¢ 570 771 3544 177 438 633¢ 5716 682 ¢ 24 7314

a,b,c Values in a column without a common superscript are significantly different (P<0.05).
*Estimated values obtained using the volume of table grapes sold locally, 20 046 t and exported, 305 015 t. [17] This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation as well as the experimental conclusions that can be drawn.
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Figure 1. Total physical losses of grape ‘Crimson Seedless’ at harvest 2017 along
different supply chain (SC) scenarios where SC-A represents marketing at ambient
conditions, SC-B represents the supply chain to the local retail market, SC-C
represents the international supply chain and SC-D represents the international

supply chain including 2 days ‘abusive’ ambient temperature and humidity.
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Figure 2. Total physical losses of grape ‘Crimson Seedless’ at harvest 2018 along
different supply chain (SC) scenarios where SC-A represents marketing at ambient
conditions, SC-B represents the supply chain to the local retail market, SC-C
represents the international supply chain and SC-D represents the international

supply chain including 2 days ‘abusive’ ambient temperature and humidity.

119



Stellenbosch University https://scholar.sun.ac.za

CHAPTER 5
POSTHARVEST LOSSES IN QUANTITY AND QUALITY OF PEAR (CV.

PACKHAM'S TRIUMPH) ALONG THE SUPPLY CHAIN AND ASSOCIATED
IMPACTS*?
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ABSTRACT

Approximately one third of the food produced globally is lost or wasted along the supply
chain. Reducing this would be an important measure to increase the global food supply
as the world continuous the struggle to feed its people sustainably. Not merely a waste
of food, these losses al-so represent a waste of human effort and agricultural inputs
from expensive fertilizers to natural resources as well as contributing to global

greenhouse gas emissions. Measuring the extent of, and understanding the reasons

2 Citation: Blanckenberg, A.; Fawole, O.A.; Opara, U.L. Postharvest Losses in Quantity and Quality of Pear (cv.
Packham’s Triumph) along the Supply Chain and Associated Economic, Environmental and Resource Impacts.
Sustainability 2022, 14, 603. https:// doi.org/10.3390/su14020603
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for these losses can assist in developing appropriate measures re-quired to prevent or
reduce such losses. Therefore, the objective of this research was to quantify
postharvest losses in quantity and quality of ‘Packham’s Triumph’ pears at farm and
simulated retail levels. Pears were sampled from two farms in the Western Cape
Province of South Africa, the largest deciduous fruit production and export region in
Southern Africa. The greatest losses measured along the supply chain were on-farm
immediately after harvest, with 18% recorded. The main reasons for on-farm losses
were small size (65%), deformity (26%), and chafed peel (9%). After 14 days in cold
storage (-0.3+£0.7°C, 81.3 +4.1% RH), mean pear losses were 0.86% which increased
to 1.49% after 28 days. After 10 days of further storage under simulated mar-ket
conditions (5.4 £ 0.6°C, 83.7 + 2.9% RH), fruit losses were 1.52% during retail
marketing and 2.09% during export. Storing pears under ambient conditions (25.1 +
1.3°C and 46.6 £ 6.0% RH) resulted in a higher incidence of losses, increasing from
0.90 to 1.55 and 2.25% after 3, 7 and 10 days, respectively. The socio-economic
impacts of these postharvest losses amounted to financial losses of between ZAR 492
million (USD 34.1 million according to the conversion rate of 14 April 2021) to over
ZAR 831 million (USD 57.6 million) annually, and this was associated with the loss of
301 million MJ of fossil energy, 69 million m3 of fresh water and contributed to the
emission of approximately 19 690 tonnes of CO2 equivalent. The fresh water lost could
sustain 3.7 million individuals daily for a whole year at a daily minimum usage rate of
0.05 m3 per day while it will require planting 0.5 million trees to sink the 19 690 tons
GHG emissions of the pear losses (0.039 metric ton per urban tree planted).
Decreasing postharvest losses will conserve resources as well as improve food
security and nutrition, objectives of the post-2015 sustainable development agenda led
by the United Nations.

1. INTRODUCTION

Around one billion people are currently malnourished as the world continuous the
struggle to feed its people sustainably (Tilman et al., 2001; FAO, 2009; Pelletier and
Tyedmers, 2010). The projected increase in the global population together with the
impact of climate change will further affect food production in the near future
(Schmidhuber and Tubiello, 2007; Nelson et al., 2010). Several methods have been
suggested to meet these growing challenges in a balanced way: stemming farmland
expansion, especially in the tropics; increasing cropping efficiency; altering diets; and

reducing losses and waste (Godfray et al., 2010; Foley et al., 2011; Kummu et al.,
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2012). By employing these measures jointly, food production could be doubled with
our available resources without increasing environmental impacts (Foley et al., 2011).
This study focuses on the last of those measures, i.e. reducing losses and waste. As
approximately one third of the food produced globally (in terms of weight) is lost or
wasted, reducing this would certainly be an important measure to increase global food
supply (Gustavson et al., 2011).

The loss of horticultural produce in the supply chain is a major problem that has only
recently began to receive the worldwide recognition and attention it deserves. These
losses can be the result of many different factors that range from growing conditions
to rough handling at retail level. Not merely a waste of food, these losses also represent
a waste of human effort and agricultural inputs from expensive fertilizers to natural
resources like water and soil (Debela et al., 2011). Postharvest losses are difficult to
measure and very little scientifically quantified data is available on this topic. A number
of attempts, over several decades, have been made to quantify global food waste, this
has been motivated in part by the desire to highlight the scale of ‘waste’ in relation to
global malnutrition in an attempt to jolt people into changing their behaviour (Lundqvist
et al., 2011; Parfitt et al., 2010). However, such assessments rely on limited datasets
collected across the food supply chains at different times and extrapolated to the larger

picture.

In terms of foreign exchange earnings, employment creation and linkages with support
institutions, pears (Pyrus communis L.) are among the most important deciduous fruits
grown in South Africa (Matare, 2012; DAFF, 2019). During the 2016/17 season, pears
accounted for 14.1% (R2.7 billion) of the total gross value for deciduous fruits (R19
billion) in South Africa.

The leading pear cultivar grown in South Africa by area planted and exportation is
‘Packham’s Triumph’ accounting for 33% (4 072 ha) of the total area planted (12 265
ha) (DAFF, 2019; Kawhena et al., 2018). Pear production in South Africa is export
oriented, and as the export markets for South African pears are geographically distant,
the fruit has to be stored for extended periods. Maintaining the quality of the fruit while
moving through the postharvest handling chain from the orchard all the way to the
consumer is therefore very important (Dodd et al., 2010; DAFF, 2019).
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As pears are climacteric, they are usually harvested at a lower maturity to enable them
to withstand the demands of postharvest handling and distribution (Crisosto, 1994).
Even so, being highly perishable products, considerable losses of pears can occur
(Mari et al., 2003). Even a minor loss can be very costly because of the accumulated
expenses of growing, harvesting and storing these high value products (Janisiewicz,
1996). Harvested pears are prone to physical damage leading to moisture loss and
infection that affects fruit appearance (Slaughter et al., 1998). Postharvest diseases
can be a limiting factor for the long-term storage of fruits with losses as high as 50-
60% having been observed in storage bins prior to packing (Xiao and Boal, 2004).

Losses cause less food to be available for consumption and therefore contribute to
food insecurity. In addition, these losses also lead to unnecessary CO2 emissions and
represent a waste of human effort and agricultural inputs from expensive fertilizers to
natural resources like water and soil (Debela et al., 2011). The reduction of postharvest
losses is, therefore, important to increase food security (Mrema and Rolle, 2002; Hailu
and Derbew, 2015). Information on the characteristics and extent of losses in pears
reaching the export markets as well as the South African local fresh fruit markets could
help in ascertaining the factors responsible for the losses and provide guidelines in

developing appropriate measures required to prevent or reduce such losses.

The aim of this study, therefore, was to assess postharvest losses of pears along the
supply chain, from harvest to both export and local retail level and during post-
purchase storage. The specific objectives were to measure the extent of postharvest
physical losses, quantify the changes in physico-chemical properties related to quality
during storage, and estimate the economic and environmental impacts of the fruit

losses.

2. MATERIALS AND METHODS

Harvesting and sampling techniques

Data collection protocols were similar to those used by Kitinoja and AlHassan (2012).
Pears were collected during the commercial harvest on 5 February 2018 at
Lourensford farm (latitude: 34° 04’S longitude: 18° 53'E) in Somerset-West and on 20
February 2018 at Uitvlugt farm (latitude: 34°22’ S; longitude: 20°34’ E) in the Overberg
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area, both farms are located in the Western Cape, South Africa. At harvest, ten full 20
L picking bags were selected at each farm and the contents carefully inspected to
guantify the percentage of fruit that would be discarded due to defects or too small size
(if it falls through a 75 mm ring). Subsequently, 400 pears per farm were selected and
packed into standard Multi-Layer Telescopic Cartons 12.5 kg M12T (MKG6)
(dimensions: 300x400x220 mm; internal trays: 383x281 mm and a liner bag: length
410 mm; width 310 mm and depth 775mm) based on industry practice.

Supply chains simulated

From each farm, 100 pears were used for each supply chain scenario simulated i.e.
200 pears per scenario. From each farm, 100 pears were used for each supply chain
scenario simulated, i.e. 200 pears per scenario. Four supply chain scenarios were
studied (Table 1), representing the range of postharvest handling practices that occur
in local and export marketing of pears in the South African fresh fruit industry.
According to export pear producers (pers. communication Amelia Vorster, Technical
Advisor (Quality) — Karsten Western Cape), Scenario D is a common occurrence and
leads to tension between role-players as to whether the fruit was mishandled before

the report was written and who is responsible for the losses if it is higher than expected.

Fruit loss evaluation and quality measurements

Postharvest losses

The base measurement for losses at harvest occurred in the orchards, ten full 20 L
picking bags were selected at each farm and the contents carefully inspected to
guantify the percentage of fruit that would be discarded due to defects or too small size
(if it falls through a 75 mm ring).

At each evaluation time thereafter, physical losses were quantified as the decrease in
fruit weight expressed as percentage fresh weight loss from harvest and the amount
of fruit lost due to decay, expressed as the percentage of fruit with the disorder. For
supply chain Scenario A, loss measurements were taken at harvest and after 3, 7 and
10 days under ambient conditions (25.1 + 1.3°C, 46.6 = 6.0% RH).
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Quality attributes

1.Weight loss
For weight loss, 30 pears from two farms were selected, which gave 60 pear samples
per supply chain scenario. Weight loss was expressed as a percentage of the initial

fruit weight.

2. Total soluble solids (TSS) concentration

Fruit juice was extracted using a juice extractor (Mellerware - 600W Liqua Fresh Juice
Extractor, South Africa). TSS of juice was measured with a digital refractometer (Atago,
Tokyo, Japan). For the total soluble solids (TSS) concentration, samples of 18 pears

per supply chain were used.

4. Titratable acidity (TA)
TA of juice was determined by titration to pH 8.2 using a Metrohm 862 compact ti-
trosampler (Herisau, Switzerland). For TA, samples of 18 pears per supply chain were

used.

5. Peel colour
Colour was assessed using a colorimeter (Minolta CR-400, Minolta Corp, Osaka,
Japan) and expressed as CIE L*, a*, b* coordinate where L* defines lightness, a*

denotes the red/green value and b* the yellow/blue value (Pathare et al., 2013).

6. Firmness

Pear firmness (N) was measured using a penetrometer fitted with an 8 mm diameter
probe (Sugar and Einhorn, 2011; Matare, 2012) (Guss Manufacturing, Strand, South
Africa). Measurements were made on the widest part of the fruit after a 1-2 cm
diameter area of peel was removed from the area to be tested using a vegetable

peeler. Eighteen pears per supply chain scenario were evaluated for firmness.

7. Ethylene production

Ethylene production was measured as described by Oz (2011) and Mditshwa et al.
(2016). Nine pears were weighed with an accuracy of up to 1 g and sealed, three per
chamber, in 3200 mL air-tight glass chambers for 1 h at ambient conditions (25.1 +

1.3°C, 46.6 £ 6.0% RH). The conncentration of ethylene in the container was then
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measured using an ICA 56 ethylene meter (International Controlled Atmosphere Ltd.
Instrument Division UK) with an accuracy of up to 0.1 ppm, within a time of 15 s, at a
flow of 0.8 L.mint. Based on the results and having measured the specific gravity of
the pears as 1.06, ethylene production per 1 kg of fruit per hour was calculated (Li et
al., 2013; Lysiak, 2014). The ethylene production rate was measured in ppm and

expressed as C2Ha pL.kg.h

8. Respiration rates

Respiration rate was measured as described by Belay et al.,, 2018) with slight
adaptations. Nine pears were weighed with an accuracy of up to 1 g and transferred
to 3 200 mL air-tight glass chambers, three per chamber, for 1 h at ambient conditions
(25.1 £ 1.3°C, 46.6 + 6.0% RH). The CO2 and O2 concentrations were then measured
using a combined CO2/02 analyzer (CheckMate 9900, PBI-Dansensor, Denmark) with
a syringe through a rubber septum attached to the top of the 3200 ml chambers. The

following equation was used to calculate the CO2 concentrations:

RCO2 = (CO2t— CO2) , VI
() W

Where RCO: is the respiration rate expressed in CO2 mL.kg.h, COzi is the initial
concentration of COz in the chamber at the beginning of the experiment, COz2s is the

concentration of CO2 at time t, W is fresh weight, and Vf is free volume.

Environmental and economic impacts of postharvest losses

Total greenhouse gas emissions were calculated using values provided by Janse van
Vuuren and Pineo (2015). That study examined the annual cycle for pear production,
beginning with establishment costs, raw material extraction for production of inputs
used on the orchard and included the factors of fertilizer, tillage, irrigation, pest
management, electricity and fuel con-sumption, ending at delivery of pears. For every
ton of pears produced, stored and transported to the retail market approximately 0.25
ton of COzeq is emitted into the atmosphere. The energy cost for producing and

marketing the lost produce was obtained using a reference value of 3 703 MJ/ton
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provided by (Tabatabaie et al., 2013) and the water footprint was determined by
multiplying the quantity of lost produce with the reference water footprint value of pear
920 m3/ton provided by Mekonnen and Hoekstra (2010). The value of pears lost was
calculated using values provided by DAFF (2019), R5 871/ton for locally sold produce,
and R11 366/ton for exported produce.

3. STATISTICAL ANALYSIS

The statistical significance of the difference in total loss at harvest across the farms
was examined via a one-way analysis of variance (ANOVA). The physicochemical
analysis data [weight loss, peel colour, firmness, total soluble solids (TSS), titratable
acidity (TA), respiration rate and ethylene production] were subjected to mixed model
analysis of variance (ANOVA) using Statistica version 13.2 (TIBCO Software Inc., Palo
Alto, CA) with ‘farm’ and ‘time of measurement’ as fixed effect and cartons as random

effect.

4. RESULTS

Physical losses at farm level

The measured loss of pears at harvest for individual farms were 18% and 19%,
respectively. The average loss at harvest on the farm level was 18%. Of the 18% lost
at harvest, the main reasons were due to deformed fruit (50%), too small size (48%)
and chafed peel (2%) on the first farm while on the other farm the main reasons were
the same, but the proportions differed, the majority of the losses were due to too small
size (80%), chafed peel (18%) and deformed (2%). The average values for both farms
together were small size (65%), deformity (26%), and chafed peel (9%).

Physical losses along the supply chain

Weight loss and decay

Supply chain Scenario A (handling and marketing under ambient conditions)

127



Stellenbosch University https://scholar.sun.ac.za

There was no statistically significant difference in fruit weight up to 10 days after
harvest (P=0.42) as shown in Table 2. However, there was a 2.2% decrease in weight
which would affect the profit margin, as fruit are sold by weight. No decay was present
up to 7 days when 3.3% of the fruit showed visible signs of decay, increasing to 6.6%

after 10 days.

Supply chain Scenario B (to local retail markets)

There was no statistically significant weight loss (P=0.97), Table 3. However, the
weight decreased by 0.86% after 14 days in cold storage, 1.52% after 10 days at retail
conditions, and then by 1.86%, 3.32 and 3.90% after 3, 7 and 10 days under ambient

conditions, respectively. No decay was present during the measurements.

Supply chain Scenario C (to export retail markets)

There was no statistically significant difference in weight after storage or during shelf
life of 10 days (P=0.93). However, weight decreased by 1.49% after 28 days in cold
storage, 1.77% after 10 days at retail conditions and 2.24%, 2.97% and 3.60% after 3,
7 and 10 days under ambient conditions, respectively (Table 4). No decay was present

during the course of the measurements.

Supply chain Scenario D (simulated ‘abusive’ treatment of fruit within the export chain)

There was no statistically significant difference in fruit weight over time (P=0.94),
although a 0.98% decrease in weight is noted after 28 days in cold storage, 1.36%
after two days at ‘abusive’ ambient conditions, 2.09% after 10 days at retail conditions
and 2.91%, 3.26% and 3.71% after 3, 7 and 10 days under ambient conditions

respectively. (Table 5). No decay was present during the measurements.

Quality losses along the supply chain

Supply chain Scenario A (marketing at ambient temperatures and relative humidity:

Pear colour became lighter (L*) over time (Table 6) and the change was statistically

significant (P<0.01). The measurements for a* (P<0.01) denoting the red/green values
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and b* (P<0.01), indicating the yellow/blue values also changed significantly, indicating
that the fruit became less green and more yellow over time. There were also significant
differences in firmness, the values decreased with time as the fruit became softer as
they ripened from 89.83 N at harvest to 71.29 N after 7 days and down to 4.71 N after
20 days (P<0.01). Although the TSS values increased over time, the increase was not
statistically significant (P=0.45). TA values also did not change significantly for the
duration of the trial (P=0.15). Respiration dropped to its lowest after 7 days and then
rose again to peak at 17 days (P=0.02), while Ethylene levels remained quite low for
the first 7 days and then increased significantly from 14 days to 20 days after harvest
(P<0.01).

Supply chain Scenario B (to local retail markets)

Pear colour (L*) indicates that the lightness of the fruit did not change significantly
(Table 7) during the time measurements were taken (P=0.25). The measurements for
a* denoting the red/green values indicate that the pears retained their harvest colour
during the two weeks in cold storage and at 10 days at retail conditions, after 10 days
at ambient conditions. However, it became significantly (P<0.01) less green. The b*
values, indicating the yellow/blue colour component, changed significantly (P<0.01)
and showed that the fruit became yellower during the initial two weeks in -0.5°C cold
storage and continuing the trend during its shelf-life period. Firmness decreased from
89.83 N to 79.53 N during cold storage and retail conditions when removed to ambient
conditions; however, the firmness decreased rapidly to 37.66 N after 3 days, 20.10 N
after 7 days and 10.2 N after 10 days. The TSS (P=0.38) values did not change
significantly during the duration of the trial. The TA values also did not change
significantly (P=0.80). The respiration rate dropped during cold storage, although it was
not significantly different from that at harvest. At ambient conditions, the respiration
rate increased significantly (P<0.01), peaking at 7 days. Ethylene levels remained low
from harvest, through storage at both cold-room and retail conditions and then

increased significantly (P<0.01) and quickly from 7 to10 days at ambient conditions

Supply chain Scenario C (to export retail markets)

Pear colour (L*), indicating lightness, darkened slightly, yet significantly (P=0.02),

during cold storage and became lighter again with increases in temperature and
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relative humidity (Table 8). The measurements for a* (P<0.01) denoting the red/green
values indicate that the pears retained their harvest colour during the four weeks in
cold storage and during the 10 days at retail conditions, becoming significantly less
green at ambient conditions. The b* values, indicating the yellow/blue colour
component, also changed significantly (P<0.01), indicating that the fruit became
considerably yellower during the four weeks in -0.5°C cold storage, after which it
stayed the same until exposed to ambient conditions when it yellowed further.
Firmness decreased from 89.83 N to 78.65 N during four weeks in cold storage and
remained did not significantly change during 10 days at retail conditions. However,
when moved to ambient conditions, the firmness decreased rapidly to 23.93 N after 3
days, 12.06 N after 7 days, and 9.41 N after 10 days. The TSS (P=0.12) and TA
(P=0.20) values did not change significantly during the duration of the trial. The
respiration rate dropped right down to no discernible activity during the four weeks in
cold storage and was significantly different from that at harvest, it picked up slightly
during storage at retail conditions and significantly when placed at ambient conditions
where the respiration rate peaked at 7 days. Ethylene levels remained low after harvest
and cold storage of 28 days. While it increases during retail conditions, it was not
statistically significant until moved to ambient conditions when it increased significantly
(P<0.01) and quickly during its 3 to10 days shelf life.

Supply chain Scenario D (simulated ‘abusive’ treatment of fruit within the export chain)

Pear colour (L*), darkened slightly, yet significantly, during cold storage (Table 8) and
became lighter again with increases in temperature and relative humidity. The meas-
urements for a* (P<0.01) denoting the red/green values indicate that the pears retained
their green harvest colour during the four weeks in cold storage. No significant change
occurred during the 2 days at ambient conditions or when placed at retail conditions
for 10 days, but they did become significantly less green after 3, 7 and 10 days shelf
life at ambient conditions.

The b* values, indicating the yellow/blue colour component also changed signifi-cantly
(P<0.01), meaning that the fruit became considerably yellower during the four weeks
in -0.5°C cold storage after which it did not change significantly, although the values
show a trend of becoming more yellow under ambient shelf life conditions. After four
weeks in cold storage, firmness decreased by around 9.81 N, from 90.12 N to 81.49 N

and remained at that firmness during the 2 days at ambient conditions. During the 10
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days at retail conditions, however, the firmness dropped with another 19.61N to 62.47
N, and when moved to ambient conditions, the firmness decreased rapidly to below
19.12 N firmness. There were no significant differences in TSS (P=0.45) or TA
(P=0.51) during the whole supply chain. Fruit respiration rate dropped right down to no
measurable activity during the four weeks in cold storage. After 2 days at ambient
conditions, the respiration rate was again similar to that at harvest, dropping once more
during the 10 days at retail conditions, but not significantly different from harvest or
ambient conditions. During the 3, 7 and 10 days shelf life measurements, The
respiration rate peaked after 3 days, albeit not significantly different between 3, 7 and
10 days at ambient conditions. Ethylene levels remained low and statistically the same
after harvest, cold storage of 28 days, 2 days ambient and 10 days retail conditions.
When moved to ambient conditions again, it in-creased significantly (P<0.01) and

quickly during its 3 to10 days shelf life.

Socio-economic impacts of postharvest losses

Based on the percentage losses along the simulated supply chains, estimates were
made to determine the volume of pears that could be lost at the national level (Table
10). In 2018, South Africa produced approximately 406 644 tons of which 49 926 tons
were sold locally and 212 149 tons were exported (DAFF, 2019). The 18% loss
measured at harvest translated to an estimated 73 196 tons at national level with a
value of R 429 733 716 (USD 28 445 436) if it were sold on the local market and R 831
945 736 (USD 55 069 125) if it could have been exported. In addition, 271 044 788 MJ
of energy has been lost, 67 340 320 m? of water and 18 299 tons of COzeq has been

released into the atmosphere.

Supply chain Scenario A (marketing at ambient temperatures and relative humidity)

After 3 days 659 tons lost. This equates to a financial loss of R 3 868 989 (USD 252
781), 2 440 277 MJ of energy, 606 280 m? of water and 165 tons COzeq. After 7 days
the losses increase to 2 415 tons worth R 14 178 465 (USD 926 355), 8942 745 MJ of
energy, 2 221 800 m?3 of water and 604 tons COzeq. After 10 days, 6 441 tons worth R
37 815 111 (USD 2 470 663), 23 851 023 MJ of energy, 5 925 720 m? of water and
1610 tons COzeq.
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Supply chain Scenario B (to local retail markets)

After 14 days in cold storage the losses were 585 tons worth R 3 434 535 (USD 224
396), 2 166 255 MJ of energy, 538 200 m?3 of water and 146 tons COzeq. After 10 days
at retail condition (if it were kept at 5.4 £ 0.6°C; 83.7 £ 2.9%RH, which not all retailers
do) 1 098 tons were lost worth R 6 446 358 (USD 421 175), 4 076 874 MJ of energy 1
010 160 m?® of water and 275 tons of CO2eq. After 3 days under ambient conditions
1391 tons were lost worth R8 166 561 (USD 533 565), 5 150 873 MJ of energy, 1
279 720 m® of water and 348 tons COzeq. After 7 days shelf life, 2415 tons worth R 14
178 465 (USD 926 355), 8 942 745 MJ of energy, 2 221 800 m? of water and 604 tons
of COzeq. After 10 days 2 855 tons were lost worth R 16 761 705 (USD 1 095 132), 10
572 065 MJ of energy, 2 626 600 m3 of water and 714 tons of CO2eq.

Supply chain Scenario C (to export retail markets)

After 28 days in cold storage the losses were 1098 tons worth R 12 479 868 (USD
815 376), 4 065 894 MJ of energy, 1 010 160 m? of water and 275 tons COzeq. After 10
days at retail condition 1 244 tons were lost worth R 14 139 304 (USD 923 796), 4 606
532 MJ of energy 1 144 480 m? of water and 311 tons of COzeq. After 3 days under
ambient conditions 1 610 tons were lost worth R 18 299 260 (USD 1 195 588), 5 961
830 MJ of energy, 1 481 200 m? of water and 403 tons CQO2eq. After 7 days shelf life,
2196 tons worth R 24 959 736 (USD 1 630 753), 8 131 788 MJ of energy, 2 020 320
m?3 of water and 549 tons of CO2eq. After 10 days 2635 tons were lost worth R 29 949
410 (USD 1 956 755), 9 757 405 MJ of energy, 2 424 200 m? of water and 659 tons of
COa2eq.

Supply chain Scenario D (simulated ‘abusive’ treatment of fruit within the export chain)

After 28 days in cold storage the losses were 732 tons with a financial value of R 8 319
912 (USD 543584, 2 710 596 MJ of energy, 673 440 m3 water and 183 tons COzeq.
After 2 days at ‘abusive’ ambient temperature and humidity before entering retail
conditions the losses were 1 025 tons worth R 11 650 150 (USD 761 166), 3 795 575
MJ, 943 000 m3 water and 256 tons COzeq. After 10 Days at retail conditions losses
were 1464 tons, R 16 639 824 (USD 1 087 168), 5 421 192 MJ, 1 346 880 m3 water

and 366 tons COzeq. At 3 days of ambient conditions losses were 2 123 tons were lost
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worth R 24 130 018 (USD 1 576 543), 7 861 469 MJ of energy, 1 953 160 m® water
and 531 tons of CO2eq. After 7 days under ambient conditions, 2 415 tons worth R 27
448 890 (USD 1 793 383) were lost along with 8 942 745 MJ of energy, 2 221 800 m?3
of water and 604 tons of COzeq. After 10 days at ambient conditions the losses were 2
708 tons worth R 30 779 128 (USD 2 010 965), 10 027 724 MJ of energy, 2 491 360

m? of water and 677 tons CO2eq.

The socio-economic impacts of these losses, from harvest to shelf life, indicate a
financial loss of between R 492 million to over R831 million annually for the South
African pear industry. Additionally, as much as 301 million MJ of fossil energy and 69
million m® of freshwater resources were lost. The fresh water lost could sustain 3,7
million individuals daily for a whole year at daily minimum usage rate of 0.05 m?3 per
day (Peter and Gleik, 1996), while it will require planting 0.5 million trees to sink the 19
690 tons GHG emissions of the pear losses (0.039 metric ton per urban tree planted)
(U.S. DOE, 1998).

5. DISCUSSION

Physical losses at farm level

The measured loss at harvest of 18% was almost double the 10% reported by
Franke et al. (2016) measured in a study on food loss in primary production of the
Nordic countries of Denmark, Finland, Sweden and Norway. As well as findings by
Nétari and Ferencz (2014) who measured losses of 8% for Packham’s Triumph
pears in Hungary. Losses of 5% were reported by The United Kingdom’'s Waste and
Resources Action Programme (WRAP) (2019). However, that study collected no
primary data for pears, and their estimates were based on ‘expert judgment’. While
Mangaraj et al. (2011) reported that postharvest losses of pears in India were in the
range of 20—-30%, this was due to inadequate facilities and improper handling,

packaging, and storage techniques.
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Physical losses along the supply chain

Supply chain Scenario A (marketing at ambient temperatures and relative humidity)

These results differed and were much lower than the 8% weight loss reported by Dave
etal. (2017) for cv. ‘Babughosha’ after 8 days under ambient conditions, 8.81% weight
loss after 7 days for cv. ‘Shahmive’ reported by Akbari et al. (2019) as well as the
4.69% reported by Dhillon et al. (2017) for cv. ‘Punjab Beauty’.

The decay rates were also lower than the 5% after 6 days and 12% after 9 days
reported for cv. ‘Punjab Beauty’ by Dhillon et al. (2017). Nath et al. (2012), however,

reported no decay for the first 3 days and then 9% decay after 6 days for cv. ‘Lagoon’.

Supply chain Scenario B (to local retail markets)

Results indicate a higher percentage of weight loss than the 2% reported by Zucoloto
et al. (2016) for cv. ‘Abate Fetel’ and was closer to the weight loss of 2.65 + 0.64%
reported for cv. ‘Red Clapp’s’ after 15 days in cold storage plus 7 days at 20°C by
Calvo and Sozzi (2004). Also similar to findings of Matare (2012), reporting average
losses of 3.61% at the retail level for the ‘Packham’s Triumph’ in South Africa. No
decay was present during the experiment, corresponding to findings reported by
Dhillon et al. (2017) for cv. ‘Punjab Beauty’.

Supply chain Scenario C (to export retail markets)

Results were similar to the 3.9% loss in weight reported by Burger (2004) for cv.
‘Packham’s Triumph’ after shipping to export markets and shelf life. No decay was
present during the measurements, which is similar to Kahwena et al. (2018) finding no
decay present up to 4 months in cold storage under regular atmosphere followed by

seven days shelf life conditions (20°C).

Supply chain Scenario D (simulated ‘abusive’ treatment of fruit within the export chain)

Similar to supply chain Scenario C, the weight loss percentage was similar to that
reported by Burger (2004) for cv. ‘Packham’s Triumph’ after shipping to export markets

and shelf life. No decay was present during the experiment.
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Quality losses along the supply chain

Supply chain Scenario A (marketing at ambient temperatures and relative humidity

Results for firmness over time contrasts with the findings of Dave et al. (2017) reporting
on cv. ‘Babughosha’, after 8 days under ambient conditions, found that firmness
became as low as 3.96 N. This indicates that cv ‘Packham’s Triumph’ has a longer
shelf life and that posharvest loss quantification should be done for every cultivar
separately. Results showing no significant TSS increase differs from previous studies
on pears by Elgar et al. (1997) for cv ‘Buerre Bose’ and ‘Doyenne du Cornice’ pears
and cv. ‘Lagoon’ by Nath et al. (2012), where a significant increase in TSS during the
storage period were found. Dave et al. (2017) also reports an increase in TSS for cv.
‘Babughosha’, however, the data for the control in that study does not show a
significant increase. Similarly, Bfaszczyk and tysiak (2001) also reported no significant
increase in TSS for cvs. ‘Erica’ and ‘Dicolor’. Results for TA values differ from those
reported by Btaszczyk and tysiak (2001) of a significant decrease in TA, although that
only occurred after 120 and 150 days in cold storage for cvs. ‘Erica’ and ‘Dicolor’,
respectively. A significant decrease in acidity for cv. ‘Babughosha’ after 4 and 8 days
under ambient conditions were, however, reported by Dave et al. (2017). Results on
respiration were similar to Porritt (1964), describing the respiration rate of cv ‘Bartlett’
at 22°C as decreasing during the first 4 days after harvest and then increasing in a
normal climacteric rise. Ethylene production levels took much longer to increase when
compared to those reported by Villalobos-Acufia et al. (2011) for cv. ‘Bartlett’ after 4,

6 and 8 days after harvest stored under ambient conditions.

Supply chain Scenario B (to local retail markets)

The changes in colour correlate with the results published by Antoniolli and
Czermainski (2012) for cv. ‘Packham’s Triumph’. The initial decrease in firmness
during two weeks of cold storage corresponds to findings of Antoniolli and Czermainski
(2012) reporting on cv. ‘Packham’s Triumph’ but after 5 days at room temperature
(24+1°C) in that study, the firmness only decreased to around 60 N, from a starting
firmness of 75 N, which is much firmer than reported in this study. The results for TSS
values were similar to findings by Kawhena et al. (2018) for cv. ‘Packham’s Triumph’,
no significant differences in TSS between harvest and 4 or 8 months of storage were

found, although differences were found after 2, 6 and 10 months in that study. The TA,
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similarly correlates to results of Kawhena et al. (2018) where no significant differences
were found during the first season while differences were found in the second season,
but only in one treatment of 6 months storage and 7 days shelf life. Calvo and Sozzi
(2004) also reported no significant difference in TA levels for cv. ‘Red Clapp’s’ after 15
days at -0.5°C and 7 days at 20°C. Results for respiration rate were similar to findings
for cv. ‘Conference’ published by Brandes and Zude-Sasse (2019) reported that the
respiration rate increased after removal from storage with a decrease at the end of
shelf-life.

Supply chain Scenario C (to export retail markets)

These results are similar to those reported by Antoniolli and Czermainski (2012) for
the same cultivar, Packham’s Triumph, grown in Brazil. With regard to firmness, results
were similar to those reported by Antoniolli and Czermainski (2012), a 10 N drop in
firmness during cold storage of 15 days and a rapid decline in firmness during the
simulated shelf life period. Moya-Léon et al. (2006) also reported remarkable decrease
in fruit firmness of ‘Packham’s Triumph’ after 5 days under ambient condition
subsequent to being stored under regular cold storage (0°C, 90-95% RH), although it
is not reported what the firmness was after cold storage but prior to the 5 days shelf
life. Findings on TSS and TA were similar to findings by Kawhena et al. (2018) and
Moya-Léon et al. (2006) while Antoniolli and Czermainski (2012) reported significant
increases in TSS and a decrease in TA during cold storage. Respiration rates confirm
reports of Porritt (1964), Streif (1994) and Saquet (2019) stating that lower temperature
drastically slows respiration rate. Ethylene production levels were similar to those
reported by Brandes and Zude-Sasse (2019), an increase in ethylene production after

4 days shelf life subsequent to cold storage of either 6 or 8 weeks, for cv. ‘Conference’.

Supply chain Scenario D (simulated ‘abusive’ treatment of fruit within the export chain)

The results were similar to those described for supply chain Scenario C, with the main

difference being a faster increase in respiration rate and ethylene production.
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Socio-economic impacts of postharvest losses

The socio-economic impacts of these losses, from harvest to shelf life, indicate a fi-
nancial loss of between R492 million to over R831 million annually for the South African
pear industry.

Additionally, as much as 301 million MJ of fossil energy and 69 million m? of fresh
water resources were lost. At the Eskom tariff rate of R0.90 per kWh, the lost energy
is worth R75.25 million (Eskom, 2019). The fresh water lost could sustain 3.7 million
individuals daily for a whole year at a daily minimum usage rate of 0.05 m? per day
(Peter and Gleik, 1996), while it will require planting 0.5 million trees to sink the 19 690
tons GHG emissions of the pear losses (0.039 metric ton per urban tree planted) (U.S.
DOE, 1998).

6. CONCLUSIONS

The results of this research reveal that postharvest losses of pears, from harvest along
the supply chain to retail level and shelf-life (consumer storage), have a serious impact
on food security, profitability, and the sustainable management of natural resources.
Worldwide interest in the food loss and the waste problem has soared; however, losses
that occur on farm level are often overlooked. In this study, the greatest loss measured
along the supply chain, 18%, was at harvest. As the majority of losses were due to
small size and not any deformity or mechanical damage, industry size standards could
be part of the problem. With a shift in perception, smaller fruit could also be sold as
fresh fruit and not downgraded for juicing. Smaller fruit are also known to be sweeter
and sweeter fruit tends to be more popular. One example is a line of child-sized pears
centered on flavour that could transform the way consumers view small pears.

In addition, fruit losses in quantity and quality under ambient conditions (25.1 + 1.3°C,;
46.6 £ 6.0% RH) were much higher than under refrigeration. While the retail sim-ulation
in this study was done at 5°C, many retailers exhibit fruit on open shelves where the
temperature is much higher, essentially ambient conditions that can reach up to 26.68
+0.92°C and 59.79 + 4.86% RH. This shortens the shelf life significantly and increases
the amount of fruit lost due to decay.

Despite the huge lack of data in existing knowledge on global food loss and waste,

the largest gap in knowledge presents the lack of available data on postharvest losses,
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data on food waste at the retail, household levels and shelf life. Therefore, the present
study aimed to contribute to the advancement of new knowledge by generating primary
data on quantity and postharvest quality losses along the pear supply chain to better
manage the food loss and waste problem. However, more studies are needed to gain
information and insights on the handling procedures and origin of defects associated

with losses for the supply chains of every product.
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Table 1. Description of the supply chain scenarios studied

Supply chain
Scenario

Description

Environmental condition

A

Pears were harvested and stored under
ambient conditions, typical in areas that
lack cold storage facilities

25.1+13°C
46.6 £ 6.0% RH

Handling of pears for domestic supply
chain

Cold store for 2 weeks: -0.3°C +
0.7°C and 81.3% + 4.1% RH

Retail store for 10 days: 5.4°C +
0.6°C and 83.7% + 2.9% RH

Consumer/home (ambient)
store: 25.1 £1.3°C and 46.6
6.0%RH

Shipping to export markets

Cold storage for 4 weeks at -0.3
+0.7°C, 81.3+4.1% RH

Retail store for 10 days: 5.4°C +
0.6°C and 83.7% * 2.9% RH

Consumer/home (ambient)
‘shelf store: 25.1 + 1.3°C and
46.6 + 6.0%RH

Reefer container containing export fruit
are left open on arrival for two days
before fruit is unloaded. ‘Abusive’
treatment of fruit within the export
chain.

Cold store for 2 weeks: -0.3°C +
0.7°C and 81.3% + 4.1% RH;

Ambient storage for 2 days:
25.1+1.3°C, 46.6 £ 6.0% RH

Retail store display for 10 days:
5.4°C £ 0.6°C and 83.7% +
2.9% RH;

Consumer/home (ambient)
‘shelf’ store: 25.1 £ 1.3°C and
46.6 + 6.0%RH
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Table 2. Physical losses of ‘Packham’s Triumph’ table pears measured as weight loss
(%) and decayed (%) after 3, 7 and 10 days at ambient conditions (25.1 + 1.3°C and
46.6 + 6.0%RH). Mean values with different letter(s) in the same column indicate

statistically significant differences (P<0.05).

Time Weight Loss Decay
(%) (%)
Harvest - 02
3 Days 0.902 0@
7 Days 1.552 3.3°
10 Days 2.258 6.6¢
P-Value 0.42 <0.01

Note: Mean values within the same column with different letters are significantly (P< 0.05) different by
Duncan’s Multiple Range test (DMRT).

Table 3. Physical losses of ‘Packham’s Triumph’ table pears measured as weight
loss (%) after 14 days cold storage (-0.3 £ 0.7°C, 81.3 £ 4.1% RH), after another 10
days at retail conditions (5.4 £ 0.6°C, 83.7 + 2.9% RH) and then 3, 7 and 10 days at
ambient conditions (25.1 + 1.3°C and 46.6 £ 6.0% RH). Mean values with different

letter(s) in the same column indicate statistically significant differences (P<0.05).

Time Weight Loss
(%)
Harvest -

14Days (-0.5°C) 0.862
10Days ( 5°C) 1522
3Days 1862
7Days 3.322
10Days 3.902

P-Value 0.97

Note: Mean values within the same column with different letters are significantly (P< 0.05) different by
Duncan’s Multiple Range test (DMRT).
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Table 4. Physical losses of ‘Packham’s Triumph’ pears measured as weight loss (%)
after 28 days cold storage (-0.3 £ 0.7°C, 81.3 £ 4.1% RH), after another 10 days at

retail conditions (5.4 + 0.6°C, 83.7 = 2.9% RH) and then 3, 7 and 10 days at ambient
conditions (25.1 £ 1.3°C and 46.6 + 6.0% RH). Mean values with different letter(s) in

the same column indicate statistically significant differences (P< 0.05).

Time Weight

(%)

Harvest -

28 Days (-0.5°C) 1.492
10 Days (5°C) 1.772
3 Days 2.242
7 Days 2974
10 Days 3.602

P-Value 0.93

Note: Mean values within the same column with different letters are significantly (P< 0.05) different by
Duncan’s Multiple Range test (DMRT).

Table 5. Physical losses of ‘Packham’s Triumph'’ table pears measured as weight
loss (%) after 28 days cold storage (-0.3 £ 0.7°C, 81.3 £ 4.1% RH), 2 days ‘abusive’
temperature and humidity (25.1 = 1.3°C and 46.6 + 6.0% RH) after another 10 days
at retail conditions (5.4 £ 0.6°C, 83.7 + 2.9% RH) and then 3, 7 and 10 days at
ambient conditions (25.1 + 1.3°C and 46.6 + 6.0% RH). Mean values with different

letter(s) in the same column indicate statistically significant differences (P< 0.05).

Time Weight Loss
(%)
Harvest -
28 Days (-0.5°C) 0.982
2 Days (ambient) 1.362
10 Days (5°C) 2.092
3 Days 2912
7 Days 3.262
10 Days 3.712
P-Value 0.94

Note: Mean values within the same column with different letters are significantly (P< 0.05) different by
Duncan’s Multiple Range test (DMRT).
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Table 6. Supply chain Scenario A: Changes in quality attributes of colour (L*, a* and b*), Firmness (N), TSS (°Brix), TA (%), respiration rate
(CO2mL.kg.h) and ethylene production (C2HauL.kg-h) of ‘Packham’s Triumph’ pears at harvest and after 3, 7 and 10 days at ambient conditions

(25.1 + 1.3°C and 46.6 + 6.0% RH). Mean values with different letter(s) in the same column indicate statistically significant differences (P<0.05).

Season 2018

Time L* a* b* Firmness TSS TA Respiration rate Ethylene
(N) (°Brix) (%) (CO2mL.kg.h) (C2HauL.kg.h)

Harvest 64.18 2 -15.912 40.592 89.832 10.992 0.292 12.912b 2.062
3 Days 63.24° -15.362 41.4823 77.28° 11.532 0.302 11.882 4.48 2
7 Days 63.81° -15.04 2 41.77° 76.59° 11.244 0.522 9.782 4932

10 Days 63.60° -14.852 42.02° 71.29°b 11.652 0.442 10.54 2 8.572

14 Days 64.19 2 -13.65bc 43.51°¢ 56.39°¢ 12.432 0.262 12,572 30.09 2

17 Days 65.62 b° -12.54¢cd 45.494d 22.164¢ 13.802 0.522 17.46° 66.93 P

20 Days 67.16° -11.074 47.89¢ 4.71°¢ 13.062 0.392 15.472b 130.46 ¢
P-Value <0.01 <0.01 <0.01 <0.01 0.45 0.15 0.02 <0.01

Note: Mean values within the same column with different letters are significantly (P< 0.05) different by Duncan’s Multiple Range test (DMRT).
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Table 7. Supply chain Scenario B: Changes in quality attributes of colour (L*, a* and b*), Firmness (N), TSS (°Brix), TA (%), respiration rate
(CO2mL.kg.h) and ethylene production (C2HsuL.kg-h) of ‘Packham’s Triumph’ pears at harvest, after 14 days cold storage (-0.3 + 0.7°C,
81.3 + 4.1% RH), after another 10 days at retail conditions (5.4 + 0.6°C, 83.7 £ 2.9% RH) and then 3, 7 and 10 days at ambient conditions

(25.1 £ 1.3°C and 46.6 + 6.0% RH). Mean values with different letter(s) in the same column indicate statistically significant differences (P<

0.05).
2018
Time L* a* b* Firmness TSS TA Respiration Ethylene
(N) (°Brix) (%) (CO2mL.kg.h) (C2Ha4uL .kg.h)
Harvest 63.622 -14.66 b¢ 38.53¢ 89.83 2 10.992 0.292 12.91 k¢ 2.06 ¢
14 Days (-0.5°C) 63.022 -14.81 ¢ 44.32°¢ 79.83° 12.442 0.342 2.86 ¢ 1.36°¢
10 Days (5°C) 64.35% -16.35°¢ 44.56 Pc 79.53°P 13.152 0.29@ 6.72 ¢ 3.77°¢
3 Days 66.54 2 -14.97 be 41.57 ¢ 37.66 ¢ 12.132 0.302 22.22 3 42.82°¢
7 Days 63.622 -13.70° 46.56 2 20.10¢ 12.632 0.302 25.26 @ 122.23°
10 Days 64.722 -11.47 2 47.48 @ 10.20¢® 13.102 0.292 19.19 @ 197.34 2
P-Value 0.25 <0.01 <0.01 <0.01 0.38 0.80 <0.01 <0.01

Note: Mean values within the same column with different letters are significantly (P< 0.05) different by Duncan’s Multiple Range test (DMRT).
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Table 8. Supply chain Scenario C: Changes in quality attributes of colour (L*, a* and b*), Firmness (N), TSS (°Brix), TA (%), respiration rate
(CO2mL.kg.h) and ethylene production (C2HsuL.kg-h) of ‘Packham’s Triumph’ pears at harvest, after 28 days cold storage (-0.3 + 0.7°C,
81.3 + 4.1% RH), after another 10 days at retail conditions (5.4 + 0.6°C, 83.7 £ 2.9% RH) and then 3, 7 and 10 days at ambient conditions
(25.1 £ 1.3°C and 46.6 + 6.0%RH). Mean values with different letter(s) in the same column indicate statistically significant differences (P<

0.05).

2018
Time L* a* b* Firmness TSS TA Respiration Ethylene
(N) (°Brix) (%)  (COz2mL.kg.h) (C2HauL .kg.h)
Harvest 64.33 2 -15.01 ¢ 37.78 ¢ 89.83 2 10.992 0.292 12.91 bc 2.06°
28 Days (-0.5°C) 62.47 ° -1481 ¢ 43.03 be 78.65° 13.052 0.492 0.00 ¢ 4.84°
10 Days ( 5°C) 63.55 @b -14.90 ¢ 42.75°¢ 78.26 P 13.352 0.512 7.40 cd 14.75 ¢
3 Days 62.59 P -13.54 be 42.86 ¢ 23.93°¢ 13.052 0.312 18.63 @ 62.96 P
7 Days 63.373 -12.222 44.35° 12.06 ¢ 12.182 0.262 22.36 2 226.84 @
10 Days 64.64 2 -10.79 2 45.80 @ 9.41 ¢ 13.362 0.252 18.81 @ 273.43 2
P-Value 0.02 <0.01 <0.01 <0.01 0.12 0.20 <0.01 <0.01

Note: Mean values within the same column with different letters are significantly (P< 0.05) different by Duncan’s Multiple Range test (DMRT).
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Table 9. Supply chain Scenario D: Changes in quality attributes of colour (L*, a* and b*), Firmness (N), TSS (°Brix), TA (%), respiration
rate (COz2mL.kg.h) and ethylene production (C2HauL.kg-h) of ‘Packham’s Triumph’ pears at harvest, after 28 days cold storage (-0.3 +
0.7°C, 81.3 £ 4.1% RH), after 2 days ‘abusive’ temperature and humidity (25.1 £ 1.3°C and 46.6 £ 6.0% RH), after another 10 days at
retail conditions (5.4 + 0.6°C, 83.7 £ 2.9% RH) and then 3, 7 and 10 days at ambient conditions (25.1 + 1.3°C and 46.6 + 6.0%RH).
Mean values with different letter(s) in the same column indicate statistically significant differences (P< 0.05).

2018
Time L* a* b* Firmness TSS TA Respiration Ethylene
(N) (°Brix) (%) (CO2mL.kg.h) (C2HauL.kg.h)

Harvest 64.763¢  -14.750d€ 38.40°¢ 89.832 10.992 0.292 12.915¢ 2.06°¢
28 Days (-0.5°C) 62.71°¢ -15.08 ¢ 43.652b 82.67° 12.892 0.392 0.00d 5.43¢
2 Days (ambient) 63.65"° -14.68 de 41.96° 81.49°b 12.822 0.372 14.72 3¢ 9.34°¢
10 Days (5°C)  63.733¢  -13.56¢ 44,332 62.47°¢ 13.452 0.292 8.36°¢ 16.80°¢
3 Days 61.43¢ -12.46 ¢ 42.40° 19.12¢ 12.822 0.262 21.01@ 163.92°

7 Days 66.84 -11.102 45532 9.71d 12.722 0.262 17.262b 258.77 %

10 Days 67.782 -10.072 46.172 9.514d 13.252 0.232 14.83 2 292.324
P-Value 0.019 <0.01 <0.01 <0.01 0.45 0.51 <0.01 <0.01

Note: Mean values within the same column with different letters are significantly (P< 0.05) different by Duncan’s Multiple Range test (DMRT).
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Table 10. Impact of postharvest losses in terms of magnitude, monetary value, energy used, water footprint and greenhouse gas

emissions in the production and distribution of pears along different supply chains.

a,b,c Values in a column without a common superscript are significantly different (P<0.05). *Estimated values obtained using the volume of pears sold locally,

49 926 t and exported, 212 149 t (DAFF, 2019).

Storage Condition Estimated physical and

economic losses

*Estimated environmental and resource impacts

Year Supply Time Temp (°C) and Physical Value Energy (MJ)  Waterfootprint Emissions CO2eq
Chain Humidity (%) (ton) (ZAR) (m3) (ton)
Scenario
2018 Harvest 73 196 429 733 716 271 044 788 67 340 320 18 299
(local market)
831 945 736
(export)
2018 A 3 Days 25.1 +1.3°C;
46.6 + 6.0%RH 659 2 38689892 2440277 * 606 280 2 1652
2018 A 7 Days 25.1 +1.3°C; b b b b b
46.6 + 6.0%RH 2415 14 178 465 8942 745 2221 800 604
2018 A 10 Days 25.1 +1.3°C;
46.6 + 6.0%RH 6 441°¢ 37 815111° 23851 023°¢ 5925 720°¢ 1610°¢
2018 B 14 Days -0.3+£0.7°C; a a a a a
813 + 4 1%RH 585 3434 535 2 166 255 538 200 146
2018 B 10 Days 5.4 + 0.6°C;
83.7 + 2 9%RH 10982 6 446 3582 4076 8742 1010 1602 2752
2018 B 3 Days 25.1 +1.3°C; b b b b b
46.6 + 6.0%RH 1391 8 166 561 5150 873 1279720 348
2018 B 7 Days 25.1 +1.3°C; b b b b b
46.6 + 6.0%RH 2415 14 178 465 8 942 745 2221 800 604
2018 B 10Days  251£1.3°C.  ,g55c 15761705 10572065° 2626 600° 714¢

46.6 + 6.0%RH
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2018

28 Days

-0.3+0.7°C;

LA iEy  1098%  12479868°  4065894°  1010160° 2752
2018 € 10Days 5400 1244°  14139304°  4606532°  1144480° 3112
2018 € shays BARlSS  1610°  18209260°  5961830°  1481200° 403"
2018 C o Thays BARLSS 2106 24959736®  8131788° 2020320 549"
2018 C o 10Days BoARLSC  2635°  29949410°  9757405°  2424200° 659 °
2018 b 28Days 08*DTC 7320 8319912°  2710596° 6734407 183°
2018 b 2bays BAERLSC  1025%  11650150°  3795575¢  943000° 256°
2018 D 10Dbays A . 1464°  16639824°  5421102°  1346880° 366 °
2018 b Sbays BodElSC 21230 24130018  7861469° 1953160 531
2018 b Tbays BOARLSC 24150 27448800°  8942745°  2221800° 604"
2018 D 10Days  251213Ci 57080 30779128° 10027724°  2491360° 677°

46.6 + 6.0%RH

a,b,c Values in a column without a common superscript are significantly different (P<0.05).
*Estimated values obtained using the volume of pears sold locally, 49 926 t and exported, 212 149 t. (DAFF, 2019)

154



Stellenbosch University https://scholar.sun.ac.za

Chapter 6

GENERAL DISCUSSION AND CONCLUSIONS

High levels of postharvest loss are a major challenge to food security. Furthermore,
postharvest losses mean that huge amounts of the resources used in food production
are squandered (Smil, 2004; Parfitt et al., 2010; FLW Protocol, 2016; Porat et al.,
2018). Minimising the loss of fresh fruit will, therefore, not only increase the food supply
without any new inputs, but will also reduce the use of land, chemicals, energy and
other inputs needed to produce horticultural crops, thereby conserving natural
resources and protecting the environment (Kader, 2005; Munhuweyi et al., 2016).
From an economic point of view, addressing postharvest losses are not only helpful to
producers aiming to sell more, but also to consumers who could save money as the

available food becomes more affordable (Rutten, 2013).

Quantifying postharvest loss, and identifying the causes, is a crucial first step without
which it is impossible to monitor the results of mitigating actions or policy changes. It
is essential in order to determine how to control and reduce losses over time and
space (Kafa and Jaegler, 2021). Porat et al. (2018) highlighted the lack of postharvest
research that addresses the interconnected networks of supply chains "from farm to
fork". Stating that most postharvest research does not take into account the intricate
interactions and connections between postharvest biology and the impact of logistics

and supply-chain management systems.

To date, there is a dearth of information on the incidence and magnitude of postharvest
losses of fruit and other food crops in South Africa. Before this study, there was no
primary research data on the magnitude of losses in the fresh fruit value chain in South
Africa. The main aim of this study, therefore, was to fill a part of the information void

surrounding this important but not widely researched problem.
As a case study, the first research chapter investigated production level losses of

apples, pears and grapes using data received from eight farms in the Western Cape,

South Africa. It could clearly be seen that the more delicate a fruit is, the higher the
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losses at farm level will be as apples and pears had mean production level losses of
around 1% while grapes had mean losses of around 13.5%. It was also found that the
amount of missing fruit, fruit that were tipped in the packhouse but consequently
disappeared, were almost double, in the case of apples and pears, than the amount
of fruit lost due to damage or decay, while an additional 3-5% of grapes were lost in
this way. Incomplete or obviously incorrect record keeping makes it difficult to have
confidence in the data and is also an important area for improvement, that will allow

farms to better manage postharvest losses.

In the second research chapter, losses in quantity and quality of table grapes (cv.
Crimson Seedless) along the supply chain were measured and the associated
economic, environmental and resource impacts reported. The results indicated that,
similar to research done in Iran by Rajabi et al. (2015), the highest incidence of losses
occur postharvest in the farm packhouse. It is therefore important to include this stage
when studies are conducted on the quantification of postharvest losses. As the main
reason for losses at this stage was mechanical damage due to the rough handling of
bunches and crates causing berries to drop off the bunches as well as the crushing of
berries due to loading too many bunches in crates, these losses could be improved by
making workers more aware of the necessity to handle crates with care. The harvest
timing is also essential, as delayed harvesting reduces shelf life and results in an

increased postharvest loss.

The main quality problem, among all supply chain scenarios, was rachis and stem
browning at temperatures higher than -0.5 °C. This caused berries to drop faster and
bunches to look less fresh, as well as causing bunches to weigh less when sold. While
500 g or 1 kg punnets are routinely kept at around 5 °C at the retail level, during peak
season 4.5-10 kg cartons are often stacked on the floor under ambient conditions.
Therefore, the table grapes would have a maximum shelf-life of 7 days before the
stems have browned, and too many berries per bunch are decayed to sell. It would be
advisable to keep cartons at -0.5 °C and high RH and only place bunches in punnets
in 5° C display fridges as the stock sells. The increase in weight loss and especially
stem browning recorded in Scenario D (‘abusive’ treatment of fruit within the export
chain), compared to Scenario C (shipping to export markets under ideal conditions)

indicated the importance of eliminating the delay between reefer delivery and quality
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checking as a break in the cold chain of 2 days has a significant impact on the quality
of the bunches and therefore also the price it can be sold at. This study was conducted
on farms with good infrastructure, cultivation practices and cooling facilities, where
nonetheless, farm-level losses of up to 23% were recorded. It is significant that during
preseason interviews with farm management, the highest estimate of losses was 13%,
most of them lower. As ‘Crimson Seedless’ is a high value crop, even relatively small

improvements in future could have a large financial impact for producer-exporters.

The third research chapter measured losses in quantity and quality of pear (cv.
Packham’s Triumph) along the supply chain and the associated economic,
environmental and resource impacts. The measured loss of pears at harvest for
individual farms were 18% and 19% respectively. The average loss at harvest on farm
level was 18%. This is almost double the amount of 10% reported by Franke et al.
(2016) as were measured in a study on food loss in primary production of the Nordic
countries of Denmark, Finland, Sweden and Norway. As well as findings by Notari and
Ferencz (2014) who measured losses of 8% for Packham’s Triumph pears in Hungary.
The United Kingdom’s Waste and Resources Action Programme (WRAP) (2019)
reported losses of pears as 5%, however, no primary data for pears was collected in
that study and their estimates were based on ‘WRAP expert judgement’. While
Mangaraj et al. (2011) reported that postharvest losses of pears in India were in the
range of 20-30%, this was due to inadequate facilities and improper techniques of
handling, packaging, and storage. Of the 18% lost at harvest, the main reasons were
due to deformed fruit (50%), too small size (48%) and chafed peel (2%) on the first
farm while on the other farm the main reasons were the same, but the proportions
differed, with the majority of the losses due to too small size (80%), chafed peel (18%)
and deformed (2%). The average for both farms together were small size (65%),
deformity (26%), and chafed peel (9%).

The socio-economic impacts of the postharvest losses of grapes indicate a financial
loss of over R 204 million annually. Additionally, as much as 177.43 million MJ of fossil
energy and 4.8 million m? of freshwater resources were lost. At the Eskom tariff rate
of R0.90 per kWh, the lost energy is worth R44.36 million (Eskom 2019). The fresh
water lost could sustain at least 263 013 individuals daily for a whole year at daily

minimum usage rate of 0.05 m® per day. Losses also contribute to unwanted emission
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of approximately 52 263 tons of COzeq, contributing to environmental degradation
from greenhouse gases. To sink these volumes of CO2 would require planting 1.3
million trees (at 0.039 t CO2 per urban tree planted) (U.S. DOE, 1998). The postharvest
losses measured for pears translated to an estimated financial loss of up to R 831
million annually. In addition, 271.04 million MJ of energy and 67.3 million m? of water
are embedded in the lost fruit, and about 18 300 tons of COzeq released into the

atmosphere.

This study reveals the importance of quantifying postharvest losses along the supply
chain and the necessity of measuring these losses from the site of production as
losses that occur on farm level are often overlooked (Johnson et al., 2018). It highlights
the necessity of measuring losses along the supply chain for different fruit as losses
occur at different stages in the supply chain and for different reasons depending on
whether the fruit is climacteric or non-climacteric, harvested ripe or less mature. It can
further be seen that postharvest losses not only remove food from the supply chain,
but also represents a waste of water and energy resources that severely impact efforts
to protect the environment. Further studies need to be done to measure losses in
quantity and quality for all products in the South African fresh value chain, so that a
holistic image can be formed of how much fresh produce go to waste and create

awareness around the urgent need to mitigate these losses.
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