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Foreword

Notunlike the experiences of many of the readers of Professor Yahia’s publications,
my love affair with tropical and subtropical fruits began at a very early age. [ was
born and raised on our family farm near the southwestern shores of Lake Ontario
in New York State, where we produced about 100 acres of various temperate
fruits. However, for a unique Christmas treat we often enjoyed tropical and
subtropical fruits, such as tangerines and bananas. During various stages in my
career | have had the good fortune of working and living for nearly a dozen years
in Latin American countries, where many of the delicious tropical fruits described
in the four volumes of this postharvest reference were fairly common. Since then
I have been pleased to observe some of these favorite fruit friends somewhat
commercialized, thanks to favorable economics and the ingenuity of enterprising
individuals.

Some of the tropical and subtropical fruit crops that most people only encounter
during international travels may eventually find their way into commerce.
Interestingly, as many of these tropical delicacies become better known, there is
the tendency to explore export opportunities for more global consumption.
Meanwhile, local populations enjoy the flavors and health benefits of the diverse
array of tropical fruits that they have known most of their lives.

Banana is an example of a common household food that would perhaps still be
a unique and exotic tropical fruit enjoyed mostly where it is produced were it not
for the ingenuity and entrepreneurship of visionaries of the early twentieth century.
Likewise, as Garrity points out in the Foreword of Akinnifesi et al. (2008),
‘the domestication and commercialization of kiwi fruit is a classic case of a new
fruit of international significance. New Zealand farmers began growing kiwi
commercially in the 1930s despite its more than 1000 years’ history in China.’

Each tropical fruit possesses unique characteristics expressed in appearance
and flavor, and sometimes in its growth habit. These properties are often
accompanied by nutritional benefits that make it attractive as a natural source of
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neutraceuticals. For uniqueness of growth habit, a personal favorite is jaboticaba.
These beautiful black, smooth skinned, globose berries are borne on thick pedicels
directly on the trunks and branches of the plant, rather than on stems like cherries,
as one might expect. This lends a distinctive appearance to the fruiting tree, as
illustrated by Almeida Teixeira et al. in their interesting chapter on jaboticaba.
This is an example of one of those tropical fruits that most of us rarely, if ever,
spot in the produce section of our favorite supermarket. On the other hand, keep
your eyes open for small jars of tasty jaboticaba (or other tropical fruit) preserves,
which I am fortunate to have in my refrigerator at home at the moment. This
illustrates potential industrial applications of tropical and subtropical fruits, which
may be exponentially increased when the tools to control quality after harvest are
available in combination with entrepreneurial thinking and global markets.

A 2011 Perspective article of the Society of Chemical Industry (Kitinoja et al.)
discusses the needs and challenges of developing good, science-based, simple
methods for postharvest handling that can be made available in developing countries
(many of which have become the global sources of tropical and subtropical fruits).
A nagging reality that continues to prevail is that ‘reducing rough handling is a
simple yet neglected practice for reducing mechanical damage in fruits.” As a
postharvest physiologist, I have felt for many years that postharvest education and
training deserves a very high priority in our hierarchy of professional responsibilities.
Postharvest research and its results, while continuing to be very important, are not
being fully utilized and applied, resulting in the unacceptable rates of perishables
losses that continue to be reported around the world. Among the conclusions and
recommendations of Kitinoja et al. is that ‘an integrated approach for postharvest
science and education from grade school through trade school or university could
reduce global food losses, by integrating postharvest information into the general
agricultural curriculum in each county or state and their extension services, with
much more emphasis on preventing losses, maintaining quality and nutritional
value after harvest and ensuring food safety.” In other words, research on postharvest
science and technology continues to be very important, but without careful handling,
it is wasted.

Entrepreneurs engaged in the commercialization of tropical and subtropical
fruits have prepared reference materials to facilitate sales and, in fact, educate
traders. Illustrative of such references is the re.fresh Directory, published annually
by the Fresh Produce Consortium (http://www.freshproduce.org.uk). It is interesting
to note that re:fresh Directory 2010 informs readers regarding 44 of the 70 fruits
included in the four volumes of Postharvest Biology and Technology of Tropical
and Subtropical Fruits. A beautiful, full color photograph illustrating each fruit
accompanies information about worldwide sources of this commodity throughout
the year. Also included is the botanical name, genus, species, family, and other
English names or synonyms. Brief descriptive text for each fruit informs would-be
buyers of some of the characteristics and uses of each product. For trade purposes,
the price look-up number (PLU) for the more common fruits is also indicated.

Many volumes have been written over the years about tropical and subtropical
fruits, as can been seen in both scientific and popular literature. Relatively few of
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these publications, however, have dealt with the information gap regarding the
postharvest biology and technology of these fruits. Contributors to Indigenous
Fruit Trees in the Tropics (Akinnifesi et al., 2008) remind us that ‘indigenous fruit
and nut trees of the tropics, have been described as “Cinderella species” because
they have been overlooked by science and development.” Although many of these
fruits are relatively obscure, they in fact, ‘represent a unique asset that could be
developed, domesticated and owned by farmers.” Many of the species discussed
by Akinnifesi et al. are the same as those in Professor Yahia’s Postharvest Biology
and Technology of Tropical and Subtropical Fruits volumes.

A significant difference between references such as Akinnifesi et a/. and that of
Professor Yahia et al. is the essential and timely focus of these four excellent
volumes on the importance of postharvest biology and technology issues. Such
emphasis will pay dividends by educating readers, enhancing the use(s) of tropical
and subtropical fruits, and contribute to the diversity of diets of consumers around
the world.

L. George Wilson

Professor of Horticultural Science
North Carolina State University
Raleigh, NC, 27695-7609, USA
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Cocona (Solanum sessiliflorum Dunal)

O. Duarte, National Agrarian University, La Molina, Peru

Abstract: Cocona (Solanum sessiliflorum) is a tropical species which originated on the
eastern slopes of the Andes of Peru, Colombia, Ecuador and Venezuela and the
Amazonian part of Brazil. It is cultivated between 200 and 1000 m altitude. It is a

semi perennial herb that turns semi woody with age and can reach 2 m in height. The
round, oval or ovoid fruits are climacteric and are consumed raw or used to prepare
juices, jams, jellies, hot sauces and pickles, and are also used in popular medicine.

The fruits are hard and can withstand quite rough handling after harvest. It is important
only locally but it could become more widely known since it has some desirable
characteristics. Commercially it is better grown as an annual crop in order to maximize
yields.

Key words: Solanum sessiliflorum, cocona, climacteric, popular medicine, fruit juices,
chilling injury.

1.1 Introduction

1.1.1 Origin, botany, morphology and structure

Cocona (Solanum sessiliflorum) is native to the eastern slopes of the Andes of
Peru, Ecuador, Colombia and Venezuela as well as the Amazonian part of Brazil.
It belongs to the Solanaceae and the genus Solanum. At present it is named
Solanum sessiliflorum but was previously known as Solanum topiro and earlier as
Solanum hyporrhodium. In Spanish it is called cocona, topiro or tupira; in Brazil
it is called cubiu and in English it is sometimes called peach tomato.

Cocona is a herbaceous semi perennial plant that can become partially
woody with age, has a branching habit and can reach 2 m in height and live up
to 3—5 years. In open spaces it tends to stay shorter and if there are adverse
soil conditions it will become infested with root diseases very soon and will
live for about one year. (See Plate I in the colour section between pages 274
and 275.) For commercial purposes it is recommended to produce it with
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2 Postharvest biology and technology of tropical and subtropical fruits

higher densities as an annual crop. The roots are fairly well ramified with a
main pivotal root in seed propagated plants, and root depth is around 50-60 cm
(Duarte, 1997).

The leaves are very large, around 30—-60 cm in length and 25-35 cm in width.
They are simple, entire and alternate, covered with whitish hairs on both sides,
with the upper side having more rigid hairs (Plate I). The petioles are about 15 cm
long. The central and lateral leaf nerves are very prominent and yellowish-white
in color. The leaf base is asymmetrical with acuminated lobules. Leaf margins are
lobated, dented and sinuous (Donadio et al., 2002).

The flowers have a star-like form when open with a diameter of about 4-5 cm
and come in axillary inflorescences of 5 to 15 flowers each, with a peduncle about
0.3 to 0.5 cm long (Donadio et al., 2002). The flower has five petals that are
creamy with a yellow tint at their base. The five sepals are stiff and green in color
and normally remain attached to the harvested fruit. Flowering starts about six
months after transplant. The flowers open sequentially and if temperatures are
adequate flowering will be almost continuous. The plant is allogamous and it is
estimated that one plant can produce around 1000 flowers in a year of which about
5% will set fruit.

The fruit is a berry that can be oval, ovoid or round shaped. It starts out a
dark green colour and ripens with a yellow-orange colour (see Plate II in the
colour section between pages 274 and 275) that can become reddish orange in
very ripe fruits. Fruit weight can go from 30 to 400 g and with a width of 5 to
8 cm and a length of 5 to 12 cm. They have 4 to 6 locules filled with soft
creamy yellowish coloured pulp where numerous small cream coloured seeds
are embedded (Plate II). The pulp is juicy, fragrant, not very sweet but
with a characteristic taste and aroma and slightly acid (Gallozzi and Duarte,
2007). The soft pulp can be scooped out and a “hoof” of hard pulp or pericarp will
remain. This is insipid in flavor but can be eaten. The fruit peel is soft, 1 to 3 mm
thick and has a bitter taste. The fruits are pubescent, with soft hairs that can cause
allergic reactions in some people. Therefore it is recommended to harvest the
fruits early in the morning, before the hairs dry out, so that they do not get loose
in the air and enter into contact with the nose, eyes or skin of the laborers. The
more ripe the fruit the less hairy it will be. These hairs are normally removed
by rubbing with the hands or a cloth before taking the fruits to the market. The
fruit is harvested by twisting it or cutting the peduncle. The sepals will remain
attached to it.

1.1.2 Worldwide importance and economic value

Cocona is not important worldwide. There is a certain amount of consumption
around the production areas and in a few cases small amounts will reach large city
markets, but in general it is not a very well known fruit although it has some
potential. It is basically consumed in the local markets in its areas of origin or by
small producers.
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1.1.3 Culinary uses, nutritional value and health benefits

Cocona is a fairly nutritious fruit (Table 1.1). Juice can be made from it by
scooping out the soft pulp (Plate II) and mixing it with water and some sugar in a
blender, after which the seeds can be separated in a strainer. Sometimes the hard
pericarp is boiled after peeling and also used to make juice, but its flavor is not as
good as that of the soft inner pulp. The soft inner pulp can also be used to make
hot sauce by mixing it with hot chilli pepper, salt and spices to enhance the flavor
of meat, poultry and even fish. Jams can also be prepared with the hard pericarp
after peeling (Duarte, 2004). Some people eat the raw fruit by cutting it into slices.
In Brazil the leaves are sometimes boiled and eaten. In folk medicine the fruit is
used to lower uric acid, glucose and cholesterol levels (Donadio et al., 2002). It is
also utilized by the indigenous people of eastern Peru to rid the head of lice
(Morton, 1987).

Table 1.1 Composition of cocona fruits per 100 g
of fresh edible portion (Gallozzi and Duarte, 2007)

Water 82-88.5¢g
Ether extract ldg
Raw protein 0.6-09¢g
Fiber 04-92¢g
Carbohydrates 57-92¢g
Ashes 0.7¢g
Calcium 16.0 mg
Phosphorus 30.0 mg
Iron 1.5 mg
Carotene 0.18 mg
Thiamine 0.06 mg
Niacin 2.25mg
Ascorbic acid 4.50 mg
Energetic value 41 Kcals

1.2 Fruit development and postharvest physiology

There is no published information on postharvest physiology. The cocona is a
climacteric fruit like its relative the tomato, since it can be harvested when its
colour is still half green and it will complete ripening after harvest, becoming
completely coloured and acquiring a slightly improved flavor (Plate II). This
flavor is probably not as good as that of a fruit harvested when completely yellow
or orange in colour.

1.2.1 Fruit growth, development and maturation
Fruit development will take about 60 to 80 days from anthesis to ripening according
to climate. The fruit starts with a very dark green colour that becomes paler when
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ripening time is close. As it becomes riper it turns to yellow, then orange yellow
and finally can reach a reddish orange colour when completely ripe or overripe.
The fruit starts with a very dense pubescence that becomes less dense as it ripens.

1.2.2 Respiration, ethylene production and ripening
There is no written information on this aspect but the fruit is definitively
climacteric.

1.3 Maturity and quality components and indices

No maturity standards or indices have been developed for this fruit. The main
criterion used for maturity is fruit colour: the darker and more uniform the color
the better. As for quality, size and shape of the fruit are important aspects. Freedom
from mechanical damage as well as from insect or fungal attacks can be another
factor. Sometimes people will consider colour as a purchase criterion, depending
on how the fruit will be used or how long it will have to be stored before use.

1.4 Preharvest factors affecting quality

Some diseases and pests that damage the fruit or the peel will affect quality. Lack
of proper fertilization or irrigation can also have an effect in diminishing fruit
size. Defoliation can cause severe sunburn of certain fruits that will eventually
result in rotting after harvest or even discarding the fruit if burn is severe. There
in no written information on this aspect.

1.5 Postharvest factors affecting quality

If the fruit has been handled roughly during and after harvest, as well as exposure
to the sun after harvest can have a detrimental effect. Storage conditions, especially
temperature and relative humidity, will obviously play an important role. Color at
harvest time will have a certain influence since fruits harvested completely colored
will have a better taste compared to those harvested in the green-yellow stage,
although they will have a shorter shelf life compared to fruits harvested half
coloured as with most climacteric fruits where harvesting at an earlier stage
prolongs the postharvest life.

1.6 Physiological disorders

At storage temperatures below 12—13°C, like most tropical fruits, the cocona fruit
will show chilling injury after it is transferred to room temperature, and it
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deteriorates quickly. Very little experimental data about this species exist,
especially in this area.

1.7 Pathological disorders

Like most species of the Solanaceae family, cocona is very susceptible to root rots
caused by fungi like Phytophthora, Rhizoctonia and Pythium. They normally
attack the root system and eventually the plants will die. To control this problem,
crop rotation is recommended. In other words, a crop should not be cultivated
immediately in the same field where a species of this family has been grown.
Normally a different crop that is not a host to these fungi should be grown in order
to eliminate or reduce the fungal presence. It is also important to avoid too heavy
or too wet soils that favor these fungi. Another practice is to irrigate very carefully
and to prevent water from staying too long around the base of the stems. Good
drainage would be another important aspect in places where the land has a
tendency to flood. Another fungal disease caused by Sclerotium sp. has also been
associated with wilting.

The leaves can be infected by Phytophthora infestans and also by the fungus
Septoria solanicola, and both can be controlled with copper based fungicides.
Fruits and leaves can be attacked by the fungus Colletotrichum gloeosporioides
that causes anthracnosis. This disease causes rotting of the attacked surface which
in case of the fruit shows as black spots that give the fruit a poor look. This fungus
can be controlled with ‘Penconazol’ or “Mancozeb’.

Bacterial wilt caused by Pseudomonas solanacearum can be another problem.
These rots are detected because the infected parts of the plant smell very bad and
the damaged area is normally moist. Copper fungicides, especially copper
hydroxide, can help in their control.

1.8 Insect pests and their control

Young plants are attacked by Diabrotica, an insect that if not controlled can
eliminate 80% of the leaf area, although at later stages it is not as important.

The fruit can be attacked by Planococcus pacificus Cox (ripe fruit mealy bug),
and Phyrdenus muriceus Germar, a yellow insect that causes black necrosis. There
is also a fruit worm called Neoleucenoides elegantalis that can be controlled with
Bacillus thuringiensis based insecticides. Another insect is Faustinus apicalis
which can be controlled with products like Diazinon.

There are also Thrips that can be controlled with chlorpyriphos and aphids
(Myzus persicae) that damage the leaves and can be controlled with Verticillium
lecanii. Cocona is also prone to attack by rootknot nematodes (Meloidogyne
sp.) as well as to the reniform nematode (Rothylenchulus reniformis) and
Helicotylenchus. The best solution is to use resistant types and the significant
addition of organic matter to the soil.
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1.9 Postharvest handling practices

Cocona fruits are hardy and have a thick peel as well as a solid pericarp or ‘hoof”,
and therefore they can withstand rough handling compared to most other fruits, in
a similar way to industrial tomatoes. The fruit can be maintained in good condition
for at least a week in room conditions (27-30°C). In a household refrigerator they
can be kept with no problems for almost a month without losing their flavor, but
after being transferred to room temperature they will show chilling injury. For
commercial storage, after preliminary trials a temperature of 15°C and 80-90%
relative humidity are recommended and the fruit will remain in good condition for
about three weeks after which it will start shriveling, losing firmness and showing
an accelerated loss of weight. The use of coatings like the ones derived from
sucrose or specially formulated waxes to be used on fruits will improve shelf life
significantly and make the fruit look more attractive.

1.10 Processing

Cocona is not processed industrially on a large scale. Most of the processing is at
household level or as cottage industries, for domestic consumption. Processing
studies have shown that 10 kg of fruit will yield about 3 liters of preserved
soft pulp and 1.5 liters of jelly or 7.5 liters of juice. A plantation producing
70 tons ha™! will yield about 20 000 liters of preserved flesh, 10000 liters of jelly,
or 50000 liters of juice.

1.11 Conclusions

This relatively unknown fruit merits wider distribution on a small scale in the
tropics since it has many virtues from the nutritional standpoint. It is also a fairly
tough fruit that will tolerate rough handling better than most fruits and has
industrial potential. Besides this, being a semi perennial it quickly starts producing
returns for the grower. The main problem when growing fruit trees is that it can
take many years before income exceeds the break even point and the set-up costs,
and the initial debts are paid. So this species could be used as an associated crop
in tree orchards to help farmers to get early returns. More research needs to be
done on this fruit.
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Plate I (Chapter 1) Cocona plants grown as an annual crop showing immature and
almost mature fruits as well as plant and leaf size under this system. Notice the hairy
young fruits.

Plate I (Chapter 1) Cocona fruit. Notice the greenish color of ripening fruit and the soft
pulp in the inside that contains the seeds. Fruits have been wiped to remove hairs.
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Coconut (Cocos nucifera L.)

J. Siriphanich, P. Saradhuldhat, T. Romphophak, K. Krisanapook,
S. Pathaveerat and S. Tongchitpakdee, Kasetsart University,
Kamphang Saen, Thailand

Abstract: Coconut is a wonder fruit which provides the consumer with both a refreshing
drink from its water and energy from its kernel. The oil from the mature kernel is used as
cooking oil and processed into soap and detergent. The tree itself is known as ‘the tree of
life’, since it also provides the locals with shelter and numerous products besides food.
The dry kernel or copra was once an important international commodity. After World War
11, its importance diminished partly due to the false opinion that coconut oil is an
unhealthy food containing high amounts of saturated fat. The result was lower demand
and depressed prices. Recently, demand for coconut is reviving, especially for its virgin
oil as well as for young fresh fruit, both now recognized as healthy food. This chapter
provides insight into postharvest biology and technology of the fruit involving both its
water and kernel at both young and mature stages. Hence readers are advised to
distinguish between these two parts and stages of the fruit.

Key words: Cocos nucifera L., coconut, postharvest biology, postharvest technology,
postharvest processing.

2.1 Introduction

2.1.1 Botany, morphology and structure

Coconut, Cocos nucifera L., is the only species in Cocos genus, within Aracaceae
family, Cocoeae order. The chromosome number is of 2n=32 (Teulat et al., 2000).
Generally coconut is classified into dwarf and tall groups. Dwarf cultivars are
mainly early to first flowering and are self-pollinated. Pollen shedding overlaps with
the opening of the female flowers. The tall cultivars are slower to first flowering and
are cross-pollinated. Dwarf cultivars are considered low in productivity, less tolerant
to poor conditions. They have smaller kernels but produce more bunches per year,
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and are more resistant to lethal yellowing disease caused by a phytoplasma as
compared to the tall cultivars (Ohler, 1984; de Taffin, 1998). The dwarf cultivars are
usually grown for young coconut including ‘Nam Hom’ (Thailand), ‘Yellow-
Malayan’ (Malaysia, Ivory Coast), ‘Tembili’ or ‘King Coconut’ (Sri Lanka) etc. The
tall cultivars are usually grown for mature coconut, comprising ‘Bali’ (Indonesia),
‘Laguna’ (Philippines), ‘Tahiti’ (Tahiti), “West African Tall’ (Ivory Coast), etc.
Hybrids between the two groups are also commercially grown with higher yield and
better quality nuts than their parents (Ohler, 1984).

Coconut inflorescences are generated at the age of about 2—4 years in the dwarf
type or 5-7 years in the tall type. In a year a coconut tree generally produces
12-20 inflorescences. The immature inflorescence (spadix) is covered in spathes.
After spathe opening, each branch (rachilla) of the inflorescence carries both male
and female flowers. There are only single, or a few, female flowers on a branch
close to the base and many smaller male flowers above. Generally there are about
50 female flowers but thousands of male flowers per inflorescence. Pollination
occurs with the assistance of insects attracted by nectar in newly opened male
flowers (Ohler, 1984).

The fruit of the coconut is a fibrous drupe. Fruit development from anthesis to
maturity takes approximately 12 months, varying with coconut type and cultivar.
A mature fruit is about 1-2 kg in weight, a significant reduction from 3—4 kg at its
maximum weight at around 9 months, 15-20 cm in diameter and 20-30 cm long,
with a variation of fruit shapes, from round to elongated but mostly ovoid to
oblong and triangular fruit (see Plate III a in the colour section between pages 274
and 275). Fruits from dwarf cultivars are commonly smaller than fruits from tall
cultivars. The exocarp, or the epidermis, is about 0.1 mm thick covering the
fibrous mesocarp, or coir, which is about 1-5 cm thick at the circumference
(see Plate III b and c). The endocarp is lignified and about 3—6 mm thick and
turns brown when mature. There are three eyes (see Plate III d), one on each
carpel at the stem end. Two of the eyes are lignified. The other is a soft eye having
the embryo located underneath. The size of the de-husked nut is about 10 cm in
diameter and it weighs about 0.5 kg on average (Child, 1974; Grimwood, 1975;
Ohler, 1984).

Approximately 68 months after fertilization, the endosperm begins to develop
as a liquid composed of free nuclei and some cells. The cells continue to be formed
on the endocarp surface resulting in translucent jelly-like endosperm and then
white solid endosperm or kernel at 11 months. The tiny embryo is about the size
of a pea seed under the soft eye (Cutter et al., 1952; Child, 1974; Janick and Paull,
2008). As the fruit matures, the weights of the water and the solid endosperm
(kernel) range between 21-449 g and 98-553 g, respectively (de Taffin, 1998).

2.1.2  Origin, distribution, production area and trade value

Coconut trees are found throughout the tropical areas of the world. However, the
large diversity of coconut types found in Southeast Asia and Melanesia indicates
that this region is the center of origin (Ohler, 1984).
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Table 2.1 Average annual coconut harvested area, production and yield among the top
five producing countries during the past five decades, from 1961 to 2008

Country 1961-68 1969-78 1979-88 1989-98 1999-2008
Area harvested Indonesia 1096 1446 1952 2426 2717
(1000Ha) Philippines 1527 2265 3218 3179 3333
India 856 1074 1198 1670 1893
Brazil 196 182 166 227 276
Sri Lanka 462 457 423 432 420
Production Indonesia 5571 7074 9455 13224 16846
(1000 tons) Philippines 6541 8256 8942 11008 14097
India 3748 4359 4831 8587 9239
Brazil 372 362 356 740 2657
Sri Lanka 1992 1791 1783 1880 2075
Yield Indonesia 5.1 49 4.8 5.5 6.2
(Tons/Ha) Philippines 4.3 3.6 2.8 3.5 4.3
India 4.4 4.1 4.0 5.1 4.9
Brazil 1.9 2.0 2.1 32 9.6
Sri Lanka 43 3.9 4.2 4.4 5.0

Because it needs a warm climate, coconut can grow well only in tropical areas
with a favorable temperature of 27°C+7°C. Coconut trees in cooler areas grow
more slowly than those in warmer regions. In the equatorial areas, the plants grow
well up to 600 m above sea level. At temperatures below 15°C, plants can survive
but inflorescence abortion occurs. Although coconut trees grow on a wide range
of soil types, the preferred soil is river alluvial deposits with good drainage.
Evenly distributed rainfall is also preferred (de Taffin, 1998; Ohler, 1984).

At present, a large number of coconut orchards are held by small farmers in
tropical developing countries. The production and trade value have increased
slightly in the last few years. In 2008, global production was nearly 61 million
tons. About 85% is from Asian countries, 8% from American continental countries.
The top five producing and exporting countries are shown in Tables 2.1 and 2.2.
Commercially the global harvested area in 2008 was 11.2 million ha of which
84% was located in Asia. However, the highest yield is obtained in Peru at 13.5
ton/ha. Global copra oil production was about 3.7 million tons in 2007-2008.
Copra production from the Philippines, Indonesia and India was about 41, 25 and
12% of global production, respectively. Major importing countries (Table 2.2) are
the US and China (FAO, 2010). For young coconut, Thailand is the main exporter
to the US, Taiwan and Hong Kong with a value over 11 million USD in 2006
(Tangtermthong, 2008). The trend is increasing.

2.1.3 Use: fresh, processed products and nutritional value

Coconut plants are of great usefulness in providing food, fiber and wood and are
described as the ‘tree of life’ (Ohler, 1984). The fresh fruit can be used at both
immature (green) and mature stages. The young green fruit are used for coconut
water (liquid endosperm) which is a refreshing drink with plenty of sugar and
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Table 2.2 Average annual export and import statistics of coconut fruit among the top
five exporting and importing countries during the past five decades, from 1961 to 2007

Export Country 1961-67 1968-77 1978-87 1988-97 1998-2007

Quantity (fonnes) US 11906 15665 18869 13102 25237
China 3294 6513 75113 23677 79755
Netherlands 520 1727 5227 8450 11099
UK 3907 4051 4390 5104 5534
Singapore 2179 2818 21236 34917 13399
Germany 2420 2804 3320 4760 3662

Value (1000 $) US 634 1675 4128 5349 11672
China 598 1679 9143 8744 7878
Netherlands 115 441 2020 3369 4102
UK 497 790 1721 2220 3422
Singapore 64 129 2108 3824 3225
Germany 328 745 1537 3550 3289

potassium, vitamins B and C and tender flesh (solid endosperm). Coconut water
is also widely used in the culture of plant tissues due to the presence of plant
growth hormones, particularly auxin and cytokinin that stimulate cell division and
growth (Tangtermthong, 2008; Yong et al., 2009).

The fresh kernel in mature fruit contains 35-64% water, 25-44% oil, 9-14%
carbohydrate and 5 mg/100 g vitamin C (Child, 1974; Grimwood, 1975; Ohler,
1984). Its dried kernel, or copra, was an international raw material for vegetable oil,
soap, detergent and margarine from the mid-nineteenth century to the 1960s. The oil
itself consists mostly of saturated fatty acid and is fairly stable at ambient conditions,
lasting over two years. At present the virgin coconut oil, prepared by a cold-pressed
process directly from the fresh kernel and retaining coconut scent, is used mainly as
a health product. The outer husk (mesocarp) fiber from dry fruits is versatile, used
for mats, ropes, textiles, and non-fiber products. The residual coir dust, or cocopeat,
is used as a plant growing medium when completely or partially decomposed.
Coconut milk is made by shredding and squeezing the kernel from mature fruit, and
is used in Asian dishes and desserts (Foale, 2003; Woodroof, 1970).

2.2 Fruit biology and postharvest physiology

2.2.1 Fruit growth, development and maturation
The coconut development time from anthesis to full maturity is about 11 to 13
months, shorter in the dwarf cultivars. The exocarp is waxy and green, yellow,
ivory or red-brown in colour, before turning to brown or gray at full maturity. The
mesocarp or husk is fibrous, while the endocarp or the shell is woody, hard and
dark brown in colour (Child, 1974).

The fruit reach the maximum size at around 5-6 months. During the first
6 months only the husk and shell develop quickly and the cavity is full of water.
In the following 6—8 months the husk and the shell harden and thicken and turn

© Woodhead Publishing Limited, 2011
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dark brown. At the same time the kernel or solid endosperm starts to form,
appearing as jelly-like material beginning at the stylar end at 6 months, and
develops towards the stem end. As it develops it becomes thicker and turns white,
and it is fully formed at 10 months having 10-15 mm in thickness. Around the
solid endosperm is the reddish brown testa, or seed coat, which lies firmly
underneath the shell (Child, 1974; de Taffin, 1998).

The liquid endosperm in the cavity starts to disappear near fruit maturation,
resulting in a sloshing sound when the fruit is shaken. What portion of the water
has evaporated or been absorbed into the solid endosperm is not clear. At full
maturity the husk portion is about 31-54% by weight, the shell 12-16%, the
kernel 28-33% and the water 6—25%. Based on dry weight the husk reaches
its maximum growth at 8 months, the shell at 12, the kernel at 11 and the oil at
13 months (Child, 1974; Grimwood, 1975; de Taffin, 1998).

During the maturation process, the sugar content in the liquid endosperm
increases from about 1% during the first few months after anthesis to a maximum
of 5-8% by the sixth to eighth month, then declines to about 2% at full maturity
in the tall cultivars (Child and Nathanael, 1950). In the early stages sugars are in
the form of glucose and fructose. Sucrose appears later in small amounts and after
six months sucrose content increases to 1-2% at full maturity, while the reducing
sugars fall to 1% (Child and Nathanael, 1950; Jayalekshmy et al., 1986). The oil
content in the solid endosperm increases from a trace during the first three months
to 35-40% fresh weight at full maturity (Ohler, 1984).

2.2.2 Respiration and ethylene production

De-husked mature coconuts respire at about 50 mg CO,kg 'hr ! at 25°C (Paull
and Ketsa, 2004). Whole young coconuts of six months after anthesis respire at
about 30 mgCO,kg 'hr ! at 25°C soon after harvest and this declines gradually
during storage. Ethylene production is about 0.24 plC,H, kg 'hr! and increases
continuously after seven days in storage (Romphophak and Thongbor, 2008).
Trimmed young coconuts produce more ethylene and respire at higher rates
(Meethaworn and Siriphanich, 2009).

2.2.3 Ripening behavior

At full maturity, around 11-13 months after anthesis, the peel tissue senesces, and
the color changes from green or other colors to gray. The husk becomes dry. No
other change can be observed. Hence, we consider that coconuts mature without
any ripening behavior.

2.3  Quality components and maturity indices

2.3.1 Fruit shape, kernel and liquid content
Coconuts with an oblong shape usually have small nuts and have low kernel and
liquid content. The thickness of the kernel is the most important criterion for the
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mature coconut. Thick kernels yield more copra and hence more oil can be extracted.
The shell should be strong enough to prevent the nut cracking during transport but
not too thick or hard to prevent it being split open. The amount of liquid inside, as
can be detected by the sloshing sound when shaken, indicates the maturity as well
as the freshness of the nut. The fruit that is light with less water inside may have
been harvested for a long time and the liquid endosperm have evaporated or been
absorbed by the endosperm. The color of the husk on the fruit should be brown, not
gray, which indicates an old nut. The soft eye should be dry and brown without any
discoloration and with no embryo protruding. Otherwise, the invasion of microbes
into the kernel inside is likely. The nut should be free of patchy staining due to a
crack in the shell allowing leakage of water from the inside (Foale, 2003).

2.3.2 Moisture, sugar, acid and oil content

Young coconut

Soluble solids contents in the water of a young coconut are about 5% at around
6—7 months after anthesis. The ‘NamWan’ (sweet water) cultivar in Thailand
contain 6.5-7.0% soluble solids. Sri Lanka’s ‘King Coconut’, grown only for
drinking, has an even higher soluble solid content (Janick and Paull, 2008). In
other dwarf hybrids, the contents were found to total up to 9% (Petchpiroon,
20006). In the ‘NamHom’ (aromatic water) cultivar, glucose is the main sugar of
coconut water (2%), followed by fructose (1.2%) and sucrose (0.6%). On the
other hand, the solid endosperm contains about 1.4% sucrose, 0.8% glucose and
0.55% fructose (Romphophak and Thongbor, 2008).

Jayalekshmy et al. (1986) reported an increase in titratable acidity in an Indian
fruit during its development to a maximum of about 0.14% before it decreased to
about 0.06% at full maturity. However, Jackson et al. (2004) reported a range of
0.06-0.08% in dwarves. The pH of the water was recorded to be between 4.6 and
6.7 (Jackson ef al., 2004; Wijeratnam et al., 20006).

Fat content in young coconut water was reported to be from 0.01-1.8%, with
similar composition as in mature coconut water (Campos et al., 1996; Jayalekshmy
et al., 1986; Jackson et al., 2004). In the kernel, fat content is around 1-4% fresh
weight (Grimwood 1975; Gatchalian et al., 1994). During storage, fat content
increases (Gatchalian et al., 1993). However, our study shows that saturated fatty
acids decrease while unsaturated fatty acids increase. Starch is also found between
0.4-3.5% of fresh weight in the young coconut kernel. The content increases
during storage (Gatchalian ef al., 1993). Another polysaccharide found in the
kernel is mainly polygalactomannan (Balasubramaniam, 1976). The moisture
content of the kernel ranges between 66—87%, depending on the fruit maturity
(Gatchalian et al., 1994; Romphophak and Thongbor, 2008).

Mature coconut
Moisture content of the fresh kernel was nearly 90% at around 8 months, which
decreased to 50-60% at maturity. Oil in the coconut kernel is mostly (91%)
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saturated fats of C-6 to C-22 fatty acids, with mostly the short and medium chain
fatty acids. The C-12 lauric acid accounts for nearly 50%. The fat content at
harvest is around 36—41% fresh weight. After drying, to about 6% moisture, the
fat content increases to 60—74%. Free fatty acid content decreases from around
6% at 7 months to 0.5% at full maturity (Child, 1974; Ohler, 1984).

In the water of the mature coconut, sugar content is about 2—3%. Higher sugar
content up to 4.3% was also reported but may have been from desiccated samples
(Grimwood, 1975). It might contain equal amounts of reducing and non-reducing
sugars or mainly reducing sugar or non-reducing sugar depending on the cultivars
(Child and Nathanael, 1950; Grimwood, 1975; Jackson et al., 2004). Sorbitol was
reported at around 1% (Grimwood, 1975). Titratable acidity ranges from 0.06 to
0.1%. The pH was recorded as rather acidic of pH 3.1-3.5 and gradually increased
to about 6 at maturity (Ohler, 1984). Fat content is from 0.8—1.8%. Fat content of
about 0.8% was reported in the Indian West Coast Tall cultivar. The main fatty
acids are C-8:0, 10:0, 12:0, 14:0, 16:0 and 18:1 covering about 9, 5, 47, 19, 7 and
4% of total fat, respectively (Jayalekshmy et al., 1986).

The saturated fats in coconut were once labeled and widely publicized as bad
fat. It was later shown that was not the case, as testified to the US Senate on
tropical oil by Harvard Medical School on December 1, 1987: ‘It is now apparent
that selective labeling requirements that focus on the lauric acid tropical oils
(coconut and palm kernel) would represent an inaccurate and misleading use of
existing data. There is simply no scientific basis for describing coconut oil as a
health risk.” ‘Saturated fats (of coconut) composed principally of medium chain
triglycerides do not elevate serum cholesterol when taken as part of the normal
diet. The chemical properties of medium chain triglycerides are such that they are
rapidly metabolized, and therefore contribute a preferred energy source for the
body. As a result, unlike other saturated fats, they are not stored in the body as fat’
(Persley, 1992). Unfortunately this information has not been well publicized.

2.3.3 Other components

Mature coconut water contains many vitamins but in small quantities. Ascorbic
acid is the main one ranging 0.7-5 mg/100 g (Grimwood, 1975; Janick and Paull,
2008). Wijeratnam et al. (2006) reported a range of 1.5-3 mg/L ascorbic acid in
young coconut water. The young kernel has up to 7 mg/100 g acerbic acid content.
Antioxidant capacity of compounds found in coconut water was reported in two
Brazilian coconut cultivars (da Fonseca et al., 2009).

Among volatiles, delta-C8, -C10 lactones and n-octanol were the major volatiles
responsible for the mature coconut flavor (Lin and Wilkens, 1970), while pyrazines
are responsible for the roasted taste of roasted coconut (Jayalekshmy et al., 1991).
For the aromatic young coconut 2-acetyl-1-pyrroline, the same compound found in
Thai jasmine rice, was identified along with many other volatiles (Auttarint, 2005).

There are no standards for mature coconut. In Thailand a standard for young
coconut was approved in 2007. The fruits are classified into three classes: extra,
class I and class II according to the difference in the degree of defect. The extra
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class allows only very slight superficial defect, while classes I and II allow up to
5 and 10% of total surface area. The weight of the trimmed coconut should be in
the range of 700-1400 g per fruit, while the polished coconut had three size
classes, i.e. 350450, >450-600 and >600-850 g (National Bureau of Agricultural
Commodity and Food Standard, 2007).

2.3.4 Maturity indices

Young coconut

The most common maturity index used for young coconut is the duration after a
certain point of flower development, varying between cultivars, growing locations
and the season. In Thailand farmers use the term ‘number of pulp layer’ for their
comparisons. One layer fruit refers to the stage about 6 months after anthesis
during which the solid endosperm has just formed on the inner surface of the shell
and it is still translucent. The one-and-a-half layer refers to fruit about 6.5 months
after anthesis having white endosperm on the stylar end, while that on the stem
end remains translucent. The two-layer number refers to fruit about 7 months after
anthesis with most of the endosperm white except around the area underneath the
soft eye at the stem end of the fruit (Plate IIIb). The two-and-a-half layer fruit, 7.5
months after anthesis, refers to the fruit that has all parts of the solid endosperm
already white. The suitable stages for export are the one-and-a-half and two-layer
coconuts. The two-layer coconuts can be stored for as long as two months, while
the one-and-a-half layer fruit can be stored for only 4-6 weeks. In both of these
fruit stages, the liquid endosperm is sweet and suitable for consumption together
with the soft kernel. In the Philippines, young coconut is classified into three
stages and referred to as the mucus-like stage, cooked rice-like stage and leather-
like stage (Gatchalian et al., 1994). The fruit in the leather-like stage are used in
bakery and confectionery products. Other indices included:

e The color of the branch (rachillae) of the inflorescence (Plate I1Ib) on top of the
individual coconut that originally held the male flowers is also use as a maturity
index. When it is ready to be harvested the distal half of the rachillae turns
from fresh green to dry and brown. However, weather conditions may
accelerate or delay this change.

e The color of the peel around the perianth: if it is creamy-white or whitish-
yellow the fruit is too young. When the color turns almost green the young
coconut is ready for harvest.

e The stage of the bunch above. One can also determine the maturity of the
lowest bunch by observing the two bunches above. If the one directly above
(20° off) has fruit the size of a milk can and another bunch on top (also 20° off)
has fruit setting, the lowest bunch is ready for harvesting (Petchpiroon, 2001).

Tapping the fruit using a fingernail or the blunt end of a knife to determine
coconut maturity is also practiced. The mucous-like stage produces a solid sound,
while the cooked rice-like and leather-like stages produce hollow sounds
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(Gatchalian et al., 1994). Terdwongworakul ef al. (2009) reported that the kernel
thickness correlated very well with fruit maturity. The maturity can be non-
destructively determined with resonant frequency, obtained after tapping the fruit,
with very good accuracy of prediction R? = 0.927.

Mature coconut

The duration after anthesis is also the most common index to harvest mature
coconut. They usually become fully mature at 11-13 months. At this stage the
peel of the fruit also turns from green or another color to brown and finally gray.
When the husk is to be collected for quality fiber the fruit must be harvested a
month younger. In this case recording time of flowering is important. Generally
when only one fruit of a bunch turns brown, the whole bunch can be harvested
(Thampan, 1975).

2.4 Preharvest factors affecting quality

2.4.1 Light

Insufficient sunlight in high density planting causes the fruits to develop only thin
kernels particularly during the last four months before fruit maturity. However,
the reduction in copra per tree is mainly caused by the reduction in the number of
fruit rather than the thickness of the kernels (Ohler, 1984; Srivichai, nd).

2.4.2 Nutrients

In growing areas further inland, it is fairly common for farmers to apply salt to
coconut trees to increase production and improve the sweetness of coconut water.
Scientific data supporting this practice is lacking. The tree has a high requirement
for chlorine which is considered a macro element in coconut. Chlorine fertilization
was found to be strongly correlated with copra content per fruit as well as copra
per tree (Ochs et al., 1993; Ohler, 1984). Potassium is the dominant element for
the growth and development of coconut trees (Child, 1974). High potassium
fertilizer is used to increase sugar content of coconut water (Srivichai, nd.). When
calcium levels are insufficient, the tree produces fruit with thin, rubbery copra
(Ohler, 1984). Sulfur deficiency also causes rubbery copra. The kernel is softer
than usual. It does not dry properly resulting in soft, flexible, leathery copra which
is often brown in color (Child, 1974; Ohler, 1984).

2.4.3 Cross pollination

Generally the dwarf cultivars are self-pollinated while the tall cultivars are cross-
pollinated, giving the dwarf cultivars a higher degree of fruit set. In aromatic
‘NamHom’ coconut grown in Thailand, it has been reported that cross pollination
with other cultivars results in the disappearance of the aroma, a xenia effect
(Petchpiroon, 2006).
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2.44 Maturity

For young coconut, sugar content in coconut water increases, while titratable
acidity decreases with age up to 8 months. After that the content reverses and the
kernel may be too thick and too tough to consume as young coconut (Puchakawimol
and Jangchud, 2003). The water also becomes more turbid. For the mature coconut,
early harvesting results in lower quantity and quality of copra, which is soft,
leathery, dark brown, wrinkled and spoils easily during storage. Fruit harvested
at 11, 10 and 9 months yields 5, 15 and 33% less copra than that harvested at
12 months. The oil from early harvested fruit is somewhat turbid (Thampan, 1975).
Fully mature coconut produces lower quality coir, used for making brushes and
cushions. For lighter color fiber with higher tensile strength, used for making ropes
and mats, the fruit must be harvested one month before fully mature. The husk
must also be used within three days after de-husking (Ohler, 1984).

2.5 Postharvest handling factors affecting quality
2.5.1 Physical damage

Young coconut

During harvesting of young coconut, if the fruit are not carefully handled, the white
husk under the green outer skin will be bruised and turn brown (Figure 2.1a).
Sulfite treatment after peeling cannot eliminate this browning appearance. Stronger
impact causes deeper bruising and may cause cracking of the shell. Our study
indicates that a fall of only 5 cm on a hard surface causes a light brown bruising at
the depth of 2 cm, while falling a greater distance causes more intense browning.
A fall of 20 cm or more causes cracking of the shell. The greater the drop, the
greater the damage caused. Dropping of the fruit on another coconut of 5 cm or less
showed no bruising, but at 10 cm or more browning of the husk can be observed.
More mature nuts can withstand more force before rupture. The rupture force of
marketable young coconut ranges 200400 N (Terdwongworakul et al., 2009)

Mature coconut

At full maturity, coconut can be allowed to drop on to the ground. The husk is
strong yet flexible enough to absorb the impacting force and prevent damage to the
shell and the endosperm inside. However, after de-husking the nut is subjected to
cracking under rough handling. The crack occurs transversely and solely on the
stylar half of the nut. However, Bruton (1982) showed that vibration during
transportation and compression from the top load had little or no effect on cracking.

2.5.2 Temperature

Young coconut
During the storage of young coconut, Consignado et al. (1976), Somboonsup
(1985) and Nikrota (1994) reported a decrease in soluble solids content and
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increase in titratable acidity of the water, more so in the trimmed fruit. The
changes accelerate at higher temperature, resulting in a sour taste. Maciel et al.
(1992) reported a similar change in soluble solids content but a decrease in acid
content and increasing pH. In the kernel, increasing fat and starch content were
recorded along with the kernel thickness and possibly accounted for the rough and
mealy texture of the kernel. However, decreasing moisture and soluble solids
content were found (Gatchalian ef al., 1993).

Mature coconut

Low temperature slows down the development of the embryo underneath the soft
eye, reduces the rate of evaporation and suppresses the growth of microbes, hence
extending the storage life. Freezing at —3°C kills the embryo and the kernel. The
thawed kernel loses its crispiness, and becomes softer and more chewable, without
any loss of the coconut flavor. In addition, freezing and thawing make it easier to
scrape, shred and squeeze the kernel to make coconut milk (Foale, 2003). Exposure
of the fruit to temperature change of more than 8°C within a few minutes or to
extreme heat or cold induces nut cracking (Seelig, 1970).

2.5.3 Humidity

Young coconut

Water loss from unpeeled young coconut is about 3% per week in ambient
conditions (Consignado et al., 1976). After peeling and wrapping with PVC film,
the white husk appears shriveled after about 4.5% weight loss. During cold
transport weight loss is about 1-2% per week.

Mature coconut

Under the strong shell, water still evaporates from the fruit through the kernel and
vascular tissue embedded in the shell and connected to that in the husk. At around
nine months after pollination, water begins to evaporate from the nut, leaving an air
space that can be detected by the sloshing sound when the fruit is shaken (Jackson
et al., 2004). High humidity during storage promotes mold growth along with the
growth of the embryo (Ohler, 1984). A 10% loss of the nut due to microbial
contamination into the kernel and the water is commonly found (Kusuma Na
Ayudhaya, 2009). Bruton (1982) found that cracking of the nut was related to water
loss. Waxing the de-husked nut with carnauba and paraffin waxes reduced weight
loss by 36 and 64% and reduced nut cracking by 60 and 97%, respectively.

2.5.4 Atmosphere

Young coconut

Although coconut respires very little, it still needs oxygen for respiration. Our
experiment with young peeled coconut sealed in vacuum plastic showed an
anaerobic respiration and accumulation of alcohol within one day at 2°C. No
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report on the effect of ethylene on coconut was found. It is believed that ethylene
has no effect on the quality of the fruit.

Mature coconut

The de-husked mature nut should be waxed or wrapped with plastic film to reduce
water loss. However, the soft eye area must not be wrapped in order to avoid
fermentation.

2.6 Physiological disorders and pests

2.6.1 Young coconut

As a tropical fruit, young coconut is subject to chilling injury when exposed to
low temperatures. Young coconut stored at 13.5°C or lower develop chilling
symptoms as a brown outer skin (Wijeratnam et al., 2006). Maciel et al. (1992),
however, indicated that storage at 12°C for five weeks caused no damage. At 0°C
the symptom is observed after seven days (Consignado et al., 1976). On the other
hand, if the fruit is partially peeled before storage at 2—4°C for up to six weeks, no
chilling symptom is found on the husk. It is not known whether low temperatures
damage the kernel and this should be investigated.

Wijeratnam et al. (2006) reported the development of Botryodiplodia sp. on
70-80% of young coconut held under ambient condition (28+/—2°C), leading to
perianth dropping.

In trimmed young coconut, mold of various species develops on the surface
and finally appear as black mold. Orange and pink colonies are also observed.

Cracked fruit may occur on the distal half of the fruit due to the high pressure
inside. A pressure of 2-3 atmospheres has been recorded in young coconut
(Scholander, 1955). Over trimming of the husk increases the cracking, indicating
that the husk is helping to keep the shell intact (Fig. 2.1(e)).

Shrunk shell on the eye side is often found in nuts that are too young and have
the husk almost completely removed by grinding.

2.6.2 Mature coconut

Disease

Over-mature coconut, especially during the rainy season, including those
harvested and held for a long time before shelling, may be attacked by various
microorganisms. Colletotrichum gloeosporioides Penz. has been reported in
Brazil. The early symptoms are dark gray to blackish-brown lesions with black
margins, later enlarging to cover the whole fruit. The fruit also showed longitudinal
rupture allowing other microorganisms to attack the kernel (Ohler, 1984). Internal
grayish-dark and yellowish spotting on the testa of the kernel was reported in the
Philippines. The spotted nuts are not suitable for copra or oil making. It has been
suggested that this is a physiological disorder (Ohler, 1984).
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Bacteria easily attack the copra, forming a slimy surface, right after nut splitting
until the beginning of the drying period when the pulp moisture content is still
higher than 20%. After splitting, the pulp should be dried immediately (within
four hours), either in the sun or in the kiln (Thampan, 1975). Delay in drying
resulted in slimy and reddish coloration of the copra surface.

Before drying to the proper moisture content of around 6%, four kinds of fungi can
infect the kernel. White mold of Rhizopus sp. on wet copra can be observed as masses
of white mycelium. Black mold of Aspergillus niger develops well when the moisture
content is higher than 12%. Between 8—12% moisture, Aspergillus flavus thrives and
forms brown and yellow molds. It is the most serious mold of all. The oil loss from the
growth of this fungal group may be more than 40%. At 7% and lower moisture content,
only green mold is observed including Penicillium glaucum Link, Aspergillus guaucua
and other Aspergillus. The green mold grows only superficially (Child, 1974;
Thampan, 1975). It should be noted that aflatoxin has been reported in coconut
product, hence in preparing copra care must be taken to avoid the growth of 4. flavus.

Insect damage

Copra insect Cadra cautella or Ephestia cautella is strongly attracted to the molds
thriving on the copra that is not properly dry. The larvae feed on the surface mold,
but do not readily attack sound copra. The beetle Necrobia rufipes de Geer.,
commonly known as the ‘copra bug’, is a small beetle, 3—7 mm long, metallic blue
in color with red-brown legs and antennae. A reddish-brown beetle, Tribolium
castaneu Herbst, a pest of flour and cereal products, and the small dull-brown
beetle, 3 mm long, Carpophilus dimidiatus Fabricius, may attack the copra.
However, these insects do not seriously attack copra of good quality (Child, 1974).

Rodent damage
During storage of mature coconut, rodents may be a problem. Necessary
procedures must be arranged to prevent the loss from rodents.

Growth

Under warm temperature and high humidity the moisture may be absorbed into
the kernel stimulating the growth of the embryo. It starts with the development of
the apical part to form plumule and primary root, while the basal part forms the
haustorium (Plate III c) that converts food from coconut water and the kernel for
the growth of the new shoot and root (Ohler, 1984).

2.7 Postharvest handling practices
2.7.1 Harvest operations

Young coconut
For young coconut, the whole inflorescence must be harvested. A worker must
climb up the tree to cut the inflorescence and take it down or toss it into the water
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channel along the coconut row to avoid bruising. The fruit are transported by the
whole inflorescence. Dropping the inflorescence on to the ground not only damages
the fruit but also causes loose fruit. It is more difficult to handle the separate fruits.

Mature coconut

For dwarf cultivars the mature nuts germinate in 45-60 days after maturation, hence
it should be harvested every month. For tall cultivars an interval of two to three
months is recommended since the nut germinates in 70-90 days (de Taffin, 1998).
When the trees are still small a machete or scythe can be used to cut the bunch off the
tree. In taller trees, fully mature coconuts may be allowed to drop on to the ground if
they are slow to germinate. The disadvantage of this procedure is the loss from nuts
falling and becoming hidden in the thick ground cover, or loss from theft or from
damage by rodents. Other problems are nuts germinating on the tree in certain
cultivars, and lack of opportunity to inspect the crown to search for pests (Grimwood,
1975). Harvesting can be done by a worker climbing the tree, sometimes with bare
hands and feet, reaching the fruit, checking its maturity, cutting and dropping it down
to the ground. In some cases a simple tool is used to help the climber, such as a two-
loop rope or ankle ring suspended between the climber’s ankles to prevent slipping.
One climber can harvest 400-800 fruits or 25-50 trees of two bunches per tree,
depending on the height of the tree (Child, 1974; Ohler,1984; Thampan, 1975). In
some areas the tree trunks have been incised to make notches at about 0.5 m apart to
be used as steps for climbing the tree. Some tie a bamboo stem having short branches
to the coconut trunk and use it as a permanent ladder. The most difficult part of the
climbing is to get into the crown. The climber must swing out from the trunk over
coconut bunches on to the crown. A common method is to use a curved knife attached
to the end of a bamboo pole to cut the fruit. With this method a worker can harvest
up to 2500 fruits per day in a plantation of 7-10 m tall trees. Harvest is at two-month
intervals (Child, 1974; de Taffin 1998; Grimwood, 1975).

In commercial orchards in Thailand and a few other Asian countries, farmers
train monkeys of the pig-tailed macaque species, Macacus nemestrina or Pithecus
nemestrinus to harvest the fruit (Ohler 1984; Foale, 2003; Grimwood, 1975). A
team of worker and monkey can harvest 700-1000 fruits per day (Ohler, 1984;
Siriphanich, 1995). The monkey works on a leash following the signal of the
owner to harvest coconuts with the right maturity. The monkey removes the fruit
by twisting the individual fruit many times to separate it from the bunch and drop
it to the ground. The monkey can also jump from tree to tree, saving time.

After harvest the fruit should be kept in the shade to avoid heat from sunlight
that may lead to fruit bursting (Ohler, 1984).

2.7.2 Packinghouse practices

Young coconut
At the packing house, young coconut should be sorted by an expert to determine
their maturity. Too young, over-mature, undersized, oversized, cracked and
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misshapen fruits should be rejected. Fruit maturity is determined by the naked
eye. Too-young fruit will have less sugar and the shell is thin and subject to
cracking during transit. Slightly over-mature fruit may be sweet but the pulp is too
hard to consume.

Fruit for local markets can be transported in bunches. Over longer distances
and for export markets the fruit must be trimmed to reduce space and weight. In
addition the US does not allow coconut with green skin to be imported, for
quarantine reasons. The trimming can be moderate to almost completely remove
the husk surrounding the shell. The trimming process is done manually, a task
which requires skilled labor and is extremely hazardous. Currently, workers must
shear the husk off the green fruit with a long sharp knife. The inner white husk is
then finely shaped to form an inverted conical shaped top, a slightly tapered
cylindrical body, and a flat base (Plate III e—f). The final product has a pentagonal
contour (Fig. 2.1 (a)—(b)), weighing two-thirds of the whole fruit. This is the most
popular method to trim young coconut in Thailand. The whole process takes less
than 1 minute per fruit when done by a skilled worker (Nikrota, 1994). The
shortage of experienced labor and the high production cost have created an urgent
need for mechanical trimming machines.

Jarimopas et al. (2009) developed a prototype trimming machine for young
coconut which appeared to have potential. The machine is based on the lathe
cutting machine mechanism and is composed of a lathe machine with a body-
trimming knife, a shoulder-trimming knife, a base-cutting knife and clamping
mechanisms. The prototype had the capacity to trim 86 fruits per hour, about
2.5 times faster than manual trimming. The finished product contains on average
14.5% of untrimmed green area and 0.35% of coarse surface area.

On the other hand, most parts of the husk may be removed by grinding the
partially peeled fruit with a motorized grinder, leaving only a knob of husk to
protect the soft eye. The weight of this ground coconut is only 35% of the total
fruit weight (Nikrota, 1994). If the entire husk is removed the fruit are easily
subjected to microbial attack through the soft eye. With this method the shipping
weight is much less than the former method. However, the fruit cannot be set still
on a flat surface. Other shapes of peeled young coconut do exist as shown in Plate
IV B. Peeling off too much husk reaching the shell may result in shell cracking,
especially in the round-shaped cultivars. The cracking may occur because of the
weak shell that has not developed enough to withstand the pressure inside the
fruit, which had been recorded between 2-3 atmospheres in full-sized young
coconut (Scholander, 1955).

Immediately after peeling, the fruit is submerged in 1-3% sodium metabisulfite
(SMS) solution for about three minutes to avoid browning. SMS treatment
bleaches the husk and makes it appear whiter than the natural color of the husk.
The solution may contain fungicide to prevent mold growth during long storage
or transportation. Thiabendazole is recommended at 500 ppm concentration. After
the dipping, the fruit is then wrapped with PVC film, affixed with a brand name
sticker (Fig. 2.1(b)) and packed in single layer carton boxes. Carton size is about
8 kg containing 9 to 12 fruits according to the size of coconut. With the above
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(e)

Fig. 2.1 (a) Trimmed young coconut showing brown patches after being bruised;

(b) Young coconut of different shape after trimming or grinding and wrapped with plastic

film; (c¢) De-husking of coconut fruit using a large pliers-like tool to pierce through the

husk and pull it apart; (d) Shelling of coconut fruit using a tool with a chisel end and an axe

in the middle; (e) Trimmed young coconut for sale together with a ‘cup-saw’. Notice the
circumferal crack below the saw; (f) A coconut borer.
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procedure the peeled young coconut can be kept for up to two months at 2°C, but
only seven days in ambient condition.

Mature coconut

To reduce space and weight during transportation, the mature fruit must be
completely or partially de-husked, leaving the husk about 1-2 cm thick.
De-husking is usually done by hand using a spear that is fixed vertically
and firmly on the ground. During de-husking the worker holds the fruit
horizontally, strikes it near the stem end on to the tip of the spear to make the first
incision, then rotates the fruit slightly and strikes again and twists the fruit to push
the husk, between the first and the second strike, outward. The process is then
repeated to separate the husk into 3—5 chunks. These chunks of husk are then
pulled off by hand. A similar procedure can be carried out in the opposite direction
as can be seen in Fig. 2.1(c). With this procedure an experience worker can
de-husk 2000-3500 fruits per day (Child, 1974; de Taffin, 1998). Several
de-husking machines have been invented that can remove the husk quickly and
efficiently. Demonstration of these machines can be observed on the internet. The
nuts that have the husk completely removed are subject to microbial attack
perhaps through the soft eye or directly through the vascular tissue embedded in
the shell (Foale, 2003).

If the husk will not be used the de-husking should be done in the orchard
because amounts of K and Cl removed from the soil are very high. De-husking in
the orchard returns the minerals into the soil saving the cost of fertilizer (Ochs
et al., 1993). The de-husked nut can be held in bulk, jute sack or plastic mesh bag
for local or short distance export markets. The nut may be wrapped with plastic
film with a hole around the eyes (Foale, 2003). Film wrapping is intended to
reduce water evaporation from the nut while the hole is needed to allow the nut to
breathe as well as preventing too high humidity that induces germination. Partially
de-husked nut, although keeping longer, is not acceptable in many importing
countries because it may be a pest carrier (Foale, 2003).

For copra making the nut is split into two halves by striking it with a sharp
machete at its equator (Fig. 2.1(d)). A skilled worker can split up to 10000 nuts
per day. The water should be drained off completely by turning the split nuts face
downward for one to two hours (Child, 1974; Thampan, 1975).

2.7.3 Control of ripening and senescence

Young coconut

Young coconut with intact skin can be stored for up to 4 weeks at 12°C (Maciel
etal., 1992). At lower temperatures the fruit surface turns brown. Held in ambient
conditions, the fruit last for about one week, during which the kernel is still
developing. Wrapped fruits are better in quality than the unwrapped and can be
stored in good condition for up to five weeks at 12°C. Gatchalian et al. (1993)
reported that during storage the kernel of young coconut at 7-8 months old
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becomes thicker and firmer, higher in starch and fat content but lower in moisture
and soluble solids content. However, changes in titratable acidity and pH have not
been observed.

For trimmed coconut, husk browning and mold growth are the main problems.
To prevent browning and mold growth, three minutes dipping in 1-3% SMS
solution is recommended. Because the use of sulfur on fresh fruit is prohibited
in many countries, attempts have been made to find a way to reduce this or
substitute SMS. One procedure is to use a solution containing 3.5% ascorbic acid
and 2.5% citric acid (Yuwang, 1997). However, its effect on mold growth was not
reported. A fungicide may need to be added to the solution. Another procedure
uses a combination of 1% SMS and 4% NaCl. This solution gives coconut the
natural cream color of the husk and prevents mold growth at 4°C for up to four
weeks (Riyakul and Siriphanich, 2006). Hot water (100°C) dip for one minute
followed by cold water dip and 1% SMS solution may also be used for storage of
young coconut at 10°C for 4-5 weeks (Wattanayothin ef al., 2001). Mohpraman
(2010) showed that at very high SMS concentrations, the compound could
penetrate the husk and the shell into the pulp and coconut water probably through
the vascular tissue. However, if SMS solution was 3% or lower and the dipping
time was shorter than five minutes no residue was found in the coconut kernel and
water. He also demonstrated that SMS could penetrate the husk more easily at the
stem end. In addition the soft eye that did not have thick shell covering would
allow easy access for SMS. Hence, in peeling the fruit, the husk on the stem side
should be kept at least 1 cm thick.

Mature coconut

In mature coconut, the husk is already dry and is not alive. Hence the fruit
should not be classified as climacteric or non-climacteric. No procedure is
required to control its ripening. However, the seed is alive, developing and will
eventually germinate. Good nuts should be heavy with a slight sloshing sound
when shaken. Nuts that are light with little water inside are considered old. The
color of the husk on the fruit should be brown, not gray, which indicates an
old nut (Foale, 2003). To delay the nut development, it should be kept in dry
conditions. Bruton (1982) reported that waxing the de-husked nut with carnauba
and paraffin reduced weight loss and reduced nut cracking, but did not report their
storage life.

2.7.4 Recommended storage and shipping conditions

Young coconut

Whole and intact young coconut is best stored at 13.5°C for up to 4 weeks after
which browning of the perianth is observed (Wijeratnam et al., 2006). Storage at
28°C results in turbidity and fermented odor of the water, particularly in split nuts.
Young peeled coconut wrapped with PVC plastic can be stored at 2°C for up to
2 months. Pink discoloration of nut water is sometimes observed. The cause of
this discoloration is unknown.
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Mature coconut
If the fruit are not fully mature, they should be kept dry in shade for 2—3 weeks to
make them easier to de-husk and to remove the kernel from the shell as well as to
prevent germination. In addition, when the shell is used for burning as fuel, less
smoke is produced (Grimwood, 1975). During storage, moisture content of the
kernel decreases slightly, oil content increases, kernel thickness and copra yield
increase, and resistance to bacterial sliming increases. The whole fruit can be
stored at ambient condition for 3—5 months before sprouting. However, the fruit
should be piled above the floor on flats or pallets to minimize insect and rodent
infestation as well as to allow better air circulation. Woodroof (1970) reported that
mature coconuts could be stored at 2.5°C with 45-55% relative humidity for
2 years. Recommended storage or shipping temperature for mature coconut is
14-16°C. The fruit last for 8 months if the humidity can be kept at 50%.
Dehusked mature coconuts can be stored for 60 days at 0—1.5°C and 80-85%
relative humidity, while at 13—15°C and 80-85% relative humidity the nuts last
for only 2 weeks (McGregor, 1987). Pre-cooling before loading into shipping
containers is not needed since coconuts respire and release very little heat. Too
fast cooling may result in cracking of the shell. Waxing or film wrapping to
prevent moisture loss is recommended (McGregor, 1987; Foale, 2003).

2.7.5 At the consumer table

To consume young coconut the shell must be cut open. Traditionally, a large sharp
knife is used to create an opening of approximately 60 mm in diameter at the top
of the fruit. This method is hazardous and requires a skilled operator. To avoid the
labor requirements and the risks inherent in this method, there is a high global
demand for a tool that is easily used to open young coconuts. Many tools can be
found on the internet. Jarimopas and Kuson (2007) developed a young coconut
opening machine. The machine works on the concept that opening is achieved by
shearing the rotating trimmed young coconut by a stationary knife. The machine
performance is about two fruits per minute with 2% juice spill-off, 0.2 g of sawdust
in juice, and diameter of circular opening of 58 mm. A ‘cup saw’ was invented
consisting of a cup-shaped plastic handle attached to a ring saw (Fig. 2(e)). To
open the fruit, the consumer simply saws the top of the fruit in a circular motion
until the saw blade reaches the kernel. If only the water will be consumed, coconut
borers can be used. An example of the borer is shown in Fig. 2(f).

2.8 Processing

2.8.1 Copra

Copra is the dry coconut kernel, mainly used as raw material for the production of
coconut oil. Fully mature nuts are selected for copra production. Nuts are split
into two halves with a sharp machete. The kernel is then either removed
immediately with a knife or semi sun-dried before removal (de Leon and Delores,
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2004). The water content of coconut meat should be reduced to 35% within 24 hr.
During the subsequent 24 hr the moisture content should be reduced to 20%, and
finally to 5-6% in the next 24 hr. Using too high a temperature for drying may
result in discoloration (browning) of the copra. Drying at high temperature may
result in case-hardened copra (dry tissue on the surface), which is not thoroughly
dried. The case-hardened copra has a short shelf life and is susceptible to insect
and mold attack (Grimwood, 1975). Five methods are used for drying coconuts
including sun drying, smoke drying, direct kiln drying, indirect kiln drying and
forced-air drying (Malabrigo, 1977; Ranasinghe et al., 1980; Patil, 1984). Copra
of superior quality (first class copra) is usually produced within 24 hr of nut
splitting by forced-air drying or indirect hot-air drying. Roberto et al. (1996)
reported an optimum temperature of 90°C to dry coconut kernel with the shortest
drying time and high quality copra. In some countries, whole coconuts are slowly
dried in the shell to produce ball copra. It may take 6—12 months to complete the
drying process (Chavan and Jadhav, 1995).

2.8.2 Coconut oil

Coconut oil is used for industrial purposes as raw material for the production of
soap and as a medium in the paint and varnish industries. It is also used in the
manufacture of methyl esters, fatty acids and fatty alcohols, which are raw
materials for detergents, surfactants, emulsifiers and pesticides. For the
manufacture of edible products, the crude oil is refined with caustic soda solution,
dried and bleached with fuller’s earth (International Trade Center, 1990).
Standards of coconut oil are included in the Codex standard for named vegetable
oils CX-STAN 210-1999 (Codex Alimentarius Commission, 2009). Virgin
coconut oil is obtained from the fresh mature kernel by mechanical or natural
means with or without the application of heat, which do not lead to alteration of
the oil (Asian and Pacific Coconut Community, 2003). Coconut oil is also obtained
from extraction of coconut kernel (fresh or copra) using wet milling or dry milling.
In wet milling, coconut kernel is disintegrated using a colloidal mill and mixed
with a small amount of water before being pressed through the expeller. Dry
milling is a conventional method used in the coconut oil extraction industry. The
copra is crushed into a fine powder and heated to 104—160°C (Thieme, 1968;
Food Market Exchange, 2000). After heating, the oil is extracted using either an
expeller or a hydraulic press. The temperature of the oil should be kept at
93—-102°C during oil extraction to obtain a high yield and a light color oil. After
oil extraction, the oil is screened and filtered to obtain clear oil (Chavan and
Jadhav, 1995; Food Market Exchange, 2000). The clear oil may be further
processed to remove undesirable colors, flavors and aromas (Foale, 2003).

2.8.3 Desiccated coconut
Desiccated coconut is the grated and dehydrated coconut meat, which is mainly
used in the bakery and confectionery industries. The Codex Alimentarius Standard
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for various grades of desiccated coconut (CODEX STAN 177-1991) contains
three size classifications: extra-fine, fine and medium (Codex Alimentarius
Commission, 1994). Desiccated coconut processing includes selection of nuts,
husking, shelling, removing the testa (paring), washing, heating, disintegrating,
drying, sieving and packaging (Grimwood, 1975). The fruit are de-husked in the
field and transported to the factory. They are then split using a small hatchet or
special knife to obtain a complete, undamaged ball. The outer brown testa around
the ball is removed using a special knife. The pared kernels are then cut and the
coconut water is discarded. The pieces of endosperm are washed with fresh water
to remove any remaining coconut water and other debris and to prevent
discoloration. The kernel pieces are then pasteurized in live steam for 5 min at
about 88°C or for 8 to 10 min at 70 to 80°C. The material is then immersed
in sulfite solution for stabilization, followed by grinding or shredding, and
drying using a steam-heated dryer, in which the moisture content is adjusted to
2.5-3.0%. After that the product is cooled, graded by size and packed (de Leon and
Delores, 2004).

2.8.4 Coconut milk

Coconut milk is an important ingredient in Asian cuisines. It is defined as a milky
fluid manually or mechanically extracted from grated coconut kernel with or
without the addition of water (de Leon and Delores, 2004). Due to its high content
of oil, moisture and organic compounds, fresh coconut milk spoils quickly after
extraction (Gonzalez, 1990). Thermal processing is a common method for
extending the shelf life of coconut milk. The processing of canned coconut milk
starts with the extraction of coconut milk, followed by heating at 92 to 95°C for 5
to 20 min. Emulsifiers and/or stabilizers are added before homogenization. The
homogenized coconut milk is either hot-filled in cans or passed through an
exhauster before can sealing. Since coconut milk (pH=6) is considered a low-acid
food, it is necessary that the canning process is performed in a retort above 100°C,
before cooling and labeling (Timmins and Kramer, 1977; Gonzalez, 1990;
Arumughan ef al., 1993). Aseptic processing may also be applied for production
of ultra high temperature (UHT) coconut milk.

2.8.5 Coconut water

The coconut water processing in Thailand includes heating, mixing with sugar to
obtain 9°Brix sugar content, hot-filling in can and seaming. The coconut water
then undergoes sterilization at 116°C for 30 min before cooling (DOA, 2009).
Frozen coconut water is also produced by pasteurization of coconut water at 90°C
for 5 min, hot-filling in plastic bags or cups, cooling and freezing using air-blast
facilities. A filtration technique using pre-filtration with a 0.80 um pore membrane
and microfiltration through a 0.20 um membrane is recommended for production
of sterile coconut water without using any heat to maintain natural flavor and
nutrients. The sterile product flushed with nitrogen and aseptically packed, with
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added 0.015% vitamin C for color stabilization, has a minimum shelf life of eight
months (FAO, 2000a; FAO, 2000b; Satin, 2000).

2.8.6 Coconut gel (Nata de coco)

Coconut gel (Nata de coco) originated in the Philippines. It is a product made by
fermentation of coconut water or dilute coconut milk using Acetobacter aceti. The
gel is usually preserved in syrup and used as a dessert. Ten to eleven month old
nuts are usually selected as raw materials. The optimum fermentation conditions
for the coconut water medium are 6% sugar and pH of 3.5, while those for a dilute
coconut milk medium are 6 to 8% sugar and a pH of 3.5 to 4.5 (de Leon and
Delores, 2004). The pH is adjusted using glacial acetic acid. After mixing all
ingredients with mother liquor (starter), the mixture is poured into a mold and
incubated at 23 to 30°C for 8—10 days. The gel formed on the surface is separated
and cleaned by scraping the white layer off. Then it is cut into cubes, soaked in
running water to remove the sour taste and smell, and boiled for 5-10 min in
water. After draining, sugar is added to the gel, and the mixture is allowed to stand
for 15 hr. After that, water is added and the mixture is boiled for 10 min. This
process is repeated the next day. When the gel is completely penetrated with
sugar, it is hot packed in sterilized jars and thermally processed to extend shelf life
(Sanchez, 1990; Food Market Exchange, 2000).

2.8.7 Roasted coconut

Roasted coconut is a unique coconut product obtained from burning young coconut
to create an aromatic and enhanced flavor. The water becomes sweeter and more
turbid. The kernel becomes softer and sweeter as well (Jangchud et al., 2007).
Young coconuts with thick kernels, eight months after anthesis, are selected as raw
material for production of roasted coconut. Traditionally, burning is carried out by
placing the whole young nut over the fire until the husk shows signs of burning
(45 min to 2 hr). After cooling, the husk is trimmed down to the shell. Bleaching
agent is sometimes used in the production of commercial roasted coconuts to
prevent surface discoloration. Recently, an alternative procedure for making
roasted coconut has been widely practiced. The coconuts are de-husked and soaked
in bleaching agent before boiling in water for 25-45 min depending on size. The
finishing touch is usually added by exposing the shell to fire for a short period of
time until signs of burning occurs (Department of Agriculture, 2009).

2.9 Conclusions

Being a bulky fruit containing an amount of saturated fat, coconut has never been an
important fresh fruit commodity. Most fruit sold in the international market is the
mature fruit used for processing and cooking in bakery or in hot dishes and desserts
of Asian cuisine. Because of the advance in postharvest technology, young coconut
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is now exported across the continents. Its storage life is up to two months at 2°C.
However, the handling processes to prepare the fruit are labor intensive. Mechanical
tools are needed to replace labor, particularly in trimming the young fruit. Opening
of the fruit for fresh consumption is another obstacle preventing home consumption,
since it is rather difficult or even dangerous to crack open the hard shell. Hence a
home tool is essential to stimulate selling. Improvements are also needed in the
procedure to prevent browning and mold growth. Nevertheless, it has been shown
that optimum concentration and duration of dipping in SMS solution do not
contaminate the water and the kernel, so a course of action to have coconut exempted
from the ban on SMS usage, a privilege granted only for grapes (as sulfur dioxide)
in many countries, could be another alternative. Last of all, a more rigorous
campaign is required to inform the consumer about the benefit of consuming
coconut and to counter the false publicity about saturated fats in coconut.
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Plate III  (Chapter 2) (a) different shape and color of coconut fruit; (b) a young coconut
of ‘one and a half layer’ stage. Its cross section showing the white portion of the solid
endosperm (kernel) at the stylar end and the translucent portion at the stem end. Notice the
long rachillae attached to the top of the fruit; (c) germinating mature coconut. Notice the
haustorium, the young shoot and root; (d) de-husked coconut showing the three ridges
dividing the three carpels on the stylar end, and the three eyes on the stem end of the
fruit. Notice the soft eye is in the largest segment; (e) trimming of young coconut beginning
with chopping off the green skin; (f) trimming of young coconut followed by slicing off the
body of the fruit.
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Plate IV  (Chapter 3) Fruit panicles with white immature dabai fruit, turning purplish
pink and powdery black colour on ripening.
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Dabai (Canarium odontophyllum Miq.)

P. Ding, University of Putra Malaysia, Malaysia

Abstract: Dabai or Canarium odontophyllum Miq. is indigenous to Borneo. The
immature dabai fruits are white, turning pink and a powdery black colour on ripening.
The fruit is a drupe berry with thin skin (epidermis) surrounding flesh (mesocarp) and
seed (endocarp). The fruit shape is oval to ellipsoid, 3—4 c¢cm long and 1.5-2.5 cm in
diameter. The flesh varies in thickness from 0.2 to 0.7 cm, the colour ranges from pale
yellow to golden and covers a single large three-angled seed. This fruit is served by
soaking in lukewarm water (about 50°C) for 15-20 min to soften the flesh. After draining
off the lukewarm water, a little salt is sprinkled over to soften dabai fruit before serving.
The postharvest physiology and technology information available on this fruit is very
limited. The oil content of the fruit flesh contains antioxidant properties and thus it is
gaining attention from consumers, growers and researchers.

Key words: Canarium odontophyllum, dabai, Sibu olive, oil content, antioxidants,
climacteric, water loss.

3.1 Introduction

3.1.1 Origin, botany, morphology and structure

Canarium odontophyllum Miq. belongs to the family Burseraceae of Sapindales
order in the Eudicotyledoneae class. The family consists of 16 genera and about
550 species in the tropical regions of both hemispheres (Leenhouts, 1956). The
genus Canarium contains about 100 species which are mainly found in tropical
Asia and the Pacific, and in Africa (Whitemore, 1966; Coronel, 1986; Evans,
1992). More than half of Canarium spp. are native to the old world tropics of
southeast Asia (Sui ef al., 1997).

Canarium odontophyllum is indigenous to Borneo, Sarawak and Sabah
(Malaysia), Brunei and Kalimantan (Indonesia), Palawan (Philippines) and
Sumatra (Indonesia). It is commonly known as dabai, dabei, dabey, Sibu olive,
Sibu canna or tropical olive by locals. In Malaysia, the tree is found naturally
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along river banks in Sibu, Sarikei, Kapit and Limbang Divisions of Sarawak
except in swamps and coastal sands.

Dabai is propagated from seed. The dabai tree is tall, medium-sized and with a
straight trunk which only starts to branch at a height of about 2-3 m above ground
(Kueh, 2003). The tree grows more than 20 m tall with a stem girth of more than
150 cm. The bark is grey-brown. The crown is rounded and dense. The leaves are
spirally arranged, 3-8 pairs of leaflets, pinnate with a terminal leaflet. Leaflets are
oblong to lanceolate with a length of 9.5-28 cm and width of 4-11 cm.

The dabai plant is androdioecious with staminate and hermaphrodite inflorescences
in different plants (Sim, unpublished data). However, flowers with well-developed
stamens and under-developed pistils have also been observed. The staminate or male
plants bear a long and thin inflorescence with small flowers while the hermaphrodite
plants bear a short and thick inflorescence with flowers considerably larger than the
male. The hermaphrodite flowers are carried on terminal inflorescence. The male
trees start to flower at an early stage of 4-5 years while the hermaphrodite trees start
flowering and bearing at a later age of about 68 years after planting.

Bud-grafted hermaphrodite plants are recommended to ensure fruit bearing
and the trees come into fruit at about 3—5 years after planting. The Agriculture
Research Centre in Semongok, Sarawak, Malaysia has selected two superior bud-
grafted clones, ‘Laja’ and ‘Lulong’, for commercial production (Lau and Voon,
2007). At an early stage of the reproductive phase, a bud-grafted tree can produce
10 kg of fruit and it gradually increases to 80—100 kg per tree when the tree
reaches 10 years old and above. A single tree can bring in a gross return of at least
MYR 9000.00 (about USD 2571) per annum and a hectare can give a gross return
of at least MYR 612000.00 (USD 174 857) per annum with 12 m x 12 m spacing
between trees (Gadug and Yusup, 1992).

The immature dabai fruits are white, turning purplish pink and a powdery
black colour on ripening. (See Plate IV in the colour section between pages 274
and 275.) The fruit is a drupe berry with thin skin (epidermis) surrounding flesh
(mesocarp) and seed (endocarp) (Wong, 1992). Opening spores distribute
themselves randomly and abundantly on the skin surface (Ding and Tee,
unpublished data). Fruit shape is oval to ellipsoid, 3—4 cm long and 1.5-2.5 cm in
diameter. The flesh varies in thickness from 0.2 to 0.7 cm, the colour ranges from
pale yellow to golden and covers a single large three-angled seed. Fruit can be
harvested about 120 days after flowering (Voon, 2003). Dabai fruits are normally
available from October to January in local markets of the central regions of
Sarawak (Sibu, Mukah, Sarikei and Kapit Divisions). The fruit is very popular
among the locals and is being recommended to tourists in tourism brochures of
Sibu (Anon, 2006) and Miri (Anon, 2009). Besides being eaten by humans, dabai
fruit is also consumed by orang utans in the wild jungle of Borneo. (Pongo
pygmaeus) (Mackinnon, 1974).

Good quality dabai fruits are plump, weighing 18 g per fruit, have a thick and
yellow flesh, a good nutty aroma, flavor with a fine creamy texture and taste
neutral or with minimum sourness (Lau and Fatimah, 2007). There are different
categories and ratings for dabai fruit, with the prices ranging from as cheap as
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Table 3.1 Dabai fruit physical characteristics of ‘Laja’ and ‘Lulong’ clones

Physical characteristics ~ ‘Laja’ ‘Lulong’

Fruit weight (g) 18.9 13.9

Fruit length (cm) 4.5 3.6

Flesh thickness (cm) 0.35 0.31

Seed weight (g) 7.7 5.0

Edible portion (%) 61.5 64.0

Shape of seeds Triangular with concave sides ~ Rounded with convex sides

Table 3.2 Dabai fruit nutritional values of ‘Laja’
and ‘Lulong’ clones

Nutritional values (%) ‘Laja’ ‘Lulong’
Protein 6.8 5.5
Fat 443 339
Carbohydrate 37.2 45.6
Fibre 8.1 11.6
Ash 3.8 3.4

MYR 8 (USD 2.23) per kg to as high as MYR 24 (USD 6.86) per kg, depending
on quality, flesh thickness and taste, visual appearance of skin and season. The
physical characteristics and nutritional values of ‘Laja’ and ‘Lulong’ clones of
dabai fruit are shown in Tables 3.1 and 3.2, respectively (Lau and Voon, 2007).

3.1.2 Culinary uses, nutritional value and health benefits
A fresh dabai fruit is firm with light yellow flesh. This fruit is served by soaking in
lukewarm water (at about 50 °C) for 15-20 min to soften the flesh. After draining
off the lukewarm water, a little salt is sprinkled over to soften the dabai fruit before
serving. The purplish black skin is eaten together with the flesh but not the seed,
which is very hard. Sugar and/or soy sauce are also often added to enhance the taste
of the fruit. The softened fruit can be eaten as a delicacy by itself or as a side dish
with rice and other dishes in a meal. The light yellow flesh turns deep yellow with
smooth-creamy texture, rich flavor and oily like an avocado after steeping.
Another way to prepare the fruits is to squeeze out the soft flesh and mash it
into a paste. Salt is added to the paste to make it ready for eating. The paste may
be preserved in air-tight bottles or containers that will last up to a month or longer
in a household refrigerator. The paste can be fried with sliced chillies, onions and
anchovy to make it more appetizing. The paste is sold in local markets. Fresh
dabai fruit is also preserved in salt or soy sauce and eaten with porridge. In Sibu,
Sarawak, dabai fried rice is sold by local hawkers. Recipes for pizza, snack, maki
(dried seaweed roll), pitted pickles, desserts and salad dressing based on dabai
fruit as well as soap have been developed by the Agriculture Research Centre,
Semongok, Sarawak, Malaysia (Bernama, 2008).
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Besides using lukewarm water to soften dabai flesh, there are two other methods
used by locals to soften the flesh before serving. One method is to ‘sunbathe’ the
dabai fruit in an inflated polyethylene bag until the flesh is softened. The other
method is to store dabai fruit in a freezer and thaw it before serving. The cotyledon
of the seed is edible too. The hard seed can be cracked using a mortar and pestle to
obtain the greenish cotyledon which is eaten as a nut. It has an almond taste and
flavor. Recently, dabai seed was found to have the potential to provide biodiesel
that will conform to the biodiesel standards of the European Standard Organization
and the American Society for Testing Materials (Razon, 2008).

Dabai fruit is a very nutritious fruit with high energy (339 kcal 100 g™' edible
portion), protein (3.8%), fat (26.2%), carbohydrate (22.1%), crude fibre (4.3%), ash
(2.3%), phosphorous (65 mg 100 g™! edible portion), potassium (810 mg 100 g™
edible portion), calcium (200 mg 100 g! edible portion), magnesium (106 mg
100 g ! edible portion) and ferum (1.3 mg 100 g ! edible portion) (Hoe and Siong,
1999). The oil of the fruit contains high antioxidant properties (Azrina et al., 2010).

3.2 Postharvest physiology

Dabai fruit is probably climacteric. The respiration rate of dabai fruit at 20°C is
about 1411 mL CO, kg 'h™! and ethylene production is about 4 uL. C,H, kg™'h™"!
(Ding and Tee, 2011). After an exogenous application of 10 mL L™! of ethylene
for 24 h at 20°C, the respiration rate was reduced to 665 mL CO, kg™'h™! while
ethylene production rate increased to 89 uL C,H, kg 'h™!. Treatments with
exogenous ethylene and prolonging of ethylene exposure duration were not able
to soften the flesh of the fruit, but accelerated fruit senescence and microbial
growth in the fruit (Ding and Tee, 2011).

Color components, L*, C* and h°, of mature dabai fruit skin collected from
Papar, Sabah, Malaysia, were 25.17, 0.91 and 52.83, respectively. The flesh
firmness of dabai fruit before steeping was 201.48 N and decreased tremendously
by 92% to 15.74 N after steeping at 60°C for 15 min (Ding and Tee, 2011).
Similarly, the soluble solids concentration increased by 580% after steeping, to
10.95%. The pH of dabai fruit decreased from 5.88 to 5.04 while titratable acidity
increased from 0.0033 to 0.0092 % citric acid after steeping. The citric, malic and
succinic acids of dabai fruit increased from 67.48, 61.69, 23.79 to 99.72, 71.75,
47.12 mg g', respectively, after steeping at 60 °C for 15 min.

3.3 Harvesting

Dabai fruit are harvested when the white young fruit become powdery black. Due
to its height, a long bamboo pole with a sickle at the end is used to harvest terminal
branches where fruit are borne in panicles. (See Plate V in the colour section
between pages 274 and 275.) A net is placed below the canopy to catch dislodged
fruits and fruit branches. Damage to the fruit falling off the tree has not being
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studied. Fruit is removed manually from its pedicel in the field and brought to the
market in bamboo woven knapsack baskets.

3.4 Maturity and quality components and indices

The information on maturity and quality components and indices is not available.

3.5 Postharvest handling factors affecting quality

The shelf life of dabai fruit is rather short — about 3 days at 27 °C when the skin of
hard fruit will wrinkle (Wong, 1992) (Fig. 3.1). Heat is the main concern in
handling dabai fruit. Fruit should be harvested during dry weather and in the
morning (Lau and Fatimah, 2007). The freshly harvested fruit must be kept in
well-ventilated baskets and away from the sun. Heat trapped in baskets could
result in fruit being ‘cooked’ and unmarketable.

There are contradictory findings on the storage of dabai fruit. With storage at
5°C, the shelf life could be extended (Voon, 2003). It could be extended up to
8 days by packing fruit in polyethylene plastic bags at 14°C (Jugah, 2006).

Fig. 3.1 Dabai fruits after seven days’ storage at 10 °C; wrinkles can be seen on most of
the fruits.
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Another researcher reported that dabai fruit stored at 10 °C in polyethylene bags
could last only 5-6 days, after which it turned soft and spoiled (Lau, unpublished
data). Comparing dabai fruit packed in polyethylene bags and stored at 4 and § °C,
longer shelf life and less water loss was found in fruit stored at 8 °C than those
stored at 4 °C (Jitam, unpublished data).

In another study, dabai fruit were frozen for 6 months using PVC containers,
polyethylene plastic bags and vacuum packed plastic, and then frozen fruit were
thawed for serving by using hot water at 100 °C instead of lukewarm water (Lau
and Fatimah, 2007). The frozen-steeped fruits were found to have poorer physical
appearance and less creamy taste than fresh fruit, but their quality was still
acceptable. Voon (2003) also reported that coating dabai fruit with a thin layer of
edible oil could prevent water loss.

3.6 Conclusions

Dabai fruit is a unique fruit which is eaten in a different way from other fresh
fruits. Ethylene could not soften the fruit flesh but accelerated the senescence
process. It needs heat to soften the flesh, using either sunlight or lukewarm water.
Freezing temperatures soften the flesh, and the locals eat fruit injured by chilling.
The oil content in the flesh has been claimed to contain antioxidant properties and
thus the fruit is gaining popularity. However, information on postharvest
physiology and technology of this fruit is still very limited. Extensive work needs
to be carried out to understand this unique fruit, from farm gate until postharvest
and processing.
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Plate IV  (Chapter 3) Fruit panicles with white immature dabai fruit, turning purplish
pink and powdery black colour on ripening.
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Plate V  (Chapter 3) Harvesting dabai fruit by placing a net on the ground and climbing up
the tree, then using a long pole with a sharp sickle at its end to harvest branches with fruits.

Plate VI (Chapter 4) Barhee (Barhi) dates.
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Date (Phoenix dactylifera L.)

E. M. Yahia, Autonomous University of Queretaro, Mexico and
A. A. Kader, University of California, Davis, USA

Abstract: Dates have been an important basic food for several cultures over thousands of
years and they are still consumed widely all over the world, especially in the Middle East
and North Africa. Date palms grow in several countries, but the industry is still
concentrated in the Middle East and North Africa. Over 7 million tons of dates are
produced annually, but only about 10% enters world trade. Dates are a nutritious,
high-energy food, consumed fresh, dried or in various processed forms. Fruit of some dry
date cultivars are not very perishable, and can thus easily be shipped to distant markets
and be stored for prolonged periods. In contrast, the shelf life of some moist (soft or
syrupy) date cultivars is limited to a few days unless special care is taken to maintain the
cold chain between harvest and consumption sites. However, postharvest losses are high
due to diverse physical, physiological, pathological and insect problems. Dates adapt very
well to very low temperatures, and therefore storage and shipping at low temperatures is
the most important method of maintaining quality. Low temperatures significantly reduce
losses of colour, flavour, and textural quality; and delay development of sugar spotting,
incidence of moulds and yeasts, and insect infestation; and prevent development of
syrupiness and souring of soft, moist dates.

Key words: Phoenix dactylifera, postharvest, nutritional quality, health benefits, insects,
storage, processing.

4.1 Introduction

Fruits of the date palm, Phoenix dactylifera L., have been a staple food for the
population of the Middle East and North Africa for thousands of years (Yahia,
2005). The date palm is thought to have originated in Mesopotamia and its cultivation
spread to the Arabian Peninsula (Fig. 4.1), the Middle East and North Africa in
ancient times. It has been suggested that the Sumerians were the first to cultivate the
date palm. They used its fruits as a staple food in the Tigris—Euphrates valley as
early as 4000 be (Al-Baker, 1972; Hussain, 1974; Ait-Oubahou and Yahia, 1999).
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Fig. 4.1 Date market in Saudi Arabia (courtesy of Dr Atef Elansari).

In 2007, world production of dates was about 7 million tons, with the Middle
East and North Africa being the major producing regions. The top ten producing
countries are Egypt, Iran, Saudi Arabia, United Arab Emirates, Algeria, Pakistan,
Iraq, Sudan, Oman and Libya (Table 4.1) (FAO statistics, 2008). The date palm
plays an important role in the economic and social life of the Sahara. In the old
world, the Near East and North Africa are the region where dates are grown in large
quantities. In Europe, the only commercial groves are those at Elche and Orichuella

Table 4.1 Date production (000 tons) in some
important producing countries in 2007

Country Production (tons)
Algeria 500000
Egypt 1326133
Iran 1000000
Iraq 440000
Libya 175000
Oman 255871
Pakistan 680107
Saudi Arabia 982546
Sudan 336000
Tunisia 127000
United Arab Emirates 755000

Source: FAO (2008)
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in Spain. In the new world, important date palm plantations are in the Coachella
valley of Southern California, in Arizona and in northwestern Mexico, and a few
plantings in South America (Ait-Oubahou and Yahia, 1999; Pavez-Wellman, 2007,
Wright, 2007). There are also some plantings of date palms in the Australian deserts
in Queensland. Outside the regions mentioned above, and when the winters are not
too cold for it, the date palm will grow, but will not fruit properly.

Date palms start to bear fruit at the age of 4 to 5 years and reach full maturity
at the age of 10 to 12 years depending on local conditions affecting rate of growth
and development. Flowers are borne in strands on bunches at the top of the tree.
The number of bunches per tree varies from three to ten and each bunch includes
hundreds of strands and thousands of individual dates. Average bunch weight
varies from 5 to 20 kg. One palm can produce up to 100 kg annually, with some
cultivars having average yields per tree of 180 kg (Munier, 1973). Depending on
cultivar and area, the flowering to harvesting interval ranges between 6 and
9 months. The flowering period in the Northern Hemisphere lasts from late
January to March and ripening starts in July and continues until October—
November for late cultivars. The date fruit is a berry with a single seed or pit,
oblong in shape, 2.5 to 7.5 cm long, with thick or thin flesh. It is astringent when
immature and becomes sweet when ripe. The proportion of seed to flesh, which is
an important parameter for fruit quality and classification, varies from 9 to 30%.

There are more than 2000 date palm cultivars in the world (Hussain, 1974; Ait-
Oubahou and Yahia, 1999). Popenoe (1973) reported over 1500 cultivars of dates
in the world. Over 455 cultivars have been reported in Iraq, and more than 350 in
Oman (Laville, 1966; Vittoz, 1979). A large number of these cultivars are
propagated by seed. Very few cultivars are grown extensively in major producing
countries. Zahdi or Zahidi, Khadrawy, Hillawy, Khustawy, Maktoom, Shalabi,
Sukari and Sayer are commonly grown in Iraq; Hayani, Samani, Zaghlol, Saidy
and Duwaki are commercially grown in Egypt; Saidy and Bikraari in Libya;
Boufgouss, Bousthami, Jihel, Bouskri and Mejhoul or Medjool in Morocco;
Deglet Noor (Figure 4.2), Rhars and Deglet Beida in Algeria; Deglet Noor and
Ftimi in Tunisia; Halawi, Chichap, Shanker, Barhee (see Plate VI in the colour
section between pages 274 and 275), Shahaani and Bureim in India; Anbara,
Khalas, Khasab, Ruzeis, Kheneizy, Sukkary, Duwaiki and Khudairi in Saudi
Arabia; Kabkab, Sayer and Shahani in Iran; and Jowan Sor, Karba, Kalud and
Abdandan in Pakistan. In the US, Medjool (Paulsen, 2005), Deglet Noor, Zahdi,
Khadrawi and Hallawi dominate commercial production (Ait-Oubahou and Yahia,
1999; Hodel and Johnson, 2007). In Oman, the main cultivars are Fardh, Naghal,
Kamri, Mobsouli and Oum Sila (Vittoz, 1979).

Depending on the flesh consistency and moisture content at harvest when fully
ripe, date palm cultivars are divided into three groups, namely soft, semi-dry and
dry (Hussein et al., 1976; Yahia, 2004). However, fruit of any cultivar when left
on the palm or exposed to excessive curing conditions will lose moisture and
develop a hard texture. Other classifications can be found within the same group
based on fruit characteristics, size and sugar content. In soft cultivars (like Hillawi,
Abada, Ambhat, Barhee, Bentaisha, Halawi, Hayany, Honey, Khadrawy and
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Fig. 4.2 Tamar (tamr) stage of ‘Deglet Noor’ dates.

Medjool or Mejhool), almost all cane sugar (sucrose) is converted into invert or
reducing sugars (glucose and fructose) during ripening, with a moisture content >
30%. Dry date cultivars (<20% moisture) include cultivars such as Badrayah,
Bartamoda, Deglet Beida, Horra, Sakoty and Thoory. Semi-dry date cultivars
(20-30% moisture) include cultivars such as Amry, Dayri, Deglet Noor, Khalasa,
Sewy and Zahidi. Both dry and semi-dry dates retain a good amount of sucrose on
full ripening, in addition to the reducing sugars.

Deglet Noor (meaning date of the light in Arabic) produces medium- to large-
sized fruits with small seeds; the fruits are light in colour, have a delicate flavour
and are of the semi-dry type with excellent keeping quality during storage and
transport. The fruit are sensitive to rain, which causes them to sour. Zahdi produces
very sweet medium-sized fruits which are cylindrical in shape and light golden
brown in colour. The fruit can be harvested soft or medium-hard to hard. They keep
well during storage at very low temperatures. Hallawi (meaning sweet in Arabic)
produces light-coloured, soft, large fruits, which are extremely sweet and honey-
like. The skin of the fruit shrivels easily and the fruits are tolerant of high humidity.
Khadrawi (meaning greenish in Arabic) produces soft, high quality fruits which
mature early, tending to reach a dark colour at full maturity, and have a short
storage period. Sayer, one of the most widely grown cultivars for commercial use,
is not of high quality and has no distinctive flavour. The fruit are very mealy and
the syrup is drained out or extracted commercially for sugar production. Medjool
produces very large fruits (with proper fruit thinning) with a medium-soft texture
and amber colour at maturity. The fruit have a thick flesh, are rich in flavour with a
delicious taste, and keep well during storage and transport at low temperatures.
Barhee (Plate VII) produces soft sweet fruits with excellent quality, appropriate
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flesh thickness and a cylindrical shape, maturing to a dark brown colour. Khustawi
fruits have good eating quality, are soft and very juicy, thus requiring good curing,
and keep well in storage. Maktoom produces large fruits which are soft with a thick
flesh and mature to a brown colour. Fruits of Amir Hajj mature mid-season and are
of high quality, soft with a delicate skin but thick flesh and can withstand high
moisture. Deglet Beida produces light-coloured fruits, with a smooth skin and hard
texture, which mature earlier than Deglet Noor fruits. Kush Zebda produces fruits
with long fruit stalks, superior fruit quality and a distinctive rich flavour. Tadala
produces semi-dry, large fruits which are attractive, brown-to-amber in colour,
mature early and have moderate tolerance to moisture in storage.

Dates are consumed fresh, dried, or in various processed forms. They are often
consumed fresh after picking especially at the ripe stage (‘rutab’ stage). In some
cultivars, fruits are consumed at the physiological maturity stage (‘khalal” stage).
Most dates, however, are consumed at the fully ripe (‘tamr’ or tamar) stage. The
fruits at this stage are characterized by very low moisture content and therefore
are ideal for long-term storage to be consumed out of season. Losses during
harvesting and postharvest handling and marketing are high in most producing
countries due to the incidence of physical, physiological and pathological
disorders and to insect infestation.

4.2 Fruit growth and development

Flowers have three carpels but on pollination only one develops and two abort. The
shape of the fruit is usually more or less oblong or ellipsoidal. The seed, or pit, is
bony and cigar-shaped, slightly pointed at the ends, from grey to brown in colour,
and with a small embryo. The seed of the date palm fruit is unusual in that it stores
the food materials for the developing embryo not as starch, but as hemicellulose.

4.2.1 Pollination

Pollination is one of the most important pre-harvest factors affecting fruit quality
in the date palm (Al-Delami and Ali, 1969). The date palm trees are dioecious,
with male and female flowers on separate trees. In commercial plantation, the
female trees are artificially pollinated (hand or mechanical pollination) with
pollen from male trees. Selection of a good pollinizer is of prime importance in
the date palm, as the type of the pollen parent affects fruit size and time of fruit
ripening, as well as the chemical composition of the fruit. Such effects of the
pollen parent on various aspects of date fruit development are referred to as
mataxenia (Abbas, 1997a).

4.2.2 Fruit set
Fruit set in the date palm is closely related to the pollen viability as well as
temperatures prevailing during the pollination period. Good fruit is usually
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obtained when daily temperature is in the range of 23.9-26.2°C (Nixon and
Carpenter, 1978). Poor fruit set resulting from low temperature can be improved
by covering flower clusters with paper bags at the time of pollination (Rygg,
1975). A fruit set of 50-80% is considered sufficient to obtain a full crop.

4.2.3 Fruit thinning

Fruit thinning affects postharvest quality (Ait-Oubahou and Yahia, 1999). It is
essential to ensure adequate flowering in the following year, to reduce or prevent
the phenomenon of alternate bearing, to improve fruit quality and to promote fruit
ripening and to reduce compactness of fruit bunches. Thinning can be done
manually or by the use of growth regulators. Manual thinning is more common
and involves removal of some bunches and/or some strands from each bunch and/
or shortening the length of the strands. However, removal of some fruits from
each strand is the best method of fruit thinning, but it is very expensive. The
easiest method of fruit thinning is to remove a number of spathes or inflorescences
and balance the number of bunches with the number of green leaves on the tree
(Rygg, 1975). Various growth regulators have been used as thinning agents in the
date palm, such as auxins (NAA, 2,4-D) and the ethylene releasing compound,
ethephon, but with variable results, and therefore manual fruit thinning is still the
widely used practice (Nixon and Carpenter, 1978; Rygg, 1975).

4.2.4 Factors affecting fruit development and ripening

Temperature

For proper date fruit ripening on the date palm, it is essential that the growing
season is hot and free of rainfall during the ripening period. The average optimal
daily temperature from blossoming until fruit ripening is around 21°C for early
ripening cultivars, 24°C for mid season cultivars, and 27°C for late ripening
cultivars. The number of heat units (degree days) needed to ripen the fruit varies
with cultivar and ranges between 2100 and 4700 for early and late ripening
cultivars, respectively. Temperature also has a significant effect on fruit quality.
Deglet Noor fruit produced during seasons when the maximum daily temperature
during April and May exceeded 37°C were of dry texture and had high acid
content and a high percentage of sucrose, and lacked the bright colour characteristic
of high quality fruit. In general, fruit produced with 101 heat units in April-May
were of excellent quality, but when the heat units were in the range of 147-234,
dry textured, low quality fruit were produced (Rygg, 1975).

Relative humidity and rainfall

High rainfall and humidity during blossoming or later stages of fruit development
may limit the production of date palms to the same degree as insufficient heat
units (Ait-Oubahou and Yahia, 1999). High humidity and rainfall during later
stages of fruit development may cause certain physiological disorders.
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Furthermore, low relative humidity (RH) during the ripening period may cause
some physiological disorders. High humidity and rainfall have a pronounced
effect on the process of pollination. Early rainfall during flowering in the spring
may cause the infection of the closed spathes with inflorescence rot. Date cultivars
vary in their susceptibility to this disease, with cultivars such as Hillawi and Zahdi
being very resistant, and Khadrawi and Sayer very susceptible.

Mineral nutrition

The date palm tree requires high nitrogen for good growth and productivity, and
it is less sensitive to other mineral nutrients such as iron and boron, as compared
with other fruit trees such as citrus (Mater, 1991).

4.2.5 Fruit growth pattern

As already mentioned, the date palm is a dioceous tree and thus requires cross
pollination, which occurs naturally or may be done artificially. The normal date
palm fruit is a berry which results from the ovary (Mater, 1991). After pollination
and fertilization, fruit growth follows a sigmoidal curve, and is usually divided into
five stages of development known by their Arabic terms: ‘hababouk’, ‘kimri’ (kimri,
jimri), ‘khalal’ (balah, bisr), ‘rutab’ and ‘tamr’ (tamar) (Figure 4.2) (Abbas and
Ibrahim, 1996; Ait-Oubahou and Yahia, 1999; Yahia, 2004). The ‘hababouk’ stage
starts after fertilization and is characterized by the loss of two unfertilized carpels.
This stage is sometimes included in the next stage. The colour of the fruit at this
stage is creamy to faint green. ‘Kimri’ is the immature green stage, characterized by
high water content and a rapid gain in fruit weight and size. This stage lasts about 9
weeks depending on cultivar and location. ‘Khalal’ (Plate VII) is the mature full-
coloured stage, which lasts about 4 to 5 weeks, and results in a slight decrease in
fruit weight and size, as well as in starch content. The colour of the fruit changes
from green to yellow, pink or red, or yellow spotted with red, depending on the
cultivar. During the ‘rutab’ (soft or moist) stage, the fruit softens, changes colour to
light brown, and starts to lose weight and accumulates more sugars (mainly reducing
sugars). During the ‘khalal” and ‘rutab’ stages, the fruit progressively loses water,
and starch is converted to sugars. The ‘tamr’ (the Arabic word for dates) is the fully
ripe stage of development, when the fruit loses more moisture and gains more
sugars, thus attaining a high sugar:water ratio (depending on the cultivar). Most
dates are harvested at the ‘tamr’ stage (Fig. 4.2), when the fruit has about 60 to 80%
sugar content, depending on location and cultivar. At this stage, fruit can be harvested
soft, semi-dry or dry depending on destination and use. Dates can also develop
parthenocarpically if not pollinated. However, these fruits will not undergo the five
stages described above and will not reach full development.

4.2.6 Effect of growth regulators on fruit and development
The early period of date fruit development is associated with a rapid rate of
cell division activity particularly in the embryo and endosperm (Rygg, 1975).
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However, the major increase in fruit size is achieved by the vacuolation
(enlargement) of the cells formed during the early phase of mitotic activity. Auxins
and gibberellins, sprayed onto fruit bunches, have been found to increase fruit size
and delay fruit ripening, with inconsistent effects on fruit chemical composition
(Rygg, 1975; Nixon and Carpenter, 1978; Abou-Aziz et al., 1982; Mater, 1991).
Indole acetic acid (IAA) was found to be very high in non-pollinated flowers of
Hallawi dates, declines at fruit set, increases again as the fruit enters the rapid
phase of growth, then declines as the fruit advances towards the ripening phase
(Abbas et al., 2000). The tendency of the date palm flower to set parthenocarpic
fruits if not pollinated may be related to levels of endogenous hormones in the
ovary of unpollinated flowers. Parthenocarpic date palm fruits may also be
obtained by treating unpollinated flowers with auxins, gibberellins or cytokinins.
Such fruits are of low quality as compared to fruits produced by hand pollination
and they will not ripen fully (Abou-Aziz et al., 1982). Fruit ripening is usually
delayed in trees carrying a heavy crop, which can be remedied by fruit or bunch
thinning at an early stage of growth, with the objectives of balancing the number
of green leaves and the number of fruiting bunches. Pre-harvest treatment of date
fruit of several cultivars with ethephon at 100-500 ppm advanced fruit ripening
by 7 to 9 days, and also provided an opportunity for mechanical harvesting of the
fruit by facilitating fruit drop.

4.2.7 Biochemical changes during fruit growth and maturation

During the khimri stage the fruit is still green, contains maximum moisture
content, a small percentage of sugars and high percentages of tannins and fibers,
and therefore the fruit is not edible. As the fruit enters the khalal stage, the green
colour is lost and the fruit starts acquiring the distinctive colour which may be
yellow, pink, red, or orange, depending on the cultivar. The loss of chlorophyll
and the appearance of the distinctive colour is associated with a rapid translocation
of sucrose to the fruit, and during this stage the fruit fresh weight reaches its
maximum value. Also during this stage, dry matter content and fruit firmness are
increased, whereas tannins are reduced.

At the end of the khalal stage, the intensity of the distinctive colour is increased
and the fruit starts to soften, as it enters the rutab or ripening stage (rutab literally
means softening stage). Date fruit undergoes various physical and biochemical
changes during ripening (Rygg, 1975). Softening of the fruit at this stage usually
starts at the apical end and ripening progresses inwards and towards the basal end
and until the whole fruit is ripe. At the rutab stage, the fruit loses the colour of the
khalal stage and starts acquiring a light brown (amber) or dark brown or black
colour, depending on the cultivar. The fruit also loses moisture and the size is
reduced. The water content of the flesh decreases during fruit development and
ripening. In Deglet Noor fruit, for example, the moisture content decreases from
about 85% at the early khalal stage to 45% at the beginning of the rutab stage and
is only 20% at the tamr stage. The skin surface is generally smooth from fruit set
up to the khalal stage, and shows shrivelling or wrinkles as the fruit reaches
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maturity, as a direct consequence of moisture loss. In some cultivars, softening
occurs slowly and gradually, while in others it occurs rapidly. Fruit picked at the
rutab stage are usually highly perishable and require refrigeration.

If fruit are left on the tree and are not picked at this stage, then they enter the
last, tamr stage. At this stage, both fruit fresh weight and size are reduced due to
the continuing loss of moisture and the halt in the translocation of sugars. During
the tamr stage, the intensity of dark colour increases, with no further changes in
fruit weight, size, moisture content and sugars. The texture of date fruit at the tamr
stage depends on the percentage of dominant sugars. It is dry if the fruit contains
a high percentage of sucrose and the cultivars are called dry dates. However, if
most of the sugars are inverted into reducing sugars (glucose and fructose), then
the texture is soft and the cultivars are known as soft dates. If the fruit contains
some sucrose as well as reducing sugars, then they are called semi-dry dates. Such
classification of dates was found to depend on the activity of the enzyme invertase
(Cook and Furr, 1952; 1953).

Several studies (Hasegawa and Smolensky, 1970; Hasegawa and Mair, 1972)
have shown that the activity of invertase starts to increase as the fruit changes
colour from green to the distinctive colour at the end of the khalal stage, and then
increases sharply. As the fruit enters the rutab stage and the process of softening
is completed, the activity of invertase decreases rapidly and reaches a minimum
at the tamr stage. Postharvest induced softening of Deglet Noor dates was achieved
by treating the fruit with invertase, causing 50% increase in reducing sugars as
compared to control. Polygalacturonase activity was very low at the khimri stage,
but increased rapidly as the fruit entered the khalal stage, reaching maximum
value as the fruit entered the rutab stage, but thereafter, the activity declined
rapidly (Hasegawa et al., 1969). The use of this enzyme for the artificial ripening
of some date cultivars was reported by Hasegawa and Mair (1972). Cellulase
activity was found to be low in fruit at the khimri stage, and increased as the fruit
advanced in maturity, reaching a maximum value at the end of the khalal stage
(Hasegawa and Smolensky, 1971). Studies carried out by Al-Jasim and Al-Delaimy
(1972) on several Iraqi date cultivars showed that pectinesterase activity increased
as the fruit changed from khalal to rutab stage, followed by a rapid decline as the
fruit became fully ripe (tamr). Commercial preparations of synthetic enzymes
have been used for artificial ripening as well as to reduce the damage caused by
some physiological disorders, such as hard nose, mixed green and sugar walls.
For example, a commercial preparation, pectinase, known as Pectino-42, has been
found to be effective in reducing the damage caused by the physiological disorder
‘mixed green’ (Smolensky e al., 1973). Vacuum infiltration with cellulase at
0.1% for 2 hours was very effective in softening Deglet Noor dates and improving
quality (Smolensky et al., 1975).

Date flesh texture is an important factor determining quality. Texture changes
during fruit ripening from crisp to soft, except for dry cultivars which develop a
hard texture after the loss of water content from the flesh. Fruit softening is related
to the activities of polygalacturonase, pectinesterase and cellulase (Al-Jasim
and Al-Delaimy, 1972; Coggins et al. 1968; Hasegawa and Smolensky, 1971;
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Hasegawa ef al., 1932; Hasegawa ef al., 1969). Invertase was also found to play
an important role in fruit softening as it converts sucrose into reducing sugars with
the release of water molecules (Coggins and Knapp, 1969; Hasegawa and
Smolensky, 1970). Hasegawa and Smolensky (1970) reported that the onset of
cellulase, polygalacturonase and invertase activity was found to be correlated
with fruit ripening in Deglet Noor and that invertase activity is higher in soft dates
than in dry dates. This increase in invertase activity is stimulated by the loss of
membrane integrity, which leads to direct contact of the substrate with the enzyme.

Fruit of all date cultivars are astringent at the immature green (khimri) stage
due to the presence of tannins. In a few cultivars, such as Barhi, Samani and
Zaghlol, the astringency disappears with the change in colour to yellow, orange,
or red at the khalal stage. Dates contain significant levels of procyanidins or
condensed tannins (the cause of astringency) at the khalal stage. These tannins,
which are mainly in the skin, are polymerized as the fruit ripens to the rutaband
tamr stages. The intensity of colour in fruit depends on the pigments produced by
different browning reactions (Maier and Schiller, 1961). Vandercook et al. (1980)
and Maier and Metzler (1965) discussed different systems of formation of brown
colour pigments in dates and concluded that browning is due to oxidation of
polyphenols and tannins. Temperature, moisture content and maturity affect the
rate of colour change.

Dates are the only fruit in which flavonoid sulphates have been reported. Hong
et al. (2006) identified 13 flavonoid glycosides of luteolin, quercetin and apigenin
and a combination of some flavonol glycosides with sulphate residues in khalal
stage Deglet Noor dates.

4.3 Nutritional components and health benefits

The fruit of the date palm has been a staple food in the Middle East and North
Africa since the first recorded history. Date palm fruits were found to contain
carbohydrates (44—-88%), sugars (60-80%), fats (0.2—0.4%), proteins (2.3-5.6%),
fibres (6.4—11.5%) (Hasnaoui et al., 2010; Chaira et al., 2007; Al-Shahib and
Marchall, 2003). Dates are considered an excellent source of readily available
energy supplying 160-320 kcal 100g™" depending on moisture content (Ait-
Oubahou and Yahia, 1999). The fruit are also rich in Fe, K, Ca, with small amounts
of protein (2%), lipids (less than 2%), Zn, Cu, Cl, S and vitamins A, B1, B2
(Nixon and Carpenter, 1978; Rygg, 1975; Vandercook et al., 1980). The crude
fibre, which contains pectin, lignin, hemicellulose and cellulose, represents about
2-4% of fruit dry weight. Pectin plays an important role in date texture (Hussein
et al., 1976). Fruits of soft, semi-dry and dry cultivars have about 1.0, 1.8 and
1.5% pectins (dry weight basis), respectively, which decrease as the fruit ripen
(Rouhani and Bassiri, 1976). The protein content of dates, which is reported to be
of high nutritive value, ranges between 1.5 and 2.0%, and the crude fat content
ranges between 2.5 and 7.4%. The seed oil is composed of 45% oleic, 25%
palmitic, 10% stearic and 10% linoleic acid, with some capric and caprylic acid
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content. The quantities of sucrose and reducing sugars, which are related to quality
and texture, depend on the cultivar and fruit maturity and ripeness stage.

Dry and semi-dry dates are rich in sucrose, while most, or in some cases all, of
the sucrose in soft dates is converted to reducing sugars (glucose and fructose), so
they have a very low sucrose content or contain no sucrose at all. In a study of 12
date cultivars produced in the United Arab Emirates (Ahmed e? al., 1995), glucose
and fructose levels increased rapidly throughout the developmental stages. The
sucruose in Rhars dates in Algeria and Boufgouss and Mejhoul (Medjool) dates in
Morocco is entirely hydrolysed to reducing sugars and thus they contain no
sucrose at harvest (Munier, 1965), whereas in Deglet Noor, sucrose remains the
dominant sugar at harvest (Djerbi, 1996).

The glucose:fructose ratio in Deglet Noor fruits grown in California has been
reported to be 1.28 (Coggins et al., 1968). Yusif et al. (1982) found that fruit of
the cultivars Hallawi, Sayer, Khadrawy and Zahdi in Iraq had glucose:fructose
ratios of 1.17, 1.17, 1.16 and 0.83, respectively. Total sugars (reducing sugars and
sucrose) increase during fruit development. Deglet Noor fruits have total sugars
and sucrose contents, respectively, of 13 and 8% at the khimri stage, 60 and 40%
at the khalal stage, and 77 and 53% at the rutab stage (Djerbi, 1996). Starch
content, found mainly during the khimri and khalal stages, is converted to sugars
and no starch is found at the ripe (rutab and tamr) stages (Djerbi, 1996).

The flavour and quality of dates are affected by their organic acid content. The
acidity of the fruit tends to increase with fruit growth and then decreases at the
beginning of the ripening stage, while pH increases at maturity. A high pH value
is an indication of high quality in dates. Date acidity reaches the highest level
during the period of most rapid growth and decreases during maturation and
ripening (Rygg, 1975). Rouhani and Bassiri (1976) reported that titratable acidity
decreased from 7.7 at the immature stage to 1.4 meq 100 g™! dry weight at the
mature stage, and pH increased from 5.1 to 7.0 between these stages. Palmitic
acid is the most dominant acid followed by capric and caprylic acids. In Deglet
Noor dates, pH changes from 5.5 at the khimri stage to 6.2 at the rutab stage
(Djerbi, 1996). Rouhani and Bassiri (1976) reported the same observations for cv.
Shahani grown in Iran. The authors found that pH increased from 5.1 to 7.0
with fruit ripening, and acidity decreased from 7.7 to 1.4 meq 100 g !. In six
date cultivars in Iran, fruit acidity remained relatively high and ranged from 2.5 to
4.4 meq 100 g™! (Ejlali et al., 1975).

Date fruits at the fully mature stage are rich in functional components, including
phenolic compounds (Al-Farsi et al., 2005; Al-Farsi and Lee, 2008; Hussein,
1970; Sawaya and Mashadi, 1983; Al-Ogaidi and Mutlak, 1986; Regnault et al.,
1987; Ramos et al., 1997; Modafar et al., 2000; Al-Abid, 2003; Ishurd et al.,
2003; Allaith et al, 2008; Biglari et al., 2008; Saafi ef al., 2009). Tannins, which
are the most dominant phenolic compounds in date fruits and are closely associated
with the fruit ripening process, decrease from a high level in the khalal stage to
reach minimum concentration in the ripe (rutab and tamr) stages (Rouhani and
Bassiri, 1976; Sawaya and Mashadi, 1983). Antioxidant activity varies among
date cultivars from moderate to high relative to other fruits. Several studies have
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indicated that the aqueous extracts of some dates have potent antioxidant and
antimutagenic activity (Alhumaid ez al., 2010; Mansouri ef al., 2005; Mohamed
and Al-Okabi, 2004). Dates were reported to have the second highest antioxidant
activity among 28 fruits commonly consumed in China (Guo ef al., 2003).

4.4 Postharvest physiology

4.4.1 Respiration

The respiration rate of dates is very low, <5 mg CO, kg ' h ! at 20°C at the khalal
stage, and < 1 mg kg ! h™! at the rutab and tamr stages, and increases with higher
moisture content (Yahia, 2004). Cured Deglet Noor dates with 20—22% moisture
produced 0.4 mg CO, kg™' h™! at 24°C, and 2 mg CO, kg™! h™! when the moisture
content increased to 27% (Rygg, 1975). The rate of CO, production is high
initially, but declines steadily as the fruit advances in maturity, reaching its lowest
level as the fruit enters the stage of physiological maturity, and then increases to
reach a peak as the fruit ripens (Abbas and Ibrahim, 1996). Rouhani and Bassiri
(1976) found that the respiration rate of Shahani dates was high during the early
stages of fruit development and decreased sharply as the fruit entered the ripening
phase. Seed respiration accounts for about 20% of gas exchange in whole dates
(Rygg, 1975). Most reports indicate that dates are non-climacteric (Biale and
Young, 1981; Yahia, 2004; Ait-Oubahou and Yahia, 1999), although Abdul-Latif
(1988), working with three date cultivars (Zahdi, Derey and Sultani), and Taain
(1997) on Braim dates, claimed that the fruit is climacteric. Parthenocarpic fruit
of Hillawi date did not experience the climacteric rise in respiration during
development (Abbas, 1997a). Treatment of date fruits of several cultivars with
ethephon was reported to increase the respiration rate and advance ripening
(Rouhani and Bassiri, 1997).

4.4.2 Ethylene production and responses

Dates produce very low concentrations of ethylene; less than <0.5 pL kg ' hr! for
khalal stage dates and less than 0.1 uL kg ' hr'! for rutab and tamr stage dates
kept at 20°C (Yahia, 2004). Ethylene production in Hallawi dates was not detected
until 91 days after pollination, increased to reach a peak within 15 days and then
declined rapidly (Abbas and Ibrahim, 1996). There is no effect of exposing khalal
stage, yellow Barhee dates to 100 ppm ethylene for up to 48 hours at 20°C and
85-90% RH (Ait-Oubahou and Yahia, 1999). However, khalal stage dates may
respond to ethylene action at higher temperatures (30-35°C), which are optimal
for their ripening (Kader and Hussein, 2009). Rutab and tamr stage dates are not
influenced by exposure to ethylene (Yahia, 2004; Ait-Oubahou and Yahia, 1999).
Application of ABG-3161 (an ethylene blocker) at 3.33 g L! significantly
inhibited ripening of Helali dates, suggesting that ethylene has a role in fruit
ripening (Awad, 2007).
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4.4.3 Responses to modified (MA) and controlled atmospheres (CA)

MA and CA have been investigated for maintaining date fruit quality and for
insect pest disinfestation (Al-Redhaiman, 2005; Baloch et al., 2006; Navarro
et al., 2001). An elevated carbon dioxide concentration is fungistatic (inhibits
growth of fungi), but once the dates are transferred to air, the fungal growth will
resume, especially under higher temperatures (Yahia, 2009). Thus, it is important
to market khalal dates stored in MA/CA soon after removal from storage.
Packaging tamr dates in low-oxygen atmospheres (using vacuum packaging or
nitrogen) can be useful in quality maintenance and insect control (Yahia, 2009).
Navarro et al. (2001) reported that use of CA during ambient temperature storage
is feasible to control insect pests and maintain the quality of dates for 4.5 months.
Hallawi, Hadrawi, Zahidi, Derei and Ameri dates were stored in a CA containing
60-80 kPa CO, for 4.5 months with no significant changes in peel sloughing and
sugar formation on fruit surface, and quality of CA-stored dates was as good as
those stored in normal air at —18°C (Navarro et al., 2001). Fruit quality of mature
Barhi dates stored at 0°C under CA containing 5 or 10 kPa CO, (balance air) was
maintained for 17 weeks against 7 weeks in air, while increase in CO, to 20 kPa
was more effective for maintaining fruit colour, firmness, soluble solids and total
tannins for 26 weeks (Al-Redhaiman, 2005). The degradation of caffeoylshikmic
acid (CSA), one of the major phenolics undergoing losses during ripening, was
also retarded greatly by CA containing 20 kPa CO, which suggested that CA was
very effective in retarding the ripening process in dates. Fruit having lower levels
of water activity (0.52 a ) were stable for 4 months when stored under nitrogen
atmosphere at 40°C (Baloch et al., 2006). The storage of fruit in air or oxygen
atmosphere resulted in an increase in skin darkening and titratable acidity during
storage; the same effects were also observed with an increase in the water activity
of fruit (Baloch et al., 2006). The tolerance of dates to high CO, has been exploited
to develop biologically safe alternatives to fumigation treatments to control
storage pests (Navarro et al., 2001). Rygg (1975) suggested inert gas or vacuum
packing for storage of high-moisture dates. Vacuum packaging was found to be
useful for reducing darkening of dates during long-term storage (Mohsen et al.,
2003). Browning was inhibited at low oxygen atmospheres (Mutlak and Mann,
1984). Further research is needed to investigate the effects of different atmosphere
regimes on the quality of dates harvested at different maturities and with different
moisture levels.

4.5 Maturity and quality indices

4.5.1 Maturity and harvesting indices

The stage of maturity at which the fruit are harvested depends on the cultivar and
the purpose and intended day of fruit consumption. Time of harvest is based on
sugar content, moisture content, date appearance and texture. Dates for immediate
sale are often harvested when moisture content is still high, whereas dates to be
stored are left on the palm for natural curing to lose excess moisture. As mentioned
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above, maturity stages of dates include hababouk (earliest stage of development),
khimri, khalal (Plate VI), rutab and tamr (Fig. 4.2). A few date cultivars rich in
sugars and low in tannins, such as ‘balah’ in North African countries, ‘bisr’ in
Oman, Barhee (Barhi, Berhi), Hayany, Samany and Zaghlol, are harvested at the
khalal stage (partially ripe) when they are yellow or red (depending on cultivar),
but many consumers find them astringent (due to high tannin content). Dates of
other cultivars harvested before full maturity must be ripened artificially. Very
immature dates cannot be properly ripened artificially and consequently will be of
poor quality. Most dates are harvested at the fully ripe rutab (light-brown and soft)
and tamr (dark-brown and soft, semidry, or dry) stages, when they have high levels
of sugars, lower amounts of moisture and tannins (disappearance of astringency),
and are softer than the khalal stage dates. Deglet Noor fruits should not be harvested
before the turning stage in which the texture is yielding-to-pliable and the colour is
amber-to-cinnamon. Fruits harvested with a reddish ring at the perianth end have
better storage potential than fruits left on the palm until the ring has faded with
more advanced maturity (Rygg, 1975). Hallawi fruits should not be harvested
before the soft ripe stage, but can also be picked in the tamr stage. Maktoom and
Boufgouss fruits can be harvested when 10-25% of the surface is translucent, and
then ripened to an acceptable quality.

A number of physical and chemical changes have been assessed as indices of
maturity and harvesting (Ait-Oubahou and Yahia, 1999), including the increase in
total sugars, total soluble solids, colour changes from green to yellow or red or
orange or purple according to the cultivar, the rapid fall in fruit firmness, the sharp
decrease in moisture content, the increase in reducing sugars and the decrease in
sucrose, as well as the decrease in acidity and loss of tannins. The possibility of
using the rise in ethylene production as a physiological indicator of maturity in
Hillawi dates was also assessed, and the results showed that the rise in ethylene
production began in 7-10 days (depending on the type of the pollen parent used
in pollinating the female flowers) before fruit ripening (Ibrahim, 1996).

4.5.2 Quality indices

Quality characteristics and criteria

The date is a berry with a single seed that varies in size from 9 to 30% of the fruit
weight; a smaller seed or pit and thicker flesh are preferred. Dates may be round,
oval, oblong or cylindrical in shape, depending on the cultivar (Ait-Oubahou and
Yahia, 1999; Yahia, 2004).

Quality characteristics depend on cultivar, type of date (soft, semi-dry or dry)
and condition (whole, pitted, pieces or macerated dates). For fresh dates, high
quality is attributed to dates with adequate size and colour, small pits, thick flesh,
freedom from dirt, sand or leaf particles, no evidence of bird, insect or rodent
damage, no fungal or mould infection, no sugar crystals formation and freedom
from any other apparent alterations. The skin of dates should be smooth, with
little or no shrivelling, and golden-brown, amber, green or black in colour,
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depending on the cultivar. The texture may be soft and syrupy, or firm or dry,
depending on the cultivar. In general, texture and flavour are considered the most
important indices of quality in dates. Colour is a good quality attribute in light
coloured cultivars. Sucrose is the main sugar in some cultivars (most of the
semi-dry and dry cultivars), while reducing sugars (fructose and glucose) are
predominant in others (most of the soft cultivars). Total sugars represent about
50% (fresh weight basis) or 75% (dry weight basis). The fact that consumers vary
in their preferences for degree of sweetness should be considered when targeting
each cultivar to a specific market and in developing products that combine dates
with other foods to reduce their sweetness or balance it with acidity when desired
(Kader and Hussein, 2009).

The quality of dates is influenced by various factors before harvest, and from
the time of picking until the product reaches the consumer. Some of the pre-
harvest practices that influence date quality at harvest include covering fruit
bunches with paper bags to shelter them from dust, pests and rain (Fig. 4.3), and
fruit thinning to reduce compactness of the bunches and increase fruit size and
quality (Yahia, 2004). Quality of dry dates can be improved either by curing or
hydration. On the other hand, quality of soft dates can be improved to a large
extent by dehydration.

Standard grades of quality

CODEX Standard (http://www.codexalimentarius.net)
Quality factors in the CODEX Standard for dates include the following: (1) dates
should possess the characteristic colour and flavour for the variety, be at the proper

Fig. 4.3 Protective covers for date bunches.
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stage of ripeness and be free of live insects and insect eggs and mites; (2) moisture
content of 26 to 30%, depending on the variety; (3) minimum fruit size of 4.75¢g
(unpitted) or 4.0 g (pitted); (4) absence of defects, including blemishes, mechanical
damage, unripe, unpollinated, embedded dirt or sand, damaged by insects and/or
mites, souring, mould, and decay. Dates and their products should be free from
objectionable matter and microorganisms that represent a hazard to human health.
The CODEX Standard for dates includes three sizes based on the number of dates
per 500 g: small (>110 dates without seeds or >90 dates with seeds), medium
(90-110 dates without seeds or 80-90 dates with seeds), and large (<90 date
without seeds or <80 dates with seeds).

US standards
In the US standards for grades of dates, the quality score includes 20 points for
colour, 10 points for uniformity of size, 30 points for absence of defects, and 40 for
character (well developed, well fleshed, and soft). US Grade A or US Fancy are
given to whole or pitted dates of one cultivar that achieve a score of 90 or higher.
Lesser grades include US Grade B or US Choice, and US Grade C or US Standard.
Defects that reduce the quality score include discolouration, broken skin, deformity,
decay, puffiness, scars, sunburn, insect injury, improper hydrating, mechanical
injury, lack of pollination, blacknose, side spot, black scald, improper ripening,
souring, mould, dirt, and insect infestation (USDA, 1955).

In the US, Medjool date growers use a grading standard that differentiates four
grades based on fruit size and freedom from defects as follows:

Grade Dates per kilogram Description

Jumbo 35-42 No blemishes, skin separation, or
dryness

Large 44-51 No blemishes, skin separation, or
dryness

Extra Fancy = 44-53 Minor blemishes, packed all sizes
together

Fancy 44-57 Some dryness and skin separation,

packed all sizes together

4.6 Preharvest factors affecting postharvest fruit quality

Date cultivars vary greatly in quality at harvest and during postharvest handling.
A large number of date palm trees in many countries are grown from seeds and
most of these trees produce low quality dates that end up as animal feed or waste.
Improvement of date quality and value (marketability) can be achieved by
selecting a few (no more than ten) cultivars of good quality that meet consumer
preferences and by limiting future plantings to these cultivars, while gradually
replacing the poor quality cultivars with the selected good quality cultivars in
each date-producing country (Kader and Hussein, 2009).
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Cultural practices (including irrigation and fertilization, pest management, fruit
thinning, and harvest maturity) and climatic conditions (temperature, RH, rainfall,
wind) influence the rate of development and quality at harvest of dates. For example,
suboptimal water supply to the palm tree reduces yield and quality of the dates.
Managing the crop load by reducing the number of bunches on the date palm tree and
fruit thinning improves fruit quality (Ait-Oubahou and Yahia, 1999).

Only about 30-40% of the fruit normally ripen on the tree. Bunch bagging of
dates on the tree with black or blue polyethylene, white agrisafe (polyethylene
fleece) or paper bags significantly increases the rate of fruit ripening and increases
rutab yield per bunch (Awad, 2007). Black and blue polyethylene bags were the
most effective followed by agrisafe and paper bags.

4.7 Postharvest handling factors affecting quality

Postharvest losses in quality and quantity of dates are high and are related to
incidence of physical, physiological and pathological disorders and to insect
infestation (Ait-Oubahou and Yahia, 1999; Yahia, 2004). These losses are affected
by moisture content of the dates, storage temperature and relative humidity,
sanitation procedures, and efficacy of insect control treatments. Cooling dates
soon after harvest to 10°C or lower and maintaining the cold chain throughout the
postharvest handling steps are critical to reducing losses in quality and quantity
(Yahia, 2004). An appropriate RH range for dates is 65—75%; at higher RH, dates
will absorb moisture from the room air unless they are packaged in moisture-
proof containers. Water activity of 0.65 to 0.85 corresponds with moisture content
of 15 to 35% in dates. The lower the water activity, the greater the resistance to
molds, yeast and bacteria that attack date fruits (Ait-Oubahou and Yahia, 1999;
Yahia, 2004).

4.8 Physiological disorders

Several physiological disorders can affect dates, significantly influencing their
quality in the market.

4.8.1 Darkening

Both enzymatic and non-enzymatic browning occurs in dates and increases with
higher moisture content and higher temperatures (Yahia, 2004). Enzymatic
browning can be inhibited at low oxygen concentrations and low temperatures.

4.8.2 Skin separation (puffiness)
Skin separation occurs when the skin becomes dry, hard and brittle, and separates
from the flesh (Ait-Oubahou and Yahia, 1999). It is said to be severe when the
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skin separates from the flesh in a balloon-like fashion. This disorder develops
during ripening of soft date cultivars, which vary in susceptibility. High
temperature and high humidity at a stage before the beginning of ripening may
predispose the dates to skin separation. Puffiness or sunken separation, caused by
high temperature and/or high humidity before the beginning of ripening, may
increase during curing and affects only soft cultivars.

4.8.3 Sugar spotting (sugaring)

Sugar spotting is characterized by the appearance of light-coloured spots under
the skin and in the flesh and occurs mainly in soft date cultivars (also known as
invert sugar dates) in which glucose and fructose are the main sugars (Ait-
Oubahou and Yahia, 1999; Yahia, 2004). Almost all dry cultivars and several of
the semi-dry cultivars contain large amounts of sucrose and are less sensitive to
sugar spotting. Although it does not influence taste it alters fruit texture and
appearance. Incidence and severity of sugar spotting increases with storage
temperature and time. Sugar spotting decreases as the temperature decreases and
when the moisture content falls below 22%, so storage at recommended
temperatures minimizes this disorder. Sugaring may be reduced by gentle heating
of the affected dates, but can reappear if unfavourable conditions prevail (Rygg,
1975). In Deglet Noor, sugar crystals may form within the flesh when the dates
become old.

4.8.4 Internal breakdown

Due to their high moisture content, soft date cultivars are susceptible to a
physiological disorder known as internal breakdown which causes black
discolouration of fruits, if they are not stored at the correct temperature (Ait-
Oubahou and Yahia, 1999).

4.8.5 Black nose

Black nose (fruit checking at the tip region of the fruit that turns a dark colour) is
caused by high humidity as the fruit advances from the khalal to rutab stage of
maturity (Ait-Oubahou and Yahia, 1999). This physiological disorder occurs
particularly in Deglet Noor dates.

4.8.6 White nose

White nose is believed to be due to low RH as the fruit is advanced from the rutab
to the tamr stage, especially in the case of Hillawi and Zahdi dates (Ait-Oubahou
and Yahia, 1999). It is characterized by the presence of a discoloured ring near the
calyx area, which sometimes covers 50% of the fruit. It has been suggested that dry
winds for many days during the rutab stage of ripening can cause the basal region of
the fruit to ripen more than the rest, causing the ring appearance. However, some

© Woodhead Publishing Limited, 2011



Date (Phoenix dactylifera L.) 59

studies have shown that this physiological disorder may be due to calcium within
the fruit with the basal end containing less calcium than the apical end (Ibrahim,
1995). The disorder is alleviated or reduced in Hillawi dates by soaking in hot water
(75°C) for five minutes (Ait-Oubahou and Yahia, 1999).

4.8.7 Mixed green

Mixed green is characterized by green spots on the ripe fruit, and can be alleviated
by the application of some enzyme preparations (such as Pectino-42) (Ait-
Oubahou and Yahia, 1999).

4.8.8 Splitting

Splitting can be a problem especially at the khalal stage. It can be caused by
different climatic conditions (Yahia, 2004). Over-hydration, caused by a sudden
increase in humidity, such as unseasonal rain, can give rise to a change in turgor
pressure inside the fruit, resulting in splitting. Some date cultivars such as Deglet
Noor are particularly susceptible to this disorder, whereas others such as Hillawi
and Zahdi are less susceptible.

4.9 Pathological disorders

The most common pathological disorders causing quality deterioration of dates
are fermentation by yeasts (the most significant problem) and fungal infection.

4.9.1 Souring

Yeasts which are found on dates are those capable of growing in relatively
concentrated sugar solutions such as Zygosaccharomyces and Hansenula (Ait-
Oubahou and Yahia, 1999). The formation of gas pockets under the skin, white
aggregates of yeast cells, discoloured flesh and an alcoholic odour characterize the
infected dates. Acetobacter bacteria may also convert the alcohol into acetic acid
(vinegar). Souring of dates is due to the accumulation of ethanol and/or acetic acid.
Dates are subject to fermentation and subsequent souring at the rutab and tamr stages,
especially in soft cultivars, if not stored at the correct low temperatures. Souring can
occur in dates with moisture contents above 25% when kept at temperatures above
20°C. Its severity increases with duration and temperature of storage. Storage at low
temperatures reduces the incidence and severity of souring (Yahia, 2004).

4.9.2 Fungi

Fungi that commonly attack dates include Aspergillus sp., Alternaria sp., Stemphylium
botryosum, Cladosporium sp., Macrosporium sp., Citromyces ramosus, Phomopsis
diospyri and Penicillium. These fungi may cause significant losses before or just after
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harvest during rainy or high humidity periods and can attack fruits at the khalal or
rutab stages (Djerbi, 1996). Fruit rot (Rhizopus nigricans Ehr) is a minor disease of
dates, causing more damage at the rutab, rather than at the tamr stages. Calyx-end fruit
rot (Aspergillus niger Van Tiegh) is a disease that causes losses at the khalal, rutab and
tamr stages in conditions of high humidity. Black rot (Botryodiplodia theobromae Pat)
postharvest disease has been reported on stored dates (Ait-Oubahou and Yahia, 1999).
Dates with < 23% moisture content are considered mostly safe from microbiological
spoilage, but they become increasingly susceptible as their moisture content increases.
Catenularia fuliginea Saito is able to grow on dried dates.

The proliferation of toxigenic strains of Aspergillus parasiticus and the
production of aflatoxins (in excess of 300 mg g~ at the khalal stage) during fungal
growth at 28°C for 10 days has been observed in eight date cultivars (Ahmed
et al., 1997). Marked differences in susceptibility to infection and/or aflatoxin
production have been observed between the different cultivars and/or stage of
maturation. It has been concluded that toxigenic 4. parasiticus could proliferate
on any date fruit that had suffered mechanical damage, and therefore such fruits
should be considered unsafe for human or animal consumption.

4.9.3 Disease control strategies
The high sugar content of date fruit, especially at the tamr stage, is helpful in
reducing or avoiding the growth of some microorganisms, but microbial spoilage
can still be a problem if soft cultivars of dates are not stored at the correct temperature
and RH (Rygg, 1975; Khatri, 1997). Although a number of treatments have been
used to control microbial decay, such as the use of ethylene oxide and pasteurization,
such measures are not a substitute for cold storage. Steam-hydrated dates are more
resistant to attack by microorganisms than natural or non-hydrated dates because of
the partial sterilization of steam-dehydrated fruits.

Some of the strategies proposed by Kader and Hussein (2009) to reduce disease
problems are:

¢ Drying the dates to 20% moisture or lower to greatly reduce incidence of molds
and yeasts.

e Maintaining recommended temperature and RH ranges throughout the handling
system.

¢ Avoiding fluctuations in temperature to prevent moisture condensation on the
dates, which may encourage growth of decay-causing microorganisms.

e Using adequate sanitation procedures in the packinghouse and storage rooms
to reduce potential sources of microbial contamination.

4.10 Insect pests and their control

4.10.1 Insect pests
Several insects can cause serious damage to dates at different developmental stages
(Carpenter and Elmer, 1978; Dowson, 1982; Ait-Oubahou and Yahia, 1999).
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Oligonychus afrasiaticus McGregor and O. pratensis Banks are mites that cause a
disorder known as ‘Bou Faroua’ disorder, which affects fruit at the hababouk stage.
The larvae develop around the fruit producing a white filament netting, which in turn
causes fruits to drop prematurely. Infestation with the date stone beetle (Coccotrypes
dactyliperda) has the same consequences, with the fruit dropping at the immature
green stage. Parlatoria blanchardii attacks the fruit while still green and forms white
filaments around the fruit, which reduce respiration and photosynthesis and the fruit
do not reach maturity. The date or carob moth (Ectomyelois ceratoniae Zeller) is
another Lepidotera, which is a widely distributed pest in different date producing
areas and is the cause of significant postharvest losses in stored dates. The moth is
common on dates, pomegranates and carobs. Several other insects, such as
Batrachedra amydraula Meyr, Carpophilus hemipterus, C. mutilatus, Urophorus
humeralis and Haptoncus luteolus, can cause serious damage to dates on the bunch
or after harvest. Other pests, including Vespa orientalis, Cadra figulilella, Arenipses
sabella and the mushroom mite (7yrophagus lintneri Osborn) can infest stored dates.
The fig-moth (Ephestia cautella Walk.) is an important postharvest pest in some
growing regions that can attack dates in the orchard, packinghouses or store (Ahmed,
1988). Dates at khimri, khalal and rutab stages are not attacked by this insect, only
fruits at the tamr stage. The saw-toothed grain beetle (Oryzaephilus surinamersis L.)
is a serious insect pest of stored dates in some regions.

4.10.2 Control methods

Fumigation by methyl bromide or phosphine, ionizing radiation, low and/or high
temperatures and modified atmospheres can be used to control insects in dates
(Paull and Armstrong, 1994; Yahia, 1998; 2004; 2009).

High temperatures

Heat treatment of dates at 60—70°C for two hours killed 100% of both the fig-
moth and the saw-toothed beetle, but resulted in a shiny appearance or glazing of
the fruit (Hussain, 1974). Exposing dates to temperatures of 65-80°C for 30 min
to 4 h at high humidity controls insects (Yahia, 2004), but this approach is not
always very efficient for controlling insects in dates with high moisture content,
as such high temperatures for prolonged periods may cause darkening and the
appearance of a dull colour and loss of flavour. Heated air at 50 to 55°C for 2 to
4 hours (from the time the fruit temperature reaches 50°C or higher) is effective
for insect disinfestation (Navarro, 2006), but once again use of higher temperatures
is not recommended because it makes the colour of the dates darker. Hussein et al.
(1989) reported that boiled water is more efficient at controlling insect infestation
of dates than exposure to air at 70°C. Very hot water increases sugar loss which
can reach up to 20%.

Low temperatures

Low temperatures can significantly reduce insect infestation (Yahia, 2004).
Temperatures below 13°C will prevent feeding damage and reproduction, and
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temperatures of 5°C or lower are effective in controlling different forms of insect
(Barreveld, 1993). Fig-moth larvae may live for 85 days at 2—-6°C, but storage at
0°C can result in total mortality of the larva of the fig-moth and the adult
grain beetle after 15 and 27 days, respectively (Hussain, 1974). Packed fumigated
dates may be kept free of infestation at 4°C for as long as one year (Hussain,
1974). Freezing at —18°C or lower for at least 48 hours (from the time when
the fruit temperature reaches —18°C or lower) is enough to kill all life stages
of insects in stored products. This treatment is used by handlers who market
organic dates.

lonizing radiation

Ionizing radiation at doses below 1 kGy (the currently approved limit for use in
fruits and vegetables) has potential for effective insect disinfestations without
negative effects on the quality of dates (Ahmed, 1981; Al-Taweel ef al., 1993).
Ahmed et al. (1982) found that an irradiation dose of 0.86 kGy was adequate for
the disinfestation of polyethylene wrapped small date packages, causing complete
inhibition of adult emergence in both Ephestia and Oryzaephilus. Al-Taweel et al.
(1990) reported that an irradiation dose of 0.44 kGy for 30 minutes was sufficient
to disinfest dates and no live insects could be detected after a storage period of
185 days. Azelmat et al. (2005) found that 0.3 kGy was the minimum needed to
prevent damage from feeding and prevent adult emergence and 0.45 kGy was
required to kill the fourth instar of Plodia interpunctella (Huber) (Lepidoptera:
Pyralidae).

Fumigation

Methyl bromide at 30 g cubic metre™!' (30 ppm) for 12 to 24 hours at temperatures
above 16°C is very effective for insect disinfestation (Ait-Oubahou and Yahia,
1999). Although methyl bromide for many applications may be phased out, its use
for postharvest insect disinfestation is likely to be continued as long as it is trapped
and reused. However, it is a good idea to research alternatives in case the use of
methyl bromide is not permitted in the future. A potential substitute for methyl
bromide is sulphuryl fluoride at 34 g cubic metre™! for 24 hours at 20-25°C,
which has recently been registered by the United States Environmental Protection
Agency (USEPA); however, environmental groups are also campaigning against
this compound due to its potential negative effects on the environment. Phosphine
is an effective fumigant, but treatment with phosphine takes 3 to 5 days at 20°C
and 60% RH. However, using phosphine as a gas can shorten the required
treatment time to a few hours. Current regulations in individual countries should
be consulted before these fumigants are used. Fumigation was found to be more
efficient when applied under low pressure. Ahmed ef al. (1982) compared methyl
bromide fumigation and irradiation of Zahdi dates and reported that
both techniques are efficient for disinfestation during the first period of storage
(25 days), but reinfestation of dates occurred during storage leading to detection
of live insects. Thus, disinfested dates must be protected from reinfestation
by storage at low temperatures and in insect-proof packages.
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Modified atmospheres (MA) and controlled atmospheres (CA)

Storage in N, or 100% CO, can control insects for 1-2 days atambient temperature,
and low O, atmosphere can also inhibit enzymatic browning (Navarro et al.,
1998; Yahia, 2009). Packing infested dates in polyethylene bags with 80—-90%
vacuum resulted in 100% mortality after two days (Hussain, 1974).

Biological control

Some biological methods for the control of the insect pests of stored dates, such
as sterile insect technique, cytoplasmic incompatibility and the use of parasites,
have been tried (Ahmed, 1988; Ahmed et al., 1982; 1994), but none of these
methods are used commercially. Organic dates may be treated with 100% carbon
dioxide for 2 days since chemical fumigants such as methyl bromide cannot be
used. Heat treatments or freezing can also be used for insect disinfestation of
organic dates.

4.11 Postharvest handling practices

4.11.1 Harvesting

As mentioned above, the stage of maturity at which dates are harvested depends
on the cultivar and the purpose and intended day of fruit consumption. Time of
harvest can be based on the date fruit’s appearance and texture (related to moisture
and sugar content) (Yahia, 2004). Proper timing of harvest reduces incidence and
severity of cracking or splitting of dates, excessive dehydration, insect infestation,
and attack by microorganisms. Dates are harvested in July to August at the khalal
stage or in September to December at the rutab and tamr stages in northern
hemisphere production regions. The time taken for fruit to ripen depends on the
cultivar, the heat units received during the growing season and the stage at which
the fruit are picked. For early ripening cultivars the fruit within the bunch may
take as long as 3—4 weeks to complete ripening, while for late ripening cultivars,
fruit within the bunch ripens in about 8—12 weeks. Early harvest is commonly
practiced to take advantage of higher prices in the market and to avoid adverse
weather conditions, cracking or splitting of fruits, excessive dehydration in early
maturing fruits, insect infestation, and microorganism attack.

As ripening of dates is progressive on the bunch some fruits can be overripe
while others are still at the khalal or rutab stages. Selective picking of individual
dates or strands is often practiced for good quality at prime maturity. When this
approach is adopted, a number of pickings are made before harvesting all fruits.
Frequency of picking depends on several factors such as type of date (soft, dry or
semi-dry), climatic conditions, market demands, handling methods, cost of
handling and availability and cost of pickers. On average, however, when ripe
fruit are picked from bunches, three pickings are required over several days. The
common method, though, is to harvest by bunch when the majority of dates are
ripe. Yellow khalal Barhee (Plate VI) dates are sometimes marketed on branches
(strands) or bunches (Fig. 4.4). The whole bunches are harvested when the dates
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Fig. 4.4 Roadside selling of dates in southern Tunisia.

are fully yellow and lowered to ground level, then hung on a carrier for
transportation to the packinghouse or to the market. Green to greenish-yellow and
ripe (rutab) fruits are removed from the branches before packing for shipment
to markets. Rutab and tamr dates are commonly harvested as whole bunches
(Fig. 4.5) when the majority of dates are ripe, which are lowered to ground level
and shaken into a bin to remove the ripe dates. Defective dates can also be removed
from bunches (Plate VII in the colour section between pages 274 and 275) and
strands (Fig. 4.6). The fruit are then packed in bulk bins and sent to the
packinghouse. Date bunches on the tree are usually covered with net covers
to collect the fallen ripe fruits. Fallen dates on the ground, which are more subject
to mechanical damage, should never be collected and sold for human consumption
because of the increased chance of microbial contamination and embedding of
soil into the flesh when the dates touch the ground (Kader and Hussein, 2009).
As the palm tree grows taller, harvesting the dates by hand becomes more
difficult and more costly as the trees have to be climbed. A wide belt woven out of
coir is often used to support the climber’s back; the climber then cuts off the
whole bunch. Hand-harvesting of dates in the USA involves the use of aluminum
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Fig. 4.6 Removing defective dates from strands.

ladders for short palms and picking platforms for taller palms. Pickers use different
types of container and harvesting aids to lower the dates from the palm to ground
level. If picking individual fruit, the picker empties the container (baskets, bags or
buckets) and climbs the palm again until all fruits at the same stage are harvested.
Bunches may be lowered either by ropes or by passing the bunch hand-to-hand.
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Fruits are also harvested by shaking the bunch and all mature fruits which detach
easily drop onto mats spread on the ground around the palm. Very soft fruits can
be damaged in this process.

The cost of hand harvesting (Fig. 4.5) can reach as much as 45% of the operational
costs, and therefore efforts have been made to develop mechanical harvesting
methods for dates (Ibrahim et al., 2007). Some trials have been carried out on Deglet
Noor dates in the Coachella valley, California, using platforms built on an extensible
tower, enabling the picker to move from one palm to the other (Brown, 1982). More
recently, the concept of mechanical harvesting of mature fruit bunches has been
developed, in which whole bunches are cut off on two harvest dates as the majority
of the fruit per bunch reach the tamr stage. A later development has been the use of
mechanical shakers, in which the fruit bunch axis is shaken and fruit collected under
the tree. Mechanical harvesting has been found to reduce the cost of harvesting
operations and consequently, the mechanical harvesting method that involves
cutting off the whole fruit bunches and then using mechanical shakers to remove the
fruit has become the standard procedure in the Coachella valley. A still more recent
development has been the use of a hydraulic crane with a basket built onto a truck,
which is used by the picker to reach the top of the tree. The picker cuts off the whole
bunch and places it in the basket, which is lowered by the crane to a shaker-trailer
for shaking. Shaking makes the fruit fall into the bulk bins placed beneath the
shaker-trailer. The bulk bins are then lifted by a shuffle and placed in trucks to be
transported to the packinghouse. Almost 80% of dates produced in USA are now
harvested by this method, which has cut harvesting costs by 50% (Rygg, 1975;
Brown, 1982; Hodel and Johnson, 2007). Outside the USA, mechanical aids for
harvesting have been used extensively in Saudi Arabia (Alhamdan, 2006) and the
United Arab Emirates. Dry types are more suited for mechanical harvesting as the
softer types of date can be damaged by inappropriate harvesting.

4.11.2 Ripening
Dates may need to be ripened after harvest when picked early to avoid damage by
rain, insects or other factors (Yahia, 2004). Ripening rooms should be equipped
with the means to control temperature and humidity and should have adequate air
circulation. The exact temperature and time required for ripening depends on the
type of date, stage of maturation and condition at harvest. A temperature of
40-43°C is recommended for ripening Khadrawy, Kustawy, Hayani, Sayer,
Khalasa and Sphinx dates (Hyde, 1948). Temperatures of 45—46°C and 70% RH
for a period of 2—4 days or longer are required to ripen cultivars with thick flesh
such as Iteema, Maktoom and Saidy. Deglet Noor dates should not be ripened at
temperatures above 35°C, in order to avoid fruit darkening and loss of flavour.
Soft cultivars such as Hallawi, Dayri and Zahdi can be ripened at slightly higher
temperatures (35-38°C). Ripening of these cultivars is complete in about 2 to 4
days when they have lost their translucency and little or no hard tissue remains.
Other techniques and chemicals have been tested for ripening dates. Dipping
fruits of cv. Khasab, widely grown in Saudi Arabia, in 1% NaCl plus 2% acetic acid
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resulted in good quality fruits after ripening (Asif and Al-Taher, 1983). Ripening
enhancement of khalal stage dates can be achieved by treatment with acetic acid,
ethanol, or acetaldehyde. In North African countries, where the weather is hot and
the air is sufficiently dry, harvested immature fruits are ripened outdoors in the sun
or in shade. Fruits are separated individually and spread on the ground or kept on
the bunch where they ripen progressively. Although this technique is simple and
cheap, the exposed fruits are subjected to adverse conditions such as rain, dust
from winds, bird attack, rodents, etc., and ripening conditions cannot be controlled.
Freezing for at least 24 hours can be used to accelerate ripening of khalal dates to
rutab stage. Freezing at —35°C to —50°C, which causes less damage to the tissues,
is better than freezing at —15°C to —18°C, which causes some damage to cell
membranes and walls (Kader and Hussein, 2009).

4.11.3 Dehydration

Dehydration aims to achieve an appropriate sugar:water ratio which should be
close to 2 for soft dates, greater than 2 for dry dates and lower than 2 for very soft
dates. This ratio is a good indicator of date quality behaviour in storage. Fruits of
soft and semi-dry cultivars need to be dehydrated to eliminate excess humidity if
they are not to be consumed immediately or are to be stored at very low
temperatures (Rygg, 1975). The temperature and duration required to reduce
water content depend on the type of date, use and flesh consistency. Dates are
either kept in bunches or separated from the bunch for dehydration. In countries
with low air humidity, dates are spread out on trays and then exposed to the sun or
under plastic tunnels until the moisture content has reduced to the desired level.
Sometimes dehydration is carried out simultaneously with ripening until a safer
level of moisture content is reached. This process is commonly accomplished by
recirculating ambient air until high humidity builds up and then introducing fresh
preheated air at very low humidity. For this process, the dates can be spread on
stacked trays within a pallet that is covered by a shrink film with ventilation
openings at the top and bottom of the pallet, or it can be carried out within plastic
greenhouses with good air circulation. Drying in plastic houses, which can be
constructed at a reasonable cost, protects the dates from dust, birds, rodents and
other damaging factors. If solar or ambient-air drying is not possible, heated air
can be used to dry the dates to their desired moisture content. The temperature of
heated air used for drying depends on the cultivar, as indicated in the ripening
section. Over-drying to less than 20% moisture should be avoided to keep the
dates soft. The desired moisture content is 23 to 25%.

4.11.4 Hydration

If picked ripe and not over-dried, dates do not require hydration. However, sometimes
hydration is used to soften the texture of some hard-type date cultivars. It is achieved
by dipping dates in hot or cold water for a certain period of time. Dates are
dipped in hot water or exposed to steam at 60 to 65°C and 100% RH for
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4 to 8 hours (Ait-Oubahou and Yahia, 1999). Steaming for 10 minutes is enough for
some cultivars such as ‘Fardh’. Hydration changes the dried dates into plump and
glossy dates. Forced air circulation is used to improve uniformity of temperature and
RH throughout the hydration room. In addition, this treatment is effective in
controlling some microorganisms and improving the keeping quality of the fruit. A
treatment commonly used in California for Deglet Noor dates consists of introducing
steam at 5 psi until the temperature reaches 60°C for 4-8 h. In Algeria, the treatment
consists of a temperature of 65-70°C and 55% RH for 24 h (Rygg, 1971). High
acidity dates are difficult to soften by hydration, and acidity during the process
changes very little unless neutralizing agents are added. The addition of alkaline
ammonium sulphite during hydration improves the quality of hydrated dates that are
characterized by moderately high acidity (Rygg, 1975).

4.11.5 Pasteurization

Dates may be pasteurized by exposure to 72°C and 100% RH air until their flesh
temperature reaches 66°C, where it is kept for one hour. However, such conditions
may induce colour darkening of the dates.

4.11.6 Preparation for market

Cleaning

In general, and despite the necessary precautions taken during harvesting and
transport, dates arriving from the farm may be comtaminated with particles of dirt
and dust, sand particles, plant debris and chemical products. Dates should be cleaned
to remove these particles which stick to the date skin. Cleaning can be achieved by
(1) blowing air on the fruits and brushing the dates softly to avoid damage to the fruit
skin or by (ii) washing the fruits with running water. Dates can also be cleaned by
passing them over damp towelling or with the use of washers. Spray jets can be used
for soft dates instead of washers. Germicides are used to reduce microbial activity,
and moist dates are air-dried after washing to remove excess water before packaging.

Sorting

Dates are sorted to remove culls and to separate them into uniform sizes. Sorting can
be carried out manually or mechanically in crates or on moving belts. Dates can be
sorted according to maturity, flesh consistency, colour, shape and size. Within
different groups, dates are separated according to quality. Discarded fruits consist of
dates with defects and abnormalities such as parthenocarpic fruits, immature or
overripe fruits, fruits mechanically damaged during harvesting or on the palm, fruits
damaged by birds or insects, and fruits with physiological disorders or diseases.

Sizing
This operation is done manually or mechanically to separate dates based on their
size and weight. Uniformity of size in a package is one of the quality criteria for
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dates. Date size varies depending on the cultivar. Medjool dates in the USA are
classified into three size categories: Jumbo for less than 10 dates per pound,
Mixed for 10 to 15 dates per pound and Conventional grade for more than 15
individual dates per pound.

Surface coating

The objective of this process is to reduce stickiness and improve appearance.
Several materials have been recommended for this purpose including a 5% or 6%
solution of soluble starch as a dip, 3% methyl cellulose or a combination of 2%
butylated hydroxyanisole, 2% butylated hydroxytoluene, 6% vegetable oil, 90%
water and a wetting agent.

Packaging

Dates are packed in several types and sizes of packages (Plate VI and Fig. 4.7 and
4.8). Some dates are marketed in 15-pound flats of fibreboard or wood, others in
5- or 10-pound cartons. Large reinforced cartons are used for packing dry dates,
especially for export. Consumer packages in a number of sizes and shapes are
widely used for dates (Fig. 4.7 and 4.8). They include transparent film bags and
trays overwrapped with film. Round fibreboard cans with metal tops and bases
containing 500-1000 g are also used. Rigid transparent plastic containers with a
capacity of 200-300 g are commonly used. Small consumer packages are also
used such as bags containing about 5060 g.

Cooling
Cooling to below 10°C (preferably to 0°C) before transportation or storage under
the same temperatures (0°C to 10°C) and 65—75% relative humidity is important

Fig. 4.7 Packaged dates.
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Fig. 4.8 Consumer packages of ‘Deglet Noor’ dates.

to maintain quality. Hydrocooling can be used to cool khalal dates to near 0°C in
10 to 20 minutes, depending on initial temperature (Elansari, 2008), but requires
effective disinfection of the water and removal of excess surface moisture
from the cooled dates before packing in the shipping containers. Use of a
perforated plastic liner within the box can reduce water loss during transportation
and marketing.

4.11.7 Storage conditions

Low temperature storage is the most effective method of maintaining high quality
in dates (Rygg, 1975; Benjamin et al., 1976; Ait-Oubahou and Yahia, 1999; Yahia,
2004). It minimizes loss of colour, flavour and textural quality, delays development
of sugar spotting, incidence of moulds and yeasts, and insect infestation, and
prevents development of syrupiness (due to conversion of sucrose into reducing
sugars) and souring of excessively moist dates. Studies on the cold storage of
dates were carried out in the United States as early as 1916. Those early studies
indicated that freshly picked dates could be successfully stored for 5 months
at 1-2°C (Rygg, 1975; Nixon and Carpenter, 1978). However, it was later
demonstrated that date fruits must be dehydrated to remove excess moisture if
successful storage is required both at room temperature and under refrigeration. In
general, soft date cultivars require a lower relative humidity in the store compared
to semi-dry cultivars (Rygg, 1975). The effect of different temperatures on the
storage behaviour of Deglet Noor dates was investigated by Rygg (1948; 1956).
Fruit of this cultivar could be stored for one year with little loss in quality at 0°C,
for 8 months 4.4°C, for 3 months at 8§°C, and for one month at 12°C. Deglet Noor
dates with moisture content of 28 and 24% could be stored at 4.4°C for 3 and
12 months, respectively (Rygg, 1948).
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Dates picked at the khalal stage should be stored at 0°C and 85 to 95% RH to
reduce water loss, delay ripening to the rutab stage and maintain their textural
quality and flavour. Packaging in plastic bags or use of a plastic liner in the box
helps in reducing water loss. Date fruits at the rutab stage are highly perishable
and require immediate refrigeration (Abdul-Latif, 1988). Optimal temperature for
tamr dates is 0°C for 6—12 months, depending on the cultivar (semi-soft dates,
such as Deglet Noor and Halawi have longer storage life than soft dates, such as
Medjool and Barhee). For longer storage durations, use temperatures below the
highest freezing temperature of —15.7°C. Dates with 20% moisture or lower can
be kept at —18°C for more than one year, or at 0°C for one year, or at 4°C for 8
months, or at 20°C for one month; relative humidity should be kept between 65
and 75% in all cases (Yahia, 2004). Ripe dates at the rutab or tamr stages,
commonly harvested and handled in the world market, are not sensitive to chilling
and freezing temperatures. However, freezing temperatures can injure dates at the
early stages of khimri and khalal.

Relative humidity also has a profound effect on the date’s quality. Pathological
and physiological deterioration increases with increasing moisture content and
storage temperature (Rygg et al., 1953). Very soft and syrupy dates are subject to
mould invasion and fermentation more than other types of dates. Relatively small
differences in moisture content may have an important effect on the keeping
quality of Deglet Noor fruits (Dull ez al., 1991). At 24°C, the rate of skin darkening
is four times faster in Deglet Noor dates stored at 24% moisture content than at
20% moisture content (Rygg, 1975). Relative humidity during storage should be
controlled according to fruit initial moisture content to avoid excess drying or
gaining of moisture. Generally, 75% RH or lower is recommended for fresh dates
in storage. At high RH, dates will absorb moisture from the air unless they are
packaged in moisture-proof containers.

Dates can readily absorb odours and thus should not be mixed in storage or
during long distance transport with garlic, apples, onions or potatoes or other
foods with strong odours (Yahia, 2004; Ait-Oubahou and Yahia, 1999).

4.11.8 Handling organic dates
The main concern when handling and storing organic dates is to keep them
separate from conventionally produced dates and other produce items and to
prevent any possibility of cross-contamination of the organic produce by chemical
residues that may be present on the conventionally produced fruit. Thus, it is best
to use a separate storage room for the organic produce. If this is not feasible, then
a physical and spatial separation of at least one metre should be maintained
between the organic and conventional produce when stored in the same room. If
the produce is well protected from cross-contamination by packaging, the potential
for cross-contamination is much reduced (Kader and Hussein, 2009).

The storage room must be thoroughly cleaned to remove any possible residues
from previously stored, conventionally produced foods. It is important to keep
accurate, specific records of cleaning and sanitizing materials identified by brand
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name and source. A list of permitted cleaners, disinfectants, sanitizers, and other
chemicals is available on the website of the Organic Materials Review Institute
(http://www.omri.org). The area for food storage must be physically separate
from non-foods, especially materials which can contaminate foods by odours or
spillage. Packaged organic products must be received into, and despatched from,
storage facilities unopened, free from damage and correctly labelled. The optimal
storage conditions (temperature and relative humidity) are the same for organic
and conventional dates. The potential storage life for organic dates may be shorter
than for conventional dates if the latter are treated with approved chemicals to
control decay and/or insects.

4.12 Processing

Various products can be obtained from dates (Al-Abid ef al., 2007a, b; Barreveld,
1993). Dates are marketed whole, pitted, cut into small pieces or macerated
(ground or chopped). Whole unpitted or pitted dates may be marketed loose or
pressed (compressed into layers using mechanical force). Dates can be pitted and
stuffed and used in pastries. Date flour can be obtained from dry or dried dates.
Syrup can be produced from very soft dates (drained out) or from low quality
dates after hydration and maceration. The syrup obtained is concentrated to
30/35°Brix then filtered to reach a light brown colour. Sugar is extracted from
dates, and vinegar, alcohol and yeast can also be produced from dates (Munier,
1965; Al-Abid, 2006; Sidhu, 2006). Kimri stage (green) dates may be used to
make pickles and chutney. Khalal stage dates may be used for jam or dates-in-
syrup. Rutab stage dates may be used for jam, butter, date bars and date paste.
Tamar stage dates may be processed into date bars, date paste, date syrup or
concentrated Tamr juice (Dibis). Date processing by-products and low quality
dates may be used for sugar extraction or production of sugar alcohols, citric acid,
ethanol, vinegar or baker’s yeast.

4.13 Food safety considerations

Safety factors in dates include contaminants such as mycotoxins, bacterial toxins,
heavy metals (cadmium, lead, mercury), environmental pollutants, residues of
pesticides and microbial pathogens (Al-Turki and Magid, 2004; Yahia, 2004).
While health authorities and scientists regard microbial contamination as the
number one safety concern, many consumers rank pesticide residues as the most
important safety issue. Unless fertilized with animal and/or human waste or
irrigated with water containing such waste, dates normally should be free of most
human and animal enteric pathogens, unless they have been contaminated if
allowed to fall to the ground. Organic fertilizers, such as chicken manure, should
be sterilized before use in date orchards to avoid the risk of contaminating dates
that come into contact with the soil with Salmonella, Listeria and other pathogens.
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Dates should not be picked from the ground and used for human consumption
because of the greater risk of contamination with human pathogens. Strict
adherence to ‘Good Agricultural Practices’ during production, ‘Good Hygienic
Practices’ during post-harvest handling, and ‘Good Manufacturing Practices’
during processing are strongly recommended to minimize microbial contamination
(Kader and Hussein, 2009).

Sanitation standard operating procedures (SSOPs) are specific procedures that
allow the date processing plant to achieve sanitary process control in its daily
operations. These procedures include:

safety and purity of the water used in all operations

cleanliness of utensils and equipment

prevention of cross-contamination

hand washing and toilet facilities

protection of food from contaminants

labelling and storage of toxic compounds

monitoring employee health and not allowing sick employees to touch the food
pest control.

Proper washing of dates significantly reduces the microbial load on their surfaces.
Clean, disinfected water is required in order to minimize the potential transmission
of pathogens from water to dates, from infected to healthy dates within a single lot,
and from one lot to another over time. Waterborne microorganisms, including
postharvest plant pathogens and agents of human illness, can be rapidly acquired
and taken up on date surfaces. Natural date fruit surface contours, natural openings,
harvest wounds and scuffing can be points of entry as well as providing a safe
harbour for microbes. In these protected sites, microbes are largely unaffected by
common or permitted doses of postharvest water sanitizing treatments, such as
chlorine compounds, ozone, peroxyacetic acid and hydrogen peroxide. It is essential,
therefore, that an adequate concentration of sanitizer is maintained in water in order
to kill microbes before they attach or become internalized in the dates. In some
countries, standards of microbial quality have been established with a maximum
microbial load allowed in any of the samples tested of 1000 CFU g! yeasts, 10000
CFU g ! moulds, and/or 10 CFU g! E.coli. Such microbial load testing may be
helpful in indicating the efficacy of the sanitation procedures used to prevent
microbial contamination.

4.14 Conclusions

Despite being an important food crop, only a small proportion of the world
production of dates is handled in world trade. The reasons for this are diverse and
include inadequate handling techniques used in several countries, and lack of
information for small farmers who are the dominant producers. Research and
reviews written on the postharvest physiology and handling of dates, particularly
those written in recent years, are scarce. Topics which need investigating include
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selection of adequate cultivars for better quality fruits and smaller tree size,
improvements of harvesting methods, ripening procedures, dehydration and
hydration techniques, safe methods for insect and pathogen control, prevention of
toxins and development of adequate detection methods, practical methods for
moisture determination, optimal packaging and storage conditions, and further
biochemical studies on sugar interactions, tissue softening and browning.

Some of the important means to produce good quality dates and to maintain
quality after harvest include: selecting the right type of male clones for pollinating
female cultivars, developing adequate date palm mechanization, especially for
pollination and harvesting, proper use of the cold chain, adequate packaging and
packages, adequate food safety measures, effective methods of insect control
and prevention of reinfestation during postharvest handling. Storage and transport
at low temperatures is the most important way of maintaining quality of
dates because it minimizes loss of colour, flavour, and textural quality; delays
development of sugar spotting, reduces incidence of molds and yeasts, and insect
infestation; and prevents development of syrupiness (due to conversion of sucrose
into reducing sugars) and souring of excessively moist dates.
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Plate V  (Chapter 3) Harvesting dabai fruit by placing a net on the ground and climbing up
the tree, then using a long pole with a sharp sickle at its end to harvest branches with fruits.

Plate VI (Chapter 4) Barhee (Barhi) dates.

© Woodhead Publishing Limited, 2011



Plate VII (Chapter 4) Removing defective dates from bunches.
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Durian (Durio zibethinus Merr.)

Jingtair Siriphanich, Kasetsart University, Kamphang Saen, Thailand

Abstract: Durian is one of the most important fruits grown in South-East Asia. It is
named king of fruit due to its rich sweet creamy delicious taste with strong distinctive
odor. This chapter includes discussion of its unique biology, surprising nutritional value,
volatiles, factors affecting quality, complicated maturity indices, handling procedure,
disorders, important pests and their control, processed products and potential medicinal
uses.

Key words: Durio zibethinus, durian, postharvest biology, postharvest technology,
processing.

5.1 Introduction

Durian got its fame from its delicious creamy taste with strong offensive odor and
its spiny fruit. It is named ‘King of fruit” in the countries where it is cultivated.

5.1.1 Origin, botany, morphology and structure

Durian is in the order Malvales, family Bombacaceae and genus Durio. There are
six out of 29 species in this genus that are edible including D. kutejensis,
D. oxleyanus, D. graveolens, D. ducis, D. grandiflorus and D. zibethinus. Durian
is believed to originate from Borneo Island, where more Durio species have been
found than anywhere else (Reksodihardjo, 1962; Siti Zainab and Zainal Abidin,
2008). Once a minor crop, durian is now an important tropical fruit crop in South-
East Asia.

The fruit is a loculicidal capsule (Plates VIII A and IX A in the colour section
between pages 274 and 275) with a round, ovoid, cylindroidal or ellipsoidal shape
generally consisting of five segments (locules). The size ranges from 1-5 kg, with
a large cylindrical stem, 1-1.2 cm in diameter. The stem consists of two parts
(Plate VIII B). The lower part, from the fruit to the abscission zone, develops from
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a flower pedicel. The upper part, from the abscission zone to the attachment point
on the branch, develops from the flower peduncle. The fruit drops off the tree at
the abscission zone upon ripening.

The rind is brownish-green to yellowish-green on the outside, white on the
inside, tough and fibrous, 0.3 to 1.5 cm thick and covered with three to seven sides
of pyramidal sharp and hard spines. At the middle of each locule there is a suture
running from the stem to the stylar end. This is the dehiscense zone where the
ovary wall of each individual carpel joins the others, early on during flower
development, forming the locules. It is where the fruit eventually splits or dehisces.
Each locule consists of one to five pulp units, depending on the fertilization of the
ovules, attached to the axis of the fruit. The cream coloured to dark yellow pulp
(Plate VIII C) is the aril that develops from the funiculus of each seed, and expands
outward covering the whole seed (Amad Tarmizi and Nanthachai, 1994; Bhusiri,
1981; Polprasid, 1983).

If pollination and fertilization is complete, the fruit will develop into a
symmetrical shape, but if it is poorly pollinated and fertilized the fruit will have
odd twisted shapes (Plate VIII A). The fruit forms from one flower, with only one
ovary. Among 10-30 flowers on an inflorescence emerging from main branches,
only one to three develops into mature fruit.

Two important structures of durian are often overlooked. One is the peltate
trichome (Plate VIII D) on the surface of the spine. The second is the development
of periderm and lenticel on the spine surface as well as along the groove between
spines, especially along the suture, giving the brown color of the fruit when they
become mature.

Seeds are large, 2-3 cm wide and 5-7 cm long, hard and covered with a thin light
brown skin (testa) which turns brown when the fruit is mature. In most cases when
the seed develops well, the aril around the seed is thin (2—10 mm). On the other hand,
the seed may be aborted and then shrivels but the aril continues to grow and forms a
relatively thick pulp, up to 3 cm. With the above mentioned structure of durian, each
fruit contains 55-66% rind, 20-35% aril and 5-15% seeds (Polprasid, 1983).

5.1.2 Distribution, production area and trade value

Durian is a seasonal tropical fruit, available mainly between May and August. A
minor crop may also be available in certain years during December and January.
Early crops may be obtained as early as mid March and late crops may be available
in October. With the use of plant growth regulators, particularly Paclobutrazol,
durian is now available all year round in Thailand. Durian cultivation extends
throughout South-East Asia, Sri Lanka, the southern part of India and Madagascar.
Small scale cultivation is also found in the Northern Territory and Queensland,
Australia. Production area and trade value is minimal there and not included in
FAO statistics. However, statistical data from Thailand, Malaysia and Indonesia
are shown in Table 5.1. Durian is now a major fruit crop exported from Thailand.
It is popular among Asian communities including those in Australia, Europe and
North America, although the main export market is China.
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Table 5.1 Durian production area and export volume in three leading producing countries

Country 1988 2003 2008
Production Export Production Export Production Export
(Hectares) (Tons) (Hectares) (Tons) (Hectares) (Tons)
Indonesia 36054 - 53770 13 47600 32
Malaysia 48049 19889 116270 26236 96762 19485
Thailand 84500 6694 116615 87433 111685 219438

5.1.3 Uses of fresh and processed products, and nutritional value
Durian is mostly consumed as fresh fruit. Different preferences prevail among
consumers in different countries. While those in Malaysia, Singapore and
Indonesia prefer the fully ripe durian with a very soft texture and strong odor, the
Thai mostly prefer just-ripe durians with a soft to firm texture and mild odor.
Two surveys conducted in Thailand showed that 27% of the population
surveyed did not like and even hated durian due to its strong odor and its high
calories, but almost 80% said they would consume durian if it had less odor
(Tiyaratanakura, 1991; Uthairatanakij, 1991). The most popular cultivar is the
Thai cultivar ‘Monthong’ that has a mild odor. Recently, the Thai Department of
Agriculture released two durian hybrids, Chanthaburi 1 and 2, having a very mild
odor, fine texture and early maturity (Somsri et al., 2008). Other popular cultivars
include Indonesian ‘Sitokong’, ‘Petruk’, ‘Sunan’, ‘Sukun’and ‘Simas’; Malaysian
‘D2’, ‘D10’, ‘D24’ and ‘D99’ and Thai ‘Chanee’, ‘Kanyao’ and ‘Kradum’.
Durian aril is high in carbohydrate (10—30%) and fat (1-6%) depending on the
cultivar and stage of maturation. Its nutritional value is shown in Tables 5.2 and
5.3 (Arancibia-Avila et al., 2008; Charoensiri ef al., 2009; Haruenkit ef al., 2009;
Toledo et al., 2008). 1t is widely believed that durian has aphrodisiac properties,
and that consumption of durian in conjunction with alcohol may lead to sickness
or even death. However, these points have never been proven. The rind is boiled
and used to treat skin ailments. The ash of the fruit wall is used for curing infant
fever. The aril may be preserved in many forms, including frozen and fried,
detailed in section 5.10, but the most popular preserved form is durian paste.

5.2 Fruit development and postharvest physiology

5.2.1 Fruit growth, development and maturation

Fruit growth begins after cross pollination by insects or bats, which takes place
around an hour after sunset. The pattern of fruit development is simple sigmoid.
The total period of development varies among cultivars, ranging from 90 to
150 days after anthesis. A comparative study between the growth of ‘Kradum’, a
cultivar characterized by small fruit, that matures at around 90 days after anthesis
(DAA), and ‘Monthong’, a large cultivar that matures at around 120 DAA, showed
that during the first 14 days, both cultivars had a slow growth phase, followed by a
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Table 5.2 Nutritional composition of durian aril

(per 100 g)

Component Range
Moisture (g) 58.0-70.9
Calories(kcal) 134-147
Protein (g) 2.0-3.3
Fat (g) 12423
Carbohydrate (g) 15.0-36.1
Fiber (g) 1.2-1.9
Ash (g) 0.8
Calcium (mg) 7.4-49
Phosphorous (mg) 27-56
Iron (mg) 0.1-2.0
Vitamin A (I.U.) 890

Thiamin (Vitamin B1) (mg) 0.10-1.08
Riboflavin (Vit B2) (mg) 0.11-0.28

Niacin (mg) 1.0-1.1
Ascorbic acid (mg) 20-62
Vitamin E (mg) 0.74-1.43

Table 5.3 Antioxidant capacity and phenolic contents of ‘Monthong’ durian
aril at different ripening stages

Durian samples (100 g FW) Mature Ripe Overripe
FRAP, reducing/antioxidant power 217 270 257
(WMTE/100 g FW)

CUPRAUC, cupric-reducing antioxidant 1019 1112.7 1091
capacity (UM TE/100 g FW)

-Carotene, % inhibition 64 76 70

Total polyphenols (mg GAE/100 g FW) 231 374 298
Quercetin (nug/100 g FW) - 1200 -
Apigenin (ug/100 g FW) - 620 4200
Campherol (ng/100 g FW) 1100 2200 8500

rapid growth phase until 56 DAA in ‘Kradum’ and 84 DAA in ‘Monthong’, when
cell division ceases. During this rapid growth period the width and the length of
‘Kradum’ fruit grow at an equal rate, resulting in round-shaped fruit. However, the
growth in the length of ‘Monthong’ fruit is faster than the width, resulting in
oblong-shaped fruit (Koksungnoen and Siriphanich, 2008) (Fig. 5.1).

In details, the growth of the rind and fruit axis follows that of the whole fruit.
However, the aril starts to develop at 35 DAA in both cultivars, but ‘Kradum’
ceases to grow after only three weeks while the aril of ‘Monthong’ continues to
grow rapidly for up to 84 DAA before it levels off with a slower rate until a week
before maturity (Fig. 5.1). At maturity the number of cell layers of the aril counting
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Fig. 5.1 Durian width (A), length (B), weight (C), rind thickness (D), axis thickness (E),
aril thickness (F), aril fresh weight (G), aril dry weight (H) during growth and development
of durians cv. ‘Kradum’ and ‘Monthong’.

from the seed side to the rind side of ‘Kradum’ was one-third of that in Monthong.
The cell size in both cultivars at their maturity is similar. Finally, the fresh weight
of the aril of ‘Monthong’ is four times that of ‘Kradum’.

Food accumulation in the aril, as determined in terms of sugar, starch, lipid and
dry matter content, takes place only after the aril growth ceases or slows down.
Starch grain is first observed at the end of the rapid fruit growth, and begins to
disappear two weeks later. The accumulation of starch in the aril is not uniform,
as indicated by the uneven iodine staining (Plate VIII E). The staining is brown
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instead of purple, indicating that starch in durian is amylopectin. This brown
staining disappears after around 10-15 minutes. Carotenoid accumulation may
commence earlier or later than starch and lipid, and continues to increase right up
to the harvesting time. Sugar and lipid contents follow a similar pattern. The fatty
acid composition of durian lipid is mostly unsaturated (Berry, 1981; Koksungnoen
and Siriphanich, 2008; Sangwanangkul and Siriphanich, 2000).

5.2.2 Respiration and ethylene production

Durian has a climacteric respiration characteristic with a peak rate of around 200-250
mg CO, kg 'hr™! at 25°C. Ethylene production ranges between 0.3 to 1.4 ul C,H,
kg™! hr! during the pre-climacteric and 8 to 12 pl C,H, kg"'hr! at its peak. Slow
ripening cultivars have relatively lower ethylene production. Respiration and
ethylene production peak at different temperatures in different cultivars (Siriphanich
et al., 1994). The peak of ethylene production occurs one day later than the
respiration peak, particularly in those fruit harvested early (Booncherm, 1989).

Since the rind and the aril are easily separated, the respiration and ethylene
production of both parts may be studied. Studying with dishes from both parts,
Tongdee et al. (1992) reported that respiration and ethylene production was higher
in the aril, probably because of wounding during the separation between the two
parts. However, Booncherm and Siriphanich (1991) found that respiration rate
and ethylene production of the rind was much higher than that of the aril. In
addition, after the separation of the rind from the aril, the respiration and ethylene
production in the rind continued to increase for a few days before declining. In the
case of the aril, both rates declined soon after the separation. Later Chaprasart and
Siriphanich (2000) reported that the ethylene production was detected in the aril
before the rind. The higher ethylene production in the rind of durian was confirmed
by the finding that 1-aminocyclopropane-1-carboxylic acid (ACC) synthase and
ACC oxidase activities were higher and ACC content was lower in the rind than
in the aril of both ‘Chanee’ and ‘Monthong’ durian.

Internal atmospheric composition changes with the ripening stage. CO,
increases from 1-4% at harvest to 4-14% when ripened at 22°C, while ethylene
increases from 0.5-1 pl.L™! to 3-7 pl.L™! (Tongdee et al., 1990).

5.2.3 Ripening behavior

The first sign that durians are ripe is the odor of the fruit or the separation of the
lower part of the fruit stem from the upper part. However, it has been observed
that aril softening and the conversion of starch to sugar occur a week or two
before fruit maturity. On the other hand, the color of the rind does not clearly
change until the fruit is fully ripe and begins to dehisce.

As durian ripen, water content in the aril increases from about 40% to 70%
when fully ripe. Starch content decreases from 9-11% to 1-3%. Total sugar
increases from 5-10% to 20-30%, while reducing sugars increase from 1-3% to
2-6%. Lipid content increases from 2-3% to 3-5%. B-carotene, the main
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carotenoid, also increases during ripening from 220 IU to 660 IU in ‘Chanee’ and
25 to 180-230 IU in ‘Monthong’ (Sutthaphan, 1993). Softening of durian aril is
caused by polgalacturonase (PG), pectin methylesterase and P-galactosidase, as
all these enzymes increase during softening but the increase in PG is more
pronounced, from a low level to a very high level (Ketsa and Daengkanit, 1999).
It was also noticed that at 34°C PG activity was considerably lower than at 27°C
but softening was about the same (Imsabai ef al., 2002). Later it was found that
heating at 42°C inhibited PG activity by 50%, but deesterification and softening
of the aril did not change much. Hence most probably other enzymes are also
involved (Ketsa et al., 2003).

Once fully ripe, durian fruit dehisce (Plate VIII F), starting at the stylar end
upward to the fruit stem. The splitting also occurs first on the inner white tissue of
the rind and progresses toward the green outer tissue. At this stage the aril is
already very soft, starch has converted to sugar, the aril is very sweet and some
time later becomes sour or bitter with a strong sulfurous odor, and is considered
overripe. Sriyook et al. (1994) demonstrated that two factors are involved in the
dehiscense process. The main factor is ethylene that induces the cell separation
process, and the other is water loss from the rind, which results in the shrinking of
the rind. The outer green part loses more water and shrinks more than the inner
white part, causing a pulling force outward from the center of the fruit.

During storage of durian under low relative humidity conditions, durian may
not dehisce, particularly among the early mature fruit, even though the aril inside
turns ripe. This observation indicates that the dehiscence may not only require
ethylene to induce the cell separation process along the dehiscence zone, but also
require water for cell expansion near the separation site. However, a microscopic
study did not observe any cell expansion along the dehiscence zone.

Khurnpoon and Siriphanich (2008) demonstrated that cyclohexanediamine
tetraacetic acid (CDTA) soluble pectin in the abscission zone was higher than that
in the rind region while the other wall compositions were similar. During the
dehiscence period the enzymes B-D-glucanase and PG were induced in the
dehiscence zone. They also observed that pectin, as well as hemicellulose, was
degraded to smaller molecules and became more soluble, much in the same
manner as observed during softening of many fruits.

5.3 Maturity and quality components and indices

5.3.1 Fruit size and shape

Normal size of durian fruit ranges from 1 to 5 kg, but the most preferred size is
between 2—4 kg. The fruit shape is a very important quality parameter of durian,
particularly in a cultivar such as ‘Chanee’ where pollination and fertilization is the
limit. When fertilization is not complete and seeds are not all well developed, the
locule becomes distorted reducing its quality. The fruit with distorted shape
have more rind and less aril compared to the symmetrical ones. In ‘Kradum’,
pollination and fertilization is almost always perfect and therefore the fruit
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develops into a symmetrical round shape. For the export market, durian should
have at least three full locules, while the other two may have only a portion of the
locule developed.

High aril to whole fruit ratio or thick aril and small or aborted seeds are
important quality criteria for durians. The ratio depends on cultivars but a young
tree may produce fruit with lower ratio due to the thick rind.

5.3.2 Fruit stem

The fruit stem is also an important parameter for durians in term of quality as well
as its maturity index. During harvesting and handling of the fruit, the stem should
not be broken or damaged by the spine of the other fruit, nor should it be shrivelled
due to loss of water. Freedom from all these defects indicates freshness of the
fruit. Durians on display in the supermarket often have their stems protected by
wrapping with paper or banana leaves.

5.3.3 Lipid and fiber content of the pulp

A study on four Malaysian durian clones revealed that lipid content and fatty acid
composition vary among these clones. D24 and D2, which received high
organoleptic scores, contained a higher proportion of lipids but lower unsaturated
fatty acid content compared to other clones. Durian cultivars containing lower
palmitic to palmitoleic acid ratio had higher organoleptic quality (Berry, 1981).
Fiber content also varies among cultivars. ‘Monthong’, the most popular cultivar
at present, contains higher fiber content than the others.

5.3.4 Pigments

Young aril is white or cream in color. Later on -carotene accumulates in the aril,
turning its color to light or dark yellow depending on cultivars. Sutthaphan (1993)
showed that the darker yellow color in ‘Chanee’ as compared to ‘Monthong’ was
due to higher B-carotene content. If the trees are not healthy, the yellow color of
the aril may be poorly developed, resulting in the appearance of yellow and white
stripes along the cheek of the aril. During ripening, the accumulation of carotene
continues, resulting in a more intense yellow color of the aril.

5.3.5 Antioxidant capacity

A study on antioxidant properties of ‘Monthong’ durian at different stages of
ripening has shown that durian has a rather high antioxidant capacity (Table 5.3),
higher than mangosteen, litchi, guava and mango. The antioxidant capacity is
highly correlated with the polyphenols content. Caffeic acid and quercetin are the
dominant antioxidant substances of ripe durian while apigenin and campherol are
the dominant substances in overripe durian (Arancibia-Avila et al., 2008;
Haruenkit ez al., 2010; Toledo et al., 2008).
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5.3.6 Volatiles

Durian aroma consists of two distinct components: one strong, pungent and
onion-like, which is caused by sulfur-containing compounds, and the other fruit-
like (fruity odor), also present in the pericarp, and caused by esters and alcohols
(Baldry, 1972). At least 137 volatile constituents are reported from past studies.
However, these studies have been done on different durian cultivars, from different
origin and of different ripeness level. Hence, the compositions reported are
different in both species and concentration. The sulfur-containing compounds
included hydrogen sulfide, hydrodisulfides, dialkyl polysulfides, thilos and
thioethers such as propanethiol, ethanethiol and methanethiol. The esters are
ethylacetate, ethyl propanoate, ethyl 2-methylbutyrate, methyl propionate and
1,1-diethoxyethane. Ethanol and n-propanol were also found. Most ethyl esters
decrease during storage while methyl, propyl and butyl ester increase. Table 5.4
shows the main volatiles found in three durian cultivars from Indonesia, Malaysia
and Thailand (Chawengkijwanich, 2008a; Chin et al., 2007; Weenen et al., 1996).

5.3.7 Maturity and harvesting indices

Many indices are used to determine the maturity of durians, but no index can be
used alone. A combination of maturity indices must be used in order to obtain
accurate harvesting date. As durians develop close to maturity, many changes in
chemical and physical characteristics occur inside the fruit but changes in

Table 5.4 Main volatiles in durians from three leading producing countries

Country  Clone Sulfur compounds Non-sulfur compounds
Name Description Name Description
Indonesia Koclak S-ethyl Fruity, sulfury = 3-hydroxy-2- Fruity
thioacetate butanone
Diethyl Sulfury, Ethyl 2- Fruity
disulfide cabbage, roasty methylbutanoate
Ethyl 2- Sweet, sulfury, 2-hydroxy-3- -
(methylthio)  onion pentanone
acetate
Malaysia D24 Propanethiol ~ Cabbage, sweet, Propyl Apple,
onion propanoate banana
Diethyl Sulfury, roasty, Ethyl 2- Powerful
disulfide cabbage methylbutanoate green, apple
Ethyl propyl  — Propyl 2- -
disulfide methylbutanoate
Thailand Monthong Ethanethiol Onion, rubber  Ethyl acetate Fruity
1-propanethiol Cabbage Ethyl propanoate Rum and
pineapple
S-ethyl ethane  Alliaceous, Ethyl 2-methy  Fruity
thioate coffee butanoate
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appearance are rather subtle. Hence, harvesting durian with the right maturity is
quite a difficult task. Only experienced farmers or workers can do the job correctly.
The indices include:

Days from anthesis

The main index used to determine harvesting date of durian is the duration of fruit
development from flowering to harvesting for each cultivar, ranging from 90 to
150 days after anthesis. However, all the fruit on the tree do not start to develop at
the same time. In a good year when the weather during the dry season is quite dry
and cool, the tree may bloom only once all over the canopy. If the weather is mild,
flowering may occur sporadically in sets. The fruit settings may overlap, making
it more difficult to distinguish between each successive set. During the fruit
developmental period if the weather is rather warm, the fruit could be ready for
early harvest. On the other hand, if it is cool the harvesting could be delayed.
Furthermore, fruit in different positions on the tree or on the branch also develop
at different rates. Farmers could also wait until the first fruit drop to start
harvesting. A study on a Malaysian cultivar showed that during the first week 10%
of the fruit dropped off followed by 25, 35, 15 and 15% in the following weeks
(Nanthachai et al., 1994).

Tapping sound

The second most used index is the tapping sound. Internally, as the fruit becomes
mature, the aril starts to separate from the rind leaving space in between (Plate
IX A). This space causes a hollow sound when the fruit is tapped. Farmers use the
tapping sound to determine durian maturity. However, in dry weather and with
a high rate of transpiration, the immature fruit may sound like a mature one
when tapped.

It is not difficult to identify the fully mature fruit since the hollow sound is easy
to note. However, these fruit cannot be shipped to distant markets. Other indices
are also needed to correctly determine fruit that are mature but have not started the
ripening process. These included the color of the rind, which changes slightly
from fresh green to rusty green. At maturation, cork tissue develops at the base of
durian spines and along the groove between the spines and in particular along the
suture at the middle of each locule. The tips of the spine also turn brown or even
black. These physical changes are responsible for the rusty green appearance.
However, fruit on the outer canopy may look more mature than fruit on the inner
canopy, even though they are at the same stage of maturity.

Dry matter content of aril

A study on the change in chemical composition during durian maturation revealed
that all parameters varied considerably between seasons and orchards. Change in
dry matter content of durian aril is the most consistent data obtained and can be
used as a harvesting or maturity index (Plate IX B and Fig. 5.2) (Sangwanangkul
and Siriphanich, 2000; Siriphanich and Khurnpoon, 2003; Kalayanamitra
et al., 2005).
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Fig. 5.2 Dry matter (A) B-carotene content (B), soluble solids content (C) and lipid con-

tent (D) of the aril of Monthong durians during fruit maturation grown at two locations,
Chomphon (e) and Chanthaburi (m).
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It was shown that Kradum, Chanee and Monthong should be harvested when
they have a minimum dry matter of 27, 30, and 32%. This information is adopted
as a standard for exporting durian from Thailand. A study on shipment of Monthong
durian of different dry matter content from Thailand to Taiwan showed that those
that have less than 30% dry matter ripened poorly with no odor (Yiemchawe,
2003). Although dry matter of durian aril is accepted as a maturity standard in
Thailand, it should be noted that the dry matter content is not a perfect index and
does vary with locations and seasons. However, it is the most reliable method
currently used and has highest coefficient correlation to sweetness, nuttiness,
overall preference score and the number of days from anthesis to harvesting. In the
study, some fruit with higher dry matter content than the standard was found to be
inferior in eating quality. On the other hand, some may have lower dry matter
content but appeared to be mature when tasted by the taste panelists (Siriphanich
and Jerapat, 2005).

Strength of fruit stem

When the fruit is still young the stem is flexible and bends easily. As the fruit
mature the phloem fiber in the fruit stem doubles during the last two weeks of fruit
development making the stem resistant to a bending force. This change can be
measured using a fruit firmness tester equipped with small multiple plunger-heads
or by other sophisticated equipment that measures the elastic modulus of the fruit
stem (Wattanavichean et al., 2002). However, no equipment based on this
parameter is applicable in the field at present, due to the variation of durians from
different trees and orchards (Chattavongsin and Siriphanich, 1990).

Strength of spine

The spines appear more flexible when pressing two spines to each other with two
fingers (Subhadrabandhu and Ketsa, 2001). This observation is due to the
softening of the rind tissues, as shown in the fruit dehiscence study (Khurnpoon
et al., 2008).

Swelling around abscission zone

The area above and below the abscission zone of the fruit stem enlarges as the
fruit becomes mature (Plate VIII B). It is more pronounced in ‘Monthong’ and
‘Kanyao’ cultivars (Nanthachai ef al., 1994; Thammabhutra, 2005).

Roughness of stem surface

The texture of the stem surface turns from smooth to rough (feeling like sand), except
in ‘Kanyao’ cultivar (Vejchacheeva, 1986). This observation is due to the development
of lenticels, which also occur on the base of spines upon fruit maturation.

Sweetness of sap from cut stem

Durian farmers notice that the sap oozing out from the fruit stem after cutting
changes from viscous and tasteless in young durians to clear, less viscous and sweet
in mature durians. A study by Chattavongsin and Siriphanich (1990) confirmed this

© Woodhead Publishing Limited, 2011



92  Postharvest biology and technology of tropical and subtropical fruits

observation in ‘Chanee’. Total sugar increased significantly from 0.82% at 97 DAA
to 1.84% at 111 DAA, but the increase was not significant in ‘Monthong’.

Fruit specific gravity

The specific gravity of durian is always lower than 1.0 and decreases as the fruit
matures. In “Monthong’, the fruit specific gravity decreases from about 0.95 when
durians begin to mature to 0.9 when they are fully mature. However, for ‘Kanyao’
and ‘Chanee’ the change in specific gravity is minimal (Natvarathat, 1987). When
durians are ripe the specific gravity also decreases to 0.8, due to water loss. Their
volume also decreases by 1% per day (Jarimopas et al., 1987).

The change in specific gravity of durian was used as a maturity index by
weighing the fruit by hand; if it is relatively light in relation to its volume it is
likely to be mature. On the other hand, if it is heavy it is likely to be immature
(Vejchacheeva, 1986).

Based on this change, a group of engineers developed a tool to determine
durian maturity systematically by measuring natural frequency (the frequency at
the maximum power spectrum density) after tapping the fruit. It is claimed that
the technique can be used at 85% accuracy to separate durians of one week’s
maturity difference and 100% of durians at two weeks’ maturity difference. The
size of the fruit has to be taken into account as well. The prototype built can sort
durian at a rate of up to 4 tons per hour, using two operators (Terdwongworakul
et al., 1998; Sombatwong, 2003).

Another group developed a durian sorter using a floating technique, adjusting
the specific gravity of water to 0.84 by pumping fine air bubbles into the water.
The prototype can separate immature fruit from the mature ones at 76% accuracy
(Yantarasri et al., 2002).

A vibration method was studied by transferring a constant vibration directly
through the fruit. The frequency responses from the vibration of durian are
determined by using a light-intensity measurement set and transformed to power
spectral density of frequency. The researcher correlated data obtained with a
template power spectrum density of mature durians, based on dry matter of the
aril, and revealed an accuracy of 76%.

In another development, an ultrasonic signal was transferred directly through
durian in the middle of the fruit, the frequency response from durian was collected
and transformed into a high frequency component to power spectrum density. The
data were transformed into the absorption of ultrasonic signal. The decision was
made by finding the correlation between the power spectrum density of the sample
and that of the template from mature fruit, also on a dry matter basis. From 81
fruit studied, the accuracy was found to be 94% (Kongrattanaprasert ez al., 2001).

In addition, since moisture content decreases as durian fruit mature and ripen,
engineers studied the way to detect durian moisture using neutron particle
transmission or reflection (Chim-oye and Fuangfoong, 1999), microwave
(Kittiamornkul ef al., 2007; Rutpralom and Kumhom, 2002), X-ray CT scan and
nuclear magnetic resonance techniques (Yantarasri et al., 1998). All studies reported
good correlation between the parameters determined and the durian maturity.
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Most of these studies, however, only correlated the data to other maturity
parameters such as number of DAA or dry matter of the aril, both of which had
errors in relation to the physiological maturity of the fruit. The correlation with
eating qualities or physiological maturity of durian was rarely made. Most studies
also tried to measure only one parameter while the maturity of durian consists of
many changes occurring in the aril as well as in the rind. In addition, the
measurements were not aimed directly at the aril but at something, such as the
stem or the air pocket between the aril and the rind, that changes in relation to the
pulp. Last of all, the determinations were done when the fruit were unripe, not
when they were ready to be consumed. Hence, application in commercial practice
is not likely to be feasible in the near future.

5.4 Preharvest factors affecting fruit quality

Many consumers would not buy a whole durian fruit because they are not certain
about the quality of the aril inside. Since maturity of durians is difficult to determine,
poor-quality durians are often harvested. Preharvest factors affect the quality of the
fruit directly. These factors include the internal and external factors listed below.

5.4.1 Internal factors

Fruit position: Fruit closer to the source or leaves are likely to mature earlier. Fruit
from branches with many fruits mature later than those from single fruit branches
(Kalayanamitra ef al., 2006). Determination of fruit maturity during harvesting
should take this point into consideration. It was also found in ‘Monthong’ that
about 330 healthy mature leaves are necessary to produce enough photosynthate
for the development of a single fruit (Salakpetch, 2008). Hence, fruit from an
unhealthy tree are likely to be of poor quality. The age of the tree also influences
fruit quality. Young bearing trees produce fewer large fruit and many have thick
rind and low aril to whole fruit ratio.

5.4.2 External factors

Light and temperature

Poor sunlight and low temperature during fruit growth result in a slow accumulation
of the starch in the aril. Durians from trees that were shaded by 50% for one week
before harvest ripened unevenly (Packcharoen, 2008). This study indicated that
durian harvested during a prolonged period of cloudy skies may have less food
accumulation in the aril and have poor ripening characteristics.

Rain and irrigation
A study on the level of water given to durian trees during fruit development
indicated that heavy irrigation reduced the dry matter content of the aril, but heavy
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irrigation during the harvesting period only showed a trend of lower dry matter
content (Jerapat and Siriphanich, 2008). These data combined with the shading
study indicated that durian quality would be inferior if there is a period of heavy
rain and cloudy skies during the harvesting period. In addition, heavy rain during
fruit development could cause new leaf flushing. If flushing occurs early in the
development of the fruit, young fruit are likely to drop off the tree. On the other
hand, if flushing occurs when the fruit has already attained its full size and is
accumulating food, the maturation process of the fruit will result in poor quality
fruit (Mohpraman, 2009).

Heavy rain near the harvesting period causes durians to absorb a lot of water
into the fruit. After the rain if it is still cloudy with high relative humidity, the fruit
may develop water-soaked core disorder (see also section 5.6.2). It is recommended
to irrigate durian trees at regular intervals and at an increasing rate during fruit
development until the fruit begins to accumulate food. After that the amount of
water applied to the tree should be reduced, and this will result in aril with less
moisture and better color (Salakpetch, 2008).

Soil nutrients

It was believed that fertilizing durian trees with K,S,0,, KCl and KNO, enhances
the yellowish color of the aril, but most studies showed unclear results (Punnachit
et al., 1992; Poovarodom and Phanchindawan, 2006).

5.5 Postharvest handling factors affecting quality

5.5.1 Physical damage

Bruised durians are rarely found in the market. This is not because the fruit are
strong, but because the bruising area is easily observed on the rind and becomes
rotten quickly; hence bruised fruit are usually sorted out before entering the
market. More commonly found are fruit with broken or damaged stems, occurring
when the fruit are accidentally dropped during harvesting and handling. Wounding
from the spine of the neighboring fruit is another common damage. It is the port
of entry for postharvest pathogens.

5.5.2 Temperature

Durians are subject to chilling injury when exposed to low temperature.
Mature and unripe fruit must be stored at 15°C or above. Ripe fruit may be
held at 13°C for 7 days without any symptoms. A study of ‘Chanee’ cultivar
showed that chilling symptoms could be observed within a week of storage
at 5°C (Romphophak and Palakul, 1990). On the other hand, it was reported
that durian could be stored as low as 4-5°C for five weeks, but chilling injury
was not mentioned in this earlier report, so the fruit in this study was probably
fully ripe. The rind might develop chilling symptoms but the aril was still in
good edible condition. Studies on fresh cut durian (aril without rind) showed
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that the ripe aril can be stored for six weeks at 4°C (Praditduang, 1986; see
section 5.10.1).

5.5.3 Humidity

Water loss from durians can be very high. In normal tropical conditions (25-30°C,
65-85% relative humidity) the rate of water loss can reach up to 4% per day. This
high rate of water loss is due to its high spine surface area and high rate of respiration.
The volume of the fruit can also be reduced by up to 1% per day (Jarimopas, 1987).

This high rate of transpiration is not enough to release heat from durian
respiration. The temperature inside the fruit, when fully ripe, was recorded at 5°C
higher compared to the temperature at harvest and about 3°C higher than the
atmospheric temperature. The accumulation of heat causes durians to ripen very
fast once the process starts.

It was shown that ripening of durian was best at relatively high temperatures
(33°C) (Pangkool, 1993). It is possible that ripening for good eating quality durian
could be achieved at lower temperatures, if they are allowed to proceed to their
prime ripening stage.

Although Ketsa and Pangkool (1994) reported similar durian aril quality after
ripening at 75 and 93% relative humidity, it is commonly observed that ripening
at lower humidity will yield better eating quality of the aril having dry and not
watery texture. However, durians ripened at low relative humidity should be quite
mature if not fully mature. Otherwise ripening will take longer and too much
water loss will occur during the ripening period which may limit the dehiscence
process, and the fruit may turn out to be very difficult to split open. In this case
ethylene is needed to enhance the ripening process. Water loss from durian is one
of the two factors causing fruit dehiscence. A high rate of water loss induces a
higher rate of durian dehiscence. However, too much water loss will limit the
dehiscence process and cause cracking of the rind outside the suture at the middle
of the fruit.

5.5.4 Atmosphere
Proper atmospheric composition is required for durian to ripen normally. In an
incident when the fruit were transported in a truck well covered with canvas for
one day from the east to the south of Thailand, the fruit could not ripen at the
destination. It was thought that the temperature inside the truck increased to a very
high level. The respiration rate of durian went up, reducing oxygen and raising the
carbon dioxide level to a point that prevented ripening. Tongdee et al. (1990)
reported that durian were highly sensitive to low oxygen. At an oxygen level
lower than 7% at 22°C durians’ ripening processes could be blocked (see also
section 5.9.5). Hence during storage and transportation, adequate ventilation must
be achieved (see also section 5.9.4).

Ethylene gas induces durian ripening including the dehiscence. A study using
different types and concentrations of coatings to reduce water loss revealed that
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those having a higher concentration of ethylene inside the fruit dehisce more than
the others (Sriyook et al., 1994).

5.5.5 Others

A study conducted (Siriphanich and Jarimopas, 1993) by interviewing domestic
collectors, wholesalers and retailers, revealed that overall postharvest losses in
durian were between 6.5 and 13.5% in ‘Chanee’ and only 5.5 to 8.5% in
‘Monthong’, probably due to ‘Monthong’ having a slower ripening rate. There
were variations in the loss at different trader levels and seasons. Lower losses
were found at the wholesale level while loss at the retail level was highest. Most
of the losses were due to the harvesting of durian while they are still immature,
followed by disease incidence. Hence, early in the season there was more than 5%
loss of durian compared to only 1% late in the season. In mid season there was a
higher percentage of damaged fruit due to broken stems. This is probably because
there were a lot of durians ready for harvest; the workers must work fast. Late in
the season losses are commonly three times higher from disease incidence, up to
3%, probably because of higher rainfall and humidity at this time.

At present it is thought that the domestic loss level remains the same as that
reported in 1993, since handling procedures for the domestic market rarely
change and only transportation has slightly improved. For exportation, the
technology has improved significantly. There are quality standards for durians,
more cold rooms and refrigerated containers available for exporters to pre-cool
durians. Experienced exporters reported less than 1% loss each year. However,
new exporters can face total loss mostly due to inexperience in collecting good
quality fruit from reliable suppliers and farmers.

5.6 Physiological disorders

5.6.1 Chilling injury

Chilling injury (CI) symptoms begin with black color development along the
groove between spines, and later the whole rind turns black (Plate IX C). The aril
may ripen abnormally or remain hard. In severe cases the entire ripening process
is inhibited (see also section 5.5.2).

5.6.2 Water-soaked core

Water-soaked core, also known as wet core, appears first as a mushy and watery area
at the axis of the fruit followed by the white funiculus tissue and then the aril tissue
nearby. At this stage the aril has a dull taste. In a severe case, the aril of the whole fruit
can be watery and very soft in texture, and fermented. This disorder usually occurs in
fruit harvested after heavy rain, and is found more prominently in ‘Kanyao’ and
‘Chanee’ cultivars and much less in ‘Monthong’. It is also found more in young
bearing trees than in older ones. A study comparing the watering rate of ‘Chanee’ and
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‘Kanyao’ trees at a rate of 400—1600 liters per week (Leeangkulsatein and Hiranpradit,
1987) showed that with a higher level of watering, a slightly but significantly higher
water-soaked core was observed in ‘Chanee’. In ‘Kanyao’, there was no difference in
the development of water soaked core between different watering levels. If the
experiment was conducted in such a way that relative humidity was also controlled,
simulating rainfall level, the result should be clearer in both cultivars. Potassium
deficiency is thought to be one of the factors causing this disorder; however, there
was no strong evidence to support this claim. Fertilizing with potassium one month
before harvest, draining the soil immediately after heavy rain and delaying harvesting
by two days are recommended (Ahmad Tarmizi and Nanthachai, 1994).

5.6.3 Aril tip browning

Aril tip browning or aril necrosis is a disorder where the edges of the aril die off
and turn brown or black, particularly on the dorsal side of the pulp unit (Ahmad
Tarmizi and Nanthachai, 1994). It is the aril tissue that did not develop to its full
extent early in the fruit development. This disorder is similar to the disorder found
in lychee and longan of which the pulp is also the aril tissue. It is often found in
fruit from young or unhealthy trees. Itis believed that during the early development
of the aril if there is a disruption of water or photosynthate supply from the tree
the aril will stop growing and die off to allow the earlier part to develop further.
No scientific evidence was found to support this explanation. However, farmers
who take good care of the tree, by supplying it with enough fertilizer and water,
do not face this problem.

5.6.4 Uneven fruit ripening

Uneven ripening in durian is a common disorder observed in all durian growing areas
(Ahmad Tarmizi and Nanthachai, 1994). It is mostly observed in larger fruit of ‘D24’
and ‘Monthong’ or in fruit of the late cultivars that are usually larger than the early
cultivars. In mild cases the aril around some seeds of a durian or some parts of the aril
around the same seed remains firm in texture while other parts are already soft. In
severe cases, the aril remains hard, dry, white and tasteless. It has been suggested that
the cause may be multifactor (George, 1996) including nutrition, environment and
water availability. It was later shown that this disorder is actually the problem of fruit
maturity. Investigating harvesting period, shading and leaf flushing experiments
(Table 5.5), the results indicated that any factor that disrupts the fruit growth and
development could cause this disorder. In addition, if the growth inhibiting factor is
removed and the fruit are allowed to develop for a little longer, uneven ripening is
minimized or eliminated. It is suggested that in natural conditions when there is a
cloudy and rainy period during the durian harvesting season, harvesting should be
delayed in order to obtain fruit with less uneven ripening disorder. Treating durians
with high concentrations of ethephon could not alleviate this disorder. Hence, uneven
fruit ripening in durians was not simply the lack of their ability to produce ethylene.
One possible explanation is that the affected durian might have an inadequate amount
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Table 5.5 Firmness and uneven ripening score of Monthong durians harvested from
non-flushing and leaf flushing trees (A), from unshaded and shaded trees (B) and from
fruit treated or not treated with ethephon (C)

A. Leaf flushing Means P-value' Total variance P-value!
experiment R — S
Non- Leaf Non-  Leaf
flushing flushing flushing flushing
Firmness (N) 8.5 9.2 0.58 30.82  71.82 <0.001
Uneven ripening score  2.54 3.09 <0.001
B. Shading experiment Means P-value! Total variance P-value!
Control Shade 1 wk. Control Shade 1 wk.
Firmness (N) 8.7 10.3 0.096  7.42 17.65 <0.0001
Uneven ripening score  2.53 2.67 0.031
C. Ethephon experiment Means P-value! Total variance P-value!
Control Ethephon Control Ethephon
Firmness (N) 9.6 7.4 0.0003 11.57 10.09 0.413
Uneven ripening score  2.53 2.51 0.38

! P-value >0.05 = non-significant

of ethylene receptor to bind with ethylene and consequently induce ripening
(Pakcharoen, 2008; Mohpraman, 2006; Tisarum, 2006).

5.7 Pathological disorders

Fruit rot is not a serious problem in local markets because the fruit tend to be ripe
and are ready to be consumed before disease development. However, under humid
and poor ventilation storage conditions, particularly for an extended period, fruit
rot could be a serious problem.

5.7.1 Phytopthora

Pathologists had identified numerous fungi on rotten durians. However, the most
serious cause of durian fruit rot is Phytopthora palmivora Butler which also
causes the root and trunk rot, known also as patch canker. The fungus may attack
durian at any stage but a suitable environment for the infection is during the rainy
season, at the time the fruit are mature or nearly so. The rain and wind carry spores
or mycelia on to the fruit, particularly those on the lower part of the tree. The main
infected portion of the fruit is at the stylar end where rainwater dries out at the
slowest rate and concentrates the fungal spore. It has been found that once the
spores land on the fruit surface, with suitable conditions, 50% of the fruit can be
infected in seven hours and 100% in 17 hours. The symptom is water-soaked
spots on the fruit surface which become greyish brown and expand in a circle or
oval shape (Plate IX D) as well as deeper into the aril. When the fruit matures, it
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easily splits open. ‘Kradum’ and ‘Chanee’ fruit are more susceptible to this fungus
than ‘Monthong’. However, more problems were found on ‘Monthong’ during
postharvest handling because ‘Monthong’ ripens more slowly than the others. The
others may ripen before the fungal development occurs (Kobayashi, 1978; O’Gara
et al., 2004; Sangchote, 2000; Vichitrananda, 1988).

This fungus can be effectively controlled by spraying in the orchard regularly.
Postharvest dipping with Fosetyl aluminum [aluminium tris(ethyl phosphonate)]
at 20004000 ugL ' is recommended (Siew et al., 1994). The fungicide application
should be done within 24 hours after harvest, although a study showed that delay
in treating with the fungicide for up to 36 hours did not affect its effectiveness
(Romphophak et al., 1997).

5.7.2 Lasiodiplodia and others

The other fruit rot is shown to be caused by Lasiodiplodia theobromae. This
fungus can only get into the fruit via a wound, and it cannot make a direct infection.
After inoculation through a wound it takes more than six hours for fruit to develop
the disease. The early symptom of this disease is quite similar to that caused by
Phytopthora palmivora, appearing as brown circles on the rind particularly at the
stylar end. The circle expands outward on the surface and inward into the aril. The
difference between the two fungi is that the tissue infected with Phytopthora is
moist as compared to that infected with Lasiodiplodia, which appears rather dry.
Later in the development of the two fungi the symptoms become much easier to
identify, appearing as white to grey powdery masses of sporangia for Phythopthora
and black mycelium in the case of Lasiodiplodia (Lim, 1993; Sangchote, 2000).
Phomopsis sp and Colletotrichum gloeosporioides may also infect durians but not
virulently, even when inoculated through a wound. Dipping for five minutes in
Thiabendazole at 1000 pgL ' or Carbendazim at 500 ugL! is effective in
controlling these fungi. Dipping in 500 pgL ™! Imazalil no later than six hours after
harvest is very effective in controlling the mycelium growth of L. theobromae as
well as its spore germination (Sangchote, 2000).

Postharvest disease on durian is the main limiting factor for extending its
storage life and expanding its export to overseas markets. This is probably not
only because of the wound caused by the spines of the other durians, but also the
existence of the trichome on the durian surface. During postharvest cleaning, a
high pressure air jet is usually used to remove dirt, insects and mold from the
surface of the fruit. The process also removes the surface trichome leaving wounds
on the fruit surface and enabling various fungi to enter it easily.

5.8 Insect pests and their control

Despite having thick and relatively tough skin, durians still have a number of
insect pests. Those of postharvest concern are mealy bugs and scale insects on the
fruit surface, and fruit borers.
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5.8.1 Surface insects

Mealy bug is of the Pseudococcus species. Their appearances always occur
together with black sooty mold that thrives on the honeydew excreted from the
mealy bug (Sirisingh et al., 1994). Scale insects are of the Coccus species. Both
insects are usually carried on to the fruit by ants. Hence controlling the ant
population in the orchard by banding durian branches with pesticide or petroleum
oil is an important cultivation practice. Spraying the fruit directly with water is
also effective in removing the insect.

After harvest, the two species are easily removed by high pressure air or water
jet. In the case of black mold, brushing may be needed. When the insects are
removed, they often leave a patch of light green on the surface of the fruit. Hence
heavily infected fruit are not suitable for export even after the insects are removed.
The high pressure air or water jet not only removes insects but also removes the
peltate trichome on the fruit surface, leaving durians with tiny wounds and lighter
rind color after the cleaning process. Consequently fruit are susceptible to fungal
infection.

5.8.2 Internal insects

Another group of insects infest the interior of the fruit. Seed borer Mudaria
magniplaga Walker was first reported in 1980 in Malaysia (Sirisingh et al., 1994).
In Thailand it was reported as M. [luteileprosa Holloway (Buara, 1996). This
insect is a serious pest for durian, attacking the fruit at any stage but mostly young
fruit at 4-7 weeks after anthesis. The adults lay eggs on the fruit surface, usually
on the top part of the fruit. The larvae feed on the surface and penetrate through
the rind at the base of the spine through the aril to feed in the seed for about a
month. The larvae are purplish red when mature and bore out of the fruit to pupate
in the soil, leaving a round hole, 5-8 mm in diameter. If the infection occurs early
in fruit development, the damaged fruit drops to the ground. If infection occurs
later, the larvae may be found inside the harvested fruit. Preharvest spray to
control the insect is very important. Inspection for the insect after harvest is
possible but they may easily be missed.

Other borers include Monogatus puntiferalis Guene, reported in Malaysia and
Conogethes punctiferalis Guene reported in Thailand, which is a rind borer
(Disthaporn et al., 1996). It first feeds on the surface, then penetrates into the fruit,
sometimes feeding on the aril. The full grown lavae have black spots scattered
along the body. They pupate in between spines covered with leaf and their own
faccae. However, detection of this insect is quite easy, hence it is not a serious
postharvest problem.

5.9 Postharvest handling practices

Postharvest operations on durian are rather cumbersome, involving as many as
15 steps as shown in Fig. 5.3.
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(a) Cutting and tossing (b) Catching (c) Collecting (d) Sorting
into basket and loading

(e) Unloading at (f) Sorting (9) Applying
packinghouse ethephon

ol 1P

ding sticker

"—‘-’ ":“-._“-:_-_. = ~
(m) Packaging in (n) Weighing (o) Palleting (p) Loading and cooling
carton box

Fig. 5.3 Handling steps for durian exported from Thailand: (a) Cutting and tossing;

(b) Catching; (c) Collecting into basket; (d) Sorting and loading; (e) Unloading at

packinghouse; (f) Sorting; (g) Applying ethephon; (h) Weighing; (i) Blowing with

air jet; (j) Dipping in fungicide; (k) Drying; (I) Adding sticker; (m) Packaging in

carton; (n) Weighing; (o) Palleting; (p) Loading and cooling in container. Drawing by
Kavin Siriariyaporn.
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5.9.1 Harvest operations

For local consumption where consumers prefer fully mature and fully ripe durian
the fruit can be allowed to drop to the ground. However, this is only for
consumption around the planting area. Fruit for other areas or markets need to be
harvested directly from the tree. In the past, harvesting durian was done by one
worker climbing up the tree, reaching the fruit, checking its maturity and cutting
the fruit and hoisting it down to the ground with a rope or placing it in a basket
before hoisting it to the ground. This process is rather slow. In commercial
orchards in Thailand, workers work in pairs, one climbs up the tree, harvests the
fruit and tosses it to the other worker waiting on the ground. The second worker
catches the falling fruit with a jute sack in his hands. The tossing of the fruit must
be aimed to let the fruit fall into the jute sack on its sides or its base, not on its
stem. If the fruit lands on its stem, the stem will break and lower the fruit value. A
pair of workers can harvest up to 2500 fruit or 5—8 tons per day.

While farmers use ‘number of days from flowering to harvest’ as the key index
for harvesting (see other indices in sections 5.3.7 and 5.3.8), they use the term
‘maturity percentage’ from 70 to 100% for their communication with the buyers.
One hundred percent maturity refers to the stage when the fruit are already ripe
(130 DAA in ‘Monthong’) and ready to drop off the tree and have no storage life.
Ninety percent maturity refers to the stage of fully mature fruit (120-125 DAA for
‘Monthong’), where climacteric respiration is already initiated and storage life is
less than 3—4 days. This fruit is only suitable for the domestic market, or for
export by air. The quality is excellent and no ethylene is needed for its ripening.
Eighty percent maturity refers to the mature green stage durian (110-115 DAA for
‘Monthong’). It can be advanced mature green (+5 days) or less mature green
(=5 days) for sea shipment duration of 7-10 days and 10—14 days, respectively.
Seventy percent maturity is the minimum maturity at which durian can be
harvested with acceptable eating quality. The fruit must be treated with ethylene
or ethephon. This maturity stage is equivalent to 95-105 DAA in ‘Monthong’.
However, harvesting at this maturity stage is rather risky. There is a high chance
of harvesting immature fruit so that when treated with ethylene the flesh will
become soft but remain white or creamy in color without aroma or sweet taste.

Once the fruit has been caught in the jute sack, it must be taken out and into a
basket or a lorry or other vehicle in the orchard, avoiding contact with the ground
or dirty surface to prevent fungal contamination. Harvested durians are then taken
to the farmers’ packing shed for preliminary sorting. Undersized and oversized,
immature or over mature, damaged or infected fruit are removed. The sorted fruit
are then loaded into a pick-up truck to be taken to the collector or exporter.

Durian for export must be obtained only from a relatively well kept and clean
orchard, having no rotten fruit or broken branches left on the orchard floor. The
orchard should also have good drainage. The exporter must visit the orchard in
advance and make sure that the orchard is relatively free of Phytopthora. Infected
trees must be treated. The infected bark must be removed and the wound treated
with fungicide. The tree should be healthy. The branches should be full of dark
green leaves. The amount of fruit on the tree must be in a good proportion to the
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tree’s condition. This is an important criterion since unhealthy trees can produce
poor quality fruit including those having uneven fruit ripening characteristics.

5.9.2 Packinghouse practices

At the packinghouse, durian should be sorted one by one by an expert to determine
their maturity and other minimum requirements. Undersized, oversized and
misshapen fruits and those with other defects should be rejected and returned to
the farmer. The stems of selected fruits are cut off to about 1 cm in length. The
newly cut surface is treated with a 1 to 48% active ingredient of ethephon,
depending on the fruit maturity. The fruit are then weighed in bulk and moved to
the next stage of the operation.

Cleaning of durians is usually done by using a high pressure air gun to remove
dirt, insects and mold from the surface of the fruit. Sizing at this stage is usually
minimized since the collectors or exporters inform farmers of the range of durian
size that they will accept. Slightly different fruit size is needed in order to fit a
certain number of fruit into one box of a certain weight.

Fungicide dipping is needed for durian (see section 5.6). Some exporters add
1000 to 3000 pgL ! of ethephon, if they were not treated during the sorting, with
the fungicide solution to ripen the fruit in transit. By the time durians arrive at
their destination the fruit are ready to be consumed.

After dipping, durians are allowed to dry in piles of three to four layers on
pallets. After drying, they are then packed in corrugated boxes. Generally two box
sizes are in use: the 10 kg box of 2—4 fruit, and a 20 kg box of 68 fruit. In the box,
each durian is protected from the spines of the others with cardboard partitioning.
However, for domestic markets boxes are not used. Fruit are loaded directly onto
pickup or six wheel trucks.

Variations in packinghouse operation do exist. Some exporters do not apply
ethephon to durians, rather they allow durians to ripen naturally to some degree in
the packinghouse. Once durians start to ripen, which can be checked by tapping
the fruit with a rattan stick, they will be packed and shipped. This practice ensures
that immature or less mature fruit will not be shipped out.

5.9.3 Control of ripening and senescence

To delay ripening, the use of coating materials is possible. In ambient tropical
conditions coating can reduce weight loss by 25-35%, delay the dehiscence and
double the shelf life. Coating with materials containing a high concentration of
shellac is not recommended since it gives an unnatural shiny appearance. For
domestic markets the coating may be delayed for up to 3 days, and its effect on
extending shelf life remains positive (Chaiprasart, 1992). For export in the current
shipping period of 1-2 weeks to China, the benefit of coating is rather limited and
may be of no benefit at all. In commercial practice, waxing is not recommended
since most export markets have no facility to store or to ripen the fruit. Importers
prefer to receive durians that are ready to be sold and consumed. However, this
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recommendation is for shipment of 7-14 days. For longer distances coating may
be a good choice but good fungal control is essential.

1-MCP application was also studied, where ripening is delayed and durian can
be stored forup to 30 days at 1 5°C. However, the use of I-MCP is not recommended,
since treated fruit become very difficult to split open (Suwanakul et al., 2002). It
is believed that the amount of 1-MCP bound to the receptor in the dehiscence zone
may be much greater than that bound in the aril inside, since 1-MCP must penetrate
from the outside through the rind to the aril tissues.

Other plant growth regulators including auxin, gibberellin, cytokinin, daminozide
and mepiquat chloride were tested on durians to delay ripening. Only gibberellic acid
(GA) at 50 pgL ! delays the degreening process of the rind and its dehiscence process
by 2 days at room temperature. No clear effect of GA on the ripening of the aril was
found (Sriyook et al., 1994). The combination of GA and coating materials did not
give additional effects. Commercial application of GA is also not recommended at
present, since the green appearance of durian indicates that the fruit are immature.

5.9.4 Recommended storage and shipping conditions

Recommended storage or shipping temperature of durian is between 14-16°C
(Anon., 1977). Fruit that have already begun the ripening process can be stored at
13°C. For marine shipment temperature is usually set at 14°C. This is because in
most cases durian are not precooled before loading into the container.

Precooling before loading into shipping containers is needed when durian is
quite mature and begins to ripen. If the fruit have not been precooled the heat of
respiration may be too great for the refrigeration unit to bring down the temperature.
Durian temperature, measured at the center of the fruit, is a good indicator of
whether durians should be precooled or not. At harvest the temperature of unripe
mature durian is about 26-27°C when the average air temperature is about 29°C.
If the fruit’s temperature is over 28°C, the fruit should be precooled. However, if
the temperature is 30°C or over it should not be shipped overseas.

Sorting is the key operation to successfully exporting durian. Not only it is
important to sort for mature durian, but also important to sort durians into different
maturities, in order to handle them correctly. For example, in the middle of the
durian season, when sale at the destination may not be brisk, less mature durian
should be loaded first and more mature durian should be loaded later in order to
sell the more mature fruit first. For a shipment time of 7 days, advance mature
green is the optimum stage and the less mature green fruit should make up no
more than 25% of the total shipment. For 10-14 days shipment, the less mature
green is the optimum stage and the mature green fruit should make up no more
than 15% of the total (Anon., 1997).

Storage studies usually record storage life of durian as being up to 3 weeks but
in commercial practice 2 weeks is the maximum, since conditions during the
laboratory experiment and commercial conditions are quite different. Under
commercial conditions it takes 1-3 days before durian are ready to be loaded into
the container. Once in the container, durian temperature is usually reduced slowly.
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Normally it takes about 24 hours or longer to bring the fruit temperature to the set
temperature. In addition, ethylene concentration in the container is usually quite
high, ranging between 1-8 ppm, due to the higher ratio between the volume of the
fruit and the container as compared to that in the laboratory.

There are no studies on the optimum storage humidity for durian, but it is
recommended to be stored at 85-90% (Anon., 1977). The relative humidity during
storage of durian should not be near saturation point. This is because the
contamination of fungal spores on the surface of the fruit may lead to disease
development. In a sea container, it is recommended to set the ventilation rate at
40% to maintain proper humidity inside the container. Less than 40% ventilation
results in condensation inside the container and high disease incidence. Under
ambient conditions it is recommended to leave the fruit in a pile of 4-5 layers on
pallets to allow good air ventilation for the fruit to release its heat of respiration
and slow down its ripening process.

Shipment by air is not uncommon, but the packaging must be carefully done to
prevent durian odor getting into the passenger cabin. An old method to prevent
durian odor is to place basil leaves inside durian boxes. It is believed that volatiles
released from basil leaves react with durian volatiles and neutralize the odor.
Activated charcoal of 50 g can be used to absorb odor of 2 kg durian in a
polypropylene bag for 24 hours. On the other hand the durian box may be wrapped
with plastic, but it must be removed on arrival at the destination. Shrink packaging
of ripe durian with PVC film of 40 um thickness can prevent the leakage of durian
odor for at least 48 hours provided that the seal is perfect. The technique cannot
be used with unripe durian since the airtight condition limits respiration and
normal ripening process (Anon., 1987).

Morris and Jobling (2002) reported the use of an impermeable package with a
hole, covered with a permeable sachet containing an odor-absorbing powder.
This packaging allows enough gas exchange for normal ripening processes
to occur, while preventing the release of durian volatiles outside the package.
Chawengkijwanich et al. (2008b) developed a TiO, coated film that can decompose
durian volatiles in the packages after ultraviolet A illumination for 1 hour.

5.9.5 Controlled and modified atmosphere
A study by Tongdee ef al. (1990) showed that low oxygen atmosphere between
5-7.5% at 22°C could extend storage life of 85% maturity durian to about 7 days
with 4 days of shelf life, compared to only 5 days under normal atmospheric
conditions. High CO, atmosphere of 5% slowed down the ripening process. At
higher concentrations conflicting data were reported. In one report at 10% CO,
uneven ripening was observed. However, in another report, the combination of
10% oxygen and 10% CO, kept durian in good condittion but did not give extra
benefit. At 15% CO, and higher, ripening was permanently blocked.

In 2000 a study on controlled atmosphere storage of durian at 15°C was
conducted. Rattanachinakorn et al. (2000) showed that with oxygen at or below 7%
the firmness of the aril was maintained but the yellow color development of the aril
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was poor and the fruit ripened unevenly. At 10% oxygen, durians can be stored for
up to 4 weeks but the color development of the aril is still poor. Ripening these fruit
with ethylene has been recommended. Currently controlled atmosphere (CA) on
durian is not used commercially. This is because the very high humidity under the
airtight conditions of the CA storage, together with the relatively high temperature
(14-16°C), results in high mold even when treated with fungicides. The use of
shrink wrap was also reported to extend storage life of ‘D24’ durian at 8°C for
8 weeks, by preventing splitting of the fruit by as much as 75% (Mohamed, 1990).

5.10 Processing

Before being processed, durians must be split or cut open in such a way as to
minimize damage done to the aril and the production cost. For fully ripe fruit,
splitting the fruit and removing durian aril from the fruit for processing is easy.
The aril of this ripeness is suitable for making durian paste. For those that are half
ripe or justripe, it is rather difficult and requires special techniques and equipment.
There are two ways to split open the fruit. One is by using a knife to cut along the
suture on the rind of two opposite locules, from the stylar end to the stem end and
also along the fruit axis between the two locules, then pulling the two portions
apart. This method can be used on fruit that has ripened to some extent and the
dehiscence process proceeded to some degree. The aril at this ripeness is suitable
for fresh cut. However, if the fruit are quite ripe and the aril is already soft,
removing the aril from them may cause unattractive bruises on the arils. Ethylene
or ethephon application can facilitate the removal of the aril from the fruit by
enhancing the dehiscence process more than the softening of the aril. This is
because the rind receives a higher concentration of ethylene than the aril inside.

On the other hand, if the fruit are unripe or just ripe and the aril is quite firm,
the fruit may be cut on each side of an individual locule from the stem end to the
stylar end (in a rugby football shape) to remove the rind that covers the aril first.
The pulp unit is still strongly attached to the fruit axis and must be cut at the base
to allow its removal. The pulp unit obtained in this way is usually hard and suitable
for processing into durian chip, flour or powder.

A number of tools have been invented to facilitate the opening of durians.
Many of them are quite efficient, but all are also large. Plate IX E shows an
example (Sihawong and Phoniyom, 1999). One operator can open 400kg of
durian per day. These tools are usually used only in processing plants. Most
retailers still prefer to use a knife and the hands.

5.10.1 Fresh-cut durian

Durian at the half-ripe stage when the aril is still relatively firm is suitable for fresh-
cut preparation. The pulp units (aril and seed) from a fully ripe durian having soft
aril are often bruised during the preparation and are unattractive. The pulp unit of
‘Chanee’ durian packed on a foam tray and wrapped with PVC film may be kept
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for 30 days at 4°C (Booncherm and Siriphanich, 1991; Praditduang, 1986; Voon,
2006). At 8 and 12°C the shelf life was 16 and 12 days, respectively. Using low
density polyethylene (LDPE) film wrapping, 36 and 28 days of storage life at 4 and
8 °C was also reported (Sudto et al., 2006). The difference in storage duration may
also depend on the durian cultivar and their ripening stages. For longer storage
duration, fresh-cut durian should be packed in plastic containers sealed with LDPE
film and stored at 4°C. In this case it can be stored for up to 45 days. Deseeded
durian aril did not store well, due to greater physical damage on the aril in addition
to the damage on the white funiculus during the removal of the pulp unit from the
fruit axis. It should be noted that the surface of the aril is covered with a thick
cuticle of the epidermal tissue providing relatively good protection from microbial
infection. Deterioration of fresh cut durian starts at the white funiculus tissue by
bacterial yeast or mold growth. Hence preparation of fresh cut durian must be done
in a clean atmosphere free of bacteria or fungal spores or mycelium.

Durian pulp unit removed from the fruit and stored in ambient conditions
continue the ripening process at a slightly slower rate than that in intact fruit.
Packing in trays wrapped with PVC film delayed the process slightly (Sudto et al.,
2006). Adding ethylene absorbance in the package delayed the ripening slightly
further, but adding ethylene to the pulp unit did not enhance the ripening rate.
Storage at 4-5°C dramatically reduces the ripening rate. 1-MCP fumigation at
50 nIL~! for 12 hours slightly delayed softening and the conversion of starch to
sugar of fresh-cut durian (Sudto and Uthairatanakij, 2007).

Firmness of the aril during storage may increase, but this is because of the
toughening of the epidermal tissue covering the surface. Storage atambient temperature
may result in acidification, probably because of over-ripeness (Voon, 2006).

5.10.2 Frozen durian (pulp unit or whole fruit)

Half ripe or fully ripe durian can be frozen and stored for 612 months at —25°C
(Paweenakarn, 1987). Whole frozen durian is preferred by the consumer over
frozen pulp unit, since the pulp unit in the intact fruit retained its original shape as
well as its taste. Frozen pulp unit loses its shape and may appear bruised during
thawing. The main problem in preparing whole frozen durian is the cracking of
the fruit during the freezing process. This problem can be overcome by holding
the fruit at 8-10°C for a few days before freezing. Fully ripe or overripe durian
aril may also be frozen for later use as raw material in making other durian
products, particularly durian paste.

5.10.3 Durian chip

Mature but unripe durian aril can be sliced and fried to make durian chips that are
light yellow in color. ‘Monthong’ durian is the most suitable cultivar to make this
product due to its thick aril that can be sliced into larger chips. The fruit should be
unripe with a low sugar level. The arils from fruit that have already begun their
ripening process, containing a substantial level of sugar, produce brown-colored
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chips. These brown chips are better in taste, having a sweeter taste together with a
slight durian flavor, but obtain lower prices compared to the yellow chips. The chips
can be stored in sealed metal containers for several months in ambient conditions, but
the crispiness is reduced. Once removed from the containers, chips should be baked
in a hot air oven to regain the crispiness before being packed into retail packages. This
durian chip technology was developed by Chanthaburi’s farmer housewife groups.

5.10.4 Durian paste

Durian paste is the most widely made processed durian across South-East Asia. This
product is made from fully ripe durian aril, mixed with sugar and coconut milk or
with sugar alone, stirred over a low heat until thickened. The product can be stored
for a long time in a sealed metal container. For retail packages it is often packed in
clear plastic tubes (Plate IX F). It may be consumed directly as dessert or used as a
stuffing in Chinese moon cake (Maneepun et al., 1994; Paweenakarn ef al., 1992).

5.10.5 Durian flour and powder

Mature but unripe durian can also be processed into flour by slicing the pulp unit
into 1 mm thick slices, drying at 50-55°C for 17 h to about 7% moisture content,
then crushing into powder. Durian flour contains 6.7-10.3% fat, 5.2—-6.7% protein,
23.5-53.3% starch, 17.5-22.4% sugar, 2.6-4.4% soluble dietary fiber and 5.7—
13.55% non-soluble dietary fiber. Durian powder can also be made by mixing
durian pulp with water, homogenizing and filtering through wire mesh to remove
fiber, then drum drying at 130°C to attain 5% moisture content. Flour from durian
seeds can also be made in a similar procedure. This flour and powder can be used
to make many products including ice-cream, crisp crepes, noodles, milk, pies,
cookies, cakes, mussel chowder, cream and other local products (Anon., 1997;
Haruthaithanasan, 1986).

5.10.6 Polysaccharide gel from durian rind

Durian rind contains high quantity polysaccharide gel consisting mainly of
polygalacturonic acid. Polysaccharide gel extract from durian rind was found to
have antibacterial properties (Maktrirat et al, 2008). The extract has been
formulated into dressing film used in animal wound healing treatments
(Chansiripornchai et al., 2005), into animal feed supplement to induce immune
response in chickens (Chansiripornchai et al., 2008) and into toothpaste and
dental floss coating as an anti-cavity ingredient (Ariyawatcharin et al., 2009).

5.11 Conclusions

As one of the most important fruit in South-East Asia, durian is now available
around the world. However, its markets and consumption are still limited to the
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Asian population. Postharvest life of durian is still limited to about 2 weeks at
15°C due to its tropical origin and climacteric type fruit. Its high storage
temperature allows the fruit to continue the ripening process and also the growth
of various fungi. Its maturity determination procedure must be improved to
separate fruit of different maturities, in order to handle each group correctly.
The procedure must be based on many criteria and take the preharvest condition
into account as well. Preharvest practices must be improved to obtain good
quality fruit that will ripen evenly and be relatively free of pathogenic fungi.
Fresh-cut durian will lead the market in the future due to the fruit’s large size, low
pulp to whole fruit ratio, uncertain aril quality, the growing cost of transportation
and the fact that the aril can be stored at much lower temperatures than the whole
fruit. Knowledge of nutritional and functional properties of durian is emerging
and may encourage its consumption for other reasons than just being an exotic
delicious fruit. Its offensive aroma will also be slowly overcome by the new
hybrids and the relatively increased preference for the fruit among the non-Asian
population.
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(e)

Plate VIII (Chapter 5) (a) durian fruit from well (left) and poorly (right) pollinated
flowers; (b) the swelling around the abscission zone of durian stem; (c) durian pulp after
dehusking; (d) peltate hair on durian spine (courtesy of S. Sangchote); (e) cross section of
a durian fruit showing uneven iodine-starch staining of the aril; (f) dehiscence of a durian.
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Plate IX (Chapter 5) (a) a cross section of a ripe Monthong durian fruit showing air space
between the aril and the husk (notice that most seeds are aborted); (b) checking durian
maturity by determining dry matter of the aril using a microwave oven; (c), a chilling
injury symptom on durian husk; (d) Phytophthora rot on a durian fruit; (e) a durian
dehusking tool (courtesy of S. Seehawong); (f) durian paste on display shelf.

(e)

Plate X (Chapter 6) Ripening index for feijoa fruit (a) seed pulp half white, half clear; (b) all

of seed pulp area clear, (c) all of seed pulp area clear, but darkening (greyish); (d) seed pulp is

completely brown, (e) seed pulp and flesh are brown. (a)-(b) mature fruit — for fresh

consumption; (c) fruit for processing; (d)—(e) late senescence (developed by The New Zealand
Institute for Plant & Food Research limited, Mt Albert, New Zealand).
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Feijoa (Acca sellowiana |[Berg]| Burret)

W. C. Schotsmans, Institute of Agricultural Research and Technology,
Spain A. East, Massey University, New Zealand and G. Thorp and

A. B. Woolf, The New Zealand Institute for Plant and Food Research
Limited, New Zealand

Abstract: Feijoa is a climacteric fruit that needs to remain on the tree up to the point of
natural fruit drop to attain its typical texture and strong aroma. Identifying horticultural
maturity is difficult and mixed maturities at harvest can cause significant problems in
later storage because of heterogeneity. Feijoas can be stored for up to four weeks at 4°C
depending on the cultivar, with the end of storage life predominantly determined by
flavour loss and internal browning. External changes during storage are limited except for
shrivelling due to water loss, a slight change in flesh colour and appearance of symptoms
resulting from bruising during harvesting and postharvest handling. The main storage
disorders reported are chilling injury and CO, damage.

Key words: Acca sellowiana, Feijoa sellowiana, goiabeira serrana, aromatic, postharvest.

6.1 Introduction

6.1.1 Origin, botany, morphology and structure

The feijoa (Acca sellowiana [Berg] Burret, synonym Feijoa sellowiana) is a small
evergreen shrub in the plant family Myrtaceae, genus Acca. The fruit of feijoa are
highly flavoured and have a green skin with a heavy wax bloom and inside creamy
coloured flesh with translucent seed pulp (Thorp, 2008). Other common names
for feijoa are ‘goiabeira serrana’ in Brazil, ‘guayabo del pais’ in Uruguay and
pineapple guava in mainland USA.

Feijoa is native to southern Brazil and Uruguay, where it can be found in
association with the temperate araucaria forest dominated by the Araucaria
angustifolia and the remnants of the forests where araucaria trees have receded
and given place to natural grasslands (Ducroquet ef al., 2000; Thorp and Bieleski,
2002; Santander and Gonzalez, 2007).
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Two distinct populations of feijoa have been identified (Thorp, 1988; Ducroquet
et al., 2000; Thorp and Bieleski, 2002). The ‘Brazilian’ type, found in higher
altitude regions of the basalt plateau of south-eastern Brazil, has fruit with large
seeds and relatively hard, often bitter flesh with consumers preferring to eat just
the sweet, translucent seed pulp. The ‘Uruguayan’ type, found in the crystalline
(acidic) soils of Uruguay and the south of Rio Grande do Sul state in southern
Brazil, has fruit with small seeds and soft, sweet, juicy flesh that is consumed
along with the seed pulp.

The Uruguayan fruit type is the one that has been commercialized around the
world. Trees from Uruguay were first introduced to Europe by the French botanist
and horticulturist, Dr Edouard André, in 1890 (André, 1898). It was first collected
in southern Brazil by a German explorer, Freidrich Sellow, in 1815 and named
after him and a Brazilian botanist, Joam da Silva Feijo.

The plant is a perennial shrub or small tree that naturally grows to a height
of 4-6 m with pale grey-brown bark and spreading branches resulting in an
irregular round canopy. The root system is fibrous and shallow. The leaves are
thick and leathery, 3—7 cm long and 1.5-4 cm wide, glossy green on the upper
surface and the lower surface is densely lanate with silver grey or brown hairs
(Landrum, 1986).

The plant fruits in three to five years from seed, flowering in spring. The
bisexual flowers are conspicuous, about 3—4 cm across and borne singly in the axil
of leaves towards the base of the current season’s shoot growth. The flower is
epigynous, which means the ovary and fruit develop below the flower. Each
flower produces several bright red stamens and usually a single red stigma,
surrounded by four to six fleshy, edible petals that are white on the outside and red
on the inside.

The fruit ripens in autumn; from March to June in the Southern Hemisphere
and from October to December in the Northern Hemisphere. The fruit are ellipsoid
to obovoid or ovoid in shape, 40—150 grams in weight on average, 2.5-13 cm long
and about 2.5-6 cm wide, with persistent calyx segments adhering to the apex
(Fig. 6.1). The fruit skin is green to dark green, covered in a wax bloom and may
have a smooth or rough appearance. Spherical oil glands are present in the
subepidermal region of the mesocarp, just below the epidermis. The mostly edible
flesh is creamy-white and granular because of the presence of sclereids that
develop in the outer parenchymatous region during fruit growth (Esemann-
Quadros et al., 2008). Numerous (20-40) small, round, flattened seeds are
embedded in a jelly (seed pulp) located in a central cavity made up of three to five
locules. As the fruit develops, the seed pulp turns from white to clear (‘locule
clearing’), to brown, then to dark brown followed by darkening of the pericarp
tissue and finally the skin. (See Plate X in the colour section between pages 274
and 275.) The optimal stage of ripening for consumption depends on both
personal/cultural taste (e.g. sugar/acid ratio) and cultivar (where some cultivars
lose acidity earlier in the ripening process). The fruit have a unique flavour and
are very aromatic with sweet subtropical fruit flavours reminiscent of strawberry,
pineapple and guava.
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(b)

Fig. 6.1 (a) The feijoa flower and (b) mature fruit on the tree (with permission from
Thorp and Bieleski, 2002).

Although feijoas originate in warm temperate or cool-subtropical regions, the
trees will be damaged by cold temperatures below —3° in summer and —8°C in
winter (Stanley and Warrington, 1984). Frosts will also damage the ripening fruit,
resulting in premature browning of the affected tissues. Hot and dry conditions
during flowering can interfere with pollination and fruit set. Sharpe et al. (1993)
suggested that plants require 100-200 hours of chilling below 7°C. However,
depending on the type of climate, feijoa will react either to seasonal temperature
changes or to changes in rainfall patterns, as experienced in Colombia (Fisher
et al., 2003).

Feijoas can tolerate a range of soil conditions, even surviving the highly acidic,
nutrient-poor soils of their native regions. In New Zealand they can be grown in a
wide range of soils, including heavy clay soils (poor drainage). However, in
commercial practice, best results are obtained in fertile, well-drained slightly
acidic (pH 6.0—-6.5) sandy loam rich in humus (Morton, 1987; Thorp and Bieleski,
2002; Fisher et al., 2003).

6.1.2 Worldwide importance and economic value
After first introducing feijoa to France in 1898, Edouard André was responsible
for its spread to other European countries, and to North America, from where it
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was distributed to Australia and New Zealand (Thorp and Bieleski, 2002).
Distribution within South America is less certain, but plantings established in
regions outside of Brazil and Uruguay are based on the same Uruguayan fruit type
first introduced to France by André. Feijoa trees are now a popular home-garden
tree in many countries but significant commercial production is now limited to
New Zealand, Georgia, Azerbaijan, Colombia and California, although there is
rapidly developing interest in establishing commercial production in Uruguay and
Brazil (dos Santos et al., 2009).

Commercial production of feijoas in New Zealand is located throughout the
North Island and upper regions of the South Island. In 2008, about 200 growers
were active on 251 ha producing 500 tonnes of fruit per year, representing a value
of €853 126 in domestic sales and €50 184 in export sales, mainly to Australia and
California (Aitken and Hewett, 2008). Local production in California is located
mainly in southern regions around Los Angeles and San Diego but there are
only 10 small commercial growers active, with total commercial sales being
23-34 tonnes of fruit (John Swift, personal communication). In Georgia and
Azerbaijan, feijoas are grown in subtropical regions protected by the Caucasus
Mountains to the north and adjacent to the Black Sea and Caspian Sea. It has been
reported there are 1000 ha producing 1200 tonnes of fruit in Georgia and 900 ha
producing 1600 tonnes in Azerbaijan. There are 450 ha of feijoas established in
Colombia, with the main commercial areas located in the Caldas region where
there are 20 growers cultivating an area of 133 ha producing 2000 tonnes per year
(Fisher et al., 2003; Gallego-Corrales et al., 2003).

6.1.3 Cultivars and genetic variability

The development of high quality, large fruited, feijoa cultivars has been mainly
limited to New Zealand, but more recently new cultivars are also being produced
in Colombia and Brazil. The main commercial cultivars in New Zealand are all
based on the Uruguayan fruit type with soft juicy flesh and small seeds (Thorp and
Bieleski, 2002; Anon., 2008):

e carly season: ‘Anatoki’, ‘Gemini’, ‘Kaiteri’, ‘Kakariki’, ‘Pounamu’, ‘Unique’
e mid season: ‘Apollo’, ‘Den’s Choice’, ‘Kakapo’, ‘Mammoth’
e late season: ‘Opal Star’, ‘“Triumph’, ‘Wiki Tu’.

Progeny from New Zealand has also been used by Colombian researchers to
develop cultivars adapted to the environmental conditions in Colombia, resulting
in the selection of ‘Quimba’ (clone 41) and clone 8—4 (Rodriguez et al., 2006).
There has been less development of germplasm based on the Brazilian fruit type
but recently several cultivars were released by Epagri in Santa Catarina, Brazil
(Ducroquet et al., 2007; Ducroquet et al., 2008). The main characteristics targeted
during breeding included self-fertility, consistently high yields of evenly sized
fruit, smooth skin, low grittiness, good flavour and long storage life.

Practically all physiological studies of feijoa, pre- and postharvest, will have
been based on the Uruguayan fruit type, but Amarante et al. (2008) compared the
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two types and found that they have similar behaviour. It will be important to
increase our knowledge of the pre- and postharvest behaviour of the Brazilian
fruit type.

6.1.4 Culinary uses, nutritional value and health benefits

Feijoas are versatile fruit that can be used in a variety of ways. Although
best eaten fresh, feijoas can be processed into pieces or puree and incorporated
into bakery products, sauces, pies, or drinks and still retain their typical highly
aromatic flavour. Commercially available processed products with feijoa as
flavouring include juices, jams, wine, vodka, ice cream, yoghurts, breakfast cereal
and chocolates.

The fruit are rich in vitamin C, fibre, ascorbic acid, potassium, phosphorous,
magnesium, sugars and calcium (Table 6.1). A full mineral analysis of the fruit is
provided by Leterme et al. (2006). Feijoas contain high amounts of bioflavonoids
or vitamin P, (P)-active polyphenols, such as catechin, leucoanthocyanins,
flavonols, proanthocyanidins and naphthoquinones (Ielpo et al., 2000). Several
authors found potent antimicrobial activity against Gram-positive and Gram-
negative bacteria as well as fungi (Basile et al., 1997; Vuotto et al., 2000).
Additionally, Vuotto et al. (2000) stated that feijoa could be a source of

Table 6.1 General feijoa fruit facts

Parameter Range
Number of seeds 2040
Diameter (cm) 2.5-5
Length (cm) 2.5-13
pH 3.2-44
Soluble solids content (%Brix) 10-16
Acidity (g malic acid 100 g! FW) 0.80-1.60
Moisture (%) 84-89
Proteins (%) 0.50-1.2
Fat (%) 0.05-0.4
Glucose+Fructose (%) 0.6-3.0
Sucrose (%) 2.5-7.5
Fibre (%) 3.8-5.0
Ash (%) 0.20-0.40
Vitamin C (mg 100 g~! FW) 25-36
Iodine (mg 100 g! FW) 3
Sodium (mg 100 g ! FW) 0-9
Potassium (mg 100 ¢! FW) 90-170
Calcium (mg 100 ¢! FW) 4-15
Magnesium (mg 100 g ! FW) 5.8-9.0
Iron (mg 100 g ' FW) 0.0-0.4
Phosphates (mg 100 g”! FW) 10-17

Sources: Visser and Burrows (1983), Romero-Rodriguez et al.
(1994)
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antibacterial, antioxidant, anti-inflammatory and, perhaps, antimutagenic agents.
Finally, feijoa have been reported to have anti-cancer properties (Nakashima,
2001; Bontempo et al., 2007) and to influence cytokine secretion in the intestine
(Manabe and Inobe, 2005). Ebrahimzadeh et al. (2008) provide data of the total
phenol content, flavonoid content and Fe?" chelating activity of both feijoa fruit
and leaves.

Few traditional uses of feijoa have been documented. Fruit collected from the
wild in their centres of origin in Brazil and Uruguay are generally small and in
poor condition. In traditional communities the fruit are more commonly used for
medicinal purposes and as candy rather than consumed as fresh fruit (dos Santos
et al., 2009). The flower petals may also be consumed (dos Santos ef al., 2009)
and an infusion, made from the leaves or fruit skins, is sold in homeopathic
pharmacies and used as a cure for dysentery.

6.2 Preharvest factors affecting fruit quality

6.2.1 Flowering and pollination

Individual feijoa flowers are open for one to two days, but the flowering period on
a tree may continue for four to six weeks. The flowers are hermaphroditic,
meaning the male pollen and the female ovules are produced within the same
flower. However, the two are generally self-incompatible and the flower is
generally self-sterile even though pollen germination and pollen tube growth take
place (Dettori and Di Gaetano, 1991). Only the cultivar ‘Unique’ is self-fertile.
Flower formation and subsequent fruit set can be markedly improved by applying
potassium phosphate to improve phosphate availability (Garcia et al., 2008).

The flowers do not produce any nectar and therefore are not particularly
attractive to bees. Additionally, the insects collecting pollen do not transfer as
much pollen to stigmatic surfaces as birds do (Stewart and Craig, 1989). These
birds are attracted by the brightly coloured flowers to feed on the sweet and juicy
petals. In New Zealand and California, the main pollinators for feijoa are blackbird
(Turdus merula) and mynahs (Aceridotheres tristis). Birds of a similar size to
these, from the Muscicapidae, Turdidae and Thraupidae (sub)families, are also
known to be the best pollinators for feijoa in their native habitats in Uruguay and
Brazil (Ducroquet and Hickel, 1997) as well as in Colombia (Fisher ef al., 2003).

Feijoas generally suffer from high rates of flower and fruit abortion, and as a
result fruit set is limited to 30% with open pollination (Thorp and Bieleski, 2002).
Fruit set appears to be dependent on the flower morphology (Degenhardt et al.,
2005) and may be improved by treatments with ethephon (Garcia et al., 2008).
Additionally, fruit yield tends to be larger from earlier bloom dates and these
fruit are also larger and contain more sugars than those from later bloom dates
(Harman, 1987).

When only a few ovules in the ovary are fertilized, a fruit may still develop but
it will be small, misshapen and unmarketable, or the fruit may reach a marketable
size but will be hollow inside with little or no edible pulp and with dry flesh. Hand
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pollination achieves nearly 100% fruit set, producing larger fruit containing more
seeds (Patterson, 1989). Hand pollination also results in a six-day reduction in the
time for the fruit to reach full maturity.

6.2.2 Fruit growth and development

Once the flower is adequately pollinated, the fruit starts to grow within a few
weeks of flowering, with the actual time varying according to cultivar (Thorp and
Bieleski, 2002). The first visible signs of fruit growth occur when shoot growth
slows down and the unpollinated and poorly pollinated flowers have been shed. In
general, fruit growth follows a sigmoidal curve with three distinct stages. In
the first stage (20—70 days after anthesis (DAA)), fruit growth is linear; in the
second stage (70-95 DAA), growth rate declines but in the third and final stage
(>95 DAA) growth accelerates up to the point of fruit drop (horticultural maturity)
at between 80 and 140 DAA depending on cultivar and environment (Harman,
1987; Rodriguez et al., 2006).

The sugar content of feijoa fruit starts to increase about 80 DAA, from 0.56%
of fruit fresh weight (FW) and reaches about 4% of FW at horticultural maturity
(Harman, 1987). Fructose and glucose make up most of the sugar during the
development of the fruit, but at 90-100 DAA sucrose levels start to increase and
sucrose becomes the dominant sugar when the fruit is fully ripe. Starch content
remains low but constant (0.6-1.5% of fruit dry weight (DW)) during fruit
development which suggests that sugars increase because of translocation from
the leaves via phloem or via the xylem from carbohydrates stored in the wood,
rather than from starch to sugar conversion. However, Rodriguez et al. (2006)
noted a modest increase in starch content during final maturation (112-150 DAA).
Organic acid content (malic + citric) increases from 1-1.7% DW at 90 DAA up to
>12% DW at 120 DAA (Harman, 1987). Total contents of calcium, magnesium
and potassium per fruit all increase as the fruit grows but their concentration does
not. As calcium and magnesium are relatively immobile in plants, their
concentration declines initially (40-80 DAA) and remains constant thereafter.
Potassium concentration is fairly constant overall during the entire
fruit growth period and is still accumulating in the fruit at the time of natural
fruit drop.

During the maturation stage, the textural characteristics of the pulp will also
change because of the action of hydrolases on the cell wall and more specifically
the pectin embedded in them. This is also reflected in an increase of the activity of
polygalacturonase during maturation and later ripening. This activity is higher in
the centre of the mesocarp, which is consistent with the fruit softening from the
inside out (Fisher et al., 2003). Cellulases also play a role in the softening of the
fruit, evidenced by the noticeable increase in activity during maturation.

As for many other fruit, the aroma and typical flavour are the last to develop.
15 (Shaw et al., 1990) to 57 aroma components were identified (Shiota et al.,
1980) which include terpenes, tannins, quinones, steroidal saponins, methyl- and
ethyl-benzoate (Binder and Flath, 2002). The latter two (methyl-benzoate and
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ethyl-benzoate) are determining for the typical feijoa aroma (Hardy and Michael,
1970; Shiota et al., 1980; Shaw et al., 1989; Shaw et al., 1990). Measurement of
sequential changes in the aroma profile following natural abscission of the fruit
suggested that ethyl-benzoate concentrations may be useful in the determination
of optimum ripeness (Sharpe et al., 1993).

6.2.3 Maturity and harvest

Maturation of fruit on the plant to the point of horticultural maturity is difficult yet
important to identify, especially with feijoas. Fruit maturation occurs with the
coordinated subtle compositional changes previously discussed, along with very
subtle reductions in firmness and skin hue angle (less green, more yellow) (Clark
et al., 2005) and optimal eating maturity is generally reached 120-140 DAA
(Harman, 1987). In general this stage coincides with the moment of natural fruit
drop (Thorp and Klein, 1987). Feijoas harvested prematurely do not fully develop
their characteristic flavour and texture, while leaving the fruit too long on the tree
will result in considerable losses from bruising as a result of natural fruit drop to
the orchard floor. Consequently growers currently use a low retention force as the
harvest maturity index. Fruit are removed with very little force, referred to as
touch picking, and this relies on the strength of the abscission zone between the
fruit and the stalk or the fruit retention force (Downs ef al., 1988). The fruit is
gently tilted sideways or forward, gently pulling down and harvesting only if the
fruit is released easily. There are important differences between cultivars with
respect to the rate of ripening relative to fruit maturation and natural fruit drop.
These need to be taken into consideration when developing maturity standards
and determining time of harvest. Some cultivars such as ‘Apollo’ and ‘Unique’
can be harvested at a higher retention force as their optimum harvest maturity is
reached a few days before natural fruit drop. Other cultivars like ‘Triumph’ must
be harvested at a low retention force, close to the time of natural fruit drop, to give
good fruit quality. In addition, some growers report differences in retention force
(to achieve the same fruit maturity) both between and within seasons. Thus, it is
generally recommended that pickers be well trained and their performance
continually monitored (by cutting the fruit) to ensure fruit are being harvested at
the correct maturity.

An alternative harvesting method is to use suspended catching nets (Fig. 6.2).
This would result in harvest of fruit at the time of abscission whilst ensuring that
the fruit are not damaged by contact with the orchard floor (Thorp and Klein,
1987). This could be carried out using either manual or mechanised tree shaking
(similar to that used for mechanised olive harvesting). It should be noted that this
attribute of feijoa makes it an excellent candidate for orchards dedicated to growing
fruit for processing.

In addition to assessment of crop maturity to decide on harvest timing,
heterogeneity of fruit that are present on a tree at harvest is a major challenge for
the industry. This issue is best approached by using cultivars with more consistent
fruit shape, by improving pollination systems and by removing small and poorly
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Fig. 6.2 Modern feijoa orchard with suspended catching nets and wind barriers to prevent
wind damage (courtesy of Grant Thorp).

pollinated fruit within six weeks of anthesis (Thorp and Bieleski, 2002). In
New Zealand and the Northern Hemisphere, where there are clear seasons, feijoa
fruit may be harvested over a period of three to four months during late summer
and autumn, with the main crop of fruit from any individual cultivar being mature
and ready for harvest over a two- to three-week period. In Colombia, trees produce
year round with a six to eight-month peak harvesting period coinciding with their
wet season (Fisher et al., 2003).

6.2.4 Yield

In New Zealand, mature feijoa trees can produce 30—40 kg of fruit (22 tonnes
per ha) but depending upon the cultivar and success of pollination, only 30-50%
of the fruit harvested meet commercial size and quality standards. In Colombia,
production can be much higher, reaching 12 tonnes per ha per month (Fisher ez al.,
2003).

Crop regulation and selective fruit thinning can do a great deal to improve
commercial packouts by removing small and misshapen fruit. This approach
will also improve harvesting and packing operations by removing most of
the reject fruit at an early stage, before they can interfere with the main harvest.
The alternative to thinning fruitlets is to thin flowers, but reducing flower
numbers produces real benefits to the grower only if the remaining flowers are
hand pollinated.
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6.3 Postharvest physiology and quality

6.3.1 Respiration and ethylene production

Feijoa is a climacteric fruit, producing approximately 0.2 nmol C,H, kg 's!
at harvest and up to 0.6 nmol C,H, kg 's™! at the climacteric maximum at
20°C, with the corresponding rise in CO, production rate a few days later from
654-1000 nmol CO, kg 's™! (climacteric minimum) to 880-1600 nmol CO,
kg 's7! (climacteric maximum) (Gallego-Corrales et al., 2003; Amarante ef al.,
2008). Rates of respiration respond to temperature change within the range of
0-30°C linearly (Gallego-Corrales et al., 2003), with a Q10 of 3.4-3.5 (Amarante
et al., 2008). Respiration rates at the recommended storage temperature of 4-5°C
tend to be in the range of 120-200 nmol CO, kg™'s™! (East et al., 2009).

6.3.2 Ripening, quality components and ripening indices

The ability to identify varying maturity/ripeness is one of the major challenges
that inhibits delivery of a consistent quality and hence retards the development of
commercial industries (Vela et al., 2009). This is especially important with feijoas
where it is common to find substantial variability in ripening rates and storage
performance within the same commercial lines of fruit because of mixed maturities
and inherent difficulties when harvesting by touch picking fruit.

Feijoas ripen from the inside out and as fruit become over-ripe there is first
of all a loss of flavour (reduced soluble solids concentration and titratable acidity)
and browning in the seed pulp, followed by more flavour loss and browning of
the flesh (Klein and Thorp, 1987). External quality changes that occur during
postharvest ripening are not dramatic, making it difficult to ascertain maturity/
ripeness of any fruit by eye, touch or other non-destructive techniques. Non-
destructive techniques that have been trialled include density sorting (Gaddam
et al.,2004; Clark et al., 2005) stiftness or acoustic impulse (Gaddam et al., 2004;
2005) and fruit retention force required during harvest (Downs et al., 1988).
At this stage, without reliable non-destructive techniques, postharvest ripening
changes are best ascertained by observing the state of the seed pulp. Within
an immature fruit the locules contain firm, white seed pulp; in a ripe fruit the
seed pulp becomes translucent (locule clearing) and in over-ripe feijoa the seed
pulp is brown and with little of the characteristic feijoa flavour and generally low
acidity. These characteristics were used in New Zealand to develop a ripening
index (Plate X). An instrumental method of assessing seed pulp colour change in
the locules, based on black and white conversion of scanned feijoa halves,
developed by Wiryawan et al. (2005), may prove useful for reducing error
when assessing fruit ripeness. Additionally, the stiffness showed a good correlation
with the ripening index and might prove to be useful in the future (Gaddam
et al., 2005).

During cool storage and subsequent shelf life at room temperature, not all
quality attributes change at the same rate. Flavour is the first characteristic to
change noticeably and this is associated with the slow decrease in titratable acidity
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and higher pH that are consistently reported, and possibly a decrease in sugars
(measured as soluble solids content, SSC), although changes in SSC appear to be
irregular with no changes in SSC reported just as commonly as a decrease or
increase (Klein and Thorp, 1987; Gallego-Corrales et al., 2003; Gaddam et al.,
2005; Rodriguez et al., 2006; Al-Harthy et al., 2008; Velho ef al., 2008; Al-Harthy
et al., 2009a; 2009b). Reduction in firmness and slight yellowing of the skin
(reduced hue angle) are typically reported during storage (Akerman et al., 1993;
Gallego-Corrales et al., 2003; Al-Harthy et al., 2008) with rates of loss of hue
angle more rapid at higher storage temperatures (Amarante et al., 2008).

Reported rates of weight loss for polylined packaged fruit range from 0.75%
(Al-Harthy et al., 2008) to 1.25% (Hoffman et al., 1994) per week at low storage
temperatures (0—4°C). Weight loss without polyethylene bag protection or at
ambient storage conditions can be as high as 5.5% of initial fruit weight per week
(Hoftman et al., 1994; Rodriguez et al., 2006). Water vapour permeance of the
skin (i.e. water loss through the skin) is within the range of 4-8 nmol s ™' m2 Pa™!
(Wiryawan et al., 2005).

6.4 Postharvest handling factors affecting quality

6.4.1 Handling and grading

Feijoa are generally graded for size using a mechanical grader (Fig. 6.3) with the
grading standards depending on the country (Table 6.2). At this time, misshapen
and blemished fruit will also be removed manually. Fruit are generally packed
into plastic pocket packs and placed inside polyethylene-lined single layer trays.
Polyliners are not necessary for fruit stored for short periods but they are essential

Fig. 6.3 Size grading of feijoa fruit. (Courtesy of Grant Thorp)
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Table 6.2 Feijoa grading standards in Colombia

Parameter Range Class

Weight (g) >80 Select (Selecta)
60-80 Current (Corriente)
40-59 Middle (Mediana)
<40 Small (Pequeiia)

Size (height (h) >75 (h) > 38 (d) First (Primera)

and diameter (d)) 66-75(h)  31-38(d) Second (Segunda)

<66 (h) <31(d) Third (Tercera)

Source: Fisher et al. (2003)

to prevent excessive weight loss and fruit shrivelling during long-term storage.
However, polyliners are likely to lead to an increase in rot incidence.

6.4.2 Temperature and relative humidity

The recommended storage temperature range for feijoa is between 5°C and
10°C in Colombia, whereas a lower temperature of 4-5°C is used in New Zealand.
At 4°C, the main commercial cultivars in New Zealand (‘Apollo’, ‘Gemini’,
‘Opal Star’, ‘Pounamu’ and ‘Triumph’) generally have a commercial storage life
of four weeks, with a maximum of five days’ subsequent shelf life at 20°C before
fruit become unacceptable in terms of flavour and internal browning of the
seed pulp (Thorp and Bieleski, 2002). Fruit of ‘Unique’ have a much reduced
storage life, developing flesh browning after seven days. A high relative humidity
(90-95%) is recommended in cool stores to avoid water loss during storage, in
addition to the use of polyliners in the cardboard packaging.

6.4.3 Modified or controlled atmosphere

Controlled atmosphere (CA) storage can be used to extend the storage life of feijoa
fruit (Thorp and Bieleski, 2002). In preliminary work, ripening was delayed both
during cold storage and during subsequent shelf life at room temperature, when
fruit were held in a range of low O,/low CO, atmospheres. Treatments included air
storage; 2.0% CO,; 5.0% CO,; 2.5% CO, with 2.0% O,; 5.5% CO, with 2.0% O,.
Low O, and zero CO, atmospheres were best, as fruit were damaged by CO, at the
low concentrations of O, being tested. Symptoms of carbon dioxide damage were
localized regions of brown, dry cortical tissue in the outer flesh of cut fruit.

East et al. (2009) found that among a matrix of 16 atmospheres tested, those
with low (0-3%) CO, in combination with low (3%) O, provided the best fruit
outcomes at the completion of storage, yet quality benefits were only modest in
comparison with the quality of fruit stored in air. Fruit stored in atmospheres with
relatively high (7%) CO, tended to soften faster, have more seed pulp browning
and contain more injuries than air-stored fruit. Subsequent studies found similar
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results, including a reduction in the rates of change in the epidermal colour, seed
pulp browning and defect incidence for ‘Unique’ fruit (Al-Harthy et al., 2009a),
with the best atmospheres being 0% CO, in combination with 2-5% O,.

A 24-hr anaerobic treatment (98% N,) before storage has been trialled, with
some success, in order to increase volatile production (Pesis ez al., 1991).

6.4.4 Ethylene

The presence of ethylene in the storage environment may have a limited effect on
advancing the ripening of the fruit. Akerman et al. (1993) found that application
of 100 ppm for 96 hrs at 22°C caused increases in both respiration rate and
ethylene production. Exogenous application of 66 ppm for 24 hours caused no
changes in ethylene production and respiration rates, but resulted in advanced
darkening of the locule material while reducing skin browning during a subsequent
two weeks at 23°C (Velho et al., 2008).

Treatment of Brazilian-type fruit with 1500 ppb 1-methylcyclopropene
(1-MCP, SmartFresh™) for eight hours at 20°C before cool storage at 4°C resulted
in quality maintenance that produced significantly superior fruit after 30 days of
storage (but not after 15 days) (Amarante ef al., 2008). For ‘Apollo’ (Uruguayan
type), ripening (non-stored) was not slowed down, nor were fruit firmness or
ripening effects (five weeks at 4°C) noted from use of either 500 or 1000 ppb
1-MCP (White and Woolf, unpublished data). Application of 1-MCP at 1 ppm for
24 hours caused no dramatic changes in physiology (respiration rate and ethylene
production) and only reduced reduction in loss of hue angle (among many quality
attributes measured) during two weeks of shelf life at 23°C (Velho ef al., 2008).

6.5 Postharvest crop losses

6.5.1 Chilling injury
Feijoas will develop chilling injury (CI) after prolonged storage at low temperatures
(Klein and Thorp, 1987; Gallego-Corrales et al., 2003). Symptoms of CI include
browning of the vascular bundles at the stem end of the fruit, which, with increased
severity, becomes visible externally as brown and sunken skin tissue. In some
cultivars, another expression of CI can be a diffuse pink/reddish colouration of
flesh (see Plate X1 in the colour section between pages 274 and 275). The severity
of damage is cultivar dependent and related to length of time in storage, since
even long periods at 4°C may still induce off flavours related to CI. Even mild CI
can result in the early development of off flavours. Cultivar differences in
susceptibility to 0°C have been observed, where ‘Apollo’ was much more tolerant
than ‘Opal Star’ (incidence of vascular browning after five weeks of storage at
0°C was 4% and 68%, respectively).

Several conditioning techniques have been investigated to overcome CI while
storing at very low temperature (Woolf and White, unpublished data). Treatments
evaluated included low temperature conditioning, step-down temperature
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management and hot water treatments; none of these showed any significant
benefit in terms of longer storage life. The principle of low temperature
conditioning is to expose fruit for relatively short periods to temperatures slightly
above the temperatures that induce CI during long-term storage. However, for
‘Gemini’, temperatures of 12, 9 and 6°C for three or six days before storage at
0°C for three or five weeks did not reduce chilling symptoms. Step-down
temperature regimes, where fruit are stored at progressively lower temperatures
as the time in storage increases (= 1°C each week over the storage period), were
also evaluated. ‘Apollo’, ‘Gemini’, ‘Opal Star’ and ‘Unique’ were stored for five
weeks under three temperature regimes: 4°C (standard storage temperature), 0°C
(low temperature that induces CI), and step-down (1°C drop each week, i.e. 4°C,
3°C, 2°C, 1°C and 0°C for a week each). Fruit stored at 0°C had ripened less, but
showed significant symptoms of CI. Fruit exposed to step-down storage had no
CI, but was not significantly less ripe than fruit stored at a constant 4°C.

Hot water treatments (34 to 55°C) applied to ‘Triumph’, ‘Opal Star’, ‘Unique’
and ‘Apollo’ fruit before storage at 0°C (chilling inducing), or 4°C (standard
storage temperature) did not slow down ripening at 4°C, nor was CI at 0°C
reduced. Additionally, feijoa appeared to be very sensitive to the hot water
treatment, with damage observed at temperatures as low as 34°C. Additionally,
1-MCP application (24 hours at 500 and 1000 ppb) to ‘Apollo’ fruit did not reduce
CI at 0°C for three or five weeks (White and Woolf, unpublished data).

6.5.2 Physical damage
Bruising is the most common cause of fruit damage during postharvest handling of
feijoas. It can result in serious internal damage to fruit during storage even though
there are no apparent external signs at harvest or packing (Thorp and Klein, 1987).
Damage from bruising is more visible in fruit with soft flesh (e.g. ‘Apollo’) than it
is with fruit that have relatively firm flesh at harvest (e.g. “Triumph”). Bruised fruit
ripens prematurely and unevenly, with the pulp adjacent to the point of impact
becoming over-ripe before the rest of the fruit, causing off flavours to develop.
Bruising damage is difficult to identify in intact feijoa fruit. Often there are no
visible external signs of damage at the point of impact even after long-term storage.
Another type of physical damage often seen is wind damage, but this is a
purely cosmetic problem and does not affect the internal quality of the fruit nor
does it affect postharvest storage. However, it is a common cause of fruit rejection
for export. This type of damage occurs in the orchard because of rubbing of leaves
against the fruitlets or later rubbing of the fruit against branches. This is dealt with
by correct pruning, incorporating natural wind screens and special training
systems (Fig. 6.2).

6.5.3 Other physiological disorders
The flesh of different cultivars turns brown at different rates. The process is related
to the activity of polyphenol oxydase (PPO). Fruit of ‘Gemini’ and ‘Marian’ have
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low levels of PPO activity and show little internal browning during storage, while
‘Apollo’ fruit have higher levels of PPO activity and show more browning. Lower
temperatures have been used in conjunction with a calcium dip treatment to
maintain firmness and delay the onset of browning.

6.5.4 Pathological disorders

Anthracnose (Colletotrichum gloeosporioides) causes significant fruit losses both
in the field, while fruit are still attached to the tree, and postharvest (Ducroquet et
al., 2000; Fisher et al., 2003). There is a wide range in susceptibility among
the wild germplasm, which researchers in Brazil are utilizing to develop new,
more resistant cultivars. Other fruit rots, such as Botrytis cinerea, Penicillium spp.
and Pestalotia spp. can develop during storage, but usually after the internal
quality of the fruit has deteriorated. In New Zealand, there are few problems
with postharvest diseases generally not requiring fungicide treatment. Tentative
identification of pathogens from storage rots in New Zealand includes: Botrytis,
Colletotrichum acutatum, C. gloeosporioides, Pestalotiopsis, Penicillium sp.,
Cylindrocladium sp., Fusarium, Phomopsis, Botryosphaeria spp. (Rheinlander,
Andersen, Manning, Meier and Woolf, unpublished data).

6.5.5 Insect pests and their control

In general, feijoa is a relatively pest-free crop that can be grown organically,
even in temperate environments. Although they generally do not grow in fruit fly-
infested areas, they are attractive to fruit flies (Anastrepha sp., Ceratitis capitata),
which can cause problems for export of fruit (Fisher et al., 2003). Fruit fly can
be controlled using dimethoate or fenthion dipping or flood spraying or using
methyl bromide fumigation, but none of these are accepted in organic production.
Similar export problems can be caused by oribatid mites in New Zealand,
but these can be removed successfully by air blasting the fruit after harvest.
Other possible problems can include mealybug, leafrollers, thrips, scale and
Guava moth. There is no label treatment for methyl bromide for mealybugs on
feijoa. Therefore, if pests are intercepted, the consignment is destroyed or
redirected.

Cold quarantine treatment (e.g. 1°C for 12—-14 days for fruit fly) is likely to
cause chilling symptoms in many cultivars. However, some success has been
shown in Colombia with a quarantine treatment (T—107-b) of 1.67°C for 22 days,
which did not noticeably affect the fruit (Valderrama et al., 2005).

6.6 Processing

There are many opportunities for processing feijoa, as the distinctive flavour of
the fruit has been found to be relatively stable with processing. Commercially
available processed products with feijoas as flavouring include juices, fruit
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blends, jams, alcoholic beverages, dairy products (ice creams and yoghurts),
cereal products, bakery products, confectionery and chocolates.

One key decision in feijoa processing is whether to remove the green
‘skin’ before processing. While the outer flesh contains a high proportion of the
characteristic feijoa flavours (Shaw et al., 1989), it also contains bitter and sour
flavours that can be imparted to the final product. Apart from the green colour
there is no clearly defined skin on a feijoa to differentiate it from the pericarp, so
it is difficult to decide when peeling has been completed and how much of these
bitter and sour flavours have been removed. Peeling feijoa on a commercial scale
is also difficult because of the large variance in the size and shape of the fruit
(exacerbated by the fact that only lower quality fruit are processed) and the
relative softness of highly mature fruit. The most common peeling methodology
currently used is abrasion peeling of pre-frozen fruit. Freezing the fruit prior to
peeling increases the hardness of the fruit and hence ensures that the abrasion
process results in whole peeled fruit. Up to 80% of the fruit can be retained when
using this method. Other peeling techniques that have been trialled with some
success include heat; lye; enzyme and vacuum peeling techniques (Finlay, 2001).

Browning of processed feijoa products during subsequent storage can be a
problem. In minimally processed products with low water activity, non-enzymatic
(Maillard) browning is possible, while products that significantly deform the fruit
(i.e. purees and juices) can be subjected to enzymic browning as a result of the
release of polyphenoloxidase. Inhibition of the action of this enzyme can be
achieved by heating to 90°C for approximately one minute (Wilson and Hoskin,
1986), storing at —15°C, or treating with sulphur dioxide.

6.7 Conclusions

Feijoas are a subtropical fruit with a very characteristic aroma that is loved by
almost everyone who has a chance to eat them. There are two main genotype
groups, the Brazilian fruit type and the Uruguayan fruit type, with the latter being
the one that has spread around the world. This Uruguayan fruit type is the basis of
the best known cultivars and consequently has been the fruit type most often used
in fruit quality and postharvest research. However, recent postharvest research
with fruit of the Brazilian fruit type has not shown any important differences
between the genotypes, with internal browning of the seed pulp being the key
determinant of quality for both fruit types.

Feijoa is a climacteric fruit but needs to remain on the tree up to the point of
natural fruit drop to attain its typical texture and strong aroma. Developmental
changes associated with fruit maturation and ripening occur very rapidly during
the final stages of growth, so that at any one point there can be fruit at a wide range
of development and maturity on any one tree. Additionally, the fruit does not
show major external changes during maturation and ripening. These two factors
make the determination of optimal harvest date problematic and currently the
main maturity indicator used for harvest is retention force. Fruit from the main
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cultivars can be stored for four weeks at 4°C, with storage life determined by loss
of flavour and internal browning of the seed pulp and flesh. The main storage
disorders are water loss resulting in weight loss and shrivelling which can be
solved by the use of polyliners; chilling injury which prevents storage at
temperatures lower than 4°C; and CO, damage at the low levels of O, used in
modified atmosphere storage.
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Plate IX (Chapter 5) (a) a cross section of a ripe Monthong durian fruit showing air space
between the aril and the husk (notice that most seeds are aborted); (b) checking durian
maturity by determining dry matter of the aril using a microwave oven; (c), a chilling
injury symptom on durian husk; (d) Phytophthora rot on a durian fruit; (e) a durian
dehusking tool (courtesy of S. Seehawong); (f) durian paste on display shelf.

(e)

Plate X (Chapter 6) Ripening index for feijoa fruit (a) seed pulp half white, half clear; (b) all

of seed pulp area clear, (c) all of seed pulp area clear, but darkening (greyish); (d) seed pulp is

completely brown, (e) seed pulp and flesh are brown. (a)-(b) mature fruit — for fresh

consumption; (c) fruit for processing; (d)—(e) late senescence (developed by The New Zealand
Institute for Plant & Food Research limited, Mt Albert, New Zealand).
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Plate XI (Chapter 6) Chilling injury in feijoa. (a) Internal symptoms include vascular
browning and pink discoloration of the flesh; (b) external symptoms include longitudinal
browning of the skin.

Plate XII (Chapter 7) Different stages of fig fruit development, externally and internally.
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Fig (Ficus carica L.)

H. Crisosto, L. Ferguson and V. Bremer, University of California, Davis,
USA, E. Stover, US Horticultural Research Laboratory, USA and G. Colelli,
University of Foggia, Italy

Abstract: The fig (Ficus carica L.), one of the first cultivated trees in the world, is
grown in many parts of the world with moderate climates. Figs are eaten dry and fresh;
however, as fresh figs are highly perishable they are largely consumed near production
areas. Figs are nutritious fruits rich in fiber, potassium, calcium, and iron. Fresh figs are
highly sensitive to physical damage, and susceptible to postharvest decay infections.
Preharvest and postharvest conditions are very important to improve fruit quality and
postharvest life. At this point, reducing postharvest losses and developing global fresh
fig marketing is a big challenge for plant breeders, physiologists and postharvest
technologists.

Key words: Ficus carica, fig, maturity stage, postharvest technology, antioxidants, shelf
life, diseases.

7.1 Introduction

7.1.1 Origin, botany, morphology and structure

The genus Ficus, of the Moracea family, includes a large number of species
(600-2000), with most found in the tropics or subtropics and only a handful
with fruits considered edible (reviewed in Condit, 1969). The cultivated fig, Ficus
carica L., is clearly of greatest importance as a source of human food and the only
Ficus species cultivated for its fruit (Ferguson ef al., 1990). Fig trees are one of
the first cultivated trees in the world (Solomon et al., 2006), as acknowledged
from records dating to the thirtieth century BC (Ferguson et al., 1990). Although
their origin is not entirely known, fig trees are thought to have originated in
western Asia (Stover et al., 2007a), ‘in the fertile part of southern Arabia’
(Ferguson et al., 1990). Wild or ‘nearly wild’ figs are reported throughout much
of the Middle East and Mediterranean region (De Candolle, 1886). Figs slowly
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extended through the Mediterranean region (Stover et al., 2007a), and by the fifth
century AD, figs had been distributed throughout the Mediterranean and along the
Atlantic shores (Ferguson et al., 1990). Interestingly, the fossil record shows a
prehistoric distribution of Ficus carica across southern Europe (De Candolle,
1886). The ability of fig fruits to dehydrate facilitated fig distribution (Aksoy,
1998). Figs arrived in America in 1520, brought by the Spaniards, and in 1769
they were introduced to California from Mexico by the Franciscan missionaries.
Today, figs are grown in many parts of the world with moderate climates (Obenauf
etal., 1978).

F. carica is a deciduous bush or tree of around 3—6 m in height (Crisosto and
Kader, 2007; Dominguez, 1990; Soby, 1997). Its wood is soft and condensed, and
its bark is usually gray, smooth and without fissures. Its branches and trunk
are thick, and its roots are abundant, fibrous (Dominguez, 1990) and usually
shallow. Fig leaves are palmate (Morton, 2000), large, petiolate and with three
to seven lobes (Ferguson et al., 1990). The leaves are a distinctive trait among
fig varieties (Soby, 1997). F. carica is a gynodioecious species (Lisci and Pacini,
1994), i.e., the same species has specimens with male and female flowers, and
others containing female flowers. Fig trees are usually grown in regions with mild
winters and hot dry summers. Good conditions for fig growth are low relative
humidity (lower than 25%), intense solar radiation, high summer temperatures
(around 32-37°C) and moderate winters (with temperatures above —1 °C) (Soby,
1997).

7.1.2 Worldwide importance and economic value

Figs are harvested worldwide on 459754 hectares, with a production of over
one million tonnes in 2007. Fig trees are widely planted in gardens throughout
the Mediterranean region (and similar climates), and are well adapted to drought
and high temperatures. Turkey and Egypt are the countries with highest fig
production, representing approximately 50% of the world’s production, followed
by Iran, Algeria, and Morocco. The fig production of these top five countries
accounts for 64% of the world’s total. Turkey is also the number one country in
fig exports, followed by the United States, Spain, Syria and Greece. The main
fig importing countries are Germany, France, Italy and the United States (Food
and Agriculture Organization [FAO], 2007). The United States imports of
dried whole figs come mainly from Turkey, Greece and Mexico, whereas its
imports of fig paste come mainly from Spain, Portugal and Turkey (California Fig
Advisory Board [CFAB], 2006). Canada, Japan and Hong Kong are the three
main markets for US dried fig exports (United States Department of Agriculture
[USDA], 2004).

The United States ranks number six in fig production, with 4.6% of the world’s
total. In 2007, the United States produced 43 363 metric tonnes in 3680 hectares,
with yields three times the global average (FAO, 2007). Figs are commercially
produced in 14 US states; however, fig production is mainly concentrated in
California (98%) (Stover et al., 2007b).
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7.1.3 Culinary uses, nutritional value and health benefits

Figs are nutritious fruits rich in fiber, potassium, calcium and iron (CFAB,
2007; California Fresh Fig Growers Association [CFFGA], 2000; Chessa, 1997),
with higher levels than other common fruits, such as bananas, grapes, oranges,
strawberries and apples (CFFGA, 2000; Chessa, 1997; Michailides, 2003). Figs
are sodium-free, fat-free and, like other fruits, cholesterol-free. Additionally, figs
are an important source of vitamins, amino acids and antioxidants (CFAB, 2007;
CFFGA, 2000; Solomon et al., 2006). Compounds with antioxidant properties,
such as vitamin C, tocopherols, carotenoids and phenolics, have been shown to be
able to ‘modify the metabolic activation and detoxification/disposition of
carcinogens,’ to affect processes that alter the development of tumor cells (Kader,
2001), and to avoid neurochemical and behavioral changes related to aging
(Shukitt-Hale et al., 2007). In addition, fruits and vegetables rich in phenolics
have been shown to decrease cardio- and cerebrovascular diseases and cancer
death rates (Hertog et al, 1997). Dried figs are rich in polyphenols, such
as anthocyanins and flavonoids, containing higher concentrations than most
of the fruit and beverages consumed. Fig varieties with dark skin contain higher
levels of polyphenols, anthocyanins and flavonoids, accompanied by a higher
antioxidant activity, compared to fig varieties with lighter skin. Most of the
compounds with antioxidant activity, such as anthocyanins and flavonoids, are
located in the fig skin. Cyanidin (claimed to be the only anthocyanin in figs) is the
main compound in skin pigmentation (Solomon ef al., 2006).

Figs are a very nutritious fruit that can be consumed either fresh or dried.
Depending on the variety, dried figs can be commercialized for different uses,
such as for table consumption or for processing as paste or canned (Aksoy, 1998).
For instance, the variety ‘Mission’ can be used for dried fruit, paste or juice of
concentrate, whereas the cultivars ‘Kadota’ and ‘Adriatic’ are mainly used for
paste (Soby, 1997). In California, most of the fig production is used for the dried
fig market (Soby, 1997; Tous and Ferguson, 1996), and mainly sold to cookie and
energy bar companies (USDA, 2004). A large number of fig consumers use figs as
an ingredient in baked goods and pastries, as a snack and in cooked dishes
(Synovate, 2004). Dried figs can also be sold commercially as jam. Dried figs of
low quality are used as ingredients for coffee and for juice concentrate. Moreover,
fig culls and leaves can be used as animal feed (Aksoy, 1998).

Historical works provide evidence of the sustained importance and appreciation
of figs in the Mediterranean area. Fig fruits, leaves and its latex have been used for
traditional medicine. Pliny the Elder in his Natural History extolled ‘one hundred
and eleven observations’ on the fig. Among them, ‘This fruit invigorates the
young, and improves the health of the aged and retards the formation of wrinkles.’
The fig fruits have also been used against respiratory diseases (Guarrera, 2005).
The fig leaves have been used against anemia and as an anthelmintic (Saeed,
2002). The fig latex (milky substance produced by the fig tree) has been used
against warts and corns, as well as a remedy for insect bites (Guarrera, 2005).

In addition, figs have been used in industrial applications. Ficin, a proteolitic
enzyme from the fig shoots and the immature fruits, can be used as a meat
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tenderizer, as a chillproofing agent in the beer industry, as a milk coagulant and
for removing the casing of sausages (Aksoy, 1998).

7.2 Fruit development and postharvest physiology

7.2.1 Fruit morphology and types

The fig fruit is borne from a complex inflorescence called a syconium, which
encloses hundreds of fruits. What commonly is called fig fruit is actually a
developed syconium, considered a ‘false fruit’ (Lisci and Pacini, 1994). The true
fruits are drupelets derived from flowers inside the syconium (Morton, 2000). The
tiny flowers and even the initial prosyconium are so small that figs were once
considered to bear fruit without ever forming flowers (reviewed in Condit, 1947).
The syconium is connected to the exterior through a small aperture of little scales
termed the ostiole or eye (Morton, 2000).

Figs are divided into four groups depending on their sex and pollination. These
four groups are Caprifig (F. carica var. sylvestris Shinn.), Common fig (F. carica
var. hortensis Shinn.), Smyrna (F. carica var. smyrnica Shinn.) and San Pedro
(F. carica var. intermedia Shinn.). Common fig, Smyrna and San Pedro are the
only edible types. They contain only long-styled female flowers, which produce
more succulent fruitlets, and function as females. The Caprifig type contains
staminate and short-styled female flowers and acts as male to pollinate the female
figs (Hong and Chen, 2003). Some so-called Caprifigs are reported to be edible,
and have a more succulent fruitlet than typical Caprifigs (Storey, 1975). The
common type has completely parthenocarpic flowers (i.e., produce fruit without
fertilization), Smyrna type has completely non-parthenocarpic flowers (i.e., need
pollination to produce fruit) and San Pedro type needs pollination for the main
crop, while the breba crop is parthenocarpic (Hong and Chen, 2003; Stover ef al.,
2007b). Botanists use the term ‘persistent’ rather than parthenocarpic when
referring to the fig, since it is not a true fruit. Common fig and San Pedro types
usually have two crops a year. On the other hand, Smyrna types usually have one
crop, and Caprifig types bear three crops a year (Ferguson ef al., 1990). As the
name ‘common fig’ suggests, a high proportion of fig cultivars (78% of those
listed by Condit) are ‘common’ (Kjellberg et al., 1987). In California, the main
Common fig cultivars are ‘Kadota’, ‘Mission’, ‘Adriatic’, ‘Conadria’, and ‘Brown
Turkey’, the main Smyrna cultivar is Calimyrna, the only two commercial Caprifig
cultivars are ‘Roeding 3° and ‘Stanford’, and San Pedro fig types are not
commercially important (Ferguson et al., 1990).

Fig pollination, which is called caprification, is carried out by the fig
wasp (Blastophaga psenes L.) (Hong and Chen, 2003; Stover et al., 2007b) (see
Fig. 7.1) which has coevolved with the fig (Kjellberg et al., 1987). B. psenes
completes its life cycle in the interior of Caprifig figs (Stover ef al., 2007b). After
mating, female wasps go out of the Caprifig carrying along some pollen from the
male flowers which are located next to the ostiole. When they enter the edible fig
syconium they pollinate the long-styled female flowers although they cannot lay

© Woodhead Publishing Limited, 2011



138  Postharvest biology and technology of tropical and subtropical fruits

Fig. 7.1 Caprification (fig pollination) is carried out by the fig wasp (Blastophaga psenes

L.). B. psenes completes its life cycle in the interior of Caprifig figs (male fig). When the

female flowers are receptive for caprification, they secrete volatile compounds to attract

the fig wasp, which will exit the male fig through the ostiole, transporting the pollen to the
female figs.

eggs due to the flower anatomy. For commercial production, the Caprifig trees
are grown separately from the Smyrna or San Pedro types in order to control
caprification (only one wasp per fig) and avoid diseases. Therefore, caprification
is achieved by manually locating cut Caprifig fruits in bags or baskets near the
female flowers (Stover et al., 2007b).

7.2.2  Fruit growth, development and maturation

Fig syconium growth (see Plate XII in the colour section between pages 274 and
275) occurs in three different stages, described by a double sigmoid curve. The first
stage (period I), during the first six weeks of growth, is characterized by rapid
diameter increase and slightly lower increases in moisture, fresh and dry weight,
and sugar content. The second growth stage (period I1), during the successive four
weeks, is characterized by a reduction in diameter growth, moisture content, and
fresh and dry weight accumulation rates. During this stage, sugar content is
relatively unaltered. The third stage of growth (period III), during the remaining
four weeks prior to maturation, is characterized by a marked increase in diameter
growth, rates of fresh and dry weight, and both moisture and sugar content. During
this final growth stage the fruit accumulates the majority of its sugar content,
representing more than 90% of the sugar content of the mature fruit. Subsequently,
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more than 70% of its dry weight is accumulated during period III. The fig drupelets
also experience this three-stage growth trend (Chessa, 1997; Crane and Brown,
1950; Ferguson et al., 1990). Also at the beginning of phase III, the main epicuticular
wax accumulation takes place in the form of regularly layered platelets. As ripening
and senescence proceeds, wax quantity decreases and platelet structure changes,
always maintaining a regular pattern (Chessa et al., 1992).

7.2.3 Respiration and ethylene production
Fresh figs produce very low amounts of ethylene and carbon dioxide as indicated
in Table 7.1.

7.2.4 Responses to ethylene

Figs are climacteric fruits and have their climacteric peak at the beginning of the
third stage of growth (period III). Preharvest ethylene applications to figs have
different effects depending on the stage of fruit development (Crane et al., 1970b;
Marei and Crane, 1971). Ethylene applied in period I inhibits fruit growth and
triggers fruit abscission. Ethylene applied in period II stimulates fruit growth, and
eventually abscission. In addition, this application also stimulates external color
change while fruits do not undergo a complete maturation, lacking sweetness and
flavor, and with mealy texture. Ethylene applied late in period II or in period III
stimulates growth and maturity (Crane ef al., 1970a, 1970b). Ethylene has been
used to regulate maturity uniformity since ancient times. Applications of olive oil
on the ostiole ten days after the drupelets have turned red (Chessa, 1997) would
ensure the presence of ethylene produced by degradation of the oil (Marei and
Crane, 1971). Postharvest ethylene applications (continuous addition of 10 ppm)
on ‘Brown Turkey’, ‘Kadota’ and ‘Sierra’ fig cultivars did not have an effect on
fruit quality when stored at 0, 5 or 20 °C. Ethylene exposure only had an effect on
the percentage of purple skin color of immature ‘Brown Turkey’ figs stored at
20°C, inducing an increase of purple skin color from 8.3% to 100% in seven days
(Crisosto et al., 2007a).

Table 7.1 Fig respiration and ethylene production rates at
different temperatures. To calculate heat production, multiply

ml CO, kg '+hr~! by 440 to get BTU ton-1 day-1 or by 122 to get
kcal metric ton-1 day-1

Temperature Respiration Ethylene production
(°C) (ml CO, kgt hr'!) (ul C2H4 kg ' hr'!)
0 2-4 0.4-0.8
5 5-8 0.8-1.5
10 9-12 1.5-3.0
20 20-30 4.0-6.0
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7.3 Maturity and quality components and indices

Fig shape is usually obovoid, turbinate or pear-shaped. Its size may range from
2.5 to 10 cm in length. Fig color varies depending on the variety; some of the
typical colors are yellow, green-yellow, copper color, red and purple. The skin is
tender and thin, and the wall of the syconium is fleshy and either pale yellow,
amber, light pink, red or purple (Morton, 2000).

Maturity stage at harvest has been shown to have an effect on fig soluble
solids concentration (SSC), titratable acidity (TA), consumer acceptance, firmness
and loss of firmness during storage, ethylene production, respiration rate, shelf
life, ostiole diameter and shriveling (Bremer, 2008, Crisosto et al., 2010). In
addition, the level of latex on the fig decreases as fresh figs ripen, increasing
consumer acceptance. Maturity stage also has an effect on flavor, for instance with
undesirable flavors of overripe figs, due to fermentative products. On the other
hand, fig weight, size, antioxidant capacity, skin color and thickness, split ostiole
and blemishes were not affected by maturity stage (Bremer, 2008).

Fig firmness has been show to have a direct effect on the percentage of sound
fruit, while the percentage of fruit with juice in the ostiole had a direct effect on
the percentage of decayed fruit. The degree of liking by consumers and percentage
of consumer acceptance has proved to be directly related to SSC and SSC:TA
ratio, which become two important parameters when selecting for fresh fig
varieties (Bremer, 2008). Other quality indices include absence of defects (such
as bird-peck, sunburn, scab, skin break and stem shrivel), insects and decay.
Cultivar selection, fruit maturity and postharvest technology during marketing
should be evaluated to protect flavor and increase consumer consumption.

A consumer test evaluation on four fresh fig cultivars at two fruit maturity
stages determined that the degree of liking was affected by cultivar and maturity
stage at harvest, but there was no significant interaction between cultivar and
maturity stage (Crisosto et al., 2010). Figs harvested at tree ripe maturity had a
significantly higher acceptance than figs harvested at commercial maturity. The
average of all tested cultivars for the tree ripe figs reached 86% consumer
acceptance while commercial mature figs had only 55% acceptance (Bremer,
2008). As a large number of consumers are still unaware of fresh figs, educational
promotion should be pursued due to the large potential for the fresh fig market.

7.4 Preharvest factors affecting fruit quality

7.4.1 Breba

The first crop of the season is called the breba crop and the second crop is called
the fig crop (see Fig. 7.2). In most cultivars, the fig crop is the commercial crop,
while breba crop yields are very small to nearly non-existent (Dominguez, 1990)
with less flavorful and lower quality fruit (Doster and Michailides, 2007). The
fig industry has faced increased production costs during the last decade (Hendricks
et al., 1994) and as a consequence, harvest of the breba figs is cost prohibitive
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Fig. 7.2  Fig trees have two crops per year. The first crop of the season, called the breba

crop, is produced from overwintering fruit buds in one-year-old shoots from the previous

season. The second crop, called the fig crop, is produced from fruit buds that differentiate

in the current season shoots. In the figure, the fruit furthest to the left on the shoot (set on

wood from the previous year) is the breba crop and the fruit to its right (set on wood from
the current season) is the fig crop.

(Crisosto et al., 2010). If breba fruit are not harvested, they will persist on the
tree or abscise, and eventually decay. These decayed breba are potential sites
for fungal pathogens and may serve as insect attractants. In addition, spores
produced on infected breba fruits can infect the commercial crop (Doster
and Michailides, 2007). On the other hand, being the first crop, breba may be
a very profitable option, and may represent the main crop. The Italian ‘Petrelli’
variety, with a very large, green, pear-shaped breba fruit ripening in the first
week of June, is the earliest fig variety in the Mediterranean region, and brings
a higher price on the fresh market, compared to all other varieties (Ferrara,
1990).

7.4.2 Fruit splitting

Fruit splitting is due to sudden changes in the internal pressure of the fruit. These
changes in internal pressure can be the result of cool temperatures and high
humidity while the fruit is maturing, precipitation at fruit maturity or over-
caprification (excessive pollination). Splitting takes place in the ostiole. When
figs split, the internal cavity of the syconium gets more exposed to the exterior;
therefore, being more easily attacked by fungi and insects.
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7.4.3 Maturity

Maturity stage at harvest has a clear effect on fruit quality attributes (Fig. 7.3,
Fig. 7.4, Fig. 7.5, Fig. 7.6, Fig. 7.7, Fig. 7.8). In a study with ten different fig
varieties, figs harvested at tree ripe maturity had higher SSC and SSC:TA ratio,

(a) (b)

Fig. 7.3 Fig internal differences at different stages of maturity: (a) commercial maturity

and (b) tree ripe maturity. A fig fruit is considered commercially mature when the fruit is

harvested physiologically mature, but not ripe, and when the flesh gives a little to the touch,

while a fig fruit is considered tree ripe mature when the fruit is harvested ripe and softer
than commercial maturity, but not overripe.

Cultivar: Brown Turkey
Tree ripened
Date: 8/30/05

Cultivar: Brown Turkey
Mature
Date: 8/30/05

@ (b)

Fig. 7.4 ‘Brown Turkey’ fig (externally and internally) harvested at two different
maturity stages: (a) commercial maturity and (b) tree ripe maturity.
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' Cultivar: Kadota
Mature
Date: 8/30/05

(a)

Fig. 7.5 ‘Kadota’ fig (externally and internally) harvested at two different maturity
stages: (a) commercial maturity and (b) tree ripe maturity.

Cultivar: Mission
Mature

Cultivar: Mission
Tree ripened
Date: 8/30/05 . Date: 8/30/05

(a) (b)

Fig. 7.6 ‘Mission’ fig (externally and internally) harvested at two different maturity
stages: (a) commercial maturity and (b) tree ripe maturity.

lower TA, higher consumer acceptance and lower initial firmness than figs
harvested at commercial maturity. Tree ripe figs typically had lower ethylene
production and respiration rates than figs harvested at commercial maturity. This
decrease in ethylene production from commercial maturity to tree ripe maturity
may be explained by the fact that the fig climacteric peak occurs prior to
commercial maturity (Chessa, 1997; Crisosto’s personal communication). Figs
harvested at commercial maturity had longer shelf life than those harvested at tree
ripe maturity, remaining sound and free of decay and off-colors for a longer time
after a week of cold storage (shelf life). Tree ripe figs had also larger ostiole
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Cultivar: Zidi
Mature

. o - Tree ripened
Date: 8/30/05 Y
e  Date: 8/30/05

() (b)

Fig. 7.7 ‘Zidi’ fig (externally and internally) harvested at two different maturity stages:
(a) commercial maturity and (b) tree ripe maturity.

Fig. 7.8 ‘Panachee’ fig (externally and internally) harvested at commercial maturity.

diameters and were more affected by shriveling than figs harvested at commercial
maturity. Maturity stage at harvest did not have an effect on fig weight, size,
antioxidant capacity, skin color and thickness, split ostiole and blemishes (Bremer,
2008).
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7.4.4 Genotype

Fruit weight and size (diameter and length), SSC, TA, and SSC:TA ratio, skin
color (luminosity, chroma and hue), ethylene production and respiration rates
(CO, production), firmness, ostiole diameter, internal cavity diameter, shriveling,
growth cracks, shelf life and susceptibility to blemishes are affected by genotype.
In a study of ten fig varieties (152—4s, ‘Brown Turkey’, ‘Kadota’, ‘Mission’,
‘Orphan’, ‘Panachee’, UCR 27614, UCR 291, ‘White Texas Everbearing’ and
‘Zidi’) grown under California conditions, fig weight (20-60 g) was comparable
to that of Turkish varieties (22-52 g (Caligskan and Polat, 2008), 40-65 g (Bostan
et al., 1998), and 30-90 g (Ozeker and Isfendiyaroglu, 1998)). The varieties
grown in California had similar fruit length (41-63.5 mm) to varieties from
Turkey (38.5-62.0 mm), but were smaller in fruit diameter (35.6-48.4 mm versus
45.0-55.0 mm) (Bostan et al., 1998). Soluble solids concentrations of these
varieties grown in California (13%-31%), though with more extreme values,
were in general comparable to the Turkish varieties (15.1%-21% (Bostan et al.,
1998), 16%—27% (Ozeker and Isfendiyaroglu, 1998), and 20.1%—27.4% (Caliskan
and Polat, 2008)). Finally, TA of the varieties grown in California (0.14%-1%
citric acid) was in general higher than the varieties from Turkey (0.09%-0.26%
(Caliskan and Polat, 2008), 0.14%—-0.22% (Bostan et al., 1998), and 0.06%—
0.15% (Ozeker and Isfendiyaroglu, 1998)).

Green varieties (such as 152—4s, ‘Kadota’, ‘Orphan’, ‘Panachee’, UCR 276—
14, UCR 291, and ‘White Texas Everbearing’) have higher luminosity and chroma
than dark varieties (such as ‘Brown Turkey’, ‘Mission’, and ‘Zidi’), which
indicates lighter and more intense skin color. Green varieties’ hue value usually
ranges around the green-yellow colors (around 106°), while dark varieties’ value
may range around purple colors (314°) or reddish colors (13°).

Firmness from the ten fig varieties grown under California conditions ranged
from 7.6-20 N when harvested at commercial maturity and from 6.2-10.2 N
when harvested at tree ripe maturity. Ethylene production ranged from 3.5 to
17 pL C,H, kg ""hr'! and the respiration rate ranged from 34.8 to 79.6 mL
CO, kg "-hr ! (Bremer, 2008).

7.4.5 Cultural practices
Fig tree pruning, training, health, nutrition and irrigation also have an effect on
fruit quality (Condit, 1947).

7.5 Postharvest handling factors affecting quality

7.5.1 Temperature management

Postharvest temperatures are critical for fresh figs. For instance, in California,
‘Black Mission’ and ‘Calimyrna’ figs stored in optimum conditions (—1 to 0°C)
have an expected postharvest life of 1-2 weeks in air, and 3—4 weeks in a controlled
atmosphere (Chessa, 1997; Crisosto and Kader, 2007). ‘Mission’ figs stored at
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5°C almost doubled their respiration rate compared to fruits stored at 0 °C, while
their ethylene production was almost 50 fold (Colelli ef al., 1991). Similar results
were reported for ‘Calimyrna’ (Colelli and Kader, 1994). Fresh fig shelf life (i.e.,
the period in which the fruit maintains its commercial quality at room temperature
(Tungerman, 2005)) is extremely short, lasting 1-2 d at 20°C after storage at
4-6°C and 75% relative humidity (Morton, 2000).

7.5.2 Physical damage

Fresh figs are very perishable (Alayunt et al., 1998; Celikel and Karagali, 1998;
Piga et al., 1998; Stover et al., 2007b), sensitive to physical damage and highly
susceptible to postharvest decay infections (Chessa, 1997; Piga et al., 1998;
Venditti et al., 2005). Fresh fig quality (taste and aroma) increases with ripening;
however, its sensitivity to damage also increases, resulting in reduction of its
market life (Stover et al., 2007b; Chessa, 1997). Figs have a very short storage
and shelf life. This is mainly due to their fast ripening (Celikel and Karagali, 1998;
Venditti ez al., 2005) and high susceptibility to decay (Venditti et al., 2005), which
is the result of their easily damaged epidermis and high sugar content (Kaynak
et al., 1998). The fruit epidermis is very sensitive to pressure and knocks (see
Plate XIII), which can cause fig bruising, splitting and injuries, favoring pathogen
infections (Chessa, 1997). Sensitivity to physical damage is affected both by fig
cultivar and by maturity stage at harvest (Bremer, 2008).

7.5.3 Water loss

Fig water loss can be reduced with early cold storage (see Fig. 7.9). ‘Brown
Turkey’ figs exposed to six hours of delayed cooling (at ambient temperature)
resulted in an initial weight loss of around 5.9% weight, in comparison to 4.8%

—-0 HB ‘Brown Turkey’ _m ||—¢-0HD ‘Kadota’
-~

Weight loss (%)

(a) Days at 0°C (b) Days at 0°C

Fig. 7.9 Effect of delayed cooling on weight loss of (a) ‘Brown Turkey’ fig and
(b) ‘Kadota’ fig. Treatments: 0 HD = no delayed cooling, stored immediately at 0 °C; 3
HD = 3 hours in the sun before storage at 0 °C; and 6 HD = 6 hours in the sun before
storage at 0 °C.
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weight loss for three hours of delayed cooling, and 0.6% weight loss for 0 hours
of delayed cooling. ‘Kadota’ figs also had higher weight loss when exposed to
delayed cooling compared to immediate cooling. Weight loss during cold storage
at 0°C increased proportionately, according to previous losses, for the three
delayed cooling treatments. In addition, firmness was also affected by delayed
cooling, decreasing firmness with increased delayed cooling period. In general,
shorter periods of delayed cooling tended to produce a higher percentage of
quality fruit during storage life and shelf life (Dollahite ef al., 2007).

7.5.4 Atmosphere

Storage in a controlled atmosphere (CA) with 5%—-10% oxygen and 15%-20%
carbon dioxide is beneficial to reduce decay, maintain firmness and reduce
respiration and ethylene production rates. Reduction of respiration and ethylene
production rates will lengthen fresh fruit life (Chessa, 1997; Crisosto and Kader,
2007). Extended storage in CA can result in loss of characteristic flavor. Good
quality of fresh ‘Mission’ figs was maintained for up to 4 weeks when kept at 0,
2.2, or 5°C in atmospheres enriched with 15% or 20% CO,. The visible benefits
of exposure to high CO, levels were reduction of decay incidence and maintenance
of bright external appearance. Ethylene production was lower, and fruit softening
(as measured with a deformation tester) was slower in the high-CO,-stored figs
than in those kept in air (Colelli ef al., 1991). Similar results were observed for
‘Calimyrna’ figs (Colelli and Kader, 1994). On the other hand acetaldehyde
concentration of the CO,-treated ‘Mission’ fig fruit increased during the first
week, then decreased while ethanol content increased slightly during the first
three weeks and moderately during the fourth week and this may potentially result
in off-flavor (Colelli et al., 1991).

Exogenous ethylene exposure during cold storage has been shown to have
no effect on fruit quality. For instance, continuous ethylene addition of 10 ppm
on ‘Brown Turkey’, ‘Kadota’ and ‘Sierra’ fig cultivars did not affect fruit quality
(such as fig firmness, internal maturity, percent of sound fruit (commercial fruit),
percent of fruit with decay, and percent of fruit with off-color) when stored at 0,
5 or 20°C (Crisosto et al., 2007a).

7.6 Physiological disorders

7.6.1 Chilling injury or other physiological disorders
Chilling injury or other physiological disorders have not been observed or reported.

7.7 Pathological disorders

Fig diseases cause important repercussions in fig production. The diseases causing
the most damage in California are endosepsis, smut, and souring (or fermentation).
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The combination of these three diseases is responsible for losses of up to 50% of
the total production (Michailides, 2003).

Endosepsis disease is caused by Fusarium spp, especially F. lactis, and mainly
transported by infected fig wasps. Therefore, cultivars that need caprification are
more likely to be affected. Endosepsis affects fig flowers. Endosepsis appears in
the cavity of the fig, making the pulp soft, watery and brown with sometimes an
offensive odor. Good practices to control this disease are separation of Caprifigs
from female figs, good field sanitation and treatments applied to Caprifig crops.

Smut is caused by Aspergillus nigri vars. In reality, it is not a smut; however, it
is called a smut because it resembles one. The fungus produces abundant black
powdery conidia in the cavity of ripe fruits. The decay usually starts in the ostiole,
and later it spreads around the ostiole as water-soaked areas. Good strategies to
manage fig smut are the removal of old fruit culls and refuse, as well as reducing
fruit contamination with dust.

Souring or fermentation spoilage of the figs takes place when the fruit is still
on the tree. The agents that cause souring are yeasts and bacteria, which are
transported by insects. Souring symptoms are only noticeable when fruits are ripe
and have the ostiole wide open. Ostiole aperture is necessary for the presence of
this disease, since the ostiole is the way of entrance for the vector insects.
Therefore to control this disease it is necessary to eradicate the vector insects.

Other fig diseases present in California are armillaria root rot (Armillaria
mellea), aspergillus mold (Aspergillus spp.), bacterial canker (Psedomonas fici),
botrytis limb blight and fruit rot (Botrytis cinerea), fig mosaic (not characterized
or isolated yet), phytophthora fruit rot (Phytophthora palmivora), soft rot
(Rhizopus stolonifer) and surface mold or contact spot (dlternaria alternate,
Aspergillus niger, and Cladosporium herbarum) (Fig. 7.10).

Figs are very susceptible to decay, which significantly reduces their cold
storage and shelf life. Decay reduction on fresh figs is a difficult task (Venditti
et al., 2005), due in part to the lack of registered postharvest products. To reduce
postharvest diseases, the first step is an effective preharvest control of diseases

(b)

Fig. 7.10 Fresh figs are very susceptible to decay, which significantly reduces their
cold storage and shelf life. Pictured: (a) Alternaria alternate and (b) Cladosporium
cladosporioides.
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and insects. Preharvest diseases will continue to develop after harvest. Insects can
damage the fruit, increasing fruit susceptibility to decay, or act as a fungus vector
(Crisosto et al., 2006). Cultivar selection can also be a strategy for reducing
pathogen attacks. For instance, varieties with smaller ostioles (i.e., the apical
orifice) are less affected by decay (Doster et al., 2002).

Sulfur dioxide (SO,) fumigations are currently used commercially on grapes.
These fumigations have been shown to prevent fungi growth and delay disease
development when fruits are exposed to air (Sholberg, 2004). ‘Brown Turkey’ and
‘Kadota’ fig exposed to 25 part per million per hour (ppm-hr) previous to cold
storage increased the percentage of sound fruit during shelf life (Crisosto ef al.,
2007b). The use of SO, generating pads, the combination of pads and sulfur
dioxide fumigations, and the use of repeated fumigations during the cold storage
have also been shown to reduce the percentage of decay during the shelf life of
fresh figs. The use of SO, technology has shown a noticeable reduction in the
number of colonies of pathogens growing on the surface of figs. Most of the
investigated pathogens (Alternaria spp., Aspergillus flavus, Bacillus spp. (RGPS
and RPG3), Botrytis cinerea, Penicillium spp., and Rhizopus stolonifer) had low
rates of survival when exposed to SO, fumigation at 100 ppm on media at 20 °C.
Sulfur dioxide fumigation at 0°C was less effective than at 20°C, with higher
levels of pathogen survival (Cantin’s personal communication). Consequently,
the use of sulfur dioxide can be a potential tool for the control of postharvest
rotting of figs.

Treatments with hot water dips have been shown to reduce decay in several
fruit commodities. A study on the fig variety ‘Niedda Longa’ showed that
one-minute dips in hot water at 60 °C with 0.5% sodium carbonate significantly
reduced decay. After the dip, figs showed 0% decay and 14% decay after 1 and
2 weeks respectively, stored at 5 °C and 90% relative humidity. The percentage of
decay for the control was 26% and 50% after 1 and 2 weeks respectively. In
addition, the figs dipped in hot water at 60 °C with 0.5% sodium carbonate had the
best visual appearance up to 2 weeks. The treatment did not affect fig weight loss
(Molinu et al., 2006).

Treatments with sodium carbonate and acetic acid have shown efficient
control against B. cinerea. In another study, two fig varieties, a black (‘Craxiou
de Porcu’) and a white (‘Rampelina’) were treated with either a solution of
1% sodium carbonate or vapors of 100 ppm acetic acid. Both treatments
significantly reduced diseases after 2 weeks of storage at 2 or 8°C and 90%
relative humidity. Neither treatment showed damages. Fruit weight, pH,
acidity and total soluble solids were not affected by the treatments (Venditti
et al., 2005).

Decay reductions have also been shown with fruit exposure to a nitrogen
atmosphere. In a different study, the fig variety ‘Niedda Longa’ was exposed for
12 hours to a 99% nitrogen plus 1% oxygen atmosphere. This treatment
significantly reduced decay, from 27% decay for the control to 12% after 3 days.
In addition, the treatment presented fruits with better overall appearance and
without negative effects in taste (Piga et al., 1998).
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7.8 Insect pests and their control

Fig trees are highly susceptible to nematodes, especially in sandy soils. Root-knot
nematodes may be the most widespread fig parasite. These nematodes cause
knots or galls on the fig roots. Nematode effects can be reduced with fumigation;
however, this practice may be expensive in fig orchards (Michailides, 2003).
Aphids, birds, fruit flies, and scale insects may cause occasional damage (Tous
and Ferguson, 1996).

7.9 Postharvest handling practices

7.9.1 Harvest operations

Brebas are the first figs of the season, setting on wood from the previous year, and
typically mature in June in the central valley of California. The main crop (fig
crop) is produced on the current season’s wood, maturing fruit in the central valley
from August to September (Obenauf et al., 1978) or even later in a warm year.

Dried figs are mechanically swept from the ground and washed. They are
harvested during September—October (Tous and Ferguson, 1996), with harvests
every 2-3 weeks (Soby, 1997). Fresh figs are harvested manually based on
firmness and color change (Tous and Ferguson, 1996). Figs at harvest should give
a little to the touch but still be firm. Dark-skinned varieties should be harvested
before turning completely dark, while green-skinned varieties should be harvested
when they appear yellowish-white to light yellow. Fresh figs’ skin color and flesh
firmness are related to their quality and postharvest life.

Achievement of ripeness of the fig crop is sequential; the first fig fruits to ripen
are those at the base of the new shoots, and they ripen consecutively towards the
distal end of the shoot. In the case of fresh fig production, this sequential ripeness
makes multiple harvest dates necessary in order to harvest the fruit at its optimal
time. Fresh figs are usually harvested daily or weekly for 4-6 weeks (Tous and
Ferguson, 1996). By contrast, the breba crop achieves ripeness over a more
concentrated period of time (Stover et al., 2007b).

Fresh fig harvesting must be done carefully, minimizing physical damages,
abrasions, and cracks that will make the fruit more susceptible to decay (Crisosto
et al., 2006). In order to avoid fruit damage, figs should be harvested early in
the morning, detaching the fruit with a clean cut and avoiding lesions (Chessa,
1997). The use of gloves while managing figs also helps reduce fruit damage and
bruising, as well as protecting the skin from the latex (caustic milky exudate)
released from the broken stem (Tous and Ferguson, 1996). Fresh figs must be
exclusively harvested from the tree, never from the ground (see Fig. 7.11).
In addition, containers used at harvest and at transportation require previous
strict sanitation in order to reduce disease exposure (Fig. 7.12). After harvest,
fresh fruit must be cooled down as soon as possible to 0°C, and the cold chain
must be maintained throughout its handling and until it reaches the consumer
(Crisosto et al., 2006).
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Fig. 7.11 Manual harvesting of ‘Brown Turkey’ figs for fresh consumption. Trees for
fresh fig production are usually trained low for ease of harvesting. Fresh fig harvesting
must be done carefully, minimizing physical damage, abrasions, and cracks.

Fig. 7.12 Fresh figs are harvested into small containers to avoid damage and pressure
among fruit. In these containers figs are transported from the field to the packing area
(usually at the side of the field).
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Harvest efficiency depends on the fruit size, the percentage of fruit to harvest,
the accessibility and the person harvesting (Chessa, 1997). Harvest is an important
part of the production cost.

7.9.2 Packinghouse practices

After harvest, California fresh figs are usually packed at the side of the field, to
avoid having the fruit under pressure for a long time. Packing takes place in sheds
to avoid excessive heat that would reduce shelf life (see Fig. 7.13, Fig. 7.14). The
fruits are packed in containers that allow air circulation (Chessa, 1997), usually on
trays or clam shells (Fig. 7.15). The trays or clam shells are then put into boxes
and stacked on pallets for transport. It is very important to maintain the cold chain
during packing, storage and transportation in order to improve fig shelf life
(Crisosto et al., 2006).

7.9.3 Control of ripening and senescence

Figs have a very fast ripening, which accelerates fruit softening (Celikel and
Karagali, 1998; Venditti et al., 2005), and consequently shortens fig shelf life.
However, fresh fig ripening can be reduced with low temperatures (Venditti et al.,
2005) and controlled atmospheres (Crisosto and Kader, 2007). Controlled
atmosphere with 5%—10% oxygen and 15%—-20% carbon dioxide reduces decay,
maintains firmness, and reduces respiration and ethylene production rates. An
initial application of CO, at 5-10 °C reduces respiration rates and the development

Fig. 7.13 Packing area for fresh figs at the side of the field. Shading avoids excessive
heating of the fruit that would reduce shelf life.
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Fig. 7.14 Packing figs at the side of field immediately after harvest. The use of gloves
while managing figs helps reduce fruit damage and bruising, as well as protecting the
packer’s skin from the latex released from the broken stem.

(b)

Fig. 7.15 Different types of containers for packing fresh figs: (a) trays, (b) clam shells.
Containers must allow air circulation.

of pathogens (Chelsea, 1997). Exogenous ethylene exposure (continuous addition
of 10 ppm) can be used to induce skin color change in dark varieties, such as
‘Brown Turkey’ (Crisosto et al., 2007a).

Modified atmospheres can be created with polyethylene films, either by
packing the fruit individually, in trays or in small containers (Chessa, 1997).
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7.9.4 Recommended storage and shipping conditions

The optimal storage conditions for fresh figs are temperatures around —1 to 0°C
with a relative humidity of 90%—95%. Forced-air cooling to 0 °C is recommended
(Chessa, 1997; Crisosto and Kader, 2007). However, the expected storage life of
fresh figs is also dependent on the fig variety and its degree of ripeness (Chessa,
1997; Crisosto and Kader, 2007, Bremer, 2008). Controlled atmospheres, modified
atmospheres and modified atmosphere packaging with reduced levels of oxygen
and high levels of carbon dioxide (not more than 25%) have shown beneficial
effects on fresh fig storage, prolonging their shelf life (Chessa, 1997; Crisosto and
Kader, 2007).

7.10 Processing

7.10.1 Fresh-cut processing

Fresh-cut figs (maroon-skinned ‘Brown Turkey’ and yellow-green skinned
‘Sierra’) at commercial maturity prepared by sanitizing intact fruit in chlorinated
water, cut (halved) with a sharp stainless steel knife and stored in clamshells
remained in excellent condition for 6 days in air at 0°C or 5°C or in a controlled
atmosphere (3% O, + 6, 12 or 18% CO,) at 5°C. After 9 and 12 days, storage at
0°C resulted in the best quality cut figs, but figs were also of marketable quality
when stored at 5 °C in atmospheres with 12% and 18% CO,. However, the 12 and
18% CO, atmosphere resulted in notable increases in fermentative volatiles
(ethanol and acetaldehyde). Visual quality of the cut figs was not affected by
maturity stage. Loss of visual quality was associated with damage to the peel of
the fruit and there was no discoloration of the cut surfaces in either cultivar. Sugar
concentrations of the cut figs decreased significantly in ‘Brown Turkey’ fruit but
not in the ‘Sierra’ fruit over 12 days. Respiration rates of intact and cut figs were
similar (4-5 and 7-8 pL CO,g 'h™! at 0°C and 5°C for ‘Brown Turkey’ figs, and
67 and 9-10 pL CO, g 'h™"at0°C and 5 °C for ‘Sierra’ figs). Ethylene production
rates were also similar in fruit at the two stages of maturity, but different between
the cultivars. Microbial growth on the cut surfaces was similar to that of the intact
fruits, due mostly to molds, and did not appear until after 12 days at 5°C in air.
The CO, atmospheres were effective in retarding microbial growth. Based on
these results, it appears that figs could perform well as fresh-cut products and add
interest and diversity to fruit trays held at very low temperatures for about 9 days.

7.10.2 Other processing practices

Figs grown for eating as dried fruit go through normal senescence in the orchard.
Thus, figs ripen fully and dry partially on the tree; they then fall to the ground,
where further drying occurs. Most figs are mechanically harvested from the
ground, although some hand labor at harvest is still used. A typical operation
involves mechanical sweeping of figs from under the trees into a windrow in the
center of each row. Further drying may take place here before mechanical
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harvesters remove the fruit from the ground and place it in bins (approximately
1000 pounds of fruit). Leaves, small branches, small stones and other debris are
separated from the figs during harvest. Harvest continues for 4 to 6 weeks at
weekly intervals. After harvest, the fruit is transported to a collection site,
dehydrator or storage area, where it is fumigated to eliminate insects. Figs for
drying often require additional moisture removal following harvest. This can be
done by sun drying or dehydration. Usually the fruit is subjected to a rapid water
rinse before it is dried. With sun drying, the fruit is placed in single layers on
wooden trays and spread in direct sun. Fruit to be dehydrated is also placed on
trays, which are stacked and moved into dehydrating tunnels. The objective of
drying is to reduce fruit moisture to about 17%. This may take a few days in the
sun or 6 to 12 hours at 60°C in dehydrators. Care should be taken to prevent
tunnel temperatures from getting too high, since caramelization can occur. This
results in a burnt flavor and dark-colored fruit. After drying, the fruit is again
fumigated to control insects.

Canning figs are picked from trees as they become fully colored and while they
are still firm. Harvest is by hand, often from ladders, and the figs are placed in
buckets or shallow flats. Pickers wear gloves because latex exuded from freshly
harvested fig stems causes skin irritations. Actual fruit removal from the branches
is usually accomplished by grasping the fig in the hand while twisting and pulling
in one motion. Fresh figs are highly perishable, so it is exceedingly important to
transport the harvested product without delay to a cold storage facility.

Efforts are ongoing to develop possible new fig products through the
combination of different technologies including reduction of water activity
(aw) and high pressure processing (Carbone ef al., 2001). Very promising results
related to physical, chemical and microbial attributes were obtained when fruits
were dipped for 15 minutes in a 0.5% ascorbic acid solution, partially dehydrated
in cold air (up to 0.87 of water activity), then packaged in fructose isotonic
solution and processed at 600 MPa for 3 minutes. In these conditions fruits
retained more fresh-like attributes and lower microbial population compared to
other treatments (blanching, dehydration and modified atmosphere packaging)
and kept those characteristics for 28 days at 5 °C.

7.11 Conclusions

As a complement to the rich pleasures of dried figs and their products, there is a
great deal of interest in expanding fresh fig sales in the U.S. This will require
significant advances in postharvest handling. The large number of consumers still
unaware of figs, combined with positive consumer perception, points to the large
potential for the fig market, especially the fresh fig market. It is necessary to develop
cultivars better suited for fresh consumption that have better taste at the less mature
stage and/or remain firm enough at the tree ripe stage to tolerate postharvest handling
during harvesting and marketing. Different ways of packing and marketing to
protect safety and quality of this fresh commodity should be investigated.
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Plate XI (Chapter 6) Chilling injury in feijoa. (a) Internal symptoms include vascular
browning and pink discoloration of the flesh; (b) external symptoms include longitudinal
browning of the skin.

Plate XII (Chapter 7) Different stages of fig fruit development, externally and internally.
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Plate XIII (Chapter 7) Fresh figs are very sensitive to physical damage, one of the main
reasons for their short shelf-life.

Plate XIV (Chapter 8) Miniature and large types of golden apple fruits.

© Woodhead Publishing Limited, 2011



8

Golden apple (Spondias dulcis Forst. syn.
Spondias cytherea Sonn.)

M. Mohammed, University of the West Indies St Augustine Campus,
Trinidad, S. Hajar Ahmad, R. Abu Bakar and T. Lee Abdullah, University
of Putra Malaysia, Malaysia

Abstract: The golden apple (Spondias dulcis Forst. syn. or Spondias cytherea Sonn.) is
native to Polynesia, and has been widely distributed to many tropical and sub-tropical
regions of the world. This fruit is climacteric in nature and exists in two forms: the large
type and the miniature or dwarf type. Fruits at the mature-green, semi-ripe and ripe stages
of maturity are used in both fresh and processed forms and are a major export fruit and
foreign exchange earner for many Caribbean islands. This chapter reviews golden apple
development, postharvest physiology and nutritional value, pre- and postharvest factors
affecting fruit quality, including pathological disorders and insect pests, processing
technologies and applications.

Key words: golden apple, climacteric, respiration, chilling injury, heat injury, senescence.

8.1 Introduction

8.1.1 Origin, botany, morphology and structure

The golden apple (Spondias cytherea Sonnerat or Spondias dulcis Forst.) (also
called otaheite apple, ambarella, Polynesian plum, caja-manga, jew plum, june
plum, pomme cythere, kedongdong, ma-kok-farang, mokak, coc, juplon, hobo de
racimos, jobo de la India, jobo de Indio, mango jobo and manzana de oro) belongs
to the Anacardiaceae family which also includes several important tropical fruit
trees such as mango (Mangifera indica L.) and cashew (4nacardium occidentale L.)
Native to Polynesia, it was introduced into Jamaica in 1782 and again ten years later
by Captain Bligh, and can now be found growing throughout the Caribbean, Asia,
South and Central American regions and, to a lesser extent, in Africa (Morton,
1987). It is common in Malaysian gardens and fairly frequent in India and Ceylon.
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The United States Department of Agriculture in Washington received seeds from
Liberia (West Africa) in 1909 and from Queensland (Australia) in 1911, where it
can also be found. Although a number of collections were grown in Florida, from
Palm Beach southward, the tree has never become common there.

The golden apple tree flourishes in humid tropical and subtropical areas and
can grow at an altitude of up to 2300 ft (700 m). Of the two distinct types of
golden apple fruits, the large type, which is more popular, is borne on trees
attaining a height of 9-25 m, although Daulmerie (1994) reported trees of up to
45 m. The miniature or dwarf type is from trees about 1.5-3 m in height. The trees
start to bear fruit after 2-3 years of growth when propagated by cuttings and yield
increases to 8 years with an economic life of 20-25 years. Fruit from trees of both
types are normally oval, round or pear-shaped. Fruit of the large type vary in size
from about 5-6 cm in diameter and 9-10 cm in length with an average weight of
200g (Mohammed and Wickham, 1997). Fruit of the miniature or dwarf type are
about 4-5 c¢cm in diameter and 5-6 cm in length with an average weight of 65 g
(Graham et al., 2004b; Persad, 1996; Winsborrow, 1994). (See Plate XIV in the
colour section between pages 274 and 275.) The trees of both types, which are
stately ornamentals, are rapid-growing, upright and rather rigid and symmetrical,
with thick, breakable branches. They have deciduous, pinnate leaves 20—60 cm in
length, composed of 9-25 glossy, elliptic or obovate-oblong leaflets 6.25-10 cm
long, finely toothed towards the apex (Morton, 1961).

The trees exhibit a short dormant period in the early dry season, their leaves
turn light yellow and then senesce and abort. Flowering is subsequently initiated
and fruits ripen in 6—7 months (Bauer ef al., 1993). The trees produce flowers
4 years after planting and continue to produce good yields after 25 years. The
small, inconspicuous, whitish flowers are borne in large terminal panicles. They
are assorted, male, female and perfect in each cluster. The fruit are long-stalked
and are borne in clusters of a dozen or more. They have thin but tough skin, which
is often russetted. While the fruit is still firm, the flesh is crisp, crunchy, juicy,
slightly sour and has a somewhat pineapple-like fragrance and flavour (Morton,
1961; Mohammed and Wickham, 1997). If allowed to soften, the aroma and
flavour become musky and the flesh difficult to slice because of conspicuous and
tough fibres or spines extending from the rough ridges of the five-celled, woody
core (Morton, 1961; Graham ef al., 2004b).

8.1.2 Worldwide importance and economic value

Previously the golden apple was generally not grown as a commercial crop and
exporters were cautious about marketing such an obscure fruit (Bauer et al., 1993).
However, extra-regional export markets became established in the late 1980s and
the large type fruit is now exported from several Caribbean countries including
Trinidad and Tobago, Grenada, St Vincent, Guyana, Surinam, Jamaica, the
Dominican Republic and Dominica as a fresh fruit while mature-green to North
America and European countries. According to Bauer et al. (1993), Grenada was
able to penetrate the lucrative fresh-fruit market of the United States in the
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1980s because of its fruit fly-free status. A number of value-added products made
from golden apples such as amchar, chutney, pickles (sweet and sour), are also in
demand in the ethnic markets in Canada, the United States and the United Kingdom.

However, the miniature or dwarf golden apple fruit remains unexploited
although it has great potential for domestic utilization and foreign trade because
of several advantages it has over the large fruit type. Among the main advantages
are that the miniature fruit is available throughout the year while the large fruit
type is seasonal in nature; fruits from the dwarf trees are less cumbersome to
harvest due to the significant difference in tree height; early bearing is associated
with the miniature or dwarf types as initial bearing occurs in six months compared
to several years in the large type; the miniature plants can be established at very
high densities giving high yields per unit area compared to the large type trees; the
miniature fruit lends itself more easily to certain types of processing (Graham
et al., 2004b; Mohammed and Wickham, 1997).

8.1.3 Culinary uses, nutritional value and health benefits

Both types of golden apple fruits are mainly used as foods. They are very versatile
since they are eaten raw at the mature-green stage and also as a dessert at the fully
ripe stage. In Malaysia, golden apple is often cut into pieces and eaten with salt or
a black shrimp paste called ‘hayko’. The mature green fruits also produce a
delicious juice, which is used in drinks and sherbets. Beyond the mature-green
stage the fruits can be processed in numerous ways. For example the crisp sliced
flesh can be used as a curry ingredient, or stewed with a little water and sugar and
then strained through a wire sieve to make a product similar to apple sauce but with
a richer flavour. With the addition of cinnamon or any other spices desired, this
sauce can be cooked down to a thick consistency to make a preserve very similar
to butter. Unripe fruits can be made into jelly, pickles or relishes, or used for
flavouring sauces, soups and stews. Young golden apple leaves are appealingly
acid and consumed raw in south-east Asia. In Indonesia, they are steamed and
eaten as a vegetable with salted fish and rice, and also used as seasoning for various
dishes. They are sometimes cooked with meat to tenderize it (Morton, 1961).

The ripe fruit is much sweeter (6% soluble solids concentration) than green
fruit (4% soluble solids concentration). According to Morton (1961), the food
value of golden apple fruits per 100 g of edible portion is 157.30 calories; total
solids range from 14.53—40.35%, moisture 59.65-85.47%, protein 0.50-0.80%,
fat 0.28-1.79%, sugar 8.05-10.54%, total titratable acidity 0.47%, crude fibre
0.85-3.60% and vitamin C content 42 mg/100 g of raw pulp. Ishak et al. (2005)
found the fruit to contain fat (0.34-0.54%), protein (1.76-2.33%) and ash
(6.23-6.78%) and 4.65-5.86 mg/100 g vitamin C. It is a good source of iron and
contains higher levels of phosphorous than sodium, magnesium, calcium and zinc
(Ishak et al., 2005). Unripe fruits contain 9.76% pectin (Morton, 1961) which is
useful as a food additive for its gelling properties (Koubala et al., 2008). The total
phenol content of golden apple or ambarella (33+5 mg/100 g) is lower than that of
orange (75 mg/100 g), but is similar to that of mangosteen, banana, water apple,
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papaya and dragon fruit (Lim et al., 2007). The consumption of fresh golden apple
fruit is useful against diabetes mellitus, indigestion, urinary tract infections,
hypertension and hemorrhoids (Morton, 1961).

8.2 Fruit development and postharvest physiology

8.2.1 Fruit growth, development and maturation

Graham et al. (2004b) published growth and developmental changes for fruit of
the miniature golden apple. They documented that the miniature golden apple
fruit exhibited a single sigmoid growth curve based on values for fruit length,
diameter and fresh mass. During early stages of growth after fruit-set, fruit growth
was very rapid with major increases in fruit length for up to 11 weeks and
continued increases in fruit diameter and fresh mass for an additional two weeks.
They concluded that the exponential growth phase lasted for up to about 13 weeks
after fruit-set. This phase was followed by a phase of relatively constant values for
length, diameter and fresh mass which lasted from 13-23 weeks after fruit-set.
It was found that harvest maturity or the mature-green stage was attained at
19-21 weeks after fruit-set as indicated by constant fruit mass of 64-68 g.

The traditional large type golden apple fruit trees have fruits with an average
weight of 140-224 g, fruit length of 7.5 cm and width of 6.3 cm (Bauer ef al.,
1993). However, fruits in Grenada and St Vincent in the Caribbean have been
observed to weigh as much as 450 g (Winsborrow, 1994). Franquin ef al. (2005)
characterized mature-green fruits grown in Martinique (French West Indies) with
average length, diameter and weight being 71 mm, 54 mm and 116.5 g respectively.

8.2.2 Respiration, ethylene production and ripening
The respiratory patterns during growth and development for both fruit types are
typical of a climacteric fruit (Graham et al., 2004a; Daulmerie, 1994). For
miniature golden apple fruits Graham et al. (2004a) indicated that the initiation of
a climacteric rise in respiration occurred at 21-23 weeks after fruit-set, when
colour break was observed and ripening progressed thereafter. Some 85-100% of
miniature golden apple fruits fell from the plants between maturation and ripening.
No ethylene was detected in fruit up to colour-break, while still attached to the
plant. However, once detached, fruit ripened rapidly with the production of
ethylene and much increased respiration rates within 2—5 days. On the initiation
of fruit ripening, there were major declines in fruit firmness and starch, total
titratable acidity (TTA) and vitamin C contents. These changes were accompanied
by considerable increases in total and reducing sugar contents, soluble solids
concentration, pH and sugar-acid ratios (Fig. 8.1, Table 8.1). Organoleptic tests
indicated that miniature golden apple fruits received acceptable ratings for flavour
and texture when harvested 19-23 weeks after fruit-set.

For miniature golden apple fruits at the exponential growth phase Graham
et al. (2004b) noted a decline in respiration rates with increased fruit development,
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Fig. 8.1 Changes during the growth and development of miniature golden apple fruit.
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reducing sugars (P < 0.01) for dry mass (Graham et al., 2004).

from approximately 52.61 mg kg 'hr!, five weeks after fruit-set to about
25.45 mg kg 'hr! eight weeks later. The high rate of respiration detected during
the early stages of fruit development was likely to be related to intense cellular
activity, particularly high rates of cell division, cell enlargement and cell
differentiation in the tissue of the developing fruit, as observed in other fleshy
fruits (Enamorado et al., 1995). Respiration rates which declined throughout the
exponential growth phase continued to decline and attained a pre-climacteric
minimum of 17.25 mg kg 'hr™! four weeks later at colour-break.

Only miniature golden apple fruit harvested at earliest 19 weeks after fruit-set
developed the changes characteristic of proper ripening. Fruit ripened fully within
5-7 days at 32°C with the development of a deep yellow to orange skin colour
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Table 8.1 Compositional changes in miniature golden apple fruit
during growth and development (Graham et al., 2004)

Weeks after SSC TTA .pH  Vitamin C Sugar acid

fruit-set  (gkg") (gkgh) (gkg™")  ratio

5 65.80ay 15.80b 2.48a 0.05a 4.16a

7 83.30bc 18.10a 2.53a 0.08b 4.61ab

9 69.20a  14.80bc 2.67b 0.09b 4.68ab
11 75.00ab 14.50bc 2.71b  0.08b 6.50¢
13 70.00ab 13.60cd 2.68b 0.09b 5.16b
15 78.30ab 12.40de 2.72b 0.09b 6.31c
17 73.30ab 11.00e 2.75b 0.11c 6.66¢
19 75.00ab  7.10f 2.77b 0.10bc 10.56d
21 75.00ab  6.80f 2.89¢ 0.14d 11.03d
23 93.30c 6.70f  3.01d 0.09b 13.93¢

¥ Means followed by the same letter(s) are not significantly different
(P<0.05).

and soluble solids concentration of between 120 to 130 g kg™!. In contrast, fruit
harvested earlier developed a pale yellowish skin colour and peak soluble solids
concentration of 100 g kg™!. Such findings showed that at stages prior to 133 days,
fruit was immature and that the mature-green stage of development was attained
in fruit older than 132 days after fruit-set (Graham et al., 2004a).

In another investigation Graham et al. (2004c) examined the changes in
respiration, ethylene production rates and physicochemical quality attributes of
miniature golden apple fruits during storage at 21 °C and 31 °C at three stages of
maturity (Fig. 8.2). The number of days that fruit took to attain full skin colour
development associated with ripening varied with storage temperature and stage
of development. Accordingly, at 21 °C and 31 °C respectively, immature fruit took
8 and 6 days, mature-green fruit 10 and 8 days and breaker fruit 7 and 6 days. At
both temperatures increased skin colour was associated with a climacteric pattern
of respiration and higher soluble solids concentration and total sugar content.
Generally, at the climacteric, simultaneous peaks in CO, and C,H, (ethylene)
production were obtained for breaker fruit after 7 days but after 8 days for both
immature and mature-green fruit. Storage at 21°C delayed the initiation of
climacteric CO, production by immature fruit and the initiation of climacteric
C,H, production by both mature-green and breaker fruit (Graham et al., 2004b).

Daulmerie (1994) investigated postharvest respiratory activity of the fully
mature large type golden apple fruit under ambient conditions (28 °C) over a
12 day period. A typical climacteric pattern of respiration was 24 m/kg ! hr!
which decreased rapidly to 15.5 m/kg ! hr'! by day 3 and the fruits were still
green. Beyond this period up to day 7, noticeable changes in the green skin
colour to light cream colour were visible. The climacteric rise was initiated then,
after which CO, levels increased dramatically from 19 m/kg™! hr! to 35 m/kg ™!
hr™! after 9 days when fruits were ripe and coinciding with the climacteric peak.
The decrease in CO, to 24 m/kg™' hr'! on day 10 represented the climacteric
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Fig. 8.2 Ethylene production of miniature golden apple fruits at three stages of fruit
maturity during storage (Graham et al., 2004).

decline or post-climacteric. Evidence of over-ripening was noted after 11 days
at 28°C.

Daulmerie (1994) presented theories to account for the apparent delay of
golden apple fruits (large type) to undergo ripening while attached to the parent
tree. One theory suggested that an unknown inhibitor is probably produced in the
tree which migrates into the fruit while it is still attached thereby preventing the
fruit from reacting to ripening inducers such as ethylene. Another explanation is
that ripening of golden apple fruit is possibly activated by fungal growth and
perhaps the inhibitor is metabolized by the fungus.

Both the large and small fruit types are limited by a short shelf life after harvest,
particularly due to the high rates of respiration and rapid rate of ripening at
ambient conditions. Ethylene regulates the ripening process of this fruit; thus the
ripening process can be reduced by inhibiting ethylene biosynthesis or action
(Graham et al., 2004c¢).

8.3 Maturity indices and quality components

Golden apple fruits of both types, miniature or large, are required by local,
regional and extra-regional markets to be mature green, unripe, firm, free from
mould surface disease, mostly free from scarring (not more than 15% of the fruit
surface) and free from mechanical damage (Mohammed, 2003; Mohammed and
Wickham, 1996; Graham et al., 2004c; Daulmerie, 1994). Fruits of both types are
oval, round or pear-shaped and this variation in fruit shape can exist in a single
cluster of fruit in both genetic lines. For the large fruit a minimum weight and
length of 150 g and 6 cm is required compared to the miniature type where a
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minimum weight and length of 60-65 g and 4-5 cm is acceptable for most
markets. Mature green fruits are selected on the basis of flesh, skin colour and
gloss. Upon maturity, the flesh colour changes from pale green to cream and, on
ripening, to yellow. Skin colour changes from deep green with minimal gloss to
pale glossy green at maturity, and then to golden yellow at ripening.

8.4 Preharvest factors affecting fruit quality

Golden apple trees grown in the Caribbean islands are usually propagated from
non-selected materials and therefore the production and quality of fruits tend to be
highly inconsistent (Winsborrow, 1994). Andall and Baldeo (2000) investigated
the effect of fruit and inflorescence pruning on fruit size and yield of dwarf golden
apple fruits. They concluded that fruit pruning resulted in an increase in fruit size
but fruit yield was reduced; inflorescence pruning on the other hand reduced fruit
size as well as fruit yield. The golden apple tree is tolerant to drought, but under
such conditions the trees remain small and produce fewer undersized fruits (Weir
et al., 1982; Morton, 1987). Excessive irrigation may cause the fruits to be soft
and bruised (Macia and Barfod, 2000). Full sunlight is required for optimum tree
and fruit growth (Popenoe, 1979). However, young trees require light shade for
the first few years (Ochse et al., 1961). Generally, sugar content of the fruits
depends on the number of hours of exposure to full sunlight (Macia and Barfod,
2000). Thus, ripening of the fruit is best during periods of low rainfall. In Grenada,
large and sweet golden apples (Spondia dulcis) are produced in the relatively drier
regions (Bauer et al., 1993). There is also less gumming and the fruits are clean
when there is less rain. However, Bauer ef al. (1993) also reported that high
temperatures during the dry season may cause premature yellowing due to sun
scalding. Geurts et al. (1986) reported yields per tree of 800-900 fruits with an
average total weight of 270450 kg, but in later investigations Bauer ez al. (1993)
claimed yields as high as 900 kg.

8.5 Postharvest handling factors affecting quality

8.5.1 Temperature management

Golden apple fruits can be classified as having a high rate of respiration comparable
to other tropical fruits such avocado and papaya. The rate of respiration and evolution
of respiratory heat can be reduced by harvesting fruit at a consistent stage of maturity,
handling carefully to minimize physical damage during harvesting, packing, loading
and unloading operations, packing in shallow, padded, well-ventilated, light-coloured
plastic crates, placing packed fruits in shade or covering fruit-filled harvesting
containers with broad leaves such as banana leaves, transporting containers to
packinghouse in well-covered, light-coloured tarpaulins, harvesting and packing
fruits during cooler parts of the day. Hydrocooling to remove field heat should be
undertaken within 45 minutes of arrival at the packinghouse. Submerging fruits in
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tap water (7—10°C) for one hour is an effective temperature management technique
(Mohammed, 1997). Precooled fruits should be kept at a non-chilling temperature of
12-13°C at a relative humidity of 85-90% throughout the postharvest handling
system to optimize quality and shelf life (Mohammed, 2003).

8.5.2 Physical damage

The mature-green golden apples of both genetic lines are dense, firm and turgid and
therefore extremely susceptible to all forms of physical damage at every stage of the
postharvest handling system. At harvest, the main type of physical damage is due to
punctures from the harvester’s finger nails. However, the main cause of most of the
bruises on the fruits is transportation. Larger bruises usually occur during transport
and packaging, due to movement of fruits around the sorting tables, crates and boxes.
Overfilling or underfilling of harvesting containers can also induce compression,
bruising and abrasions which serve as avenues for secondary infections (Mohammed,
1997). The impact of this physical damage may only become visible at a later stage
during distribution and marketing. Cracks, for example, become visible after fruit has
been hydrocooled or washed, when water seeps between the thin skin and flesh and
eventually forms a watery soft spot culminating in fruit decay.

The need to monitor and implement proper fruit handling to reduce physical
damage is paramount. This can be achieved by selection of shallow containers,
padded containers and conveyor belts, minimizing fruit rolling and rubbing and
wearing gloves during harvest sorting and packing operations. Daulmerie (1994)
estimated cumulative postharvest losses arising from physical damages at harvest,
during transport and at washing to be 8.4%. Another author estimated that about
41% of fruits are rejected due to bruises that occur during packing, storage and
transportation (Daulmerie, 1994).

8.5.3 Water loss

The rate of moisture loss in golden apple fruits is a function of stage of maturity at
harvest, storage temperature, relative humidity and storage duration. Graham et al.
(2004b) reported percentage fresh weight losses of miniature golden apple fruits at
immature, mature-green and breaker stages over a 14-day period at 9°C, 21°C and
31°Crespectively. At all temperatures fresh weight losses were highest for immature
followed by mature-green and lowest for breaker fruits. At all temperatures over 14
days fresh weight losses averaged 5.6% and no visible evidence of shriveling was
observed. Likewise, Daulmerie (1994) did not observe shriveling in the large type
fruit even at 12% fresh weight losses, but in this study, fresh weight losses decreased
with storage temperature. Modified atmosphere packaging also contributed to a
50% weight loss reduction compared to control fruits. Daulmerie (1994) found that
fruit stored in sealed polyethylene bags lost less percentage volume compared to
fruit stored in air. Daulmerie (1994) claimed that changes in fresh weight resulting
in shriveling of fruits stored at §°C and the associated symptoms of pitting,
mummification of fruits and holes arising from the collapse of the cells beneath the
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surface were due to CI. Mohammed and Wickham (1997), however, contradicted
this claim, indicating that symptoms associated with desiccation were different from
those of chilling injury. In their study golden apple fruit appearance was affected by
extensive shriveling and development of longitudinal depressions and water-soaked
areas. After 3 days at 30°C golden apple fruits stored in paper bags (control) had
lost 4.08% of their fresh weight; the loss had increased two-fold 8 days later. The
fruit reached the end of its shelf life after 11 days at 30 °C with rapid decay, the
major symptom being dry rot, caused by Fusarium sp.

8.5.4 Atmosphere

Mohammed and Wickham (1997) reported that the altered atmosphere created by
waxing and seal-packaging golden apple fruits markedly influenced CI damage,
percentage marketable and percentage decayed fruits during storage (Table 8.2).
They concluded that waxing was more effective than low density polyethylene
(LDPE) bags in alleviating CI damage in golden apple fruits. Visible symptoms of
CI for waxed fruits were observed after 23 days at 5°C while those of LDPE
packaged fruits were noticeable after 19 days. Waxing also accounted for 8% and
6.3% more marketable fruits after 19 and 23 days at 5°C than LDPE packaged
fruits. Percentage decayed fruits after 23 days at 5°C was 4.1% less for waxed
compared with LDPE packaged fruits. When fruits from these two treatments
were transferred for 1 day storage at 30 °C waxed fruits had lower incidences of
ClI, pitting and decay than LDPE packaged fruits. Decay of fruits in LDPE bags
from these treatments was enhanced as a result of condensation within the sealed
bags and the warmer temperature obtained upon transfer to 30 °C. Bacterial soft
rot caused by Eirwinia sp. dominated these samples.

Table 8.2 Effect of packaging and waxing upon percentage marketable
and decayed golden apple fruits after 19 and 23 days

Treatments Marketable fruits (%) Decayed fruits (%)

19 days 23 days 19 days 23 days

LDPE @5°C 26.6 10.6 11.1 16.2
LDPE @5°C +

1 day @30°C 22.1 6.6 27.2 36.0
Wax @5°C 34.6 16.9 10.0 12.1
Wax @5°C +

1 day @30°C 26.6 8.2 26.7 30.0
Paper bags @5°C 0.0 0.0 84.9 86.2
Paper bags @5°C +

1 day @30°C 0.0 0.0 100.0 100.0
Paper bags @30°C 0.0 0.0 94.9 100.0
LSD 05, 4.1 1.4 4.49 4.0

LDPE: Low density polyethylene
Source: Mohammed and Wickham (1997)
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8.6 Physiological disorders

8.6.1 Chilling injury

Mohammed and Wickham (1997) investigated the effects of modified atmosphere
packaging, storage temperature and duration on the keeping quality and chilling-
tolerance of large type golden apple fruits. They confirmed that golden apple fruits
are very chilling-sensitive when stored at 5°C. Fruits stored in paper bags at 5°C
for 7 days showed visible symptoms of CI with tiny randomly scattered pits, but
after 11 days CI was more severe, as the tiny pits coalesced to form a more
concentrated pattern resulting in larger depressed areas characterized by a definite
dark-brown discoloration (hereafter referred to as sheet pitting). The injury became
even more apparent in fruits stored for as little as 3 days at 5°C which were then
subsequently stored for an additional day at 30°C. The sheet pitting increased in
severity and affected areas became water soaked with individual flat or sunken
spots surrounded by a small ring of normal tissue. Viewed together, these areas had
a dappled appearance. As levels of water loss increased further, the sheet-pitted
areas became irregularly sunken with a pebbly and grainy appearance. Mohammed
and Wickham (1997) demonstrated that waxing delayed the appearance of pitting
in the above storage regimes to days 23 and 15 respectively (Table 8.3). They also
showed that the skin pitting that developed in fruit packaged in LDPE bags after 19
days at 5 °C became more pronounced after the fruit was held at 30 °C for a further
day. Despite the time taken for symptoms to appear, measurements of bioelectrical

Table 8.3 Effect of packaging and waxing upon bioelectrical resistance (kilohms) of
golden apple fruits during storage

Treatments Bioelectrical resistance (kiohms)
Storage period (days) Statistical significance
3 7 11 15 19 23 LSD(O'OS) Linear
LDPE @5°C 70.00z 45.34 42.89 39.89 3823 34.78 3.53 *
LDPE @5°C +
1 day @30°C 66.61 41.26 36.41 35.61 27.20 20.14 6.04 *
Wax @5°C 69.00 46.77 44.00 39.80 35.80 30.33 3.90 *
Wax @5°C +
1 day @30°C 64.34 41.27 36.11 30.14 25.16 17.61 3.11 Hox
Paper bags @5°C 63.90 38.00 27.40 25.77 26.77 2397 2.43 *
Paper bags @5°C +
1 day @30°C 56.66 3741 2441 20.10 ND ND 3.00 ok
Paper bags @30°C 74.67 51.53 36.00 ND ND ND 7.92 *
LSD(0.05) 353 1.01 7.68 401 140 229

Z Mean of 10 fruits/treatment x 4 replicates
LDPE: Low density polyethylene
Source: Mohammed and Wickham (1997)
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resistance and electrolyte leakage indicated that severe membrane damage had
occurred by 7 days storage at 5 °C using all packaging methods mentioned above
(Tables 8.4 and 8.5). The inverse relationship encountered for bioelectrical
resistance (BER) and electrolyte leakage (EL) provided a useful objective measure
of the onset of CI prior to the appearance of CI symptoms. They argued that fruit
ripening and senescence initiated and contributed to the loss in membrane integrity.

Table 8.4 Effect of packaging and waxing upon electrolyte leakage (%) of golden apple

fruits during storage

Treatments Electrolyte leakage (%)
Storage period (days) Statistical significance
3 7 11 15 19 23 LSD ) 05, Linear
LDPE @5°C 16.01 18.18 20.18 27.43 46.45 52.47 2.00 *x
LDPE @5°C+
1 day @30°C 16.00 17.60 25.11 33.21 48.16 56.14 7.0l o
Wax @5°C 1474 20.98 21.18 21.58 29.03 58.61 5.6l *
Wax @5°C+
1 day @30°C 1470 24.61 29.23 30.14 35.16 37.19 4.40 *
Paper bags @5°C  15.76 17.53 39.34 52.87 52.89 59.45 4.07 o
Paper bags @5°C+
1 day @30°C 17.61 21.62 44.66 5679 ND ND  10.59 o
Paper bags @30°C 10.94 36.74 32.13 ND ND ND 10.17 *
LSD 198 248 079 3.06 5.01 3.14

(0.05)

Z Mean of 10 fruits/treatment x 4 replicates
LDPE: Low density polyethylene
Source: Mohammed and Wickham (1997)

Table 8.5 Effect of heat treatments on selected quality attributes of miniature golden
apple fruits stored at 22°C for 6 days

Heat treatments Marketable General Decay (%) Anthracnose  Heat injury
fruit (%) appearance® incidence (%) ratings¥
46°C for 10 min. 75 4 25 0 1
46°C for 15 min. 0 2 20 0 4
46°C for 20 min. 0 1 20 0 5
49°C for 10 min. 0 1 15 0 5
49°C for 15 min. 0 1 25 0 5
49°C for 20 min. 0 1 30 0 5
Untreated control 35 2 65 25 1

X Heat injury ratings: 1 = none, 2 = slight, 3 = moderate, 4 = severe, 5 = very severe.

Y General appearance ratings: 1 = very poor, 2 = poor, 3 = fair, 4 = good, 5 = excellent.

Source: Graham et al. (2004)
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The change in visual colour from green to yellow accompanied by a distinct high-
scented aroma at 30 °C indicative of fruit ripening at an advanced stage was notably
absent in chill-injured fruits stored at 5 °C.

Graham ef al. (2004c) investigated the chilling sensitivity of miniature golden
apple fruits harvested at three stages of maturity and stored at 9 °C. Chilling injury
symptoms were evident after 4, 6 and 10 days respectively for immature, mature-
green and breaker-stage fruit; however, these fruits were stored at a temperature
4°C higher than the large type fruits used by Mohammed and Wickham (1997).
There was an inverse relationship between BER and EL in both miniature and
large type fruits as the rate of increase in severity of CI accelerated over time.

8.6.2 Other physiological disorders

Fruits of both genetic lines are susceptible to heat injury. Heat injury symptoms
include extensive bruising of the skin and the prevalence of hard lumps in the
flesh of ripe fruit. This was reported by Graham ef al. (2004a) when investigating
the effects of hot water treatments prior to storage on the incidence of decay.
Fruits heat-treated at 46°C for 15 or 20 minutes or at 49°C for 10, 15 or 20
minutes exhibited symptoms consistent with heat injury described above, after
3—4 days or 1 day respectively when stored at 22°C and were considered
unmarketable. However, 75% of fruits heat-treated at 46 °C for 10 minutes were
still marketable with no visible evidence of heat injury after 6 days at 22°C
(Graham et al., 2004a) (Table 8.5).

8.7 Pathological disorders

In Jamaica and various other countries the golden apple tree is subject to gummosis
and is consequently short-lived (Ochse and Bakhuizen,1977; Geurts et al., 1986;
Fortune and Dilbar, 1993, Persad 1996). Various cankers also cause problems,
including a resinous canker caused by Lasiodiplodia sp. (Ponte et al., 1988) and a
bacterial canker caused by a pathogenic form of Xanthomonas campestris pv.
Magiferae indica (Pruvost and Luisetti, 1989; Pruvost et al., 1992). Golden apple
fruit has a high rejection rate, which can be attributed to a large extent to a lack of
control of disease and pests (Bauer et al., 1993). As the golden apple is not a major
crop in the countries in which it is found, there is a lack of attention to its pathological
disorders and their control (Geurts ef al., 1986). Golden apple fruits of both genetic
lines grown in regions of high humidity experience problems associated with
anthracnose. Trees cultivated in areas where the average rainfall is 2000 mm and
altitude 150 m above sea level are generally smaller in size but experience fewer
disease problems (Winsborrow, 1994). Different types of fungi, occurring mainly
during the wet season in the Caribbean, are observed on golden apple fruits of both
genetic lines. Bauer et al. (1993) reported the occurrence of small (8§ mm in diameter)
round black lesions on green fruit with gumming developing slowly on the fruit as
well as other large black spots of 1.5 cm of diameter. These lesions usually remain
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superficial (3 mm deep) and do not cause fruit rotting or softening. When fruits
ripen the infected area remains pale green and softens. The spotting incidence
increased during the rainy season from June to November and were caused by
different types of fungi, such as Guldnardia spp., Asteromella spp., and
Colletotrichum spp. (Bauer et al., 1993). Brown lesions with no gumming can be
observed on ripe fruits, causing rotting, and are identified as Colletotrichum
gloeosporioides. A stem rot (Botryosphaeric sp.) caused by a bacterium also occurs
on ripe fruits (Persad, 1996; Bauer ef al., 1993). Sooty mould due to Tripospermum
sp. is common on the fruit skin (Bauer ez al., 1993). Samson (1986) also reported on
the incidence of Phytophthora sp. A fungus Sphacelema spondias was reported to
cause round spots on the leaves and fruits in Florida and Brazil (Geurts, 1986).
Graham et al. (2004a) dipped miniature golden apple fruit in water at 46 °C for 10
minutes and reported effective control of anthracnose infections. Exposing fruits to
water at the same temperature for 15 minutes also resulted in no incidence of
anthracnose but caused severe heat, rendering the fruit unmarketable.

8.8 Insect pests and control

Both the golden apple fruit and the tree are attacked by various insect pests.
Severe caterpillar attacks can result in complete defoliation of trees. The leaves
can also suffer from severe damage by specific beetles (Ding Hon, 1978). In
Indonesia and Malaysia, the leaves are severely attacked by the larvae of the
kedondong spring-beetle, Podontia affinis Grond and Podontia punctata (Ochse
and Bakhuizen, 1977; Guerts et al., 1986; Prihatman, 2000). In India, the first
beetles appear in June and defoliate the trees. Eggs, laid in clusters of 20-60,
incubate for a period of 7-8 days; the life cycle is 3235 days. Some parasites of
these beetles have been found as a nematode (Mernis) and a fungus
(Cephalosporium). A foliar spray of spores of this fungus, or of 0.25% of
malathion, in June/July gave effective control of the insect (Singh et al., 1989). In
Costa Rica, the bark is eaten by a wasp, causing necrosis which leads to death. No
particular insects or disease have been reported in Florida.

Infestation of fruit by pests during the immature and mature stages will reduce the
quality of the fruits due to blemishes on the fruit surface and fruit distortion, making
them unmarketable. Bauer ef al. (1993) reported the presence of scale insects on
immature green fruits, primarily on the fruit peduncle and shoulder. Feeding by the
scale insects is associated with the development of pale-coloured, light green to
yellow spots scattered on the green skin of the fruit. The incidence of scale insects
coincided with early fruit development in the dry season and also caused black sooty
mould (Plate XV A and B) to be deposited on the green fruits. Bauer ez al. (1993) also
reported mite infestation during the early stages of fruit development which caused
scarring with pale-brown to grey bands across the fruit surface which rendered fruits
unfit for the export market. Severe mite infestations create corky deposits at the
blossom end of the fruit culminating in deformed fruits. The fruit are also vulnerable
to the Caribbean fruit flies (Leather et al., 1967; Guertz, 1986).
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Bauer et al. (1993) cite the following as other pests of the golden apple tree:
ants, termites, epiphytes, birds, beetles and lizards. The arrival of ants has been
linked to scale insect infestation, as they are attracted by deposits left by these
insects, as well as by the tree’s gum and sap. Tree branches are destroyed by
termites, and epiphytes are found on trees located in regions of high relative
humidity. Pests such as birds, millipedes and lizards are not significant causes of
postharvest losses.

8.9 Postharvest handling practices

8.9.1 Harvest operations
The harvest season for the large type fruits according to Bauer ef al. (1993) is from
August until November with the peak season being September and October, but
according to Daulmerie (1994), only limited quantities of fruit are available at the
beginning and end of the season. Harvesting is done manually and therefore is very
challenging and labour intensive, particularly when obtaining fruits from the large
type trees as opposed to miniature or dwarf type trees. The traditional large type
trees which vary from 6-20 m in height with a trunk 50 cm in diameter demand
creative harvesting techniques and devices. Fruits are harvested by climbing or
using a picking pole with either a basket or bag attached to catch the fruit. A pouch
bag can also be used when climbing or using a ladder. A rope-pulley system can also
be used to harvest larger loads. Mechanical devices such as an automatic platform
trough could be adopted but these require heavy capital investment and maintenance
costs (Mohammed, 2003). These devices are further constrained by their inability to
access trees on high or uneven terrains (Medlicott, 1990). After picking, the fruit is
sorted and transported to market by light truck or pick-up (Bauer et al., 1993).
Whatever harvesting aid is used, it is critical that fruits are not thrown or
dropped to the ground. Golden apple fruits crack or split easily on impact resulting
in postharvest losses (Mohammed, 2003). Bauer et al. (1993) estimated losses of
fruits at harvest in a study conducted in Grenada to be as high as 50% and
attributed this to shaking of branches causing fruits to drop on hard surfaces, non-
uniform fruit clusters which account for the harvest of premature fruits, difficulty
in harvesters reaching fruits at the terminal ends of weak branches, and fruit
bruising caused by poor handling, inappropriate containers, overstacking and
transportation over rough and hilly terrains. Daulmerie (1994) estimated that the
magnitude of postharvest losses at harvest was 9.65% This author suggested that
the main causes of rejects at harvest were mite damage, immature fruits due to
varying stages of fruit maturity within the same cluster, fungal infestation,
deformity and mechanical damages.

8.9.2 Packinghouse practices
Golden apple fruits should be transported in shallow light-coloured plastic crates.
These should be carefully loaded and stacked onto truck trays, covered with a
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white-coloured sanitized tarpaulin and taken to the packinghouse. Fruits should
be washed in water containing 100-120 ppm sodium hypochlorite solution
(Mohammed, 2003). In situations where fruits are harvested with sooty mould,
Daulmerie (1994) recommended a postharvest dip of 300 ppm calcium
hypochlorite for 15-35 minutes followed by rinsing in tap water. The soaking and
washing procedures also remove dirt, surface debris and latex (Medlicott, 1990).
Fruits are air-dried prior to packing in cardboard cartons. Fruit are sorted according
to size with a minimum length of 6 cm and weight of 140 g (Medlicott, 1990).
Insect damage in the form of distinct brown scars must not exceed 15% of the fruit
surface. Maximum weight of fruit in boxes should not exceed 18 kg, which
represents approximately 150 fruits. Packed fruits must be palletized and fork-
lifted into a chill room at 10-12°C and 90-95% relative humidity. Daulmerie
(1994) estimated postharvest losses due to packinghouse operations at 10.5%.

8.9.3 Control of ripening and senescence

Under ambient conditions, golden apple fruit commence ripening 2—4 days after
harvest at the full mature green stage, but they ripen slower when refrigerated.
Therefore for supply to regional and overseas markets at the mature green stage,
fruits need to be stored throughout the marketing chain under refrigerated
conditions (10-12°C, 90-95% rh) to control ripening. Being climacteric, the
evolution and presence of C,H, must be managed by ensuring that fruits are not
kept with other climacteric fruits that are moderate to high producers of C,H,.
Proper ventilation and sanitation protocols should be adhered to and the fruit
should be sorted carefully to remove damaged fruits which produce C,H,. Market
demand for fully ripe fruits also exists. To fulfill this demand, mature green golden
apple fruit can be allowed to ripen under ambient conditions for 2—4 days or
treated with ethrel (500 ppm) at 20-22 °C and 90-95% relative humidity for 1-1%
days and then subsequently stored at 7-8 °C 90-95% relative humidity until retail
display and consumption (Mohammed, 2003). Fully ripe fruits stored at 7-8 °C,
90-95% are less sensitive to chilling injury damage than mature green fruit
(Mohammed, 2003).

8.9.4 Recommended storage and shipping conditions

Medlicott (1990) recommended air shipments over sea transport. Mature-green
golden apple fruits can be stored under ambient conditions for 24 hours prior to
shipment, but maintenance at 1012 °C and 90-95% relative humidity following
packinghouse operations and storage optimizes quality and shelf life until arrival
and distribution to overseas market outlets. Daulmerie (1994) reported that after
harvest, mature-green fruit can be stored for up to two weeks at 13 °C and 90-95%
relative humidity. A temperature above 8 °C should be used for storage, otherwise
chilling injury will result. Sanitized fruits can be stored for 25 days in shipment at
11°C in the presence of an ethylene absorber (Daulmerie, 1994). Ripe and
overripe fruits should not be mixed with green ones; they produce ethylene which
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increases during ripening. Golden apple fruits should not be stored in the same
shipping container with fruits such as passion fruit, banana, plantains and papayas,
which are prolific producers of C,H,, as the C,H, would promote ripening and
senescence. Stacking protocols that promote a uniform flow of cool air in and
around shipping loads should be adhered to, and properly sanitized containers
should be used for high display quality at overseas destinations. Fruit cartons for
the US market should be sealed to prevent fruit-fly contamination.

8.10 Processing

8.10.1 Fresh-cut processing

Fresh mature-green, breaker and ripe miniature and large type golden apple fruit
can be used to make fresh-cut or minimally processed products. Unpeeled fruits
yield about 70% and 87% edible parts from ripe and green fruits, respectively.
During peeling, a fine layer of skin (3—4 mm) is usually removed, thus giving a
yield of 45% and 38% for the green and ripe fruit, respectively (Daulmerie, 1994).
The fruits are peeled and cut into quarters or halves with the spines and stone
intact and eaten as a snack with or without a sprinkling of salt and selected ground
or fresh-cut herbs such as shadon beni (Eryngium foetidum) and hot pepper
(Capsicum frutescens). Alternatively, the fruit can be cut into attractive shapes,
but this can lead to a very low yield (less than 40%) and is time consuming, thus
is only viable if the wasted parts are used for another product (Daulmerie, 1994).
Unpeeled fresh-cut golden apple fruits can be sealed-packaged in LDPE bags or
in stretch-wrapped styrofoam trays and stored refrigerated at 7-8°C for a
maximum of 18 days. However, fresh-cut peeled or unpeeled fruits can be dipped-
blanched in hot water at 55-60°C for 10—15 minutes and frozen. Frozen pieces
can be stored for more than 8 months and subsequently cooked in curry and spices
as a supplement to other meals (Mohammed, 2002).

8.10.2 Other processing options

The versatility of both types of golden fruits is reflected in the diverse range of
value-added products into which they are processed, some of which have already
been commercialized, including kuchelar, sweet and sour pickles, amchar,
chutney, jams, jellies, alcoholic and non-alcoholic beverages. Other products,
such as canned fruit in syrup, nectars, sauces, pectin extracted from golden apple
have the potential for commercialization. Processed fruits could increase the
value of the golden apple crop and open up a new market for countries that
produce them. In addition, rejected fruits from the expert trade can be used for
processing, providing better income for the exporters and farmers.

Franquin et al. (2005) investigated the feasibility of making golden apple
nectars at 13° Brix. Previous research had indicated that juice extracted from
mature-green fruits had a high starch content, which promoted the formation of
white sediment in the bottom of the juice container during storage. The starch also
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made the highly desirable olive green colour of the nectar whiter and pasteurization
lessened its intensity further. These authors solved these problems using two
strategies. Firstly, to degrade the starch and standardize the juice’s starch content,
the juice obtained after grinding and sieving was treated with an amyloglucosidase
enzyme (AMG 300 L) at various concentrations (200 g/t, 700 g/t, 2kg/t) for
15 minutes at 60 °C after starch gelatinization (64 °C or 72°C for 15 minutes).
Secondly, the treated juice was used to make nectar at 13 ° Brix, using a green
powder prepared from golden apple peels to enhance the colour. These new
formulations provided the template for the production of less sweet nectars with a
green colour closer to that of the fresh fruit.

In a subsequent study, Franquin et al. (2008) evaluated the effects of starch and
cell wall degrading enzymes from mature-green golden apple fruits on juice
residual starch and soluble sugar content. Starch and cell walls from mature-green
golden apple fruits were purified and characterized. Starch contained 21.0%
amylose, 78.1% amylopectin and 0.9% in other minor compounds. Cell walls
represented 2.8% of the edible fresh matter and mainly consisted of highly
methylated pectic substances and cellulose. This investigation further demonstrated
that hydrolysis of golden apple starch is possible when pectinolysis has occurred
before amylolysis treatment, probably because of the fluidification of the medium
by pecto-celluloytic enzymes. Pectinex Ultra SP-L was found to be the most
efficient preparation with which to degrade golden apple fruit pectins, releasing
80% of the cell wall uronides from 120 mg g~! of purified cell walls within 1 hour
at 30°C and at a pH of 2.7.

In other studies Koubala ez al. (2007) investigated the potential of golden apple
peels as a source of novel pectin for the food industry for use as a gelling agent in
jams, confectionery, bakery fillings and as a stabilizer in yoghurts and milk drinks.
They used three types of extraction media, hydrochloric acid (HCI), deoinised
water or oxalic acid/ammonium oxalate (OAAO) to extract the pectin from dried
alcohol-insoluble residues (AIR) of golden apple peels. Their study identified that
golden apple skin or peels are a rich source of pectin, yielding up to 30% of the
AIR reported. Depending on the extraction method used, uronic acid contents
varied from 557-727 mg g~! dry weight. The degree of methylation ranged from
50-58% and the molar masses were in the range 563 000-303 000 g/mol. The
study also revealed that since the molar mass and degree of methylation are
important parameters in gel-breaking strength, OAAO golden apple pectins could
be useful as food additives. Golden apple pectin compared favourably to lime
pectins extracted under the same conditions, thereby confirming their commercial
significance as ‘designer’ pectin.

8.11 Conclusions

Golden apple fruits of both genetic lines are extremely susceptible to mechanical
damage and innovative technologies are required to limit losses during harvesting,
packinghouse operations and distribution at market outlets. Due to the climacteric
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pattern of respiration where the ripening process seems to be regulated by C,H,,
appropriate C,H, management protocols are necessary. Research into the effects
of C,H, antagonists, e.g., Purafil, 1-methylcyclopropene (1-MCP), as well as
controlled atmosphere storage and biotechnological procedures would be
beneficial. Major emphasis should be placed on the use of mature-green fruit in
view of the range of value-added options products that can be made from it. Many
cottage-scale producers who represent or are linked to the main manufacturers of
value-added golden apple products would also agree that further research into
extending shelf life is necessary to make marine shipment more viable in view
of the escalating costs of air shipments. Further investigations are required on
the commercial extraction of pectins from fruit peel for use as a stabilizer and
gelling agent in ice creams, bakery products and confectionery products.
Identification, extraction and analysis of enzymes associated with fruit ripening
would also be useful to manage softening and textural changes during the ripening
process.
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Plate XIII (Chapter 7) Fresh figs are very sensitive to physical damage, one of the main
reasons for their short shelf-life.

Plate XIV (Chapter 8) Miniature and large types of golden apple fruits.
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Plate XV  (Chapter 8) (a) Mature green and ripe golden apple fruits without sooty mould
on fruit skin; (b) mature green golden apple fruits with sooty mould covering extensive
areas on fruit skin.

Plate XVI (Chapter 9) Berry bleaching symptoms produced by SO,. SO, penetrates
around the insertion of berry pedicel in (a) Thompson Seedless; (b) Red Globe berries. SO,
penetrates through cracks on berries in (c) Red Globe.
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Table grape (Vitis vinifera L.)

J. P. Zoffoli and B. A. Latorre, Pontificia Universidad
Catolica de Chile, Chile

Abstract: Table grapes produce clusters of berries on deciduous woody vines. The berries
are simple non-climacteric fleshy fruits. Currently, ‘“Thompson Seedless’, ‘Red Globe’ and
‘Flame Seedless’ are the main cultivars worldwide. The growth period lasts for 100 to

120 days after full bloom, and grapes are harvested with 15 to 17% total soluble solids
(TSS) and/or a TSS: titratable acidity ratio greater than 20. Several biotic and abiotic factors
cause postharvest deterioration of grapes, particularly when grapes are transported to
markets involving a journey of 15 to 40 days. The critical factors involved in postharvest
handling and management of table grapes are reviewed and discussed in this chapter.

Key words: Vitis vinifera, table grape, physiological disorder, diseases, postharvest
handling, sulfur dioxide.

9.1 Introduction

Table grapes are deciduous woody vines, primarily of Vitis vinifera, native to the
Mediterranean and Central Asia. Grapes are non-climacteric fruits for fresh
consumption that botanically are clusters of true berries. Table grape production
comprises nearly 30% of the total world grape production. The major
grape-producing countries are China (3800000 t), Turkey (3500000 t), Italy
(1580000 t), Chile (955000 t), the US (725000 t) and Spain (320000 t).

Table grapes are also produced in tropical and sub-tropical regions of Brazil
(431000 t), Colombia (19000 t), India (1000000 t), Peru (136000 t), Tanzania
(14000 t), Thailand (40000 t), Venezuela (11500 t), and Yemen (163000 t). In
tropical and sub-tropical regions, it is possible to extend the cropping cycle so that
harvesting can occur for 5 to 12 months of the year (Pommer, 2006; Possinhan,
2008).

The objective of this chapter is to review and discuss the critical factors
involved in postharvest handling and management of table grapes.

© Woodhead Publishing Limited, 2011



180 Postharvest biology and technology of tropical and subtropical fruits

9.2 Table grape cultivars

More than 50 table grape cultivars are known. The cultivars are grouped by color
and by the presence or absence of seeds. Market life varies among cultivars and is
also strongly affected by field management, postharvest temperature management
and susceptibility to decay.

Currently, ‘Thompson Seedless’, ‘Red Globe’ and ‘Flame Seedless’ are
the main cultivars worldwide. However, ‘Barlinka’, ‘Regal Seedless’, ‘Sunred
Seedless’, ‘Muscat Supreme’, ‘Victoria’ and ‘Majestic’ are important table grape
cultivars in South Africa (Greyling, 2007); ‘Blush Seedless’, ‘Christmas Rose’,
‘Dawn Seedless’, ‘Fantasy Seedless’, ‘Marroo Seedless’, ‘Muscat Hamburg’ and
‘Waltham Cross’ are commonly grown in Australia; and ‘Shami’, ‘Zeni’, ‘Dabuki’
and ‘Betuni’ are table grapes commonly cultivated in Israel. The main postharvest
characteristics of some cultivars are summarized in Table 9.1.

Table 9.1 Maximum storage time, main deterioration factors and origin of table grape
cultivars stored at 0°C

Cultivar Maximum storage Deterioration factors  Origin
time at 0°C (days)
Thompson Seedless 60 Decay (high), hairline,
shatter
Red Globe 100 Decay (low), University of California,
dehydration Davis (USA)
Flame Seedless 40 Decay (moderate), University of California,
splitting, dehydration Davis (USA)
Superior Seedless 60 Decay (high), skin Sunworld (CA, USA)
browning, shatter,
dehydration
Italia 100 Decay (low), skin and
flesh browning
Perlette 40 Decay (moderate),
skin browning
Crimson Seedless 150 Decay (low), USDA (CA, USA)
dehydration
Ribier 100 Decay (moderate),
splitting
Princess 60 Decay (low), skin and USDA (CA, USA)
flesh browning
Barlinka 100 Decay South Africa
Regal Seedless 60 Decay (low), skin and ARC Nietvoorbij
flesh browning Research Institute (South
Africa)
Midnight Beauty Decay (high), splitting Sunworld (CA, USA)
Autumn Royal 60 Decay (high), splitting, USDA (CA, USA)
shatter!
Note:

! Shatter starts from the berry insertion within the cluster
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9.3 Fruit anatomy

Grapevines form berries, which are simple fleshy fruits each produced from a
single ovary, after the fusion of two carpels surrounded by the ovary wall that
ripens into an edible pericarp. Each carpel can contain two seeds in seeded
cultivars or seed traces due to ovule abortion in seedless (stenospermocarpic)
cultivars. Berries are developed as a part of the cluster inflorescence composed of
a rachis as the main herbaceous axis and two prominent and three or four smaller
rachis ramifications. Clusters are attached to the vine by the peduncle, and each
berry is attached to the cluster by a pedicel. The proportions of berries and rachis
are 97% and 3%, respectively (Fig. 9.1).

Berries are composed of exocarp (skin), mesocarp (flesh) and endocarp (tissue
around seeds) tissues plus an external protective cuticle (Fig. 9.1). The exocarp
comprises the epidermis and hypodermis. The epidermis is 6.5 to 10 um thick
and is composed of six to ten cell layers of small, thick-walled cells (Considine,
1982). The hypodermis exhibits periclinal and anticlinal growth, allowing
three-dimensional enlargement of the berry. The berry pigments (anthocyanin,
carotene and chlorophyll), flavor and aroma compounds are accumulated in the
epidermal cells.

Initially, the skin of the grape contains stomata, but as the berry matures the
stomatal density decreases to less than one stoma per mm? (Blanke and Leyhe,
1987), and suberized lenticels remain at the end of the fruit growing stage.
Therefore, berry water loss occurs mainly through the cuticle.

Mesocarp accounts for almost 80% of berry weight and consists of 25 to 30
layers of cells with large vacuoles containing the liquid phase. Inside the berry, 10

Peduncle

Shoulder

Ventral m Flesh (mesocarp)

Dorsal

Ovular

Vascular bundles
darbu Pedicel
- 7

Fig. 9.1 Cluster and berry components of table grape.
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to 12 vascular bundles (xylem and phloem tissues) are found; these are often
divided into axial bundles, which feed the central and peripheral areas of the
berry.

The cuticle is composed of cutin, waxes and soluble lipids. Cutin is a continuous
insoluble polymer matrix (22%) mostly composed of C16 and C18 hydroxy fatty
acid esters (Riederer and Schreiber, 2001). The waxes consist of oleanolic acid
(79%), a complex mixture of highly hydrophobic soluble materials, including
C24 and C30 alcohols and traces of esters, fatty acids, aldehydes and paraffin. The
formation of the cuticle begins about three weeks before anthesis as a highly
organized tissue. The cuticle thickness ranges from 1.6 to 3.8 pum, and the cuticle
content decreases during ripening (Rosenquist and Morrison, 1988). The cuticle
is the main barrier limiting transport, respiration and water loss and conferring
resistance to decay fungi (Casado and Heredia, 1999; Mlikota Gabler ef al., 2003;
Zoffoli et al., 2009b).

9.4 Physiology of berry growth and maturation

Berry growth extends for 100 to 120 days after full bloom (DAFB) depending on
the cultivar, and three stages of ovary development can be recognized: berry
formation (Phase I), a stationary lag stage (Phase II) and berry maturation (Phase
III) (Fig. 9.2).

Phase I (berry formation) extends for almost 40 days, triggering the shape and
potential size of the berry. It starts at fruit set, after anthesis, and is followed by
periclinal and anticlinal cell division for fewer than 20 DAFB. The chlorophyll
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Fig. 9.2 Berry development, accumulation of soluble solid and tritatable acidity of

‘Thompson Seedless’ table grape in Central Valley of Chile. Data from Zoffoli, 2009,
unpublished.
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content increases and 69 to 92% of the total organic acids, mainly malic acid and
tartaric acid, contained in the grape berries at maturity are synthesized during this
stage (Kliewer, 1966). A high respiration rate and high metabolic activity occur in
Phase I, and the berries are firm with skin extensibility remaining relatively low
and constant (Matthews et al., 1987). Seeds achieve their full size at the end of
Phase I.

Phase II (stationary lag stage) is characterized by a lack of growth. It is shorter
in duration in seedless than in seeded cultivars; it is also shorter in early maturity
and early flowering cultivars than in late maturity, late flowering cultivars. In
Phase II, embryos develop rapidly, reaching their maximum size at the end of this
lag phase. A high concentration of indoleacetic acid (IAA) and gibberellic acid
(GA) and synthesis of cytokinins (CK) also characterize Phase II (Coombe and
Hale, 1973).

Phase III (berry ripening) is characterized by many metabolic syntheses and
degradations. Cell wall degradation increases deformability and allows cell
expansion with a rapid uptake of total soluble solids (TSS). Malic acid decreases,
tartaric acid remains stable, and the synthesis of new phenolic compounds,
associated with berry quality, occurs. A better balance between flavor and
aroma is developed during Phase III. In red and black cultivars, the red color
is obtained at the end of this period as a result of the accumulation of anthocyanins.
Chlorophyll degradation starts, allowing carotenoid pigments to be expressed
in white cultivars. The titratable acidity decreases from 2.0 to 1.5% at veraison
to 0.7 to 0.5% at maturity, in high-acid (e.g., “Thompson Seedless’) and low-acid
(e.g., ‘Red Globe’) cultivars, respectively. The hexoses, glucose and fructose
are the major solutes that account for most of the dry matter content of the
berry and are accumulated at maturity. Growth regulators like IAA, GA and
CK remain low at ripening; however, the concentration of abscisic acid
(ABA) increases at the beginning of Phase III (Coombe, 1960; Downton and
Loveys, 1978).

Grape is a non-climacteric fruit with a relatively low respiration rate
(3-4 mL CO, kg™! h™!, at 5°C). At 5°C, grapes produce 50% less heat of
respiration than other non-climacteric fruits such as sweet cherry (7-9 mL CO,
kg ! h™!) and 30% less than a climacteric fruits such as apple (5-7 mL Co, kg!
h™!). The relationship between respiration rate and temperature in grape,
apple and sweet cherry expressed as heat production is indicated in Fig. 9.3.
Comparison of the cluster components indicates that the respiration rate of the
rachis alone is approximately 15 times higher than that of the berry at 4 °C (Gardea
etal., 1994).

Grapes are classified as non-climacteric fruits based on the very small amounts
of ethylene produced during berry development. There is a peak of ethylene
production at bloom followed by a decreasing concentration until harvest (Weaver
and Singh, 1978). However, a small rise in ethylene production has been detected
at veraison (Coombe and Hale, 1973). Although the direct effect of ethylene has
not been demonstrated in grapes, the application of an ethylene-releasing
compound, e.g., ethephon (2-chloroethyl phosphonic acid), at the beginning
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Fig. 9.3 Respiration heat (BTU/ton/day) produced from apple, sweet cherry, table grape
at 0, S and 10°C (adapted from Postharvest Technology, Research and Information Center:
Produce Fact, http://postharvest.ucdavis.edu/Produce/Producefacts/index.shtml).

of verasion enhances color development in red and black cultivars, increases TSS,
reduces acidity and firmness and induces berry abscission (Jensen ef al., 1975).

It has been postulated that endogenous abscisic acid (ABA) levels in the flesh
may mediate the response to exogenous or endogenous ethylene (Coombe and
Hale, 1973). Therefore, ABA could accumulate to a certain threshold level, acting
synergistically with ethylene in promoting berry ripening. Applications of ABA at
veraison enhance color development and maintain postharvest quality of ‘Crimson
Seedless’, ‘Flame Seedless’ and ‘Red Globe’ grapes without the negative effect
produced by ethephon during storage (Cantin ef al., 2007). Therefore, ABA is an
effective alternative to ethephon for enhancing the color and maintaining the
postharvest quality of red cultivars of table grapes (Peppi et al., 2006; 2007).

Grape maturity is determined commercially on the basis of berry color, TSS
and titratable acidity (TA). Depending on the cultivar, grapes are harvested when
berries reach at least 15 to 17% TSS with a TSS:TA ratio greater than 20.

9.5 Deterioration factors

Biotic and abiotic factors cause grape deterioration during harvest, transport,
storage and commercialization, particularly when grapes have to be transported
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for 15 to 40 days to reach the markets. To reduce the risk of deterioration by biotic
and abiotic factors, an integrated approach to grapevine management should be
followed at the vineyard. The application of correct cultivation and vineyard
practices and the prevention of decay development by the use of fungicide
treatments and canopy management near harvesting are of utmost importance,
especially if the weather conditions favor decay development.

Careful handling during harvesting and packing to minimize injuries, and
hence infections, is a prerequisite for reducing decay development during storage.
Temperature management (forced air cooling and storage at —0.5 °C) is crucial for
decay control and essential for the maintenance of high-quality grapes during
transport, storage and commercialization. Similarly, the use of sulfur dioxide
(SO,) has become an integral part of decay control on grapes intended for short-,
medium- or longer-term storage (Fourie, 2008).

Pre- and postharvest decay of grapes can cause considerable financial loss for
producers, affecting the grape trade. Several biotic and abiotic agents can limit
production, storage and commercialization of grapes. Among the biotic agents,
Botrytis cinerea is the main cause of postharvest decay. However, other filamentous
fungi, e.g., species of Aspergillus, Cladosporium, Penicillium and Rhizopus as
well as some bacteria and yeasts can be of primary importance under specific
storage conditions. Similarly, several abiotic factors (e.g., dehydration, hairline,
shatter, splitting and nutritional disorders) can considerably reduce the trade value
of table grapes.

9.5.1 Biotic factors

Gray mold

Gray mold decay (B. cinerea) is a major cause of pre- and postharvest decay of
grapes that affects several other unrelated hosts worldwide. It is characterized by
a soft and watery decay that can affect the entire berry. Initially, a loosening of the
berry skin (slip-skin) is seen, followed by a brown to reddish discoloration. A
white mycelial and abundant gray sporulation (conidia) cover the berry surface,
particularly under humid conditions. Conidia are disseminated by winds, rains
and eventually some insects can disseminate this fungus in the vineyards. It has
been postulated that B. cinerea can infect immature berries, remaining latent until
berry maturation; however, this infection appears to be rare. Nevertheless,
B. cinerea can colonize senescent floral debris at flowering, which can provide an
inoculum for berry infection after veraison or even in cold storage. Berry infection
occurs predominantly at the basal end, rarely at the stylar end, or sometimes by
direct penetration of the cuticle at the berry cheek (Fig. 9.4). Aerial mycelia and
conidia can spread gray mold from infected to healthy berries. Thus, a single
infected berry can spread the infection to an entire package, developing a nest of
gray mold even if grapes are stored at —0.5 to 1.0°C (Coertze et al., 2001; Holz
et al., 2003; Latorre and Vasquez, 1996). The incidence of berry infection
increases with increasing durations of wetness at temperatures between 12 and
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()

Fig. 9.4 Symptoms of gray mold caused by Botrytis cinerea on table grapes (Vitis

vinifera) cv. ‘Thompson Seedless’: (a) small necrotic spots at the cheek of the berry;

(b) brown discoloration at the base of the berries; (c) brown discoloration at the
stylar end.

30°C, but it is accepted that at least 6 h of wetness are needed at 15 to 25°C for
infection. No infection occurs under dry conditions (Broome et al., 1995; Latorre
and Rioja, 2002; Latorre et al., 2002a; Nair and Allen, 1993). Prediction models
based on biological, microbiological and molecular methods have been proposed
to estimate the risk of gray mold infection at harvest and during storage of table
grapes (Cadle-Davidson, 2008; Harvey, 1955; Zoffoli et al., 2009b). Gray mold
can be efficiently controlled after harvest by the use of SO, and refrigeration
(—0.5°C). However, to achieve a high degree of control during storage and
transportation, it is essential to integrate cultural practices and sanitation with
chemical control in the vineyard.

Blue mold

Blue mold decay (P. expansum) is distributed worldwide, causing soft rot on
grapes, apples, pears and other fruits during cold storage. It is characterized by a
light brown discoloration of the skin followed by a soft and wet rot that can
rapidly affect the entire berry. On the surface of rotted berries, blue-green mold
colonies, with or without synnemata, may appear. An internal watery breakdown
often occurs in grapes stored for several weeks at 0°C. Mycelial growth of
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P. expansum can be considerably arrested, but not totally inhibited, at 0°C. Blue
mold infections can be initiated in the vineyard, at the packinghouse or during
storage, and they are always associated with wounded fruits. Conidia are
disseminated by wind, and contact of infected grapes with healthy ones efficiently
spreads blue molds, forming a nest of moldy grapes (Franck ef al., 2005; Donoso
and Latorre, 2006).

Cladosporium rot

Cladosporium rot (C. cladosporioides, C. herbarum), although initiated in the
vineyard, occurs as a minor wound-associated disease in grapes after a long
period (>60 days) of cold storage. It is characterized by the development of dark
green necrotic lesions with a velvety appearance that affect only the uppermost
part of the berries; eventually the lesions invade sub-epidermal tissues but
never the mesocarp. Mycelial growth of C. cladosporioides and C. herbarum
can be considerably arrested, but not totally inhibited, at 0°C (Bricefio and
Latorre, 2008).

Rhizopus rot

Rhizopus rot (R. stolonifer, also known as R. nigricans) usually starts at the base
of mature berries as a soft, very watery rot that partially or completely decays
infected berries. Longitudinal fissures are produced, and a black mold develops
along the fissures. The skin of the berry turns light gray. Infection is always
associated with injured berries under warm weather conditions during harvest.
Infection caused by R. stolonifer may be followed by sour rot organisms (yeasts
or acetic acid bacteria). Rhizopus rot can be arrested totally if grapes are stored
below 4 °C (Guerzoni and Marchetti, 1987; Latorre et al., 2002b).

Aspergillus rot

Aspergillus rot (4. carbonarius, A. niger) produces water-soaked brown lesions
on wounded berries, followed by dark, black sporulation (conidia). It is primarily
associated with warm weather conditions in the vineyard, and it can be arrested
totally if grapes are rapidly cooled and kept below 4 °C. Aspergillus rot is often
associated with sour rot organisms (yeasts or acetic acid bacteria) (Guerzoni
and Marchetti, 1987; Kazi et al., 2008; Latorre et al., 2002b; Rooney-Latham
et al., 2008).

Other decay fungi

Other filamentous fungi that have been reported to cause grape decay include
Alternariaalternata, Botryodiplodiatheobromae, Cladosporium sphaerospermum,
Colletotrichum acutatum, C. gloeosporioides (Glomerella cingulata), Diplodia
natalensis, FElsinoe ampelina, Guinardia bidwelli (= Greeneria uvicola),
Melanconium  fuligineum, Monilia fructicola, Pestalotiopsis menezesiana,
P. wvicola, Phomopsis viticola, Pilidiella diplodiella (= Coniella diplodiella),
Rhizopus arrhizus var. arrhizus (= R. oryzae) and Stemphyllium botryosum
(Camili and Benato, 2005; Sawant et al., 2008; Sholberg et al., 2003; Steel et al.,
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2007; Visarathanonth ef al., 1988; Xu et al., 1999). Additionally, some yeasts
(e.g., Aureobasidium pullulans and Cryptococcus laurentii) and bacteria (e.g.,
Bacillus subtilis) have occasionally been associated with grape rot in California
(Morgan and Michailides, 2004).

Insect damage

Several pests, insect and acari, can severely injure grapes in the vineyard,
and their presence and the damage can reduce the quality and acceptability of
grapes. Among other pests, grape berry moths (Lobesia botrana), mealybugs
(Pseudococcus maritimus, P. viburni, P. longispinus, Planococcus ficus), western
flower thrips (Frankliniella occidentalis), vinegar flies (Drosophila spp.) and
yellow jackets (Vespula spp.) often injure grapes, facilitating the dissemination
and penetration of fungal pathogens. The possible dissemination of some
insects and acari on grapes has forced the introduction of specific quarantine
treatments to lower the risk of introduction and establishment of new pests in
some countries.

9.5.2 Abiotic agents

Abiotic agents can cause considerable deterioration of grape quality and trade
value. Therefore, farmers need to be aware of the main abiotic factors in order to
preventively control them. The most frequent and important abiotic factors are
discussed in this section.

Bleaching

Bleaching caused by SO, is characterized by partial or total discoloration of
the berry, affecting the anthocyanins and chlorophyll. Bleaching usually starts
at the pedicel end because of injuries and weak insertion that allows the penetration
of SO, inside the berry base. Often, this syndrome is known as ‘sunken’.
Experiments done under controlled SO, concentrations classified cultivars’
susceptibility to SO, as very susceptible (‘Ribier’, ‘Hongbaoshi’ and ‘Red
Globe’), moderately susceptible (‘Niunai’), susceptible (‘Kyoho’ and ‘Muscat
Hamburg”) and minimally susceptible (‘Longyan’ and ‘Black Autumn’) (Gao
et al., 2003). The SO,-sensitive cultivar ‘Red Globe’ has a loose epicuticular wax
structure and a low concentration of superoxide dismutase compared to the
minimally susceptible cultivar ‘Longyan’ (Zhang ef al., 2003). (See Plate XVI in
the colour section between pages 274 and 275.)

Dehydration

Dehydration is a physical process where vapor moves from a high water potential
stage to a low water potential stage (water pressure deficit, WPD, condition).
Along the postharvest handling chain of grapes, a WPD is produced between the
cluster and the atmosphere, which favors water loss. Threshold values of water
loss of 4% for ‘Red Globe’, 3.6% for ‘Thompson Seedless’ and 3.3% for ‘Flame
Seedless’ have caused rachis browning symptoms under controlled conditions
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(Crisosto et al., 2001). At harvest time, high temperature and low humidity are the
main physical factors that promote WPD; however, when the fruit is packed into
polyethylene bags, the humidity increases and WPD is reduced; and fruit
temperature remains a critical factor. During storage, the time it takes for the
cluster to achieve the chamber temperature should be considered as a critical
factor to reduce WPD; therefore, forced air cooling has become a required practice
in the table grape industry.

The water loss rates of ‘Red Globe’ clusters following harvest in a commercial
grape operation were 1.8% per day during harvest and transport to packaging,
1.33% per day during packaging, 1.09% per day during the wait for forced air
cooling, 0.99% per day during forced air cooling and 0.0054% per day during
storage at 0°C (Zoffoli, 2008).

Increasing the humidity inside the box using a restricted ventilation cluster bag
and/or box liner has been beneficial for maintaining cluster freshness. ‘Red Globe’
clusters packed in a box liner with 2.0% ventilation area (VA) lost 1.7 times more
weight than those packed in a box liner with 0.3% VA after 60 days storage at
0°C. ‘Red Globe’ cluster quality was characterized by shoulder and central rachis
thickness lower than 3 mm and 2.5 mm, respectively, at harvest. The clusters had
poor rachis quality after 60 days at 0°C when packed in a 2% polyethylene bag
(Zoftoli, 2008).

Huairline cracks

Hairline cracks are an expression of phytotoxicity due to overexposure to
sulfur dioxide (SO,) characterized by the development of small, fine, longitudinal,
linear cracks, almost undetectable to the naked eye (Fig. 9.5a). Juice exudation
from the split zone makes the berry skins wet and sticky. The incidence of hairlines
increases when the concentration and time product (CT) of SO, exceeds 3 mL L™!
h!. No hairline is observed when the CT is below 0.8 mL L' h™!. Difference
among orchards has been reported (Zoffoli et al., 2008) and overuse of gibberellic
acid (GA) and forchlorfenuron (CPPU), for berry growing explains the
susceptibility (Zoffoli et al., 2009a). Therefore, to reduce this disorder it is
essential to use a minimal dose of SO, that allows adequate decay protection
without reducing berry quality (Zoffoli et al., 2008).

Shatter

Shatter (losing berries) is a physical condition representing the proportion of
berries that have separated from the cap stem. It may be initiated by an abscission
layer at the insertion of the berry to the pedicel during ripening, but symptoms
appear at harvest and continue to occur in stored grapes until final consumption.
However, in ‘Autumn Black’ clusters, shatter develops by separation of the berries
with their pedicels. Shatter increases as grapes mature, and usually the severity is
high in seedless cultivars (e.g., ‘Flame Seedless’ and ‘Thompson Seedless’) and
low in seeded cultivars (e.g., ‘Red Globe’). Therefore, shatter severity varies from
season to season, among table grape cultivars and among vineyards, according to
harvest time and storage conditions. Table grape management can affect shatter
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Fig. 9.5 (a) hairline cracks; (b) berry splitting symptoms. Data from Zoffoli et al., 2008.

considerably. For instance, shatter increases with gibberellic acid and after
forchlorfenuron applications for berry enlargement. Both growth regulators
promote pedicel thickness (Zoffoli ef al., 2009a). A positive correlation between
pedicel thickness and peroxidase activity, stimulated by post-bloom applications
of gibberellic acid to vines, was found (Pérez and Gémez, 1998).

Similarly, shatter can considerably increase under rough handling at harvest
and packing. Shatter tolerance has been established in some countries. For
instance, a maximum of 3% shatter at harvest is currently accepted for high-
quality grapes. Another type of shatter is humid shatter, where berries separate,
leaving part of the vascular bundle with the pedicel. This symptom often occurs
in ‘“Thompson Seedless’ and is associated with rough handling.

Skin and flesh browning

Berry browning is a physiological disorder, primarily of Muscat-type cultivars
with high polyphenol concentrations, such as ‘Italia’, ‘Regal Seedless’, ‘Victoria’,
‘Princess’ and ‘Majestic’. Symptoms are external (skin) and internal (flesh) brown
discolorations caused by polyphenol oxidation reactions in the presence of oxygen
and polyphenol oxidase in damaged tissues. Skin browning is associated with
physical, biological or chemical damage. For instance, rough handling of the
grapes during harvest, packaging or transport often induces skin browning. The
incidence of skin browning is low at harvest but increases after cool storage,
particularly in fruit over-exposed to sun. Skin browning varies from year to year
and among orchards. Research performed on the ‘Princess’ table grape cultivar
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has demonstrated that the incidence of skin browning increases when the grapes
are harvested with TSS >18% or when the TA is < 0.6% (Vial et al., 2005).

Flesh browning symptoms can affect the entire berry and can be attributed to
methyl bromide phytotoxicity (Auda et al., 1977; Leesch et al., 2008). Methyl
bromide-treated berries have a significantly lower concentration of the natural
antioxidant glutathione (Liyanage et al., 1993). Other flesh browning symptoms
can be restricted to the vascular bundles or to the endocarp at the seed or
rudimentary seed area (e.g., in “Thompson Seedless’). In some very susceptible
table grape cultivars, e.g. ‘Italia’, it is postulated that the flesh browning disorder
is associated with cell membrane damage induced by chilling injury.

Freezing damage is visible as external browning and a milky color in the berry.
The rachis and laterals of the cluster are also affected by freezing temperatures,
with similar browning symptoms of water loss. Other external and internal
browning symptoms can be caused by abiotic and biotic factors, such as the
reddish ring spot at the touch point on the berry surface produced by thrips-
feeding activity (Roditakis and Roditakis, 2007; Fourie, 2009). (See Plate XVII.)

Splitting

Fruit splitting is a common disorder in grapes, consisting of circumferential and
longitudinal injuries, or both, on the grape berry surface (Fig. 9.5b). For instance,
in ‘Thompson Seedless’ table grapes, circumferential ring fractures usually appear
around the pedicel, and longitudinal fractures appear down the sides of over-
mature berries. Splitting develops during cell enlargement, coinciding with a high
internal hydrostatic pressure. It has been demonstrated that turgor pressures of
15 and 40 atm are required for splitting in susceptible and resistant grape cultivars,
respectively (Considine and Kriedemann, 1972). There is evidence that the skin
of the grape is reinforced in the region of the lenticels. The split is thought to start
from the less viscoelastic tissue surrounding the lenticel (Considine, 1982;
Considine and Brown, 1981). Splitting can be induced by irrigation or rain, and it
can also occur during storage (Nelson, 1985).

Waterberry

Waterberry is also known as ‘bunch stem necrosis’ ‘palo negro’, ‘shanking’,
‘stiellahme’ and ‘dessechement ed al rafle’. 1t is characterized by watery, soft,
flabby berries that become opaque and lighter in color than normal berries.
Waterberry appears during ripening, resulting from necrosis of the phloem in
cluster stems and cap stems. Therefore, the flow of metabolites into the berries is
interrupted, and the berries remain acidic with low TSS. Waterberry is associated
with high total nitrogen and high ammonium levels in the stem tissues produced
by lack of ammonium assimilation into proteins (Christensen and Boggero, 1985;
Ruiz and Moyano, 1998; Silva et al., 1986). It is favored by high nitrogen
fertilization, canopy shading and cool weather conditions during fruit ripening.
It can be prevented by reducing nitrogen fertilization and thinning shoots,
particularly during ripening. It is especially problematic in the cultivars ‘Thompson
Seedless’, ‘Flame Seedless’, ‘Crimson Seedless’, ‘Calmeria’ and ‘Queen’;
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however, this disorder also affects wine cultivars (Ureta ef al., 1981). Similarly,
the development of soft berries with a transparent appearance has also been
attributed to high concentrations of nitrogen, arginine and putrescine in the berries
(Ruiz et al., 2004).

9.6 Postharvest handling and packaging

9.6.1 Harvest operation

Table grapes are harvested when the grapes reach the optimum acceptability for
the consumer, determined mainly by the sugar content (TSS 15 to 17%), titratable
acidity (TA) and TSS:TA ratio (>20). Sugar content is measured by the TSS
concentration using a refractometer, and the TA is measured by titration with
0.1 N sodium hydroxide to a phenolphthalein of pH 8.2 endpoint. A minimum
maturity standard has been adopted by several countries to assure pleasant grapes
at the consumer level. Although the critical value varies among countries, a TSS
concentration of 16% has been adopted for most table grape cultivars; however, a
15% TSS concentration is considered acceptable in low acid cultivars such
as ‘Red Globe’ and ‘Ribier’. In geographical areas where the degradation of
acids occurs, a TSS:TA ratio of 20:1 is used as an index to determine the harvest
time in early harvested grapes without decreasing the grape quality perception by
consumers (Nelson, 1985).

Detachment of grape clusters from the vines should be performed by trained
operators, who carefully select mature grapes and avoid mechanical damage. The
grape clusters can be trimmed in the field, introduced into a 60x40%25 cm plastic
box, transported and packed in small grower-owned sheds or in a large
packinghouse with cooling facilities. Clusters should be packed within the first
6 h after harvest.

9.6.2 Packaging operation
There are two possibilities: field packaging and in-house packaging. Field
packaging is a harvest operation where grapes are picked, sorted and packed
directly into the shipping box. This packaging system allows transportation in a
more protected manner and reduces water loss and bruising. In this process,
pickers and packers work together, trimming and packing the clusters until
finishing the box. The empty and filled boxes are left on the ground and other
workers transport them to the shed area where the boxes await transport to the
cooling facility. Otherwise, ‘avenue packing’ is an alternative to field packing in
which clusters are trimmed and packed in different locations. The clusters are
harvested, trimmed, cleaned and put into the field lug. Other workers transport
the clusters to a selection and packaging site where clusters are packaged into
shipping boxes.

In-house packaging is done in relatively large houses, often under controlled
temperature conditions where plastic boxes filled with clusters are placed onto a
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Fig. 9.6 Scheme of working table in packing line operation for table grapes:

(A) empty field lugs; (B) fruit in field lugs with untrimmed table grapes; (C) empty

shipping boxes; (D) packed boxes; (E) scale; (F) lug for packaging materials (bags, papers,
generator pads).

packing belt from which workers start to prepare the clusters. Workers are located
at a ‘working table’ (Fig. 9.6) where the clusters are selected, trimmed and
transferred into the cleaned lug. Berries left from the cleaning and trimming
operations are collected in individual containers located further down the working
table or on a belt-conveyer that moves the dirty materials out of the area. Small,
sharp scissors and a scale are provided at the working table. In the packing section,
workers are allocated to a packaging table where they take the lug containing
clean selected and trimmed clusters from the conveyer and pack clusters into
different shipping boxes, according to cluster shape, berry color and cluster size.
In a separate line, located 50 cm over the packing table workstation, a roller
conveyer moves empty shipping boxes. Packaging materials, such as polyethylene
boxes, bags, cartons, wooden or non-returnable plastic boxes, waxed paper,
generator pads and plastic or paper bags, are provided at the packing table
workstation.

Shipping boxes are transported on pallet bases that are 120x100 c¢cm or
120x80 cm (Europallet) in size. Therefore, the package sizes should meet the
requirement of metric shipping containers. Special arrangement on the pallet must
be considered when using 40%30 c¢cm, 50x30 cm or 60x40 cm boxes 10 to 13 cm
high. The pallet height cannot be more than 1.8 m, with 72 to 96 boxes per pallet
depending on box dimensions (Fig. 9.7).

9.6.3 Labeling

Each packaged box should include the necessary information to make it possible
to trace the grapes from the vineyard to the market. Therefore, the producer brand
name, geographical location, product name and table grape cultivar (variety)
should be identified on each shipping box. The weight in kilograms and date of
packaging must be indicated as well. Postharvest treatments, such as the use of
SO,, must be clearly marked on the container to comply with market requirements.
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Fig. 9.7 Pallets with two box arrangement types: (a) five columns with 15 layers of 40 cm
x60 cm boxes and (b) six columns with 16 layers of 40 cmx50 cm boxes.

9.6.4 Cooling operation

To avoid condensation on the berry surface during packaging, grapes should not
be cooled down to 0°C immediately after harvest, and trimmed grape clusters
must be stored and packed in holding chambers at 15 °C and 90% relative humidity
(RH), provided by evaporative cooling systems.

Packed fruit should be stacked for cooling within 6 h after harvest. Forced air
cooling, which delivers cool air directly to the fruit by establishing a pressure
gradient across the lugs in the pallet, removes the latent heat of the grapes faster
than any other cooling system, reducing water vapor deficit and the respiration
rate of the grapes and rapidly arresting the development of decay fungi. The speed
at which the forced air cooling cools down the grapes from field temperature
depends on the volume of air passing through the fruit and on the mass of grapes
and the field temperature of the grapes. However, as the air volume increases, the
required static pressure greatly increases, raising the energy consumption of the
fan. Generally, the system should be designed to deliver 1 to 2 cfm Ib~! (0.001 to
0.002 m? sec”! kg ") of packaged grapes (Nelson, 1985) (Fig. 9.8).

Air flowing through packaged grapes meets some resistance. The total
resistance depends on the number of packages in line across a stack and the
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Fig. 9.8 Forced air cooling.

packaging materials used. The bag ventilation area of the box and the use of wax
to cover the inside of the box are the main factors that affect the flow of cooling
air through packaged grapes. Vented box liners increase the cooling time by a
factor of three or four as compared to no liners. Shipping containers including
paper in the four sides of the box increase the 7/8 cooling time from 3 to 12 h,
when a box liner with 0.3% vent area (VA) is used. The airflow resistance (‘static
head”) is measured as millimeters of water, and the difference in pressure between
the outer face of the stack (higher pressure) and the inner face (downstream,
where the air leaves) is determined. Any air leakage in the pallet stacking reduces
the efficacy of forced air cooling.

Atotal VA of at least 4% for the vented face has been a general recommendation
for the shipping box. However, when grapes are densely packed and a polyethylene
bag is included, the vent should be located along the top edge of the vented face.
Elongated vents are preferable to round holes.

Conduction cooling rather than convection cooling, by incorporation of
a polyethylene bag, promotes water condensation inside the box liner walls;
a difference of 4°C can be found between outer and inner faces of the pallet.
Changing the pressure gradient across the pallet reduces the temperature difference
but increases the risk of high temperatures in the middle of the pallet; therefore,
the viability of this operation should be evaluated before use.

Fruits stacked on a pallet are stored in a cold room, in order to homogenize the
fruit temperature before loading them into the container or into the vessel. During

© Woodhead Publishing Limited, 2011



196 Postharvest biology and technology of tropical and subtropical fruits
temperature homogenization, the air speed is set at 1 to 1.5 m s~ compared with
an air speed of 0.1 to 0.2 m s™! during the holding period. A period of 3 to 4 days
is required for pulp temperature homogenization; the length of this period depends
on the fruit temperature and the amount of stacked fruit in relation to the total heat
removal capacity of the cold room.

9.7 Temperature management

Recommended pulp temperatures for storage of grapes are —0.5°C to 0°C,
with 95% RH and an airflow of 20 to 40 cfm t”'. The storage room should be
operated between —1 and 0°C, since berries freeze near —2°C and the rachis
freezes at —1 °C.

Forced air cooling reduces the fruit temperature to between 0 to 4 °C within
less than 12 h. This operation is usually done with 32000 kg of packed grapes
starting with a 25 to 30 °C pulp temperature.

9.8 Sulfur dioxide treatments

Sulfur dioxide (SO,) fumigation treatments and/or SO, generator pads inside
grape boxes have been used for many years as methods of controlling decay
caused by B. cinerea in stored grapes (Harvey and Uota, 1978; Nelson and
Ahmedullah, 1976; Nelson and Baker, 1963). Currently, the use of SO, is a
standard sanitation practice to treat grapes for long distance transportation and
long cold storage. SO, fumigation reduces the surface contamination of grape
clusters with conidia of B. cinerea and prevents the rapid spread of the mycelium
of B. cinerea by contact between diseased and healthy grapes. Because of its
capacity to inhibit enzyme-catalyzed reactions, SO, reduces stem browning,
helping to maintain the stem appearance for longer periods of time.

9.8.1 Mode of action

SO, does not penetrate the intact berry skin, remaining almost completely on the
berry surface. Therefore, it only kills spores and mycelia present on the surface of
the berries and is unable to control the fungus inside grapes (Nelson, 1958;
Smilanick et al., 1990a). However, SO, is efficiently absorbed through berry
injuries (e.g., hairline cracks, splitting, non-suberized lenticels), resulting in
partial or entire berry bleaching.

The fungal toxicity of the SO, treatment is attributed almost entirely to the fact
that SO, can be absorbed passively through the plasma membrane, causing
oxidation reactions that affect different metabolic processes of B. cinerea
and other fungi. The sensitivity of conidia of B. cinerea to SO, increases two- to
fourfold for every 10 °C increment between 0 and 32 °C, which has been attributed
to the effect of temperature on SO, absorption (Smilanick ez al., 1990b) (Fig. 9.9).

© Woodhead Publishing Limited, 2011



Table grape (Vitis vinifera L.) 197

900 (\ —e— LC50
—-0—-LC99

800 \
700 - \
600 - \
500 \

400 \

Sulfur dioxide (ug mL™")

T
0 5 10 15 20 25 30 35
Temperature (°C)

Fig. 9.9 Effect of temperature on the toxicity of sulfur dioxide (SO,) against Botrytis
cinerea. Estimated lethal concentrations (LC) to obtain a 50% (LC50) and 99% (LC99)
control (data from Smilanick et al., 1990b).

9.8.2 SO, dosages
The amount of SO, needed to kill conidia and inactivate exposed mycelia of B.
cinerea at a given temperature is dependent on the SO, concentration and the
length of the fumigation period. In general, higher SO, concentrations are needed
to kill conidia than mycelia (Palou ef al., 2002a; Smilanick and Henson, 1992).

Formulas for calculating the SO, concentration during fumigation are available
(Nelson, 1985). However, a concentration time (CT) concept has been developed
to calculate the SO, exposure needed to arrest grape decay fungi for total use of the
SO, with minimal SO, release into the atmosphere (Smilanick and Henson, 1992).
This CT value can be obtained with different combinations of SO, concentration
and time. For instance, a CT of 100 is near the minimum value (CT 78.3 + 22.3)
needed to kill conidia and inhibit mycelial growth of B. cinerea at 0°C, and it can
be obtained using 50 mg L™! for 2 h or 100 mg L™! for 1 h or 200 mg L™! for 0.5 h.
For the initial fumigation of grapes after harvest, where the control of spores on the
surface of grapes is required, 100 mg L™! — h should be sufficient; for subsequent
storage fumigations where control of mycelial growth from latent infections is
required, 50 mg L™! — h should be sufficient (Smilanick and Henson, 1992).

It has been demonstrated that a low but constant SO, emission rate of 3.6 to
5.5 umol kg™! h™! is sufficient to arrest the dispersion of gray mold in grapes
stored at 0°C and 95-98% RH (Palou et al., 2002a).
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9.8.3 Pre-packaging SO, fumigation

The pre-packaging SO, fumigation is commonly done in sealed fumigation
chambers, immediately after harvest, using 0.5% SO,, w/v, for 15 to 20 min at
20-22°C. To reduce the amount of SO, released into the atmosphere, the SO,
concentration applied must be adjusted, using a dosimeter tube, to 100 mg L™! —h
CT value. Different relationships between the initial SO, concentration and the
CT value will be obtained depending on the amount of fruit and the chamber
construction. The grapes are then ventilated before continuing with the packaging
process. Alternatively, SO, fumigation can be applied using SO, guns (e.g.,
DOSIGAS, Proquivi, Santiago Chile; YTGas, YT Ingenieria Ltda., Vifia del Mar,
Chile) to deliver an exact amount of SO, per box of packaged grapes. A minimum
of 60 mL of SO, is recommended for 8 kg of fruit. This latter methodology
has been useful for grapes packaged in the field, replacing the above-mentioned
pre-packaging SO, fumigation.

9.8.4 Post-packaging SO, fumigation

SO, fumigation can be carried out in packaged grapes stored at 0 °C in cold rooms,
and it is often performed in conjunction with forced air cooling, using 5000 to
10000 mg L™! SO, for 20 to 30 min (Smilanick ez al., 1990b). Forced air cooling
ensures a good distribution and penetration of the SO, in palletized boxes.
Repeated weekly applications with lower SO, concentrations (2500 mg L™! SO,)
are needed to prevent a rapid spread of B. cinerea by contact between diseased
and healthy grapes. SO, fumigations at an even lower SO, concentration (200 mg
L), applied three times a week can be successful in cold stored grapes, and the
lower concentration reduces the risk of SO, phytotoxicity (Marois ef al., 1986).
Finally, evaluating the CT value at different points in the chamber will ensure that
the correct SO, concentration is applied.

SO, generator pads (e.g., Proteku in Brazil; Fresca, Osku, Proem and Uvas
Quality in Chile; Uvasys in South Africa) consist of sodium metabisulfite
(Na,S,0;) grains enclosed in paper-plastic pockets inside a pad (Nelson and
Ahmedullah, 1976; Zoffoli, 2002). The generator pads vary in dimensions
(23%33 cm, 20%46 cm, 26x46 cm, 33x46 cm) and can contain 20, 24, 32 or 40
pockets per pad. The Na,S,0,, when hydrated by water vapor, continuously emits
SO,, protecting grapes from decay for up to 60 days during cold storage. The rate
of emission of SO, from a generator pad is proportional to the temperature and
humidity inside the box. Currently, one pad containing 8 g of sodium metabisulfite
per 8.2 kg box is placed over the grapes in each box, and 0.1 g of sodium
metabisulfite is spent per day. These SO, generator pads are particularly needed
for long ocean shipments, when grapes cannot be subjected to periodic SO,
fumigations.

SO, generator pads made with dual-release SO, phases are currently used.
The dual-release SO, phases are achieved by using small and large Na,S,O;
particles, adequate Na,S,0; formulations and a pad made of paper for the fast
SO, release phase, and one made of polyethylene combined with paper for the
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slow SO, release phase. Increasing the proportion of polyethylene in the slow-
release phase reduces the amount of sodium metabisulfite, and the same effect is
produced by increasing the perforation area of the polyethylene bag (Zoffoli ez al.,
2005) or enclosing the SO, generating pad in a plastic laminated with macro-
perforation (Zutahy et al., 2008). Commonly, the SO, generator pads contain 1
and 7 g of Na,S,0; in fast-release and slow-release formulations, respectively.

The SO, generator pads release SO, as a function of temperature and RH
(Fig. 9.10). The dynamics of SO, emission vary during postharvest storage,
achieving a maximum SO, concentration after about 2 h at room temperature
before pre-cooling; the total fast-release phase is released during the forced air
cooling process (Fig. 9.11). Therefore, the SO, concentration during cold storage
depends on the slow release phase, which is liberated slowly or rapidly depending
on temperature variation, RH and condensation inside the box.

The distribution of SO, inside packed boxes of grapes is not necessarily uniform;
it is generally higher at the top of the box, just below the generator pad (Fig. 9.11).
The distribution of the SO, also depends on the type of packaging material used
as well as the tightness of the pack, the use of pallets and the system of air
circulation employed (Harvey and Uota, 1978; Harvey et al., 1988). Because of the
uneven distribution of SO, inside the packages, the addition of a second SO,
generator pad, placed at the bottom of the box, has been recommended; however,
the risk of phytotoxicity consequently increases considerably. A novel sulfur

® 100% RH

100 - o 85%RH

v 75% RH

SO, (uL L™

0 2 4 6 8 10 12 14 16 18 20
Time at 20°C (days)

Fig. 9.10  Evolution of SO, concentration from generating pad (8 g, sodium metabisulfite)
stored at 100%, 85% and 75% relative humidity (RH) and 20°C. Data from Zoffoli, 2008.
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Fig.9.11 Evolution of SO, gas obtained with SO, generating pad (Uvasys). SO, generat-

ing pad was placed at the top of box of ‘Thompson Seedless’ table grapes. Measurements

were made at the top, above the table grapes or at the base of the box, below the table
grapes, before cooling at 20°C. Data from Zoffoli et al., 2009.

dioxide-releasing perforated plastic liner has been evaluated to improve the
uniformity of SO, inside the box (Mlikota Gabler et al., 2007; Zoffoli et al., 2007).

9.8.5 SO, tolerance

Because ingestion of SO, residues (sulfites) can cause hypersensitive reactions in
some people, the Environmental Protection Agency (EPA) established a 10 mg
kg ™! residue tolerance in the US. At present, the SO, used in Europe is considered
a food additive, therefore specific labeling is required. In the US, the use of SO,
is no longer accepted for certified organic grapes, some regulatory agencies do not
allow the discharge of SO, into the air after fumigation and workers must not be
exposed to the gas at levels above 2 mg L™! (Lichter et al., 2006).

9.8.6 SO, alternatives
Several alternatives to the use of SO, have been studied, including the use of
acetic acid vapor (Moyls et al., 1996; Sholberg et al., 1996), chlorine gas (Zoffoli
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et al., 1999) and ethanol (Karabulut et al., 2005). However, these alternatives
have not yet been applied commercially (Lichter et al., 2006). Ozone (O,) has
also been evaluated for the same purpose (Palou et al., 2002b; Mlikota Gabler
et al., 2010; Sarig et al., 1996). Muscodor albus has been formulated for use in a
pad or sachet delivery system for biofumigation to control postharvest gray mold
through production of lethal alcohol volatiles (Mlikota Gabler et al., 2006).
Combinations of 10 or 15% CO, with 3, 6 or 12% O, have been proven to be
effective in controlling B. cinerea in late-harvested ‘Thompson Seedless’ table
grapes for up to 90 days at 0°C (Crisosto ef al., 2002).

9.9 Quarantine treatments

Table grapes for the export market must comply with sanitary requirements
imposed by the importing countries. For instance, grapes shipped to the US
should comply with the rules established by the USDA Animal and Plant
Health Inspection Service (USDA-APHIS). According to these rules, quarantine
treatments, consisting of methyl bromide fumigation or continuous low
temperature treatment, must be applied to grapes imported from any country.

The concentration and time of methyl bromide fumigation depends on the
berry temperature. The lower the temperature, the higher the concentration of
methyl bromide needed to kill the insects for which the quarantine is imposed.
However, it should be considered that the risk of berry phytotoxicity is increased
with high methyl bromide concentrations. A summary of the protocol for methyl
bromide application is described in USDA-APHIS PPQ (2009), and an example
is provided in Table 9.2.

Methyl bromide is currently being restricted because of health, safety and
environmental concerns (as it is a stratospheric ozone-depleting substance).
Therefore alternatives have been evaluated, but efficacy appears to be variable
between insects, among life stages of insects and with regard to the effect on
fruit quality. Among laboratory studies ethyl formate appears to be the most
promising volatile compound for postharvest insect control on table grapes
(Simpson et al., 2007).

Table 9.2 Quarantine treatment of methyl bromide fumigation for table grape entering
the US from Chile to mitigate the pest risk of Brevipalpus chilensis

Temperature Dosage rate Minimum concentration
°C readings (g m™3)
gm™? Lb 1,000 ft3 0.5h 2.5h

>26.5 24 1.5 10 14
21-26.4 32 2.0 26 19
15.5-20.9 40 2.5 32 24
10.0-15.4 48 3.0 38 29
45-99 64 4.0 48 38
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9.10 Transport

The commercialization of table grapes requires the selection of a transport system
that allows the maintenance of a uniform fruit temperature, optimum air circulation
and compatibility between fruit species. Transportation times for countries located
30 to 40 days away from the markets are critical because most of the postharvest
life of the grape will be spent in a refrigerated marine container or inside the cold
chamber of the vessel.

9.10.1 Marine containers

Marine containers are available in capacities of 28, 59 and 68 m?. They have
independent refrigerated units, powered by 220- or 440-volt three-phase
electricity that allows for direct plugging in to the electric power system on
the vessel or at port. A temperature of —0.5°C should be specified in the
container thermostat for grapes. Containers are designed to deliver and maintain
the storage temperature, and they cannot reduce the grape temperature during
transport.

Because of low grape respiration rates and low ethylene sensitivity, marine
containers loaded with grapes should be set without air exchange. It is important
to consider that the SO, produced by the SO, generating pads accumulates, so
grapes must not be loaded along with fruits or vegetables sensitive to SO, damage,
such as apples, pears, plums, peaches or nectarines. Otherwise, washing with
alkaline solution is required in order to avoid corrosion inside the container.

The marine containers should be cooled down to —0.5°C, which is the
desired transport temperature, while they are connected directly to the electric
system of the dock. If the marine containers are open at the dock in a humid
environment, the marine containers should be cooled to the dew point temperature
of the outside air in order to avoid condensation inside the container (Thompson
et al., 2000). Dew point values in relation to temperature and RH are given in
Fig. 9.12.

A uniform temperature inside the container can be obtained by following
proper loading practices (Thompson et al., 2000). In contrast to the horizontal
air flow of cold chambers and forced air cooling, refrigerated containers are
equipped with a bottom air delivery system. Air from the refrigeration unit
flows from the floor through the packages vertically and returns horizontally
across the top of the load and back to the refrigeration unit to complete the
air cycle. To allow vertical airflow from the floor to the pallet load, pallet containers
and inner packaging should have sufficient venting and air space, and the floor
should be completely covered by the produce or by a solid material. If the
produce is palletized, the pallet opening for forklifts should also be covered
to block air from traveling horizontally. The open floor between pallets should
also be covered. A description of loading systems is provided in Fig. 9.13.
Temperature recorders should be installed in order to register the supply and
return air temperatures.
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Fig. 9.13 (a) Pallet distribution inside the container; (b) view of pallet and floor
covering to improve vertical air circulation. Data from Thompson et al., 2000.
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9.11 Processing

Grapes are often produced for fresh consumption, such as table grapes, but they
are also sold as the following products: grape juice, partially fermented grape
juice (‘chicha’ in some Latin-American countries), wine, alcoholic beverages
(e.g., brandy, cognac, grappa, jerez, oporto, pisco and singani), wine vinegar,
grape jam, grape preserves and raisins. Additionally, grapes can be used to produce
grape seed oil used for cooking, salad dressings or cosmetic products (e.g., body
creams and lip balm). Although specific grape cultivars are used to elaborate
each product, table grape cultivars are often produced both for fresh consumption
and for drying as raisins. In this section, general information regarding raisin
production is presented.

9.11.1 Raisins

Since ancient times, raisins have been produced from a different type of table
grape cultivars, such as V. vinifera, from which raisins acquire their characteristic
flavor, aroma, color, shape and size. Raisin production is an industry of 700000
tons worldwide. The largest raisin-producing countries, which account for over
80% of the global raisin production, are Turkey and the United States, which
annually produce 230000 tons and 250000 tons, respectively. Raisins are also
produced in Afghanistan, Argentina, Australia, Chile, Greece, India, Iran, Mexico,
South Africa, Spain and other countries where the climate for raisin production is
ideal with very dry, warm summers and mild winters (USDA, 2008).

Raisins are a good source of folic acid, pantothenic acid, vitamin B6 and other
vitamins that are essential for human nutrition. They are also an important source
of calcium, magnesium, phosphorus, iron, copper and zinc. Raisins do not have
any fat, which is considered an advantage for human nutrition (Bongers et al.,
1991). They are a naturally stable food and are resistant to spoilage because of
their low moisture content, high amount of soluble solids and low pH.

Grape cultivars and type of raisins

Four types of raisins are demanded internationally: dark-skinned raisins (sun-
dried raisins), golden raisins (heat-dried raisins), Corinth raisins (small,
dark raisins primarily from ‘Black Corinth’ grapes) and snack raisins (large
raisins).

Raisins are produced primarily from the following types of grapes: ‘“Thompson
Seedless’, ‘Black Corinth’, ‘Fiesta’, ‘Flame Seedless’ and ‘Muscat’. ‘Thompson
Seedless’ is one of the most important grape cultivars for the production of raisins
because of its oval and elongated shape, early ripening and the grapes’ facility to
remain separated from each other after drying. However, in a test of several
cultivars, ‘“Thompson Seedless’ consistently dried the slowest (Ramming, 2009).
Other cultivars, such as ‘Black Corinth” which originated from Greece, yield
smaller raisins than the ‘Thompson Seedless’ cultivars. Raisins produced from
‘Black Corinth’ cultivars are valued by the pastry industry because of their size,
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spherical shape, reddish to black color, thin skin and tendency to be seedless.
They perform well because of their early ripening, quick drying and high
production.

Muscat grape cultivars, such as the ‘Muscat of Alexandria’ cultivar, are another
important source for raisin production because they are large, juicy and contain
few seeds. They are also dull green in color and have a sweet and attractive muscat
flavor. However, the seeds must be removed before drying.

Raisin production process
The overall raisin production process includes the following: grape harvesting,
drying, processing and packaging.

Grape harvesting

Grapes are hand picked or machine harvested at the maximum concentration of
sugar that is evaluated by the TSS content (19%-24%) (Christensen et al., 1995).
Mechanized fruit harvest requires a special trellising system that facilitates vine
pruning, vine harvesting and cane cutting before the grapes are harvested to aid in
fruit removal and to minimize mechanical damage.

Grape drying

Raisins can be produced using natural and artificial drying methods. Natural
methods include sun-dried and dried-on-vine, whereas artificial methods include
the use of heated air dryers. Natural methods are usually preferred because of the
costs. During raisin drying, moisture content is reduced from approximately 75%
to below 15%, yielding approximately 1 kg of raisins out of 4 kg of grapes. The
final grape color change to brown or dark brown depends on the grape cultivar
and the drying method, and the sensory quality is commonly affected by the
drying process used (Thompson, 2000).

Sun-dried

Sun-dried grapes are produced by placing grape clusters on 80 cm by 90 cm
papers or polyethylene trays that are either short (2 m to 6 m) or long (greater than
6 m). The trays are laid out on concrete floors next to the vineyards or on leveled
ground between the vine rows or next to the vineyards, for two to four weeks
depending on weather conditions. When the moisture content is reduced to
approximately 15%, the individual short paper trays are rolled up with the raisins
to form packages, or the raisins are swept into boxes or bins and transported to a
processing plant. The disadvantage of the short trays is that they cannot be easily
rolled up like a cigarette to protect the raisins against over-drying, caramelization
and rain.

Long trays usually require turning and pickup machinery that reduces cost and
eliminates all manual handling of trays after picking. Pickup machines can be
self-propelled or tractor-pulled. The raisins are placed in bins behind the pickup
unit or across the row to a separate bin on a tractor-pulled trailer (Christensen and
Peacock, 2000).
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Dried-on-vine

The dried-on-vine method of raisin production often uses mechanical harvesters,
and this method is accomplished by maintaining the attachment of grape clusters
to the vines that have been trained to allow the clusters maximal sun exposure.
With this method, 50% of the fruit near the leaf area is removed by hand pruning
the canes six weeks before harvest. During the cane cutting, clusters are dipped in
a 0.5% ethyl oleate and 0.6% potassium carbonate solution to increase the drying
rate and to achieve the desired light-gold fruit color in the “Thompson Seedless’
raisins (Dincer, 1996; Uhlig et al., 1996). The dried-on-vine method reduces the
risk of rain damage, and it is less labor intensive than raisin production by sun
drying.

Hot-air drying

In the hot-air drying method, grapes are hand-harvested and transported to a
drying facility that has a concrete tunnel with a fan and propane burner mounted
above the drying chamber to provide hot air flow that is between 65°C and 70°C.
To facilitate water loss, grapes are dipped for 8 to 15 seconds in a hot solution
at 82°C that contains 0.2%—-0.5% sodium hydroxide and then are rinsed with
cold water. The grapes are then spread on drying trays and treated for 5 to 8 hours
with SO, at a concentration of 2 kilograms to 4 kilograms per ton of grapes.
This drying method has the advantage of ensuring a uniform supply of golden
raisins, but the relatively high cost limits its use. Other pretreatment techniques,
such as the use of a microwave or a pulsed electric field, are being evaluated
(Dev et al., 2008).

A high correlation exists between the residual polyphenol oxidase (PPO)
activity and the darkness of the raisins, known as the Hunterlab L value,
after drying the raisins at 50°C. Addition of SO, reduces the PPO activity
and enhances the production of light-colored raisins. Further, pretreatment
of the grapes in 93°C water with a 2 minute dip produced similar results (Aguilera
etal., 1987).

For drying, the grapes are loaded onto 90 cm by 180 cm trays made of wood or
plywood. The trays are supported in wheeled trucks that hold 25 to 26 trays each.
Truck holders move through the tunnel in the opposite direction to the hot air,
which allows the hottest product to be in contact with the highest temperature of
air. Air temperature is kept at 65-70°C, and it has to be adjusted depending on the
amount of fruit in the tunnel to avoid sugar caramelization and off-flavor
development (Thompson, 2000).

Raisin processing
At the processing plant, raisins are passed over wire screens that are shaken to
remove dirt and debris. Raisins can be stored for later processing at this time, and
in this case, methyl bromide or phosphine fumigant is used to avoid insect
infestations during storage.

Otherwise, raisins are emptied onto a conveyer line where the residual debris
is removed by passing the raisins over a fine mesh screen with forced air blowing
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on them. The raisins are then shaken to be separated from bunches followed by
the removal of cap stems, either mechanically using two rotating, conical surfaces
or manually. When raisins are produced from seeded grape cultivars, the seeds are
mechanically removed at this stage. Finally, raisins are sorted according to their
size by passing them through a series of mesh screens.

Raisins are then placed into packages ranging in size from small, one-half
ounce cardboard containers for individual consumption to large, 10 kg or 500 kg
containers for industrial use. Raisins are stored and transported under cold
conditions (10-15°C) with 50-60% RH. To maintain the raisin quality, a low
oxygen atmosphere of 1% is recommended (Guadagni et al., 1978).

9.12 Conclusions

Table grapes are grown in vast areas that include Mediterranean, tropical
and subtropical regions. Most of the varieties are sold for fresh consumption
and as raisins. Grape is a non-climacteric fruit with a relatively low respiration
rate. Main changes in berry composition and softening occur after veraison,
promoted by abscisic acid synergistically with ethylene. Decay (biotic) and
dehydration (abiotic) are the main deterioration factors of table grape during
storage at 0°C. Fungicide application integrated with cultural management
of the vine during preharvest reduces the risk of decay, and in combination
with 0°C and 90-95% relative humidity maintains the freshness of the rachis
during storage. The use of in-package SO, release or periodic SO, fumigation
during storage is required to protect the grape from decay during storage
and transport, making the table grape industry highly dependent on this
compound.
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Plate XV  (Chapter 8) (a) Mature green and ripe golden apple fruits without sooty mould
on fruit skin; (b) mature green golden apple fruits with sooty mould covering extensive
areas on fruit skin.

Plate XVI (Chapter 9) Berry bleaching symptoms produced by SO,. SO, penetrates
around the insertion of berry pedicel in (a) Thompson Seedless; (b) Red Globe berries. SO,
penetrates through cracks on berries in (c) Red Globe.
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Plate XVII (Chapter 9) (a) Internal browning of Thompson Seedless; (b) and (c) cold
damage, berries exhibit light brown discoloration with stem browning; (d) abrasion damage.
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Guava (Psidium guajava L.)
S.P. Singh, Curtin University of Technology, Australia

Abstract: Guava is a commercial fruit crop in many tropical and sub-tropical countries
of the world. The fruit is a rich source of vitamins, minerals, fibre and dietary
antioxidants. High perishability and susceptibility to physical damage, chilling injury,
diseases and insect-pests are the major postharvest constraints of guava fruit. This
chapter reviews the economic importance, postharvest physiology, maturity indices and
effects of pre- and postharvest factors on guava fruit quality. Postharvest diseases,
disorders and phytosanitary treatments are also reviewed. The chapter then discusses the
harvest and postharvest handling procedures and methods of ripening and senescence
control. The processing of guava fruit into fresh-cut and other processed products is also
described.

Key words: Psidium guajava, guava, maturity indices, postharvest quality, storage,
processing.

10.1 Introduction

10.1.1 Origin, botany, morphology and structure

Guava (Psidium guajava L.) is a member of the Myrtaceae family. The genus
Psidium includes about 150 species, but Psidium guajava is the most important
fruit of this genus (Pommer and Murakami, 2009). Guava is believed to have
originated from an area extending from southern Mexico into or through Central
America (Morton, 1987). The Spaniards and Portuguese are considered to be
responsible for distribution of guava fruit to other parts of the world. The wide
adaptability of the guava tree to various soils and climates may have facilitated
its naturalization in tropical and sub-tropical regions worldwide. Botanically,
guava fruit is a berry. Fruit are medium to large in size with an average weight of
100-250g and 5-10cm in diameter, and have four or five protruding floral
remnants (sepals) at the apex (Fig. 10.1). Based on the cultivar, fruit can be
spherical, ovoid or pyriform in shape. Fruit surface is rough to smooth, free of
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Fig. 10.1 Guava (Psidium guajava L.) fruit and leaves.

pubescence. Skin colour of immature and unripe fruit is mostly dark green which
changes to yellowish-green, pale yellow and yellow with red blush on shoulders
at ripe stage depending upon the cultivar. Pulp of ripe fruit is soft and juicy and is
white, pink or salmon-red (see Plates X VIII and XIX in the colour section between
pages 274 and 275). The seed cavity at the centre of fruit may be small to large
with many hard to semi-hard seeds. The outer mesocarp of guava fruit is sandy or
gritty in texture due to presence of stone cells (78%), which have strongly lignified
cell walls, whereas endocarp tissue is rich in parenchyma cells and low in stone
cells (Marcelin et al., 1993). Thick pulp, few seeds and stone cells, high sugar
concentrations and typical aroma are the desirable fruit characteristics for table
purposes.

10.1.2 Worldwide distribution and economic importance

Guava is commercially cultivated in many tropical and sub-tropical countries of
the world. India is the largest producer of guava fruit followed by Pakistan, Mexico
and Brazil (Singh, 2010 and references therein). Egypt, Thailand, Colombia,
Indonesia, Venezuela, Sudan, Bangladesh, Cuba, Vietnam, the US, Malaysia,
Puerto Rico and Australia are among the other guava producing countries. A list of
some popular guava cultivars grown in different countries is presented in Table
10.1. In response to increasing demand for fresh fruit and processed products, the
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Table 10.1 Major guava cultivars in the producing countries of the world

Country Cultivar(s)

India ‘Allahabad Safeda’, ‘Lucknow-49’ (syn. ‘Sardar’), ‘Banarsi Surkha’,
‘Apple Colour’, ‘Chittidar’, ‘Nasik’, ‘Dholka’, ‘Dharwar’, ‘Habshi’,
‘Seedless’, ‘Red Fleshed’, ‘Behat Coconut’, ‘Hisar Safeda’

Pakistan ‘Safeda’, ‘Allahabad’, ‘Lucknow-49’, ‘Red Fleshed’, ‘Seedless’,
‘Karela’, ‘Apple Colour’
Mexico ‘Media China’, ‘Regional de Calvillo’, ‘China’, ‘La Labor’,

‘Acaponeta’, ‘Coyame’, ‘Kumagai’, ‘Paluma’, ‘Rica’, ‘White
Ogawa’, ‘Red Ogawa’

Brazil ‘Paluma’, ‘Rica’, ‘Pedro Sato’, ‘Kumagai’, ‘Ogawa’, ‘Sassaoka’,
‘Yamamoto’, ‘Século XXI’

Egypt ‘Bassateen El Sabahia’, ‘Bassateen Edfina’, ‘Allahabad Safeda’

Thailand ‘Beaumont’, ‘Okinawa’, ‘Glom Sali’, ‘Glom Toon Klau’, ‘Khao
Boon Soom’

Colombia ‘Puerto Rico’, ‘Rojo Africano’, ‘Extranjero’, ‘Trujillo’

Indonesia ‘Indonesian Seedless’, ‘Indonesian White’

Malaysia ‘Kampuchea’, ‘Jambu Kapri’, ‘Hong Kong Pink’, ‘Jambu Biji’,
‘Putih’, ‘Maha 65°, ‘Bentong Seedless’, ‘Taiwan Pear’, ‘Vietnamese’

Bangladesh ‘Swarupkathi’, ‘Mukundapuri’, ‘Kanchannagar’, ‘Kazi’

Australia ‘Allahabad Safeda’, ‘Lucknow-49’, ‘Indonesian Seedless’,
‘Beaumont’, ‘Ka Hua Kula’, ‘GA-11’

USA (Hawaii) ‘Beaumont’, ‘Ka Hua Kula’, ‘Hong Kong Pink’, ‘Indonesian
Seedless’

USA (Mainland)  ‘Redland’, ‘Supreme’, ‘Red Indian’, ‘Ruby X’, ‘Miami Red’, ‘Miami
White’, ‘Blitch’, ‘Patillo’, ‘Webber’, ‘Rolfs’, ‘Hart’, ‘Detwiler’,

‘Turnbull’
South Africa ‘Fan Retief”, ‘Frank Malherbe’, ‘TS-G2’
Vietnam ‘Xa Ly Nghe’, ‘Ruot Hong Da Lang’, ‘Xa Ly Don’

Sources: Morton, 1987; Pommer and Murakami, 2009; Singh, 2010

production of guava has considerably increased in the current decade as the new
plantations of improved varieties and hybrids are emerging. The increase in area
and production of guava could be attributed to the breeding efforts in various
countries. The international trade of fresh guavas is currently limited, but the
processed products, such as juice, nectar, paste, puree and jam, are becoming
increasingly popular in the European and North American markets.

10.1.3 Uses, nutritional value and health benefits

Guava has been used as a food crop and medicinal plant. Guava fruit has a sweet-
sour taste combined with a pleasant aroma. It is mainly consumed as fresh or
processed into various products like fresh-cut salads, juice, nectar, paste, puree,
concentrates, jam, jelly, candy bars, etc. Generally, white-fleshed cultivars are
preferred for dessert and red-fleshed for processing. The extracts of roots, bark,
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leaves and fruit have been widely used for traditional medicinal purposes in
Central America and Africa against diarrhoea, gastroenteritis and antibacterial
colic pathogenic germs of the intestine (Pérez-Gutiérrez et al., 2008). Leaf extracts
of guava have been widely researched for their antimicrobial properties and have
diverse applications in curing various maladies. The pharmacological and clinical
uses of guavas have been comprehensibly reviewed elsewhere (Pérez-Gutiérrez
et al., 2008).

Fresh guava fruit is low in calories and rich in several vitamins and minerals.
According to the national nutrient database of the United States Department of
Agriculture (USDA), the major nutritional components of fresh guava fruit per
100 g are: sugars 8.92 g; vitamin C 228.3 mg; vitamin A 624 IU; vitamin E
0.73 mg; vitamin K 2.6 ng; lycopene 5.2 mg (in red-fleshed cultivars only);
potassium 417 mg; phosphorus 40 mg; magnesium 22 mg, and calcium 18 mg
(USDA, 2010). It is an excellent source of antioxidants, such as ascorbic acid,
carotenoids and phenols (Kondo ef al., 2005; Lim et al., 2007), which are known
to play an important role in the prevention of chronic and degenerative diseases.
Similar to many other fruits, polyphenols contribute significantly to the higher
antioxidant capacity of guavas. The presence of a high concentration of dietary
fibre (48—49 % on dry matter basis) in the peel and pulp of guava fruit makes it a
natural food product that meets requirements for consideration as an antioxidant
dietary fibre (Jiménez-Escrig et al., 2001). The distribution of various health-
promoting phytochemicals also varies within the fruit and from cultivar to
cultivar. Fruit skin is higher in ascorbic acid and phenols than flesh (Bashir and
Abu-Goukh, 2003; Kondo et al., 2005; Lim ef al., 2007). Generally, white-fleshed
cultivars contain higher concentrations of ascorbic acid, phenols and sugars
(sucrose, fructose and glucose) than red-fleshed ones (Bashir and Abu-Goukh,
2003; Gonzalez-Aguilar et al., 2004); seeded cultivars have higher phenols and
ascorbic acid than their seedless counterparts (Lim et al., 2007).

10.2 Fruit development and postharvest physiology

10.2.1 Fruit growth, development and maturation

Flowering and fruiting in guava occurs continuously throughout the year under
mild subtropical and tropical conditions. In subtropical climates of north India,
guava flowers in summer, rainy and winter seasons, and thus produces fruit
during rainy, winter and spring seasons, respectively (Rathore, 1976). Guava fruit
shows a double sigmoidal growth curve (Rathore, 1976; Mercado-Silva ef al.,
1998). The growth period can be divided into three distinct phases: (1) rapid phase
of growth extends for 45 to 60 days after anthesis; (2) relatively slow lasts for
30 to 60 days during which seeds become fully mature and hard; and (3)
exponential phase lasts for 30 to 60 days and ends at fruit maturity (Rathore,
1976). During the last phase of growth, fruit show the highest increase in weight
and diameter in addition to other changes such as decrease in hardness, chlorophyll
and tannins. Other major biochemical changes during the final phase of growth
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include an increase in soluble solids concentration (SSC), titratable acidity and
ascorbic acid (Rathore, 1976; Mercado-Silva ef al., 1998; Singh and Jain, 2007).
However, the length of each growth phase is strongly influenced by climatic
conditions and cultivar type. For example, in Mexico, the number of days required
for the ‘Media China’ cultivar to reach the ripe stage is 130 days during spring—
summer and 190 days in autumn—winter season (Mercado-Silva et al., 1998). In
north India, the growth of seeded fruit of ‘Allahabad Safeda’ during 30 and
105 days after pollination was greater than fruit of ‘Allahabad Seedless’ and it
was mainly due to the higher levels of gibberellins in the former due to presence
of seeds (Nagar and Rao, 1982). The seeded fruit grew faster and reached their
largest diameter on the 120™ day after pollination, while the seedless fruit at
maturity were less than half the size of the seeded fruit. In general, guava fruit
take about 100 to 150 days from full bloom to harvest.

10.2.2 Respiration and ethylene production

Guavas are generally classified as a climacteric fruit (Akamine and Goo, 1979;
Brown and Wills, 1983; Mercado-Silva et al., 1998; Singh and Pal, 2008a), but
some cultivars are non-climacteric in nature (Azzolini ef al., 2005). Respiration
rate of fruit is influenced by many factors such as cultivar, season and maturity.
For example, white-fleshed cultivars respire more slowly than pink-fleshed ones
(Bashir and Abu-Goukh, 2003; Singh and Pal, 2008a). The postharvest climacteric
peaks in respiration and ethylene production were observed after 4-5 days in
spring—summer fruit compared with 7-8 days in autumn—winter fruit (Mercado-
Silva et al., 1998). During fruit ripening, ethylene production and respiration rates
of fruit harvested at the full sized, pale green stage were higher than those
harvested at small or medium dark green stage (Brown and Wills, 1983). Fruit
harvested at advanced maturity reach their respiratory climacteric in 46 days
accompanied by rapid changes in skin colour and flesh firmness. Like respiration,
ethylene production behaviour of guava depends upon the cultivar, harvest
maturity and storage conditions. Ethylene production rates increase during fruit
ripening and reach a peak that may or may not coincide with the respiratory peak.
Guava cultivars such as ‘Allahabad Safeda’, ‘Apple Colour’ and ‘Hisar Safeda’
produce higher amounts of ethylene than ‘Lucknow-49’ (Mondal et al., 2008;
Singh and Pal, 2008a). It is suggested that the lower ethylene rates and higher
concentrations of polyamines in ‘Lucknow-49’ are responsible for its better shelf-
life compared to ‘Hisar Safeda’. The increase in ethylene has been correlated with
increased 1-aminocyclopropane-1-carboxlylic acid (ACC) oxidase activity during
fruit ripening indicating ACC oxidase may be a limiting step in ethylene
biosynthetic pathway in guava fruit because ACC content increased progressively
throughout fruit ripening (Mondal et al., 2008).

Guava fruit respond to the exogenous application of ethylene depending
upon fruit maturity and climacteric or non-climacteric nature of the cultivar
(Reyes and Paull, 1995; Azzolini et al., 2005). The exogenous application
of ethylene, for example, enhanced changes in skin colour and softening in

© Woodhead Publishing Limited, 2011



218 Postharvest biology and technology of tropical and subtropical fruits

immature, green fruit of the ‘Beaumont’ cultivar, but did not affect the ripening
behaviour of quarter-yellow fruit of this cultivar (Reyes and Paull, 1995), while
‘Pedro Sato’ guavas harvested at a mature, light green stage did not respond to
postharvest ethylene treatment (Azzolini et al., 2005). However, postharvest
exposure to 1-methylcyclopropene (1-MCP), an ethylene action inhibitor, inhibits
ethylene production rate and delays fruit ripening in both climacteric and non-
climacteric type cultivars (Azzolini et al., 2005; Bassetto et al., 2005; Singh and
Pal, 2008Db).

10.2.3 Biochemical changes during fruit ripening

During fruit ripening, chlorophyll content decreases and carotenoid content
increases, causing skin colour to change from green to yellow (Jain et al., 2003).
The intensity of red blush on fruit shoulders also increases in some cultivars. The
flesh colour also changes to creamy white, yellow, pink or salmon red depending
on the cultivar. The carotenoids contribute to the flesh colour of guava fruit; the
relative amounts of different carotenoids determine the intensity of flesh colour.
In general, total carotenoids concentrations increase during fruit ripening (Jain
et al., 2003). Lycopene (50 pg/g) is the major carotenoid pigment in red fleshed
guavas, in addition to the presence of P-carotene (3.7 pg/g) (Wilberg and
Rodriguez-Amaya, 1995; Mercadante et al., 1999). In a Brazilian red guava
cultivar ‘TAC-4’, 16 carotenoids have been identified which include lycopene,
[-carotene, phytofluene, y-carotene, B-cryptoxanthin, rubixanthin, cryptoflavin,
lutein, and neochrome (Mercadante ef al., 1999).

During ripening, fruit softening in guava is accompanied by significant
modifications in cell wall carbohydrates. Total pectin content, generally, increases
initially and then declines at the overripe stage. The soluble pectins increase as the
fruit ripening progresses. The concentrations of chelator-soluble-polyuronides
and -carbohydrates also increase during fruit ripening. The levels of other cell
wall carbohydrates such as cellulose, hemicellulose, lignin and starch decrease
during fruit ripening (Jain et al., 2003). The rate of fruit softening may vary from
cultivar to cultivar, but the extent of pectin solubilization was comparable in two
guava cultivars: ‘Beaumont’, a rapid-softening cultivar, and ‘Kampuchea’, a
slow-softening cultivar. ‘Beaumont’ guava took about 1.5 days to reach 50% of
initial firmness at harvest, while ‘Kampuchea’ took about 24 days (Ali et al.,
2004). The collective action of cell wall hydrolyzing enzymes, polygalacturonase
(PG), pectin methylesterase (PME), B-galactosidase, (1—4)-B-glucanase and
cellulase, causes significant textural changes in guava fruit. PG activity increases
progressively during fruit ripening in guavas, while PME increases initially and
then declines (Abu-Goukh and Bashir, 2003; Jain et al., 2003). A significant
increase in activities of other enzymes like B-galactosidase, (1—4)-B-glucanase,
and cellulase also contributes to the cell wall modifications (Abu-Goukh and
Bashir, 2003; Ali et al., 2004).

Fruit ripening in guava is accompanied by significant changes in biochemical
composition. The concentrations of soluble solids and total sugars increase during
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fruit ripening in guavas (El Bulk et al., 1997; Bashir and Abu-Goukh, 2003; Singh
and Pal, 2008a; Singh and Pal, 2008b). Generally, fructose is the predominant
sugar in ripe guava, followed by glucose and sucrose. The individual sugar profiles
vary from cultivar to cultivar (Wilson ez al., 1982; El Bulk ez al., 1997). In general,
titratable acidity and total phenolics decrease during fruit ripening (Paull and
Goo, 1983; Tandon et al., 1989; Bashir and Abu-Goukh, 2003; Singh and Pal,
2008b; Singh and Pal, 2009). Citric acid is the major organic acid, followed by
malic and glycolic acids (Wilson et al., 1982). Ascorbic acid concentrations
increase significantly during the initial stages of fruit ripening and then decrease
with senescence (Rathore, 1976; El Bulk et al., 1997; Soares et al., 2007; Gomez
and Lajolo, 2008). The increase in ascorbic acid during fruit ripening in guava
has been associated with the increased activity of L-galactono-1,4-lactone
dehydrogenase, a key enzyme in the ascorbic acid biosynthetic pathway. The
activity of dehydroascorbate reductase, which acts to reduce dehydroascorbate
into ascorbate, also increases during the initial stages of guava fruit ripening to
compensate for increased oxidation of ascorbate by ascorbate peroxidase (Gomez
and Lajolo, 2008).

Guava fruit has a strong characteristic aroma due to esters and terpenes. In
mature fruit, the esters (Z-3-hexenyl acetate, £-3-hexenyl acetate, ethyl hexanoate,
and ethyl butanoate), 1,8-cineole, monoterpenes (myrcene and limonene) and
sesquiterpenes (caryophyllene, a-humulene and B-bisabollene) are the predominant
aroma compounds (MacLeod and Troconis 1982; Chyaui et al. 1992; Soares
et al. 2007). The key aroma compounds of guava fruit contributing to a green,
grassy odour note are (Z)-3-hexenal and, to a lesser extent, hexanal; 3-sulfanyl-1-
hexanol and 3-sulfanylhexyl acetate impart the sulphury, tropical note; and
4-hydroxy-2,5-dimethyl-3(2H)-furanone, ethyl butanoate and cinnamyl acetate
predominantly account for the sweet, fruity and flowery aroma (Steinhaus et al.,
2009). In general, the abundance of aroma-volatile compounds increases during
fruit ripening.

10.3 Maturity indices

Harvesting at optimum stage is an important step to ensure the supply of a
flavoursome and nutritious fruit to the consumer. Fruit flavour is significantly
influenced by harvest maturity, and the advancement of fruit maturity leads to
accumulation of sugars, increase in ascorbic acid, decrease in phenols and acids,
and biosynthesis of aroma volatile compounds (El Bulk et al., 1997; Bashir and
Abu-Goukh, 2003; Soares et al., 2007). Excessive delays in harvesting reduce the
potential shelf-life of guava (Tandon et al., 1989). Changes in fruit skin colour
and size have been recommended as the best harvest maturity indices (Mercado-
Silva et al., 1998; Singh and Pal, 2008a; Singh and Pal, 2008b). The change in
fruit skin colour from dark green to light green coupled with attained fruit size are
useful indices to determine harvest maturity. Other maturity indices such as
specific gravity, chemical attributes and fruit detachment force have been found
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beneficial for determining the harvesting stage (Kumar and Hoda, 1974; Rathore,
1976; Paull and Goo, 1983; Tandon et al., 1989; Mercado-Silva et al., 1998).
Specific gravity decreases during the final phase of fruit maturation in guava. The
fruit quality and consumer acceptability of guava harvested at specific
gravity <1.0 had been better than those harvested at 1.00-1.02 (Tandon et al.,
1989). A large variation in specific gravity among fruit lots, seasonal variations
and the cumbersome procedure of grading according to specific gravity limit its
usefulness as a single maturity index (Kumar and Hoda, 1974; Mercado-Silva
et al., 1998). Chemical attributes such as SSC, titratable acidity (TA) and tannin
content may be used as additional maturity indices (Yusof and Mohamed, 1987).
Seasonal and cultivar variations in SSC and other chemical attributes also limit
their application in making harvest decisions (Rathore, 1976). Therefore, under a
given set of agroclimatic conditions, the visual appearance of fruit on the basis of
skin colour and size may serve as the best maturity indicator. In general, the fruit
must be physiologically mature at harvest to achieve proper fruit ripening.
Immature fruit will either fail to ripen or become senescent before reaching
marketable quality.

10.4 Preharvest factors affecting fruit quality

10.4.1 Effects of fruiting season

Seasonal conditions can have a considerable influence on fruit maturation
and quality of guava fruit. The rate of fruit growth in guava is inversely related
to prevailing temperatures during the growing season (Rathore, 1976; Mercado-
Silva et al., 1998). Therefore, fruit in the autumn—winter season take a longer
time to reach full maturity than in spring—summer. In general, fruit quality
of the winter crop is superior to those grown during the summer and rainy seasons.
The fruit quality attributes such as SSC, TA, firmness and ascorbic acid
concentration are generally better in the winter season crop. The increased
accumulation of chemical constituents during the autumn—winter season could be
attributed to the effect of low temperature on the retardation of the excessive
loss of substrates due to respiratory activity and also due to increased translocation
of photosynthates from leaves to the fruits (Rathore, 1976). Furthermore,
the postharvest life of autumn—winter guava is also longer than the spring—summer
ones as the number of days to reach respiratory and ethylene climacteric peaks
has been reported to be 7-8 days in the former and 5 days in the latter (Mercado-
Silva et al., 1998). In addition to inferior fruit quality, the rainy season guava
fruit are more prone to insect-pests and diseases. The population of fruit flies
during hot and humid conditions is high and causes serious economic losses for
the guava growers (Singh and Pal, 2007). To counteract the fruit fly problem,
growers are advised to regulate the crop to avoid production during the rainy
season (Kumar and Hoda, 1977). This practice induces profuse flowering during
the winter season and the growers earn better prices due to higher yields and
superior fruit quality.
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10.4.2 Effects of orchard practices

The cultural operations followed in guava orchards significantly influence fruit
quality and postharvest life. A study conducted in the semi-arid irrigated zone of
the Punjab state in India has shown that the method of irrigation influenced fruit
quality in the ‘Allahabad Safeda’ cultivar (Mandal et al, 2007). The trees
subjected to drip irrigation produced larger fruit with higher sugar and ascorbic
acid content compared to flood-irrigated trees. The tree spacing of the same
cultivar at either 5x5 m or 6x6 m did not influence the fruit quality parameters.
Mulching material has been shown to positively influence fruit quality in
‘Lucknow-49’ cultivar (Dutta and Majumder, 2009). Postharvest storage life
was also improved when the trees were mulched using 50 pum thick black
polyethylene compared to control (no mulching) and other mulching materials
such as paddy husks. Guava trees are generally pruned to train the tree,
control vegetative growth, remove diseased twigs and shoots and improve
light penetration into the fruit canopy. The pruning of ‘Lucknow-49’ cultivar
during rainy and winter seasons at 30cm from the shoot tip increased fruit size,
SSC and ascorbic acid content (Singh and Dhaliwal, 2004). The effects of
rootstock on fruit quality of commercial cultivars have not been investigated in
much detail. Singh et al. (1976) evaluated different species of Psidium as
rootstocks, and found that grafting of ‘Allahabad Safeda’ on Psidium pumilum
increased sugar content in fruit, while higher ascorbic acid content was observed
on P. cujavillis.

Preharvest bagging is a technique used to control damage from birds, insects
and diseases, and also to protect the fruit from extreme temperatures, thereby
improving the appearance of fruit. The final phase of fruit growth in winter
season guava is slow and results in uneven fruit maturity. The bagging of
‘Allahabad Safeda’ fruit with paper bags, one month prior to harvest,
advanced fruit maturity and resulted in attractive skin colour development,
improved quality in terms of high ascorbic acid and SSC with lower levels of
acidity (Singh et al., 2007). However, the higher postharvest rates of respiration
and ethylene production in bagged fruit were associated with a reduction in
shelf-life of 3 days compared to non-bagged fruit. This technique can be very
useful to produce high quality and premium fruit for export markets, if postharvest
ripening is regulated properly.

10.4.3 Canopy position and tree age

Canopy position is one of the factors contributing to heterogeneity in the fruit
quality. ‘Allahabad Safeda’ fruit picked from the upper canopy of 15-year-old
trees had higher SSC and lower acidity than those picked from middle and lower
canopies (Asrey et al., 2007). On the other hand, the fruit from the lower and
middle canopies showed higher ascorbic acid content than those from the upper
canopy. Seed content in fruit also varied with tree age, and it decreased with
increasing tree age from 10 to 20 years. The mineral composition of fruit was also
found to vary with tree age (Asrey et al., 2007), but this report was not conclusive.
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More research is required to confirm the effects of these factors on quality and
storage behaviour of guava fruit.

10.4.4 Preharvest applications of mineral nutrients, growth regulators and
other chemicals

The soil and foliar applications of macro and micronutrients can potentially affect
fruit quality and postharvest storage behaviour of guava. Among the primary
nutrients, potassium plays a significant role in improving fruit quality in terms of
increased SSC, ascorbic acid and lower acidity (Mitra and Bose, 1985; Kumar
et al., 1996). Higher doses (260 g/tree) of potassium fertilizer increased the SSC;
on the other hand, increased rates of nitrogen application (260 g/tree) decreased
the SSC and phosphate fertilizers showed no marked effect (Mitra and Bose,
1985). The preharvest foliar applications of calcium, zinc and boron also give
beneficial results in terms of improvement in fruit size, SSC and ascorbic acid.
Spraying ‘Lucknow-49’ fruit, three weeks before harvest, with alar [daminozide]
(500 or 1000 ppm) or calcium nitrate (2%) resulted in reduced weight loss,
increased firmness and a lower level of decay when these fruit were held at 27°C
for up to 8 days (Singh and Chauhan, 1982). Soil amendment practices can also
affect the quality of guava fruit. A study in Brazil showed that application of lime
to an acid soil before tree planting increased calcium levels in guava fruit
and resulted in reduced weight loss and titratable acidity, and better firmness
retention during postharvest storage (Prado er al., 2005). The preharvest
application of various plant growth regulators (PGR) can either enhance or delay
fruit ripening processes. Jayachandran er al. (2005) evaluated the effects of
preharvest sprays of growth regulators, naphthaleneacetic acid (NAA; 100 and
200 ppm), 2,4-dichlorophenoxyacetic acid (2,4-D; 5 and 10 ppm) and gibberellic
acid (GA;; 50 and 100 ppm), on the shelf-life and quality of ‘Lucknow-49’ guava
stored at 28-32°C in 300 gauge polyethylene bags with 0.1 % ventilation.
The postharvest shelf-life, quality and resistance to rotting were better in fruit
treated with 100 ppm GA, than NAA and 2,4-D. The postharvest dipping of
mature green ‘Allahabad Safeda’ guava fruit in gibberellins at 100 or 200 ppm
also retarded weight loss and fruit ripening, while dipping in 2,4-D and
2,4,5-trichlorophenoxyacetic acid (2,4,5-T) at 100 ppm accelerated fruit ripening
and weight loss (Saha, 1971). The pre or postharvest application of PGRs to
manipulate fruit ripening in guava is not a commercial practice.

10.5 Postharvest handling factors affecting fruit quality

10.5.1 Temperature management

Guava fruit are highly perishable. The postharvest life of guava fruit under
ambient conditions varies from 6—8 days. Low-temperature storage is the most
practical way to slow physiological processes like respiration and ethylene
production. Therefore, storing fruit at an optimum temperature range is the most
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important factor in maintaining fruit quality and minimizing postharvest losses.
Storage temperatures low enough to significantly slow fruit metabolism can
cause chilling injury (CI) in tropical fruit and, if high enough to avoid CI, often
accelerate or do not affect the process of fruit ripening and do not increase shelf-
life or maintain quality (Singh, 2010). Guava fruit can be stored at 8-10°C for
2-3 weeks (Reyes and Paull, 1995). Storage of guava fruit below the critical
storage temperature of 8—10°C can cause CI symptoms (Reyes and Paull, 1995;
Gonzalez-Aguilar et al., 2004). On the other hand, storage at recommended
temperature can also cause CI if the storage duration is prolonged (Singh and Pal,
2008a; Singh and Pal, 2008b). The tolerance to chilling temperature depends upon
many factors including cultivar, harvest season, maturity status and length of
storage. CI is discussed in detail in section 10.6. It is proposed that fruit harvested
at the colour turning stage, a commercial practice in most of the guava producing
countries, should not be stored for more than 2-3 weeks at 8 to 10 °C. These could
be stored at 15 °C to allow gradual ripening and to delay deterioration of quarter-
yellow and half-yellow fruit before processing (Reyes and Paull, 1995).

10.5.2 Physical damage
Physical damage is one of the major causes of economic losses of guava fruit. The
fruit are very delicate and cannot withstand rough handling during harvest and
postharvest operations (Singh, 2010). The fruit skin is thin and offers little
resistance to mechanical injuries such as cuts, punctures, bruising and impact and
compression damage. The severity of such injuries depends upon the harvesting
method and postharvest handling procedures. These injuries can increase water
loss, cause skin browning and also serve as entry points for various decay-causing
microorganisms (Ko and Kunimoto, 1980). Mechanical injuries causing skin
browning may even penetrate into the flesh also. Polyphenol oxidase (PPO)
catalyzes browning reactions in most fresh produce and has also been isolated
from guava fruit (Augustin ef al., 1985). The disruption of cell membranes by
injuries may result in mixing of PPO with phenolic compounds leaking out of the
vacuole leading to skin browning. Skin browning reduces the visual quality of
fruit as it should be practically free of such defects to meet high quality standards.
The tomographic images from magnetic resonance imaging (MRI) of whole
guava fruit subjected to impact damage by free-fall from a height of 1.2 m showed
that the pericarp was intact, but cellular integrity was lost and the placenta tissue
had liquefied (Durigan et al., 2005). On the other hand, compression damage
imposed by applying a force of 29.4 N for 15 min produced lesions in the external
pericarp, but internal tissue remained intact due to resistance provided by the
structure and elasticity of guava fruit tissues. This study clearly shows that MRI
can be used for non-destructive evaluation and grading of guava fruit for physical
injuries. To avoid physical injuries, wrapping individual fruit with paper is a
common practice for long-distance shipping. Cultivar type also influences the
susceptibility of fruit to physical damage. For example, ‘Pedro Sato’ has been
reported to be more susceptible to impact damage than ‘Paluma’ (Mattiuz et al.,
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2002). Therefore, harvesting and packinghouse operations should be undertaken
very carefully, because avoiding such defects can decrease the microbial
infections.

10.5.3 Water loss

Water loss or desiccation is another postharvest problem affecting quality in
guava fruit. Weight loss during storage at ambient conditions is faster and higher
compared to cold storage. During 6—8 days of shelf-life, fruit may lose 10-20% of
its initial weight depending upon the temperature and RH of the environment.
Desiccation results in shriveling and loss of texture rendering the fruit unacceptable
to the consumer. Modified atmosphere packaging (MAP) and edible coatings can
reduce weight loss during storage and shelf-life of fruit.

Modified atmosphere packaging (MAP)

Weight loss by guava fruit can be substantially reduced by application of MAP
technology (Combrink et al., 1990; Gaspar ef al., 1997; Jacomino et al., 2001a;
Jacomino et al., 2001b; Pal et al., 2004). Guava fruit cv. ‘Fan Retief” packed into
non-perforated polyethylene bags (35 pm thickness) impregnated with a natural
mineral compound may be stored for 1 week at 20°C or for 2 weeks at 4.5°C
without appreciable loss of quality (Combrink ef al., 1990). The results of MAP
studies generally vary due to variation in the storage conditions, and the thickness
of the films used by different researchers. For example, MAP of guava fruit cv.
‘Kumagai’ in 24.7 pm thick low density polyethylene (LDPE) film resulted in
reduced weight loss, lower acidity and SSC, and lower CI symptoms during
3 weeks of storage at 8§ °C (Gaspar et al., 1997). The fruit of the same cultivar
packed in a thicker LDPE film (69 um) created an atmosphere very low in O,
(0.1 kPa) and high in CO, (19 kPa) during storage at 10°C for 3 or 4 weeks, and
the fruit developed an intense off-flavour in addition to a substantial loss of
ascorbic acid caused by high CO, (Jacomino et al., 2001a; Jacomino et al.,
2001b). Based on these studies, packaging of guava fruit in 10-35 um thick LDPE
film in conjunction with low temperature can be recommended to reduce weight
loss and maintain fruit quality.

There is a potential for individual shrink-wrapping of guava fruit to reduce
weight loss during storage and shelf-life. Mohamed et al. (1994) reported that
shrink-wrapping of ‘Vietnamese’ guava with LDPE (25 um thickness) film was
more effective in reducing weight loss, maintaining flesh firmness and retarding
skin colour changes compared to cling-wrap packaging (10 pm thick LDPE) during
7 weeks storage at 10°C. Pal et al. (2004) reported that ‘Lucknow-49’ guava
individually shrink-wrapped using 9 um linear LDPE film could be stored for up to
12 and 18 days at ambient and in an evaporatively cooled chamber (8—12°C),
respectively. Temperature abuse during handling, storage and transportation may
favour large changes in the fruit respiration rate but a small change in film
permeability leading to low O, and high CO, inside the packs. Consequently, fruit
respiration may shift from aerobic to anaerobic metabolism due to low O, and high
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CO, which can induce the accumulation of anaerobic metabolites, ethanol and
acetaldehyde, leading to development of off-flavour in the fruit. Thus, it is essential
both to avoid temperature fluctuations and to design MA packages to compensate
for temperature fluctuations with use of highly permeable materials. The reliability
of MAP will depend upon the physiological status of fruit, film thickness and
permeability, and storage conditions (Singh, 2010). More research is required to
integrate the use of natural compounds/extracts with antimicrobial properties with
MAP systems in order to eliminate the use of synthetic fungicides.

Surface coatings

Edible coatings may be used to reduce the rates of water loss, retard fruit ripening,
maintain texture of fruits and inhibit microbial growth (Kester and Fennema,
1986). Edible coatings can also be used as a carrier of functional ingredients such
as antioxidants, antimicrobial compounds and calcium salts. Coating with 5%
carnauba was found to be most effective in reducing weight loss and retaining
fruit firmness (McGuire and Hallman, 1995). The rate of fruit softening in guava
coated with 2% and 4% hydroxypropylcellulose (HPC) was reduced by 35% and
45%, respectively. The application of Sta-fresh™, a carnauba wax based coating,
was effective in reducing weight loss and ethylene production during storage of
‘Lucknow-49’ guava at ambient conditions and in an evaporative cool chamber
(8-12°C) for 7 and 14 days, respectively (Pal et al., 2004). Individual shrink-
wrapping has been reported to be more effective than edible coatings in reducing
weight loss (Mohamed et al., 1994; Pal et al., 2004). The future expansion of
coating materials and formulation techniques offers opportunities for further
increase in the use of tailored edible coatings for retaining fruit quality in guava
(Singh, 2010).

10.5.4 Storage atmosphere

Controlled/modified atmospheres (CA/MA) are known to extend the postharvest
life and maintain fruit quality in addition to other benefits such as alleviation of CI
in many tropical and subtropical fruits including guava (Singh ef al., 2009; Yahia,
1998; Yahia and Singh, 2009). The responses of guava fruit to short- and
long-term MA storage have been found positive to extend postharvest life and
maintain quality.

Short-term MA exposure

Short-term exposure to low O, (< 1-10 kPa) and high CO,, (5-40 kPa) atmospheres
has potential to improve postharvest life. Short-term exposure of guava fruit to
high CO, levels (10, 20 and 30 kPa) reduced ethylene evolution during ripening,
but did not influence respiration rates (Pal and Buescher, 1993). Similarly, treating
guava with 10 kPa O, + 5 kPa CO, for 24 h before storage in air at 4°C for
2 weeks reduced CI symptoms and delayed color development in fruit compared
with fruit held in air (Bautista and Silva, 1997). A preliminary study on the short-
term exposure of guava fruit to very low O, (<1 kPa) and high CO, (40 kPa) at
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40°C for 12 h has shown that this treatment is beneficial to extend the shelf-life of
fruit by 2-3 days at ambient conditions and may find application in postharvest
insect-pest disinfestation procedures for quarantine purposes (Singh and Pal,
2007). Guava (cultivar not given) fruit artificially inoculated with spores of
Rhizopus stolonifer (Ehrenberg: Fries), then held in 80% nitrous oxide (N,O) for
6 days showed no disease symptoms, while the symptoms appeared after 2.2 days
when fruit were held in normal air (Qadir and Hashinaga, 2001). This study
indicated the potential of a non-conventional gas in reducing decay in fresh fruit,
but its commercial use may not be possible because of concerns for handlers’
safety.

Controlled atmosphere (CA)

According to Kader (2003), guava fruit can be stored or transported in an
atmosphere containing 2-5 kPa O, and 0-1 kPa CO, at 5-15°C. CA has been
found useful in maintaining harvest freshness and alleviating CI in guava fruit
(Singh and Pal, 2008a). Singh and Pal (2008a) found that atmospheres containing
O, less than 5kPa were injurious for visual and flavour quality of ‘Lucknow-49°
and ‘Allahabad Safeda’, while ‘Apple Colour’ did not tolerate O, atmospheres
below 8 kPa. The ideal CA storage conditions for three cultivars, ‘Lucknow-49°,
‘Allahabad Safeda’ and ‘Apple Colour’, were 5 kPa O, + 2.5 kPa CO,, 5 kPa O,
+ 5 kPa CO,, and 8 kPa O, + 5 kPa CO,, respectively, at 8 °C. Under these CA
conditions, fruit were stored for 30 days at 8 °C without significant CI symptoms
and fruit ripened at ambient conditions in 5 days. CA storage significantly reduced
the respiration and ethylene production rates during a post-CA storage period of
5 days at ambient conditions (25-29 °C). CA storage was also found effective in
reducing ascorbic acid loss during 30 days storage and the extent of ascorbic acid
loss decreased as O, level decreased, but high CO, did not favour its retention.
Fruit firmness was retained in CA-stored fruit for 30 days, but the differences in
the firmness, irrespective of storage atmosphere, were non-significant after 5 days
at ambient conditions. Therefore, CA has potential to extend the postharvest
life and overcome CI of guava fruit during storage and shipping (Singh and
Pal, 2008a).

Guava is very sensitive to anaerobiosis resulting from low O, and/or high CO,
(McGuire and Hallman, 1995; Pesis, 2005; Yahia, 1997). Low levels of O, in the
storage atmosphere can potentially cause accumulation of anaerobic metabolites,
ethanol and acetaldehyde (AA), in guava fruit. Singh et al. (2008a) reported that
atmospheres low in O, (2.5 kPa) caused a differential increase in the concentrations
of ethanol and AA in three guava cultivars. The levels of these metabolites differed
among three cultivars, possibly due to differences in the gas exchange properties of
peel and flesh tissues. Singh (2010) suggested that acetaldehyde accumulation
during CA storage and its increase during ripening might be contributing to the
aroma volatiles biosynthesis in guava in addition to its role in the removal of
astringency from guava fruit. According to my proposed model on the effects of
CA/MA in guava, there is a possibility that suppression of ethylene production and
respiration during ripening of CA-stored guava and alleviation of CI could be due

© Woodhead Publishing Limited, 2011



Guava (Psidium guajava L.) 227

to the high ethanol and acetaldehyde concentrations in fruit (Singh, 2010), as the
role of these anaerobic metabolites in modifying these physiological processes has
already been recognized (Pesis, 2005). Further research is required to elucidate the
roles of these compounds in guava fruit ripening and physiology. CA storage may
used for marine transport of guava to distant markets which may take 2 or 3 weeks
(Singh et al., 2009; Singh, 2010). The CA requirements need to be appraised for
storing and transporting guava at temperatures other than 8 °C as the changes in
storage temperature may possibly alter the CA optima. Genotypic variation in the
responses of guava to CA necessitates further investigations on other cultivars.

10.6 Physiological disorders

Chilling injury (CI) is a physiological disorder resulting from exposure of fruit to
temperatures below a critical limit for a period longer than a certain threshold
(Paull, 1999). Susceptibility of guava fruit to CI limits storage life and distribution
at low temperatures (Singh, 2010). The most common symptoms of CI in guava
are surface pitting, water-soaked lesions, external and internal discolouration,
uneven fruit ripening and enhanced decay (Reyes and Paull, 1995; Gonzélez-
Aguilar et al., 2004; Singh and Pal, 2008a; Singh and Pal, 2008b; Singh and Pal,
2009). CI symptoms including surface pitting, skin browning and water-soaked
lesions appearing during cold storage, but the severity of these symptoms increases
upon transfer to ambient conditions (Singh and Pal, 2008a; Singh and Pal, 2008b).
The severity of CI depends upon the storage temperature, the duration of storage
and the sensitivity of the cultivar to chilling temperatures (Paull, 1999).

Storage temperature is the predominant factor influencing development of CI
symptoms in guava fruit (Reyes and Paull, 1995; Tiwari et al., 2006). ‘Allahabad
Safeda’ fruit stored at 5°C for 2 weeks showed skin bronzing and failed to ripen
properly when transferred to ambient conditions. Electrolyte leakage from fruit
sample tissue increased with the severity of CI, demonstrating the disruption of
cell membranes by CI (Gonzéalez-Aguilar et al., 2004; Tiwari et al., 2006). Fruit
maturity influences susceptibility of guava to CI. For instance, guava fruit
harvested at the colour turning stage could be stored for 3 weeks at 7 °C with good
appearance and less decay than those harvested at a mature-green stage (Vazquez-
Ochoa and Colinas-Leon, 1990). The supplementation of low temperature storage,
either with some postharvest treatments (chemical, physical, and biological) or
with modified atmospheres (low O, and high CO,), can have synergistic effects in
alleviating CI (Singh, 2010). CI in guava fruit has been alleviated by short-term
exposure to CA or long-term static CA and MAP. Like many other fruits, guava
has been reported to benefit from the postharvest application of 1-MCP with
regard to CI. 1-MCP treatment at 300 nL L' for 12 h or 600 nL L' for 6h
reduced CI symptoms in ‘Allahabad Safeda’ during 25 days of cold storage at
10°C plus 5 days at 25-29°C (Singh and Pal, 2008b). Pre-storage treatment of
guava fruit with methyl jasmonate vapours (107* M or 107°M) also reduced CI
symptoms during storage at 5 °C for 15 days (Gonzalez-Aguilar et al., 2004). Heat
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treatments can also induce resistance to CI in some tropical fruits. Guava fruit are
reported to be sensitive to heat treatments ranging from slight to severe effects on
fruit quality (Gould and Sharp, 1992; Yusof and Hashim, 1992; Monzon et al.,
2005). It is therefore not feasible to use high temperature treatments to induce
chilling tolerance in guava fruit. The biochemical and molecular basis of CI in
guava fruit remains unclear. It is therefore important to avoid storage at chilling
temperatures throughout the supply chain.

10.7 Postharvest pathological disorders

Postharvest pathological problems are very common and severe in tropical fruits,
such as guava, due to hot and humid conditions at harvest and during distribution.
Fruit rots can appear on mature and ripening fruit prior to harvest, at harvest and
during transportation and storage. Anthracnose, caused by Colletotrichum
gloeosporioides, is the most common fungal disease causing severe postharvest
losses in guava (Lim and Manicom, 2003). The symptoms of anthracnose appear
in the form of small brown lesions on the fruit surface, which later grow into large
and sunken patches. There are several other types of fruit rots observed after
harvest. Lim and Manicom (2003) classified these rots into dry and soft types. Dry
rots produce necrotic lesions that are shallow and superficial, and restricted to
either small spots or patches. On the other hand, soft rots appear as water-soaked
areas that expand and extend into the fruit mesocarp or even into the seed cavity.
Dry rots are mostly caused by Cladosporium sp., Diplodia theobromae,
Guignardia sp., Macrophoma sp. and Macrophomina phaseolina, while soft rots
are caused by several other fungal pathogens such as Aspergillus niger, Rhizopus
stolonifer, Mucor heamalis, Fusarium solani, etc.

In some rots such as anthracnose, Phytophthtora fruit rot and stylar end rot
(Phomopsis rot), the pathogens invade the developing fruit in the orchard, but the
infection remains quiescent until the fruit are harvested. The proliferation of fruit
rots is enhanced by the changes during fruit ripening such as a decrease in natural
antifungal compounds and phytoalexins, increase in sugars that serve as the food
base for pathogens, decrease in phenolics that are vital to provide resistance
against pathogens, and softening that facilitates the breakdown of tissue by fungi
(Prusky, 1996). Physical damage to fruit during harvest and postharvest operations
is primarily responsible for the loss of integrity of natural barriers that are
otherwise effective to prevent infection by secondary pathogens.

The development of fruit rots can be considerably reduced by effective cold-
chain management. The activity of most of the fungal pathogens is suppressed by
low temperature storage (Prusky, 1996). Storage at temperature below a critical
limit can induce chilling damage that further enhances the susceptibility of fruit to
decay. Careful harvesting and handling procedures should be adopted to reduce
physical damage which in turn can decrease the occurrence of infections (Ko and
Kunimoto, 1980). Postharvest treatments that are known to delay fruit ripening
can possibly delay the onset of disease. For instance, 1-MCP treatment has been

© Woodhead Publishing Limited, 2011



Guava (Psidium guajava L.) 229

reported to reduce the decay incidence in guava fruit (Singh and Pal, 2008b).
Similarly, exposure of mature unripe guava fruit to gamma irradiation (0.25-0.5
kGy) has potential to reduce fruit decay (Singh and Pal, 2009). Maximizing
storage life of most tropical fruits requires treatment with a fungicide. The
fungicides are most effective when the treated fruit has intrinsic resistance to
infection and environmental conditions are least favourable for growth of the
pathogen (Eckert and Ogawa, 1985). Therefore, a combination of postharvest
fungicide treatment and optimum storage conditions is essential to reduce the
incidence of fruit rots in guava. Preharvest fungicide sprays and good orchard
management practices are crucial to reduce latent infections in the developing
fruit. In general, a single postharvest treatment may not be adequate to effectively
control all postharvest diseases. The choice of fungicide type and treatment dose
depends on the availability of fungicides approved for use in a particular country,
the fungicides used in the field sprays and the destination market for the fruit
(Singh, 2010). Several fungicides such as benomyl, carbendazim, triforine,
prochloraz and mancozeb have given satisfactory disease control in guava fruit.
The rotting of fruit of four guava cultivars was considerably reduced by dipping
the fruit after harvest in hot benomyl (0.5-2.0 g L") at 48-50°C for 5 min, while
heated guazatine was phytotoxic and less effective than benomyl (Wills ef al.,
1982). Fruit rots caused by Aspergillus have been controlled by carbendazim and
triforine, both at 1.25 g L™! (Arya et al., 1981). Prochloraz is a broad-spectrum
imidazole fungicide permitted for postharvest use in fruits in many countries. The
rotting of guava caused by Colletotrichum gloeosporioides | Glomerella cingulata)
and Phomopsis anonacearum was significantly reduced by dipping the fruits in
solutions of prochloraz (0.125-0.25 g L™!) at room temperature (~25 °C) for 5 sec
to 5 min (Brown ef al., 1984). Prochloraz may cause skin injury, particularly on
white-fleshed guava, and was not effective against Rhizopus stolonifer. Gupta and
Mukherjee (1980) reported that morphactin (chlorflurenol methyl ester 74050
[chlorflurecol]) applied at a concentration of 100 mg L™ to guava fruits cv.
‘Allahabad Safeda’ was effective in reducing weight loss, fungal decay, chlorophyll
breakdown and loss in firmness. Guava has been reported to be very sensitive to
copper-induced phytotoxicity (Gaikwad and Nimbalkar, 2005). The pre or
postharvest application of copper-containing fungicides, such as Bordeaux
mixture and copper oxychloride, to guava fruit should be used carefully
considering their phytotoxic effects.

Synthetic fungicides have been commonly used to control postharvest diseases
in guava. The development of pathogen resistance to a wide range of fungicides
has stimulated research towards more resilient and ecofriendly postharvest disease
management practices such as application of natural compounds and biological
control. The exposure of mature green ‘Banarsi Surkha’ guava to ethanol and
acetic acid vapours for 2 hours reduced microbial load on fruit and improved
shelf-life (Siddiqui et al., 2005). Biological control using microbial antagonists
can be used as a part of an integrated postharvest disease management strategy to
reduce the use of synthetic fungicides. A recent study has shown that strains of
yeast (Pichia anomala Moh93, P. anomala Moh104) were most effective against
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fruit rot of guava caused by Botryodiplodia theobromae (Hashem and Alamri,
2009). The production of cellulase and pectinase enzymes was significantly
inhibited in guava fruit infected with B. theobromae when yeast strains were
applied. This study also showed the potential of strains of the yeast P anomala as
a safe and effective biocontrol agent against postharvest rot of guava fruit caused
by Diplodia sp. The application of two antagonistic yeasts (Candida sp. and
Rhodotorula sp.) controlled the predominant pathogens, Penicillium expansum
and Pestalotiopsis psidii, more effectively when used individually than in
combination (Deeba et al., 2008). The efficacy of these biological control agents
can be further improved by applying them in combination with low concentrations
of a recommended fungicide and other physical treatments. The antagonists
applied just before harvest can precolonize the fruit surface so that wounds
inflicted during harvest can be colonized by the antagonist before the invasion of
the pathogen (Janisiewicz and Korsten, 2002). This approach could be very useful
to prevent fruit rots caused by secondary infection in guava fruit. Future research
is required to determine the efficacies of various biocontrol agents against a range
of pathogens and under different growing and postharvest conditions.

10.8 Postharvest insect-pests and phytosanitary treatments

Guava is a host for several species of insect-pests. Fruit flies are the most important
pests of guava worldwide and cause severe economic losses (Gould and Raga,
2002). Bactrocera correcta (Bezzi), often referred to as ‘the guava fruit fly’, is
mainly distributed in India, Nepal, Pakistan, Sri Lanka, and Thailand. In tropical
America, guava hosts several other fruit fly species, which include Caribbean fruit
fly (Anastrepha suspense Loew), Mexican fruit fly (4. ludens Loew), West Indian
fruit fly (4. oblique Macquart) and A. striata Schiner. In addition to the fruit flies,
guava fruit are also attacked by fruit borers, thrips, mites and scale insects. Under
integrated pest management (IPM) programmes, the physical, chemical, cultural
and biological control of these insect-pests is recommended for economic
production of guava. Fruit bagging is the best method to control the Caribbean
fruit flies in Florida, US (Pefia et al., 1999). Discussion of preharvest IPM is
beyond the scope of this chapter. The main focus is on postharvest treatments to
control these insect-pests from a quarantine perspective.

10.8.1 Heat and cold treatments

Most of the insect-pests of guava are highly regulated by the phytosanitary
requirements of many countries. The main objective of a phytosanitary treatment
is to prevent the introduction or spread of pests (Hallman and Loaharanu, 2002).
This is a great hindrance in the commercialization of guava in the international
trade. Several postharvest treatments including heat, cold and irradiation have
been tested and found to be effective in disinfesting guava fruit. Hot-water
treatment (HWT) can be an effective way to eliminate the regulatory pests of

© Woodhead Publishing Limited, 2011



Guava (Psidium guajava L.) 231

guava fruit (Gould and Sharp, 1992). The immersion of guava for 32.7 min in
water heated to 46 °C achieved probit-9 mortality (99.999 %) of the third-instar
larvae of Anastrepha suspensa (Loew). Additionally, hot-water treated fruit kept
at 10 °C maintained acceptable quality 7 days longer than those held at 24+2°C
(Gould and Sharp, 1992). The waxing of fruit immediately after HWT exacerbated
chilling injury, further delayed ripening with a concomitant increase in the
percentage of fruits that did not ripen, and caused fruit to remain greener (McGuire,
1997). But delaying the waxing of heat-treated guava or reconditioning them for
24 h at 20 °C before cold storage promoted normal ripening and helped to maintain
the quality of the heat-treated fruit. Vapour heat treatment (VHT) is another
method of postharvest heat application in which fruit is exposed to heated air at
high relative humidity, and is a recognized phytosanitary treatment for tropical
fruits like mango in some countries. VHT at 46 °C for 10 min was sufficient to kill
the fruit fly larvae in ‘Kampuchea’ guava, and similar to HWT, it resulted in loss
of ascorbic acid, chlorophyll and skin scorching, particularly around the stalk area
(Yusof and Hashim, 1992). VHT resulted in more fruit softening than HWT.
Heating of guava fruit by the application of radio-frequency energy also
caused external browning in the form of circular brown spots on the skin (Monzon
et al., 2005).

Cold disinfestation treatment requires the fruit to be exposed to very low
temperatures for a period ranging from several hours to a few days. The application
of cold treatment as a disinfestation procedure is not possible for guava because
the fruit are chilling sensitive. Cold treatment of guava at 1.1°C for 15 days,
which was necessary for disinfestation of A. suspense, caused unacceptable
blackening of the fruit surface (Gould, 1994). Based on these studies, the prospects
for application of heat or cold as a single quarantine treatment are not encouraging.

10.8.2 Irradiation

Irradiation is another phytosanitary treatment that can ensure the control of
potentially invasive insect-pests. In contrast to thermal and cold treatments for
phytosanitation, irradiation is more tolerated by fresh fruits with a minimal loss of
quality (Hallman and Loaharanu, 2002). In 2002, irradiation was approved as a
phytosanitary treatment for all admissible fresh fruits and vegetables from all
countries into the United States (USDA, 2007). The Animal and Plant Health
Inspection Service (APHIS) of the USDA has approved irradiation with a
minimum generic absorbed pest dose of 150 Gy as a treatment for all tephritid
fruit flies in fruit, a minimum dose of 400 Gy for all other insects, except
Lepidoptera pupae and adults (USDA, 2007). The guava to be imported must be
part of a commercial shipment and irradiated with a minimum absorbed dose of
400 Gy (USDA, 2008a). In addition to irradiation, some mitigatory measures
have to be followed in order to reduce the potential risks associated with the
quarantine pests. These mitigatory measures include production of guava for
export within pest-free areas or areas of low pest prevalence, mechanical,
chemical and cultural pest control programmes in guava orchards, field and

© Woodhead Publishing Limited, 2011



232  Postharvest biology and technology of tropical and subtropical fruits

phytosanitary inspection, sampling and testing procedures during the production
season, packinghouse procedures and quarantine treatments to disinfest fruit,
consignments traceable to place of origin, point-of-entry sampling and inspection
limits on distribution and transit within the United States (USDA, 2008b).

The extended postharvest life of fruit in response to irradiation treatment can
be considered as an additional benefit. Guava has been classified among the fruits
which are the most tolerant to ionizing radiation doses of less than 1 kGy (Kader,
1986). Ionizing radiation treatment extends the postharvest life and reduces decay
incidence in guava fruit (Thomas, 1988; Singh and Pal, 2009). Ionizing radiation
treatment (0.25 kGy) suppressed the respiration and ethylene production rates of
two guava cultivars, ‘Allahabad Safeda’ and ‘Lucknow-49°, during 8 days of shelf
life at 2742 °C (Singh and Pal, 2009). The suppression of respiration and ethylene
production rates increased with the increase in radiation dose from 0.25 to
1.0 kGy and suggests that guava can tolerate even high doses of ionizing radiation
without manifesting stress symptoms in the form of burst of respiratory activity
and ethylene. Irradiated guava, particularly cv. ‘Lucknow-49’, when stored for
22 days at 10 °C did not have reduced rates of respiration during their subsequent
removal to ambient conditions; but ethylene production rates were significantly
lower in irradiated fruit of both cultivars, ‘Lucknow-49’ and ‘Allahabad Safeda’
(Singh and Pal, 2009). Irradiation treatment at 0.25 kGy resulted in better retention
of firmness, while a higher dose of 1.0 kGy increased the rate of fruit softening
(Singh and Pal, 2009). The quality of irradiated guava stored at 10 °C for 22 days
after transfer to ambient conditions was similar to that of non-irradiated fruit,
which shows that the positive effects of irradiation treatment diminish during cold
storage. Therefore, irradiation may be used without adverse effects on fruit quality
to provide phytosanitary security against many insect-pests.

The recognition of irradiation of fresh guava as a quarantine treatment by
APHIS facilitated the imports from Mexico into the United States in 2008.
In Mexico, 257 tonnes of guava fruit were irradiated in 2008 at a facility of
Sterigenics Gamma México and the tonnage increased to 3521 tonnes in 2009
(César Moreno, personal communication). In 2010, their facilities were projected
to irradiate 5300 tonnes of guava fruit. In the near future, the adoption of irradiation
on a commercial scale in other countries may enhance the international trade of
guava fruit.

10.9 Postharvest handling practices

10.9.1 Harvest operations

Harvesting at appropriate maturity is important to ensure the supply of good
quality fruit to consumers and processors. Guava fruit must be harvested at a
maturity that enables the fruit to withstand transport and handling, and to arrive in
satisfactory condition at its ultimate destination. Harvesting should preferably be
conducted in the early morning. In most of the guava producing countries,
harvesting by hand is a common practice. The amount of force needed to detach a

© Woodhead Publishing Limited, 2011



Guava (Psidium guajava L.) 233

fruit decreases substantially during fruit ripening from 32 to 2.2 N (Paull and Goo,
1983) and can be a guide to the pickers to pick the fruit of right maturity. Several
precautions should be taken during harvesting to avoid damage to fruit, as it
increases the incidence of fruit rots (Ko and Kunimoto, 1980). The pickers should
be trained and instructed to harvest and handle the fruit as gently as possible. The
fruit stem (pedicel) should not be pulled out while picking, because it serves as the
point of entry for decay-causing microorganisms. Fruit should be picked and
placed into buckets padded with a cushioning material (Mustard, 1955). Fruit
should be carefully transferred from the buckets/picking bags into the field boxes.
The use of field boxes is recommended, but these should not be overfilled as this
may cause compression damage to the lower fruit. The pickers should empty their
bags/buckets carefully because fruit are easily damaged by dropping. The use of
cushioning materials at all stages of handling in different boxes or bins is strongly
recommended to avoid mechanical damage to the fruit. The regular cleaning of
the picking bags/boxes with chlorinated water should be carried out to minimize
the chances of secondary infection to the fruit. After harvest, fruit should be
protected from direct exposure to sunlight and heat. Therefore, the field boxes
should be covered with insulated covers, white cloth or tarpaulins, and should be
hauled without delay to the packinghouse.

10.9.2 Packinghouse practices

The packinghouse should always be maintained in a clean condition, with careful
attention to water quality, personnel hygiene, cleaning of equipment and exclusion
of animals. Upon arrival at the packinghouse, the fruit are carefully transferred
onto a grading belt to remove the off-grade fruit. Immature and over-mature fruit,
and also those showing signs of damage from physical injury or disease, are
removed. During the sorting operation, magnetic resonance imaging may be used
to detect internal injuries in the guava fruit (Durigan et al., 2005). In Florida, the
cull rate during packinghouse operations of guava can be as high as 40% (Murray
and Campbell, 1989). The major reasons for rejection include ripe fruit, wind scar,
scab and fruit fly damage. After sorting, the fruit is washed with chlorinated water.
The application of fungicides and waxing may follow, depending upon the
acceptability of these chemicals for use in a given country. Grading and sizing of
guava can be done manually or by semi- or fully automated machines suitable for
round fruits. According to CODEX s