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Abstract

Mango (Mangifera indica L.) is one of the most important tropical fruits commercialized and
consumed worldwide, and an excellent source of fibre, bioactive compounds such as pro-
vitamin A carotenoids, vitamin C (ascorbic acid) and phenolics. Mango was used in this thesis
as a model fruit of fruits and vegetables that are rich sources of nutrients. They are highly
perishable, prone to progressive undesired changes if stored untreated. As a result, large
amounts of mango are lost annually in many areas of the world including Mozambique. To
reduce postharvest losses of fruits, processing is recommended since it extends the shelf life
and enable the availability off-season, and the promotion of consumption is a potential health
enhancing strategy. However, processing of fruits and vegetables must be carefully designed to
achieve a high sensory and nutritional quality of the final products. The aim of the present thesis
was thus to evaluate the effect of conventional and novel processing techniques on the retention
of vitamin C and -carotene, two major bioactive compounds, in minimally processed or dried
mango products.

The effect of osmotic dehydration (OD) with or without vitamin C or calcium prior to hot air-
drying was evaluated in terms of the retention of vitamin C and pB-carotene in dried mango.
Fortification of OD solutions with either calcium or vitamin C was shown to be an efficient
way to improve the retention of vitamin C and carotenoids in dried mango. OD pre-treatment
reduced the hardness, drying time, and prevented colour changes.

The potential use of alternative blanching techniques to improve the retention of vitamin C and
B-carotene in processed mango was explored using infrared (IR) and microwave (MW) dry
blanching and blanching in a closed plastic bag immersed in water bath at (High-Temperature-
Short-Time - HTST) or (Low-Temperature-Long-Time - LTLT), prior to hot air-drying.
Complete inactivation of PPO was achieved, while a minor activity of AAO remained. An
improved retention of vitamin C in dried mango was achieved using IR and MW dry blanching
or water blanching in plastic bag in comparison to conventional water blanching. However, the
retention of all-frans-p-carotene was higher in dried mango after water blanching than after dry
blanching. In conclusion, a correct selection of suitable techniques and conditions for blanching
can enhance the nutritional value of dried mango and inactivate enzymes that degrade vitamin
C and f-carotene.

To address the problem of reduced sensory and nutritional quality during the processing of
purées, the impact of acidification, addition of EDTA or water blanching at HTST, on the
retention of vitamin C (L-AA and DHAA) and B-carotene was evaluated in mango purée. The
results showed that the disruption of the cellular matrix during purée processing facilitates
oxidative reactions of vitamin C and of all-frans-B-carotene unless protected by an initial
blanching step, pH adjustments or addition of EDTA a chelating agent to inhibit AAO and PPO
activities.
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Abbreviation

AA
AAO
DHAA
DW
EDTA
FAO
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IR65
IR90
L-AA
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MW
MW70
MW90
OD
ODAASO

ODAAT70

ODCas0

ODCa70

0OD50

OD70

PPO
USDA
Uso0
u70
VAD
WHO
W65
W70
W90
W70P
WO0P

Description

Ascorbic acid

Ascorbic acid oxidase

Dehydroascorbic acid

Dry weight

Ethylenediamine Tetraacetic Acid

Food and Agriculture Organization of the United Nations
High temperature and short time

Infrared

Mango infrared blanched at 65 °C

Mango infrared blanched at 90 °C

L-ascorbic acid

Low temperature and long time

Microwave

Mango microwave blanched at 70 °C

Mango microwave blanched at 90 °C

Osmotic dehydration

Osmotic dehydrated mango in osmotic solutions 45 °Brix with
1% of vitamin C, hot air-dried at 50 °C

Osmotic dehydrated mango in osmotic solutions 45 °Brix with
1% of vitamin C, hot air-dried at 70 °C

Osmotic dehydrated mango in osmotic solutions 45 °Brix with
1% of calcium chloride, hot air-dried at 50 °C

Osmotic dehydrated mango in osmotic solutions 45 °Brix with
1% of calcium chloride, hot air-dried at 70 °C

Osmotic dehydrated mango in osmotic solutions 45 °Brix
without additives, hot air-dried at 50 °C

Osmotic dehydrated mango in osmotic solutions 45 °Brix
without additives, hot air-dried at 70 °C

Polyphenol oxidase

United States Department of Agriculture

Untreated mango hot air-dried at 50 °C

Untreated mango hot air-dried at 70 °C

Vitamin A deficiency

World health Organization

Mango water blanched at 65 °C

Mango water blanched at 70 °C

Mango water blanched at 90 °C

Mango water blanched in plastic bag at 70 °C

Mango water blanched in plastic bag at 90 °C
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1. INTRODUCTION

Mango (Mangifera indica L.) is one of the most important tropical fruits
commercialized and consumed worldwide fresh or processed, having an attractive
colour and distinct taste and aroma (Singh et al., 2000). Mango is an excellent source
of fibre and bioactive compounds such as provitamin A carotenoids, vitamin C and
phenolics that can easily be degraded during processing and storage. Fruits and
vegetables, being rich sources of nutrients, have been of interest due to their potential
health benefits in preventing several chronic diseases (Slavin and Lloyd, 2012).

Fruits are highly perishable due to enzymatic and non-enzymatic reactions that take
place during maturation and storage, affecting nutritional, sensorial and physico-
chemical properties. Although processing is considered an important tool to limit
degradative reactions some vitamins and minerals can be lost during processing.
Several processing methods have been explored with the aim to produce high quality
products with extended shelf life, but there is a lack of information on the effect on
bioactive compounds of exotic fruits such as mango and its products. The aim of this
thesis was to apply conventional and novel processing techniques to study the effects
on the retention of two major bioactive compounds in mango, vitamin C and -carotene.
In the addition, the effect of colour and texture was also evaluated.

Air-drying is a preservation method commonly used to extend the shelf life of fruits
and reduce postharvest losses. However, high temperatures or long drying times
negatively affects the quality of the dried products, particularly in terms of flavour,
colour, texture, nutrients and rehydration capacity (Drouzas et al., 1999). Vitamin C
and carotenoids are the most sensitive compounds when exposed to heat during the
drying process (Kong and Singh, 2013). To improve the quality of dried products, pre-
treatments such as osmotic dehydration and blanching are commonly used prior to air-
drying particularly, for temperature sensitive products like fruits.

Osmotic dehydration (OD) involves the immersion of fruit in concentrated solutions of
soluble solutes such as sugars or salts where both partial dehydration of the fruit and
sugar uptake occur (Torres et al., 2006). However, during osmotic dehydration,
leaching of water-soluble components from fruits such as minerals, vitamins and
organic acids may be extensive (Chandra and Kumari, 2015; Yadav and Singh, 2014).
Although a large number of studies on osmotic dehydration have been published in the
last years, few studies have focused on changes on the nutritional compounds.
Moreover, blanching is a frequently used method in fruit and vegetable processing to
minimize undesired changes as a result of enzymatic reactions produced by enzymes
such as polyphenol oxidase (PPO) and ascorbic acid oxidase (AAO) (Grandison, 2012).
PPO affects the appearance and organoleptic properties of fruits and vegetables through
browning reactions, and has been extensively studied in different fruits including
mango. However, there is a lack of knowledge on the effect of AAO, an enzyme that
catalysis the oxidation of L-ascorbic acid (L-AA) form to dehydroascorbic acid
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(DHAA), which may lead to subsequent loss of vitamin C. Novel heating techniques
that involve dry blanching by microwave and infrared electromagnetic radiation in
combination with conventional drying processes of fruits and vegetables on the
bioactive compounds are emerging. These methods have gained interest as alternatives
to conventional water blanching, as they reduce the leaching of water-soluble
compounds and thus are associated with improved nutritional value of the blanched
products.

Addition of different enzyme inhibitors has been applied in the industry due to the
increasing consumer demand for minimally processed food such as jams, juices and
purées. This is to minimize the effect of enzyme activity that degrades nutrients and
sensorial quality of processed products as a result of heat or oxidation. Although some
studies of heat treatment are reported regarding vitamin C and B-carotene in mango
purée (Lemmens et al., 2013; Vasquez-Caicedo et al., 2007), no reports were found on
these bioactive compounds as affected either by acidifiers and chelating agents, or for
the effect on the distribution of total vitamin C as L-AA and DHAA forms in mango
products.

This thesis was therefore mainly focused on the investigation of different processing
methods for preservation of fruits and vegetables with enhanced nutritional value using
mango as a model fruit. Thus, studies were done on the effect of minimally processing
of mango into purées and the impact of pre-treatments (osmotic dehydration with
additives and blanching) prior to hot air-drying on the retention of vitamin C and [-
carotene in dried mango.

Mango (Mangifera indica L.) was selected for this study due to its nutritional value and
for being largely produced with significant postharvest losses in Mozambique. The
agriculture census of 2009-2010 in Mozambique (INE 2011, Censo Agro-Pecuario
2009-2010) indicated that the mango tree is the most abundant fruit tree in the country,
with more than fourteen million trees, followed by mandarin, orange and papaya. Thus,
improved processing of fruits and vegetables, as well as promotion of consumption, is
a promising strategy in improving the nutritional status of the population, besides being
a possible source for exportation, and the results of this study may therefore be of
considerable interest.



2. OBJECTIVES

The overall objective of this work was to evaluate the effect of different processing
methods on the nutritional quality of minimally processed or dried mango to obtain
products with high nutritional value and increased shelf life. To achieve this purpose,
studies were initiated to investigate the retention of vitamin C and B-carotene in mango
purée or in dried mango pre-treated by osmotic dehydration with additives or by
alternative blanching techniques prior to hot air-drying.

The specific aims of the studies in this thesis were:

To assess the variability of vitamin C and -carotene content in mango cultivars
used in different studies of this thesis.

To evaluate the role of vitamin C or calcium as additives in osmotic dehydration
solutions prior to hot air-drying in the nutritional value (vitamin C and B-
carotene) of dried mango (Paper I);

To compare the effect of conventional water heating and dry blanching
methods, infrared and microwave performed at high temperature and short time
(HTST) or low temperature and long time (LTLT) before hot air-drying on
vitamin C and B-carotene retention in dried mango (Papers II and IV);

To assess the influence of conventional water blanching in closed plastic bags
on the retention of nutrients, especially the water-soluble nutrient vitamin C
(Papers I1I and IV);

To evaluate how HTST and LTLT blanching affect the enzymatic activity of
polyphenol oxidase (PPO) and ascorbic acid oxidase (AAQO) in mango (Papers
I, IIT and 1V);

To investigate the impact of acidification, addition of Ethylenediamine
Tetraacetic Acid (EDTA) (chelating agent) and HTST water blanching in closed
plastic bags prior to matrix disruption on the retention of vitamin C (L-AA and
DHAA) and B-carotene in mango purée (Paper III).



3. BACKGROUND

A review of the literature related to various aspects of the present thesis is presented in
this chapter. This includes the importance of fruits and vegetables, and mango fruit
characteristics. Issues associated to vitamin C and carotenoids bioactive compounds
and to processing of fruits and vegetables are also discussed. Finally, the use of anti-
browning and chelating agents in minimal processed products is as well explored.

3.1. Importance of fruits and vegetables

Fruits and vegetables are in general rich sources of vitamins, minerals and
phytochemicals, as well as dietary fibre, providing compounds such as vitamin C and
E, carotenoids and polyphenols (Khoo et al., 2011; Masibo and He, 2009; Rodriguez-
Casado, 2014; Slavin and Lloyd, 2012). Epidemiological studies have established a
positive correlation between the intake of fruits and vegetables and prevention of
cardiovascular disease (Dragsted et al., 2006; Ye and Song, 2008); neurogenerative
diseases (Joseph et al., 1999), gastrointestinal and respiratory tract cancers, (Byers and
Guerrero, 1995), and lung cancer (Yong et al., 1997). On the other hand, fibre is known
to be of importance for normal gastrointestinal function and high intakes of dietary fibre
are also suggested to lower the risk of cardiovascular disease and coronary heart disease
(Slavin, 2013), diabetes (Hopping et al., 2010) and to maintain normal body weight
(Slavin, 2008).

Thus, for a healthy diet, the World Health Organization (WHO) recommends a daily
intake of at least 400 g (5 portions) of fruits and vegetables to provide a sufficient
amount of nutrients and to lower the risk of chronic diseases (WHO, 2003). Many of
the bioactive compounds also impart colour to plant foods (Bartley and Scolnik, 1995)
and, therefore, colourful varieties of fruits and vegetables are especially recommended
(Figure 3.1). As a result of this and other initiatives, people are becoming aware of the
nutritional and health benefits of fresh fruits and vegetables.

Figure 3.1 Colourful varieties of fruits and vegetables



3.2. Mango fruit characteristics

Mango (Mangifera indica L.) is one of the most nutritious tropical fruits, native to
southern Asia and especially Eastern India. The mango tree is from the anacardiaceae
family and it was disseminated all over the world in the beginning of the sixteenth
century, and there are currently around a thousand known varieties of mango (FAO,
2002). Cultivars such as Tommy Atkins (Figure 3.2), Haden, Kent and Keitt are the
most produced and exported cultivars in many countries (Satco, 2004). Mango is the
dominant tropical fruit variety produced worldwide, followed by pineapples, papaya
and avocado, all which are considered major tropical fruits. The global production of
mango in 2010 was estimated to be about 35 million tons, accounting for nearly 50%
of world tropical fruit production (FAOSTAT, 2012).

Figure 3.2 Mango fruit of the cv. “Tommy Atkins®.

The mango fruit is fleshy, generally sweet in taste and varies considerably in size,
shape, colour, flavour, and composition (FAQO, 2002). Its yellow-orange characteristic
colour is due to the presence of carotenoids. Like other tropical fruits, mango is
seasonal, with relatively short postharvest shelf life due to its perishability. Mango has
three parts of interest, the pulp, peel and seed, although mango pulp is the main part
with utilization both domestically and industrially (Masibo and He, 2009). It is
consumed fresh worldwide and used as an ingredient in processed products such as fruit
juice blends, purées, jams, dairy products, desserts, fruit salads and snacks.

Mango is an excellent source of bioactive compounds such as provitamin A
carotenoids, vitamin C and phenolics, as well as dietary fibre (Lemmens et al., 2013;
Pott et al., 2003; Rincon and Kerr, 2010; Sogi ef al., 2012), essential to human nutrition
and health. Moreover, mango is known to contain other vitamins, carbohydrates and
minerals such as calcium, iron and potassium, and to be low in calories and fat (Table
3.1).



Table 3.1 Average nutrient content per 100 g of raw mango pulp.

Component Amount
Water, g 83.5
Energy, kcal 60
Protein 0.8
Total lipid (fat), g 0.4
Carbohydrates (by difference), g 15.0
Fibre (total dietary), g 1.6
Sugars (total), g 13.7
Calcium, mg 11
Phosphorus, mg 14
Iron, mg 0.16
Potassium, mg 168
Vitamin C (total ascorbic acid), mg 36.4
Vitamin A, RAE, pg 54
Vitamin A , IU 1082
Vitamin E (a-tocopherol), mg 0.90
Riboflavin, mg 0.04
Niacin, mg 0.67
Thiamin, mg 0.03
Vitamin B6, mg 0.12
Folate (DFE), ug 43

Source: taken in part from USDA (2011). RAE — retinol activity equivalent; IU —
international unity; DFE — dietary folate equivalent.

The content of nutrients in mango is affected by factors such as cultivar, growing
conditions, stage of maturity and storage (Lee and Kader, 2000; Mercadante and
Rodriguez-Amaya, 1998). Processing of mango to obtain derivate products such as
juices, purée, dried fruits and mango chutney is important because of its seasonality,
since it prolong its shelf life. However, the full potential for processing has still not yet
been explored in many areas of the world, including Mozambique. As a result, large
amounts are lost annually

3.3. Vitamin C and carotenoids

Several aspects related to vitamin C and carotenoids are presented in this section.
Starting by the chemical structure and general properties, the role of these compounds
in plant and its stability are discussed. In addition, sources and related factors, intakes,
as well as its importance in the human nutrition and heath are also explored.

3.3.1. Vitamin C

3.3.1.1. Chemical structure and general properties

Vitamin C [L-ascorbic acid (L-AA)], an essential micronutrient for human nutrition, is
a six-carbon lactone, which is synthesized from glucose by many animals (FAO, 2004).
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Humans are unable to synthesize L-AA owing to their deficiency in L-gulonolactone
oxidase, the enzyme that catalyzes the terminal step in L-AA (Nishikimi et al., 1994).
Thus, humans must meet the required amount of vitamin C for normal metabolic
functioning in the body through the diet, mainly fruits and vegetables that are plentiful
sources of vitamin C. The principal biological active form of vitamin C in plant foods
is L-ascorbic acid and, in minor part, its oxidized form, dehydroascorbic acid (DHAA)
(see Figure 3.3), which also has vitamin C activity. Together they are defined to make
up the total vitamin C in food (Santos and Silva, 2008; Wechtersbach and Cigi¢, 2007).
For this reason, it is important to measure both L-AA and DHAA in fruits and
vegetables to assess the total vitamin C content (Barrett and Lloyd, 2012; Oliveira et
al.,2010).
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Figure 3.3 Vitamin C structure and its conversion.

3.3.1.2 Stability of vitamin C

L-AA is known to be a very labile vitamin easily oxidised to DHAA during processing
and storage, with subsequent irreversible hydrolysis to 2,3-diketogulonic acid (DKGA),
leading to a loss of vitamin C activity (Barros ef al., 2010; Lima et al., 2010; Santos
and Silva, 2008). This has been the most common artefact in vitamin C analysis. The
process of L-AA oxidation is a consequence of a damaging of plant tissue by cutting or
crushing, which releases the endogenous plant enzyme ascorbic acid oxidase (AAO),
the major degrading enzyme of L-AA in the presence of molecular oxygen (Saari et al.,
1995). This enzyme has not yet been much investigated, and few studies on the effect
of AAO during plant food processing are found in the literature (Leong and Oey 2012;
Munyaka et al., 2010b; Yamaguchi et al., 2003). On the other hand, there are numerous
studies on the effect of ripening, processing and storage on vitamin C content in fruits
and vegetables (Azoubel et al., 2009; Sogi et al., 2012; Vasquez-Salinas and
Lakshminarayana, 1985).

Besides being water soluble, which may lead to leaching, some reports indicate that the
stability of vitamin C varies markedly as a function of conditions such as temperature
and the presence of metal ions, oxygen and enzyme (AAO) activity, and light (Davey
et al., 2000, Santos and Silva, 2008; Wechtersbach and Cigic, 2007). Thus, since



vitamin C is heat-sensitive, a long food processing time at elevated temperatures is
detrimental. Owing to its instability, vitamin C is usually used as an indicator vitamin
in processing.

3.3.1.3 Role of vitamin C in plants

As in humans, vitamin C is also an essential compound for plants. Recent studies
indicate that vitamin C is a micromolecule substance widely existent in plants, where it
fulfils essential roles in several physiological processes including plant growth and
development, photosynthesis, plant antioxidant capacity, photoprotection, and
prevention of oxidative stress, and it also acts as a co-factor for enzyme activity (Gallie,
2013; Smirnoff, 1996; Smirnoff and Wheeler, 2000; Zhang, 2013). However, very little
is known about vitamin C metabolism in plants (Smirnoff, 2000). Vitamin C is
synthesized in the inner membrane of the mitochondria (Siendones et al., 1999) and is
then distributed to all subcellular compartments, including the apoplast (cell wall), and
is one of the most abundant metabolites in the chloroplasts (Rautenkranz et al., 1994;
Smirnoft, 2000).

The action of vitamin C as an antioxidant is to protect plant cells by scavenging oxygen
free radicals such as superoxide, hydroxyl radicals and singlet oxygen (Smirnoff and
Wheeler, 2000). It is thus generally regarded that plant injury caused by stress comes
from a depleted antioxidant system and membrane lipid peroxidation (Zhang, 2013).
One of the key functions of vitamin C is therefore to protect the chloroplast from
oxidative damage, and it can be assumed that other bioactive compounds stored in the
chloroplast or chromoplast compartments, such as carotenoids, could also be protected
from oxidative degradation.

3.3.1.4. Vitamin C and dietary intakes

Fruits and vegetables are reported to be the main contributors of vitamin C in the diet,
with the percent contribution amounting to as high as 90% (Lee and Kader, 2000).
Citrus fruits and juices are particularly rich sources of vitamin C, but other good sources
are mango, papaya, strawberries, kiwi, tomato, green peppers, potatoes, broccoli,
asparagus, spinach, melon, watermelon, cantaloupe and cranberries (FAO, 2001; Slavin
and Lloyd, 2012). Reports of different values of vitamin C in mango as affected by
several factors mentioned in section 3.1 are found in the literature. A range of 11 to 134
mg/100 g (FW) was reported by Manthey and Perkins-Veazie (2009) in five ripe mango
cultivars (Ataulfo, Haden, Kent, Keitt and Tommy Atkins) from different locations,
while a database of USDA (2011) reports an average vitamin C content in mango of
36.4 mg/100 g (Table 3.1). The vitamin C content in mango also decreases during
ripening (Brecht and Yahia, 2009; Manthey and Perkins-Veazie, 2009); Vasquez-



Salinas and Lakshminarayana, 1985). The recommended nutrient intake (RNI) of
vitamin C (Agriculture Organization of the United Nations (FAQ)), taking into account
the age and other factors, is shown in Table 3.2. In many developing countries,
limitations in the supply of vitamin C are often determined by seasonality of the fruits
and other social factors (FAO, 2001).

Table 3.2 Recommended nutrient intake (RNI) for vitamin C.

Group RNI
(mg/day)
Infants and children
0-6 months 25
7-12 months 30
1-3 years 30
4-6 years 30
7-9 years 35
Adolescents, 10-18years 40
Adults
19-65 years 45
65+ years 45
Pregnancy 55
Lactation 70

Source: FAO 2001

3.3.1.5. Role of vitamin C in human health

The attention to the role of vitamin C in nutrition and human health, especially as an
antioxidant, has generated greater research. The biochemical properties of vitamin C
are associated to its function as a reducing agent for many reactive species. Moreover,
due to its solubility in water, vitamin C is considered the major antioxidant in plasma,
playing a protective role (Frei ef al., 1990). Vitamin C acts as an antioxidant to scavenge
reactive oxygen species, keep membrane-bound antioxidant o-tocopherol in the
reduced state, and is also a co-factor maintaining the activity of a number of enzymes.
Furthermore, scurvy has been known for centuries to result from vitamin C deficiency.
Vitamin C is also reported to enhance iron absorption and thus prevent anemia, improve
collagen synthesis formation and the immune system, and prevent cardiovascular
diseases (Block, 1993; Carr and Frei, 1999; Davey et al., 2000; Gibney et al., 2009;
Kaur and Kapoor, 2001). On the other hand, the potential toxicity of excessive doses of
supplemental vitamin C relates to intra-intestinal events and to the effects of
metabolites in the urinary system (WHO, 2003). Some studies indicate that the
protective action of vitamin C against cancers and other chronic disease (Byers and
Guerrero, 1995; Yong et al., 1997) derive from the synergetic effect that exists between
this nutrient and others found in the matrix provided by whole foods.



3.3.2. Carotenoids

3.3.2.1. Chemical structure and general properties

Carotenoids are widely distributed pigments synthesized by plants, microorganisms and
animals, but not by humans (Briton, 1995; Furr and Clark, 1997; Rock, 1997; Young,
1991). Carotenoids are isoprenoid compounds, biosynthesized by tail-to-tail linkage of
two C20 molecules, which produces the parent C40 carbon skeleton from which all the
variations are derived (Britton, 1995). All carotenoids can be considered as lycopene,
which has an acyclic structure with an inverted order at the molecule center (Delgado-
Vargas et al., 2000), being as a whole a symmetrical molecule (Bartley and Scolnik,
1995). Cyclisation at one or both ends of the molecule will form one of the seven
different typical end groups, with B-carotene being the only carotenoid containing two
B-rings. Based on their composition, hydrocarbon carotenoids such as p-carotene, a-
carotene and lycopene are called carotenes, or xanthophylls when oxygen is inserted in
the structure, such as in B-cryptoxanthin (Figure 3.4).

All-trans-p-carotene

HRRHREHHH

All-trans-a-carotene
\“rf’"?" V“TfWTf“vxﬁ“Tﬂ%ﬁmA\vf“-u«f«’!\«.fﬁmﬁiwf\ﬁjxx

Lycopene

B-cryptoxanthin

Figure 3.4 Chemical structure of lycopene and provitamin A carotenoids.
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The carotenoid structure is an extensive conjugated double-bonds system in which 7-
electrons are delocalized over the entire chain (Britton, 1995), an attribute that
determines their molecular shape, chemical reactivity and light absorption in the visible
region spectrum with a wavelength ranging from 400 to 500 nm (Britton, 1995;
Rodriguez-Amaya, 2001). Moreover, carotenoids are found in nature primarily in the
more stable frans-form (linear molecules), while cis isomers (bend molecules) are
fewer due to their instability (Briton, 1995; Rock, 1997). Carotenoids are hydrophobic
molecules with little or no solubility in water, but are soluble in organic solvents
(Briton, 1995). Carotenoids such as B-carotene, a-carotene and p-cryptoxanthin, which
have at least one unsubstituted B-ring (Figure 3.4), are vitamin A precursors that play
an important role in human health (Rock, 1997), and B-carotene the most important
provitamin A carotenoid.

3.3.2.2. Carotenoids in mango

Mango is considered a rich source of carotenoids. However, although a natural
variation of carotenoids among mango samples is expected because of cultivar
differences, climatic effects, stage of maturity at harvest and storage, some of the
discrepancies in reported results are apparently due to the analytical procedures used
(Mercadante et al., 1997; Rodriguez-Amaya et al., 2008). Thus, a large variation in
carotenoids has been identified in different mango cultivars, with reports of increased
content during ripening (Manthey and Perkins-Veazie, 2009; Mercadante and
Rodriguez-Amaya, 1998; Vasquez-Salinas and Lakshminarayana, 1985). For instance,
Cano and De Ancos (1994) identified thirty-three carotenoids in raw and frozen cv.
‘Alphonso’ mango fruit distributed among xanthophylls, carotenes and fatty acid esters.
The major components identified were antheraxanthin, violaxanthin, cis-isomers and
epoxy derivatives of lutein and P-carotene, while canned mango showed different
patterns with B-carotene as the main compound (90%). However, most studies have
shown that B-carotene is both the principal provitamin A carotenoid and the main
pigment in mango (Chen et al., 2007; Masibo and He, 2009; Wilberg and Rodriguez-
Amaya, 1995), which predominates in the form of all-frans-p-carotene. The presence
of cis-B-carotene isomers in fresh mango has also been reported (Godoy and Rodriguez-
Amaya, 1994; Pott et al., 2003; Vasquez-Caicedo et al., 2005).

Manthey and Perkins-Veazie (2009) evaluated B-carotene in five different mango
varieties (see section 3.3.1.2) from different locations and multiple harvest stages. The
average content of B-carotene was found to vary between 5 and 30 mg per kg of fresh
mango, depending on the location and stage of maturity. The reports of different studies
have shown that the carotenoid content in fresh mango varies considerably, and the
results have either been reported on a fresh or dry basis, which limits data comparison.
It is therefore recommended that nutrient data be expressed on a dry weight basis to
account for changes in moisture (Barret and Lloyd, 2011). Table 3.3 shows carotenoids
identified in fresh ripe mango from diverse studies, with evidence of a variation
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between cultivars. Carotenoids in mango are also affected by the processing, which
may result in a variation in the content and/or composition (Cano and De Ancos, 1994;
Chen et al., 2007; Godoy and Rodriguez-Amaya, 1987; Lemmens et al., 2013;
Mercadante and Rodriguez-Amaya, 1998; Pott et al., 2003; Vasquez-Caicedo et al.,
2007).
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Table 3.3 Carotenoids in fresh ripe mango (pug/g DW).

Thaiwanese Thai Thai
mango Keitt Tommy Atkins Kent Mango® mango®

Carotenoid [1] [2] [3]* [3]7 [4] [4] [5] [5]
Total B-carotene 39.2 18.6 394 34.1 45.9 57.0 82.4-121.9 18.0-26.0
All-trans-p-carotene 29.3 15.4 394 34.1 36.5 45.8 68.0-85.9 13.2-17.2
13-cis-B-carotene 1.5 1.4 9.4 11.2 7.9-18.0 2.5-4.7
9-cis-p-carotene 6.4-17.9 2.3-4.1
15-cis-B-carotene 7.2 1.3
Neochrome 5.0 8.4
Violaxanthin 4.6 53 105.9 131.8
cis-violaxanthin 1.8 1.5 424 353
Zexanthin 1.2 0.9 4.7 2.4
Cis-Zexanthin 1.6
Luteoxanthin 3.6 2.4 15.9 11.8
Neoxanthin 1.4 1.4 11.2 28.8
cis-Neoxanthin 0.5 0.2 1.8 5.9
cis-Lutein 0.8 0.6

[1] Chen et al. (2004); [2] Chen et al. (2007); [3] Mercadante and Rodriguez-Amaya, 1998; [4] Pott ef al. (2003);
[5] Vasquez-Caicedo et al. (2005). *Converted values with estimated dry matter content of 17%.

®Mango cultivars rich in B-carotene (Kaew, Chok Ana, Maha Chanok, Nakmai #4).
“Mango cultivars poor in B-carotene (Kiew Sawoei, Rad, Mon, Duen Gao, Okrong Thong).

3.3.2.3. Stability of p-carotene

The highly unsaturated structure that is characteristic of carotenoids creates an electron
rich environment, which makes these compounds susceptible to various chemical
reactions (Briton, 1995; Boon et al., 2010). B-carotene is the predominant carotenoid
pigment found in mango. This pigment has been to a great extend investigated, and
reports in the literature show that processing of fruits and vegetables, which includes
preparation, treatments and storage may greatly affect its content (Chen and Huang,
1998; Lemmens et al., 2013; Rock, 1997; Vasquez-Caicedo et al., 2007), since f-
carotene is prone to degradation mainly by oxidation and isomerization reactions, and
oxidation is a major cause of carotenoid loss (Rodriguez-Amaya, 1999).

While carotenoids are naturally stabilized by the plant matrix, disintegration of the food
cell matrix caused by cutting and/or crushing is known to induce oxidation and
isomerization of B-carotene to a great extent by the increased exposition to oxygen, and
the process is stimulated by the presence of endogenous oxidative enzymes, metals,
light, low pH and co-oxidation with lipid hydroperoxides (Rodriguez-Amaya, 1999).
Rodriguez and Rodriguez-Amaya (2007) showed that epoxycarotenoids and
apocarotenals were formed during auto-oxidation of P-carotene with atmospheric
oxygen through a free radical mechanism. These authors also reported that oxidation is
accompanied by geometric isomerization, both E- and Z-isomers (trans and cis
1somers) being subject to oxidation.

Thermal degradation of B-carotene is induced by a reversible trans to cis isomerization,
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whose degree is directly correlated with the intensity and duration of heat processing
conditions (Chen and Huang, 1998; Rock, 1997). The cis isomers may then
subsequently undergo oxidation (Rodriguez and Rodriguez-Amaya, 2007). Increased
trans-cis isomerization of B-carotene with a formation of 13-cis isomers in mango purée
at pasteurisation temperatures of 85 to 93° C, have been reported by Vasquez-Caicedo
et al. (2007). Treatment at higher temperatures (> 100° C) has also been shown to cause
-carotene isomerization in carrot purée (Lemmens ef al., 2010) and in mango purée
(Lemmens et al., 2013), with subsequent formation of 9-cis, 13-cis or 15-cis-p-carotene
isomers. Lower temperatures used during conventional drying of mangoes (~75 °C)
were characterized by elevated amounts of 13-cis-B-carotene, whereas sun-dried mango
slices dried at ~60 °C contained increased amounts of 9-cis-f-carotene (Pott et al.,
2003).

3.3.2.4. Role of carotenoids in plants

Carotenoids play a fundamental role in photosynthesis with double principal functions,
as light-harvesting pigments and providing protection against photooxidation (Bartley
and Solnik, 1995; Demmig-Adams et al., 1996; Young, 1991). In plants, carotenoids
are located in subcellular organelles (plastids), called chloroplasts and chromoplasts
(Bartley and Solnik, 1995).

In chloroplast thylakoid membrane, carotenoids are bound mostly to specific
chlorophyll/carotenoid-binding protein complexes and serve as accessory pigments in
photosynthesis, where they absorb light and transfer excitation energy to chlorophylls
via singlet oxygen (Bartley and Solnik, 1995; Demmig-Adams et al., 1996). The
protective role occurs by quenching triplet state chlorophyll molecules and scavenging
singlet oxygen and other toxic oxygen species formed within the chloroplast (Demmig-
Adams et al., 1996). A darker green colour is correlated with a high number of
chloroplasts and therefore a high concentration of carotenoids. During the ripening of
fruit and vegetables, chloroplasts differentiate into chromoplasts by disintegration of
the thylakoid membranes (Delgado-Vargas et al., 2000). In chromoplasts, carotenoids
are deposited in crystalline form or as oily droplets and contain plastids responsible for
the yellow, orange and red colours of many fruits, vegetables and roots, and also in
some birds and fishes (Bartley and Solnik, 1995). It is reported that carotenoids in
mango occur in plastoglobular sub-structures as lipid droplets, while for instance
carotenoids in crystal form predominate in carrot (Brackmann et al., 2011; Vasquez-
Caicedo et al., 2006).
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3.3.2.5. Carotenoids and human nutrition

3.3.2.5.1 Source and related factors

Vitamin A is an essential nutrient that is obtained by a dietary intake of preformed
vitamin A (retinol and its esterified form, retinyl ester) or of provitamin A carotenoids.
Preformed vitamin A is only found in food from animal sources including human milk,
dairy products, egg yolk, meat, fish and liver (FAO, 2001). B-carotene is by far the most
important provitamin A carotenoid, and other provitamin A pigments are a-carotene
and B-cryptoxanthin. Carotenoids are found in several plant foods and generally yellow-
orange vegetables and fruits provide most of the dietary B-carotene, a-carotene and [3-
cryptoxanthin, while dark green vegetables also provide significant amounts of [-
carotene and non-provitamin A carotenoid lutein. Tomatoes (green and red) and tomato
products are the major sources of lycopene in the diet (Rock, 1997). Thus, fruits and
vegetables such as carrots, mango, papaya, apricots, pumpkins, squash, spinach,
amaranth and young green leaves are good sources of provitamin A carotenoids (FAO,
2001; Rock, 1997). Animal food products such as milk and milk products, eggs, some
fish and liver also have significant carotenoid content (Britton and Khachik, 2009;
Rock, 1997). It is reported that foods containing provitamin A carotenoids tend to be
less biologically available but more affordable than animal products (FAO, 2001).
Thus, fruits and vegetables as a major source of provitamin A are of special importance
for economically deprived populations. However, substantial losses of provitamin A
may occur during storage and processing. Moreover, studies have shown that a low fat
diet or absence of dietary fat significantly reduces absorption of carotenoids in the body
(Dimitrov et al., 1988; Prince and Frisoli, 1993).

The seasonality of plant foods in some areas may lead to low intake of provitamin A
carotenoids in periods off-seasons in populations that relay on indigenous fruits. In
some cases, supplementation has been used as prophylactic against vitamin A
deficiency (VAD). Single doses of 60 mg of retinol have been given to children in
developing countries, an amount adequate to meet the child’s needs for 4-6 months
(Gibney et al., 2009). Food based approaches, such as food fortification and
consumption of food rich in vitamin A and provitamin A have also been advocated as
long-term approaches to controlling VAD (Haskell, 2013).

3.3.2.5.2. Conversions factors of vitamin A

Since dietary sources of vitamin A may be converted into retinol, FAO/WHO in 1967
introduced a concept of retinol equivalent (RE) that established the relationship among
dietary sources of vitamin A (preformed and provitamin A carotenoids). One ug retinol
was considered to be equal to 1 RE, and the conversion factor of dietary 3-carotene to
vitamin A was set to 6:1 by weight (i.e. 6 ug of B-carotene is converted to 1 RE) and
12:1 for all other provitamin A carotenoids (i.e., a-carotene and B-cryptoxanthin have
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half of the provitamin activity of B-carotene). The assumptions behind these conversion
factors were that the absorption of the B-carotene from a mixed diet was 1/3 of the
absorption of vitamin A and that half of the absorbed B-carotene was converted to
retinol in the intestinal mucosa. A new concept (retinol activity equivalent (RAE)) was
introduced based on new research findings on carotenoid absorption with the following
conversion factors: 12 pg of B-carotene to 1 pg RAE, and 24:1 for all other provitamin
A carotenoids (IOM, 2001). Moreover, international units (IU) are often used in food
composition tables, that is, 1 IU retinol = 0.3 ug retinol; 1 IU B-carotene = 0.6 pg B-
carotene, and 1 IU retinol = 3 IU B-carotene.

3.3.2.5.3. Recommended intake of vitamin A

Recommended daily intake of vitamin A is defined based on the intakes required to
maintain normal plasma concentrations of the vitamin, and prevent the appearance of
deficiency-related syndromes, that is, night blindness and epithelial lesions of the
conjunctiva and cornea of the eye, and for normal growth (FAO, 1988). The estimated
requirements and safe levels of intakes according to FAO, taking into account age and
gender differences in mean body weights are shown in Table 3.4.

Table 3.4 Estimated mean requirements and safe levels of intake for vitamin A.

Category and age Mean requirement Recommended safe intake
(ug RE/day) (ng RE/day)
Infants and children
0-6 months 180 375
7-12 months 190 400
1-3 years 200 400
4-6 years 200 400
7 years 200 450
7-9 years 250 500
Adolescents, 10-18 years 330-400 600
Adults
Females 19-65 years 270 500
Males 19-65 years 300 600
65+ years 300 600
Pregnant women 370 800
Lactating women 450 850

Source: Adapted from FAO/WHO (2004)
RE (retinol equivalent) = 1pg retinol = 6 pg B-carotene = 12 pg other provitamin A carotenoids

3.3.2.6. Role of carotenoids in human health

Among the more than 700 carotenoids that are found in nature, only a few are
predominantly observed in human plasma. The most common are B-carotene, lycopene,
lutein, B-cryptoxanthin, and a-carotene, which are reported to constitute 90% or more
of the circulating carotenoids in humans (Bieri et al., 1985; Rock, 1997). Carotenoid
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pigments are expected to be found in hydrophobic areas of the cells, such as the inner
core of membranes, except when in association with proteins allows them access to an
aqueous environment (Britton, 1995).

A well-established function of carotenoids in human nutrition and health is vitamin A
(retinol) activity. Vitamin A plays an important role in vision, and in cell growth and
differentiation (FAO, 2001). In the visual system, vitamin A acts as a prosthetic group
of light sensitive proteins in the retina, and a deficiency of vitamin A may result in an
impairment of the ability to adapt to dim light or to night blindness. Prolonged or severe
VAD leads to xerophthalmia, and the more advanced stages result in keratinization, that
is, irreversible damage to the cornea (Gibney ef al., 2009). VAD also affects growth
and differentiation of epithelial cells, which consequently compromises immunity,
resulting in major morbidity and mortality (Semba, 1998). Vitamin A deficiency is a
major public health problem in large areas of the world, especially in young children
(WHO, 2009).

Beyond their function as vitamin A precursors, carotenoids have been shown to exhibit
additional biological activities, i.e. as natural antioxidants. However, there have been
some concerns related to the antioxidant efficiency of carotenoids in the prevention of
certain diseases. Results from randomized controlled trials, with supplementary pure 3
carotene in smokers showed no preventive effect on cardiovascular disease
(Hennekens, et al., 1996), but increased risk for lung cancer development (Omenn et
al., 1996). However, epidemiological studies show evidence of a positive link between
higher dietary intake of food carotenoids and lower risk of chronic diseases (Donaldson,
2004; Ziegler, 1989). It has also been reported that carotenoids such B-carotene and
lycopene act efficiently as scavenger of reactive oxygen and quenchers of singlet
oxygen (Edge et al., 1997; Rao and Rao, 2007; Stahl and Sies, 2003). Lycopene has
been associated with the highest antioxidant activity, followed by B-cryptoxanthin, -
carotene, lutein, zeaxanthin and a-carotene (Miller et al., 1996). On the other hand, at
high concentrations of oxygen and carotenoids, autoxidation of carotenoids may occur,
whereby carotenoid radical intermediates react with oxygen to form products that can
initiate detrimental oxidation reactions, by acting as pro-oxidants (Briton, 1995; Young
and Lowe, 2001).

3.4. Processing of fruits and vegetables

One of the main goals with food processing is preservation. Fruits are seasonal and
highly perishable containing more than 80% water, which make them undergo
progressive changes if stored untreated at ambient temperature due to the activity of
naturally present enzymes such as AAO, PPO and peroxidase (POD). These enzymes
are known to cause quality modifications in texture, flavour, colour and nutritive value
(Yamaguchi et al., 2003; Leong and Oey, 2012). Therefore, application of processing
methods that will reduce the water content, as well as inhibit enzyme activities, are
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crucial to extending shelf life, avoiding wasting and increasing their availability off-
season. Several studies have focused on processing methods that will minimize nutrient
degradation in fruits and vegetables (Ali et al., 2012; Barrett and Lloyd, 2012; Chong
et al., 2013; Wilberg and Rodriguez-Amaya, 1995), and some suggest that there are an
increased bioavailability of nutrients as a result of processing (Lemmens et al., 2009;
Rock et al., 1998).

3.4.1. Drying of fruits and vegetables

Dehydration is one of the oldest methods of food preservation. Its main objective is to
extend the shelf life of the product by removing moisture and reducing the water
activity, thus avoiding microbial growth and deteriorative chemical reactions (Drouzas
and Schubert, 1996; Fellows, 1988). Drying is a complex process that is basically
comprised of two fundamental and simultaneous processes, where heat is transferred
by convection from the hot air to evaporate liquid from the product, and mass is
transferred by convection as a liquid or vapor within the solid and as a vapor from the
surface (Mujumdar and Menon, 1995). Simultaneous heating and moisture removal
during drying affect both the physical and biochemical properties of food materials,
such as nutrients (Kong and Singh, 2013; Pan et al., 2003), and the appearance of food
materials such as colour. Consumer acceptability is affected as a result, and off-colour
products are often unacceptable despite good taste and flavour (Pilizota and Subari¢,
1998). The quality losses of the dried products are associated with the high temperatures
or long drying times required for drying (Drouzas et al., 1999). Thus, to limit these
problems, pre-treatments such as osmotic dehydration (Aktas et al., 2013; Azoubel et
al.,2009; El-Aouar et al., 2003; Khan et al., 2008) or blanching (De Ancos et al., 1999;
Galindo et al, 2005; Ruiz-Ojeda and Penas, 2013) have been applied. However, more
research on process-related retention of essential nutrients, such as vitamins C and B-
carotene, in the final product, as brought about for instance by osmotic dehydration or
dry blanching pre-treatments prior to drying, is required. In general, fruits and
vegetables are dried to enhance their storage stability, minimize packaging
requirements, and reduce transport weight and consequently transport costs (Sagar and
Suresh, 2010). Dried fruit may be eaten as snacks or used in cookies or breakfast
cereals, or used after rehydration in food processing that calls for fresh, canned or
frozen fruit. It has the advantage of being available in off-season periods.

3.4.2. Pre-treaments and related quality effects

3.4.2.1. Osmotic dehydration

Osmotic dehydration (OD) is a process of partial removal of water by immersion of
fruit in concentrated solutions of soluble solutes such as sugars or salts, where both
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partial dehydration of the fruit and sugar uptake are obtained (Torres et al., 2006). OD
has been widely used as a pre-treatment to improve quality, although it results in
products with high water activity, requiring further drying or processing to enhance
their shelf life. The process is characterized by three simultaneous countercurrent flows
without involving phase change (Figure 3.5). A significant amount of water flows out
of the food into the solution (water loss), a transfer of solutes from the solution into the
food (soluble solids uptake) and a leakage of water-soluble solute molecules such as
vitamins, minerals and organic acids, across the membrane into the solution.
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Figure 3.5 Schematic diagram of 1;1

ass transfer during osmotic dehydration.

The driving force for the diffusion of water from the tissue into the solution is because
of a difference in osmotic pressure between the food and its surrounding hypertonic
solution (Sagar and Suresh, 2010), and the complex cellular structure of food acts as a
semi-permeable surface (Chandra and Kumari, 2015).

Besides the advantage of osmotic dehydration in terms of lower energy consumption,
reduced browning, improved texture, colour and appearance of fruits, osmotic
dehydration can also be detrimental to the sensory and nutritional value of the dried
product (Chavan and Amarowicz, 2012) due to the leakage of water-soluble compounds
during OD. Such negative effects may be avoided by fortification of osmotic solutions
with vitamins and minerals (Fito et al., 2001). This has been investigated for mango,
apples and pineapple by an addition of vitamin C or calcium in the osmotic solution
(Barrera et al., 2009; Nagai et al., 2014, Silva et al., 2014; Torres et al., 2006).
However, the effect of subsequent drying was not investigated in these studies. Calcium
fortification is expected to improve cell wall integrity as calcium interacts with the plant
cellular matrix, forming bonds between pectins and other cellular wall components
(Gras et al., 2003). It should be noted that, besides being a texture improver, calcium is
an important mineral in human nutrition.

Although OD has been the focus of many studies, more research is needed to understand
the impact on bioactive compounds such as vitamin C and carotenoids, particularly
when OD is combined with other drying techniques. Degradation of vitamin C and
carotenoids in dried fruits subjected to OD were reported in cashew apple (Azoubel et
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al., 2009) and sea buckthom (Araya-Farias et al., 2014), while enhancing of vitamin C
was found by An et al. (2013) in tomatoes.

3.4.2.2. Blanching

Blanching is frequently used prior to canning, freezing or drying of fruits and
vegetables to minimize sensory and nutritional quality degradation caused by enzymes
naturally present in plant food such as AAO (see Section 3.3.1.2), PPO and POD. These
enzymes affect colour, produce off-flavours and reduce the nutritive value of most fruits
and vegetables (Holzwarth, et al., 2013; Korbel et al., 2013). It is believed that these
enzymes may affect vitamin C retention, although the activity for that purpose is often
not evaluated (Barrett and Lloyd, 2012). Co-oxidation of carotenoids as a result of PPO
activity has also been reported (Dorantes-Alvarez and Chiralt, 2000). Although it was
not measured in the current study, POD is widely used as an indicator of blanching
process adequacy (Brewer ef al., 1994) and, contrary to AAO, several studies on the
stability of PPO and POD in fruits and vegetables as affected by different thermal
treatments have been reported in mango (Ndiaye et al., 2009; Vasquez-Caicedo et al.,
2007; Wang et al., 2007) and in other fruits and vegetables.

Hot water and steam are the most commonly used heating techniques; however they
are energy intensive processes, and the use of water results in the leaching of water-
soluble nutrients (De Corcuera et al., 2004). Thus, alternative blanching techniques
have been studied in order to improve the nutritional quality of processed fruits and
vegetables and to reduce the environmental impact by reducing the amount of water
consumption. Dry blanching techniques such as MW and IR radiation technologies
have been studied to minimize losses of water-soluble compounds, inactivate enzymes
with high-energy efficiency and improve the nutritional value of the blanched products
(Ponne et al., 1994; Lin and Brewer, 2005; Vishwanathan et al., 2013). Although IR
and MW heating are both transmitted as waves that are converted to heat, they differ in
the heating form (see sections 3.5.2.2.1 and 3.5.2.2.2, respectively). Thus, although
there are some reports in the literature of the application of microwave and infrared dry
blanching, studies with subsequent drying are lacking. Vishwanathan et al. (2013)
reported higher vitamin C retention in hot air-dried IR blanched carrot in comparison
with dried water blanched samples.

The inactivation of enzymes during blanching is dependent upon both time and
temperature, since under-blanching may enhance the activity of enzymes and may be
more deleterious than no blanching, whereas over-blanching causes a loss of flavour,
colour, vitamins and minerals (Fellows, 2009). Thus, pasteurization processes are
designed to occur at specific parameters, usually at high temperature and short time
(HTST) or at low temperature and long time (LTLT) (Singh and Heldman, 1984).
However, processing by thermal treatment, which involves several heating steps in
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order to inactivate oxidative enzymes and inhibit microbial growth, is known to degrade
nutrients such as carotenoids and vitamin C by non-enzymatic oxidation reactions that
increase with tissue disruption (Lemmens et al., 2013; Munyaka et al., 2010a; Vasquez-
Caicedo, et al., 2007).

3.4.2.2.1. Infrared heating and its application for blanching fruits and vegetables

Infrared radiation (IR) is part of the electromagnetic spectrum, which lies between the
visible and microwave portions at wavelengths of 0.78 to 1000 um. Based on the
wavelength, infrared radiation is divided into three categories: near-infrared (NIR),
mid-infrared (MIR) and far-infrared (FIR). In general, FIR radiation is more
advantageous for food processing because most food components absorb radiative
energy in this region (Sandu, 1986). However, other reports state that FIR seems to be
more efficient for drying thin layers, while drying thicker bodies should give better
results with NIR (Nowak and Lewicki, 2004). IR radiation transfers thermal energy as
an electromagnetic wave and becomes converted to heat when it impinges the food
surface (Rastogi, 2012), by inducing changes in the electronic, vibrational and
rotational states of atoms and molecules such as water (Krishnamurthy ez al., 2008).
The penetration depth of IR is very low, and this method of heating is thus especially
suitable for thin layers of material with large surfaces exposed to radiation (Nowak and
Lewicki, 2004). IR heating is generally applied in drying, baking, roasting, blanching,
pasteurization and sterilization of food products. The application of IR for blanching
showed that this technology preserved the cell integrity in carrot slices (Galindo et al.,
2005), shortened drying times of apple slices (Nowak and Lewicki 2004), inhibited
PPO enzyme activity in pears, sweet corn, carrots, French fries (Pan et al., 2005) and
apples (Zhu and Pan 2009; Zhu et al., 2010). Sogi et al. (2012) assessed the efficacy of
IR treatment for extending the shelf life of fresh-cut mangoes and found that the vitamin
C content decreased in IR-treated fresh mango samples as compared with non-treated
during 16 d of storage at 4 °C. In addition, a recent review of infrared blanching by
Rastogi (2012) concluded that IR heating offers many advantages over conventional
heating under similar conditions, having uniform heating, reduced quality losses and
significant energy savings.

3.4.2.2.2. Microwave heating and its application for blanching fruits and vegetables

Microwave energy is an electromagnetic radiation in the frequency range between 300
MHz and 300 GHz, corresponding to wavelengths from 1000 um to 1m. For microwave
heating and drying of food, a frequency of 2.45 GHz is permitted, although a frequency
of 915 MHz is also allowed for industrial purposes (Drouzas and Schubert, 1996).
Microwave heating has been applied in a broad range of food processing such as drying,
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tempering, blanching, cooking, pasteurization, sterilization and baking (Puligundla, et
al., 2013). MW themselves do not produce heat, but heating is a consequence of the
interactions between microwave energy and a dielectric food material such as water,
which absorbs MW energy with a consequential rise in temperature (Singh and
Heldman, 1984). Most foods contain a substantial amount of water and polar molecules,
and, when these are subjected to a MW electric field, the molecules orient themselves
according to the polarity of the field with constant rotation, and the molecular friction
can then generate heat (Singh and Heldman, 1984). The heat is then directly transferred
by means of conduction mechanisms throughout the entire mass of the radiated material
from the inside out (Drouzas and Schubert, 1996). MW heating has advantages
compared with conventional heat blanching such as in-depth heating (volumetric) in
the absence of a temperature gradient and avoidance of the leaching of water-soluble
components (Lin and Brewer, 2005). However, MW lack uniformity in heating and
have a limited penetration range (Ramaswamy and Pillet-Will, 1992; Ramesh et al.,
2002). The application of MW for blanching purposes was shown to inactivate
oxidative enzymes in papaya, strawberry and kiwi purées, which resulted in minor
losses of carotenoids (De Ancos et al., 1999). Ruiz-Ojeda and Penas (2013) reported
about a 50% higher retention of vitamin C in microwaved blanched green bean pods in
comparison with conventional hot water treatment. Similar results were also reported
by Muftugil (1986) and Brewer and Begum (2003) for microwaved green beans and by
Ramesh et al. (2002) for spinach, carrot and bell peppers.

3.5 Minimal processing and the effect of antibrowning agents

In recent years, the demand of consumers has increased for minimally processed foods,
such as juices and purées that have high sensory quality and nutritional value. Browning
of fruits, vegetables and their products, as affected by enzymatic or non-enzymatic
reactions, has been a major reason for quality loss during processing and/or storage
(Manzocco et al., 2001; Pizzocaro et al., 1993). Enzymatic browning results from PPO
catalyzed oxidation of phenolic compounds to quinones (Holzwarth et al., 2013;
McEvily et al., 1992; Park et al., 1980), and has been indicated as a main cause of
colour change (Pizzocaro et al., 1993). Thermal treatment, on the other hand, is the
main cause of non-enzymatic browning (McEvily et al., 1992; Pizzocaro et al., 1993).
Enzymatic oxidation of ascorbic acid by AAO is the main cause of loss of the nutritional
value of different fruit and vegetable products (section 3.3.1.2).

To overcome the problems induced by enzymatic browning, thermal treatment and anti-
browning agents have been investigated and successfully applied in the industry.
Consequently, it is known that processing by thermal treatment may degrade nutrients
such as carotenoids and vitamin C by non-enzymatic oxidation reactions (Lemmens et
al., 2013; Munyaka et al., 2010a; Vasquez-Caicedo, et al., 2007). However, little
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information is found in the literature concerning the effect of anti-browning agents on
nutrient retentions.

Inhibition of enzyme activity can be achieved using several anti-browning measures
including reducing pH with carboxylic acids (Arpita et al., 2010; Son et al., 2001;
Munyaka et al., 2010a) or by chelating Cu®*, a co-factor for AAO and PPO activity
with Ethylenediamine Tetraacetic Acid (EDTA) (Li, 2014; McEvily et al., 1992).
EDTA, a complexing agent of metals such as iron and copper in the prosthetic group
of the enzyme (Sapers et al., 1989), is a highly stable molecule. It has been proposed
that, by combining different inhibitor agents, a synergistic effect may be achieved that
will result in enhancement of the inhibition (Son et al., 2001). However, there are also
reports of constraints on the use of anti-browning agents such as sulphites, due to their
toxicity, although their efficiency in the inhibition of enzymatic and nonenzymatic
browning has been emphasized (McEvily et al., 1992; Pizzocaro et al., 1993).
Enzymatic browning in fruit systems has been investigated by several authors (El-
Shimi, 1993; Ozoglu and Bayimndirl, 2002; Sapers et al., 1989), but not its effect on
nutrient retentions. Munyaka et al. (2010a,b) reported both a higher retention of vitamin
C and a higher ratio of L-AA in blanched broccoli and puréed broccoli acidified with
acetate buffer to pH 4.3. More research on the effect of anti-browning or chelating
agents on nutrients is thus needed.
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4. MATERIALS AND METHODS

This chapter brings an overview of the studies included in this thesis and describes the
materials and methods applied in the experimental work. The raw materials that were
used, the way in which the samples were prepared, the pre-treatments and the hot air
drying processes are described. Moreover, the procedures followed for the preparation
of mango purée, enzyme activity measurements, vitamin C and carotenoids
determination are presented. Finally, the analytical methods, as well as the statistical
analysis are also described.

4.1. Study overview

A schematic outline of the studies is presented in Figure 4.1. In general, the impact of
processing on the retention of bioactive compounds (vitamin C and p-carotene), using
different methods was the focus. In paper I osmotic dehydration was combined with
hot air-drying. In Papers II and IV the effect of blanching and drying was studied.
Finally in Paper III, processing of mango fruits into purée was evaluated.

Fresh mango fruits ~
-
Paper | Paper Il I ' Paper IV Paper Il
lf_ _______ | ;:._.__..___..]l_.._.._.._.._.._i
i ! i H ripe mango or
Osmotic [ : [ . | prrip g
Dehydration : Infrargd ! Watgr : Mlcrow.ave | addition of EDTA or
0D/ODCa/ODAA : blanching ! blanchmg: blanching | acidification or
I R ':;__..___..____|_l._.._.._.._.._f blanching
. . Crushing
Hot air drying and mixing
, R
Dried mango Mango purée | @ ]
. ) \

Evaluated parameters: Vitamin C and B-carotene (Papers I-IV); AAO and PPO residual enzymatic
activities (Il, 11, IV); colour and drying time (Papers |, II, IV); texture (Paper ).

Figure 4.1 Schematic outline of the studies.
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Paper I

The effect of osmotic dehydration (OD) with additives prior to hot air-drying on the
retention of vitamin C and B-carotene was evaluated in medium ripe mango. Mango
cylinders were immersed in osmotic sucrose solutions of 45° BRIX with or without 1%
(w/w) calcium chloride or 1% ascorbic acid with a fruit/solution ratio of 1:10 (w/w), 15
h at 25 °C. Fresh untreated mango used as a control sample and OD-treated mango were
dried in an air convection oven either at 50 °C or 70 °C. The effect of OD on vitamin
C and B-carotene retention was determined in dried mango.

Paper 11

In Paper II the influence of thermal pre-treatment using infrared (IR) blanching was
investigated. IR dry blanching was applied and compared with conventional water
blanching before hot air-drying of medium ripe mango. The purpose with the treatments
was to inactivate polyphenol oxidase (PPO) and ascorbic acid oxidase (AAO) enzymes
that affect the retention of vitamin C and B-carotene nutrients and may induce colour
change. Processing was performed by blanching mango cylinders under similar
temperature-time conditions either by IR heating or by immersion in a water bath for 2
min at 90° C (HTST) or for 10 min at 65 °C (LTLT). Untreated and blanched mango
samples were hot air-dried at 70 °C. The effect of blanching was assessed by
determination of enzyme residual activity and for vitamin C and -carotene retention
in dried mango.

Paper 111

The impact of acidification with citric acid, addition of EDTA and water blanching at
high temperature and short time (HTST), conducted at 90° C for 4 min, on the retention
of vitamin C (L-AA and DHAA) and B-carotene was studied in mango purée 30 min
after crushing. Anti-browning agents were used to minimize enzymatic oxidation,
which affects quality during the processing of purées and juices. The aim of this study
was to evaluate the stability of vitamin C (L-AA and DHAA) and B-carotene during
processing of mango purée 30 min after crushing in the presence of different inhibitors,
compared to the purée effect of blanched mango. The purées were produced crushing
unblanched ripe mango flesh to achieve a pH of 5.0+0.1 with or without EDTA,
representing the pH of ripe mango, and at pH 3.9+0.1 after acidification with citric acid.
In addition, the purée of blanched mango was obtained after HTST water blanching
fresh mango for a period of 4 min at 90 °C in closed plastic bags to inactivate PPO and
AAQOQ, prior to matrix disruption at pH 5.0.
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Paper IV

As a follow-up of the dry-blanching process reported in Paper II, the effects of
microwave (MW) dry blanching in comparison with water blanching, in a water bath
(conventional) or in closed plastic bag, on inactivation of polyphenol oxidase (PPO)
and ascorbic acid oxidase (AAO) enzymes, as well as retention of vitamin C (L-AA
and DHAA) and B-carotene, were evaluated in medium ripe mango prior to hot air-
drying (70 °C). Blanching conditions for MW and water blanching were 2 min at 90°
C (HTST) or for 10 min at 70 °C (LTLT).

4.2. Processing methods

The experimental work of fresh sample preparation, pre-treatments and drying processes
were performed at the SP Technical Research Institute of Sweden, while the analysis of
vitamin C and B-carotene and enzyme determinations were done at the Division of Food and
Nutrition Science, Chalmers University of Technology, in Sweden. A brief summary of
practical processing steps applied in Papers I to IV is presented in Figure 4.2.

4.2.1. Raw material and sample preparation

Mango (Mangifera indica L.) samples used in all the studies were purchased at a local
market and stored at 8-10 °C. The mango cultivars used were ‘Tommy Atkins’ (Papers
I and II), ‘Keitt’ (Paper III) and ‘Osteen’ (Paper V). Two or three mangoes were used
for each experiment. They were taken from the store and kept at room temperature 24
hours before being used. All the experiments were performed in duplicate.

For Papers I, II and IV, a medium ripe mango was selected, washed with tap water,
manually peeled, pitted and sliced in a dimmed room into cylinders of 2 cm in diameter
and 0.5 cm thick just before the pre-treatments.

For Paper 111, green-ripe mango was stored for three days at 8-10 °C and kept for 24 h
at room temperature before use. They were then washed with tap water, manually
peeled, pitted and cut into small pieces that were crushed unblanched or after blanching
to produce mango purées.

26



LT

Hd 99.nd

8°€ Hd p1oe 2131

[ e

*> Sulysnid

Vv1d3 s9J4nd

v1a3 +2's Hd ppe oD

y

uiysni)

‘Al — I S1oded ur j10M [BJUOWILIAAXD JO MOTAIOAO OIRWAYOS 7' 9INSL]

awn dullig - .
(1 4oded) aunixa] - |

SuIAip Joye siojroweled 19410
uopualal suajoled-g - |
uoRUI1AI J UIWEIIA -

inojo - |

39.nd osuew pue osuew panQg

sanIAnIe J1BWAZUS [ENPISS) OVY PUE Odd - |

SuIydUe|q 117 PUE ISIH 19UV |

994nd paydue|g

5 3uiysnio

SHd 291nd

'S Hd pe 2D

J

Suiysni)

>

s1apuljAd oSuew paug

(2. 02)

SuniAip Jre JoH

[ 1

(2, 0./2.

SuiAup Jre 104

0os) |7

oSuew paydue|g

!

Sulyouelq 1S1H

111 ' 43dvd

s9291d o3uew adu ysau4

s8eq onseld uj
Suiyoue|q Jaiep

Al‘ll ‘1 S¥3dvd
| 4918M P22
ul 3ujj0o0d
11 ¥3dvd
Al ¥3dvd
Suiyoue|q 8ulyoue|q Jsrem 8uiyoue|q
SABMOUDIIA |euonuaAuo) paJesju|
L117/1S1H 1717/1SLH 1717/1S1H 17117/1S1H

3

i

3

]

A e

si1apuljAd oSuew
adu-wnipaw ysal4

®

t 1
oSuew

vvao

J ulweyn

uoneipAysp do

K

_ Sumno/ud/Sui@ad _

*

T

1
()

—

o3uew
ao

o3uew
ed2ao

uoneipAysp
ao

[ ) %)

2s0.4ong

uopelpAysp
ao

X149 St
uoun|os sowsQ

191eMm paje(usia

1 ¥43dvd



4.2.2. Osmotic dehydration

Osmotic dehydration (OD) is a partial removal of water from plant tissue by immersion
in hypertonic solutions. OD with and without additives was applied as a pre-treatment
before hot air-drying in paper I. Osmotic solutions were prepared with commercial
sucrose (refined sugar) purchased at a local market. Sucrose solution with 45 °Brix was
prepared by dissolving the sugar in distilled water (Figure 4.2), and the refractive index
of the fruit juice was measured using a refractometer (Digit = 32, Ceti Optical
Instruments). The osmotic solutions with additives were obtained adding ascorbic acid
or calcium chloride, corresponding to 1% of the mango samples pre-treated (~300 g),
to an osmotic solution 45 °Brix with a fruit to solution ratio of 1:10.

Osmotic dehydration (OD) was carried out in 45 °Brix sucrose solutions without (OD)
or with additives, 1% (w/w) calcium chloride (ODCa) or 1% ascorbic acid (vitamin C)
(ODAA). The samples were osmotically dehydrated for a period of 15 hours at room
temperature (~25 °C) and then hot air-dried at 50 °C or 70 °C. Samples of fresh,
osmotically treated and dried mango were collected, frozen in a nitrogen environment
and stored at -80 °C until determination of vitamin C and carotenoids.

4.2.3. Blanching

Blanching is a unit operation in which fruits or vegetables are heat treated to inactivate
enzymes. There has recently been interest in finding new ways to improve the quality
of blanched products, beyond conventional water blanching. In this work new
blanching techniques based on infrared and microwave processing were compared with
conventional blanching with water. The PPO and AAO enzyme residual activities were
assessed to evaluate the effect of blanching treatments. Mango samples were blanched
and cooled in iced water for 5 min to lower the residual enzymatic activity, prior to
drying. Samples of fresh, blanched and dried mangoes were collected, frozen in a
nitrogen environment and stored at -80 °C until determination of vitamin C, carotenoids
and residual enzymatic activity. The details of the different blanching processes are
described below.

4.2.3.1. Infrared blanching

Infrared blanching was performed in a near infrared (NIR) test oven in Paper II (Figure
4.2). This heating method is especially suitable for drying thin layers of material with
a large surface exposed to radiation (Nowak and Lewicki, 2004). Preliminary tests were
performed to identify the infrared conditions (power and time) required for the
treatment of 300 g of sliced mango placed in an aluminum tray at the center of the oven.
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The distance between the NIR emitters and the samples was always constant, 0.5 m
above and below. A temperature profile similar to water blanching was achieved based
on previous experience (Staack 2008; Eliasson et al., 2014) by systematically changing
the IR power output between 100% and 8% during the blanching process. The
temperature of the central point of mango cylinders was monitored using
thermocouples previously calibrated and connected to a data log. The power sequences
selected to maintain the required temperature profile for mango slices (65 °C for 10
min or 90 °C for 2 min) are presented in Table 4.1.

Table 4.1 Selected IR power output and time sequence of infrared blanching of mango
cylinders at 65 °C and 90 °C to obtain a similar temperature history as water blanching.

Blanching time (s)

IR output power (%) IR heat flux (kW/m?) IR65 IR90
100 14.3 25 72
40 5.8 55 -
30 4.4 - 48
10 1.5 280 -
8 1.2 240 -
Total blanching time (s) 600 120

4.2.3.2. Microwave blanching

Microwave blanching was studied in Paper IV (Figure 4.2) using a domestic MW oven
with turntable plate. MW heating generates heat inside the food in the absence of a
temperature gradient (De Ancos ef al., 1999); however, in this method, the heating is
not uniform (Ramesh et al., 2002; Ramaswamy and Pillet-Will 1992). Preliminary
studies were carried out to find the MW conditions (power and time) required for the
treatments of 200 g of mango cylinders. Thus, HTST at 90 °C required 1350 W/120 s,
while LTLT at 70 °C required a set of power and time sequence of 1350 W/60 s + 420
W/540 s. The central point temperature of mango cylinders was recorded using an optic
fibre connected to a data log.

4.2.3.3. Water blanching

Two types of water blanching were performed in this study (Figure 4.2). The immersion
of mango samples in vacuum-packed plastic bag (Figure 4.3) (Papers III and IV) or
directly in a plastic strainer (conventional water blanching) (Papers II and IV), in a
thermostatic water bath at a pre-determined constant temperature for a corresponding
blanching time. Water blanching in closed plastic bag avoids leaching of water-soluble
compounds such as vitamin C and minerals, thus minimizing losses of nutritional
quality. In the current work, the water blanching was carried out at the following
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conditions: 300 g of mango cylinders blanched at HTST, 90 °C /2 min or LTLT, 65 °C
/10 min (Paper II); 100 g of mango pieces blanched at HTST, 90 °C / 4 min (Paper I1I);
or 200 g of mango cylinders blanched at HTST, 90 °C / 2 min or LTLT, 70 °C / 10 min
(Paper IV). To monitor the temperature kinetics, the central point temperature of mango
cylinders was measured using thin wire copper-constantan thermocouples previously
calibrated and connected to a data log.

Figure 4.3 Blanched mango in plastic bag.

4.2.4. Preparation of mango purée

The use of enzyme inhibitors is possible means to extend the shelf life and food quality.
In the present work, acidification with citric acid and an addition of a metal chelating
agent, EDTA, to mango purée were evaluated and compared with blanched mango
purée. Fresh mango (100 g) was homogenised for 30 s using a kitchen mixer (Braun
MR 5550 MCA mixer, Germany) at two different pH levels of 0.2 M citric acid buffers
(pH 3.8 or pH 5.2 with or without 2 mM EDTA), at a ratio of 1:1 (w/v). The final pHs
of the mango purées were 3.9+0.1 or 5.0+0.1. The following purées were produced:
purée of pH 3.940.1 that is within the recommended acidified pH for production of
mango purée with improved microbial stability (FAO 2001); purée of pH of 5.0+0.1
representing the pH of ripe mango (Vazquez-Salinas and Lakshminarayana 1985), with
or without EDTA. The purée of blanched mango pieces was obtained by crushing
blanched mango in the presence of 0.2 M citric acid buffer (pH 5.2) after HTST
blanching of mango pieces at 90 °C for 4 min in closed plastic bag (see section 4.2.3.3).
The analyses of the nutrients were done in fresh mango and in purées 30 min after
crushing. Samples for carotenoid analysis and enzyme determination were collected in
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vacuum-packed plastic bags and stored within 30 min at -80 °C until analysis.

4.2.5. Drying processes

Drying is a water removal process that results in a solid product with a low moisture
content. Hot air-drying is a commonly used method to preserve fruits and extend their
shelf life. Untreated and pre-treated samples were dried either at 50 °C or 70 °C (OD
dehydrated mango - Paper I) or at 70 °C (blanched mango - Papers II and IV) to reduce
the moisture content to a level that ensures microbiological stability of the fruit given
by the water activity of approximately 0.6. Drying was done using conventional hot air
driers. In Paper I, a hot air-drier in a microwave convective drier previously described
in detail by Pereira et al. (2007) (Figure 4.4A) was used, with an air velocity of 0.2 m/s,
while an air circulation oven (Elektro Helios Garomat) (Figure 4.4B) with an air
velocity of 1 m/s was used in studies presented in Papers II and IV.

Figure 4.4 Driers at SP: A - Microwave-hot air-drier; B - air circulation oven.

4.3. Enzyme activity measurement

PPO and AAO enzymes were determined using extraction buffer solutions to prevent
pH changes. The change in absorbance as a result of the reactions between the extract
and the substrate was measured using a spectrophotometer and plotted against time.
The enzyme activity was calculated from the slope of the curves, and the residual
activity was expressed as the percentage ratio of the slopes between blanched and
corresponding fresh mango samples. The extraction procedures and determination of
PPO and AAO were done as follows:
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4.3.1. Polyphenol oxidase (PPO)

Extraction and assay of PPO were carried out in Papers II, III and IV based on the
procedure described by Palou ef al. (1999) and Ndiaye et al. (2009) with some
modifications. The enzyme was extracted in fresh (control) or blanched mango in
Mcllvaine citric-phosphate buffer (pH 6.5). The homogenates were centrifuged at 4 °C
and the supernatant was collected and stored in ice prior to enzyme activity
measurements. The reaction solution consisted of Mcllvaine citric-phosphate buffer
(pH 6.5), 0.175 M catechol substrate solution and PPO extract. The blank consisted of
2.5 mL Mcllvaine buffer (pH 6.5) and 1 mL of 4-methylcatecol. To start the reaction
between the enzyme and the substrate, the assay mixture was incubated at 40 °C for 20
s before measuring the absorbance at 420 nm for 3 min. The PPO activity (1 unit) was
defined as an increase of absorbance of 0.001 at A420 /min/mL of extract.

4.3.2. Ascorbic acid oxidase (AAQO)

The activity of AAO was determined using the method described by Oberbacher and
Vines (1963) with some modifications (Papers II, III and IV). AAO was extracted by
mixing fresh (control) or blanched mango with phosphate buffer (0.1 M, pH 5.6, 0.5
mM EDTA). EDTA is an inhibitor of AAO activity. The homogenates were centrifuged
at 4 °C and the resulting supernatant was collected and stored in ice prior to enzyme
activity measurements. AAO activity was determined by measuring the decrease in
substrate concentration (0.5 mM L-AA) for 3 min using a spectrophotometer at 25° C
and 265 nm. The assay mixture consisted of 0.1 M phosphate buffer (pH 5.6, 0.5 mM
EDTA), L-AA substrate and enzyme extract. The blank consisted of 2.9 mL of 0.1 M
phosphate buffer (pH 5.6, 0.5 mM EDATA) and 100 pL of substrate solution. One unit
of AAO activity was defined as a decrease in absorbance of 0.01 at Azes/min/mL of
extract.

4.4. Determination of vitamin C (L-AA and total ascorbic acid)

Due to its susceptibility to oxidation, vitamin C content has been used as a quality
indicator for food processes. To avoid losses that could lead to an underestimation of
this nutrient by oxidation of vitamin C from L-AA to DHAA, which may be irreversibly
hydrolysed to 2,3-diketogulonic acid, which has no vitamin C activity (Lima et al.,
2010), during extraction and analysis precautions needs to be taken.

The extraction procedure and experimental considerations were largely based on the
Davey et al. (2000). Vitamin C was extracted from fresh and processed samples by
dissolving the samples in a meta-phosphoric acid extraction buffer (5% MPA, 1 mM
EDTA) in Papers I and II, or sodium dihydrogen phosphate buffer (20 mM NaH2POs,
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pH 2.1, 1 mM EDTA) in Papers III and IV. Tubes were sonicated for 10 min and shaken
well after 5 and 10 min and then centrifuged. The aliquots of the supernatants were
diluted in Mcllvaine buffer containing Tris-[2-carboxyethyl] phosphine hydrochloride
(TCEP) in Papers I to IV and without TCEP (Papers III and 1V), thereby enabling the
determination of total ascorbic acid and L-AA, respectively. TCEP offers an efficient
reduction of DHAA at an acidic pH (Wechtersbach and Cigi¢, 2007). The analyses were
performed using a HPLC system consisting of two pumps, a cooled auto sampler at 8°
C and an electrochemical detector. Separations were performed on a Thermo Aquasil
Cis column (150 mm x4.6 mm, particle size 3um). The mobile phase was phosphate
buffer (50 mM, pH 2.8) and L-ascorbic acid was quantified by electrochemical
detection in a glassy carbon flow cell against freshly made reference solutions
containing known concentrations of L-ascorbic acid. The retention time for vitamin C
was approximately 6.6 min. Results of L-AA and total vitamin C were expressed as
milligrams per 100 g dry weight. The percentage retention of vitamin C was calculated
as the ratio of vitamin C in the treated sample to that in the fresh sample x 100. All the
extractions were made in triplicate.

4.5. Determination of B-carotene (trans/cis isomers)

The main problem in carotenoid analysis is its instability, and precautionary measures
to avoid formation of artefacts and quantitative losses should thus be standard practice
(Rodrigues-Amaya, 2001). The stages to be considered for carotenoid analysis are
sampling and sample preparation, extraction, separation, identification and
quantitation. In general, extraction must be carried out very quickly, with oxygen
exclusion, protection from light, avoiding high temperature, and contact with acid, and
using high purity solvents. Carotenoids are soluble in lipids or in nonpolar solvents,
except when they form complexes with proteins and sugars Delgado-Vargas et al.
(2000). Thus, they are insoluble in water and soluble in organic solvents, such as
acetone and alcohol, and are readily soluble in petroleum ether, hexane and toluene
(Machmudah and Goto, 2013), and since various carotenoids have different structure
and characteristics no solvent is optimal for the extraction of all carotenoids (Delgado-
Vargas et al., 2000).

High-performance liquid chromatography (HPLC) has been shown to be the most
efficient technique for qualitative and quantitative analyses of carotenoids. This
technique allows the easy monitoring of carotenoids with a UV-visible detector, and it
has a diode array detector (DAD), which permits detection at several wavelengths and
simultaneous tentative identification by UV spectral analyses (Delgado-Vargas et al.,
2000). The HPLC method uses a polymeric Cso column aid separation, and
identification and quantitation of various carotenoid isomers with better sensitivity and
selectivity (Gupta et al., 2015). An HPLC reversed phase C3o column, which has the
ability to resolve carotenoids and their isomers, was applied in this research.
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4.5.1. Carotenoid extraction

During the extraction of carotenoids a different behavior was observed between mango
matrixes of different cultivars used in this work. There was in some cases, a formation
of precipitates, which may be complexes of carotenoids with proteins and sugars
(Delgado-Vargas et al., 2000). This hindered the extraction of carotenoids with some
solvents, and thus different organic solvent extractors had to be used. Thus acetone was
applied in Papers I and II for cv. ‘“Tommy Atkins’ mango, ethanol:hexane mixture (4:3
by volume) in Paper III for cv. ‘Keitt’ mango and hexane in Paper IV for cv. ‘Osteen’
mango. All the solvents contained 0.1% (w/v) butylated hydroxytoluene (BHT)
antioxidant. The carotenoid analysis was performed according to Bengtsson et al.
(2008) with slight modifications. Samples were freeze-dried; however, rehydration in
water was required in mango samples before extraction with acetone (Papers I and II).
Extractions were done in duplicate for each two sets of samples. The mango sample
was added to a test tube and extracted with an adequate solvent. The test tube was
vortexed and then centrifuged at 4750 g for 5 min. The resulting supernatant was saved
in a new test tube. This was repeated up to four times until the residue was colourless.
To the resulting extract, petroleum ether was added together with ultra-pure water to
aid in the separation of two phases. The organic and water phases were separated by
centrifugation at 4750 g for 5 min, and the organic phase was transferred to a new tube.
This step was also repeated once. The pooled organic phase was evaporated in a heating
block at 35° C under a stream of nitrogen. The residue was dissolved in 5 mL mobile
phase (methanol:methyl tert-butyl ether (7:3, v/v)).

4.5.2. HPLC analysis

Carotenoids were analysed by reversed phase HPLC using a Waters 600 system
equipped with UV—visible photodiode array detector, recording absorption spectra
between 250 and 500nm. The separations of all-trans-p-carotene and 13-cis-B-carotene
(an example is given in Figure 4.5) were carried out in a Cso carotenoid column. The
analytes were eluted from the column with different proportions of methanol (MeOH)
and methyl tert-butyl ether (MTBE), with a flow rate of 1 ml/min. The gradient initial
conditions were 75% (v/v) MeOH and 25% (v/v) MTBE. At 17 min the ratio varied to
30% MeOH and 70% MTBE and at 26 min to 75% and 25% MeOH and MTBE,
respectively, up to a finish at 30 min, with a flow rate of 1 ml/min. The gradient allowed
separations of all-frans-B-carotene and its geometrical isomers (9, 13 and 15-cis-
carotene). The retention times for all-frans-B-carotene and 13-cis-pB-carotene were
approximately 21.20 min and 17.00 min, respectively (Figure 4.5). Other isomers were
not detected. Quantification of all-trans-pB-carotene was done based on linear
calibration curves of eight standard solutions of all-frans-p-carotene and using response
factors for quantification of the cis-isomers according to Bengtsson et al. (2008). The
injection volume was 20 pL. Carotenoids were identified using retention times and
UV/vis absorption spectra. The concentration of all-trans-B-carotene was expressed as
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micrograms per g dry matter, given as the mean of triplicate extractions. The percentage
retention of all-trans-p-carotene was calculated as the ratio of all-frans-p-carotene in
the treated sample to fresh sample x 100.
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Figure 4.5 Representative HPLC profile of carotenoids from (A) fresh and (B) mango purée.
1, 13-cis-B-carotene; 2, all-trans-B-carotene; 3, probably 15-cis-p-carotene.
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4.6. Analytical methods

Each of the following analyses were made in triplicates.

4.6.1. Moisture content

Moisture content expresses the amount of water present in the sample. The moisture
content of fresh, pre-treated and dried mango was measured by drying samples in a
vacuum oven at 80 °C and 900 mmHg until a constant weight was achieved (AOAC
method 934.06, 2000) (Papers I - IV).

4.6.2. Water activity

Water activity is a tool used for evaluation of food stability. The water activity in fresh
and hot air-dried mango (Papers I, I and IV) was measured using an AqualLab Series
3 - Decagon.

4.6.3. Colour measurements

Colour is an important parameter that may affect consumer acceptance of the product.
To evaluate the effect of processing the colour of the samples was measured using a
digital imaging system (Digieye) that measures the appearance of the product using a
non-contact and non-destructive method. The measurement was based on the CIELAB
parameters L™ (lightness) and a” (redness), and the colour difference parameter (AE")
was selected and calculated using the following equation:

AE" =AJ(aL’ Y + (aa" Y + (a6

where AX” = x"—xo (blank) and x" represents L*, a" and b". The results were represented
in the normalized form as AE’dried (or blanched)/AE’fresh, to compensate for
variations in colour between mango from different batches (Papers I, IT and IV).

4.6.4. Texture

The hardness of dried mango fruit was analysed using an Instron 5542 single-column
universal testing machine (Instron, Norwood, MA, USA), and the cylindrical probe was
1.6 mm in diameter. The sample was placed over a 2.5 mm diameter hole, and the probe
was allowed to completely penetrate the sample. The hardness of the texture was given
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by the maximum force of compression, and the mean of ten independent measurements
from each treatment is reported.

4.7. Statistical analysis

All the analyses were performed in triplicate of duplicate samples and the results are
presented as mean + standard deviation. Differences between variables were tested for
significance by one-way analysis of variance (ANOVA) and Tukey’s HSD post hoc
multiple range test. Differences were considered to be significant at P < 0.05 (or at a
level of a = 0.05).

37



S. RESULTS AND DISCUSSION

This chapter presents and discusses results of the work reported in Papers I to IV. The
focus was improvement of the nutritional value of dried mango and purées. In the case
of dried mango, the effect of pre-treatments such as osmotic dehydration with additives
(vitamin C or calcium mineral) and dry blanching techniques such as infrared and
microwave radiation as an alternative to conventional water blanching, were
investigated. Blanching was done at conditions of high temperature and short time
(HTST) or at low temperature and long time (LTLT) using AAO and PPO as indicator
enzymes. The minimal processing of mango into purée was performed using different
inhibitors of enzymatic activity. Some details related these processing methods are
presented below:

e Osmotic dehydration without additives (OD) or with 1% calcium (ODCa) or
1% ascorbic acid (ODAA), prior to hot air-drying at 50 °C or 70 °C. Samples
OD50 ODAA50, ODCa50, OD70, ODAA70 and ODCa70 represent the pre-
treated mango dried either at 50 °C or 70 °C, while U50 and U70 are untreated
mango samples dried at 50 °C or 70 °C, respectively — Paper I.

e Blanching at high temperature and short time (HTST) or low temperature and
long time (LTLT) using infrared (IR), microwave (MW) or water (W)
blanching, followed by hot air-drying at 70 °C. Samples are referred as IR65,
W65, MW70, W70, W70P, IR90, MW90, W90 or WI90P, where 65 and 70
indicate the blanching temperature at LTLT for 10 min, and 90 is the blanching
temperature at HTST for 2 min. Samples with index P are blanched in a closed
plastic bag — Papers Il and IV.

e Processing of mango purée subjected to acidification, addition of EDTA and
water blanching at HTST for 4 min in a plastic bag prior to homogenization at
different pH, that is, pH 5.0+0.1 representing the pH of ripe mango and pH
3.9+0.1 the acidified condition (see section 4.2.4). The nutrients were analysed
in all puréed samples 30 min after crushing, which are referred to as crushed
unblanched at pH 5.0 (pHS), crushed unblanched at pH 5.0 with EDTA
(EDTA), crushed at low pH 3.9 (pH4) and HTST blanched crushed at pH 5.0
(blanched) — Paper II1.

The main objective was to evaluate the effect of processing on the stability of vitamin
C and B-carotene in minimally processed mango or dried mango to obtain products with
improved nutritional value. In addition, the impact of blanching to inactivate
polyphenol oxidase (PPO) and ascorbic acid oxidase (AAQO) enzymes, drying, texture
time and colour variation in processed mango were also evaluated.
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5.1. Characterization of fresh mango fruits

Different mango cultivars were used in this work. These were medium ripe mango
cylinders of cv. ‘Tommy Atkins® (Papers I and II) and cv. ‘Osteen ‘ (Paper 1V), while
in Paper III a ripe mango of cv. ‘Keitt’ was used to prepare mango purée. The average
moisture content and water activity of fresh mango was 0.87 + 0.03 and 0.985 + 0.006,
respectively.

The nutritional quality of fresh mango was estimated by measuring the amount of total
vitamin C and total B-carotene; the results are shown in Table 5.1. The vitamin C was
measured as total vitamin C in Papers I and II, while in Papers III and IV the total
vitamin C was calculated as the sum of L-AA and DHAA, both having vitamin C
activity (Wechtersbach and Cigi¢, 2007, Santos and Silva, 2008). Significant
differences in total vitamin C content was observed between cultivars Tommy Atkins
and Osteen, with higher values for Tommy Atkins. The distribution of L-AA and
DHAA in both Keitt and Osteen mango was found to be approximately 90 % and 10
%, respectively. Similar findings with a DHAA content of about 10% of the total
vitamin C in fresh tropical fruits and vegetables including mango have been reported
(Hernandez et al., 2006; Wills et al., 1984). Therefore it is important to measure both
L-AA and DHAA in fruits and vegetables to find the real value of their vitamin C
content (Barrett and Lloyd, 2012; Oliveira et al., 2010).

Table 5.1 Total vitamin C and total B-carotene (mg/100 g DW) in fresh mango.

Tommy Atkins Keitt Osteen
Vitamin C 132.3+11.2° 97.4 £33.3%b 82.2 +£27.3b
B-carotene 4.8+0.22 9.4+1.3 1.840.6°

Samples showing the same letter in the same row are not significantly different (p>0.05).

B-carotene was calculated as the sum of all-frans-pB-carotene and 13-cis-B-carotene
isomers. The presence of 13-cis-B-carotene isomers in fresh mango has been reported
by several authors (Godoy and Rodriguez-Amaya, 1994; Pott et al., 2003; Chen et al.,
2007). The cultivars investigated in this study varied in their total B-carotene contents.
Significant differences (p < 0.05) were observed in Osteen and Keitt mango cultivars
(Table 5.1). The higher amount of B-carotene in cv. ‘Keitt’ could be due to its mature
stage. Unripe mangoes are rich in vitamin C, while accumulation of B-carotene occurs
during ripening of mango (Vasquez-Caicedo et al., 2005). According to Mercadante et
al. (1997), a natural variation among mango samples is expected because of cultivar
differences, climatic effects, stage of maturity at harvest, and time after harvest. The -
carotene and vitamin C contents found in the current research are in the same range
reported by other authors in fresh mango flesh of different cultivars (Manthey and
Perkins-Veazie, 2009; Pott ef al., 2003; Vasquez-Caicedo et al., 2005).
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5.2. Impact of blanching on polyphenol oxidase and ascorbic acid
oxidase enzyme activity

The effects of new dry blanching techniques were evaluated in mango cylinders. The
dry-blanching infrared at HTST, 90 °C / 2 min or LTLT, 65 °C / 10 min (Paper II), or
microwave at HTST, 90 °C /2 min or LTLT, 70 °C/ 10 min (Paper IV) were compared
with water blanching, in a water bath (conventional) or in closed plastic bag under
similar time-temperature conditions. The polyphenol oxidase (PPO) and ascorbic acid
oxidase (AAO) enzyme activities were assessed to evaluate the effect of blanching
treatments. An example of a temperature profile is shown in (Figure 5.1). The stability
of PPO and AAO was also analysed in mango pieces blanched in a water bath in closed
plastic bags at HTST, 90 °C for a longer time duration, 4 min (Paper III).
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Figure 5.1 Temperature profiles during LTLT and HTST water and microwave dry blanching.

A complete inactivation of polyphenol oxidase (PPO) enzyme was achieved with all
thermal processing, i.e. in water, IR and MW blanching. That was evidenced by the
curve of absorbance vs time, during the reaction between the PPO enzyme extract and
catechol substrate (not shown), where no changes in absorbance and colour (Figure
5.2A) were observed in the reaction mixture buffer. In contrast, changes in absorbance
and browning (Figure 5.2B) were observed in reaction mixture buffer of fresh mango,
indicating the existence of PPO that catalyzed the oxidation of catechol (colourless) to
enzyme-substrate complex (brown colour). In the presence of the enzyme in the extract,
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adequate substrate binds to enzymes forming the enzyme-substrate complex, as
illustrated in Figure 5.2C.

; } c
+
Enzyme- Substrate
Enzyme + Substrate Compl ex

Figure 5.2 Colour variation in mixture buffer after PPO extract and catechol substrate reaction
A-blanched mango and B-fresh mango (duplicate samples). C-illustration of enzyme-substrate
complex binding (Source: Casiday and Frey, 1988).

On the other hand, some residual enzymatic activity of AAO was detected in mango
samples after the treatments, as shown in Table 5.2. These results indicate that AAO in
mango seems to be more resistant than PPO. The results on PPO are consistent with
earlier reports in the literature for mango (Wang et al., 2007; Ndiaye et al., 2009;
Viasquez-Caicedo et al., 2007); however, the stability of this and other enzymes appears
to depend on cultivars, processing methods and conditions. For instance, the PPO and
AAO activities in fresh mango were 121.6£26.4 and 5.3+0.25 units, respectively, for
cv. ‘Keitt’, while the activities for cv. ‘Osteen’ were 68.0+24.4 and 1.7+0.2 units,
respectively. Information on AAO in mango is scarce. Cardello et al. (1993/1994)
showed that AAO in the cellular wall of mango of the Haden cultivar was thermolabile
above 80 °C.

Table 5.2 Residual AAO activity (%) after infrared, microwave and water blanching.

Osteen mango

Untreated ~ MW70 W70  W70P  MW90 W90 W90P
(Paper 1V)
Residual AAO activity ~ NA  18.2+2.50 6.6£1.8° 143450 11.9434% 624200  17.245.0°
Tommy Atkins mango ;04 [R65 W65 IR90 W90
(Paper II)
Residual AAO activity ~ NA 311618 29.447.8° R7+1.8  14.843.4°

NA — not applicable. Samples showing the same letter in the same row are not significantly different
(p>0.05).
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5.3. Effect of processing on the stability of vitamin C in mango
products

The evaluation of vitamin C in mango was performed in fresh, blanched, dried and
puréed samples. The vitamin C results in processed samples were expressed as the
retained percentage of the original amount present in the fresh mango.

5.3.1 Effect of osmotic dehydration prior to hot air-drying on the
retention of vitamin C in dried mango

The vitamin C retained in untreated and osmotically pre-treated mango with and
without calcium and dried at 50 °C or 70 °C is shown in Figure 5.3. A high retention
of vitamin C (p < 0.05) was observed in untreated mango dried at 50 °C (76.4%) as
compared with mango dried at 70 °C (57.1%). As vitamin C is heat sensitive, a higher
drying temperature was expected to cause a higher degradation, as well as a higher
enzymatic degradation, due to a higher activity of ascorbic acid oxidase. Osmotic pre-
treatment without additives resulted in significantly lower vitamin C retention in mango
dried at the lower temperature (50 °C) compared to untreated mango, although no such
difference was observed between mango samples dried at 70 °C. Similarly, Azoubel et
al. (2009) and Araya-Farias ef al. (2014) observed a lower retention of vitamin C in
samples exposed to osmotic dehydration. This finding was attributed to the leaching of
vitamin C from the product to the osmotic solution (Yadav and Singh, 2014) and to
chemical degradation during subsequent drying (Azoubel et al., 2009). The addition of
Ca to the osmotic solution significantly improved vitamin C retention, when compared
to OD samples without additives, i.e. 53.3% (ODCa50) and 60.1% (ODCa70) in
relation to 37.2% (OD50) and 51.3% (OD70), respectively, while the addition of
ascorbic acid in osmotic solutions increased the vitamin C content to several times
higher than in the fresh mango (Paper I). The higher retention of vitamin C in dried pre-
treated mango in osmotic solutions fortified with calcium may be associated with the
decrease in cell wall permeability since calcium can interact with the plant cellular
matrix, forming bonds between pectins and other cellular wall components, modifying
its structural response (Gras ef al., 2003). The findings from this study shows that the
fortification of OD solutions with vitamin C may be strategically used to improve the
nutritional quality of dried fruits.
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Figure 5.3 Vitamin C retention in dried untreated and OD treated mango. Samples showing the
same letter are not significantly different (p>0.05).

5.3.2. Effect of blanching prior to air-drying on the retention of vitamin
C in dried mango

Table 5.3 shows the retention of vitamin C in mango affected by blanching and drying
processes. MW blanching (MW70, MW90) and water blanching in closed plastic bag
(W70P, WO0P) either at low or high temperatures had no effect on the vitamin C
content, and the retention was ~100% (Table 5.3A). The retention after conventional
water blanching was however significantly lower, 86.2% (W90) and 81.5% (W70). The
drying process, except for MW 70 and untreated samples where the retention was 81.8%
and 82.9%, respectively, caused no additional degradation of this nutrient. Blanching
mango in closed plastic bag resulted in comparable retention values of vitamin C as in
MW heating. This may be associated with limited leaching of water-soluble nutrients
in both processes.

Similar to the results in the MW blanching study, a high degradation of vitamin C was
observed using conventional water blanching in comparison with infrared blanching
(Table 5.3B). The retention of vitamin C in dried LTLT treated mango was negatively
affected by both the blanching and drying processes, while no further degradation of
vitamin C was caused by drying in the final HTST blanched products. Moreover, a
significantly higher retention of this nutrient (P < 0.05) was obtained in dried untreated
mango (93.0%), followed by IR and water HTST treatment with 78.8% and 54.8%,
respectively. The lowest vitamin C retention was found in dried IR and water LTLT
blanched samples, 43.3% and 30.1% (P < 0.05), respectively. The degradation of
vitamin C in the mango during the drying stage could be associated with thermal
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breakdown of the matrix structure (Ponne et al., 1994), which may have caused
oxidation of vitamin C in the presence of oxygen.

Table 5.3 Vitamin C retention (% DW) in blanched and dried mango subjected to infrared
(Paper II), microwave (Paper IV) and water (Paper 11, IV) blanching.

A — (Paper IV)  Untreated MW70 W70 W70P MW90 W90 WIoP
Blanched NA 99.7+6.4 81.5+6.4 100.4£3.1  101.6+2.7 86.2+3.4 102.2+£5.3
Dried 82.9+2.0 81.84+4.5 78.6+2.5 99.0+4.8 97.1+7.3 86.742.6  101.0+44
B — (Paper II) Untreated IR65 W65 IR90 W90

Blanched NA 69.2+2.9 50.749.6 88.3+1.0 61.4+£5.3

Dried 93.0+7.3 43.4+3.9 30.1+6.7 78.8+10.9  54.845.2

The relation between vitamin C retention and the residual AAO enzymatic activity
observed after blanching water and IR blanching (Paper II) is shown in Figure 5.4. A
direct relation between vitamin C retention in dried mango and the residual AAO
enzymatic activity was observed. A higher degradation of vitamin C occurred after
LTLT treatments that could be attributed to a higher level of AAO residual activity in
that samples, while lower reduction of vitamin C at HTST was associated with a lower
remaining enzymatic activity (see section 5.2). A negative effect of AAO activity on
vitamin C retention during fruit and vegetable processing has been reported (Munhyaka
etal.,2010a).
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Figure 5.4. Vitamin C retention in dried infrared and water blanched mango versus residual
ascorbic acid oxidase enzymatic activity.

Moreover, in order to gain a better understanding of the contribution of L-AA and
DHAA to the total amount of vitamin C in mango, these components were measured in
the MW blanching study (Paper IV), and the distribution in the fresh and dried mango
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is shown in Figure 5.5. The retention of vitamin C was mainly as L-AA, with
significantly higher levels in fresh and dried untreated mango. Higher levels of DHAA
were found in the blanched samples, and there was a trend toward a higher percentage
in the LTLT treated samples compared with the HTST treated samples. The effect of
both long blanching time and comparatively higher remaining AAO residual activity
was associated with a higher oxidation of L-AA in MW70 mango samples (Table 5.2)
(see details in Paper IV).
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Figure 5.5 Total vitamin C distribution as L-AA and DHAA in fresh and dried mango.

In summary, compared with conventional treatment, infrared and microwave blanching
resulted in a better retention of vitamin C, which may be explained by lesser leaching
losses during processing. Similar results were presented by Ramesh et al. (2002) and
Lin and Brewer (2005). It would thus be convenient from a nutritional point of view to
reduce vitamin C losses by using IR or MW blanching instead of water blanching at
similar temperature. On the other hand, the retention of vitamin C was significantly
higher for MW blanched than for IR blanched mango, and LTLT blanching resulted in
a higher degradation of vitamin C compared with HTST blanching. The higher
retention of vitamin C in mango subjected to microwave blanching agrees with the
results in microwaved blanched vegetables (Ponne et al., 1994; Muftugil, 1986; Ruiz-
Ojeda and Penias 2013; Ramesh et al., 2002; Jeevitha et al., 2013, 2014), and infrared
blanched (Vishwanathan et al., 2013).
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5.3.3. Effect of blanching, acidification and addition of EDTA on the
retention of vitamin C in mango purée

The results in vitamin C retention in processed mango purées are shown in Figure 5.6.
Compared to the total content of vitamin C (L-AA + DHAA) in fresh samples, the
retention of total vitamin C was about 90% in purées at pH 4 and 5, and approximately
100% in purées of blanched mango and in purées with added EDTA. No significant
differences were observed between fresh and processed samples, meaning that there
were low losses of vitamin C as a result of irreversible DHAA degradation to 2,3-
diketogulonic acid (DKGA). HTST heating of mango in water using closed plastic bags
that could avoid leaching of soluble solids was found to positively influence the total
retention of vitamin C (L-AA + DHAA). Significantly lower vitamin C retention
(~60%) was shown in HTST treated mango without plastic bag protection in Paper II.
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Figure 5.6 Total vitamin C (L-AA and DHAA) content in fresh mango and mango purée 30
min after different treatments. Samples showing the same letter are not significantly different
(p>0.05).

Figure 5.7 shows the percentage distribution of L-AA and DHAA in fresh mango and
in puréed samples 30 min after being processed. The percentage distribution in fresh
mango, and purées of blanched and acidified (pH4) mango, was similar, and vitamin C
occurred mainly as L-AA. However, the percentage distribution of L-AA in EDTA
purée was significantly lower, while purée at pHS had a complete conversion to DHAA.
Blanching and lowering of pH were associated with inactivation of oxidative enzyme
activity of AAO, preventing the oxidation of L-AA to DHAA. The results of this study
show that the effect of enzymatic oxidation of vitamin C (pHS5) in mango purée was
larger than the oxidation caused by thermal treatment (blanched). Similar findings were
reported in studies on broccoli (Munyaka et al., 2010a,b).
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The addition of EDTA could also protect L-AA from oxidative degradation to DHAA,
which may be attributed to the fact that EDTA chelates the copper in the prosthetic
group of the enzyme and thereby inhibits its activity. The results also show that the
combination of citric acid with EDTA at pH 5.0 was more efficient in inhibiting the
AAO activity than citric acid alone at pH 5.0, since complete oxidation of L-AA to
DHAA was observed with citric acid alone. Hernandez et al. (2006) showed that adding
EDTA diminished ascorbic acid (AA) loss during extraction of fruits for AA analysis.
It has been reported in the literature that combinations of inhibiting agents may result
in enhancement of the inhibition (Son et al., 2001; Ozoglu and Bayindirli, 2002).
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Figure 5.7 Percentage distribution of L-AA and DHAA in fresh and mango purée.

5.4. Effect of processing on the stability of B-carotene in mango

B-carotene was analysed in fresh or untreated and in processed mango. The results are
presented as the retention of all-trans-f-carotene and the ratio of 13-cis-B-carotene to
all-trans-B-carotene (% DW), as affected by the processing.

5.4.1. All-trans-pB-carotene retention in mango products

5.4.1.1. Effect of osmotic dehydration prior to hot air-drying on the retention
of all-trans-B-carotene in dried mango

Studies in the literature of B-carotene and its trans-cis-isomerization in food materials
associated with pre-treatments with osmotic solutions and further drying are scarce.
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The results of all-frans-B-carotene retention in dried untreated mango and osmotically
pre-treated prior to hot air-drying are shown in Figure 5.8. The retention of all-trans-f3-
carotene in dried untreated mango at 50 °C (83.0%) was found to be significantly higher
(p<0.05) as compared to untreated samples dried at 70 °C (75.0%). Similar results were
reported by Pott ef al. (2003), showing a retention of about 70% for untreated mangoes
conventionally dried at 75 °C. The retention of this nutrient in dried untreated mango was
not significantly different from dried mango osmotically pre-treated, fortified with
calcium (ODCa) or ascorbic acid (ODAA), and dried at 70 °C (~78%). A lower
retention of this nutrient was shown in OD pre-treated samples with additives dried at
50 °C or without additives (OD) dried at both temperatures, which retained ~60%.
Araya-Farias et al. (2014) evaluated the effect of OD in combination with convective
or vacuum drying on sea buckthorn fruits and found a substantial reduction of the
vitamin C and the total carotenoid content, which was associated with high water
leakage of the vitamin C and heat degradation of the carotenoids. According to the
results obtained by Moore (2003), processed mango products fortified with antioxidants
such as vitamins C and E had improved preservation of carotenoid structure and
functions.
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Figure 5.8 All-trans-B-carotene retention in dried untreated and OD treated mango. Samples
showing the same letter are not significantly different (p>0.05).

5.4.1.2. Effect of blanching prior to hot air-drying on the retention of all-trans-
B-carotene in dried mango

The retention of all-frans-B-carotene in dried mango subjected to IR, MW or water
blanching, prior to hot air-drying, is presented in Table 5.4. In general, water blanching
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retained more all-trans-f-carotene in blanched and dried mango than IR and MW
heating. This may be associated to the hydrophobic characteristics of carotenoids, i.e.,
to little or no solubility in water (britton, 1995). Thus, water blanching either at LTLT
or HTST (W65, W70, W70P, W90, WI0P) resulted in high retention values (~100% or
more) of all-trans-p-carotene in dried mango. Blanching mango in plastic bag did not
make difference on the retention of all-frans-pB-carotene in dried mango comparatively
to conventional water blanching. There was a tendency to better retention of all-trans-
B-carotene in MW blanched mango (~82%) compared to IR blanched samples (~75%).
On the other hand, a different behaviour was observed in untreated dried mango
samples, where cv. ‘Tommy Atkins’ mango (Paper II) retained 86% of this nutrient,
while a severe degradation was noted in cv. ‘Osteen’ dried untreated mango, where the
retention was around 57%. This could be due to the PPO activity, which might cause
co-oxidation of the all-frans-B-carotene when exposed to high temperature and in the
presence of oxygen (Dorantes-Alvarez and Chiralt, 2000; Xianquan et al., 2005), and
may also be associated with differences in cultivar, stage of maturity and growing
conditions (Mercadante and Rodriguez-Amaya, 1998). On the other hand, carotenoids
have a highly unsaturated structure, and are prone to isomerization during processing
and storage due to the effects of chemical, mechanical and thermal stresses (Boon et
al., 2009; Mao et al., 2009; Qian et al., 2012). No studies of B-carotene stability at IR
or MW blanching followed by hot air-drying were found in the literature. Our findings
suggest that the retention of all-trans-p-carotene was more dependent on the type of the
blanching process (water, IR or Mw) than on the blanching conditions
time/temperature.

Table 5.4 All-trans-B-carotene retention (% DW) in dried mango subjected to infrared (Paper
II), microwave (Paper IV) and water (Papers 11, IV) blanching.

A — (Paper Untreated MW?70 W70 W70P MW90 W90 WIoP
Bged 56.9+4.9 82.7+#8.1  103.7+0.9 100.8+8.5 81.1+2.1  87.8+1.1  90.1+2.0
B — (Paper Untreated IR65 W65 IR90 W90

g)ried 86.4+3.0 73.6£3.6  93.245.2 76.9+£2.9  91.4+5.1

5.4.1.3. Effect of blanching, acidification and addition of EDTA on the
retention of all-trans-B-carotene in mango purée

In mango processed as purée as a result of different treatments, the average retention of
all-trans-p-carotene after 30 min was found to vary between 64.8 — 72.2%, as shown in
Figure 5.9. The purée prepared with added EDTA had a slightly higher retention
(72.2%) than the purée of blanched samples (64.8%). The degradation of all-trans-3-
carotene was attributed to disintegration of the food cell matrix caused by cutting and/or
crushing, which highly induces oxidation and isomerization of B-carotene by the
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increased exposition to oxygen, and the process is stimulated by the presence of
endogenous oxidative enzymes metals, light and co-oxidation with lipid
hydroperoxides (Boon et al., 2010; Rodriguez-Amaya, 1999). The higher amount of
all-trans-p-carotene in EDTA samples in comparison with blanched samples suggests
that there might be some protective effect from EDTA. Qian et al. (2012) reported that
EDTA was highly effective in inhibiting colour loss (B-carotene encapsulated within
oil-in-water nano-emulsions), which was attributed to its ability to strongly chelate and
inactive the transition metals that normally promote carotenoid oxidation. Thus, EDTA
can act as an inhibitor of PPO activity by chelating the copper in the prosthetic group

of the enzyme (Sapers et al., 1989).
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Figure 5.9 All-trans-B-carotene retention in mango purée. Samples showing the same letter are
not significantly different (p>0.05).

All-trans-B-carotene retention (% DW)

5.4.2. Effect of processing on the ratio of 13-cis-f-carotene to all-trans-f-
carotene in mango products

Cis-isomers may be found in fresh fruits and may also result from trans-cis
isomerization of all-¢frans-p-carotene. Cis-isomers have lower biological potency than
the corresponding trans- B-carotene, and quantification of the isomers of provitamin A
individually is required to determine the vitamin A value of foods more accurately
(Godoy and Rodriguez-Amaya,1994).

The influence of processing on 13-cis-p-carotene isomer in the mango products under
consideration in this thesis (fresh, dried and purées) was evaluated as the ratio of 13-
cis-p-carotene (%) to all-trans-B-carotene, and the results are shown in Figure 5.10.
Generally, higher ratios of 13-cis-B-carotene to all-trans-p-carotene between 13 and 18
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% were observed in fresh mango of the cv. “Tommy Atkins’ (Figure 5.10A and B),
while Keitt and Osteen mango cultivars showed lower values (Figure 5.10, C and D,
respectively). In general, the ratios of 13-cis-B-carotene to all-trans-p-carotene
remained unchanged after hot air-drying untreated samples either at 50 or 70 °C
compared to the ratio in fresh samples (Figure 5.10A, B and C). Increased ratios were
observed in dried mango after IR (Figure 5.10B) and MW (Figure 5.10C) pre-
treatments, and no specific trend was seen in conventional water blanching. Processing
mango as a purée, in acidified samples (pH4) or EDTA, had no effect on trans-cis
isomerization; however the ratios of 13-cis-f-carotene to all-trans-B-carotene increased
with blanching and at pHS5 (Figure 5.10D). Being highly unsaturated, carotenoids are
prone to isomerization and oxidation during processing, as previously described.
Reports in the literature show that heat treatment promotes isomerization of the
carotenoids in foods, from frans to cis isomeric forms, and that the degree of
isomerization is directly correlated with the intensity and duration of heat processing
(Cheng and Huang 1998; Vésquez-Caicedo et al., 2007; Achir et al., 2011; Lemmens
et al., 2013) and with the presence of oil in the process (Bengtsson et al., 2010).
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Figure 5.10 The ratio of 13-cis-B-carotene to all-trans-carotene in relation to fresh and dried mango subjected to: A - OD pre-treatment, B - IR blanching, C -

MW blanching, D - mango purée processing.
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5.5. The influence of pre-treatment on weight change and drying time

Pre-treatments, either osmotic dehydration or blanching, resulted in weight losses in mango
cylinders with the exception of blanched samples in closed plastic bag. The weight change was
significantly higher during infrared or microwave dry blanching than in water blanching
conditions. This could be associated with rapid heating of the material and the drying action of
IR (Paper ITI) and MW (Paper IV), which caused moisture vaporization (Hebbar et al., 2004;
Muftugil 1986; Ramesh et al., 2002). The loss of fruit material and water-soluble solids by
leaching was thought to be the probable cause of the weight loss in water blanching and in
osmotic dehydration (Paper I).

Untreated mango cylinders, and osmotically pre-treated or pre-treated by blanching in water,
IR or MW, were hot air-dried at 50 °C and/or 70 °C (Paper I, I, IV) in order to reduce the water
activity to a level that ensures microbiological stability of the fruit (~0.6). It was observed that
comparatively higher drying times were required to dry untreated and LTLT water blanched
samples. Infrared and microwave blanching significantly reduced the drying time of mango as
compared to water blanching. The same behaviour of a shorter drying time was shown in dried
OD treated mango in comparison with dried untreated, and a higher drying temperature
shortened the drying time more. The reduction in drying time was attributed to weight loss
during the pre-treatment processes. This finding is in agreement with reports in the literature
(Azoubel et al., 2009; El-Aouar et al., 2003; Mastrantonio et al., 2005; Wishwanathan et al.,
2013).

5.6. The influence of the pre-treatment prior to hot air-drying on the colour
and appearance of dried mango

Colour is usually the most influential factor in evaluations of food by consumers, and the off-
colour products are often unacceptable in spite of their good taste and flavour (PiliZzota and
Subari¢ 1998). The effect on colour of osmotic dehydration, water, IR and MW blanching prior
to hot air-drying, as well as in drying untreated mango, was evaluated in Papers I, II and IV.
Figure 5.11 shows the colour variation of dried mango, as affected by the temperature and the
treatments. The total colour difference parameter, AE", was selected to represent the colour of
mango, and the results were normalized with the colour of a fresh sample (AE"/AE fresh) to
compensate for variations in colour between mango from different batches and varieties. The
results show that the drying temperature did not influence the colour of dried mango subjected
to the same treatment (Figure 5.11A). In general, the colour was not affected by blanching or
osmotic dehydration pre-treatments prior to hot air-drying in comparison with the colour of
fresh mango (AE"/AE’fresh = 1). The absence of a colour change could be associated with
osmotic dehydration in preventing enzymatic browning by inhibition of polyphenol oxidase
(PPO) activity in osmosed samples (Chavan and Amarowicz, 2012; Yadav and Singh, 2014),
or inactivation of the enzyme during the blanching processes (see section 5.2), since PPO is the
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enzyme responsible for browning (Palma-Orozco et al., 2012; loannou and Ghoul 2013).
However, an increase in the (AE"/AE fresh) ratio was shown in dried OD treated mango without
additives, dried at 70 °C (Figure 5.11A), and in dried HTST IR blanched mango (Figure 5.11B),
which indicates that there was a slight darkening in those samples. ODCa mango dried at 50 °C
(Figure 5.11A) resulted in a slight reduction of the (AE"/AE"fresh) ratio, that is, it tended to be
lighter than the fresh ones. On the other hand, untreated and water blanched mango did not
show a specific trend in colour variation, being lighter, darker or with preserved colour.
Changes in colour could be related to the thermal treatments, which induce several reactions
such as pigment degradation, especially carotenoids, Maillard reactions and oxidation of
ascorbic acid (Barreiro ef al., 1997; Korbel et al., 2013). The Maillard reaction and ascorbic
acid oxidation have been shown to produce a yellow brown colour in mango dried at high
temperature (70° C) (Chong et al., 2013).
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Figure 5.11 Colour variation in dried untreated mango subjected to: A - OD pre-treatment, B - IR
blanching and C - MW blanching, prior to air-drying. With the letters a and b are samples with the ratio
(AE'/AEfresh) significantly different (p<0.05) from the corresponding fresh mango. Samples a are
darker, while b are lighter.
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Furthermore, the pre-treatments improved the appearance of the final mango dried products. In
general, the appearance of pre-treated mango did not significantly differ from fresh mango
(Figure 5.12A), as shown in Figure 5.12B for osmotic dehydrated mango without additives
dried at 70 °C in comparison with dried untreated (Figure 5.12C) at the same temperature.

C

Figure 5.12 Representative mango samples, A - fresh mango cylinders, B - OD treated mango dried at
70 °C and C - untreated mango dried at 70 °C.

5.7. The effect of osmotic dehydration prior to hot air-drying on the texture
of dried mango

The influence of the OD on the texture of the dried mango was measured as the maximum force
required to perforate a mango cylinder using a puncture test, and the results of hardness of dried
OD pre-treated or untreated mango are shown in Figure 5.13. OD pre-treated mango cylinders
showed a significantly lower perforation force, that is, a softer texture, compared with dried
untreated samples. Similar results of decreased hardness and increased elasticity in the texture
of dried OD pre-treated apples were reported by Atkas et al. (2013). According to
Nimmanpipug and Therdthai (2013), the reduction of hardness in osmotic treated samples could
be associated to water migration from the cell, and the water loss causes a decrease in the
tension that the liquid exerted against the cell wall. No clear effect of calcium on improving the
texture of dried samples was observed, which may be attributed to the lower concentration used
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in this study. A pronounced effect of calcium in mango texture was shown by Torres et al.
(2006) with a concentration of 2%.
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Figure 5.13 Maximum compressive load.
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6. CONCLUSIONS

A diversity of processed products derived from fruits such as mango, with enhanced sensory
quality and nutritional value, may be obtained with a selection of appropriate technologies and
processing conditions, taking into account the matrix structure of the products. In the present
thesis, studies were carried out to evaluate the effect of conventional and novel processing
techniques on the retention of two major bioactive compounds in mango, vitamin C and (-
carotene in minimally processed or dried products. The novel processing techniques
investigated may be applied to improve the retention of nutrients in fruit products. However
the nutrient nature, i.e., water or lipid soluble, also play an important role. The main conclusions
from these studies are:
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The nutrient content of total vitamin C and B-carotene differed among the mango
cultivars used in this thesis, i.e., cv. ‘Tommy Atkins‘, cv. ‘Keitt’ and cv. ‘Osteen’.
Significant differences in the amount of total vitamin C was observed between cultivars
Tommy Atkins and Osteen, with higher content in mango of cv. ‘Tommy Atkins’. On
the other hand, the B-carotene content was significantly different between all cultivars.
Mango of cv. ‘Keitt’ and cv. ‘Osteen’ showed the higher and lower values, respectively.

The ascorbic acid oxidase (AAQO) was more heat stable than polyphenol oxidase (PPO),
which was completely inactivated in all blanching processes applied, while AAO
showed a low remaining activity for the conditions tested in this work. This enzyme has
an impact on vitamin C degradation.

Osmotic dehydration prior to hot air-drying of mango was detrimental to vitamin C due
to leaching into the OD solution of water-soluble nutrients. However, fortification of
osmotic solutions with calcium or vitamin C was seen to be an efficient way to improve
the retention of vitamin C. A similar trend of lower retention of all-frans-p-carotene was
found in OD treated mango and retentions comparable to untreated dried mango were
only obtained in OD treated mango with additives at 70° C. OD with and without
additives reduced the ratio of 13-cis-B-carotene to all-trans-p-carotene. OD softened the
texture of dried mango, and no specific effect of calcium was observed at concentrations
considered in this work.

Alternative blanching techniques, infrared (IR) and microwave (MW) dry blanching and
blanching in closed plastic bag prior to hot air-drying, are potential methods for
inactivating relevant enzymes such as AAO and PPO and improving vitamin C (water-
soluble and heat sensitive) retention in dried mango. Comparable results concerning
high retentions of vitamin C like those obtained at LTLT and HTST MW dry blanching
(~100%) can be achieved with water blanching in a closed plastic bag prior to hot air-
drying, with subsequent high contents in dried mango in both processing conditions.
The distribution of vitamin C as L-AA and DHAA in fresh and dried mango was mainly
as L-AA, but with relatively higher amounts of DHAA in blanched samples, thus
showing an influence of blanching on the oxidation of L-AA to DHAA. In contrast,



LTLT or HTST water blanching before hot air-drying are effective ways to improve the
retention of carotenoids (water insoluble, prone to isomerization) in dried mango.
However, no changes were introduced by blanching in plastic bag on the retention of
all-trans-p-carotene, compared to conventional water blanching. The pre-treatment with
MW heating showed better retention of vitamin C in dried fruits as compared to IR
heating, with a similar trend for the all-trans-p-carotene, while increased ratios of 13-
cis-fB-carotene to all-trans-p-carotene were observed in dried mango exposed to both
pre-treatments.

The disruption of the cellular matrix during purée processing facilitates oxidative
reactions of vitamin C and of all-frans-B-carotene unless protected by an initial
blanching step, pH adjustments or the addition of a chelating agent, EDTA, to inhibit
oxidative enzymes such as AAO and PPO. The total retention of vitamin C was close
to 100% in mango purée pre-treated with a blanching or puréed with addition of EDTA
at a pH of 5.0, and about 90% in purées with added citric acid at pH 3.9 and 5.0,
respectively. However, a complete conversion of L-AA to DHAA was obtained in
mango purée at pH 5.0, while vitamin C occurred mainly as L-AA (~90%) in fresh
mango and in purées of blanched and acidified (pH 3.9) mango. A significantly lower
value of L-AA (74%) was found in purée at pH 5.0 with EDTA.

The retention of all-frans-B-carotene was significantly reduced in all mango purées as a
result of isomerization or co-oxidation of carotenoids. The retention in mango purée
with EDTA was significantly higher than in the purée of blanched mango, explained by
the inhibitive effect of EDTA on PPO activity. The ratios of 13-cis-p-carotene to all-
trans-f-carotene were not changed in purées with EDTA and at pH 3.9, while the ratios
increased in purées at pH 5.0 and in purées with an initial blanching step.

Pre-treatments, either osmotic dehydration or blanching, may result in weight losses
with the exception of blanching samples in closed plastic bags. The weight change was
significantly higher after infrared and microwave dry blanching compared with water
blanching, which led to a comparatively reduced hot air-drying time for IR and MW
treated mango. The drying time was also reduced in OD treated mango. Longer drying
times are required to dry untreated and LTLT water blanched samples.

The pre-treatments carried out prior to hot air-drying prevented, in general colour

change in dried mango, which could be attributed to PPO inactivation during thermal
treatments or inhibition by sugar solutions.
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7. FUTURE OUTLOOK

The effect of conventional and novel processing techniques on the retention of vitamin C and
B-carotene has been compared in thesis and has provided new knowledge, in minimally
processed or dried mango products. Some suggestions for continued work in this issue are the
following:

60

The enzyme ascorbic acid oxidase (AAOQO) is the major degrading enzyme of L-AA
during processing and storage of fruits and vegetables in the presence of oxygen.
However, studies on AAO in fruits are limited. Thus a better understanding of the effect
of this enzyme during the processing of different fruits is required.

The results reported in this thesis show that the use of alternative thermal processing,
such as MW, IR dry blanching and blanching in plastic bag prior to hot air-drying,
improves the retention of vitamin C, a water-soluble and heat sensitive nutrient. The
potential of using these pre-treatments in a diversity of fruits and vegetables, combined
with other drying techniques and different processing conditions, should be explored for
the evaluation of both vitamin C and carotenoids.

On the other hand, in-depth studies of the efficiency of osmotic dehydration pre-
treatment of fruits, either with or without additives, including different concentrations
of additives and/or osmotic solutions prior to further drying, in the nutritional value of
different food matrices is also recommended in order to find specific beneficial
conditions for improvement of the retention of the nutrients.

The sensorial and nutritional qualities of minimally processed foods, such as juices and
purées, are usually negatively affected by endogenous enzymes (for instance PPO,
AAO, POD), and an anti-browning agent has been used to minimize this effect.
However, information is lacking concerning the effect of anti-browning on nutrient
retention. Thus, it would be of great value to have more studies on this issue.

The effect of processing fruits on the availability of nutrients such as carotenoids must
also be investigated.



ACKNOWLEDGEMENTS

First, I would like to give glory and thanks to Lord God the Almighty for everything.

I would like to express my sincere gratitude to my supervisor, Ulf Svanberg, at Chalmers
University of Technology, for your clear guidance, insightful discussions about the research,
and encouraging and unceasing support throughout the project. I extend a special thanks to my
co-supervisors, Lilia Ahrné at SIK, and Maida Khan at UEM. Lilia Ahrné, for your guidance
and all our discussions, and Maida Khan, FRUPRO project coordinator, thank you for providing
the opportunity for fulfilling these studies and for your advice on and input to this research.

I would also like to acknowledge all others who have directly or indirectly been involved in
this work. I am grateful to everyone at the Food and Nutrition Science Division and at SP for
your warmth and friendship. Special thanks to Annette, Nisse and Lovisa (SP) for your support
in issues related to laboratory work, and to MiLo for helping with the administrative issues.

I appreciate the support of my friends and colleagues who gave me incentives to strive towards
my goal. Thank you all. Special thanks to Maria Eduardo for your support, friendship, and for
everything and moments we shared over the years and, to Serafina Vilanculos. I am grateful to
José da Cruz, Tec-Pro project coordinator, and to the UEM Finance Direction for the project
management.

I would also like to thank the Swedish International Development Agency (SIDA) for funding
this project and to the Eduardo Mondlane University, Mozambique, for giving me the
opportunity to continue with my studies.

To MEA and Aglow Ministries, both in Mozambique, and Smyrna International, in Sweden,
Adelina and Joazi thank you for your love, moral support and prayers.

Joaneta, for taking care of my family over all these years. Thank you very much.

Many thanks to my family, especially my siblings, Palestino, Ana Maria, Gil and Belmira, for
your encouragement and for your support to my children. I regret that our mother Licia Jodo
Bambo (1), who passed away along this journey, is not with us to witness this moment.

To my beloved children, Margareth, Fred and Joaquim, my deepest gratitude for your love,
encouragement and for being patient with my constant absences throughout years. It is from
you where I always get the strength and power to fight on and strive for the best. To Tiago, |
am sorry for missing the wonderful moments of your first year life. Finally, to my husband
Joaquim Branddo Rebelo, thank you very much for your love and encouragement to complete
this course. May God bless you all.

61



REFERENCES

Achir, N., Pénicaud, C., Avallone, S. and Bohuon P. (2011). Insight into B-Carotene thermal degradation in oils
with multiresponse modeling. Journal of the American Oil Chemists' Society, 88, 2035-2045.

Aktas, T., Ulger, P., Daglioglu, F. and Hasturk, F. (2013). Changes of nutritional and physical quality
characteristics during storage of osmotic pretreated apple before hot air drying and sensory evaluation.
Journal of Food Qualilty, 36, 411-425.

Ali, L., Alsanius, B. W., Rosberg, A. K., Svensson, B., Nielsen, T. and Olsson, M. E. (2012). Effects of nutrition
strategy on the levels of nutrients and bioactive compounds in blackberries. Furopean Food Research and
Technology, 234, 33—44.

An, K., Zhao, H. D., Tao, S. D. H and Wang, Z. (2013). Effect of osmotic dehydration with pulsed vacuum on hot-
air drying kinetics and quality attributes of cherry tomatoes. Dry Technology, 31, 698-706.

AOAC. (2000). Official methods of analysis (14th ed.). Washington: Association of Official Analytical Chemists.

Araya-Farias, M., Macaigne, O. and Ratti, C. (2014). On the development of osmotically dehydrated seabuckthorn
fruits: pretreatments, osmotic dehydration, postdrying techniques, and nutritional quality. Dry Technology,
32, 813-819.

Arpita, S., Subroto, D., Pinaki, B., and Bidyut, B. (2010). Inhibition of polyphenol oxidase in banana, apple and
mushroom by using different anti-browning agents under different conditions. International Journal of.
Chemical Sciences, 8, S550-S558.

Azoubel, P. M., El-Aouar, A. B., Tonon, R.V., Kurozawa, L. E., Antonio, G. C., Murr, F. E. X. and Park, K. J.
(2009). Effect of osmotic dehydration on the drying kinetics and quality of cashew apple. International
Journal of Food Science and Technology, 44, 980-986.

Barreiro J. A., Milano M. and Sandoval A. J. (1997). Kinetics of colour change of double concentrated tomato
paste during thermal treatment. Journal of Food Engineering, 33, 359-371.

Barrera, C., Betoret, N., Corell, P. and Fito, P., (2009). Effect of osmotic dehydration on the stabilization of
calcium-fortified apple slices (var. Granny Smith): Influence of operating variables on process kinetics and
compositional changes. Journal of Food Engineering, 86, 416-424.

Barrett, D. M. and Lloyd, B. (2012). Advanced preservation methods and nutrient retention in fruits and vegetables.
Journal of the Science of Food and Agriculture, 92, 7-22.

Barros, A. 1. R. N. A,, Silva, A. P., Gongalves, B. and Nunes, F. M. (2010). A fast, simple, and reliable hydrophilic
interaction liquid chromatography method for the determination of ascorbic and isoascorbic acids. Analytical
and Bioanalytical Chemistry, 396, 1863-1875.

Bartley, G. E., and Scolnik, P. A. (1995). Plant carotenoids: pigments for photoprotection, visual attraction, and
human health. The Plant Cell, 7, 1027-1038.

Bengtsson, A., Namutebi, M., Alminger, L. and Svanberg, U. (2008). Effects of various traditional processing
methods on the all-frans-B-carotene content of orange-fleshed sweet potato. Journal of Food Composition
and Analysis, 21, 134-143.

Bengtsson, A., Brackmann, C., Enejder A., Larsson Alminger, M. and Svanberg, U. (2010). Effects of thermal
processing on the in vitro bioaccessibility of B-carotene in orange-fleshed sweet potato. Journal of
Agricultural and Food Chemistry, 58, 11090-11096.

Bieri, J. G., Brown, E. D. and Smith Jr., C. (1985). Determination of individual carotenoids in human plasma by
High Performance Liquid Chromatography. Journal of Liquid Chromatography, 8(3), 473-484.

Boon, C. S., McClements, D. J., Weiss, J. and Decker, E. A. (2010). Factors influencing the chemical stability of
carotenoids in foods. Critical Reviews in Food Science and Nutrition, 50(6), 515-532. doi:
10.1080/10408390802565889.

Boon, C. S., McClements, D. J., Weiss, J. and Decker, E. A. (2009). Role of iron and hydroperoxides in the
degradation of lycopene in oil-in-water emulsions. Journal of Agricultural and Food Chemistry, 57(7),2993-
2998.

Brackmann, C., Bengtsson, A., Larsson Alminger, M., Svanberg, U, and Enejder, A. (2011). Visualization of -
carotene and starch granules in plant cells using CARS and SHG microscopy. Journal of Raman
Spectroscopy, 42, 586-592.

62



Brecht, J. K. and Yahia, E. M. (2009). Postharvest Physiology. In: The Mango. Chapter 14. 2nd Edition: Botany,
Production and Uses 484 (ed. R.E. Litz).

Brewer, M. S., Klein, B. P., Rastogi, B. K. and Perry, A. K. (1994). Microwave blanching effects on chemical,
sensory and color characteristics of frozen green beans. Journal of Food Quality, 17, 245-259.

Brewer, M. S. and Begum S. (2003). Effect of microwave power level and time on ascorbic acid content,
peroxidase activity and colour of selected vegetables. Journal of Food Processing and Preservation, 27, 411-
426.

Britton, G. (1995). Structure and properties of carotenoids in relation to function. The FASEB Journal, 9, 1551-
1558.

Britton, G. and Khachik, F. (2009). Carotenoids in Food. In: Carotenoids. Vol 5. Nutrition and health. © Birkhéuser
Verlag Basel.

Byers, T. and Guerrero, N. (1995). Epidemiologic evidence for vitamin C and vitamin E in cancer prevention. The
American Journal of Clinical Nutrition, 62, 1385S-92S.

Cano, M. P. and De Ancos, B. (1994). Carotenoid and carotenoid ester composition in mango fruit as influenced
by processing method. Journal of Agricultural and Food Chemistry, 42,2737-2742.

Cardello, H. M. A. B., Moraes, M. A. C., and Cardello, L. (1993/1994). Acido ascorbico e ascorbate oxidase em
manga (Mangifera indica L.) var. Haden processada e congelada. Alimentos e. Nutri¢do — Brazilian Journal of
Food Nutrition, 5, 65-75.

Carr, A. C. and Frei, B. (1999). Toward a new recommended dietary allowance for vitamin C based on antioxidant
and health effects in humans. The American Journal of Clinical Nutrition, 69, 1086-1107.

Casiday R., and Frey, R. (1988). Department of Chemistry, Washington University. St. Louis, MO 63130.

http://www.chemistry.wustl.edu/~edudev/LabTutorials/Carboxypeptidase/carboxypeptidase.html, (accessed on

19% of October 2015).

Castillo, F. J., Greppin, H. (1988). Extracellular ascorbic acid and enzyme activities related to ascorbic acid
metabolism in Sedum album L. leaves after ozone exposure. Environmental and Experimental Botany, 28,231-
238.

Chandra, S. and Kumari, D. (2015). Recent development in osmotic dehydration of fruit and vegetables: a review.
Critical Reviews in Food Science and Nutrition, 55, 552-561.

Chavan, U. D. and Amarowicz, R. (2012). Osmotic dehydration process for preservation of fruits and vegetables.

Journal of. Food Research, 1(2), 202-208.

Chen, B. H. and Huang, J. H. (1998). Degradation and isomerization of chlorophyll a and p-carotene as affected
by various heating and illumination treatments. Food Chemistry, 62, 299-307.

Chen, J. P., Tai, C. Y. and Chen, B. H. (2007). Effects of different drying treatments on the stability of carotenoids

in Taiwanese mango (Mangifera indica L.). Food Chemistry, 100, 1005-1010.

Chen, J. P, Tai, C. Y. and Chen, B. H. (2004). Improved liquid chromatographic method for determination of
carotenoids in Taiwanese mango (Mangifera indica L.). Journal of Chromatography A, 1054, 261-268.

Chong, C. H., Law, C. L., Figiel, A., Wojdyto, A. and Oziembtowski, M. (2013). Colour, phenolic content and
antioxidant capacity of some fruits dehydrated by a combination of different methods. Food Chemistry, 141,
3889-3896.

Davey, M. W., Montagu M. V., Inzé, D., Sanmartin, M., Kannellis, A., Smirnoff, N., Benzie, 1. J. J., Strain, J. J.,
Favel, D. and Fletcher, J. (2000). Plant L-ascorbic acid: chemistry, function, metabolism, bioavailability and
effects of processing. Journal of the Science of Food and Agriculture, 80(7), 825-860.

De Ancos, B., Cano, M. P., Hernandez, A. and Monreal, M. (1999). Effects of microwave heating on pigment
composition and colour of fruit purees. Journal of the Science of Food and Agriculture, 79, 663-670.

De Corcuera, J. I. R., Cavalieri, R. P. and Powers, J. R. (2004). Blanching of Foods. Encyclopedia of agricultural,

food, and biological engineering. New York: Marcel Dekker Inc. p 1-5.

Delgado-Vargas, F. Jiménez, A. R. and Paredes-Lopez, O. (2000). Natural pigments: carotenoids, anthocyanins,
and betalains - characteristics, biosynthesis, processing, and stability. Critical Reviews in Food Science and
Nutrition, 40(3), 173-289.

Demmig-Adams, B., Gilmore, A. M. and Adams, W. (1996). In vivo functions of carotenoids in higher plants. The
FASEB Journal, 10, 403-412.

Dimitrov, N. V., Meyer, C., Ullrey, D. E., Chenoweth, W., Michelakis, A., Malone, W., Boone, C. and Fink, G.
(1988). Bioavailability of B-carotene in humans. The American Journal of Clinical Nutrition, 48, 298-304.

63




Donaldson, M.S. Nutrition and cancer: A review of the evidence for an anti-cancer diet. Nutrition Journal, 3:19.
doi:10.1186/1475-2891-3-19

Dorantes-Alvarez, L. and Chiralt A. (2000). Color of minimally processed fruits and vegetables as affected by
some chemical and biochemical changes. In: Minimally processed fruits and vagetables. Chapter 7, 111-116
Alzamora, S.M., Tapia M.S. and Lopez-Malo A. (Eds.). Aspen Publishers, Inc., USA.

Dragsted, L. O., Krath, B., Ravn-Haren, G., Vogel, U. B., Vinggaard, A. M., Jensen, P. B., Loft, S., Rasmussen,
S. E., Sandstrom, B. and Pedersen, A. (2006). Biological effects of fruit and vegetables. Procedings of Nutrition
Society, 65, 61-67.

Drouzas, A. E., Tsami, E. and Saravacos, G.D. (1999). Microwave/vacuum drying of model fruit gels. Journal of

Food Engineering, 39, 117-122.

Drouzas, A. E. and Schubert, H. (1996). Microwave application in vacuum drying of fruits. Journal of Food
Engineering, 28, 203-209.

Edge, R., McGarvey, D. J. and Truscott, T. G. (1997). The carotenoids as anti-oxidants — a review). Journal of

Photochemistry and Photobiology B: Biology, 41, 189-200.

El-Aouar, A. A., Azoubel, P. M. and Murr, F. E. X. (2003). Drying kinetics of fresh and osmotically pre-treated
papaya (Carica papaya L.). Journal of Food Engineering, 59(1), 85-91.

Eliasson, L., Libander, P., Lovenklev, M., Isaksson, S. and Ahrné, L. (2014). Infrared decontamination of oregano:
effects on bacillus cereus Spores, water activity, color, and volatile compounds. Journal of Food Science,
79(12), 2447-2455.

El-Shimi, N. M. (1993). Control of enzymatic browning in apple slices by using ascorbic acid under different

conditions. Plant Foods for Human Nutrition, 43, 71-76.

FAO/WHO (Food and Agriculture Organization of the United States/World Health Organization) (2004).
Vitamins and mineral requirements in human nutrition. Report of joint FAO/WHO expert consultation. FAO,
Rome: Bangkok, Thailand.

FAO (Food and Agriculture Organization of the United States) (2002). Mango, post-Harvest operations. Fao.org.
AGSI/FAO.

FAO (Food and Agriculture Organization of the United States) (2001). Human vitamins and mineral requirements.
Report of a joint FAO/WHO expert consultation Bangkok, Thailand. Food and Nutrition Division. Rome. Italy.

FAO. (Food and Agriculture Organization of the United States) (1988). Requirements of vitamin A, iron, folate
and vitamin B12. Report of a Joint FAO/WHO Expert Consultation. FAO Food and Nutrition Series, no. 23.
Rome, Italy.

FAOSTAT (Food and Agriculture Organization of the United Nations. Statistical) (2012). Production/crops.
http://faostat3.fao.org/browse/Q/QC/E, (accessed on 30™ October 2015).

Fellows, P. J. (2009). Blanching. In: Food processing technology: principles and practice. Chapter 11, pp 369-80.
3rd ed. Cambridge: Woodhead Publishing.

Fellows, P. (1988). Food processing technology principal and practice. Ellis Horwood Ltd., London, pp. 304-313.

Fito, P., Chiralt, A., Betoret, N., Gras, M., Chafer, M., Martinez-Monz9, J., Andrés, A., and Vidal, D. (2001).
Vacuum impregnation and osmotic dehydration in matrix engineering: application in functional fresh food
development. Journal of Food Engineering, 49, 175-183.

Frei, B., Stocker, R., England, L. and Ames, B. N. (1990). Ascorbate: the most effective antioxidant in human
blood plasma. Advances in Experimental Medicine and Biology, 264, 155-63.

Furr, H. C. and Clark, M. (1997). Intestinal absorption and tissue distribution of carotenoids. Nutritional
Biochemistry, 8, 364-377.

Galindo, F. G., Toledo, R. T. and Sjoholm, I. (2005). Tissue damage in heated carrot slices. Comparing mild hot
water blanching and infrared heating. Journal of Food Engineering, 67, 381-385.

Gallie, D. R. (2013). L-Ascorbic Acid: A Multifunctional Molecule Supporting Plant Growth and Development -
Review Article. Scientica, doi.org/10.1155/2013/795964.

Gibney, M. J., Lanham-New, S. A., Cassidy, A., and Voster, H. H. (2009). Introduction to human nutrition, 2"
edition. New, A.

Godoy, H. T. and Rodriguez-Amaya, D. B. (1987). Changes in individual carotenoids on processing and storage
of mango (mangifer indica) slices and puree. International Journal of Food Science and Technology, 22(5),
451-460.

64



Godoy, H. T. and Rodriguez-Amaya, D. B. (1994). Occurrence of cis-Isomers of provitamin A in brazilian fruits.
Journal of Agricultural and Food Chemistry, 42, 1306-1313.

Grandison, A. S. (2012). Postharvest handling and preparation of foods for processing. In: Brennan J. G.,
Grandison AS. Food processing Handbook. Chapter 1. 2nd edn. Wiley-VCH Verlag GmbH & Co. KGaA 1-
30.

Gras, M. L., Vidal, D., Betoret, N, Chiralt, A. and Fito, P. (2003). Calcium fortification of vegetables by vacuum
impregnation Interactions with cellular matrix. Journal of Food Engineering, 56, 279-284.

Gupta, P., Sreelakshmi, Y. and Sharma, R. (2015). A rapid and sensitive method for determination of carotenoids
in plant tissues by high performance liquid chromatography. Plant methods, doi:10.1186/s13007-015-0051-
0.

Haskell, M. J. (2013). Provitamin A carotenoids as a source of vitamin A. In: Carotenoids and Human Health. Ch.
15. Ed. Tanumihardjo, S. A. Humana Press.

Hebbar, U. H., Vishwanathan, K. H. and Ramesh, M. N. (2004). Development of combined infrared and hot air
dryer. Journal of Food Engineering, 65, 57-563.

Hennekens, C. H., Buring, J. E., Manson, J. E., Stampfer, M., Rosner, B., Cook, N. R., Belanger, C., LaMotte, F.,
Gaziano, J. M., Ridker, P. M., Willett, W. and Peto, R. (1996). Lack of effect of long-term supplementation
with beta carotene on the incidence of malignant neoplasms and cardiovascular disease. The New England
Journal of Medicine, 334(18), 1145-1149.

Hernandez, Y., Lobo, M. G. and Gonzalez, M. (2006). Determination of vitamin C in tropical fruits: A comparative
evaluation of methods. Food Chemistry, 96, 654-664.

Holzwarth, M., Wittig, J., Carle, R., and Kammerer, D. R. (2013). Influence of putative polyphenoloxidase (PPO)
inhibitors on strawberry (Fragaria x ananassa Duch.) PPO, anthocyanin and color stability of stored purées.
LWT - Food Science and Technology Journal, 52, 116-122.

Hopping, B. N., Erber, E., Grandinetti, A., Verheus, M., Kolonel, L. N. and Maskarinec, G. (2010). Dietary fiber,
magnesium, and glycemic load alter risk of type 2 diabetes in a multiethnic cohort in Hawaii. The Journal of
Nutrition Nutritional Epidemiology, 140, 68-74.

INE (Instituto Nacional de Estatistica) (2011). Censo Agro - Pecuario 2009-2010: resultados definitivos -
Mogambique. Mogambique.

Ioannou, I. and Ghoul, M. (2013). Prevention of enzymatic browning in fruit and vegetables. European Scientific

Journal, 9(30), 1857-7881.

IOM (Institute of Medicine). (2001). Dietary reference intakes for vitamin A, vitamin K, arsenic, boron, chromium,
copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, and zinc. US Institute of Medicine,
Food and Nutrition Board, Standing Committee on the Scientific Evaluation of Dietary Reference Intakes.
National Academic Press, Washington, DC.

Jeevitha, G. C., Hebbar, H. U. and Raghavarao, K. S. M. S. (2013). Electromagnetic radiation-based dry blanching
of red bell peppers: a comparative study. Journal of Food Process Engineering, 36, 663-674.

Jeevitha, G. C, Anto, A., Chakkaravarthi, A. and Hebbar, H. U. (2014). Application of electromagnetic radiations
and superheated steam for enzyme inactivation in green bell pepper. Journal of Food Processing and
Preservation. doi:10.1111/jfpp.12288.

Joseph, J.A., Shukit-Hale, B., Denisova, N.A, Bielinski, D., Martin, A., McEwen, J. J. and Bickford, C. (1999).
Reversal of age-related declines in neuronal signal transduction, cognitive, and motor behavioral deficits with
blueberry, spinach, or strawberry dietary supplementation. Journal of Neuroscience, 19, 8114-8812.

Kaur, C. and Kapoor H. C. (2001). Review: Antioxidants in fruits and vegetables - the millennium's health.
International Journal of Food Science and Technology, 36, 703-725.

Khan, M. A. M., Ahrné, L., Oliveira, J. C. and Oliveira, F. A. R. (2008). Prediction of water and soluble solids
concentration during osmotic dehydration of mango. Food and Bioproducts Processing, 86, 7-13.

Khoo, H., Prasad, K. N., Kong, K., Jiang, Y. and Ismail, A. (2011). Carotenoids and their isomers: color pigments
in fruits and vegetables. Molecules, 16, 1710-1738.

Kong, F. and Singh, P. S. (2013). Effect of processing on the nutrients in foods. In: Innovation in healthy and
functional foods. Chapter 14. Dillip, G., Bagchi, S., D. D. and Smarta, R. B. CRC Press. Taylor & Francis
Group, 6000, Broken Sound. Parkway NW, suite 300. Boca Raton, FL 33487-2742.

65



Korbel, E., Attal, E., Grabulos, J., Lluberas, E., Durand, N., Morel, G., Goli, T. and Brat, P. (2013). Impact of
temperature and water activity on enzymatic and non-enzymatic reactions in reconstituted dried mango model
system. European Food Research and Technology, 237, 39-46.

Krishnamurthy, K., Khurana, H. K., Jun, S., Irudayaraj, J. and Demirci, A. (2008). Infrared heating in food
processing: an overview. Comprehensive Reviews in Food Science and Food Safety, 7, 2-12.

Lee, S. K. and Kader, A. A. (2000). Preharvest and postharvest factors influencing vitamin C content of
horticultural crops. Postharvest Biology and Technology, 20, 207-220.

Lemmens, L., Buggenhout, S. V., Oey, L., Loey, A. V. and Hendrickx, M. (2009). Towards a better understanding
of the relationship between the b-carotene in vitro bio-accessibility and pectin structural changes: A case
study on carrots. Food Research International, 42, 1323-1330.

Lemmens, L., De Vleeschouwer, K., Moelants, K. R. N., Colle, 1. J. P., Loey, A. M. V., and Hendrickx, M. E.
(2010). B-Carotene isomerization kinetics during thermal treatments of carrot puree. Journal of Agricultural
and Food Chemistry, 58, 6816-6824.

Lemmens, L., Tchuenche, E. S., Loey, A. M. V. and Hendrickx, M. E. (2013). Beta-carotene isomerization in
mango puree as influenced by thermal processing and high-pressure homogenization. European Food
Research Technology, 236, 155-163.

Leong, S. Y., and Oey, L. (2012). Effect of endogenous ascorbic acid oxidase activity and stability on vitamin C in
carrots (Daucus carota subsp. sativus) during thermal treatment. Food Chemistry, 134, 2075-2085.

Li, X. (2014). Effectiveness of 1-Methylcyclopropene (1-MCP) combination with nisin-EDTA treatment of fresh-
cut kiwifruit for prevention. Advance Journal of Food Science and Technology, 6, 248-253.

Lima, J. R., Elizondo, N. J. and Bohuon P. (2010). Kinetics of ascorbic acid degradation and colour change in
ground cashew apples treated at high temperatures (100-180 °C). International Journal of Food Science and
Technology, 45, 1724-1731.

Lin, S. and Brewer, M. S. (2005). Effects of blanching method on the quality characteristics of frozen peas. Journal
of Food Quality, 28, 350-360.

Machmudah, S. and Goto, M. (2013). Methods for extraction and analysis of carotenoids. In: K.G. Ramawat, J.M.
Meérillon (eds.), Chapter 111. Natural Products, doi 10.1007/978-3-642-22144-6 145, © Springer-Verlag
Berlin Heidelberg.

Manthey, J. A. and Perkins-veazie, P. (2009). Influences of harvest date and location on the levels of B-carotene,
ascorbic acid, total phenols, the in vitro antioxidant capacity, and phenolic profiles of five commercial
varieties of mango (Mangifera indica L.). Journal of Agricultural and Food Chemistry, 57, 10825-10830.

Manzocco, L., Calligaris, S., Mastrocola, M. C. N. and Lerici, C. R. (2001). Review of non-enzymatic browning
and antioxidant capacity in processed foods. Trends in Food Science, 11, 340-346.

Mao, L. K., Xu, D. X, Yang, J., Yuan, F., Gao, Y. X. and Zhao, J. (2009). Effects of small and large molecule
emulsifiers on the characteristics of -carotene nanoemulsions prepared by high pressure homogenization.
Food Technology and Biotechnology, 47(3), 336-342.

Masibo, M. and He, Q. (2009). Mango bioactive compounds and related nutraceutical properties-a review. Food
Reviews International, 25, 346-370.

Mastrantonio, S. D. S., Pereira, L. M. and Hubinger, M.D. (2005). Osmotic dehydration kinetics of guavas in
maltose solutions with calcium salt. Alimentos e. Nutri¢do. Araraquara, 16(4), 309-314.

McEvily, A. J., Iyengar R. and Otwell, W. S. (1992). Inhibition of enzymatic browning in foods and beverages.
Critical Reviews in Food Science and Nutrition, 32(3), 253-273.

Mercadante, A. Z. and Rodriguez-Amaya, D. B. (1998). Effects of ripening, cultivar differences, and processing
on the carotenoid composition of mango. Journal of Agricultural and Food Chemistry, 46, 128-130.

Mercadante, A. Z., Rodriguez-Amaya, D. B. and Britton, G. (1997). HPLC and mass spectrometric analysis of
carotenoids from mango. Journal of Agricultural and Food Chemistry, 45, 120-123.

Miller, N. J., Sampson, J., Candeias, L. P., Bramley, P. M. and Rice-Evans, C. A. (1996). Antioxidant activities of
carotenes and xanthophylls. FEBS Letters, 384, 240-242.

Miyake, C. and Asada, K. (1992). Thylakoid-bound ascorbate peroxidase in spinach chloroplasts and
photoreduction of its primary oxidation product monodehydroascorbate radicals in thylakoids. Plant Cell
Physiology, 33(5), 541-553.

66



Moore, J. P. (2003). Carotenoid synthesis and retention in mango (Mangifera Indica) fruit and puree as influenced
by postharvest and processing treatments. A thesis presented to the graduate School of the University of
Florida in partial fulfillment of the requirements for the degree of Master of Science. University of Florida.

Muftugil, N. (1986). Effect of different types of blanching on the color and the ascorbic acid and chlorophyll
contents of green beans. Journal of Food Processing and Preservation, 10, 69-76.

Mujumdar, A.S., and Menon, A.S., (1995). Drying of solids: principles, classification, and selection of dryers, in
Handbook of Industrial Drying, Vol. 1 — 2" Edition revised and expanded. New York, pp. 1-39.

Munyaka, A. W., Oey, 1., Loey, A.V. and Hendrickx, M. (2010a). Application of thermal inactivation of enzymes
during vitamin C analysis to study the influence of acidification, crushing and blanching on vitamin C
stability in Broccoli (Brassica oleracea L var. italica). Food Chemistry, 120, 591-598.

Munyaka, A. W., Makule, E. E., Oey, 1., Loey, A. V. and Hendrickx M. (2010b). Thermal stability of L-ascorbic
acid and ascorbic acid oxidase in broccoli (Brassica oleracea var. italica). Journal of Food Science, 75(4),
C333-C340.

Nagai, L.Y., Santos, A.B., Faria, F.A., Boscolo, M. and Mauro, M.A. (2014). Osmotic dehydration of mango with
ascorbic acid impregnation: influence of process variables. Journal of Food Processing and Preservation,
doi:10.1111/jfpp.12243.

Ndiaye, C., Xu, S. and Wang, Z. (2009). Steam blanching effect on polyphenol oxidase, peroxidase and colour of
mango (Mangifera indica L.) slices. Food Chemistry, 113, 92-95.

Nimmanpipug, N. and Therdthai, N. (2013). Effect of osmotic dehydration time on hot air drying and microwave
vacuum drying of papaya. Food and Applied Bioscience Journal, 1(1), 1-10.

Nishikimi, M., Fukuyama, R., Minoshima, S., Shimizu, N. and Yagi, K. (1994). Cloning and chromosomal
mapping of the human nonfunctional gene for L-gulono-¥-lactone oxidase, the enzyme for L-ascorbic acid
biosynthesis missing in man. The Journal of Biological Chemistry, 269(18), 13685-13688.

Nowak, D. and Lewicki, P. P. (2004). Infrared drying of apple slices. Innovative Food Science and Emerging
Technologies, 5, 353-360.

Oberbacher, M. F. and Vines, H. M. (1963). Spectrophotometric assay of ascorbic acid oxidase. Nature, 197, 1203-
1204.

Oliveira, D. D. S., Lobato, A. L., Ribeiro, S. M. R., Santana, A. M. C., Chaves, J. B. P. and Pinheiro-Sant’ Ana, H.
M. (2010). Carotenoids and vitamin C during handling and distribution of guava (Psidium guajava L.), mango
(Mangifera indica L.), and papaya (Carica papaya L.) at commercial restaurants. Journal of Agricultural and
Food Chemistry, 58, 6166-6172.

Omenn, G. S., Goodman, G. E., Thornquist, M. D., Balmes, J., Cullen, M. R., Glass, A., Keogh, J. P., Meyskens,
F. L., Valanis, B., Williams, J. H., Barnhart, S. and Hammar, S. (1996). Effects of a combination of beta
carotene and vitamin A on lung cancer and cardiovascular disease. The New England Journal of Medicine,
334, 1150-1155.

Ozoglu, H. and Bayindirli, A. (2002). Inhibition of enzymic browning in cloudy apple juice with selected
antibrowning agents. Food Control, 13(4-5), 213-221.

Palma-Orozco, G., Sampedro, J. G., Ortiz-Moreno, A. and Najera, H. (2012). In situ inactivation of polyphenol
oxidase in mamey fruit (Pouteria sapota) by microwave treatment. Journal of Food Science, 77(4), C359-
C365.

Palou, E., Lopez-Malo, A., Barbosa-Canovas, G. V., Welti-Chanes, J. and Swanson, B. G. (1999). Polyphenol
oxidase activity and color of blanched and high hydrostatic pressure treated banana puree. Journal of Food
Science, 64(1), 42-45.

Pan, Y. K., Zhao, L. J. Zhang, Y. Chen, G. and Mujumdar, A. S. (2003). Osmotic dehydration pretreatment in
drying of fruits and vegetables. Drying Technology, 21(6), 1101-1114.

Pan, Z., Olson, D. A., Amaratunga, K. S. P., Olsen, C. W., Zhu, Y. and McHugh, T. H. (2005). Feasibility of using
infrared heating for blanching and dehydration of fruits and vegetables. ASAE Annual International Meeting.
Paper Number: 056086; Florida, 17 - 20 July.

Park, Y. K., Sato, H. H., Almeida, T. D., and Moretti, R. H. (1980). Polyphenol oxidase of mango (Mangifera
indica var. Haden). Journal of Food Science, 45, 1619-1621.

Pereira, N. R., Marsaioli Jr., A. and Ahrné, L. M. (2007). Effect of microwave power, air velocity and temperature
on the final drying of osmotically dehydrated bananas. Journal of Food Engineering, 81, 79-87.

67



Pilizota, V. and Subari¢, D. (1998). Control of enzymatic browning of foods. Food Technology and Biotechnology,
36(3), 219-227.

Ponne, C. T., Baysal, T. and Yuksel, D. (1994). Blanching leafy vegetables with electromagnetic energy. Journal
of Food Science, 59, 1037-1041.

Pott, 1., Marx, M., Neidhart, S., Muhlbauer, W. and Carle, R. (2003). Quantitative determination of -carotene
stereoisomers in fresh, dried and solar-dried mangoes (Mangifera indica L.). Journal of Agricultural and
Food Chemistry, 51, 4527-4531.

Prince, M. R. and Frisoli, J. K. (1993). Beta-carotene accumulation in serum and skin. The American Journal of
Clinical Nutrition, 57, 175-1 81.

Puligundla, P., Abdullah, S. A., Choi, W., Jun, S., Oh, S. E. and Ko, S. (2013). Potentials of microwave heating
technology for select food processing applications - a brief overview and update. Journal of Food Processing
& Technology, 4(11). doi.org/10.4172/2157-7110.1000278.

Qian, C., Decker, E. A., Xiao, H. and McClements, D. J. (2012). Physical and chemical stability of B-carotene-
enriched nanoemulsions: influence of pH, ionic strength, temperature, and emulsifier type. Food Chemistry,
132, 1221-1229.

Ramaswamyi, H. S. and Pillet-Will T. (1992). Temperature distribution in microwave-heated food models. Journal
of Food Quality, 15, 435-448.

Ramesh, M. N, Wolf, W., Tevini, D. and Bognar, A. (2002). Microwave blanching of vegetables. Journal of Food
Science, 67(1), 390-398.

Rao, A.V. and Rao, L.G. (2007). Carotenoids and human health. Pharmacological Research, 55, 207-216.

Rastogi, N. K. (2012). Recent trends and developments in infrared heating in food processing. Critical Reviews in
Food Science and Nutrition, 52, 737-760.

Rautenkranz, A. A. F., Li, L., Méchler, F., Mértinoia, E. and Oertli, J. J. (1994). Transport of ascorbic and
dehydroascorbic acids across protoplast and vacuole membranes isolated from barley (Hordeum vulgare cv.
Gerbil) leaves. Plant Physiology. 106, 187-193.

Rincon, A., and Kerr, W. L. (2010). Influence of osmotic dehydration, ripeness and frozen storage on
physicochemical properties of mango. Journal of Food Processing and Preservation, 34, 887-903.

Rock, C. L. (1997). Carotenoids: biology and treatment. Pharmacology & Therapeutics, 75(3), 185-197.

Rock, C. L., Lovalvo, J. L., Emenhiser, C., Ruffin, M. T., Flatt, S. W. and Schwartz, S. J. (1998). Bioavailability
of B-Carotene is lower in raw than in processed carrots and spinach in women. Journal of Nutrition, 128(5),
913-916.

Rodriguez-Amaya, D. B. (1999). Changes in carotenoids during processing and storage of foods. Archivos
Latinoamericanos de Nutricion, 49(1-S), 38-47.

Rodriguez-Amaya, D. B. (2001). A guide to carotenoid analysis in foods. ILSI PRESS International Life Sciences
Institute One Thomas Circle, N.W. Washington, D. C. 20005-5802.

Rodriguez-Amaya, D. B., Kimura, M., Godoy, H. T., Amaya-Farfan, J. (2008). Updated Brazilian database on
food carotenoids: Factors affecting carotenoid composition. Journal of Food Composition and Analysis, 21,
445-463.

Rodriguez-Casado, A. (2014). The health potential of fruits and vegetables phytochemicals: notable examples.
Critical Reviews in Food Science and Nutrition, doi.org/10.1080/10408398.2012.755149.

Rodriguez, E. B. and Rodriguez-Amaya, D. B. (2007). Formation of apocarotenals and epoxycarotenoids from b-
caroteneby chemical reactions and by autoxidation in model systems and processed foods. Food Chemistry,
101, 563-572.

Ruiz-Ojeda, L. M. and Pefias, F. J. (2013). Comparison study of conventional hot-water and microwave blanching
on quality of green beans. Innovative Food Science and Emerging Technologies, 20, 191-197.

Saari, N. B., Fujita, S., Miyazoe, R. and Okugawa, M. (1995). Distribution of ascorbate oxidase actnities in the
fruits of family cucurbitaceae and some of their properties. Journal of Food Biochemistry, 19, 321-327.
Sagar, V. R. and Suresh, K. P. (2010). Recent advances in drying and dehydration of fruits and vegetables: a

review. Journal of Food Science and Technology, 47(1), 15-26.

Sandu, C. (1986). Infrared radiative drying in food engineering: a process analysis. Biotechnology Progress, 2,

109-119.

68



Santos, P. H S. and Silva, M. A. (2008). Retention of vitamin C in drying processes of fruits and vegetables - A
review. Dry Technology, 26, 1421-1437.

Sapers, G. M., Hicks, K. B., Phillips, J. G., Garzarella, L., Pondish, D. L., Matulaitis, R. M., McCormac, T. J.,
Sondey, S. M., Seib, P. A. and El-Atawy, Y. S. (1989). Control of enzymatic browning in apple with ascorbic
acid derivatives, polyphenol oxidase inhibitors and complexing agents. Journal of Food Science, 54, 997-
1002.

Satco, V. G. (2004). Mango production and world market: Current situation and future prospects. Acta
Horticulturae, 645(1), 107-116.

Semba, R. D. (1998). The Role of vitamin A and related retinoids in immune function. Nutrition Reviews, 56(1),
S38-S48.

Siendones, E., Gonzales-Reyes, J.A., Santos-Ocafia, C., Navas, P. and Cordoba, F. (1999). Biosynthesis of
ascorbic acid in Kidney bean. Plant Physiology, 120(3), 907-912.

Silva, K. S., Fernandes, M. A. and Mauro, M. A. (2014). Effect of calcium on the osmotic dehydration kinetics
and quality of pineapple. Journal of Food Engineering, 134, 37-44.

Singh, N. L., Dhuique-Mayer, C. and Lozano Y. (2000). Physico-chemical changes during enzymatic liquefaction
of mango pulp (cv. Keitt). Journal of Food Processing and Preservation, 24(1), 73-85.

Slavin, J. (2013). Fiber and Prebiotics: Mechanisms and Health Benefits. Nutrients, 5, 1417-1435.

Slavin, J. L. and Lloyd, B. (2012). Health benefits of fruits and vegetables. Advances in Nutrition, 3, 506-516.

Slavin, J. L. (2008). Position of the American Dietetic Association: health implications of dietary fiber. Journal of
the American Dietetic Association, 108, 1716-1731.

Smirnoff, N. (1996). The function and metabolism of ascorbic acid in plants. Annals of Botany, 78, 661-669.

Smirnoff, N. and Wheeler, G. L. (2000) Ascorbic acid in plants: biosynthesis and function. Critical Reviews in
Biochemistry and Molecular Biology, 35(4), 291-314.

Smirnoff, N. (2000). Ascorbate biosynthesis and function in photoprotection. Philosophical Transactions of the
Royal Society B, 355, 1455-1464.

Sogi, D. S., Siddiq, M., Roidoung, S. and Dolan, K. D. (2012). Total phenolics, carotenoids, ascorbic acid, and
antioxidant properties of fresh-cut mango (Mangifera indica L., cv. Tommy Atkin) as affected by infrared
heat treatment. Journal of Food Science, 77(11), C1197-C1202.

Son, S. M., Moon, K. D. and Lee, C. Y. (2001). Inhibitory effects of various antibrowning agents on apple slices.
Food Chemistry, 73, 23-30.

Staack, N. (2008). Potential of infrared heating as a method for decontaminating food powder - process
development and impact on product quality. PhD dissertation. Technical University of Berlin, Germany,
Department of Food Biotechnology and Food Process Engineering.

Stahl, W. and Sies, H. (2003). Antioxidant activity of carotenoids. Molecular Aspects of Medicine, 24, 345-351.

Torres, J. D., Talens, P., Escriche, 1. and Chiralt, A. (2006). Influence of process conditions on mechanical
properties of osmotically dehydrated mango. Journal of Food Engineering, 74, 240-246.

USDA (United States Department of Agriculture) (2011). Nutritional Data Base for Standard Reference.
http://www.nal.usda.gov/Fnic/ Foodcomp/Data/ Volume Release 28.

Vasquez-Caicedo, A. L., Schilling, S., Carle, R., Neidhart, S. (2007). Effects of thermal processing and fruit matrix
on B-carotene stability and enzyme inactivation during transformation of mangoes into puree and nectar.
Food Chemistry, 102, 1172-1186.

Vasquez-Caicedo, A. L., Heller, A., Neidhart, S. and Carle, R. (2006). Chromoplast morphology and f-Carotene
accumulation during postharvest ripening of mango cv. ‘Tommy Atkins’. Journal of Agricultural and Food
Chemistry, 54, 5769-5776.

Vasquez-Caicedo, A. L., Sruamsiri, P., Carle, R. and Neidhart, S. (2005). Accumulation of all-trans-p-carotene
and its 9-cis and 13-cis stereoisomers during postharvest ripening of nine Thai mango cultivars. Journal of
Agriculture and Food Chemistry, 53, 4827-4835.

Vasquez-Salinas, C. and Lakshminarayana, S. (1985). Compositional changes in mango fruit during ripening at
different temperatures. Journal of Food Science, 50, 1646-1648.

Vishwanathan, K. H., Giwari, G. K. and Hebbar, H. U. (2013). Infrared assisted dry-blanching and hybrid drying
of carrot. Food and Bioproducts Processing, 91(2), 89-94.

69



Xianquan, S., Shi, J., Kakuda, Y. and Yueming, J. (2005). Review stability of lycopene during food processing
and storage. Journal of Medicinal Food, 8(4), 413-422.

Wang, J., Jiang, W., Wang, B., Liu, S., Gong, Z. and Luo, Y. (2007). Partial properties of polyphenol oxidase in
mango (Mangifera Indica L. cv. “Tainong”) pulp. Journal of Food Biochemistry, 31, 45-55.

Wechtersbach, L. and Cigi¢, B. (2007). Reduction of dehydroascorbic acid at low pH. Journal of Biochemical
Biophysical Methods, 70, 767-772.

WHO (World Health Organization) (2009). Global prevalence of vitamin A deficiency in populations at risk 1995-
2005. WHO global database on vitamin A deficiency. Geneva.

WHO (World Health Organization) (2003). Diet, nutrition and the prevention of chronic diseases: report of a Joint
WHO/FAO Expert Consultation. WHO Technical Report Series, No. 916. Geneva.

Wilberg, V. C. and Rodriguez-Amaya, D. B. (1995). HPLC quantitation of major carotenoids of fresh and

processed guava, mango and papaya. LWT - Food Science and Technology Journal, 28 (5), 474-480.
Wills, R. B. H., Wimalasiri, P. and Greenfield, H. (1984). Dehydroascorbic acid levels in fresh fruit and vegetables
in relation to total vitamin C activity. Journal of Agricultural and Food Chemistry, 32, 836-838.

Yadav, A. K. and Singh, S. V. (2014). Osmotic dehydration of fruits and vegetables: a review. Journal of Food
Science and Technology, 51(9), 1654-1673.

Yamaguchi, T., Katsuda, M., Oda, Y., Terao, J., Kanazawa, K., Oshima, S., Inakuma, T., Ishiguro, Y., Takamura,
H. and Matoba, T. (2003). Influence of polyphenol and ascorbate oxidases during cooking process on the
radical-scavenging activity of vegetables. Food Science and Technology Research, 9, 79-83.

Ye, Z. and Song, H. (2008). Antioxidant vitamins intake and the risk of coronary heart disease: meta-analysis of
cohort studies. European Journal of Cardiovascular Prevention and Rehabilitation, 15(1), 26-34.

Yong, L., Brown, C. C., Brown, Schatzkin, A. Dresser, C. M. Slesinski, M., Cox, C. S. and Taylor, P. R. (1997).
Intake of Vitamins E, C, and A, and risk of lung cancer. The NHANES I Epidemiologic Follow-up study.
American Journal of Epidemiology, 146 (3), 231-243.

Young, A. J. (1991). The photoprotective role of carotenoids in higher plants. Physiologia Plantarum, 83, 702-
708.

Young, A. J. and Lowe, G. M. (2001). Antioxidant and prooxidant properties of carotenoids. Archives of
Biochemistry and Biophysics, 385(1), 20-27.

Zhang, Y. (2013). Biological Role of Ascorbate in Plants. In: Ascorbic Acid in Plants. Chapter 2, pp 7-33.
SpringerBriefs in Plant Science.

Zhu, Y and Pan, Z. (2009). Processing and quality characteristics of apple slices under simultaneous infrared dry-
blanching and dehydration with continuous heating. Journal of Food Engineering, 90, 441-452.

Zhu, Y, Pan, Z., McHugh, T. H. and Barrett, D. M. (2010). Processing and quality characteristics of apple slices
processed under simultaneous infrared dry-blanching and dehydration with intermittent heating. Journal of
Food Engineering, 97, 8-16.

Ziegler, R. G. (1989). A review of epidemiologic evidence that carotenoids reduce the risk of cancer. The Journal
of Food Nutrition, 119, 116-122.

70



	Tom sida


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20151229133049
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1237
     160
    
     None
     Left
     5.6693
     0.0000
            
                
         Both
         117
         AllDoc
         148
              

       CurrentAVDoc
          

     Uniform
     8.5039
     Left
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

        
     95
     127
     126
     127
      

   1
  

 HistoryList_V1
 qi2base





