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1. Introduction
Fruits are staple food in human diet. There has been a growing interest in the connection of
fruit and vegetable consumption and improved health. Research have shown that biologi‐
cally active components in plant-based foods, particularly phytochemicals such as polyphe‐
nolics and carotenoids, have important role in reducing the risks of chronic diseases,
including cancer, cardiovascular disease, diabetes and Alzheimer’s disease, among others.
The first part of the chapter provides a brief update of the links between fruit-based antioxi‐
dants and other biologically active compounds and potential health benefits.
Fruit production is increasing globally. Despite the increasing fruit production at the global
level, a significant amount of fruit produced is lost or wasted due to poor post-harvest man‐
agement. The second part of the chapter provides information on current status of post-har‐
vest losses in selected fruits and methods to prevent these losses. Therefore, processing
fruits into value-added products is one of the strategies to reduce post-harvest losses and
promote consumption of fruits.
Fresh-cut fruits, also called minimally processed fruits, are products that are partially pre‐
pared, maintain a fresh-like state and ready for use and eating. Recently, fresh-cut fruits
have become popular because they meet the consumer demand for convenient ready-to-eat
foods with fresh-like quality. However, fresh-cut fruits are more perishable than whole
fruits. The third part of the chapter covers some recently developed approaches for the val‐
ue addition of fresh-cut fruits with respect to the use of natural antimicrobials, anti-brown‐
ing agents, edible coating, modified atmosphere packaging (MAP), 1-methylcyclopropene
(1-MCP) application and vacuum impregnation (VI).
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2. Fruits and human health
Consumption of fruits and vegetables is increasing because of strong evidence that many
beneficial effects for human health are associated with the dietary intake of fruits and vege‐
tables (Kaur & Kapoor 2001, Rupasinghe et al. 2012). As suggested by epidemiological stud‐
ies, the consumption of fruit and vegetables may lead to prevention of many chronic
diseases, including cardiovascular disease (Weichselbaum 2010, Al-Dosari et al. 2011; Thila‐
karathna and Rupasinghe 2012), type II diabetes (Johnston et al. 2002, Yu et al. 2012b) and
some cancers (De Mejía & Prisecaru 2005, Lala et al. 2006, Sun & Liu 2008, Lippi & Targher
2011). These disease prevention effects of fruits could be due to the presence of health pro‐
moting phytochemicals such as carotenoids (Chichili et al. 2006), flavonoids (Yu et al.
2012a), other phenolic compounds (Masibo & He 2008) and vitamins (Lippi & Targher 2011,
Gutierrez 2008). Furthermore, the health-protective effects may be rather produced by com‐
plex mixtures of interacting natural chemicals than a single component in these plant-de‐
rived foods (Lila 2007). Table 1 gives a summary of selected fruit-based antioxidants and
other health promoting compounds for disease prevention.

3. Fruit production and post-harvest loss
3.1. Fruit production
Fruit production is increasing dramatically worldwide. According to the FAO, the total
world fruit production in 2008 was 572.4 million tons, and the number climbed to 609.2 mil‐
lion tons in 2010 (FAO 2010). Among these fruits, thirty percent of which were tropical
fruits, with water melon occupied of 59.2%, mongo and guavas of 20.5% and pineapple of
11.4% (Rawson et al. 2011).
Despite the increasing food production at the global level, about one-third of the food pro‐
duced in the world is lost or wasted (Prusky 2011), among which, post-harvest stage losses
and marketing stage losses are major losses.
3.2. Post-harvest loss of fruits
Despite of food production is increasing globally, a significant amount of the food for hu‐
man consumption is lost or wasted, especially perishable foods such as fruits and vegetables
(Prusky 2011). The amount of food lost each year is equivalent to more than half of the
world’s annual cereals production (2.3 billion tonnes in 2009/2010) (Gustavsson et al. 2011).
It is hard to give precise information on the amount of fruit losses generated globally, be‐
cause fruit losses vary greatly among varieties, countries, and climatic regions, and there is
no universally applied method for measuring losses. As a consequence, the food loss data
during post-harvest are mostly estimated and the variations are from 10% to 40% (Prusky
2011). Table 2 lists some examples of post-harvest losses of selected fruits in India, Egypt
and United States.
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Source

Active component Prevention mechanism

Disease

References

Grape

Anthocyanins

Anti-proliferative

Cancer

Lala et al. 2006

Flavonoids

Inhibition of HNR-adduct

Macular degeneration Yu et al. 2012a

formation

and cataract

Antioxidant, anti-

Alzheimer's

Sun et al. 2010

Cardiotoxicity

Mokni et al. 2012

Resveratrol

inflammatory, activation of
SIRT1
Resveratrol

Normalize iron and Ca2+,
increase SOD activity

Apple

Resveratrol

Enhance insulin secretion

Diabetes

Yu et al. 2012b

Polyphenols

Antioxidant, cell cycle

Cancer

Sun & Liu 2008

Cardiovascular

Weichselbaum 2010

Bone protection

Puel et al. 2005

modulation
Polyphenols

Antioxidant, multiple
mechanisms

Phloridzin

Anti-inflammatory, bone
resorption

Polyphenols

Reduce amyloid-β formation Alzheimer's

Chan & Shea 2009

Phloretin-2'-O-

Delay glucose absorption

Diabetes

Johnston et al. 2002

Cell cycle arrest, apoptosis

Cancer

De Mejía & Prisecaru 2005

Antioxidant, reduce LDL

cardiovascular

Yin et al. 2008

Alzheimer’s

Heo et al. 2008

Glucoside
Banana

Lectins (Bioactive
protein)
Polyphenols

modification
Polyphenols

Antioxidant

Pineapple

Bromelain

Proteolytic enzyme regulation Anti-inflammatory

Mango

Phenolic

Antioxidant, multiple

compounds

mechanisms

Hale et al. 2010

Degenerative diseases Masibo & He 2008

Table 1. Fruit-based health promoting compounds and postulated disease prevention

Source

Post-harvest loss %

References

Farm

Wholesale

Retail

Total

Grape

15.1

6.9

6.0

28.0

Kader 2010

Grape

7.3

4.2

2.9

14.4

Murthy et al. 2009

Grape

N/A

N/A

7.6

N/A

Buzby et al. 2009

Mango

15.6

8.9

5.3

29.7

Murthy et al. 2009

Mango

N/A

N/A

14.5

N/A

Buzby et al. 2009

Banana

5.5

6.7

16.7

28.8

Murthy et al. 2009

Banana

N/A

N/A

8.0

N/A

Buzby et al. 2009

147

148

Food Industry

Source

Post-harvest loss %

References

Farm

Wholesale

Retail

Total

Papaya

N/A

N/A

54.9

N/A

Buzby et al. 2009

Pineapple

N/A

N/A

14.6

N/A

Buzby et al. 2009

Kiwi

N/A

N/A

12.7

N/A

Buzby et al. 2009

Apple

N/A

N/A

8.6

N/A

Buzby et al. 2009

Avocado

N/A

N/A

9.3

N/A

Buzby et al. 2009

Tomato

9.0

17.9

16.3

43.2

Kader 2010

Table 2. Post-harvest losses in selected fruits

3.3. Prevention and reduction of post-harvest loss
Methods of preventing losses of fruits and vegetables could be found from papers and fact
sheet written by Singh and Goswami (2006), Sonkar et al. (2008), Prusky (2011) and DeEII
and Murr (2009). These methods include selection of new cultivars with firm fruits and lon‐
ger postharvest life, minimizing physical damage during harvesting and postharvest han‐
dling, control and monitoring of temperature and relative humidity, use of controlled or
modified atmosphere storage, use of pre- and post-harvest fungicides (hydrogen peroxide)
before and after harvest and use of physical treatment such as ozonation technology. Table 3
gives examples of use of controlled atmosphere storage of selected fruits.
Source

Temp (ºC)

RH (%)

O2 (%)

CO2 (%)

Storage life

References

Grape

0-5

90-95

5-10

15-20

> two weeks

Singh and Goswami 2006

Mango

10-15

90

3-7

5-8

> two weeks

Singh & Goswami 2006

Banana

12-16

90

2-5

2-5

> two weeks

Singh & Goswami 2006

Papaya

10-15

90

2-5

5-8

> two weeks

Singh & Goswami 2006

Pineapple

8-13

90

2-5

5-10

> two weeks

Singh & Goswami 2006

Kiwi

0-5

90

1-2

3-5

> two weeks

Singh & Goswami 2006

Avocado

5-13

90

2-5

3-10

> two weeks

Singh & Goswami 2006

Apple (Empire) 1-2

N/A

1.5-2.5

1.5-2.0

5-8 months

DeEII & Murr 2009

Apple (Gala)

0

N/A

1.5-2.5

1.5-2.5

5-8 months

DeEII & Murr 2009

Apple (Golden 0

N/A

1.5-2.5

1.5-2.5

5-8 months

DeEII & Murr 2009

N/A

1.0-2.5

0.5-2.5

5-8 months

DeEII & Murr 2009

Delicious)
Apple

3

(McIntosh)
* Temp: temperature; RH: Relative humidity
Table 3. Controlled atmosphere storage conditions of selected fruits
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4. Fruit processing and preservation
Processed fruit products generally include minimally processed fruit products such as freshcut fruit, fermented fruit products such as cider, wine and vinegar, traditional thermally
processed fruit products such as jam, jelly, juice and beverage, novel non-thermal processed
fruit products such as juice and beverage, etc. A comprehensive review has been given by
the same authors on novel non-thermal processed fruit product preservation including jui‐
ces and beverages (Rupasinghe & Yu 2012). At the same time, fresh-cut fruit stands out to be
a promising food that meets the demand of consumers for convenient and ready-to-eat
fruits with a fresh-like quality. In this case, this part of the chapter would give emphasis on
fresh-cut fruit processing and preservation.
4.1. Fresh-cut fruit processing
The sales of fresh-cut produce have grown from approximately $5 billion in 1994 to $10–12
billion in 2005, which is about 10% of total produce sales (Rupasinghe et al. 2005). Fresh-cut
fruits and vegetables are products that are partially prepared, maintain a fresh-like state and
no additional preparation is necessary for use and eating (Watada & Qi 1999). Figure 1
shows the flowchart of fresh-cut fruit processing. It generally includes washing, and/or peel‐
ing, cutting, and/or slicing or wedging and packaging. Dipping solutions or edible coating
materials could be applied during dipping or coating process.

Figure 1. Major steps for fresh-cut fruit processing (revised from Corbo et al. 2010) * During this process, natural pres‐
ervatives or edible coating materials could be applied
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4.2. Fresh-cut fruit preservation
Fresh-cut fruits are more perishable than whole fruits, because the tissue integrity of fruits is
more easily altered during processing. Post-cut quality of fresh-cut fruits suffers from
wound induced biochemical and physiological changes such as water loss, accelerated respi‐
ration and cut-surface browning as well as microbiological spoilage (Kader 2002, Chiabran‐
do & Giacalone 2012). Therefore, preservation of fresh-cut fruits needs combinative efforts
of antimicrobial agents, anti-browning substances as well as packaging strategies. A detailed
review was given by Oms-Oliu et al. (2010) about recent approaches for preserving quality
of fresh-cut fruits.
4.2.1. Antimicrobial agent
During the preparatory steps of fresh-cut fruit processing, the natural protection of fruit is
removed and chances of contamination may increase. Damage of tissues allows the growth
and fermentation of some species of yeasts such as Saccharomyces cerevisiae and the attack by
pathogenic microorganisms such as Listeria monocytogenes, Salmonella spp., Staphylococcus
aureus and Escherichia coli O157:H7 (Martin-Belloso et al. 2006). Therefore, the searching for
methods to retard microbial growth is of great interest to researchers and fresh-cut industry.
Traditionally, the most commonly used antimicrobials are potassium sorbate and sodium
benzoate. However, consumer demand for natural origin, safe and environmental friendly
food preservatives is increasing. Natural antimicrobials such as organic acids, herb leaves
extracts and oils, chitozan and bacteriocins have shown feasibility for use in some food prod‐
ucts including fresh-cut fruits (Gould 2001, Corbo et al. 2009). Some of them have been con‐
sidered as Generally Recognized As Safe (GRAS) additives in foods. Selected natural
antimicrobials and their status for GRAS additives are listed in Table 4.
Cinnamon as an antimicrobial agent has been investigated in fresh-cut apple slices (Mu‐
thuswamy et al. 2008). Ethanol extract of cinnamon bark (1% to 2% w/v) and cinnamic alde‐
hyde (2 mM) could reduce E. coli O157:H7 and L. innocua in vitro. Ethanol extract of
cinnamon bark (1% w/v) reduced significantly the aerobic growth of bacteria inoculated in
fresh-cut apples during storage at 6°C up to 12 days. It was also found that cinnamic alde‐
hyde has greater antimicrobial activity than potassium sorbate (Muthuswamy et al. 2008).
Carvacrol and cinnamic acid could delay microbial spoilage of fresh-cut melon and kiwi‐
fruit. Dipping of fresh-cut kiwifruit in carvacrol solutions at up to 15 mM reduced total via‐
ble counts from 6.6 to less than 2 log CFU/g for 21 days of storage at 4°C. Also, treatment
with 1 mM of carvacrol or cinnamic acid reduced viable counts on kiwifruit by 4 and 1.5 log
CFU/g for 5 days of storage at 4°C and 8°C, respectively (Roller & Seedhar 2002).
Vanillin was also proved to be a practical preservative for processing fresh-cut mango and
apples under refrigerated conditions. Fresh-cut mango slices were dipped for 1 min in solu‐
tions containing 80 mM vanillin before being packaged. Results indicated that treatment
with 80 mM vanillin significantly delayed (P < 0.05) the development of total aerobic bacte‐
ria and yeast and mold populations of fresh-cut mangoes stored at 5 and 10 ◦C for up to 14
and 7 d, respectively (Ngarmsak et al. 2006). Also, a dip of 12 mM vanillin incorporated with
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a commercial anti-browning dipping solution (calcium ascorbate, NatureSeal™) inhibited
the total aerobic microbial growth by 37% and 66% in fresh-cut ‘Empire’ and ‘Crispin’ ap‐
ples, respectively, during storage at 4 °C for 19 days. Furthermore, vanillin (12 mM) did not
influence the control of enzymatic browning and softening by NatureSeal (Rupasinghe et al.
2006).
Name

Origin

GRAS status

Rosemary

Plant

Yes

Cinnamon

Plant

Yes

Cinnamic acid

Plant

Yes

Clove

Plant

Yes

Lactoperoxidase

Animal

No

Lemon (peel, balm, grass)

Plant

Yes

Lime

Plant

Yes

Nisin

Microorganism

Yes

Chitozan

Animal

No

Carvacrol

Plant

Yes

Citric acid

Plant

Yes

Ascorbic acid

Plant

Yes

Vanillin

Plant

Yes

* Revised from USFDA (2006): Food Additive Status List
Table 4. Selected natural antimicrobial agents and their status for GRAS additives*

4.2.2. Anti-browning agents
Enzymatic browning is also a major concern on the extension of shelf-life of fresh-cut fruit
(Oms-Oliu et al. 2010). It is caused by the enzymatic oxidation of phenols to quinones by en‐
zymes, typically polyphenoloxidases, in the presence of oxygen. Quinones are then subject‐
ed to further reactions, leading to the formation of browning pigments (Ozoglu & Bayindirli
2002, Jeon & Zhao 2005). Traditionally, sulfites have been used for browning prevention.
However, their use on fresh-cut fruit and vegetables was banned in 1986 by the FDA owing
to their potential hazards to health (Buta et al. 1999). Therefore, various alternative substan‐
ces, such as honey, citric acid, ascorbic acid, calcium chloride, calcium lactate and calcium
ascorbate, among others, have being used to retard browning in fresh-cut fruit (Jeon & Zhao
2005, Oms-Oliu et al. 2010). These anti-browning products are not often used alone because
it is difficult to achieve efficient browning inhibition, and combination of them would give
preferable results. Table 5 gives examples of anti-browning treatment on fresh-cut Apples.
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Examples of anti-browning treatment on other fresh-cut fruits including banana, kiwifruits,
mango, among others could be found in Table 3 in Oms-Oliu et al. (2010)’s paper.
Cultivar of
apple
Gala

Anti-browning agent

10% honey solution with vacuum impregnating

Storage
conditions
3°C for
14 days

References

Jeon & Zhao (2005)

1% w/v of citric acid/CaCl2 and

4°C for

Chiabrando & Giacalone

1% of ascorbic acid/CaCl2

5 days

(2012)

0.05% w/v of sodium chlorite and

10°C for

1% of calcium propionate

14 days

Golden

1% w/v of citric acid/CaCl2 and

4°C for

Chiabrando & Giacalone

Delicious

1% of ascorbic acid/CaCl2

5 days

(2012)

Golden

80 mg/L acidic electrolyzed water (AEW) followed by

4°C for

Delicious

5%calcium ascorbate

11 days

1% w/v of citric acid/CaCl2 and

4°C for

Chiabrando & Giacalone

1% of ascorbic acid/CaCl2

5 days

(2012)

Granny Smith

Granny Smith

Granny Smith

Red Delicious

Scarlet Spur

300 mg /L sodium chlorite (SC) and 300 mg /L citric acid

5°C for
14 days

Guan & Fan (2010)

Wang et al. (2007)

Luo et al. (2011)

1% w/v of citric acid/CaCl2 and

4°C for

Chiabrando & Giacalone

1% of ascorbic acid/CaCl2

5 days

(2012)

Table 5. Examples of anti-browning treatments assessed on fresh-cut fruits

4.2.3. Edible coating
The incorporation of antimicrobial and anti-browning agents to fresh-cut fruits could be
done by dipping, spaying or edible coating treatment. Dipping or spraying aqueous solu‐
tions to fruit pieces containing antimicrobial agents, antioxidants, calcium salts or functional
ingredients such as minerals and vitamins are widely used to improve quality of fresh-cut
fruit. However, the effectiveness of these compounds could be better improved with their
incorporation into edible coatings. The application of edible coatings to deliver active ingre‐
dients is one of the recent progresses made for shelf-life extension of fresh-cut fruits. De‐
tailed information on edible coating for fresh-cut fruits could be found in review papers
from Vargas et al. (2008), Rojas-Graü et al. (2009) and Valencia-Chamorro et al. (2011).
Edible coatings may be defined as a thin layer of material that covers the surface of the food
and can be eaten as a part of the whole product. Therefore, the composition of edible coat‐
ings has to be food grade or GRAS. Furthermore, the coating materials need to be transpar‐
ent, odourless, permeable for water vapour and selectively permeable to gases and volatile
compounds (Kester & Fennema 1986).
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Ingredients that can be used to form edible coatings include polysaccharides such as cellu‐
lose, starch, alginate, chitosan, pectin, carrageenan, gum Arabic, guar gum and xanthan
gum, proteins such as zein, gluten, soy, whey protein, lipids such as beeswax, lecithin, cocoa
butter and fatty acids (Vargas et al. 2008). Examples of edible coating treatment on fresh-cut
apples are listed in Table 6.
Cultivar of
apple

Functional ingredients Concentration (%)

Coating materials
Cassava starch, glycerol,

Gala

N/A

N/A

carnauba wax,
stearic acid

Gala

N/A

N/A

Fuji

Oregano oil

0.1 – 0.5 (v/v)

Fuji

Lemongrass

1.0 – 1.5 (v/v)

Fuji

Vanillin

0.3 – 0.6 (v/v)

Fuji

Cinnamon

Fuji

Clove

0.7 (v/v)
0.7 (v/v)
0.7 (v/v)

Chitosan
Apple puree,
alginate
Apple puree,
alginate
Apple puree,
alginate
Alginate
Alginate

Fuji

Lemongrass

Fuji

Cinnamaldehyde

0.5 (v/v)

Alginate

Fuji

Citral

0.5 (v/v)

Alginate

Fuji

Ascorbic acid, CaCl2

1.0 (w/v)

Carrageenan

Fuji

Ascorbic acid, CaCl2

1.0 (w/v)

Fuji

Ascorbic acid, CaCl2

1.0 (w/v)

Golden
Delicious
Golden
Delicious
Granny Smith

Alginate

Whey protein
concentrate
Whey protein
concentrate

References
Chiumarelli & Hubinger
2012
Wu et al. 2005
Rojas-Graü et al. 2007
Rojas-Graü et al. 2007
Rojas-Graü et al. 2007
Raybaudi-Massilia et al.
2008
Raybaudi-Massilia et al.
2008
Raybaudi-Massilia et al.
2008
Raybaudi-Massilia et al.
2008
Raybaudi-Massilia et al.
2008
Lee et al. 2003
Lee et al. 2003
Lee et al. 2003

Whey protein
Ascorbic acid

0.5-1.0 (w/v)

concentrate,

Perez-Gago et al. 2006

beeswax
Whey protein
Cysteine

0.1-0.5 (w/v)

concentrate,

Perez-Gago et al. 2006

beeswax
Ascorbic acid,
citric acid

0.5 (w/v)

Pectin,
apple purée

Table 6. Examples of edible coating treatment on fresh-cut apples

McHugh & Senesi 2000
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4.2.4. Modified atmosphere packaging (MAP) and 1-methylcyclopropene (1-MCP)
The respiration rate of fresh-cut fruits is greater than that of intact fruits (Kader 1986). The
increased respiration rate can induce the ethylene synthesis, increase enzymatic activity,
promote oxidation of phenolic compounds and microbial growth, and therefore contrib‐
utes to quality losses such as color and firmness. In this case, the control of respiration is
essential for maintaining quality and prolonging the shelf life of fresh-cut fruits (Rocha &
Morais 2003).
Modified atmosphere packaging (MAP) is a technology which offers the optimum gas con‐
ditions around the product by adjusting the barrier properties of the packaging film (Simp‐
son and Carevi 2004). Various approaches to prolong the shelf life of fresh-cut products,
such as edible coatings and refrigeration could be applied in combination with MAP (Rupa‐
singhe 2005).
1-Methylcyclopropene (1-MCP) may retard or inhibit the generation of ethylene, the natural
ripening hormone which is undesirable in terms of storage of certain fruits. Therefore, 1MCP is becoming a commercial tool (SmartFresh, AgroFresh Inc., Philadelphia) for extend‐
ing the shelf-life and quality of certain fruits and plant products (Rupasinghe et al. 2005). 1MCP can be applied immediately after harvest (Aguayo et al. 2006; Mao & Fei 2007), just
before fresh-cut processing or at both steps (Calderón-López et al. 2005; Vilas-Boas & Kader
2007). However, treatment of intact fruit with 1-MCP before fresh-cut processing is easier
and more convenient than after processing. Moreover, the increase in ethylene production
promoted by peeling, slicing or wedging could be prevented by the pre-use of 1-MCP (Ru‐
pasinghe et al., 2005).
4.2.5. Vacuum impregnation
Osmotic treatments have been traditionally used as a pre-treatment step in freezing, canning
and frying to improve the quality of the final produce (Alzamora et al., 2000). Among devel‐
opments in osmotic treatments of fruit products, vacuum impregnation (VI) may be the lat‐
est (Zhao & Xie 2004). The VI technique is performed by applying a vacuum pressure in a
tank or oven containing the immersed product for a short time and then restoring the at‐
mospheric pressure with the product remains immersed (Martínez-Monzó et al., 1998). The
process of VI is a hydrodynamic mass transfer process based on an exchange between inter‐
nal gas or liquid and an external liquid phase (Zhao & Xie, 2004). VI technique could be
used to develop novel minimally processed fruit products with value-addition since nutri‐
tional and bioactive ingredients could be incorporated into the fruit based products during
VI process (Xie & Zhao, 2003; Guillemin et al., 2008, Rößle 2011) and which gives a bright
future for VI application in fresh-cut fruits. Table 7 gives examples of VI treatment on freshcut fruits.
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VI treatment conditions
Type of fruit

VI solution

VI pressure

VI time

Restoration

(mmHg)

(min)

Time (min)

References

Apple (Gala)

20% (w/w) of HFCS, Ca, Zn

50

15

30

Xie & Zhao 2003

Apple (Gala)

10% (w/w) of honey

75

15

30

Jeon & Zhao 2005

Strawberry

8ºBrix of glucose solution

37.5

5

5

Castelló et al. 2006

Apple (Empire)

15ºBrix of grape juice, 1.6% 152.4

10

22

Joshi et al. 2010

10

22

Joshi et al. 2011

10

10

Rößle et al. 2011

of CaCl2 (w/v), 0.05% of NaCl
(w/v), 0.1% of vitamin E (v/v)
Apple (Empire)

20-40 % (v/v) of maple syrup, 152
1.6% of CaCl2 (w/v), 0.05% of
NaCl (w/v)

Apple (Granny

50% (v/v) of honey

525

Smith)
HFCS: High fructose corn syrup
Table 7. Examples of VI treatment conditions on fresh-cut fruits or value-added products

5. Conclusion
Fruits are not only consumed as stable food but also provide desirable health benefits be‐
yond their basic nutrition. However, the quantitative and qualitative losses of fruits are sig‐
nificant during post-harvest, marketing, processing and storage. Prevention of these losses
during post-harvest management could be done by multiple steps and methods such as con‐
trolled or modified atmosphere packaging and application of ozonation technology.
On the other hand, promotion of minimally processed fruit products such as fresh-cut fruit
into the commercial market is a practical, economical, and consumer and environmental
friendly approach compared with traditional processing methods. However, fresh-cut fruits
are more perishable than whole fruits in terms of biochemical and physiological changes
such as water loss, accelerated respiration and cut-surface browning as well as microbiologi‐
cal spoilage. Therefore, preservation of fresh-cut fruits needs combinative efforts of antimi‐
crobial agents, anti-browning substances as well as packaging strategies.
Natural or GRAS additives have been the popular ingredients used as antimicrobial agents
and anti-browning agents, or bioactive ingredients. The incorporation of antimicrobial and
anti-browning agents to fresh-cut fruits could be done by dipping, spaying or edible coating
treatment. The application of edible coatings to deliver active ingredients is one of the recent
progresses made for shelf-life extension of fresh-cut fruits. It could be used in combination
with modified atmosphere packaging (MAP), 1-methylcyclopropene (1-MCP) and refrigera‐
tion for better results.
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In addition for edible coating, vacuum impregnation (VI) may be another practical approach
for incorporation of health promoting natural ingredients into fresh-cut fruits. VI technique
could be used to develop novel minimally processed fruit products with value-addition
through incorporation of nutritional and bioactive ingredients.

Author details
H.P. Vasantha Rupasinghe and Li Juan Yu
*Address all correspondence to: vrupasinghe@dal.ca
Faculty of Agriculture, Dalhousie University, Truro, Nova Scotia, Canada

References
[1] Aguayo, E., Jansasithorn, R. & Kader, A. A. (2006). Combined effects of 1-Methylcy‐
clopropene, calcium chloride dip, and/or atmospheric modification on quality
changes in fresh-cut strawberries, Postharvest Biology and Technology 40(3): 269-278.
[2] Alzamora SM, Tapia MS, Leunda A, Guerrero SN, Parada-Arias E. 2000. Minimal
Presser vation of fruits: a cited project, in: Lozano, J.E., Anon, C., Parada-Arias, E. &
Borabosa-Canovas GV (ed.), Trend in Food Engineering, Technomic Publishing Com‐
pany,Pennsylvania, USA, pp. 205-225.
[3] Buta, J. G., Moline, H. E., Spaulding, D. W. & Wang, C. Y. (1999). Extending storage
life of fresh-cut apples using natural products and their derivatives, Journal of Agri‐
cultural and Food Chemistry 47(1): 1-6.
[4] Buzby, J. C.,Wells, H. F., Axtman, B. & Mickey, J. (2009). Supermarket loss estimates
for fresh fruit, vegetables, meat, poultry, and seafood and their use in the ERS lossadjusted food availability data, United States Department of Agriculture, Economic Re‐
search Service, Economic Information Bulletin, 44: 20.
[5] Calderon-Lopez, B., Bartsch, J. A., Lee, C. Y. & Watkins, C. B. (2005). Cultivar effects
on quality of fresh cut apple slices from 1-methylcyclopropene (1-MCP)-treated ap‐
ple fruit, Journal of Food Science 70(3): S221-227.
[6] Castelló, M. L., Fito, P. J. & Chiralt, A. (2006). Effect of osmotic dehydration and vac‐
uum impregnation on respiration rate of cut strawberries, LWT - Food Science and
Technology 39(10): 1171-1179.
[7] Chan, A. & Shea, T. B. (2009). Dietary supplementation with apple juice decreases en‐
do- genous amyloid-β levels in murine brain, Journal of Alzheimer's Disease 16(1): 167171.

Value-Added Fruit Processing for Human Health
http://dx.doi.org/10.5772/53161

[8] Chiabrando, V. & Giacalone, G. (2012). Effect of anti-browning agents on color and
related enzymes in fresh-cut apples during cold storage, Journal of Food Processing and
Preservation 36(2): 133-140.
[9] Chiumarelli, M. & Hubinger, M. D. (2012). Stability, solubility, mechanical and barri‐
er properties of cassava starch - carnauba wax edible coatings to preserve fresh-cut
apples, Food Hydrocolloids 28(1): 59-67.
[10] Corbo, M. R., Bevilacqua, A., Campaniello, D., D'Amato, D., Speranza, B. & Siniga‐
glia, M. (2009). Prolonging microbial shelf life of foods through the use of natural
compounds and non-thermal approaches - A review, International Journal of Food Sci‐
ence and Technology 44(2): 223-241.
[11] Corbo, M.R., Speranza, B., Campaniello, D., D’Amato, D. & Sinigaglia, M. (2010).
Fresh-cut fruits preservation: current status and emerging technologies, in MendezVilas, A (Ed.), Current research, Technology and Education Topics in Applied Microbiology
and Microbial Biotechnology, Formatex Research Center, Badajoz, Spain, pp. 1143-1154.
[12] DeEII J. R. & Murr, D. P. (2009). CA storage guidelines and recommendations for ap‐
ples, http://www.omafra.gov.on.ca/english/crops/facts/03-073.htm
[13] De Mejía EG & Prisecaru VI. (2005). Lectins as bioactive plant proteins: a potential in
cancer Treatment, Critical Reviews in Food Science and Nutrition 45 (6): 425-445.
[14] FAO (2010). World fruit production in metric tonnes. http://faostat.fao.org/default.aspx.
[15] Gould, G. W. (2001). Symposium on 'nutritional effects of new processing technolo‐
gies' – new processing technologies: An overview, Proceedings of the Nutrition Society
60(4): 463-474.
[16] Guan, W. & Fan, X. (2010). Combination of sodium chlorite and calcium propionate
reduces enzymatic browning and microbial population of fresh-cut "granny smith"
apples, Journal of Food Science 75920, M72-M77
[17] Guillemin, A., Guillon, F., Degraeve, P. et al. (2008). Firming of fruit tissues by vac‐
uum- infusion of pectin methylesterase: visualisation of enzyme reaction, Food Chem‐
istry 109, 368–378.
[18] Gustavsson, J., Cederberg, C., Sonesson, U., van Otterdijk, R. & Meybeck, A. (2011).
Global food losses and food waste: extent causes and prevention, Food and Agricul‐
ture Organization of the United Nations. International congress Save Food!, Interna‐
tional packaging industry fair Interpack 2011, Dusseldorf, Germany.
[19] Hale, L. P., Chichlowski, M., Trinh, C. T. & Greer, P. K. (2010). Dietary supplementa‐
tion with fresh pineapple juice decreases inflammation and colonic neoplasia in
IL-10- deficient mice with colitis, Inflammatory Bowel Diseases 16(12): 2012-2021.
[20] Heo, H.J., Choi, S.J., Choi, S-G, Lee. J.M. & Lee, C.Y. (2008). Effects of banana, orange,
and apple on oxidative stress-induced neurotoxicity in PC12 cells, Journal of Food Sci‐
ence 73(2), H28-H32.

157

158

Food Industry

[21] Jeon, M. & Zhao, Y. (2005). Honey in combination with vacuum impregnation to pre‐
vent enzymatic browning of fresh-cut apples, International Journal of Food Sciences and
Nutrition 56(3): 165-176.
[22] Johnston, K. L., Clifford, M. N. & Morgan, L. M. (2002). Possible role for apple juice
phenolic compounds in the acute modification of glucose tolerance and gastrointesti‐
nal hormone secretion in humans, Journal of the Science of Food and Agriculture 82(15):
1800-1805.
[23] Joshi, A. P. K., Rupasinghe, H. P. V. & Pitts, N. L. (2010). Sensory and nutritional
quality of the apple snacks prepared by vacuum impregnation process, Journal of
Food Quality 33(6): 758-767.
[24] Joshi, A. P. K., Rupasinghe, H. P. V. & Pitts, N. L. (2011). Comparison of non-fried
apple snacks with commercially available fried snacks, Food Science and Technology
International 17(3): 249-255.
[25] Kader, A.A., (1986). Biochemical and physiological basis for effects of controlled and
Modified atmospheres on fruits and vegetables, Food Technol. 40: 99-104.
[26] Kader, A. (2002). Quality parameters of fresh-cut fruit and vegetable products, in
Lamikanra, O. (ed.), Fresh-Cut Fruits and Vegetables, Science, Technology and Market,
CRC Press, Boca Raton, Florida, USA, pp. 11–19.
[27] Kader, A. A. (2010). Handling of horticultural perishables in developing vs. devel‐
oped countries, Acta Horticulturae 877: 121–126.
[28] Kaur, C. & Kapoor, H. C. (2001). Antioxidants in fruits and vegetables - the millen‐
nium's health, International Journal of Food Science and Technology 36(7): 703-725.
[29] Kester, J.J. & Fennema O. R. (1986). Edible films and coatings: A review, Food Technol.
40: 47– 49.
[30] Lala, G., Malik, M., Zhao, C., He, J., Kwon, Y., Giusti, M. M. & Magnuson, B. A.
(2006). Anthocyanin-rich extracts inhibit multiple biomarkers of colon cancer in rats,
Nutrition and Cancer 54(1): 84-93.
[31] Lee, J. Y., Park, H. J., Lee, C. Y. & Choi, W. Y. (2003). Extending shelf-life of minimal‐
ly processed apples with edible coatings and anti-browning agents, Lebensmittel Wis‐
senschaft und Technologie 36: 323-329.
[32] Lila, M. A. (2007). From beans to berries and beyond: Teamwork between plant
chemicals for protection of optimal human health, Annals of the New York Academy of
Sciences 1114: 372-380.
[33] Luo, Y., Lu, S., Zhou, B. & Feng, H. (2011). Dual effectiveness of sodium chlorite for
enzymatic browning inhibition and microbial inactivation on fresh-cut apples, LWTFood Science and Technology 44(7): 1621-1625.

Value-Added Fruit Processing for Human Health
http://dx.doi.org/10.5772/53161

[34] Mao, L. & Fei, G. (2007). Application of 1-methylciclopropene prior to cutting re‐
duces wound responses and maintains quality in cut kiwifruit, J. Food Eng. 78: 361–
365.
[35] Martin-Belloso, O., Soliva-Fortuny, R. & Oms-Oliu, G. (2006). Fresh-cut fruits, in:
Hui, Y.H. (Ed.), Handbook of Fruits and Fruit Processing, Blackwell Publishing, Oxford,
pp. 129– 144.
[36] Martínez-Monzó, J., Martínez-Navarrete, N., Chiralt, A. & Fito, P. (1998). Mechanical
and structural changes in apple (var. granny smith) due to vacuum impregnation
with cryoprotectants, Journal of Food Science 63(3): 499-503.
[37] Masibo, M. & He, Q (2008). Major mango polyphenols and their potential signifi‐
cance to human health, Comprehensive Reviews in Food Science and Food Safety 7(4):
309-319.
[38] McHugh, T. H. & Senesi, E. (2000). Apple wraps: a novel method to improve the
quality and extend the shelf life of fresh-cut apples, Journal of Food Science 65: 480-485.
[39] Mokni, M., Hamlaoui-Guesmi, S., Amri, M., Marzouki, L., Limam, F. & Aouani, E.
(2012). Grape seed and skin extract protects against acute chemotherapy toxicity in‐
duced by doxorubicin in rat heart, Cardiovascular Toxicology 1-8.
[40] Murthy, D. S., Gajanana, T. M., Sudha, M. & Dakshinamoorthy, V. (2009). Marketing
and post-harvest losses in fruits: Its implications on availability and economy, Indian
Journal of Agricultural Economics 64(2): 259-275.
[41] Muthuswamy, S., Rupasinghe, H. P. V. & Stratton, G. W. (2008). Antimicrobial effect
of cinnamon bark extract on Escherichia coli O157:H7, Listeria innocua and fresh-cut
apple slices, Journal of Food Safety 28(4): 534-549.
[42] Ngarmsak, M., Delaquis, P., Toivonen, P., Ngarmsak, T., Ooraikul, B. & Mazza, G.,
(2006). Antimicrobial activity of vanillin against spoilage microorganisms in stored
fresh- cut mangoes, J. Food Prot. 69: 1724–1727.
[43] Oms-Oliu, G., Rojas-Graü, M. A., González, L. A., Varela, P., Soliva-Fortuny, R., Her‐
nando, M. I. H., . . . Martín-Belloso, O. (2010). Recent approaches using chemical
treatments to preserve quality of fresh-cut fruit: A review, Postharvest Biology and
Technology 57(3): 139-148.
[44] Ozoglu, H. & Bayindirli, A. (2002). Inhibition of enzymatic browning in cloudy apple
juice with selected anti-browning agents, Food Control 13: 213-221.
[45] Perez-Gago, M. B., Serra, M. & del Rio, M. A. (2006). Color change of fresh-cut apples
coated with whey protein concentrate-based edible coatings, Postharvest Biology and
Technology 39: 84-92.
[46] Prusky, D. (2011). Reduction of the incidence of postharvest quality losses, and fu‐
ture prospects, Food Security 3(4): 463-474.

159

160

Food Industry

[47] Puel, C., Quintin, A., Mathey, J., Obled, C., Davicco, M. J., Lebecque, PCoxam, V.
(2005). Prevention of bone loss by phloridzin, an apple polyphenol, in ovariectom‐
ized rats under inflammation conditions, Calcified Tissue International 7(5): 311-318.
[48] Rawson, A., Patras, A., Tiwari, B. K., Noci, F., Koutchma, T. & Brunton, N. (2011). Ef‐
fect of thermal and non-thermal processing technologies on the bioactive content of
exotic fruits and their products: Review of recent advances, Food Research Internation‐
al, 4(7): 1875-1887.
[49] Raybaudi-Massilia, R. M., Rojas-Grau, M. A., Mosqueda-Melgar, J. & Martín -Belloso,
O. (2008). Comparative study on essential oils incorporated into an alginate-based
edible coating to assure the safety and quality of fresh-cut Fuji apples, J. Food Prot. 71:
1150–1161.
[50] Rößle, C., Brunton, N., Gormley, T. R. & Butler, F. (2011). Quality and antioxidant ca‐
pacity of fresh-cut apple wedges enriched with honey by vacuum impregnation, In‐
ternational Journal of Food Science and Technology 46(3): 626-634.
[51] Rocha, A. M. C. N. & Morais, A. M. M. B. (2003). Shelf life of minimally processed
apple (cv. Jon gold) determined by colour changes, Food Control 14(1): 13-20.
[52] Rojas-Graü, M. A., Raybaudi-Massilia, R. M., Soliva-Fortuny, R. C., Avena-Bustillos,
R. J., McHugh, T. H. & Martín-Belloso, O. (2007). Apple puree-alginate edible coating
as carrier of antimicrobial agents to prolong shelf-life of fresh-cut apples, Postharvest
Biol. Technol. 45: 254–264.
[53] Rojas-Graü, M. A., Soliva-Fortuny, R. & Martín-Belloso, O. (2009). Edible coatings to
incorporate active ingredients to fresh-cut fruits: A review, Trends in Food Science and
Technology 20(10): 438-447.
[54] Roller, S& Seedhar, P. (2002). Carvacrol and cinnamic acid inhibit microbial growth
in fresh- cut melon and kiwifruit at 4° and 8°C, Letters in Applied Microbiology 35: 390–
394.
[55] Rupasinghe, H.P.V., Murr, D.P., DeEll, J.R. & Odumeru, J. A. (2005). Influence of 1methylcyclopropene (1-MCP) and NatureSealTM on the quality of fresh-cut ‘Empire’
and ‘Crispin’ apples, J. Food Qual. 28: 289-307.
[56] Rupasinghe, H.P.V., Boulter-Bitzer, J, Ahn, T. & Odumeru, J.A. (2006). Vanillin inhib‐
its pathogenic and spoilage microorganisms in vitro and aerobic microbial growth on
fresh-cut apples, Food Res. Intern. 39: 575-580.
[57] Rupasinghe, H. and Yu, L. J. 2012. Emerging preservation methods for fruit juices
and beverages, in El-Samragy Y. (Eds.), Food Additives, InTech - Open Access Publish‐
er, Rijeka, Croatia. ISBN: 978-953-51-0067-6. pp: 65-82.
[58] Rupasinghe, H.P.V., Thilakarathna, S. & Nair, S. (2012). Polyphenols of Apples and
Their Potential Health Benefits, in: J. Sun, K. N. Prasad, A. Ismail, B. Yang, X. You
and L. Li (Eds.), Polyphenols: Chemistry, Dietary Sources and Health Benefits, Nova Sci‐
ence Publishers, Inc. Hauppauge, NY, USA, ISBN: 978-1-62081-868-8.

Value-Added Fruit Processing for Human Health
http://dx.doi.org/10.5772/53161

[59] Simpson, R. & Carevic, E. (2004). Designing a modified atmosphere packaging sys‐
tem for foodservice portions on non-respiring foods: optimal gas mixture and food/
headspace ratio, Foodservice Research International 14: 257-272.
[60] Singh, A. K. & Goswami, T. K. (2006). Controlled atmosphere storage of fruits and
vegetables: A review, Journal of Food Science and Technology 43(1): 1-7.
[61] Sonkar, R. K., Sarnaik, D. A., Dikshit, S. N., Saroj, P. L. & Huchche, A. D. (2008). Postharvest management of citrus fruits: A review, Journal of Food Science and Technology
45(3): 199-208.
[62] Sun, J. & Liu, R. H. (2008). Apple phytochemical extracts inhibit proliferation of es‐
trogen-dependent and estrogen-independent human breast cancer cells through cell
cycle modulation, Journal of Agricultural and Food Chemistry 56(24): 11661-11667.
[63] Sun, A. Y., Wang, Q., Simonyi, A. & Sun, G. Y. (2010). Resveratrol as a therapeutic
agent for neurodegenerative diseases, Molecular Neurobiology 41(2-3): 375-383.
[64] Thilakarathna, S.H. & H.P.V. Rupasinghe. 2012. Anti-atherosclerotic effects of fruit
bioactive compounds: A review of current scientific evidence, Can J. Plant Sc. 92:
407-419.
[65] U.S. Food and Drug Administration. (2006). Food Additive Status List. http://
www.cfsan.fda.gov/~dms/opa-appa.html
[66] Valencia-Chamorro, S. A., Palou, L., Delŕio, M. A. & Pérez-Gago, M. B. (2011). Anti‐
microbial edible films and coatings for fresh and minimally processed fruits and veg‐
etables: A review, Critical Reviews in Food Science and Nutrition 51(9): 872-900.
[67] Vargas, M., Pastor, C., Chiralt, A., McClements, D. J. & González-Martínez, C. (2008).
Recent advances in edible coatings for fresh and minimally processed fruits, Critical
Reviews in Food Science and Nutrition 48(6): 496-511.
[68] Vilas-Boas, E. & Kader, A. (2007). Effect of 1-MCP on softening of fresh-cut kiwifruit,
mango and persimmon slices, Post. Biol. Technol. 43: 238–244.
[69] Wang, H., Feng, H. & Luo, Y. (2007). Control of browning and microbial growth on
fresh-cut apples by sequential treatment of sanitizers and calcium ascorbate, Journal
of Food Science 72(1), M1-M7.
[70] Watada, A.E. & Qi, L. (1999). Quality of fresh-cut produce, Postharvest Biol. Technol.
15: 201–205.
[71] Weichselbaum, E., Wyness, L. & Stanner, S. (2010). Apple polyphenols and cardio‐
vascular disease - a review of the evidence, Nutrition Bulletin 35(2): 92-101.
[72] Wu, T., Zivanovic, S., Draughon, F.A., Conway, W. S. & Sams, C. E. (2005). Physico‐
chemical properties and bioactivity of fungal chitin and chitosan, J. Agric. Food Chem.
53: 3888–3894.

161

162

Food Industry

[73] Xie, J. & Zhao, Y. (2003). Nutritional enrichments of fresh apple (Royal Gala) by vac‐
uum impregnation, International Journal of Food Sciences and Nutrition 54: 387–398.
[74] Yin, X., Quan. J. & Kanazawa T. (2008). Banana prevents plasma oxidative stress in
healthy individuals, Plant Foods in Human Nutrition 63 (2): 71-76.
[75] Yu, C., Nandrot, E. F., Dun, Y. & Finnemann, S. C. (2012a). Dietary antioxidants pre‐
vent age-related retinal pigment epithelium actin damage and blindness in mice
lacking αvβ5 integrin, Free Radical Biology and Medicine 52(3): 660-670.
[76] Yu, W., Fu, Y. -. & Wang, W. (2012b). Cellular and molecular effects of resveratrol in
health and disease, Journal of Cellular Biochemistry 113(3): 752-759.
[77] Zhao, Y. & Xie, J. (2004). Practical applications of vacuum impregnation in fruit and
vegetable processing, Trends in Food Science & Technology 15; 434–451.

