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Abstract

Tamarillo is a fruit that contains diverse nutrients, antioxidants and anthocyanins;
bioactive compounds with potential for well-being, though research about
development of tamarillo-derived foods or exploration of the potential of tamarillo as
a functional ingredient is scarce. Three tamarillo cultivars grown in New Zealand (NZ2)
include the ‘Amber’, ‘Laird’s Large’ and ‘Mulligan’ varieties. Tamarillo pulp and skin
were freeze-dried and powdered to increase shelf-life and deactivate enzymes allow
testing. This project, therefore, aimed to explore the physicochemical characteristics
and potential for health benefits of the New Zealand grown tamarillo (Part 1) and to
formulate and test the properties, bioactivities and digestibility of yoghurts fortified

with tamarillo powder and cubosome-encapsulated tamarillo powder (Part 11).

From literature, the nutritional adequacy scores of tamarillo has been calculated as 7.9
and 7.4 for gold and red varieties, respectively. The pulp of three NZ tamarillo
cultivars all contained ~3% dietary fibre which is higher than other fruits (peach,
banana, mango, orange, grape and pineapple) as well as high contents of y-
aminobutyric acid (GABA) which are relatively similar to tomato, one of the greatest
sources of GABA. Compared with standard serves of common New Zealand fruits,
tamarillos had high a-tocopherol (16-23% Al/serve) and ascorbic acid (67-75%
RDl/serve) as well as the highest 3-carotene (9-20% RDI/serve). Tamarillos were rich
sources of phenolics including anthocyanins and possessed high antioxidant activity.
Chlorogenic acid was the most dominant phenolic compound in both peel and pulp of
three cultivars, while the main anthocyanin in pulp was delphinidin 3-rutinoside.
Tamarillo pulp showed higher total anthocyanins compared to the pulp of strawberry,
grape and cranberry fruits. Antioxidant activity of tamarillo exhibited relatively higher
values than apples, oranges, red grapes, Kiwi fruit, pineapple and were strongly
correlated with high total phenolic content. A total of 121 volatiles were found in peel
and pulp of three cultivars and principal component analysis clearly showed obvious
separation among volatile profiles of different cultivars and tissues of tamarillo.
Fifteen volatile compounds had relative odour activity values greater than 1 which
means that it could be detected by the human nose, and the key contributor to the
overall smell of tamarillo was methional being characterized by tomato-like flavour

notes. This could help explain the original name of tree tomato.
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The results from Part | showed that tamarillo fruit has the potential to be a functional
food or a functional ingredient for reformulation of foods such as yoghurt. In part Il,
yoghurts fortified with tamarillo powder made from pulp were produced either pre- or
post-fermentation process. Evidence was produced that tamarillo yoghurt offers the
potential for the development of a high-value nutrition product that could be a good
dietary source of vitamin C and a source of vitamin E and -carotene and maintained
the volatiles that give tamarillo its distinctive odour and flavour. Addition of tamarillo
powder both before and after fermentation increased the acidity, fibre, protein and
lactic acid contents of yoghurts. Pre-fermentation produced higher consistency and a-
tocopherol concentrations of yoghurt than post-fermentation. Higher elastic modulus,
polyunsaturated fatty acids, pro-vitamin A content and retention of vitamin C were
observed for post-fermentation samples than pre-fermentation samples. High nutrient
contents in terms of essential amino acids, GABA and phenols were observed in
yoghurts fortified with tamarillo powder. Addition of tamarillo powder led to a dose-
dependent increase in free amino acid content, especially GABA as well as the total
essential amino acids of yoghurts in which the pre-fermentation samples showed
higher amount of total free amino acids and total essential free amino acids than the
post-fermentation ones. The antioxidant capacity of fortified yoghurts from both
fermentation processes increased under the influence of in vitro intestinal digestion,
probably due to chemical changes of the polyphenols and presence of bioactive amino
acids or peptides. Tamarillo bioactives could be effectively encapsulated by cubosome
nanoparticles with encapsulation efficiency for most polyphenols was over 50%.
Compared to the unencapsulated extract, cubosomal encapsulation provided a
protective effect on the tamarillo phenols under simulated gastrointestinal conditions,
exhibiting good and sustained release characteristics. The encapsulated tamarillo
phenols were almost completely released in alkaline pH conditions (intestinal phase).
It was observed that stability of phenols in yoghurt samples showed great potentials
after in vitro digestion regarding total phenolics and antioxidant capacity. In addition,
each individual bioactive compound of yoghurts in cubosomal system showed the
good stability after in vitro digestion. Cubosomes can, therefore, be considered for use
to increase the bioavailability of the unique constituents of tamarillo and for use in
functional yoghurts. Outcomes in the present study could also have implications for
industry to produce value-added yoghurts which are as an important source of dietary

bioaccessible phenols. Further work is required to assess the acceptability of these
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yoghurts to the consumer, the cost of production and viability of sales of the product,
shelf life as well as the interaction between fibres and stater culture (viability, total
colony counts). Also, interaction between yoghurt components (mainly protein),
starter culture and encapsulated bioactives should be evaluated in the future.
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Chapter 1: Introduction

1.1 Background of research

Globally chronic nutrition-related non-communicable diseases such as type 2 diabetes
mellitus, cardiovascular disease, obesity and some cancers impact on public health and
increase the burden on the health care systems (Benziger, Roth, & Moran, 2016). To
cope with these chronic disorders, medical service should not be the only strategy.
Therefore, the consumption of healthy foods and nutraceuticals with disease-
preventing or minimizing functions should play a major role in national food strategies
and added-value foods produced by the food industry (Bigliardi & Galati, 2013).
Subsequently, the production of sustainable, nutrient dense foods to provide essential
nutrients and diverse foods that have health-benefits is increasing. In recent years,
interest in fruit-based foods that contain high levels of phytochemicals has increased
substantially (Sun-Waterhouse, 2011). Liu (2013) has defined phytochemicals as
bioactive non-nutrient plant compounds in fruits, vegetables, whole grains, and other

plant foods that have been hypothesized to reduce the risk of major chronic diseases.

Phytochemicals present in dried fruit have potential to contribute bioactive properties
to functional foods, nutraceuticals and pharmaceutical products, and provide various
opportunities for adding value in the food production and manufacturing chains
(Chang, Alasalvar, & Shahidi, 2016). In addition, drying of fruits increases shelf-life
and reduces food waste. Over the last few decades, numerous projects have been
implemented in this area and, subsequently, a lot of food components, such as dietary
fibre, carotenoids, phenolics including anthocyanins have been explored to supply a
variety of biological activities that may have beneficial effects on human health (Akin,
Temelli, & Koseoglu, 2012).

In the literature, an increasing number of publications year by year, report on
functional roles of fruit-derived ingredients or fruit-based foods for disease prohibition
and health promotion (Chang, Alasalvar, & Shahidi, 2019). According to the Ministry
of Health, malnutrition in New Zealand is high. Two-thirds of adults in New Zealand
are either overweight or obese (Ministry of Health, 2019b) and 40% live in food
insecure households (Ministry of Health, 2019a). The proportion of the population
who have micronutrient deficiencies (hidden hunger) is not known. Also, only half

(54%) of the adult population meet the daily recommended intake of fruit (at least two
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servings of fruit per day). Due to the change in lifestyle over the years, the
consumption of fresh fruit has become a not-so-easy option for those who are busy,
want to reduce food waste and do not have enough money to buy the food that they
need. It would be advantageous to develop food products using ingredients derived
from fruit in order to enhance the nutritional value and to make consumption of fruit

easier and more accessible.

Rationale and significance of the study

In New Zealand, kiwifruit value-added fruit-based products such as kiwifruit ice
cream (Sun-Waterhouse, Edmonds, Wadhwa, & Wibisono, 2013a), kiwifruit-banana
smoothie (Sun-Waterhouse & Zhou, 2010) or kiwifruit extract-enhanced gluten-free
bread (Sun-Waterhouse et al., 2009) have been researched in depth. However, despite
an extensive literature search, very little use has been made of tamarillo despite it
containing similar or higher concentrations of nutrients particularly vitamin C, dietary
fibre and B-carotene. According to Skinner and Hunter (2013), tamarillo is a New
Zealand grown fruit which owns a wide range of functional bioactives that may benefit
the human health. New Zealand is one of the leading producers and exporters of
tamarillo with the yield of approximately 450 tonnes per year (Aitken & Warrington,
2018). Tamarillo has a long production season, and it is available from March through
to November. It is eaten fresh, cooked in jams, pickles and sauces, blended with milk
or water, prepared as pickles and chutney or consumed as part of salads (Ghosal,
Chhetri, Ghosh, & Mandal, 2013; Skinner & Hunter, 2013). Although New Zealand
produces a high amount of tamarillo, only a few tamarillo products are available in the
market, in the form of frozen or canned tamarillo, vinegar, puree and juice
(Schotsmans, East, & Woolf, 2011).

There is a high consumption of fermented milk products in New Zealand. Anecdotally,
tamarillo is not easy to eat due to its texture and strong flavour, hence an attempt to
make new product from tamarillo with potential high-value-nutrition should be
investigated. Numerous studies have reported that the attractive taste of yoghurt and
its nutritional properties can be enhanced by addition of fruits (Coisson, Travaglia,
Piana, Capasso, & Arlorio, 2005; Karaaslan, Ozden, Vardin, & Turkoglu, 2011;
Wallace & Giusti, 2008) that also meets the demand of consumers as well as guidelines
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of the Ministry of Health for New Zealanders with at least 2 servings of fruit and 1
pottle of yoghurt every day. The development of new functional foods requires
technologies for incorporating health-promoting compounds into matrices without
reducing their bio-functionality, protecting them from degradation and maintaining
their bioavailability. Martinez-Ballesta, Gil-lIzquierdo, Garcia-Viguera, and
Dominguez-Perles (2018) stated that as a result of the gastrointestinal digestion,
bioactive compounds from nutrients (bioactive peptides, minerals and vitamins) and
non-nutrients (phytochemicals) can be degraded. Hence, encapsulation of bioactive
compounds will limit general metabolism and degradation due to chemical and
enzymatic impacts of gastrointestinal tract. As a result, an increase of absorption and

bioavailability of bioactives is achieved.

Therefore, this study aims to evaluate the nutrient contents, especially bioactive
compounds (polyphenols and related antioxidants) of tamarillo that may be beneficial
for the human health. Characterisation of tamarillo will make more available
information to health and nutrition experts as well as the food companies and export
market. And then, there is reasonable potential for producing milk products from
tamarillo such as yoghurts that provide opportunities for novel dairy products fortified
with fruit-derived ingredients and health-promoting effect from tamarillo.
Additionally, encapsulation of bioactives from tamarillo will be evaluated through
stability and functionality of polyphenols in fortified yoghurt during in vitro digestion.

Research question (s)

In New Zealand, tamarillo (or tree tomato) is consumed mostly in the form of fresh
fruit and in the months March to November. Tamarillo is highly nutritious known to
be a source of dietary fibre, potassium, vitamins A, B6 and E and a good source of
vitamin C, all bioactive compounds with potential for well-being (Ministry of Health
& New Zealand Institute for Plant and Food Research Limited, 2021), though research
about developing tamarillo-derived foods is still limited and as a functional ingredient,
the potential of tamarillo remains largely unexplored. The overall questions asked in

this thesis are:

e What are the main components and bioactive compounds in tamarillos that may

benefit human health?
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e What is the effect of fortification of yoghurt with dried tamarillo powder and the
fermentation process on the physicochemical properties and nutrient and volatiles
content of yoghurt?

e What are the effects of in vitro gastrointestinal digestion on amino acids,
polyphenols and antioxidant capacity of tamarillo yoghurts?

e Does the encapsulation of tamarillo polyphenol extract enhance the stability and
bio-accessibility of bioactive compounds in tamarillo yoghurt and maintain texture

compared to yoghurt fortified with unencapsulated tamarillo polyphenol extract?

1.4 Objectives

Main objective of this thesis is to explore the nutrient and bioactive profile
(polyphenols and related antioxidants) of New Zealand grown tamarillo and use
yoghurt as a vehicle for oral delivery of these compounds which may have potential
health benefits. Using natural sources in the development and formulation of yoghurt
products will contribute to increase in research and industrial application of fruits.
Figure 1.1 summarizes schematically the structure of this research including main
aims, research questions and objectives. The project investigation designed with six

objectives:

Part I: Tamarillo fruit

e Objective 1 — Chapter 2: To explore physicochemical properties, volatile
compounds, bioactive compounds (phenolics, anthocyanins and antioxidant
vitamins), and antioxidant activity in both endo- and mesocarp (pulp) and exocarp
(peel) of ‘Amber’ (yellow), ‘Laird’s Large’ (red) and ‘Mulligan’ (purple-red)

tamarillo cultivars.

Part Il: Yoghurt fortified with tamarillo

e Objective 2 — Chapter 4: To investigate effect of fermentation process (before and
after fermentation) and tamarillo powder concentrations (5%, 10% and 15%) on
physicochemical properties, volatile component and nutritional value of tamarillo

yoghurt.

e Objective 3 — Chapter 5: To determine amino acid and polyphenols components as

well as antioxidant activity of tamarillo yoghurt.
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e Objective 4 — Chapter 5: To investigate bioavailability and bio-accessibility of
amino acids, major polyphenol classes including anthocyanins and antioxidant

activity from tamarillo yoghurt using in-vitro digestion model.

e Objective 5 — Chapter 7: To explore potentials of liquid crystalline nanoparticles
(cubosomes) to encapsulate polyphenols from tamarillo through identification of

encapsulation yield.

e Objective 6 — Chapter 7: To investigate in-vitro gastrointestinal behaviour of
yoghurt enriched with tamarillo bioactive-loaded nanoparticles and comparing with

yoghurts fortified only with tamarillo powder.
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Investigation of tamarillo as a potentially nutritious fruit and application of
tamarillo in fruit yoghurt devolvement

. 4

Aim: To explore the nutrient and bioactive profile of tamarillo and use yoghurt as a
vehicle for oral delivery of these compounds with potential health benefits

4

Research question Part I: What are the main Research questions Part 11: What is the effect of fortification of yoghurt with dried tamarillo powder and the
components and bioactive compounds in fermentation process on the physicochemical properties, nutrient and volatiles content of yoghurt?
tamarillos that may benefit human health? :> What are the effects of in vitro gastrointestinal digestion on amino acids, polyphenols and antioxidant capacity of
tamarillo yoghurts?
Does the encapsulation of tamarillo polyphenol extract enhance the stability and bio-accessibility of bioactive
compounds in tamarillo yoghurt and maintain texture compared to yoghurt fortified with unencapsulated tamarillo
polyphenol extract?

L 2 ) 2 L 2 L 2 ) 2

Objective 1: To explore proximate components, Objective 2: To Objective 3: To Objective 4: To Objective 5: To Objective 6: To
antioxidant vitamins, bioactive compounds investigate effect of determine amnio investigate bio- explore investigate in-vitro
(phenolics including anthocyanins), antioxidant fermentation process acid and accessibility of encapsulation gastrointestinal
activity and volatile compounds in both endc_>- and and tamarillo powder polyphenol major polyphenols potentials of behavior of yoghurt
mesocarp (pulp) and exocarp (peel) of three different . . .
tamarillo cultivars including ‘Amber”, ‘Laird’s conce_ntratlon§ on compgne_nts and cla§ses from polyphenols from enrlched_ with
Large’ and ‘Mulligan’ physicochemical antioxidant tamarillo yoghurt tamarillo through tamarillo
properties and activity of using in-vitro identification of polyphenols-loaded
nutritional value of tamarillo yoghurt. digestion model encapsulation yield microparticles

tamarillo yoghurt

L 2

Prospective outputs: Tamarillo is nutrient-dense as Prospective outputs: Tamarillo yoghurt shows higher bioactivity due to presence of polyphenols and dietary fibre than
demonstrated in the following papers, published from : plain yoghurt and yoghurt matrix may enhance the gastro-intestinal stability and the bioaccessibility of polyphenols.

my PhD. Nutrients and food-based bioactives Encapsulation improves the stability and functionality of polyphenols in fortified yoghurt during in vitro digestion
identified were dietary fibre, B-carotene, a-tocopherol,

vitamin C, phenolics including anthocyanins
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1.5 Outline of thesis

To achieve the overall aims of this thesis, two main parts were conducted together
with a general introduction (Chapter 1). Part | or Chapter 2 aims to investigate
compositions, nutritional value and health benefits of tamarillo. This part is started
with a review of the relevant literature focusing on publications in the last two decades
about tamarillo such as physiochemical composition, volatiles, bioactive compounds,
health benefits and application. Then, all proximate compositions and physiochemical
properties of tamarillo were presented. The following section applied LC-MS to
quantify dietary antioxidant sources including B-carotene, ascorbic acid, a-tocopherol
and carotenoids as well as phenolics including anthocyanins content. The last section
of this chapter investigated the volatiles contents by using advanced technique
(thermal desorption unit) coupled with GC-MS.

In Part Il, application of tamarillo in fruit yoghurt devolvement is extensively
addressed. Chapter 3 follows with the review of literature concerning fruit-fortified
yoghurts. Properties of tamarillo yoghurt including proximate components, flavour,
rheology, texture and nutritional values affected by the concentration of tamarillo
powder added and if the addition is pre or post the fermentation are reported in Chapter
4. Chapter 5 describes during in vitro digestion of tamarillo yoghurts how protein is
digested to amino acids and bioactive compounds (polyphenols), antioxidant activity
and bioactives are released. What is known about cubosome encapsulation of bioactive
compounds and the use of bioactive-loaded particles in food products is reviewed in
Chapter 6. The final experimental chapter (chapter 7) reports cubosome encapsulation
of tamarillo extract, fortification of yoghurt and effects of in vitro digestion. Finally,
chapter 8 discusses the major findings and conclusions reached in this body of work

and makes recommendations for future research.
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Figure 1.2 Outline of this research.
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Chapter 2: Exploration of tamarillo (Solanum betaceum Cav.) as a

nutrient and phytochemical dense fruit

This chapter is reproduced from three published papers: “Physicochemical properties
and proximate composition of tamarillo (Solanum betaceum Cav.) fruits from New
Zealand”; “Quantification of Carotenoids, a-Tocopherol, and Ascorbic Acid in
Amber, Mulligan, and Laird’s Large Cultivars of New Zealand Tamarillos (Solanum
betaceum Cav.)” and “Phenolic and Anthocyanin Compounds and Antioxidant
Activity of Tamarillo (Solanum betaceum Cav.)” published in Journal of Food
Composition and Analysis; Foods and Antioxidants, respectively with permission.

This chapter summarizes physiochemical compositions and bioactive properties of
tamarillo from literature as well as presents main findings about proximate
compositions, bioactive compounds, antioxidant vitamins and antioxidant activity of
three tamarillo cultivars (‘Amber, Laird’s Large and Mulligan’) from New Zealand
which have not been explored in previous studies. Tamarillo (Solanum betaceum Cav.)
is a sub-tropical fruit with unique flavor and color, known to be highly nutritious.
Tamarillo has nutrient adequacy scores ranging from 7.4 (red type) to 7.9 (gold type).
The pulp of all three New Zealand cultivars was approximately 3% of dietary fibre
and contained a relatively high content of GABA which is similar to tomato (Solanum
lycoperscium). Highest B-carotene (9-20% RDI/serve), high ascorbic acid (67-75%
RDl/serve) and a-tocopherol (16-23% Al/serve) were observed in tamarillos when
comparing to standard serves of common New Zealand fruits. The most dominant
phenolic compound in both peel and pulp of all cultivars was chlorogenic acid.
Delphinidin 3-rutinoside was the main anthocyanin in pulp of all cultivars, whereas
cyanidin 3-rutinoside dominated both ‘Laird’s Large’ and ‘Mulligan’ peels. A higher
antioxidant activity determined by CUPRAC and FRAP assays than kiwifruit was
explored, although a lesser amount of phenolics were the present. A total of 121
volatile compounds were detected in peel and pulp of tamarillo using an advanced
technique (thermal desorption — TD) coupled with GC-MS. The main contributor to
the overall flavour of lyophilized tamarillo was methional, regardless of the cultivars

and tissues.

This chapter is organized as follows: Section 2.1 is intended to provide a valuable

source for knowledge about tamarillo based on current studies and to discuss some
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2.1

2.1.1

suggestions for future investigations. Materials including tamarillo samples
preparation and the experimental works are given in Section 2.2. Proximate
compositions and physiochemical properties in three tamarillo cultivars being grown
in New Zealand are given in Section 2.3. Section 2.4 and 2.5 describe antioxidant
vitamins compositions as well as main bioactive compounds and antioxidant activity
of tamarillos, respectively. Section 2.6 characterises volatile component of ‘Amber’,
‘Laird’s Large’ and ‘Mulligan’ cultivars, separated into peel and pulp, using TD-GC-
MS. Finally, a brief summary of potential applications of this fruit is given in Section
2.7.

Literature review: what is known about tamarillo fruit as a food
Introduction

Tamarillo, also known as tree tomato (Solanum betacea or Cyphomandra betacea
Cav.), is categorised in the family Solanaceae, genus Solanum together with tomato,
capsicum and eggplant (Figure 2.1) (Bohs, 1995). The egg-shaped fruit has purple-red
to golden-yellow skin and small seeds (Romero-Rodriguez, Vazquez-Oderiz, Lopez-
Hernandez, & Simal-Lozano, 1994). The exact origin of this fruit is unknown, but wild
cultivars exist in South American countries including Bolivia, Chile, Ecuador and Peru
(Morton, 1987). In the late 19" century, the fruit was globally introduced to Oceania
(Australia and New Zealand), South-East Asia (India, Malaysia, Thailand, Indonesia
and Vietnam), Europe (Italy, Germany, Spain, Portugal, France and Netherlands) as
well as Africa (South Africa, Uganda and Rwanda) (Bohs, 1995; Lim, 2013; Morton,
1987; Prohens & Nuez, 2001). At present, only three countries: Australia, Colombia
and New Zealand commercially grow tamarillo (New Zealand Horticulture Export
Authority).

In New Zealand, the yellow and purple cultivars were developed by Hay & Sons in
the late 1800’s (Morton, 1987), and the purple-red type was developed by an Auckland
nurseryman from South America around 1920 (Prohens & Nuez, 2001). In 1967, the
New Zealand name “tamarillo” was coined by combing “tama”, a Maori word with
meaning of leadership, and “rillo”, a Spanish word. The new name “tamarillo” was
more marketable than tree tomato, the original name (Hewett, 1993). According to
Schotsmans et al. (2011), tamarillo successfully grew in New Zealand through
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improvements in species cultivation and storage conditions. As a sub-tropical fruit,
tamarillo is mainly grown in warmer and sheltered area of North Island of New
Zealand, producing 100 tonnes of tamarillo from about 100 ha, with a value of $2.4
million in domestic sales and $100,000 in export sales from New Zealand (Aitken &
Hewett, 2016). As a new crop, New Zealand has been recognised as the world’ largest
producer of tamarillo (Acosta-Quezada, Martinez-Laborde, & Prohens, 2011).

America, Australia, Hong Kong, Singapore, Japan and Pacific Islands are the main

export markets for tamarillo from New Zealand (Schotsmans et al., 2011).

Figure 2.1 Tamarillo plants and fruits (Source: New Zealand Tamarillo Growers

Association).
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Figure 2.2 Tamarillo Export Statistics from 2013 to 2018 (Source: Statistics New
Zealand).

Table 2.1 Tamarillo export market volume and value from 2014 to 2016 (year
ending June, tonnes and $NZ FOB) (Source: Statistics New Zealand).

2014 2015 2016

Market Volume  Value Volume  Value Volume  Value
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USA 12 100,036 11 74,318 8 60,475
Pacific Islands 0.01 98 0 0 0.01 52
Australia 42 182,239 0 0 0 0
Japan 0.05 753 0 0 0 0

Fiji 0 0 0.01 80 0 0

New Caledonia 0 0 0.002 19 0 0
Thailand 4 12,392 0 0 0 0
Total 59 $295518 11 $74,417 8 $60,52

2.1.2 Cultivars of tamarillo

Tamarillo cultivars are broadly distinguished by the colours of purple, red and yellow
(Figure 2.3). These three tamarillo cultivars have similar nutrient profiles and a Brix
level between 9.3 and 13.6 but differ in anthocyanin content, which is the highest in
the red and purple types (Vasco, Ruales, & Kamal-Eldin, 2008). The oval-shaped
purple pulp and vivid dark red peel cultivar is also recognized as dark-red or black
with the weight of 60 to 100 g. ‘Holmes’, ‘Kaitaia’, ‘Rothamer’, ‘Ruby Red’ (Prohens
& Nuez, 2001) and ‘Mulligan’ are cultivars of purple colour.

The red cultivar is the most commonly available type with the weight of 50 to 80 g.
This is the most common grown cultivar in New Zealand. Owning dark red
pigmentation around the seeds and deep red skin, this tamarillo type is preferred for
fresh consumption due to stronger and more acid flavour. Various cultivars within the
red group include ‘Andys Sweet Red’, ‘Ecuadorian Orange’, ‘Oratia Red’, ‘Secombes
Red’, ‘Solid Gold’, ‘Red Beam’, ‘Red Beau’, ‘Red Delight’ and ‘Laird’s Large’. In
New Zealand, the red type accounts for over 80% of exports. It is known as an
excellent source of antioxidants and full of natural vitamins and minerals (Prohens &
Nuez, 2001; Schotsmans et al., 2011).

Yellow type has a mild flavour with bright yellow skin and the weight of 50 to 70 g.
This fruit has less acidic taste which is suitable for canning or making preserves.
Cultivars in yellow type include ‘Egmont Gold’, ‘Goldmine’, ‘Inca Gold’ (Prohens &
Nuez, 2001; Schotsmans et al., 2011) and ‘Amber’.
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Figure 2.3 Three tamarillo cultivars: yellow (left), red (centre) and purple (right).
(Source: https://www.edible.co.nz/varieties.php?fruitid=14_Tamarillo)

2.1.3 Nutritional compositions

The sugar and acid concentrations also vary depending on the cultivars. Acosta-
Quezada et al. (2015) reported that the concentrations of glucose and fructose were
relatively similar, and these were lower than sucrose concentration within each
tamarillo cultivar (orange, orange pointed, red, red conical and purple) (Figure 2.4A).
As with both individual sugars and total sugars, the orange groups had higher values
than the red and purple groups. The global means of glucose, fructose, sucrose and the
total sugars in tamarillo were reported as 9.1, 9.3, 23.5 and 41.9 g/100 g dry weight
(DW), respectively (Acosta-Quezada et al., 2015). Also, the concentrations of
mannose, ribose, rhamnose, galactose, xylose, arabinose and uronic acids had been
reported in Malaysian tamarillo puree (Gannasin, Adzahan, Hamzah, Mustafa, &
Muhammad, 2015a) and in tamarillo mucilage from Brazil (Do Nascimento, lacomini,
& Cordeiro, 2016a) (except for ribose).

According to Ramirez and Kallarackal (2019), there is a decrease of the organic acids
in tamarillo over the 25 weeks of development. Malic and citric acids have been
identified as two main organic acids in tamarillo, in which the average citric acid
concentration was significantly higher than malic acid in most cultivars (Figure 2.4B)
(Acosta-Quezada et al., 2015). The red and purple groups had a higher concentration
of malic acid than the orange groups which could account for their less astringent
flavor. For citric acid, the highest and the lowest average values were found in orange
and red cultivars with 6.87 and 5.32 mg/100 g DW, respectively. The global mean of
the sugars : acids ratio of tamarillo was 6.43 and this value varied from 5.72 (red
conical) to 7.16 (red cultivar) depending on the cultivars (Acosta-Quezada et al.,
2015). For example, the Secombes Red cultivar had a lower sugar : acid ratio than
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Figure 2.4 Concentrations of soluble sugars (A) and organic acids (B) in five
different types of tamarillo.
Used with permission (Diep, Rush, & Yoo, 2020d)
m Orange; m Orange pointed; ®Red; = Red conical; mPurple; m Global. Data was

presented as mean (g/100 g DW) and error bar (standard deviation) (n > 3)

Regular consumption of dietary fibre in fruit, vegetables and whole grains is known
to reduce blood cholesterol, reduce hyperglycaemia and improve the health of the
microbiome and laxation. Tamarillo has significant amount of dietary fibre (more than
4 g/100 g FW) (Vasco, Avila, Ruales, Svanberg, & Kamal-Eldin, 2009). The dietary
fibre content of gold and red tamarillo cultivars from New Zealand was 3.1 and 3.6
9/100 g FW, respectively (Lister, Morrison, Kerkhofs, & Wright, 2005), which is
higher than that of apple or even kiwifruit (Table 2.2) analysed in the same way. A
recent report from the New Zealand Institute for Plant and Food Research has shown
the dietary fibre of 3.2 — 3.3% in tamarillo, contributing to 11% of Daily Intakes (DI)
(New Zealand Food Composition Database, 2019) (Table 2.2). Mutalib, Rahmat, Ali,
Othman, and Ramasamy (2017) reported the total dietary fibre content in Malaysian
tamarillo being 6.0 g/100 g edible portion.

Consumption of tamarillo has been reported to significantly contribute to the daily
recommended intake of many vitamins and minerals (Table 2.2) (New Zealand Food

Composition Database, 2019). The potassium contents in different tamarillo groups
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(orange, orange pointed, red, red conical and purple) from different sources ranges are
reported as from 1868 to 2789 mg/100 g DW, and the purple cultivar has the highest
concentration of this mineral (Acosta-Quezada et al., 2015). Potassium in the red and
gold tamarillos sourced from New Zealand was 321 — 495 and 292 — 450 mg/100 g
FW, respectively (Lister et al., 2005; New Zealand Food Composition Database, 2019)
and in purple-red and golden-yellow sourced from Ecuador, 379 and 398 mg/100 g
FW, was found, respectively (Vasco et al., 2009). Malaysian tamarillo also contained
an average potassium concentration of 410 mg/100 g edible portion (Mutalib et al.,
2017). The concentration of potassium in tamarillo have been reported to be similar
or even higher than that reported in banana, with 358 mg/100 g edible portion (USDA,
2018). Potassium is vital for the proper function of nervous cells. Also, tamarillo is a
source of the essential minerals: copper, manganese and magnesium which are
involved as cofactors in numerous metabolic pathways. Lister et al. (2005) showed
single serve of tamarillo (approximately 60 g) can satisfy the recommended daily
intake (RDI) of copper (6.5 % for both gold and red tamarillo), manganese (6.5 and
5.0 % for gold and red tamarillos, respectively) and potassium (7.2 and 8.0 % for gold

and red tamarillos, respectively).

Ascorbic acid (known as Vitamin C) is a well-known antioxidant and contributes
towards production of collagen and increases the absorption of iron. The concentration
of ascorbic acid in both purple-red and golden-yellow tamarillos from Ecuador ranged
from 16 to 24 mg/100 g FW (Vasco et al., 2008). Higher content was found in gold
(24.7 and 31 mg/100 g FW) and red (34.3 and 29.8 mg/100 g FW) tamarillo cultivars
from New Zealand, as identified by Lister et al. (2005) and by New Zealand Food
Composition Database (2019), respectively. Orddfiez, Cardozo, Zampini, and Isla
(2009) analysed the concentrations of vitamin C in different extractive forms of
tamarillo from Argentina. They reported the average ascorbic acid contents in fruit,
maceration, decoction, juice and pomace were 153, 48, 26, 15 and 13 mg/100 g FW,
respectively. These values were converted from the reported values of 1.53, 0.48, 0.26,
0.15 and 0.13 mg/g FW, respectively. The vitamin C concentration in Malaysian
tamarillo had also been determined by Mutalib et al. (2017) with 55.9 mg/100 g DW.
According to Lim (2013), the concentration of vitamin C was 4.5 times higher in the
tamarillo seed jelly than in the pulp. Despite containing a similar amount of vitamin C

to orange, tamarillo showed remarkably higher total oxygen scavenging capacity
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(TOSC) value against peroxyl radicals than the orange (Gordon, Rodrigues, Marx, &
Papagiannopoulos, 2007). The vitamin C, known as natural free radical scavenger,

also illustrated a moderate antioxidant activity against peroxynitrite.

The concentrations of pyridoxine or vitamin Be identified in gold and red tamarillos
from New Zealand were 0.38 — 0.52 and 0.2 — 0.58 mg/100 g FW, respectively (Lister
et al., 2005; New Zealand Food Composition Database, 2019). This vitamin plays an
important role in supporting the nervous function, generating red blood cells, protein
digestion as well as enhancing the immune system to against several diseases (Intakes,
2005). In gold and red tamarillo cultivars from New Zealand, 1.9 — 3.5and 1.8 — 1.94
mg of vitamin E per 100 g FW were found, respectively (Lister et al., 2005; New
Zealand Food Composition Database, 2019) which were higher than the vitamin E
content in other fruits (Table 2.2). In this group, a-tocopherol as an antioxidant may
have the ability to reduce the risk of several cancers and heart disease (Lister et al.,
2005). Another fat-soluble vitamin, vitamin A, had been determined in Malaysian
tamarillo with the content of 4.8 mg/100 g DW (Mutalib et al., 2017). Compared with
kiwifruit, tomato, orange and apple, tamarillo had a significantly higher concentration
of vitamin A (Table 2.2). This vitamin also owns antioxidant activity and is able to
react with free radicals and peroxyl radicals. According to Lister et al. (2005), the %
RDI values from a serving size of one gold tamarillo for vitamin A, Be, C and E were
13.62, 18.91, 19.76 and 12.35, respectively, whereas theses values from red cultivar
for vitamin A, B6, C and E were 13.15, 21.09, 27.44 and 6.35 %, respectively.
Therefore, 60 g of tamarillo pulp (one fruit) can meet the RDI of these vitamins
(FSANZ labelling).
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Table 2.2 Compositions of yellow and red tamarillo cultivars from New Zealand (per 100 g FW) and comparison to other fruits

Used with permission (Diep et al., 2020d).

Component /100 g Yellow tamarillo Red tamarillo Kiwifruit Banana  Tomato Orange  Apple Strawberry
Moisture (%) 86.3 86.1 83.8 74.9 945 86.8 85.56 90.95
Energy (kJ) 139 (2 %) 165 (2 %) 241 371 74 197 218 136
Protein (g) 1.9 (4 %) 2 (4 %) 1.06 1.09 0.88 0.94 0.26 0.67
Fat (g) 0.5 (1 %) 0.4 (1 %) 0.44 0.33 0.2 0.12 0.17 0.3
Dietary fibre (g) 3.2 (11 %) 3.3 (11 %) 3.0 2.6 1.2 2.4 2.4 2.0
Available carbohydrate (g) 3.7 (1 %) 3.8(1%) 9.1 20.8 2.7 8.5 10.8 6.6
Total sugars (g) 3.4 (4 %) 3.5 (4 %) 9.0 12.2 2.63 8.5 10.5 6.5
Fructose (g) 0.9 0.9 4.35 4.85 - - - 244
Glucose (g) 0.8 0.8 411 4.98 - - - 1.99
Sucrose (g) 1.6 1.7 0.15 2.39 - - - 0.47
Vitamin A, retinol equivalent (ug) 127 190 4 3 42 11 3 1
Vitamin Bg (MQ) 0.38 (24 %) 0.2 (12 %) 0.063 0.4 0.046 0.06 0.041 0.047
Vitamin C (mg) 31 (78 %) 29.8 (74 %) 93 8.7 14 53.2 4.6 58.8
Vitamin E (mg) 1.9 (19 %) 1.94 (19 %) 1.46 0.1 0.54 0.18 0.18 0.29
Folate (ug) 4 (2 %) 4 (2 %) 25 20 15 30 3 24
Calcium (mg) 11 (1 %) 11 (1 %) 34 5 13 40 6 16
Copper (mg) 0.06 (2 %) 0.05 (2 %) 0.13 0.078 0.059 0.045 0.027 0.048
Iron (mQ) 0.44 (4 %) 0.57 (5 %) 0.31 0.26 0.36 0.1 0.12 0.41
Magnesium (mg) 20 (6 %) 21 (6 %) 17 27 11 10 5 13
Manganese (mQ) 0.185 (4 %) 0.114 (2 %) 0.098 0.27 0.114 0.025 0.035 0.386
Phosphorus (mg) 40 (4 %) 39 (4 %) 34 22 24 14 11 24
Potassium (mg) 292 321 312 358 237 181 107 154
zZinc (mg) 0.17 (1 %) 0.15 (1 %) 0.14 0.15 0.07 0.07 0.04 0.14
Total phenolics (mg GAE/100 g FW)? 117 191 258.55 120 425° 39 187 240
Total anthocyanins (mg/100 g FW)? 0 82 — 0 — 0 0 28-70

Antioxidant activity (umol TEAC/100 g FW)? 1002 1659 800 64 - 874 500 1850

FW = Fresh Weight; GAE = Gallic acid equivalent; TEAC = Trolox equivalent antioxidant capacity

% DI (Daily Intakes) are shown in brackets

4Data retrieved from Lister et al. (2005)

¢ Data retrieved from Noor Atigah, Maisarah, and Asmah (2014) and expressed as mg GAE/100 g edible portion on dry weight basis
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2.1.4 Nutrient adequacy score

The nutritional adequacy score for tamarillo sourced from New Zealand were
calculated based on the method of Darmon, Darmon, Maillot, and Drewnowski (2005)
and nutritional values from Athar, McLaughlin, and Taylor (2003). The scores were
7.9 and 7.4 for gold and red cultivars, respectively (Table 2.3), which were relatively
similar to orange (8.1) and strawberry (8.0) and even higher than lemon (7.0), banana
(4.9), pomegranate (4.8) and blueberry (2.9) (Figure 2.5). These significant scores
indicated that tamarillo was on the top of the nutritional value table meaning richness
in nutrients. The nutrient richness of tamarillo mainly comes from the high amount of
vitamin C, vitamin Bs, vitamin A, fibre and probably potassium. The combination of
these attributes from tamarillo if regularly consumed would provide significant health
benefits. The nutritional profile and nutritional adequacy score of fruit pulp shows the
considerable potential of tamarillo to broaden fruit choice and to enhance nutritional

status of expanding world population.

Table 2.3 Nutrient adequacy score of gold and red tamarillos from New Zealand.

Nutrient Unit DV? Gold tamarillo®  Red tamarillo®
Protein g 60 1.9 2
Fibre g 25 3.2 3.3
Vitamin A ug 700 127 190
Thiamin mg 1.2 0.09 0.04
Riboflavin mg 1.55 0.01 0.02
Niacin mg 12.5 0.57 0.27
Pantothenic acid mg 5 0.04 0.04
Vitamin B6 mg 1.65 0.38 0.2
Folate ug 315 4 4
Vitamin B12 ug 2.4 0 0
Vitamin C mg 110 31 29.8
Vitamin E mg 12 1.9 1.94
Vitamin D ug 5 0 0
Calcium mg 900 11 11
Iron mg 12.5 0.44 0.57
Magnesium mg 390 20.4 21
Nutritional adequacy score 7.9 7.4

2DV = Frenche-recommended Daily Value

b Data retrieved from New Zealand Food Composition Database (2019)
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Figure 2.5 Nutrient adequacy score of common fruits.

(Source: https://www.zespri.eu/en/happy-healthy/nutrient-richness-kiwi)

2.1.5 Volatile profile

In red tamarillo sourced from Colombia, Torrado et al. (1995) determined 46 aroma
compounds. Five dominant components were methyl hexanoate, eugenol, (E)-hex-2-
enal, (Z)-hex-3-en-1-ol, and 4-allyl-2,6-dimethoxyphenol. From the results, a
difference in volatile profile was found between tamarillo and other Solanaceae family
fruits including tomato (Solanum lycopersicum L.) or lulo ((Solanum vestissimum D.).
Methyl hexanoate, a-terpineol and 4-allyl-2,6-dimethoxyphenol were dominant
compounds in volatile profile of tamarillo with the concentration of above 300 pg/kg
(~ 30 ng/100 g) (Torrado et al., 1995) but were not detected in tomato (Buttery,
Teranishi, Ling, & Turnbaugh, 1990) or lulo (Suérez et al., 1993). Eugenol was an
abundant flavour compound in tamarillo (> 500 ug/kg ~ 50 ug/100 g), but it showed
low content in lulo fruit (< 200 pug/kg ~ 20 ug/100 g) (Suarez et al., 1993) and not
determined in tomato (Buttery et al., 1990). Butan-2-ol, methyl 3-hydroxybutanoate,
a-terpineol and 4-terpineol were also determined (Torrado et al., 1995). Butan-2-ol is
associated with sweet and apricot odour, while methyl hexanoate has fruity note and
eugenol is characterised by sweet note. Both (E)-hex-2-enal and (Z)-hex-3-en-1-ol

have green note.
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In red Malaysian tamarillo, 49 volatile compounds were identified (Wong & Wong,
1997). Non-terpenoid alcohols constituted 44.7% in Malaysian tamarillo with the most
dominant compound of (Z)-3-hexenol (26.6%), followed by (E)-3-hexenol (7.7%) and
(E)-2-hexenal (7.3%). Esters consisted of 37.4% of the total flavour components with
ethyl butyrate (14.8%) which were not detected in Columbian fruit, methyl butyrate
(12.0%), methyl hexanoate (8.6%) and ethyl hexanoate (1.0%). Sixteen terpenoids and
two phenolic compounds were also observed in tamarillo from Malaysia (Wong &
Wong, 1997). Eugenol and 4-allyl-2,6-dimethoxyphenol were not detected in
tamarillo from Malaysia but showed high amounts in tamarillo from Columbia with >
500 for eugenol and 300 — 500 pg/kg (~ 30 — 50 pg/100 g) for 4-allyl-2,6-
dimethoxyphenol. Both ethyl butyrate and methyl butyrate are associated with fruity

and juicy odour.

The volatile profiles with a total of 70 compounds of reddish-purple and the golden-
yellow tamarillo cultivars from Panama studied by Durant et al. (2013) has shown that
the flavour of golden-yellow cultivars was characterized by terpenoids (33%) and
esters (32%) with the major components of a-terpineol, a-phellandren-8-ol, terpinene-
4-ol, B-ionone, p-cymenene, methyl hexanoate, methyl octanoate, ethyl octanoate,
ethyl hexanoate, ethyl benzoate, methyl eugenol, 2,6-nonadienal, decanal, 1,8-cineole,
and naphthalene. Terpenoids (30%) and aromatics (29%) were strongly responsible
for the organoleptic characteristics of the reddish-purple type with the main
components of a-cedrol, a-phellandren-8-ol, B-ionone, nonanal, decanal, naphthalene,
methyl hexanoate, ethyl hexanoate, ethyl butanoate and ethanol (Durant et al., 2013).
a-terpineol was not observed in reddish-purple tamarillo although this was the main
compound in the golden-yellow type with relative amount of 12.7%. Comparing to the
previous work, methyl hexanoate, ethyl hexanoate and terpinene-4-ol were newly
found in tamarillo fruit from Colombia, Malaysia and Panama. Methyl hexanoate
showed significant contents of > 500 ug/kg (~ 50 ng/100 g), 258 ng/kg (~ 25.8 ug/100
g) (converted from the reported value of 8.6 %) and 46 — 84 mg/g (~ 4600 — 8400
mg/100 g) (converted from the reported value of 4.6 — 8.4 %) in tamarillo from
Colombia, Malaysia and Panama, respectively. The concentrations or relative amount
of ethyl hexanoate in Colombian, Malaysian and Panamanian grown tamarillos were
< 100 pg/kg (~ 10 ng/100 g), 30 pg/kg (~ 30 ng/100 g) (converted from the reported
value of 1.0 %) and 5.4 — 5.9 mg/g (converted from the reported value of 5.4 — 5.9 %),
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respectively. Tamarillos from three countries contained terpinene-4-ol at
concentration of < 100 ug/kg (~ 10 ng/100 g) (Colombia), 12 ng/kg (~ 12 ug/100 g)
(converted from the reported value of 0.4 %) (Malaysia) and 16 — 29 mg/g (converted
from the reported value of 1.6 — 2.9 %) (Panama). Both methyl hexanoate and ethyl
hexanoate have fruity note, while terpinene-4-ol shows sweet odour.

Eleven odour-active volatile compounds had been detected in solvent-assisted flavour
evaporation (SAFE) extract of yellow tamarillo from Colombia by Garcia, Prieto,
Guevara, Malagon, and Osorio (2016). A combination of SAFE, gas chromatography-
mass spectrometry (GC-MS), gas chromatography-olfactometry (GC-O) and aroma
extract dilution analysis (AEDA), known as sensomics technique, were used in this
investigation. The key volatile in Colombian yellow tree tomato were (Z)-3-hexenal,
hexanal and ethyl butanoate with odour activity value (OAV) of 19061, 2262 and
1021, respectively (Garcia et al., 2016). The volatiles which were responsible for
fruity, herbal-green and fresh-mint aromas of this cultivar were aliphatic esters (ethyl
butanoate and methyl butanoate); Ce-aliphatic compounds ((Z)-3-hexenal and
hexanal); and terpenols (1,8-cineole), respectively. This research also reported
rosmarinic acid as a bitter compound in yellow tree tomato from Colombia. The
concentration of rosmarinic acid in the fruit was 46.17 + 1.20 mg/100 g DW, which
was higher than the odour threshold (37.00 + 1.25 mg/L). Hence, it would be perceived
as the bitter residual taste (Garcia et al., 2016).

Although initial profiling of volatile compounds of tamarillo have been reported by
several studies above, there is still limited data on flavour changes during fruit
ripeness, on variability among different tamarillo sources, cultivars and tissues (peel
and pulp). Therefore, further research should be carried out to identify factors affecting
volatile compositions of tamarillo such as genotype, tissue, maturity stage, climatic
environment, postharvest handling and storage. These factors should be optimised to
maintain the characteristic flavour of tamarillo. Also, the volatile composition of
tamarillo is complex and there is still a lack of validation method to profile volatile
compounds. Application of some advanced methods such as GC-MS coupled with
thermal desorption (TD) unit and/or Dynamic Headspace (DHS) could be used to
analyse volatile compounds in tamarillo. Although these flavour compounds above are
dominant in volatile profile of tamarillo, odour threshold and odour activity value
(OAV) of these volatiles are relatively lacking. The OAV concept does help
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understand what a consumer will be able to sense and indicates contribution of each
volatile to the distinctive flavour of any food type. Hence, determination of odour
threshold and odour activity value of volatiles in tamarillo should be carried out. From
this, knowledge of tamarillo flavour compounds could be improved which would have

wider acceptance from costumers and develop new markets for this fruit.

2.1.6 Bioactive compounds

Pulp of tamarillo fruit is a great source of phenolics, carotenoids and anthocyanins
compounds (De Rosso & Mercadante, 2007; Mertz et al., 2009). Phytochemical and
nutritional studies show the presence of various bioactive compounds in the tamarillo
pulp. Bioactive components in tamarillo are complicated and different according to
source, cultivar, environmental condition during fruit maturity, and extraction method.
At the moment, approximately 42 — 48 bioactives have been reported in tamarillo,
including 15 phenolics, 20 — 26 carotenoids and 7 anthocyanins. Extracts of tamarillo
may be utilized to produce functional and colourful food products with polyphenols,
fruit fibre and anthocyanins with potential health benefits.

Phenolics are found to be important bioactive group of tamarillo which may contribute
to the antioxidant activity of this fruit. Eight hydroxycinnamic acids, 2
hydroxybenzoic acids, 3 phenolic glycosides, 1 flavonol and 1 flavanone, were
determined in both yellow and purple-red cultivars of tamarillo though the
concentration varied (Table 2.4). The major hydroxycinnamic acid in tamarillo from
Ecuador and New Zealand was 3-O-caffeoylquinic acid, followed by rosmarinic acid
(Espin et al., 2016; Mertz et al., 2009). Tamarillo sourced from New Zealand showed
higher concentrations of hydroxycinnamic acids and phenolic glycosides than the tree
tomato from Ecuador and Colombia (for rosmarinic acid). Hydroxycinnamic acids and
rosmarinic acid have stronger free radical scavenging activity than ascorbic acid and
tocopherol, respectively (Alamed, Chaiyasit, McClements, & Decker, 2009). For
Malaysian tamarillo, caffeic, gallic and vanillic acids were identified with higher
concentrations while p-coumaric, ferulic and trans-ferulic acids were determined with
lower concentrations (Table 2.4) (Mutalib, Ali, Othman, Ramasamy, & Rahmat,
2016). Also, naringin (33.2 mg/100 g DW) and kaempferol (5 mg/100 g DW) were
only detected in tamarillo from Malaysia. The concentration of naringin in Malaysian
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tamarillo was significantly higher than that in candied shaddock (Citrus grandis
Obseck) with 11.9 mg/100 g (Zhou, 2012). Mamdouh and Monira (2004) had reported
the ability of this compound to enhance the immune system avoid tissues injury and
disease. Phenolic compounds contribute to the colour of the fruit, and may possess
biological, therapeutic and protective effects against inflammation, cardiovascular
disease and metabolic dysfunction (De Rosso & Mercadante, 2007). Flavonol and
flavanone compounds have been acknowledged to have significant anticancer activity
toward cancer cells in breast, stomach, blood and liver (Joshi et al., 2011; Patil,
Chidambara Murthy, Jayaprakasha, Chetti, & Patil, 2009). These studies provide
convincing evidence that tamarillo is a good source of phenolic compounds with
potential health benefits. However, the synergistic effects of phenolic compounds
from tamarillo have not been described and requires further investigation.

According to Vasco et al. (2009), anthocyanins have been only present in the purple
and red tamarillos (Table 2.5). Three anthocyanins in tree tomato from Brazil were
detected by using HPLC-PDA-MS: delphinidin 3-rutinoside of 5.26 mg/100 g FW (~
4.63 mg/100 g DW) (62%), pelargonidin 3-glucoside-5-rhamnoside with 2.67 mg/100
g FW (~ 2.35 mg/100 g DW) (31.5%) and cyanidin 3-rutinoside of 0.55 mg/100 g
FW (~ 0.48 mg/100 g DW) (6.5%) (De Rosso & Mercadante, 2007). The total
concentration of anthocyanins was 8.5 mg/100 g FW (~ 7.48 mg/100 g DW) (De Rosso
& Mercadante, 2007). Also, four anthocyanins including cyanidin 3-rutinoside,
delphinidin 3-glucosyl-rutinoside, delphinidin 3-rutinoside and pelargonidin 3-
rutinoside were detected in Ecuadorian tamarillos with the total contents of 165.1
mg/100 g DW (Mertz et al., 2009) (Table 2.5). Using UV-Vis, HPLC, LC-MS and
1D/2D-NMR analysis, Osorio et al. (2012) investigated the novel anthocyanin,
delphinidin  3-O-a-L-rhamnopyranosyl-(1 —  6)-B-D-glucopyranoside-3'-O-§-D-
glucopyranoside, in tamarillo from Colombia as a minor component with
concentration of 138.0 mg delphinidin 3-rutinoside /100 g anthocyanin-rich extracts.
Other known anthocyanins including cyanidin 3-rutinoside, delphinidin 3-rutinoside
and pelargonidin 3-rutinoside were also determined with the concentrations of 438,
4934 and 2276 mg delphinidin 3-rutinoside /100 g anthocyanin-rich extracts,
respectively. The total contents of anthocyanins in Ecuadorian and New Zealand
purple cultivars were 102.35 and 168.88 mg/100 g DW, respectively (Espin et al.,
2016). The major anthocyanin in Ecuadorian tamarillo was pelargonidin 3-rutinoside
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with the concentration of 115 mg/100 g DW (Mertz et al., 2009) or 78.07 mg/100 g
DW (Espin et al., 2016) while delphinidin 3-rutinoside (87.43 mg/100 g DW) was
dominant in the New Zealand cultivar (Espin et al., 2016) (Table 2.5). The other
anthocyanins detected in tree tomato from Ecuador were cyanidin 3-rutinoside,
delphinidin 3-rutinoside and delphinidin 3-glucosyl-rutinoside with concentrations of
12.1, 32.7 and 5.3 mg/100 g DW, respectively (Mertz et al., 2009). Reported by Espin
et al. (2016), the concentrations of cyanidin 3-rutinoside and delphinidin 3-rutinoside
in Ecuadorian tamarillo were 2.49 and 21.79 mg/100 g DW, respectively. Tamarillo
from New Zealand also contained cyanidin 3-rutinoside (4.49 mg/100 g DW) and
pelargonidin 3-rutinoside (76.96 mg/100 g DW) (Espin et al., 2016). Hurtado,
Morales, Gonzalez-Miret, Escudero-Gilete, and Heredia (2009) concluded that the
anthocyanins in peeling extract of Colombian tamarillo were more stable to pH
changes than that in jelly extract. This could be explained by the greater polymeric
anthocyanin content as well as potential presence of several colour stabilising
compounds such as organic acids, phenolic acids, flavonols and flavanols in the peel
of tamarillo (Hurtado et al.,, 2009). These authors also demonstrated greater
antioxidant activity in aqueous solution (pH 5.2) of these anthocyanin rutinosides

extracted from tamarillo when comparing to ascorbic acid.

To date, 20 — 26 carotenoids in both yellow and purple-red tree tomatoes with
comparative difference due to the origin, variety of fruit and analytical methods have
been explored (De Rosso & Mercadante, 2007; Mertz, Brat, Caris-Veyrat, & Gunata,
2010; Mertz et al., 2009; Vasco et al., 2009). The total carotenoid contents in tamarillo
from Brazil, Australia and USA were 3.1 — 5.9, 1.5 and 0.8 — 1.4 mg/100 g FW,
respectively (De Rosso & Mercadante, 2007; Homnava, Rogers, & Eitenmiller, 1990;
Rodriguez-Amaya, Bobbio, & Bobbio, 1983; Wills, Lim, & Greenfield, 1986),
whereas 1.77 and 1.71 mg/100 g FW were quantified for New Zealand gold and red
tamarillos, respectively (Lister et al., 2005). The average carotenoid values of orange,
orange pointed, red, red conical and purple were 3.95, 4.7, 3.93, 7.35, and 5.94 mg/100
g DW, respectively (Acosta-Quezada et al., 2015). The global mean of carotenoid
content in tamarillo was 3.78 mg/100 g DW. With higher total carotenoids component
than other fruits such as papaya (2.436 mg/100 g DW), persimmon (1.683 mg/100 g
DW), peach (1.489 mg/100 g DW) and orange (1.248 mg/100 g DW) (Breithaupt &

Bamedi, 2001); tamarillo has a functionally interesting potential (Ordofiez et al., 2009)
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for improving immune system and reducing the risk of diseases (Breithaupt & Bamedi,
2001). The major carotenoid compounds in tamarillo from various sources are shown
in Table 2.5. B-cryptoxanthin (45.3%) and [-carotene (26.1%) were two most
abundant carotenoids in tamarillo from Brazil, followed by zeaxanthin (5.1%),
antheraxanthin (4.0%) and lutein (2.8%) (De Rosso & Mercadante, 2007). For both
tamarillo varieties from Ecuador, two main carotenoids were also -cryptoxanthin and
[3-carotene (Mertz et al., 2009). Nevertheless, the B-cryptoxanthin content in Brazilian
tamarillo was higher than p-carotene, in which the opposite results had been captured
in tamarillo from Ecuador. The yellow varieties did not have higher carotenoid content
than the red and purple cultivars, on average (Mertz et al., 2009; Vasco et al., 2009).
Tamarillo may be considered as a solution to overcome vitamin A deficiency in

susceptible communities where food sources are not available.

Generally, the number of bioactive compounds identified in tamarillo increases,
meanwhile, the relationship between structure and activity of these compounds and
detailed quantitative analysis on different chemical groups of bioactive and on
different sources and cultivars of tamarillo remain unexplored. Also, the determination
and quantification of bioactive compounds in tamarillo by-products (peel) are
completely lacking. Therefore, further investigation should be carried out to fill these
gaps. Also, information about absorption, distribution, metabolism and excretion of
tamarillo bioactive compounds in human body is still unknown. Hence, more research
should be implemented to identify the metabolites of these compounds in humans,
then more qualitatively well-correlated results with clinical studies will be achieved.
From this, more specified data will be used to illustrate the biological activities of

bioactives in terms of nutrition and human health.
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Table 2.4 Concentration (mg/100 g DW) of diverse phenolic compounds in different tamarillo cultivars of different sources.

Used with permission (Diep et al., 2020d).

Phenolic compounds  Ecuadorian  Ecuadorian Ecuadorian Colombian Ecuadoria  Ecuadorian New Zealand Malaysian
yellow yellow cultivar  yellow cultivar  yellow nred Giant purple purple cultivar®  cultivar®
cultivar? (Chaltura (Pelileo cultivar® cultivar? cultivar®

region)® region)®
Hydroxycinnamic acids
Dicaffeoylquinicacid ~ 17.1£02 - - 210£03 - - -
Dehydrodiferulic acid - 7.62 £1.152 8.52 £ 2.015 - 13.63+1.861 43.23+12.266 -
Caffeoylquinic acid 32.8+0.2 26.31 + 2.643 45.35 + 8.26 548+0.4 50.84+4.381 165.59+10.886 -
Rosmarinic acid 12.22 + 1.956 3285+6.998  46.17+1.20 29.57+2571 121.89+11.067 -
p-coumaric acid — — - — — — 0.041 + 0.047
Caffeic acid - - - - — — 0.165 + 0.072
Ferulic acid - - - - - - 0.005
Trans-ferulic acid — — — — — — 0.049 £ 0.051
Hydroxybenzoic acids
Gallic acid - - - - - - 0.302 £ 0.136
Vanillic acid — — — — — — 0.111 £ 0.182
Phenolic glycosides
Caffeoyl glucoside 3.7+0.01 1.35+0.317 3.90 + 1.054 9.7+£0.1 3.64 +0.412 29.26 + 0.471 -
Feruloyl glucoside 6.3 +£0.05 1.44 +0.303 3.01 +0.680 9.8+0.1 0.21 +0.040 0.40 + 0.566 -
Rosmarinic acid 11.31 +1.253 16.6 £ 3.918 3468+1.641 64.18+11.962 -
glucoside
Flavonols
Kaempferol - - - - — — 0.05+0.08
Flavanones
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Naringin - - - - 0.332+0.15

DW: Dry Weight

Data retrieved from Mertz et al. (2009) and expressed as mg chlorogenic acid equivalents/100 g DW;
b Data retrieved from Espin et al. (2016);

¢ Data retrieved from Garcia et al. (2016);

d Data retrieved from Mutalib et al. (2016) which converted from ug/g DW
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Table 2.5 Concentrations (mg/100 g DW) of main carotenoids and anthocyanins in pulp extracts of tamarillo sourced from different

cultivars and countries.

Used with permission (Diep et al., 2020d)

Carotenoid compounds Golden-yellow cultivars

Purple-red cultivars

Ecuador? Ecuador® New Zealand®  Ecuador? Ecuador® New Zealand® Brazil® Malaysia®

[B-carotene 2429+214 3.68+0.24 5.57 65+ 6.25 4.08 +0.24 4.31 10.25 48+0.1
B-cryptoxanthin - 0.88 £0.08 - 1.2 +£0.06 - 17.50 -
Zeaxanthin - 0.08 £ 0.02 - 0.24 £0.05 - 1.83 -
Antheraxanthin - - — — - 1.50 -
Lutein — — — — — 1.08 —
Anthocyanin compounds Purple-red cultivars

Brazil Colombia Ecuador? Ecuador” New Zealand"
Cyanidin 3-rutinoside 4.58 438.0+219 12.1+0.29 2.49+0.2 4.49 £ 0.53
Delphinidin 3-rutinoside 43.83 4934.0 + 98.7 32.7+04 21.79£0.13 87.43 +£2.36
Delphinidin glucosyl rutinoside — — 53+0.2 — —
Delphinidin 3-O-a-L-rhamnopyranosyl-(1 — 6)-p-D- - 138.0 +17.3 - —
glucopyranoside 3'-O-B-D-glucopyranoside
Pelargonidin 3-rutinoside - 2276.0 £56.9 1150+1.3 78.07 £ 1.47 76.96 + 5.09
Pelargonidin 3-coumaroyl-rutinoside - 32.0+£0.6 - - -
Pelargonidin 3-glucoside-5-rhamnoside 22.25 — — — —

DW: Dry Weight

4Data retrieved from Vasco et al. (2009) which converted from mg/100 g FW with moisture content of 86% and 92% for gold-yellow and purple-

red tamarillo, respectively.

b Data retrieved from Mertz et al. (2009) which converted from pg/g FW with moisture content of 87.5% for both yellow and red tamarillos
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¢ Data retrieved from Athar et al. (2003) which converted from mg/100 g edible portion with moisture content of 86.3% and 86.08% for gold-
yellow and purple-red tamarillo, respectively.

d Data retrieved from De Rosso and Mercadante (2007) which converted from mg/100 g FW with assumed moisture content of 88%

¢ Data retrieved from Mutalib et al. (2017)

"Data retrieved from Osorio et al. (2012) and expressed as mg Delphinidin 3-rutinoside /100 g anthocyanin-rich extracts

9 Data retrieved from Mertz et al. (2009). " Data retrieved from Espin et al. (2016)
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2.1.7 Total phenolic content (TPC) and antioxidant activity

Tamarillo has been reported as new crop with greater total phenolic content identified
by Folin-Ciocalteu assay when compared to those known to have high phenolic
content fruits such as apple, red grape, black plum and cherries (73.96, 80.28, 88.28
and 114.56 mg GAE/100 g FW, respectively) (Fu et al., 2011). Great variation in the
TPC of tamarillo were reported in the literature, arising from difference in tissues,

cultivars, sources, and the extraction method (Table 2.6).

The TPCs of purple-red and yellow tamarillos from Ecuador extracted with 50%
methanol were 113 and 78 mg GAE/100 g FW (~ 1413 and 557 mg GAE /100 g DW),
respectively (Vasco et al., 2009). When extracting with acetone, the TPCs of
Ecuadorian purple-red and yellow were 570 and 308 mg GAE /100 g DW, respectively
(Mertz et al., 2009). Lister et al. (2005) reported the TPCs of 190.8 and 116.6 mg
GAE/100 g FW (~ 1060 and 1563 mg GAE/100 g DW) in the gold and red tamarillo
from New Zealand, respectively. Ordofiez et al. (2009) identified the phenolic contents
in fruit, maceration, decoction, juice and pomace of tree tomato from Argentina which
were 3.24, 1.39, 1.83, 2.05 and 0.72 mg GAE/g FW (~ 2314, 993, 1307, 1464 and 514
mg GAE/100 g DW with average moisture content of 86 %), respectively (Table 2.6).
The total phenolic content of Malaysian tamarillo extracted by ethanol (91.56 mg
GAE/100 g FW ~ 763 mg GAE/100 g DW with assumed moisture content of 88 %)
was higher than that of cherry tomato (56.1 mg GAE/100 g FW ~ 467.5 mg GAE/100
g DW with assumed moisture content of 88 %) and tomato (23.4 mg GAE/g FW ~
425 mg GAE/100 g DW with moisture content of 94.5%) (Noor Atigah et al., 2014).
In another study of tamarillo from Malaysia, TPC of crude ethanol extract was 2.53
mg GAE/g DW (253 mg GAE/100 g DW), whereas the values for n-butanol, ethyl
acetate and water fraction were 2.1, 1.77 and 1.49 mg GAE/g DW (210, 177 and 149
mg GAE/100 g DW), respectively (Mutalib et al., 2017). For tamarillo from Taiwan,
Kou et al. (2009) investigated the TPC of crude ethanol extract as well as ethyl acetate,
n-butanol and water fractions were 2880, 6110, 2310, 1350 mg Catechin
Equivalents/100 g DW, respectively. These values were converted from the actual
values expressed as mg Catechin Equivalents/lg DW (Table 2.6). There was a
difference about TPC between different fractions of tamarillos from Malaysia and
Taiwan. For Malaysian tamarillo, n-butanol fraction showed the highest total phenolic

content, whereas the highest of this value was observed in ethyl acetate fraction of
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Taiwanese tamarillo. A recently reported total phenolic content of orange, orange
pointed, red, red conical and purple tamarillos were 4160, 3620, 3750, 3650 and 3980
mg chlorogenic acid equivalents/100 g DW, respectively (Acosta-Quezada et al.,
2015).

However, this photometric method only provides quick information about the overall
component of phenolics without any given compounds. Therefore, the content of
individual bioactive should be parallelly identified to achieve broader information.
Also, this method is not applicable for hydrophobic antioxidants (tocopherols and
carotenoids) (Karadag, Ozcelik, & Saner, 2009) being dominant in tamarillo as well
as is limited to general identification by using a single reference standard, commonly
gallic acid. Several other reference standards have been recommended such as caffeic
acid, chlorogenic acid, ferulic acid, and catechin equivalents. However, the choice of
standard for this assay is also a critical control point since the more reacting OH group
in molecular structure of standard, the higher absorbance value; and therefore, the
measured value of sample may be low (Karadag et al., 2009). Also, lack of

standardization can result in various modifications of this method.
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Table 2.6 Total phenolic content (mg/100 g DW) in various pulp extracts of tamarillo sourced from different cultivars and countries.

Used with permission (Diep et al., 2020d)

Tamarillo sources

Extraction method

Total phenolic content

Golden-yellow cultivars

Ecuador?
Ecuador®
New Zealand®

Purple-red cultivars

Ecuador?
Ecuador®
New Zealand®
Argentina

Malaysia®

Malaysiaf

Taiwan?

50% aqueous methanol for 1 hour and then 70% aqueous acetone for 1 hour
Acetone
80% aqueous acetone for 4 hours in dark at 10°C

50% aqueous methanol for 1h and then 70% aqueous acetone for 1h

Acetone

80% aqueous acetone for 4 hours in dark at 10°C

Fruit extracted with 1% HCI in ethanol for 1 hour at room temperature
Maceration

Decoction

Juice

Pomace

70% aqueous ethanol for 1 hour at 50°C

Water for 1 hour at room temperature

Crude ethanol extract for 24 hours at room temperature
n-butanol fraction

Ethyl acetate fraction

Water fraction

Crude ethanol extract for 24 hours at room temperature
Ethyl acetate fraction

n-butanol fraction

Water fraction

557 + 14
308
1060

1413 + 50

570

1564

2314 + 357
993 + 143
1307 £ 179
1464 + 357
514 + 36
763 + 37
183 + 50
253

210

177

149

2880 + 109
6110 £ 109
2310 + 109
1350 + 109

DW: Dry Weight; FW: Fresh Weight; GAE: Gallic Acid Equivalent
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2 Data retrieved from Vasco et al. (2009) which converted from mg GAE/100 g FW with moisture content of 86% and 92% for gold-
yellow and purple-red tamarillo, respectively.

b Data retrieved from Mertz et al. (2009)

¢ Data retrieved from Lister et al. (2005) which converted from mg GAE/100 g FW with moisture content of 89% and 87.8% for gold-
yellow and purple-red tamarillo, respectively.

d Data retrieved from Ordofiez et al. (2009) which converted from mg GAE/g FW with average moisture content of 86%

¢ Data retrieved from Noor Atigah et al. (2014) which converted from mg GAE/g edible portion on dry weight basis and expressed as
mg/100 g edible portion on dry weight basis

fData retrieved from Mutalib et al. (2017) which converted from mg GAE/g DW
9 Data retrieved from Kou et al. (2009) which converted from mg catechin equivalents/g DW to mg catechin equivalents/100 g DW
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Comparing to antioxidant-rich fruits such as kiwifruit, orange and grape, tamarillo
shows higher antioxidant activity, though the total phenolic content in tamarillo is
similar or even lower than these fruits (Table 2.2) (Espin et al., 2016). This may be
due to tamarillo being rich in various types of antioxidants (ascorbic acid, carotenoids
and phenolics) which strengthen the overall antioxidant activity of the fruit (Acosta-
Quezada et al., 2015). The purple-red tamarillo from Ecuador showed better anti-
DPPH radical activity than the yellow one in all peel, pulp and seed-jelly. Also, the
peel of both tamarillo cultivars displayed the highest antiradical efficacy, followed by
the seed-jelly and pulp (Vasco et al., 2009). This was because higher concentrations
of total phenolics were found in the peel than the in pulp and seed-jelly. The
antioxidant activity of purple-red tree tomato in peel, seed-jelly and pulp was 40, 9.3
and 3 umol Trolox/g FW, respectively, while for the yellow variety, 22, 3.8 and 2.3
umol Trolox/g FW were found, respectively (Vasco et al., 2009). These results
indicated that tamarillo peels can be utilized as a functional ingredients containing
high antioxidant activity. Noor Atigah et al. (2014) reported considerably higher
antioxidant activity of tamarillo extract than cherry tomato and tomato extracts using
FRAP method. The FRAP values of ethanol extracted tamarillo, cherry tomato and
tomato were 12.17, 7.435 and 6.58 uM Fe (I1)/g of sample, respectively. Tamarillo
also exhibited the highest antioxidant capacity than cherry tomato and tomato when
extracted with water. The high content of phenolic compounds has been associated
with greater reducing power measured by Fe®* to Fe?" transformation (Dragovic-
Uzelac, Levaj, Mrkic, Bursac, & Boras, 2007).

The ORAC value of yellow and red Ecuadorian tamarillo crude extracts were 6.5 and
10.0 umol Trolox Equivalents (TE)/g FW, which were significantly higher than the
widely consumed fruit juices of red grape, apple and tomato with 4.0, 1.9 and 1.6 umol
TE/g FW, respectively (Mertz et al., 2009; Wang, Cao, & Prior, 1996). When extracted
with 70% acetone, both yellow and red tamarillo types showed better antioxidant
activity than that of the crude extracts with ORAC value of 8.1 and 14.8 umol TE/g
FW, respectively (Mertz et al., 2009). These ORAC values of the acetone extracts
increased by 25% for the yellow type and 48% for the red one, when compared with
the crude extracts. This was because the use of 70% acetone notably enhanced the

extraction process of anthocyanins as well as for the phenolic compounds that are
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bound to the insoluble cell wall. The ORAC values of tamarillo extracted by hexane
were extremely low, with 0.14 and 0.18 umol TE/g FW for yellow and purple

varieties, respectively (Mertz et al., 2009).

The ethyl acetate fraction of Taiwanese tamarillo had the highest TEAC value of 56.73
mg TE/g DW, followed by n-butanol fraction and water fraction. The ethyl acetate
fraction exhibited the most robust free radical scavenging activity (Kou et al., 2009).
Hence, the higher the polarity of partition solvent, the lower the antioxidant capacity
of its partitioned fractions was shown (Kou et al., 2009). Espin et al. (2016) presented
that New Zealand purple type owned the highest antioxidant activity, compared with
the yellow and purple cultivars from Ecuador in FRAP, ABTS, ORAC assays (Figure
2.6). The FRAP, ABTS, ORAC values of tamarillo extracted by 75% methanol were
50, 89 and 325 pumol TE/g dry pulp, respectively. The phenolic constituent and content
could be related to the large variation of antioxidant capacity between various

tamarillo cultivars (Espin et al., 2016).

Currently, a simple, validated and well applicable method for identification of
antioxidant activity of tamarillo is still unavailable. All of these existing assays still
have some drawbacks. For example, the ABTS method may take a longer time to reach
end point of reaction, hence low values of TEAC will occur if the reaction end point
is taken at short duration (4 — 6 mins). DPPH is limited in the evaluation of hydrophilic
antioxidants since this chemical cannot be dissolved in aqueous media. For the FRAP
assay, the absorbance is recorded within 4 and 6 min after the reaction is finished.
However, the absorption at specific wavelength of caffeic acid, ferulic acid, and
especially ascorbic acid being main phenolics in tamarillo slowly increases after
several hours. Therefore, it is crucial to develop a rapid, accurate and standardized
analysis approach and present the result as standard equivalents. This will lead to
possible comparison between different results from various studies (Karadag et al.,
2009).
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Figure 2.6 Antioxidant activity of pulp extracts of tamarillo sourced from Ecuador
and New Zealand.
Used with permission (Diep et al., 2020d)
m Ecuadorian yellow Giant cultivar from Chaltura region; m Ecuadorian yellow
Giant cultivar from Pelileo region; m Ecuadorian Giant purple cultivar; m New
Zealand purple cultivar. Data are presented as mean (umol TE/g DW) and error bar

(standard deviation) (n = 6)

2.1.8 Potentials of tamarillo in health and food applications

Several studies had reported the health benefits of tamarillo and tamarillo extracts
including antioxidation, antioxidative stress, anti-obesity and anticancer properties
(Table 2.7). The polyphenol-rich fractions of tamarillo extract have been shown to
have an inhibitory impact on the oxidation of low-density lipoprotein (LDL) and
oxidative stress-induced cell death in the neuronal PC12 cells (Kou et al., 2009). The
ICs0 and relative electrophoretic mobility (REM) values of ethyl acetate fraction were
better than that of the DL-a-tocopherol. From their findings, ethyl acetate fraction of
the phenolic compounds in tamarillo prevented copper-induced LDL oxidation

equally to or more efficiently than DL-a-tocopherol.

The inhibition of high-fat-diet-induced obesity has been observed in Sprague-Dawley
Rats, demonstrating the potential application of tamarillo for weight control (Abdul
Kadir, Rahmat, & Jaafar, 2015). The obese rats treated with tree tomato extracts at

different doses of 150, 200 and 300 mg per kg showed considerable reduction of total
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cholesterol and increase of HDL-cholesterol. The blood glucose, triglyceride, LDL-
cholesterol together with body weight of these rats positively decreased by
supplementation of medium and high dosage extract. According to Abdul Kadir et al.
(2015), prevention of overweight and obesity have come from high water content (85
— 90 %), high dietary fibre content (3.3 — 4.2 g/100 g) and low energy density of
tamarillo. Increased total antioxidant status and significant lowered level of tumour
necrosis factor-a (TNF-a) and interleukin (IL-6) activities were detected in rats
treated with tamarillo-extract. This might be due to high content of polyphenols in
tamarillo which has ability to neutralize reactive species. Thus, daily intake of
tamarillo could help with weight control and prevention of obesity (Abdul Kadir et al.,
2015).

According to epidemiological and clinical studies, many cancers may be prevented if
a diet with 400 — 800 g of fruits and vegetables each day is consumed over many years.
The phenolic profile from tamarillo extract has shown a high cytotoxic impact to
prevent cancer in liver cell line (HepG2) and breast cancer cell line (MDA-MB-231)
with ICso values of 30 and 80 pg/mL, respectively (Mutalib et al., 2016; Mutalib et
al., 2017). Phenolic acids, such as caffeic and vanillic acids, possess numerous
biological activities and have correlation to the modulation of carcinogenesis. Gallic
acid has capacity to inhibit oxidative damage and act against proliferation of several
tumour cell lines (Mutalib et al., 2016). Together with antioxidant, anti-inflammatory
and anti-allergenic capacities, flavonols (quercetin and kaempferol) also demonstrate
other biological potentials including cardio-protective and vasodilatory effects as well
as powerful anticancer ability on breast, gastric, leukaemia, liver and ovarian cancer
cells (Joshi et al., 2011). More clinical trials or human intervention research should be
further conducted to better understand the effect of bioactive compounds on human
health and then validate the health benefits of various tamarillo cultivars. This is
because the effect of bioactives on human cells and tissues identified by in vitro tests

can not totally demonstrate the actual assessment of the in vivo effect.

It was found that the content of bioactive compounds in fruit by-products
(peel/epicarp and seed) have been higher than that in edible tissue. Tamarillo peel and
seed are richer source of bioactive compounds than the pulp. The possibility of using
tamarillo by-products for food application have been investigated. Castro-Vargas,
Benelli, Ferreira, and Parada-Alfonso (2013) reported on the effect of extracts from
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tamarillo epicarp on minimization of lipid oxidation in cooked beef meat (CBM)
during storage at 4°C. The extract gained by supercritical fluid extraction with
CO./EtOH (50°C; 30 MPa and 2% of EtOH) exhibited the highest antioxidant capacity
compared with other extracts (Castro-Vargas et al., 2013). This extraction conditions
completely prevented lipid hydroperoxides (LHP) formation with unchanged values
of LHP concentration in CBM sample post to storage at 4°C for 9 days. The extract
also inhibited the formation of TBARS. This was because phenolic compounds in
tamarillo extract had the ability to neutralize reactive oxygen species and free radicals
which appeared during autoxidation. Also, these phenolic compounds were able to

chelate ions to reduce the LHP formation (Castro-Vargas et al., 2013).

Application of tamarillo to milk gel has been made by Li, Scott, Hemar, Zhang, and
Otter (2018b). They have purified protease, known as tamarillin — a serine protease,
from tamarillo. It is a plant alkaline protease with optimal temperature of 60°C and
pH of 7 to 11, with the maximum hydrolysis activity seen at pH 11. Li, Scott, Hemar,
and Otter (2018a) has shown that tamarillin had wider caseinolytic activity on sodium
caseinate than calf rennet. Hydrolysis of sodium caseinate with tamarillin for 24 hours
had resulted in full degradation of all the caseins. Fifteen minutes of hydrolysis with
tamarillin has resulted in appearance of the main peptide (14,290 Da) generated from
k-casein, indicating that this casein was the most susceptible to tamarillo protease
action. High proteolytic activity towards a- and B-caseins was shown by tamarillin. a-
and B-caseins have started to hydrolyse by tamarillo protease by 15 min and 1 hour,

respectively while the rennet started hydrolysing both caseins around 4 hours.

Because of broader proteolytic activity of tamarillin, the milk gel made from tamarillin
exhibited a faster increase in the elastic modulus (G') at the early stage of gelation than
the sample obtained by rennet (Li, Scott, Otter, Zhou, & Hemar, 2018c). Larger voids
and more porosity were obtained in milk gel with tamarillin rather than with rennet
due to high extent of casein hydrolysis (Li et al., 2018d). At pH between 6.5 and 6.7,
the aggregation time of milk gels made from both rennet and tamarillin was the same.
At pH below 6.5, the aggregation time of tamarillin-induced milk gel was higher than
that of milk gels made from rennet. At 20°C, milk was coagulated by tamarillin extract
in 2h, whereas milk was not coagulated by rennet within 3h. These results indicated

that tamarillo protease can be applied in milk gelation, especially at low temperature
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or high pH conditions (Li et al., 2018c). However, application of the enzymes
(tamarillin) to other protein foods for protease action is relatively unexplored, hence
further investigation of tamarillin should be implemented to achieve better utilisation
of this protease. For example, actinidin, a protease from kiwifruit, had been applied
into cooked beef brisket muscles to improve the rate of protein digestion under
simulated gastric conditions (Zhu, Kaur, Staincliffe, & Boland, 2018).

The application of tamarillo to other food types (e.g., fortification) remain scarce when
comparing with other fruits. For example, Kiwifruit extract had been applied into
gluten free-bread (Sun-Waterhouse et al., 2009) or kiwifruit-banana smoothies (Sun-
Waterhouse & Zhou, 2010) and natural Kiwifruit ice cream (Sun-Waterhouse et al.,
2013a) had been made. As a result, developing food products with tamarillo-derived
ingredients would be favourable in terms of increasing nutritional value while also

making consumption easier and more accessible.
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Table 2.7 Potential applications of tamarillo.

Used with permission (Diep et al., 2020d)

Beneficial effects Application made to Tamarillo source and sample Observation References
Health benefits
Reduction of oxidative Low-density lipoprotein Taiwan Phenolics in ethyl acetate and n-butanol Kou et al.
stress (LDL) Extracted with ethanol and then :‘)rxaic(;;ctjir;sn reduced copper-induced LDL (2009)
partitioned in ethyl acetate and n- '
butanol
Rat adrenal Taiwan Phenolics in ethyl acetate fraction prevented Kou et al.
ﬁrr:zoggigwgglyl/;oma cell Extracted with ethanol and  then Qgggts)nal PC12 cell death caused by oxidative (2009)
’ partitioned in ethyl acetate and n- '
butanol
HepG2 cells Argentina HepG2 cell viability increased by 100%. Ordoiiez et
Maceration, decoction and juice forms al. (2009)
Anti-obesity Male Sprague Dawley rats ~ Malaysia Treated obese rats showed a significant Abdul Kadir
increase in HDL-C and reduction in total etal. (2015)

cholesterol.

Treated obese rats showed positive decrease in
blood glucose, triglyceride, LDL-C and body
weight.

Positive  improvement  of  superoxide
dismutase (SOD) activity and glutathione
peroxidase (GPx) activity, increase of total
antioxidant status (TAS) and significant
reduction of tumour necrosis factor-a (TNF-
a) and interleukin (IL-6) activities.
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Anticancer

Prebiotics

Biological properties

Antifungal activity

Antibacterial activity

Human tumour cell lines of
liver (HepG2) and breast
(MDA-MB-231)

Human tumour cell lines of
liver (HepG2) and breast
(MDA-MB-231)

Bifidobacteria and
lactobacilli. Predominant
colonic bacteria

Pycnosporus sanguineous,
Ganoderma applanatum,
Schizophyllum commune,
Lenzytes elegans,
Penicillium notatum,
Phomopsis sojae and
Fusarium mango

Xanthomonas campestris,
Pseudomonas
solanacearum,
Pseudomonas corrugata,
Pseudomonas syringae and
Erwinia carotovora

Malaysia
Extracted with 80% ethanol

Malaysia

Extracted with ethanol at room
temperature for 24h. After drying at
50°C and then dissolving in dimethyl
sulfoxide (DMSO), the extract was
signified as crude ethanol extract. The
rest fraction was partitioned in water,
ethyl acetate and n-butanol for triplicate.

Malaysia

Seed mucilage hydrocolloids extracted
with 1% citric acid and water. Pulp
mucilage hydrocolloids extracted with
20 mM HEPES buffer and 72% ethanol.

Argentina

Four pg of invertase inhibitory protein
(11P) per gram fresh weight was used.

Inhibitory protein from Argentinean
tamarillo with concentration of 4 ug of
invertase inhibitory protein (IIP) per
gram fresh weight.

Significant inhibition of proliferation of
HepG2 and MDA-MB-231 cell lines was
observed.

Proliferation and viability of HepG2 and
MDA-MB-231 cell lines was inhibited by
different extracts of tamarillo.

The growth of bifidobacteria and lactobacilli
was stimulated; the proliferation of some
pathogenic bacteria was inhibited. The
hydrocolloids could act as fermentable
substrates or prebiotics for the gut microbiota

The growth of all fungi was completely
suppressed by the 1P (7.8 to 62.5 pg/ml)

The growth of all phytopatogenic bacteria
was completely inhibited by the 1P with
concentration required from 7.8 to 31.25

ug/ml.

Mutalib et al.
(2016)

Mutalib et al.
(2017)

Gannasin et
al. (2015a)

Ordonez,
Ordonez,
Sayago,
Moreno, and
Isla (2006)

Ordonez et
al. (2006)
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Food applications

Lipid oxidation Cooked beef meat (CBM)  Colombia (epicarp) The extracts by SFE at 50°C, 30 MPa and with  Castro-
Supercritica| fluid extraction (SFE) and CO:/2% of ethanol showed greater Vargas et al.
Soxhlet extraction (SE) antioxidant  activity  than  ter-buthyl (2013)
hydroquinone (TBHQ) in inhibition against
lipid oxidation of CBM.
Hydrolysis of casein Milk casein New Zealand Tamarillin hydrolyzed k-casein and showed Lietal.
Protease enzyme purification broader activity on a- and f-casein than calf (2018a),
rennet. (2018b),
Tamarillin could be used for milk gelation. (2018c),
(2018d)
Functional ingredients  Bile acid and techno- Malaysia All tamarillo hydrocolloids could be used as Gannasin,

functional properties food emulsifiers and bile acid binders. Adzahan,

Seed mucilage hydrocolloids extracted
with 1% citric acid and water. Pulp Pulp mucilage hydrocolloids could be Mustafa, and
mucilage hydrocolloids extracted with potential for reduction of syneresis, Muhammad
20 mM HEPES buffer and 72% ethanol. prevention of staling and stabilization of high (2016)

fat food.

Seed mucilage hydrocolloids could be
considered as foaming agents in foam-based
food products.
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2.1.9 Conclusion and future perspective

Tamarillo fruit has been known for centuries, but the potential of this fruit has not been
fully explored. Tamarillo can be recognized as a fruit with high nutritional adequacy
score of 7.9 and 7.4 for gold and red varieties, respectively. Tamarillo contains high
amount of dietary fibre, potassium, vitamin A, Bs, C and E as well as bioactive
compounds including phenolics, carotenoids and anthocyanins. Tamarillo has a
distinctive flavour (approximately 70 volatile compounds) and major contributors to
the overall flavour of tamarillo should be identified through OAV value. In addition
to its consumption as fresh fruit, tamarillo has numerous potentials for designing and
developing fruit-based functional foods. However, this fruit is underutilized due to
lack of nutritional knowledge and awareness of its value. Many of these reported
values are outdated (more than 10 years ago) and relied on basic analytical
instruments. From the biochemistry and pharmacology point of view, polyphenols are
stated as the major bioactive component of tamarillo and may be the key target
bioactive group to contribute various potential applications of this fruit. In particular,
tamarillo peel is a rich source of bioactive compounds which also needs to be
investigated further for health promoting effects. Several reports demonstrated that the
phenolic content in tamarillo peel was higher than in the pulp. Although often
discarded as waste, the peel may be used as a functional ingredient for further

utilisation.

Comparing to other fruits, there is a lack of systematic study in tamarillo; and many
of bioactives overlap in tamarillo, but application of these compounds remains
unexplored. More novel extraction technologies should be developed and improved to
better exploit natural compounds in tamarillo and to replace the traditional methods
which are time-consuming and eco-unfriendly. A standardization of analytical method
and expression of results as standard equivalents are considerable to achieve high
quality of bioactive compounds as well as possibly compare different data from
different studies. More research should be implemented to identify the complete
profile of bioactive compounds in tamarillo and their relation to the antioxidant
activities and/or other bioactive applications. Moreover, there is a lack of validation
of bioactive compounds in health-related-area, hence further epidemiological and
clinical studies are important to validate the health benefits and other applications of

tamarillo. Therefore, there is a demand to conduct a systematic investigation about
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these compositions and possible nutritional benefits of tamarillo sourced from New

Zealand.

What is not known is how proximate, phytochemical and volatile contents in ‘Amber’
(yellow) and ‘Mulligan’ (purple-red) cultivars compares to ‘Laird’s Large’ (red
variety) known as the most commonly grown and consumed tamarillo cultivar, as well
as how the antioxidant vitamin, polyphenol, carotenoid and chlorophyll pigments and
volatile content of the peel compares to the pulp of the three main cultivars of
tamarillo. It was hypothesized that the ‘Amber’ and ‘Mulligan’ cultivars as well as the
peel of tamarillos could be considered as a dietary source of antioxidant vitamins and

a source of phenolics, carotenoids pigments and volatiles.

The following sections aimed to evaluate the physicochemical compositions and
nutrient contents, especially vitamins and bioactive compounds of tamarillo that may
be beneficial for the human health. Characterization of tamarillo will make more
available information to the export market, food companies and health and nutrition

experts. This will promote New Zealand fruit to the world.

2.2 Materials and methods
2.2.1 Standards, chemicals, reagents

All chemicals and reagents used were AnalaR grade or greater. Acetone, acetonitrile
(MeCN), dimethyl sulfoxide (DMSO), ethyl acetate, formic acid, isopropanol,
methanol (MeOH), petroleum ether and sulphuric acid were from Thermo Fisher
(Auckland, New  Zealand). Copper sulphate, potassium  sulphate,
phenylmethylpyrazolone (PMP) and 6-aminoquinolyl-N-hydroxysuccinimidyl
carbamate (accutag), Tetrabromophenyl porphyrin (TBP); metaphosphoric acid
(MPA) Folin-Ciocalteu reagent; copper (Il) chloride; neocuporine; Trolox (6-
Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid); and 2,4,6-Tris(2-pyridyl)-
s-triazine (TPTZ) were purchased from either Thermo Fisher (Auckland, New
Zealand) or Sigma-Aldrich (Sigma Aldrich Ltd, Auckland, New Zealand).

The analytical grade standards including sugars, amino acids standards (A9906
product), a-tocopherol, f-carotene and ascorbic acid were also purchased from Sigma-

Aldrich (Auckland, New Zealand). Analytical standards of phenolics including p-
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coumaric acid, caffeic acid, () catechin and () epicatechin were also obtained from
Sigma-Aldrich (Auckland, New Zealand). Analytical standards of other phenolics
(chlorogenic acid, ellagic acid, ferulic acid, gallic acid, kaempferol, rutin, kaempferol
3-rutinoside and isorhamnetin 3-rutinoside) and four anthocyanins (cyanidin 3-
glucoside; cyanidin 3-rutinoside; delphinidin 3-rutinoside and pelargonidin 3-
rutinoside) were purchased from Extrasynthese (Genay Cedex, France). Purite Fusion
Milli-Q water purifying machine (Purite Limited, Thame, Oxon, UK) was used to

produce Milli-Q water.

2.2.2 Preparation of tamarillo and summarization of methods

The commercially ripe, fresh fruits of tamarillo including yellow (‘Amber’), red
(‘Laird’s Large’) and rich purple-red (‘Mulligan’) (Figure 2.7) used in this study were
obtained from growers in the Northland region of New Zealand and kindly delivered
by New Zealand Tamarillo Growers Association. From anthesis to commercial

maturity, it takes 