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Abstract

At present, when humanity is still facing persistent malnutrition, diseases of
affluence such as non-communicable diseases are emerging at the same time. The main
reason is general malnutrition or insufficient consumption of fruits and vegetables. These
are irreplaceable sources of many biologically active substances such as antioxidants that
protect body cells against oxidative damage caused by free radicals, minerals that play a
huge role in various biological processes such as transmitting nerve impulses or building
strong bones, and vitamins that serve as antioxidants, coenzymes, cofactors, hormones,
and gene transcription elements. Deficiencies of these substances can be fatal in the long
run. Often ignored sources of these substances are underutilized crops which have many
benefits such as high nutritional value, resistance to biotic stresses, and ability to
strengthen the food security of the country. Thailand is a part of Indo-Burma Biodiversity
Hotspot, one of the most biodiverse areas in the world, and provides various kinds of
fruits and vegetables, including little-explored species. Also, Thai cuisine is rich in local
unique ingredients and considered healthy. The aim of this thesis was to identify Thai
underutilized fruit and vegetable species showing interesting antioxidant activity and
containing notable amounts of minerals and vitamins. In this thesis, 73 underutilized
species of Thai fruits and vegetables were found in the scientific literature. Some of them
show significant contents of antioxidants, minerals, and vitamins. The most promising
crops in the terms of antioxidants seem to be Durio kutejensis and Cosmos caudatus, in
the terms of minerals Neptunia oleracea and Dracontomelon dao, and in the terms of
vitamins, Aegle marmelos, Mangifera odorata, and Sesbania grandiflora. Some species
including for example A. marmelos or S. grandiflora showed valuable contents of all 3
monitored parameters and therefore it would be appropriate to promote them more to
locals as they could enrich their diet and increase their financial incomes and standard of
living. Also, such species could be used in industry and for the production of various food
products such as beverages, desserts, or even food supplements. For 8 species, no data on
antioxidant activity and contents of minerals and vitamins were available and it would be

therefore appropriate to focus on their research as they may have nutritional potential.

Keywords: edible plants, human nutrition, neglected crops, Southeast Asia, unexploited

plant species



Abstrakt

V soucasnosti, kdy lidstvo ¢eli pietrvavajicimu hladu, se zaroven projevuji
takzvane civiliza¢ni choroby, jako jsou napiiklad nepienosné choroby. Hlavnim dtivodem
je bud’ celkova podvyziva, nebo nedostate¢na konzumace ovoce a zeleniny. Ta je
nenahraditelnym zdrojem biologicky aktivnich latek, jako jsou antioxidanty chréanici
buniky pied oxida¢nim poskozenim volnymi radikaly, mineraly hrajici duleZitou roli
v mnoha biologickych procesech, at’ uz se jednd o pfenos nervovych vzruchi nebo
budovani kosti a vitaminy, které slouzi jako antioxidanty, koenzymy, kofaktory, hormony
a genové transkripéni prvky. Nedostatky téchto latek mohou byt v dlouhodobém métitku
fatalni. Casto piehlizenymi zdroji téchto latek jsou malo zndmé a podcefiované plodiny,
které disponuji mnoha benefity, jako je napfiklad jejich vysoka nutriéni hodnota,
rezistence viici biotickym stresim nebo schopnost posilit potravinovou bezpecnost zemé.
Thajsko je soucasti Indo-Barmského Biodiverzitniho Hotspotu, coz je jedna z nejvice
biologicky rozmanitych oblasti svéta a poskytuje nepieberné mnozstvi riznych druha
ovoce a zeleniny, véetné malo prozkoumanych druhi. Navic je thajska kuchyné bohata
na jedine¢né mistni ingredience a je povazovana za zdravou. Cilem této prace bylo
identifikovat malo znamé a podceniované druhy ovoce a zeleniny se zajimavou
antioxida¢ni aktivitou a obsahem hodnotného mnozstvi minerald a vitamint. V této praci
bylo z odborné literatury identifikovano celkem 73 téchto druhii ovoce a zeleniny
pochazejicich z Thajska. Mezi nutri¢né nejslibnéjsi patii z hlediska antioxidantt Durio
kutejensis a Cosmos caudatus, z hlediska mineralt Neptunia oleracea a Dracontomelon
dao a z hlediska vitaminu Aegle marmelos, Mangifera odorata a Sesbania grandiflora.
Nekteré druhy jako napiiklad Aegle marmelos nebo Sesbania grandiflora vykazuji
hodnoty u vSech 3 sledovanych parametrd, a proto by bylo dobré je vice propagovat
mistnim obyvateliim, protoze by mohly obohatit jejich jidelnicek, zvysit finanéni pijmy
a Uroven zivota. Zaroven by také mohly byt zajimavé pro priimysl a vyrobu riznych
potravin, at’ uz se jednd o napoje, dezerty nebo potravinové dopliiky. U 8 druhli nebyla
nalezena zadna data ohledné obsahu antioxidantii, minerald a vitamind, a proto by bylo

vhodné zaméfit se na jejich vyzkum, protoze mohou mit nutri¢ni potencidl.

Kli¢ova slova: jedlé rostliny, jihovychodni Asie, nedostate¢né vyuzivané plodiny,

neprozkoumané druhy rostlin, vyziva ¢lovéka
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1. Introduction

One of the most discussed challenges currently facing humanity is how to secure
access to sufficient, healthy, nutritious, and affordable food which is produced in a
sustainable manner. Although the number of people suffering from hunger has halved
since the early days of the Green Revolution, humanity is still facing situations in which
populations are poorly nourished. In 2017 the number of undernourished people reached
821 million, which indicates a rise in world hunger after a prolonged decline. However,
hunger is not the only problem in human nutrition. In addition to the problem of lack of
key minerals in 2 billion people, more than 672 million adults worldwide are obese, and
151 million children are affected by stunting. A principal cause of the multiple
malnutrition burdens is poor diet. Current food systems produce large quantities of food,
which is, however, poor in nutrients and include insufficient amounts of plant-based
product needed for healthier and sustainable diets. At the same time, modern agriculture
practices and food production systems make a significant contributor to major
environmental issues. This includes especially ecosystems pollution, land degradation,
contamination and shortages of water, greenhouse gas emissions, and biodiversity loss
(Hunter et al. 2019). Fruits and vegetables are the keys to tackling malnutrition. For the
people of developing countries, fruits and vegetables are an irreplaceable source of
essential substances such as antioxidants, minerals, and vitamins and often also the only
source of food. For the people of developed countries who often live a comfortable
modern way of life and consume processed foods full of empty calories, fruits and
vegetables represent a source of essential micronutrients and moreover dietary food that
is advisable to consume daily (FAO 1995; Hall et al. 2009; Pem & Jeewon 2015).
Thailand is a country with significant plant biodiversity where many kinds of fruits and
vegetables are widely grown, processed, and exported. Even so, almost unknown species
can still be found in Thailand. Such species, which are called underutilized or neglected,
are interesting in terms of micronutrient content. Underutilized species have the potential
to contribute to food security due to often significant nutritional values. Furthermore, such
species have the ability to strengthen the food and buffer economy of the country, and
also the ability to increase the biodiversity of cultivated crops and thus contribute to the

sustainability of agriculture (Padulosi et al. 2013).
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2.  Aims of the Thesis

The aim of this thesis was to identify underutilized fruit and vegetable species
originating in Thailand and to describe their importance as a source of micronutrients,
specifically antioxidants, minerals, and vitamins. The partial aims of the thesis were to
describe the importance of fruits and vegetables in human nutrition, to point out the
diseases associated with deficiencies and surpluses of the mentioned micronutrients, and
to summarize available data on Thai underutilized fruit and vegetable species in a clear

table with contained antioxidants, minerals, and vitamins.



3. Methodology

A literature review was performed by using professional scientific databases such
as ResearchGate, ScienceDirect, PubMed, and Web of Knowledge and relevant
bibliographies, journals, and textbooks. Individual species were selected on basis of
available publications concerning their nutritional value. The keywords used in the search
were especially ‘micronutrient content’, ‘antioxidant activity’, and ‘Thai origin’. The
correctness of the plant names was verified using The Plant List database. Obtained data
on the nutritional values of species were summarized in the table. In this thesis, citations

were created according to the Conservation Biology citation style.



4. Literature Review

4.1.  Fruits and vegetables in human nutrition

There are no single precise meanings for the terms fruits and vegetables. Various
classifications based on the chemical composition, botanic families, colours, or edible
parts have been designed, but the scientists have not accepted a universal classification
system. According to health experts, the definitions heavily vary due to food selection
and preparation, which is affected by cultural norms and customs all over the world.
Differences occur even within a particular country, where the consumers use different
categories when classifying species. A clear example is a potato, which belongs to the
group of starches rather than to the group of vegetables, or legumes, which may be
categorized by vegetarians primarily as proteins and not vegetables. Low agreement
within and across various institutions has led to significant differences in guidance and
recommendations. For example, World Cancer Research Foundation excluded potatoes
and other starches to increase vegetable intake, while Australia or the United States
include potatoes as a vegetable (Thompson et al. 2011). In 2003, International Agency
for Research on Cancer (IARC) published a Fruit and Vegetables IARC Handbook of
Cancer Prevention, where the species of various fruits and vegetables are systematically
defined and classified according to botanical differences, culinary differences, and
cultural differences in culinary definitions. Botanical term fruit relates to the ripe ovary
of the plant, seeds, and all adjacent tissues, without any consideration of whether these
are edible or not. The food-related botanical term for fruit is an edible part of the plant
that includes seeds and surrounding tissues. This includes dry fruits with papery, woody,
or leathery ovaries such as pulses, nuts, or grains and fleshy fruit such as cantaloupe,
tomatoes, blueberries, or peach. Botanical term vegetables in the broad concept include
trees, bushes, vines, and vascular plants, edible or not. As related to the food, there are 2
botanical definitions. First, a vegetable is an edible part of the plant such as roots, stems,
stalks, tubers, bulbs, leaves, flowers, fruits, and seeds. Second, a vegetable is a plant
grown for its edible parts. From a culinary point of view, there are 5 major groups of plant
foods: fruits, vegetables, nuts, seeds, and cereal grains. People use this system to
communicate about various plant-based foods and to distinguish between them. Culinary

groupings are widely used in households, education settings, marketplaces, and
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restaurants. The culinary term fruit is used for edible parts of plants that have a sweet or
tart taste and contain seeds and surrounding pulpy tissue. Fruits are usually consumed as
a dessert, or in the form of juices, syrups, jams, etc. The culinary term vegetable refers to
edible parts of a plant such as roots, tubers, stems, stalks, bulbs, leaves, flowers, pulses,
fruits, fungi, algae, sweet corn, and some cereal grains. Culinary nuts and fruits are not
included in the group of vegetables, but the distinctions often depend on the flavour they
provide and on cultural customs. These distinctions tend to be imprecise and vary within
and between cultures. Information about which species serve as fruits and vegetables is
found in cookbooks or food guides published by professional nutritional institutions and
relevant government agencies. Although there are countless classification systems of
fruits and vegetables for the dietary assessment, these are most helpful if based on the

composition of these species (Vainio & Bianchini 2003; Pennington & Fisher 2009).

Fruits and vegetables, along with nuts, are of great importance in human nutrition
because of the essential substances they provide. Mainly, these are sources of vitamins,
minerals, dietary fiber, and other useful chemicals. Carbohydrates, fats, and proteins
contents of species play a significant role in the tropical and subtropical regions because
fruits and vegetables are often the only source of food and thus have not only the role of
supplementing the necessary vitamins, minerals, and other chemical components, but also
a role of satiating. Examples are found especially in the group of roots and tubers. For the
people of the developing world, crops such as sweet potatoes, taro, yams, and cassava
account for roughly 40 % of the food eaten. In the Indochinese-Indonesian region, fruits
and vegetables staple foods include primarily bamboo, banana, coconut, grapefruit,
mango, and yam. Also, some vegetable species are very important and only guaranteed
safe source of water during the whole year. In addition to the mentioned nutrients, fruits
and vegetables also provide many other useful substances and materials. This includes
textile fibres, fuels, building materials, oils, essential substances, and natural remedies.
Fruit species often provide vegetables in the form of shoots or leaves. Consumption of
sufficient amounts of fruits and vegetables is associated with a reduced risk of chronic
diseases. Despite the growing focus of their health benefits, consumption is below
recommended intake in adults. Low fruit and vegetable intake is a global problem and
leads to millions of deaths each year. This is an obstacle especially in developing
countries, where people suffer from a total lack of food (FAO 1995; Vali¢ek 2002; Hall
et al. 2009; Pem & Jeewon 2015).



Since ancient times, fruits and vegetables were a part of the human diet, but until
recently, many exotic species were unknown in Europe. It changed at the beginning of
the 20" century when technical progress in maritime and air transport made it possible to
import into Europe perishable species such as mango and avocado. Tropical and
subtropical areas, including Thailand, offer a much larger range of species than the
temperate areas. Some of them are one of the most important cultivated plants, while
others are part of natural plant communities. A large percentage of these crops are
imported to other parts of the world, where there are surpluses, while the supply of fruits
and vegetables to the people of developing countries is completely inadequate (Valicek
2002). Measured by quantity, the most produced fruits in the world are bananas,
watermelons, apples, oranges, grapes, and mangoes. Vegetable production is dominated
by tomatoes, onions, cucumbers and gherkins, cabbages and other brassicas, eggplants,
and carrots (Shanbandeh 2021?; Shanbandeh 2021°). The world-leading producers of
fruits and vegetables are China, followed by India, Brazil, United States, Turkey, and Iran
(European Fresh Produce Association 2015). In 2018, the total production of primary
crops increased to 9.1 billion tonnes, which is 2.9 billion tonnes more than in 2000. The
main crops grown were cereals and sugar crops with a total of 33 %, respectively 24 %.
Vegetables accounted for 12 % of total production and fruit accounted for 9 to 11 %,
which is the same as oil crops, roots, and tubers. High crop production was associated
with many factors, among which the use of irrigation, fertilizers, pesticides, high-yield
crops, improved farming practices, and the size of the cultivated area had the greatest
impact (FAO 2020%). The growing demand for new fruit and vegetable species in
developed countries has led to the flourishing of small farms and created many rural and
urban jobs in developing countries. Local people can invest in the purchase of valuable
commodities such as meat, fruits, and vegetables, thanks to extra incomes from the
production of demanded species (FAO 2003).

Insufficient intake of fruits and vegetables is inextricably linked to the
development of diseases of affluence, also known as Western diseases or lifestyle
diseases. It mainly concerns the developed countries of the Western world, where there
is a surplus of food and people can choose from a wide range of products. High meat and
calorie availability together with sedentary jobs, overuse of alcohol and tobacco products,
bad psychosocial relationships, influences of pollutants in the environment, or influences

of new technologies on humans cause the spread of diseases of affluence. It has been
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documented that in upper-middle-income and high-income countries, the worst situation
is in the lowest classes of society. In terms of nutrition, the consumption of processed
foods plays the biggest role. A larger and larger proportion of a consumer’s diet is
represented by foodstuffs such as sweetened beverages and snacks, fast food, pasta, or
frozen prepared meals. Besides, cheap ingredients such as processed sugar, fats, and salts
are used in these foods to maintain demand and save costs. As a result, the consumer
receives a large portion of empty calories without adequate amounts of proteins, high-
quality fats, fiber, vitamins, and minerals. It is very worrying that this type of meal, also
known as "the American diet", is becoming an important component of the diet, especially
in city dwellers. Moreover, in Europe and North America, the prevalence of high calories
income has led to increased rates of obesity. However, obesity is not the only disease of

affluence. The most common diseases of affluence include:

e Malnutrition diseases (obesity, anorexia, bulimia, stomach ulcers)
e Cardiovascular diseases (CVDs) such as atherosclerosis or hypertension
e Diabetes mellitus

e High cholesterol

e Neurodegenerative diseases (NDs)

e Macular diseases (MDs)

e Chronic kidney diseases (CKDs)

e Oncological diseases

e Atopic eczema and allergies

e Autoimmune diseases (rheumatoid arthritis)

e Musculoskeletal system diseases (back pain)

e Addictions

e Burnout syndrome and fatigue syndrome

(Ezzati et al. 2005; Ceska primyslova zdravotni pojistovna 2021; InTeGrate 2018; Al-
Gubory & Laher, 2017).

These non-communicable diseases cause more deaths every year than any other
cause of death. It has been shown that 31 % of coronary heart disease and 11 % of stroke
worldwide are associated with low consumption of fruits and vegetables. These clearly

speaking data were the impetus for the World Health Organization (WHO) and Food and
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Agriculture Organization of the United Nations (FAO), who set the recommended intake
of fruits and vegetables on at least 400 grams per day (excluding starchy crops). The
optimal amount of course depends on age, sex, physical activity, and many other factors.
The recommended intake of 400 grams can be also replaced by 5 servings of 80 grams
each. Intake of such an amount should prevent the spread of diseases of affluence and
alleviate several microelements deficiencies, especially in developing countries (FAO &
WHO 2004). The year 2021 has been declared as International Year of Fruits and
Vegetables by the United Nations to emphasize the nutritional and health benefits of fruits
and vegetables consumption. The aim of this project is to raise awareness of a balanced,
varied diet, healthy lifestyle, and the need to reduce waste and loss of these highly
perishable crops (FAO 2020P).

The chemical composition of fruit and vegetable species varies according to the
level of maturity prior to harvest, the condition of ripeness, which develops after harvest
and is affected by storage conditions, and also according to the botanical variety of
species, weather, and cultivation practices. Even though we have completely different
fruit and vegetable species, we can generalize the basics that apply to most of them. In
general, fruits and vegetables are low in fat and protein and high in water, which is vital
in many physiological processes. Fresh fruits and vegetables contain more than 70 % of
water and frequently more than 85 %. Usually, the fat content is not more than 0.5 % and
the protein content is not more than 3.5 %. The exceptions are legumes, which are a rich
source of protein, and some species of vegetables such as avocado or sweer corn, which
are higher in fat. Both fruits and vegetables are important sources of carbohydrates.
Digestible carbohydrates are present in the form of starches and sugars and indigestible
in the form of cellulose, which is important for normal digestion. In summary, the
composition consists mainly of water and primary metabolites, but from a nutritional
point of view, secondary metabolites and other biologically active substances are much

more important in fruits and vegetables (Dauthy 1995).

Similar to other agricultural products, fruits and vegetables are prone to pollution
and spoilage, which affect the health of consumers. Undesirable substances and
organisms occur either naturally or through human intervention. The sources of pollution
and thus various toxic substances are mainly soil, acidic rainwater, polluted irrigation

water, sewage, oil pollution, wastes, pesticide residues, and microbial organisms such as
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bacteria, fungi, and other parasites. Especially irrigation with unrefined sanitary drainage
water is a problem due to the accumulation of heavy metals in the soil and cultivated
crops. It is known that the consumption of food polluted by heavy metals such as
cadmium, chromium, copper, lead, and mercury has harmful effects on human health.
Metal poisoning symptoms include divagation among adults, mental retardation among
children, disturbances of the central nervous system, insomnia, liver and kidney diseases,
emotional instability, and depression (Khashroom et al. 2019).

4.1.1. Primary metabolites

Fruits and vegetables contain most of the essential components of human
nutrition. Their nutrient composition is very complex and difficult to assess. Plant
metabolites are chemical substances that determine the nutritional value of fruits and
vegetables. Levels of plant metabolites are highly affected by environmental and genetic
factors, and also by transportation and storage conditions. Changes in the composition of
metabolites are induced by growth factors such as temperature, humidity, light, soil type,
use of fertilizers and pesticides, the action of microorganisms and insects, UV radiation,

and heavy metals (Hounsome et al. 2008).

Plant primary metabolites are essential chemical substances involved in growth,
development, photosynthesis, respiration, and protein and hormone synthesis and are
found in all species within various phylogenetic groups. These include for example amino
acids, carbohydrates, and fatty acids. In some cases, substances such as organic acids or

alcohol are considered primary metabolites (Hounsome et al. 2008).

From the human nutritional point of view, the most common classification of
primary metabolites is into the groups of carbohydrates, lipids, and proteins. These are

required to provide energy, growth, maintenance, and repair of tissues (Singh et al. 2017).

Formed in the process of photosynthesis, carbohydrates are one of the major
constituents of plants and represent the largest proportion of organic compounds.
Carbohydrates are needed for a healthy and balanced diet and functions in many
physiological processes, such as providing sources of energy (40-80 % of total energy
intake), forming part of structural components, defensive measures to prevent the tissues
from drying out, etc (Tharanathan et al. 1987). Carbohydrates are stable organic

molecules containing carbon, hydrogen, and oxygen. In almost all cases they are derived
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from plant-based foods (except lactose). In human nutrition, carbohydrates are classified
into 3 main groups: sugars, oligosaccharides, and polysaccharides. Sugars are the simplest
forms of carbohydrates and include monosaccharides (glucose, fructose, galactose),
disaccharides (sucrose, lactose, maltose, trehalose), and sugar alcohols (sorbitol,
mannitol, lactitol, xylitol, erythritol, isomalt, maltitol). Oligosaccharides are chemical
compounds in which units of monosaccharides are linked by glycosidic bonds.
Oligosaccharides are divided into malto-oligosaccharides, also known as a-glucans
(maltodextrins), and non-a-glucans (raffinose, stachyose, fructo-oligosaccharides,
galacto-oligosaccharides, inulin, polydextrose). Polysaccharides are the most complex
carbohydrates. They are categorized into starches (amylose, amylopectin, modified
starches) and non-starch polysaccharides (cellulose, hemicellulose, pectin, arabinoxylans,
B-glucan, glucomannans, gums and mucilages, hydrocolloids). Carbohydrates are
commonly found in fruits, vegetables, honey, cereals, yeasts, fungi, and lactose is found
in milk (Cummings & Stephen 2007; Lunn & Buttriss 2007).

Fatty acids are chemical compounds that play several key roles human in
metabolism. Fatty acids are involved in the storage and transport of energy, functioning
of all membranes, and gene regulation. As a part of lipids, fatty acids also function in
electrical and thermal insulation and mechanical protection. Moreover, polyunsaturated
fatty acids (PUFA) are precursors for some locally acting metabolites (e.g. eicosanoids).
They are classified into 2 main groups: saturated fatty acids (saturated with hydrogen)
and unsaturated fatty acids (containing carbon—carbon double bond in the chain). Based
on the length of the chain, fatty acids can be classified into short-chain (2—4 carbon
atoms), medium-chain (6—10 carbons), and long-chain fatty acids (12—26 carbon atoms).
The most common fatty acids include palmitic acid (saturated), stearic acid (saturated),
myristic acid (saturated), oleic acid (unsaturated), palmitoleic acid (unsaturated), linoleic
acid (unsaturated), arachidonic acid (unsaturated), a-linolenic acid (unsaturated),
eicosapentaenoic acid (unsaturated), and docosahexaenoic acid (unsaturated). Fatty acids
represent 30—35 % of total energy intake. Dietary sources are especially vegetable oils,
grains, dairy products, meat, fatty fish, and fish oils (Rustan & Drevon 2005; Siram et al.
2019).

Plants are rich sources of amino acids, which are constituents of proteins. They

function in many biological processes and in the transport and storage of all the nutrients
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including carbohydrates, proteins, fats, vitamins, minerals, and water. Also, amino acids
have antioxidant effects on the human body and free amino acids are involved in
secondary plant metabolism and biosynthesis of compounds such as glucosinolates and
phenolics. Amino acids are categorized as essential (arginine, histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, threonine, tryptophan, valine) and non-
essential (alanine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine, glycine,
proline, serine, tyrosine) according to whether the human body can synthesize them or
not. Other amino acids such as selenocysteine and pyrrolysine can also be found in the
literature. Non-essential amino acids are synthesized by both humans and plants, but
essential amino acids are synthesized only by plants and need to be supplemented through
diet (Kumar et al. 2017%; Lopez & Mohiuddin 2021). Plant-based foods rich in amino
acids are soybeans, chickpeas, microalgae, pea, lupin, sorghum, canola, corn germs,

wheat flour, barley, rice, and potatoes (Petrusan et al. 2016).

4.1.2. Secondary metabolites

Secondary metabolites, also known as phytochemicals, are chemical compounds
that are not vital for the organism but play a significant role in the interaction with its
environment. They are often involved in protection against biotic (bacteria, fungi, insects,
nematodes) and abiotic (high moisture, high temperature, injury, presence of heavy
metals, shading) stresses. Some of the secondary metabolites have a great economic value
thanks to their use as drugs, flavours, fragrances, dyes, and insecticides. Secondary
metabolites are low molecular weight substances and their formation is generally organ,
tissue, and cell-specific (Pagare et al. 2015). They have been shown to possess many
biological effects, such as antiviral, antibiotic, and antifungal. Moreover, secondary
metabolites can absorb UV radiation and thus protect the leaves from damage. It was
noticed that some plants (alfalfa, clover) can even express estrogenic properties and affect
the fertility of animals due to secondary metabolites (Hussein & El-Anssary 2019). The
main classification system includes 3 major groups: alkaloids, phenolics, and terpenoids
(Kabera et al. 2014).

Alkaloids are nitrogen atoms containing secondary metabolites. They are
produced mostly by plants, but also by bacteria, fungi, and animals. Most of them are

toxic to other organisms. Alkaloids are synthesized from amino acids. Compared to other

-11 -



secondary metabolites, there is great structural diversity, but no uniform classification
system. Alkaloids include phytochemicals of various functions, for example, atropine
(antibacterial/viral, anticholinergic, and antidiabetic effects), berberine (effects on
cardiovascular system, anticancer effects), nicotine (stimulant, antiherbivore, insecticide,

anti-inflammatory effects), and many others (Kabera et al. 2014).

Phenolics are secondary metabolites with certain health benefits such as
antioxidant, anti-inflammatory, and anti-carcinogenic effects. They are found in almost
all plants. Phenolics are usually present in hydroxylated aromatic rings and most of them
are polymerized into larger compounds such as tannins or lignans. Phenolics are further
classified according to 1) the number of hydroxylic groups, 2) the chemical composition,
and 3) the substitutes in the carbon skeleton. Examples of phenolics are flavonoids,
tannins, glycosides, or saponins (Kabera et al. 2014).

Terpenoids are polymeric isoprene derivates synthesized from acetate. Many
terpenoids have pharmacological activity and serve for the treatment of various diseases.
They have antiviral and antimicrobial properties and are most abundant in plants of the
Laminaceae family. Terpenoids are also often used in industry as spices, flavours, and
fragrances. The group of terpenoids includes for example carotenoids, gibberellic acid,
and steroids (Kabera et al. 2014).

4.1.3. Antioxidants and their function in human nutrition

Antioxidants are natural or human-made chemical substances that may prevent or
delay cell damage caused by Reactive Oxygen Species (ROS) and Reactive Nitrogen
Species (RNS) and subsequently prevent the origin of the oxidative stress. Antioxidants
are widely present in fruits, vegetables, and herbs, which were already the main sources
of antioxidants for ancient people to protect their bodies against oxidative damage. It was
proved that biologically active substances such as antioxidants have a great impact on
human health, life expectancy, aging, and the evolution of many pathogens as well
(Yadav et al. 2016). Their beneficial function lies in the ability to neutralize reactive
forms of oxygen or nitrogen. These reactive forms are produced commonly during
metabolism and the human body regulates their quantity through endogenous antioxidant
systems. Systems regulating the amount of ROS and RNS can be enzymatic (superoxide

dismutase, catalase) or non-enzymatic (ascorbic acid, glutathione). However, if the
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amount of ROS increases and exceeds the quantity which are endogenous antioxidant
systems able to degrade, it can cause changes in cell structure and function. These changes
have a positive impact on human health if the ROS are produced physiologically.
Beneficial functions of ROS are the entry of sperm into the egg (ROS produced by
sperm), Killing parasites and bacteria (ROS produced by macrophages), killing tumor
cells (ROS produced by T-cells), or bone remodeling (ROS produced by osteoclasts).
Unfortunately, in most cases, the impact of ROS is highly negative (Stratil & Kuban
2018). The harmful effects of ROS when their production increases above basal level are
especially pathological conditions ranging from autoimmune diseases to
cardiomyopathies (Patel et al. 2018).

ROS, in other words, free radicals, are signalling molecules to regulate biological
and physiological processes. Although high concentrations of ROS and RNS lead to cell
death, lower concentrations can cause changes in the activity of transcriptional factors.
ROS also play a significant role in cell differentiation and proliferation. Imbalance in the
rate of ROS production cause damages to many biomolecules such as nucleic acids,

proteins, and lipids (Plenkowska et al. 2020). Biologically important radicals include:

e Hydroxyl radical (*OH) which is one of the most reactive ever. It is
mostly generated in cells by Fenton’s reaction, where transition metal ions
react with hydrogen peroxide (H202), but can also arise from respiratory
chain, ozone decomposition, or homolytic cleavage of H.O,. Hydroxyl
radical causes neurological, aging-related or chronic diseases by damage
of structure and function of biomolecules such as nucleic acids,
heterolipids, and triacylglyceroles (Lipinski 2011; Cadet et al. 2012).

e Carbonate radical (COz*") is a major endogenous one-electron oxidant
that has a larger range of action than short-lived hydroxyl radicals. These
radicals are formed by a reaction of hydroxyl radical with carbonate ions
(for example abstraction of a hydrogen atom from bicarbonate by a
hydroxyl radical). COs*~ is a dangerous oxidant due to its longer lifetime
and far-reaching action compared with hydroxyl radical. CO3*~ causes
damages to important biomolecules including proteins and nucleic acids
(Cadet et al. 2012; Hardeland 2017).

COz% +*OH — COs* + OH-
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HCO3™ + *OH — CO3* + H,O

Superoxide radical (*O2~ or O2*") is an anion radical produced by one-
electron reduction of molecular oxygen (O2). O>* is primarily produced
by phagocytes and neutrophils to kill bacteria. Superoxide radicals can
react with other biomolecules and free radicals and can form a diverse
array of additional ROS and RNS. Many biomolecules are sensitive to
superoxide radical because it can react in several ways and can produce
highly reactive *OH (Cadet et al. 2012; Al-Gubory & Laher, 2017; Kehrer
& Klotz 2015; Stratil & Kuban 2018).

Peroxyl and alkoxyl radicals (ROO* and RO* or LOO*® and LO* if derived
from fatty acids). Peroxyl radicals are formed by the reaction of molecular
oxygen with carbon-centred radicals, and they are far more stable than
alkoxyl radicals or carbon-centred radicals. Alkoxyl radicals are
intermediate in reactivity between peroxyl radicals and hydroxyl radicals.
These radicals cause oxidation of adenine, guanine, cytosine, thymine, and
also react with lipids, carbohydrates, and proteins and cause their damage
(Simandan et al. 1998; Kehrer & Klotz 2015).

Nitric oxide radical (NO®), in other words, nitrosyl radical, is a highly
reactive free radical, has the ability to easily cross through biomembranes,
and is one of the most important regulating molecules in a living cell.
Nitrosyl radicals represent the major cause of the damage of biomolecules
by triggering a chain reaction of free radicals or by direct destruction. NO*
has the ability to inhibit enzymes (cytochrome oxidase, ribonucleotide
reductase), to release iron from proteins, to affect the activity of enzymes
hem-binding iron, to modify gene expression, and to inhibit DNA

replication (Slezék et al. 2016; Stratil & Kuban 2018).

Biologically important non-radicals include:

Peroxynitrite (ONOQO") is a strong oxidizing agent exhibiting a wide
array of tissue-damaging effects, including inactivation of enzymes and
ion channels via protein oxidation and nitration, lipid peroxidation, and

inhibition of mitochondrial respiration (Zaja-Milatovic & Gupta 2020).
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e Hydrogen peroxide (H20>) is a relevant member of the ROS family. It
was proven that superoxide radical present in human cells willingly
converts into H2O>. High concentrations of hydrogen peroxide lead to cell
injury by damaging key cellular molecules such as lipids and DNA. These
injuries can even lead to genome instability, carcinogenesis, and cell death
(Gough & Cotter 2011).

e Singlet oxygen (*02). Molecular oxygen is a very strong oxidant agent if
contained in the electronic singlet state. Singlet oxygen is considered as
one of the most responsible ROS for producing oxidative stress in
organisms. Harmful effects of O are damage of nucleic acids, oxidizing
of membrane lipids, or causing dysfunction of sarcoplasmic reticulum
(Alia et al. 2001; DeFedericis et al. 2006; Stratil & Kuban 2018).

e Ozone (Os3) is a triatomic gas with a typical smell that irritates eyes and
lungs and is poorly soluble in water. Ozone is formed by dissociation of
O2 molecule by type C ultraviolet radiation (UV) in the atmosphere into
oxygen atom which reacts with O,. Ozone is a strong oxidizing agent,
easily binds to fatty acids and forms ozonide which decomposes into toxic
substances such as *OH. Ozone is also a pulmonary irritant and causes
inflammation and injury of lung tissue (Valavanidis et al. 2013; Stratil &
Kuban 2018).

A state where increased generation of ROS overwhelms antioxidant protection is
called oxidative stress. In the normal healthy state, oxidation occurs naturally in cells.
However, if there is an imbalance between oxidants and antioxidants, it potentially leads
to damage. During the past three decades, it was proved that oxidative stress is associated
with prenatal and postnatal developmental disorders. These disorders originate mainly in
undernutrition, malnutrition, unhealthy lifestyle behaviours, and exposure to chemical
pollution. Oxidative stress together with cellular senescence are involved in several acute
chronic pathological processes such as NDs, CKDs, MDs, cancer, CVDs, and other

diseases of affluence (Sies 2000; Al-Gubory & Laher 2017; Liguory et al. 2018).

In Western countries, the human diet is often associated with the consumption of
red meat and dairy products, but not with the consumption of a sufficient quantity of fruits

and vegetables that contain the necessary antioxidants, minerals, vitamins, and other

- 15 -



useful chemical components. Without them, the body is exposed to excessive ROS
production, which results in oxidative stress and may potentially contribute to the
emergence of diseases of affluence. These pose a great risk to all developed countries. It
is assumed that with the development of the economy, diseases such as CVDs and their
nutritional risk factors including overweight, obesity, and elevated blood pressure also
develop relentlessly (Ezzati et al. 2005; Al-Gubory & Laher 2017). As mentioned before,
the most common diseases of affluence are, for example, hypertension, heart attack,
coronary heart disease, sudden stroke, metabolic syndrome (Reaven’s syndrome),
obesity, osteoporosis, cancer, allergy, chronic fatigue syndrome, depression, eating
disorders, diabetes, varicose veins, appendicitis, diverticular disease, dental caries,
Alzheimer’s disease and Parkinson’s disease (Uttara et al. 2009; Al-Gubory & Laher
2017).

Regular consumption of antioxidants containing species has been recognized as
reducing the risk of chronic diseases. Well-known species containing antioxidants are
blueberries, broccoli, citrus fruits, grapes, kale, plums, red beans, spinach, strawberries,
and many others. Recent studies also suggested that lesser-known and exotic species such
as Artocarpus heterophyllus Lam. (jackfruit), Butia capitata (Mart.) Becc. (pindo palm),
and Cereus jamacaru DC. (mandacaru cactus) are great sources of antioxidants (Yadav
et al. 2016). Widely discussed is also Euterpe oleracea Mart. (acai berry) from Brazil,
which contains one of the largest amounts of antioxidants such as polyphenols or

anthocyanins (Costa et al. 2013).

Organisms including plants, animals, and humans have naturally a complex of
multiple types of antioxidants present in their bodies, such as vitamin C, vitamin E,
enzyme catalase (CAT), or superoxide dismutase (SOD). In this thesis, | decided to
introduce very widely used divisions of antioxidant groups, which can be found in many
scientific journals such as ScienceDirect or PubMed. We can divide them into different
groups: based on the type of their source there are natural and synthetic antioxidants,
based on their solubility there are water-soluble and lipid-soluble antioxidants and we can
also categorize natural antioxidants into enzymatic and non-enzymatic (Mamta et al.

2014). Antioxidant protection strategies may involve these mechanisms:

e Catalytic removal of reactive particles (SOD, CAT)

e Control of reactive particle formation (transferrin, albumin, oxygenase)
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e Protection of biomolecules against oxidative damage (PUFA enzymes)

e Physical quenching of reactive particles (carotenoids)

e Replacement of oxidation-sensitive molecules with resistant ones (fumarase)

e Adding a substrate that easily reacts with the reactive particles to prevent damage
of important biomolecules (ascorbate, urate, a-tocopherol)

e Adding a substrate that reacts with the reactive particle to form cytoprotective
product (nitro-fatty acids)

e The spatial divide of reactive species (glutathione-S-transferase)
(Mamta et al. 2014; Stratil & Kuban 2018).

Natural antioxidants are synthesized in the human body through the metabolic
system or can be supplemented from a natural source. We can sort natural antioxidants
into two major groups, enzymatic and non-enzymatic (Mamta et al. 2014; Atta et al.
2017).

Enzymatic antioxidants primarily include SOD, CAT, and GPx (glutathione
peroxidase). These provide stability or inactivation of free radicals before they attack
cellular biomolecules. Enzymatic antioxidants are therefore essential for maintaining
cellular and systemic health (Mamta et al. 2014; Atta et al. 2017).

Superoxide dismutase is an antioxidant that reduces highly reactive superoxide
radical (*O2") to form less reactive hydrogen peroxide (H202) and oxygen (O2). In the
human body, we can find three forms of SOD, cytosolic Cu/Zn-SOD, mitochondrial Mn-
SOD, and extracellular SOD. Natural sources of SOD are broccoli, cabbage, wheatgrass,
or Brussel sprouts (Atta et al. 2017).

‘O, +°02 +2H" > H0, + O

Catalase is an enzyme antioxidant that is responsible for the decomposition of
hydrogen peroxide (H20-) into water and oxygen. We can find CAT in the blood and
most of the living cells (Mamta et al. 2014; Atta et al. 2017).

2H,0, > 2H,0+0,

Glutathione peroxidase protects the cell from damage due to hydrogen and lipid

peroxides. The human body contains two types of GPx, cellular and plasma GPx. This
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enzymatic antioxidant catalyses the reaction of hydrogen peroxide with glutathione
(GSH) to form oxidized glutathione (GSSG) (Mamta et al. 2014; Atta et al. 2017).

H,O,+ 2 GSH — 2 H,0 + GSSG

Non-enzymatic antioxidants include nutrient-derived antioxidants (ascorbic acid,
carotenoids, glutathione, tocopherols), metal-binding proteins (albumin, ferritin), and
many others. Non-enzymatic antioxidants are divided into endogenous and exogenous,
which are present in commonly consumed species of fruits, vegetables, nuts, and cereal
products (Mironczuk-Chodakowska et al. 2018).

Metal-binding proteins (MBPs) are endogenous non-enzymatic antioxidants with
the ability to bind metal ions. Thanks to this feature they can bind extremely pro-oxidant
ions (Cu?*, Fe?") that would otherwise enter the Fenton’s reaction and would catalyze
ROS formation. MBPs include antioxidants ferritin (FER), myoglobin (MB), albumin
(ALB), ceruloplasmin (CP), metallothioneins (MTSs), transferrin (TF), and lactoferrin
(LTF) (Mironczuk-Chodakowska et al. 2018).

Other endogenous antioxidants include glutathione (GSH), alpha-lipoic acid
(LA), coenzyme Q (CoQ), uric acid, methionine, bilirubin (BIL), and polyamines such

as putrescine, spermidine, and spermine (Aguilar et al. 2016; Moussa et al. 2020).

Nutrient-derived antioxidants are supplied to the human body through diet. These
include vitamins, minerals, polyphenols, carotenoids, flavonoids, and others (Mamta et
al. 2014). According to Bouayed & Bohn (2010), principal exogenous dietary

antioxidants are:

e Vitamin C and vitamin E

e Trace elements (zinc, selenium)

e Carotenoids (lutein, B-carotene, lycopene, zeaxanthin)

e Phenolic acids (gallic acid, chlorogenic acid, caffeic acid)

e Flavonols (myricetin, quercetin, kaempferol, and their glucosides) *
e Flavanols (catechins and proanthocyanidins) *

¢ Anthocyanidins (pelargonidin, cyanidin, and their glucosides) *

¢ Isoflavones (glycitein, genistein, daidzein and their glucosides) *
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e Flavanones (eriodictyol, hesperetin, naringenin, and their glucosides) *

e Flavones (apigenin, luteolin, and their glucosides) *
* belongs to the group of flavonoids

These and many other antioxidants are extremely important in defence against
oxidative damage. It is necessary for human health to include species containing these
chemical substances in the diet (Halliwell et al. 1995).

Like almost everything in our world, also antioxidants have a dark side called pro-
oxidant activity. Antioxidants consumed as supplements may have a negative impact on
human health. This fact is known in the medical community, but not among the
population, who often believe in the non-toxicity of these natural products. Problems are
rooted in the long-term excessive income of antioxidants containing supplements. These
can result for example in birth defects among babies (vitamin A), an increase of HDL
cholesterol (vitamin A), risk of kidney stones (vitamin C), rise in CVDs mortality in
postmenopausal women with diabetes (vitamin C), or prostate cancer risk (vitamin E)
(Salehi et al. 2018).

4.1.4. Minerals and their function in human nutrition

Minerals are inorganic substances belonging to a group of micronutrients, as well
as vitamins. Although the human body needs very small amounts of minerals to function
properly, most of the minerals are essential for humans and form an integral part of the
diet. Minerals play an important role in countless biochemical processes, whether it is
transmitting nerve impulses or building strong bones. Minerals also take part in hormone
synthesis and functioning and can regulate standard heartbeat and some of them are part
of teeth and bones structure. The main source of micronutrients for humans are plants,
but some of the micronutrients are present only in low quantities and deficiencies may
occur when there is insufficient income. At the 1990 World Summit for Children,
deficiencies of 2 microminerals (iron, iodine) and 1 micronutrient (vitamin A) were
identified as predominantly common and posing a risk to public health in developing
countries. In 2019 WHO added multiple micronutrient powder to a list of essential
medicines due to widespread shortage. Prevention of deficiency occurrence lies in the
consumption of varied diets containing sufficient amounts of required minerals
(Gharibzahedi & Jafari 2017; Awuchi et al. 2020).
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Minerals are divided into two major groups: macrominerals (macroelements,
major minerals) and microminerals (trace elements, microelements), depending on how
much the body needs. Macrominerals are those needed in higher amounts than 100 mg
per day, while microminerals are needed in amounts lower than 100 mg per day.
Macrominerals include calcium (Ca), chloride (Cl), magnesium (Mg), phosphorus (P)
potassium (K), sodium (Na), and sulphur (S). These are present in the body in large
amounts ranging from hundreds of milligrams to grams. Members of microminerals are
boron (B), chromium (Cr), cobalt (Co), copper (Cu), fluoride (F), iodine (I), iron (Fe),
manganese (Mn), molybdenum (Mo), nickel (Ni), selenium (Se), silicon (Si), tin (Sn),
vanadium (V), and zinc (Zn). Amounts of microminerals are measured in micrograms.
Compared to microminerals, macrominerals are largely involved in transmission and
signalling in nerve cells and in blood pressure control. On the contrary, microminerals
play key roles in erythrocyte formation, glucose level regulation, and activation of
antioxidant enzymes (Lecos 1983; European Food Safety Authority 2006; Gharibzahedi
& Jafari 2017).

Macrominerals

Calcium is a macromineral important for healthy teeth and bones, involved in
nerve functioning, muscle contraction and relaxation, immune system functioning, blood
pressure regulation, and blood clotting. Good sources are dairy products, canned fish with
bones (sardines, salmon), tofu, green leafy vegetables, broccoli, nuts, thyme, mustard
greens, and dill. The Recommended Dietary Allowance (RDA) is set at 1,200 mg per day,
The Tolerable Upper Intake Level (UL) is set at 2,500 mg per day. Deficiency is
manifested by hypocalcaemia (numbness of fingers, carpal spasms, muscle cramps, and
others) (Murphy & Williams 2009; Gharibzahedi & Jafari 2017; Awuchi et al. 2020).
Signs of excessed income (hypercalcaemia) are vomiting, polyuria, dehydration, and

renal impairment (Evans 1986).

Chlorine is a part of all body secretions and excretions resulting from processes
of anabolism and catabolism of body tissues. Chlorine is found in plasma membranes of
erythrocytes and in hydrochloric acid in the stomach. Chlorine is also involved in the
regulation of osmotic pressure and electrolyte balance. The main dietary source is table
salt, but some amounts are also found in seaweed, rye, celery, olives, tomatoes, and

animal products. RDA is set at 2,300 mg per day and UL is set at 3,600 mg per day.
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Amounts of the chlorine closely parallel amounts of sodium input and output since both
of these macrominerals are part of sodium chloride (Britannica 2011; Gharibzahedi &
Jafari 2017; Awuchi et al. 2020). Body supplies of chlorine are quickly depleted in hot
weather when the fluid content of the body is reduced. Also, chlorine supplies may
become low with persistent vomiting and diarrhoea, or during diseases causing alkalosis
(Britannica 2011). Chlorine deficiency in humans is rare and occurs predominantly in
infants because breast milk is poor in chlorine. In infants, chlorine deficiency is
manifested by lethargy, irritability, growth failure, anorexia, or weakness. Chlorine
deficiency may occur also in children and adults who consumed chloride-deficient liquid
nutritional products. Chlorine excess due to dietary intake is uncommon and may occur
during conditions associated with abnormal water losses. However, long-term increased
income of sodium chloride is associated with elevated blood pressure and risk of CVDs
(Turck et al. 2019), as mentioned before.

Magnesium is an element found in bones and is necessary for protein synthesis,
muscle contraction, nerve transmission, proper functioning of the immune system, and
also helps to avoid constipation. Magnesium-rich sources are spinach, legumes, seeds,
nuts, artichokes, dairy products, and seafood. RDA is set at 250 to 350 mg per day, UL is
set at 350 mg per day. Deficiency of Mg (hypomagnesemia) is manifested by muscle
cramps, neuromuscular irritability with convulsions, and abnormal heartbeat.
Hypermagnesemia may occur with excessive income of magnesium salts and causes
diarrhoea, but it is rare in people with normal kidney function (WHO 2009; Gharibzahedi
& Jafari 2017; Awuchi et al. 2020).

Phosphorus is a mineral found in every cell of the human body. Phosphorus is a
component of phospholipids in biomembranes, nucleic acids, and nucleotides. Further,
phosphorus participates in the maintenance of normal pH, transfer and storage of energy
in the form of adenosine triphosphate (ATP), and activation of enzymes by the process of
phosphorylation. Phosphorus is also needed for healthy teeth and bones and together with
vitamins of B-complex supports kidney performance, regular heartbeat, nerve signalling,
and muscle contraction (Gharibzahedi & Jafari 2017; Combet & Buckton 2019). Rich
sources include pumpkin and squash seeds, Brazil nuts, rice, oats, legumes, and animal
products such as poultry, fish, and red meat. RDA is set at 700 mg per day and UL is set
at 4,000 mg per day (Gharibzahedi & Jafari 2017; Awuchi et al. 2020). Deficiency
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(hypophosphataemia) leads to cellular dysfunction and may occur in various diseases.
These include anaemia, anorexia, bone pain, muscle weakness, debility, paraesthesia,
ataxia, confusion, and the development of infections. Hyperphosphataemia (excessed
phosphorus) may occur in response to increased absorption of phosphorus in the
gastrointestinal tract, increased endogenous load, and decreased urinary excretion.
Hyperphosphataemia manifests in reduced levels of magnesium and calcium in the body,
which is dangerous for CKDs patients in whom soft tissue calcification occurs (Weisinger
& Bellorin-Font 1998).

In the human body, potassium is involved in the regulation of osmotic pressure
and as it is a major electrolyte in the body, potassium also controls electrolyte balance.
Further participates in the functioning of cardiovascular, endocrine, renal, digestive, and
respiratory systems, in the metabolism of energy, and cell growth and division. Sources
rich in potassium are potatoes, sweet potatoes, tomatoes, lentils, beans, plums, bananas,
seafood, and dairy products. RDA is set at 4,700 mg per day. Deficiency is called
hypokalaemia (serum potassium below 2.6 mmol/l), which occurs during starvation and
in people with anorexia nervosa (Combet & Buckton 2019; Awuchi et al. 2020). Long-
term low dietary intake manifests in increased blood pressure level, which is associated
with the risk of CVDs, particularly stroke (Bazzano et al. 2001). On the other hand,
scientific studies have shown that potassium intake higher than 4,700 mg per day blunts
the effect of increased sodium intake on blood pressure level (Rodrigues et al. 2014).
Excessive intake, reduced renal excretion, or leakage of potassium from intercellular
space can cause hyperkalemia (serum potassium exceeds 5.5 mmol/l). Hyperkalemia is a
life-threatening condition, where muscular and cardiac dysfunctions appear (Lehnhardt
& Kemper 2011).

Sodium is a necessary macromineral needed for the maintenance of electrolyte
and fluid balance, and also in the heart function, nerve transition, and muscle contraction.
Moreover, sodium together with potassium is involved in ATP regulation. The main
source of sodium is table salt (NaCl, sodium chloride), milk, pickles, spinach, and sea
vegetables. RDA is set at 1,500 mg per day and UL is set at 2,300 mg per day
(Gharibzahedi & Jafari 2017; Awuchi et al. 2020). Deficiency is not diet-related and
occurs only due to clinical conditions, especially during major trauma. Hyponatraemia

(serum sodium concentration below 135 mmol/l) is one of the most common diseases
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observed in hospitalized patients. Symptoms of hyponatraemia are headache, loss of
appetite, nausea, weakness, muscle cramps, disorientation, and personality changes.
Hyponatraemia is often associated with seizures, prolonged hospitalization, and increased
mortality (Somasundaram et al. 2014, Combet & Buckton 2019). The opposite problem
is the excessive salt intake, which is the cause of raised blood pressure and leads to CVDs.
Excessive salt intake is also associated with the risk of obesity due to increased

consumption of sugar-containing beverages (Ma et al. 2015).

Sulphur is one of the most abundant macrominerals in our body. Sulphur intake
is provided by the diet, mainly from proteins. There are only 2 amino acids (cysteine and
methionine) that contain sulphur and are commonly present in proteins. As a component
of many proteins, sulphur functions in the protection against toxic substances, participates
in the development of connective tissues, participates in the metabolism of energy as a
part of the electron transport chain, and helps skin to maintain its integrity. Moreover,
sulphur-containing amino acids are a part of the cellular antioxidant system. Sulphur is
found in animal products (meat, poultry, eggs, fish, milk) and small amounts of sulphur
in the form of inorganic sulphates are present in cruciferous vegetables (broccoli,
kohlrabi, cauliflower) and allium vegetables (garlic, onion, chives) (Nimni et al. 2007;
Gharibzahedi & Jafari 2017; Colovic et al. 2018). There is no RDA because sulphur is
commonly found in foods. Deficiency threatens only in extreme protein deprivation.
Toxicity may occur due to excessive intake of amino acid supplements and manifests in
depressed growth (Marcus 2013).

Microminerals

Boron is a micromineral that helps with the processing of other minerals, e.g.
phosphorus or magnesium, and maintaining the function of biomembranes. In the human
body, boron improves levels of estrogen, which is needed for healthy bones and mental
performance, especially in post-menopausal women and healthy men. Further, boron is
involved in embryonic development and helps eliminate yeasts producing vaginal
infections. Food sources of boron include potatoes, broccoli, carrots, apples, avocados,
bananas, dried prunes, raisins, peaches, olives, almonds, hazelnuts, peanuts, legumes,
honey, and even bee pollen (Gharibzahedi & Jafari 2017). There is no RDA for boron,
but acceptable safe range intake is 1 to 13 mg per day for adults. UL is set at 20 mg per

day for adults. Deficiency symptoms are not sufficiently described, but it is suggested

-23-



that reduced mental alertness due to boron deficiency might affect brain function. In
addition, consumption of a boron-poor diet leads to elevate urinary magnesium and
calcium excretion and reduction in estrogen level in post-menopausal women. There are
no available data on the effects of excess boron intakes from the diet or water. As some
household cleaning products contain boron, toxicity symptoms are associated with
accidental consumption, especially in children. Toxicity manifestations are nausea,
intestinal discomfort, diarrhoea, vomiting, rash, convulsion, depression, and vascular
collapse. Extremely high boron doses of 15,000 to 20,000 mg can be even fatal (US Office
of Dietary Supplements 2020).

Chromium is an essential microelement involved in fats, nucleic acids, and
carbohydrate metabolism. Chromium functions in the synthesis of fatty acids and
cholesterol and is needed in the insulin regulation of glucose blood level. Commonly
available sources are apples, bananas, green peppers, spinach, wheat germs, whole grains,
nuts, black pepper, and molasses. Animal sources include beef, chicken, eggs, oysters,
cheese, butter, and others (Gharibzahedi & Jafari 2017). RDA for chromium is set at
0.035 mg per day. The UL was not established, although a few adverse effects were
associated with excess chromium intake from the diet. Poor chromium level is a factor
contributing to impaired glucose tolerance and thus Type Il diabetes. Chromium toxicity
depends on the valence state. Hexavalent chromium shows the highest toxicity but is not
found in food. Trivalent chromium, which is commonly present in the diet, has much
lower toxicity levels and several studies have demonstrated the safety of high chromium
I11 doses. Although, few cases of toxicity have occurred, including hepatic dysfunction,

carcinogenicity, and skeletal muscle injury (US Institute of Medicine 2001).

Cobalt is an essential micromineral required for vitamin B12 synthesis. As bacteria
are necessary for the synthesis of vitamin Bi2, cobalt is considered part of this vitamin
that comes from animal-based foods. Cobalt, in the form of vitamin By, is used to treat
anaemia because of the promotion of erythrocyte formation. Also, cobalt helps with
fatigue, neuromuscular and digestive disorders. Rich sources include organ meats,
seafood, milk, oats, green leafy vegetables such as spinach, cabbage or lettuce, nuts, and
shiitake mushrooms (Gharibzahedi & Jafari 2017; Awuchi et al. 2020). RDA and the UL
are not precisely determined, but cobalt deficiency is closely related to vitamin B

deficiency. Cobalt toxicity may occur in industry workers, not due to excessive dietary
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intake (Co is excreted in urine and does not accumulate in the body), but due to inhalation
exposure to cobalt and other hard metal particles. Damage effects may lead to asthma or
even lung cancer (Lison 2007).

Copper is another microelements group member contained in many enzymes,
including cytochrome c oxidase (an enzyme involved in the mitochondrial respiratory
chain). Copper is needed in the metabolism of proteins and iron, stimulates the immune
system to act effectively against infections, and repairs damaged tissues. Further, copper
is involved in neutralizing free radicals that cause serious cell damage. Food copper
sources are legumes, cashew nuts, shiitake mushrooms, kale, whole grains, dried fruits,
sesame seeds, avocados, and animal products such as organ meats, seafood, and goat
cheese (Shoubridge 2001; Gharibzahedi & Jafari 2017). RDA for copper is set at 0.9 mg
per day and UL is set at 5 to 10 mg per day (Awuchi et al. 2020). Current studies have
shown that copper deficiency may be more prevalent than originally thought. A serious
manifestation of deficiency is a genetic disorder called Menkes syndrome (degenerative
disease of grey matter), while toxicity leads to Wilson disease (rare copper metabolism
disorder that leads to copper accumulation in kidneys, nervous system, liver, and other
organs) (El-Youssef 2008; De Romaria et al. 2011; Pascual & Menkes 2015).

Fluoride is another essential micromineral involved mainly in bone and teeth
development and the prevention of teeth decay. Fluoridation (adding fluoride to tap water)
helps with the reduction of cavities in children by more than half. Further, fluoride slows
down the loss of bone density and maintains bone structure. The main sources of fluoride
are seafood, deboned meat or chicken, naturally fluoride-containing or fluoridated
drinking water, wine, beer, juice, and processed cereals (Gharibzahedi & Jafari 2017).
RDA is set at 2 mg per day. Fluoride deficiency is associated with an increased risk of
dental caries. Toxicity is the opposite problem. There are 3 types of toxic intake of
fluoride (fluorosis): mottled teeth enamel, crippling fluorosis, and acute fluoride
poisoning. Gross excessive exposure to fluoride manifests in nausea, vomiting, and
seizures and may even escalate into coma and death. With the long-term intake of 20 to
80 mg per day, bone hypermineralization, bone growths, and ligament calcification occur
(Cerklewski 1997).

lodine is a component of thyroid hormones, which play a key role in many

activities including growth, mental development, reproduction, metabolism, production
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of blood cells, functioning of nerves and muscles, and adjustment of body temperature.
Further, iodine has antibiotic and anti-cancer effects and prevents goitre. Sources rich in
iodine are bananas, dried plums, cranberries, seaweed, eggs, and iodized salt. RDA is set
at 0.150 mg and UL is set at 0.6 to 1.5 mg per day for adults (Gharibzahedi & Jafari 2017;
Combet & Buckton 2019; Awuchi et al. 2020). The deficiency of iodine is the most
common cause of preventable mental impairment in the world. Deficiency also manifests
in goitre, hypothyroidism (thyroid gland does not produce enough hormones), and in
increased thyroid gland susceptibility to nuclear radiation. lodine intakes up to 1,000 ug
per day are well tolerated by adults, but in children, chronic intakes of 500 pg or more
lead to increased thyroid volume, which is an early sign of dysfunction (Zimmermann et
al. 2008).

Iron is needed in the human body for the synthesis of hemoglobin in red blood
cells which carries oxygen throughout the body and for energy metabolism. Iron also
functions as a medium for the transport of electrons in cells and participates in various
enzymatic systems. Sources rich in iron are especially legumes, squash and pumpkin
seeds, nuts, bran, whole grains, dark leafy vegetables, dried fruits, and animal products
such as beef, lamb, poultry, and eggs (Gharibzahedi & Jafari 2017). RDA is set at 18 mg
per day and UL is set at 45 mg per day for adults (Awuchi et al. 2020). Insufficient intake
of iron causes iron deficiency anaemia and worsening of the immune response. Iron
deficiency has also adverse effects on mental and psychomotor development in children
(Combet & Buckton 2019). Contrary, high iron concentrations in tissues are associated
with several pathological conditions, including cancer, heart and liver diseases, immune

system dysfunctions, and hormonal abnormalities (Fraga 2002).

Manganese is a micromineral found in many enzymes, where it plays a role as a
catalytic cofactor for arginase, SOD, and pyruvate carboxylase. Manganese is essential
for normal brain functioning and nervous system activity. No less important function of
manganese is the promotion of normal growth of human bone structure and prevention of
osteoporosis. Good sources of manganese are hazelnuts, beans, pumpkin seeds, brewed
black tea, cooked spinach, brown rice, seafood (especially mussels), fish, and tofu
(Gharibzahedi & Jafari 2017; Combet & Buckton 2019). RDA is set at 2.3 mg per day
and UL is set at 11 mg per day (Awuchi et al. 2020). Manganese deficiency is rare because

it is widely available in various foods. However, experimental studies of manganese
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deficient diet consumption have reported symptoms of dermatitis, retarded growth of hair
and nails, hair reddening, hypocholesterolemia, and decreased level of clotting proteins.
Long-term exposure to high doses of manganese may lead to neurological disorders. This
may occur especially in vegetarians, who consume large amounts of fruits and vegetables
and thus manganese, which is abundant in them (Finley & Davis 1999; Combet &
Buckton 2019).

Molybdenum plays a significant role in cell protection through the activation of
enzymes involved in antioxidant processes in the blood. Molybdenum is also required for
energy generation in cells involving macroelements. This micromineral is commonly
present in chokeberry, legumes, spinach, Swiss chard, cucumber, whole grains, wheat
flour, sunflower seeds, nuts, and in animal-origin foods (organ meats, eggs, milk)
(Gharibzahedi & Jafari 2017). RDA is set at 0.045 mg per day and UL is set at 0.6 to 2
mg (Awuchi et al. 2020). There has never been observed nutritional deficiency induced
by insufficient intake. Although molybdenum can be very toxic to animals, the potential
toxicity in humans is low. Problems with excess occur in Armenia, where concentrations
of molybdenum in soil are unusually high. Excessive molybdenum intake manifests in
gout-like symptoms, joint ache, and elevated blood molybdenum. Acute toxicity (300-

800 ug per day) results in seizures and hallucinations (Novotny & Peterson 2018).

Although nickel is essential for plants and bacteria, no biochemical functions have
been demonstrated in humans and higher animals, so nickel is not essential for us. The
highest concentrations of nickel are found in cocoa, almonds, hazelnuts, soya beans,
oatmeal, and legumes. No RDA and UL have been established for a nickel. The intake of
nickel from the average diet is estimated to be about 150 pg but may even reach 900 ug
per day when consuming foods with high content. There have not been demonstrated
deficiency signs in humans. Oral intake of 500 pg per day may aggravate hand eczema in

sensitive individuals (European Food Safety Authority 2006).

Selenium is a micromineral that takes a part in the synthesis of antioxidant
enzymes, which play a significant role in the protection against effects of heavy metals,
free radicals, and other undesirable substances. Selenium is also involved in immune
system stimulation, in the synthesis of the enzyme that activates the thyroid hormone, in
detoxification processes, and in protection against various viruses (e.g. HIV). Selenium

is found in green leafy vegetables (cabbage, spinach), various seeds (chia, sesame,
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sunflower), beans, brown rice, mushrooms, cooked oysters, beef, lamb, and tuna.
(Gharibzahedi & Jafari 2017). RDA is set at 0.055 mg per day and UL is set at 0.3 t0 0.4
mg per day (Awuchi et al. 2020). Selenium deficiency leads to Keshan’s disease, which
is an endemic heart disease occurring in China and Russia and affecting mainly children
and women of childbearing age (Thomson 2013). Selenium over-supplementation may
result in selenosis. This disease manifests in brittle hair and nails, leading to a loss in
some cases and breath and skin smelling of garlic. Symptoms of acute selenium poisoning
are pulmonary edema and vomiting. Several cases occurred in the Chinese province of
Hubei between 1961 and 1964 due to very high selenium content in soil (Fairweather-
Tait et al. 2011).

Silicon is a mineral that has not been shown to be essential for humans. In the
human body, silicon is found in connective tissues, including the aorta, trachea, tendon,
bone, and skin, but the functional role has not yet been identified. Silicone is ingested by
humans especially from grain products, various fruit and vegetable species, drinking
water, coffee, and beer. Silicon is also added to foods as defoaming and anti-caking and
agents. No RDA and UL have been established due to insufficient data. The average daily
intake from the diet is approximately 20 to 50 mg of silicon. There is only a little evidence
of the side effects of silicon, namely renal stones associated with long-term intake of

silicate-containing antacids (European Food Safety Authority 2006).

Tin is not a nutritionally essential microelement for humans and has no known
biological function. Tin is found in tinned fruits and vegetables, in multi-vitamin and
mineral supplements, and also in bottled and canned white asparagus, where it is added
as food additive E512. No RDA and UL have been established for tin and there is no data
on deficiency effects resulting from insufficient intake. Long-term high doses lead to
decreased absorption of zinc. Acute effects resulting from the consumption of tin
contaminated foods manifest in abdominal pain, vomiting, diarrhoea, and headache
(European Food Safety Authority 2006).

Vanadium is a microelement that has been shown not to be essential for humans.
No biochemical function of vanadium has yet been identified in humans, but it has been
considered that vanadium might play role in the metabolism of some enzymes, hormones,
lipids, and glucose. Its role in the functioning of bones and teeth has also been discussed.

The richest sources of vanadium include black pepper, dill seeds, whole grains, seafood,
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dairy products, and meat. No RDA has been established for vanadium. Recommended
maximum level intake is 1.8 mg per day for adults. No signs of deficiency have been
identified in humans. High oral doses of vanadium are associated with gastrointestinal
disturbances such as abdominal cramps and diarrhoea (European Food Safety Authority
2006).

Zinc is a micromineral contained in many important enzymes, needed for the
synthesis of protein and genetic material. Zinc has a main function in taste perception,
increases smell perception, functions in wound healing, sperm production, fetal
development, normal growth, immune system health, and sexual maturation. Good
sources of zinc include wheat germs, leavened whole grains, pumpkin and squash seeds,
cashew nuts, cocoa powder, spinach, cooked chickpeas, white mushrooms, beef and lamb
meat, fish, and poultry (Gharibzahedi & Jafari 2017). RDA is set at 11 mg per day and
UL is set at 25 to 40 mg per day for adults (Awuchi et al. 2020). Deficiency of zinc causes
growth retardation, skeletal and sexual immaturity, neuropsychiatric diseases, alopecia,
diarrhoea, dermatitis, loss of appetite, and greater infection susceptibility (Combet &
Buckton 2019).

4.1.5. Vitamins and their function in human nutrition

Scientific studies at the beginning of the 20" century showed that there is some
essential substance in milk for animal growth. Two factors were found to be essential.
Factor A, which is fat-soluble and can be found in the cream, and factor B in the watery
part of milk that is water-soluble. Factor B was identified as an amine and in 1913 the
term vitamins began to be used for these vital amines. Vitamins are a group of various
chemical substances with a variety of functions in the human body. What all the vitamins
have in common is that they are organic substances essential for the maintenance of
normal health and metabolic integrity. There are only two chemical compounds that are
considered to be vitamins and can be synthetized in the human body: niacin, which is
synthesized from the essential amino acid tryptophan, and vitamin D, which is
synthesized from 7-dehydrocholesterol in the skin. In the human diet, vitamins are
required in very small amounts, of the order of micrograms or milligrams per day (Bender
2009).
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Vitamins serve in five general ways as antioxidants, gene transcription elements,
donors or acceptors of H™ and e~ (cofactors), hormones, and coenzymes. Systemically,
vitamins are divided into two major classes, fat-soluble and water-soluble. Only a few of
the vitamins are single substances. Most of them are families of chemically related
substances called vitamers. The known vitamins are vitamin A, C, D, E, K and the group
of B vitamins (B complex), which include thiamine (By), riboflavin (Bz), niacin (Bs),
pantothenic acid (Bs), pyridoxine (Bs), biotin (B7), folic acid (Be, folate), and
cyanocobalamin (B12) (Combs 2012; Akram et al. 2020). In the case of adenine (vitamin
B4), inositol (vitamin Bg), para-aminobenzoic acid (PABA, vitamin Bio), and choline
(vitamin Bai1), the opinions of whether they are vitamins vary (Food Browser 2020).
Therefore, they are mentioned only marginally in this thesis.

According to Combs (2012) and Akram et al. (2020), we can divide vitamins into
five groups following their activity:

1) Antioxidants, including vitamin C (protects membrane phospholipids against
oxidative stress) and vitamin E (protects cytosolic substances against oxidative
stress).

2) Gene transcription elements, including vitamin A (binds to nuclear receptors), D
(cooperates with nuclear receptor transcriptional factor), E (regulation of gene
expression), vitamin C (supports cell differentiation), and some vitamins of the B
complex (essential for methylation reactions) (Beckett et al. 2014).

3) Hormones, including vitamin A (coordination of metabolism responses) and vitamin
D (coordination of metabolism responses in calcium homeostasis).

4) Cofactors, including vitamin C, vitamin K, niacin, riboflavin, and pantothenic acid.
Cofactors are low-molecular-weight non-proteins, that are essential components of
enzyme-catalysed reactions and are covalently bound to the enzyme (Chenault et al.
1988).

5) Coenzymes, including vitamin A, vitamin C, vitamin K, thiamine, niacin, riboflavin,
pyridoxine, biotin, pantothenic acid, folic acid, and cyanocobalamin. Coenzymes,
such as cofactors, are molecules that are used by enzymes to catalyse reactions.

Coenzymes contain functionalities that are not found in proteins (Broderick 2001).
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However, the most common systematic distribution of vitamins is water-soluble
and fat-soluble. Water-soluble vitamins include vitamin C and B complex, while fat-
soluble vitamins include vitamins A, D, E, and K (Akram et al. 2020).

Fat-soluble vitamins

Vitamin A refers to a group of fat-soluble substances with a biological activity
called retinol (alcohol), retinal (aldehyde), retinoic acid (oxidized form of retinol), retinyl
esters, and provitamins of vitamin A — carotenoids (especially B-carotene). The vital
biological roles of vitamin A are cell differentiation, normal cell growth, vision, and
immunology. Preformed vitamin A can be only taken from the diet of animal origin and
it is the main source of vitamin A for humans. The provitamin A is consumed and then
absorbed from plant-derived foods, primarily from oils, fruits, and vegetables (Fairulnizal
Md Noh et al. 2019). RDA for men is 900 ug and for women 700 ug of retinol per day.
UL for adults is 3,000 ug per day (US Institute of Medicine 2001). Vitamin A
insufficiency leads to xerophthalmia, visual impairments, Bitot’s spots, anorexia,
follicular hyperkeratosis, keratomalacia, growth retardation, degeneration of myelin
sheaths, and intestinal and respiratory infections. Worldwide, 33.3 % of pre-school
children suffer from vitamin A deficiency and 80,000 deaths occur due to vitamin A
deficiency in Ethiopia every year. Good sources of vitamin A are animal products such
as milk, egg yolk, meat, and fish oil. Sources of provitamin A are green leafy vegetables
(broccoli, spinach), yellow vegetables (carrot, pumpkin), or lesser-known Brazilian fruit
Buriti (Mauritia flexuosa), or Vietnamese fruit called Gac (Momordica cochinchinensis)
(Akram et al. 2020). Conversely, excessive income is associated with the risk of
osteoporosis and hip fracture, only with twice the amount of vitamin A UL (Penniston &
Tanumihardjo 2006).

Vitamin D is a fat-soluble vitamin, which is contained in very few foods,
especially in oily fish such as salmon or mackerel. Plant sources include mushrooms,
cottonseed, lettuce, wheat, or clove basil (Ocimum gratissimum). It can be taken as a
dietary supplement, but vitamin D is also produced endogenously (more precisely vitamin
Dz). The synthesis is triggered when ultraviolet rays strike the skin. It means that the
sunlight, especially UV-B radiation, is one of the most important sources for vitamin D3
synthesis from 7-dehydrocholesterol, as mentioned before. In the human body, vitamin D

is present in 2 forms: vitamin D> (also called ergocalciferol) which is of plant origin and
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vitamin D3 (cholecalciferol) which is of animal origin. For humans, vitamin D is essential
for the regulation of Ca in the body and for immune modulation. The deficiency of
vitamin D is a pandemic problem with the major cause of lack of appreciation that the
exposure to sunlight which is the major source of vitamin D for humans. In response to
widespread vitamin D deficiency, fortifications of certain foods such as cheese, milk, or
margarine are performed. Vitamin D deficiency results in rickets, osteoporosis, CVDs,
diabetes, cancers, infections, osteopenia, and fractures in adults (Holick & Chen 2008;
Omotosho 2019; Jan et al. 2019; Singh et al. 2020%). RDA of vitamin D varies mainly
according to age. RDA for infants is 10 ug per day, for adults 20 pg per day, and for
adults over 70 years 25 ug per day. UL of vitamin D is 25-100 ug per day in children and
adolescents, 100 ug per day in adults, and 250 pg per day in the elderly. On the other
hand, inappropriately long-term overdosing leads to hypercalciuria and hypercalcemia
(Pludowski et al. 2018).

Vitamin E is a major fat-soluble antioxidant and plays an important role in the
cell antioxidant system. Vitamin E protects cell membranes and low-density lipoproteins
from oxidative stress (B6hm 2018). Term vitamin E is used for a group of tocopherols
and tocotrienols, among which the a-tocopherol has the highest biological activity and is
the most abundant form of vitamin E in nature. Humans and animals cannot synthesize
this vitamin in the body, so supplementation through diet is necessary. Major sources of
vitamin E are cereals, nuts, especially almonds, seeds, and vegetable oils. Intestinal
absorption, same as transport by blood and cell uptake of vitamin E is possible only in
the presence of lipid molecules (Rigotti 2007; Traber & Manor 2012). Other substances
belonging to a group of vitamin E are B-, y- and &-tocopherols and a-, B-, y- and &-
tocotrienols. For nutritional purposes, vitamin E content is usually expressed using alpha-
tocopherol equivalents which are based on the activity of tocopherols and tocotrienols.
These equivalents were defined as 1.0 mg a-tocopherol, 0.5 mg B-tocopherol, 0.1 mg y-
tocopherol, 0.03 mg &-tocopherol, 0.3 mg a-tocotrienol and 0.05 mg B-tocotrienol. No
biological activities of y- and 5-tocotrienols were defined. Sufficient income of vitamin
E prevents the generation of chronic diseases such as CVDs, atherosclerosis, and cancer.
Vitamin E works as a chain-breaking antioxidant and prevents the propagation of free
radicals. The deficiency leads to genetic diseases spinocerebellar ataxia and myopathy

due to free radical damage to nerves (Brigelius-Flohé & Traber 1999; Cho 2010;
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European Food Safety Authority 2015). RDA of vitamin E is 15 mg per day and for
lactating women 19 mg per day. UL is 1,000 mg per day (Traber & Manor 2012).
Overdose toxicity is low, even if the income is as high as 3,200 mg per day (Bendich &
Machlin 1988).

Vitamin K is the last fat-soluble vitamin, which is responsible for blood
homeostasis. Vitamin K has been found to prevent the development of chronic diseases
such as CVDs, osteoarthritis, cognitive impairment, dementia, mobility disability, and
frailty. There are 2 forms of vitamin K. Vitamin K: (phylloguinone) is present in green
leafy vegetables (kale, broccoli, spinach, lettuce) or vegetable oils (soybean, sunflower,
olive) and is the main source of vitamin K in the human diet. The second form is called
vitamin K (menaquinone), which can be found in animal-based diets or in fermented
foods. Vitamin K3 is also produced in the human gut by bacteria (Simes et al. 2020). In
the human body, vitamin K represents a biomolecule important for the right function of
numerous proteins, such as coagulation factors (I1, VI, IX, X, protein C, and protein S),
osteocalcin (bone-forming protein), or matrix-Gla protein (anti-calcification protein).
Due to these health benefits, vitamin K may help prevent fractures, liver cancer, vascular
calcifications, and reduce the risk of coronary heart disease (DiNicolantonio et al. 2015).
Vitamin K deficiency is associated with high bleeding tendency due to low activity of
coagulation factors. RDA is set at 5 to 55 g per day for children and 55 to 65 ug per day
for adults (WHO & FAO 2004). The Scientific Committee on Food concluded that there
is no appropriate way to define UL for vitamin K (Turck et al. 2017).

Water-soluble vitamins

The water-soluble vitamins consist of a group of various chemical substances.
Classification of these substances depends on their functions and chemical characteristics.
As mentioned before, water-soluble vitamins include vitamin C (ascorbic acid) and

vitamins of the B complex (Steinberg et al. 2005).

B complex is a group of vitamins that assist with the synthesis of many
physiologically important biomolecules in cells and with the production of energy. They
also play a significant role as coenzymes in the metabolism of amino acids, carbohydrates,
glycogen, and others. They are water-soluble and the human body does not build up

reserves of these vitamins. Daily replenishment is provided by the diet. The most common
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sources of the B complex are pure cereals, but the amounts of vitamins are often reduced
by excessive polishing and refining. Although the manifestations of deficiency of B
complex such as beriberi or pellagra have declined, the world is still facing sub-clinical
deficiency of some B vitamins, especially pyridoxine and riboflavin (Schellack et al.
2015; WHO & FAO 2004).

Thiamine (vitamin By, aneurin) is a cofactor of enzymes involved in the synthesis
of adenosine triphosphate (ATP) and coenzyme in the metabolism of carbohydrates and
amino acids. Rich sources of thiamine are legumes, nuts (especially macadamia nuts),
cereals, whole grains, yeasts, eggs, poultry, and fish. Fruits and vegetables contain low
quantities of thiamine as well as polished rice, milled wheat flour, or milk. There are also
many substances that may interfere with the absorption and metabolism of thiamine such
as tannic and caffeic acids (polyhydroxyphenols contained in tea and coffee), or drugs
(contraception, diuretics, and others) (Attaluri et al. 2018; Pacei et al. 2020). RDA is set
at 1.1 to 1.2 mg per day for adults. The deficiency results in diseases called beriberi
(nervous system disease) and Wernicke-Korsakoff syndrome (disease associated with
alcoholism). Thiamine deficiency has been observed for example in Southeast Asian
children infected with hookworm or in Thai rural elderly. Toxicity is not a problem,

because the clearance is rapid and accumulation does not occur. (WHO & FAO 2004).

Riboflavin (vitamin By) is a water-soluble, heat-stable vitamin of the B complex.
B- is known for its antioxidant, antiaging, anticancer, and anti-inflammatory properties
and protects the body from medical conditions such as ischemia or sepsis. Riboflavin can
be found in milk, livers, eggs, fish, in certain fruits and legumes, nuts, or in dark green
leafy vegetables. RDA is set at 1.1 to 1.3 mg per day for adults. The deficiency of
riboflavin is considered as one of the most common in developing countries where meat
and milk are not consumed sufficiently. The deficiency results in glossitis (tongue
inflammation), cheilosis (cracked lips), skin inflammation, or nervous system disorders.
These disorders were also observed in Southeast Asian children infected with hookworm.
Riboflavin is not toxic because of his limited intestinal absorption (WHO & FAO 2004;

Suwannasom et al. 2020).

Niacin (vitamin B3) includes vitamers nicotinamide and nicotinic acid. These give
rise to coenzyme forms nicotinamide adenine dinucleotide (NAD) and nicotinamide

adenine dinucleotide phosphate (NADP), which are essential in oxidative reactions,
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which result in energy production. NAD and NADP are also substrates for enzymes
regulating many biological functions in the human body, such as gene expression, DNA
repair, or cell death (Gasperi et al. 2019). Good sources of niacin are grains (except corn),
nuts, legumes, fish, and meat (Meyer-Ficca & Kirkland 2016). RDA is set at 14 to 16 mg
per day for adults. The deficiency of niacin is manifested by pellagra disease. Pellagra is
a chronic disease associated with dermatitis, mental changes, dementia, insomnia, apathy,
brain dysfunctions, and intestinal inflammation with diarrhoea. The UL for adults is set
at 35 mg per day. Long-term high oral doses of nicotinic acid lead to hepatotoxicity and
dermatologic disorders (WHO & FAO 2004).

Adenine (vitamin Bs) is a derivative of purine (nucleobase) and is a part of
coenzymes nicotinamide adenine dinucleotide (NAD), flavin adenine dinucleotide
(FAD), and adenosine diphosphate (ADP) which play a significant role in cellular
respiration. Adenine is also found in deoxyribonucleotide acid (DNA) and ribonucleotide
acid (RNA) which are involved in protein synthesis. Adenosine monophosphate, a
modified form of adenosine, plays a significant role in many hormonal processes as a
messenger (Buang 2011). Other beneficial functions are antioxidant activity and
increasing the production of antibodies by the immune system. The richest sources of
adenine are brewer's yeast, whole grains, royal jelly, bee pollen, bee putty, honey, aloe
vera, spirulina, kelp, and green leafy vegetables. No RDA has been established (Canadian
Academy of Sports Nutrition 2020).

Pantothenic acid (vitamin Bs) is an essential vitamin for mammals and is required
for coenzyme A (CoA) synthesis. CoA works as a cofactor in many enzymatic reactions,
including oxidation of important biomolecules such as carbohydrates, fatty acids, amino
acids, lactate, pyruvate, and ketone bodies (Tahiliani & Beinlich 1991). We can observe
many symptoms of vitamin Bs deficiency. Visible signs are personality changes,
anorexia, decreased growth, depression, sleep disturbances, and infections. Deficiency of
pantothenic acid also manifests in histopathological abnormalities such as NDs, cardiac
instability, muscle weakness, and abdominal pains (Smith & Song 1996). Vitamin Bs is
found in both plant and animal origin foods. The richest sources include chicken, beef,
and organ meats. Plant-based foods rich in pantothenic acid are potato and tomato
products and whole grains. Because of the thermally labile properties, 37 % to 47 % of

the total amount of vitamin Bs is lost during the processing and refining of whole grains.
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The worst losses occur during the freezing and canning of vegetables (up to 78 %). RDA
is set at 5 mg per day for adults and first deficiency signs are observed after 6 weeks, but
pantothenic acid deficiencies are very rare in humans. As it is a water-soluble vitamin,
toxicity does not normally occur. Mild diarrhoea may occur at high doses of 10 to 20
grams per day (Miller & Rucker 2020).

Pyridoxine (vitamin Bs) is also water-soluble vitamin. Our diet contains one of 3
forms in which vitamin Be occurs. It is pyridoxine, pyridoxal and pyridoxamine. These
are found especially in poultry, fish, meat, nuts, cereals, and bananas. Vitamin Bs works
as a coenzyme and is involved in many reactions of lipids, carbohydrates, and amino acid
metabolisms. Additionally, vitamin Be is involved in neurotransmitter synthesis, which is
very important in neuronal signalling (\Vrolijk et al. 2017). The deficiency may occur in
NDs including epileptic seizures, convulsions, and also may cause infant abnormalities,
further anaemia, glossitis, and naso-lateral seborrhoea (skin disease). Vitamin Be
deficiency is associated with a deficiency in other vitamins of B-complex, but in general,
deficiency of this vitamin is rarely seen (Schellack et al. 2015; Lee et al. 2015).
Nevertheless, deficiencies have been reported in Southeast Asian children infected with
hookworm. RDA is set at 1.3 to 1.7 mg per day for adults and 1.9 to 2.0 mg per day for
pregnant and lactating women. UL intake is set at 100 mg per day (WHO & FAO 2004).
Long-term use of high doses leads to polyneuropathy (peripheral nerve disorders) and

decreased vitamin Be function (Vrolijk et al. 2017).

Biotin (vitamin B7) is another water-soluble vitamin of the B-complex. Biotin
mainly functions in bicarbonate-dependent carboxylation reactions as a coenzyme. In
humans, biotin operates with 4 carboxylases: pyruvate carboxylase, methylcrotonyl-CoA
carboxylase, propionyl-CoA carboxylase, and acetyl-CoA carboxylase. Biotin works as
a carrier and transfers bicarbonate to the substrate, where the carboxyl product is formed
(WHO & FAO 2004). Biotin is widely found in liver, egg yolks, whole grains, and in
some vegetables. Signs of deficiency are manifested by dermatitis, alopecia,
conjunctivitis, or abnormalities of the central nervous system such as delayed
development in infants, lethargy, hypotonia, hallucinations, and paraesthesia of the
extremities. People who consume a large amount of raw egg white may have problems
with deficiency due to decreased bioavailability of biotin caused by the biotin-binding

protein avidin (Zempleni & Kuroishi 2012). RDA is set at 30 ug per day for adults and
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35 ug per day for breastfeeding women. Biotin has limited intestinal absorption, so
toxicity does not occur (WHO & FAO 2004).

Inositol (vitamin Bg) is a derivate of cyclohexane, also known as sugar alcohol.
Inositol exists in 9 isomers, among which the myo-inositol is the most abundant. Inositol
functions as a second messenger in cells and is also involved in genetic information
transmission. In the human body, inositol is synthesized especially in kidneys, in amounts
of few grams per day. Food sources include high bran content cereals, cocoa, and some
plants of the Cucurbitaceae, Fabaceae, and Poaceae family. No deficiency of inositol has

been identified in humans (Food Browser 2020).

Folic acid (vitamin By, folate) is a water-soluble vitamin involved in red blood
cell formation, protein metabolism, and purines and pyrimidines synthesis. Folic acid also
lowers the risk of neural tube birth defects and coronary heart disease. Good sources of
folic acid are organ meats, mushrooms, yeasts, and especially abundant sources are green
leaves of many species, oranges, and whole grains. Here also comes the name of folic
acid, where folium means leaf in Latin. Deficiency of folic acid is associated with neural
tube birth defects and megaloblastic anaemia, which is indiscernible from that caused by
vitamin B1> deficiency. RDA is set at 400 pg per day (Mitchell et al. 1941; Steinberg et
al. 2005; Schellack et al. 2015). UL for folic acid is 400 ug per day for adults (Yang et
al. 2010). Folic acid is not toxic for human, but in patients undiagnosed with pernicious
anaemia may cause neurological injury and in drug-treated epileptic patients the seizure

control may be affected (Butterworth & Tamura 1989).

Para-aminobenzoic acid (vitamin Bio, PABA) is a slightly basic chemical
substance found in all living species from humans to bacteria. The source with the highest
concentration is pineapple. Other sources of PABA include grains, eggs, meat, and milk.
PABA is used as a sunscreen, and also to treat skin diseases (vitiligo, morphoea,
dermatomyositis, and others), anaemia, infertility in women, rheumatic fever, systematic
lupus erythematosus (autoimmune disease), headache, and constipation. When taken in
high doses, PABA can cause several kidney, blood, and liver problems (Food Browser
2020; WebMD 2021).

Choline (vitamin Ba11) is a weakly basic compound of lecithin that is found in

organs of many species. In the human body, choline functions as a precursor of
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acetylcholine and is involved in lipid metabolism. Humans can synthesize small amounts
of choline, but for maintaining health, supplementation through diet is necessary.
Required intake is between 425 and 550 mg per day. Rich sources include peanuts, liver,
milk, and eggs. Choline deficiency leads to liver diseases (Food Browser 2020).

Cyanocobalamin (vitamin Bio) is a water-soluble vitamin that is important in
methyl transfer, nucleic acid metabolism, and synthesis and reparation of myelin
(Schellack et al. 2015). Vitamin B2 is necessary for the myelination and normal function
of the central nervous system. The richest sources of vitamin B1, are liver and red meat
of ruminants, followed by veal and lamb meat. Other sources than animal-origin are
inadequate (Rizzo & Lagana 2020). The deficiency of cyanocobalamin leads to NDs
(degeneration, peripheral neuropathy, tingling, numbness), megaloblastic anaemia, and
fatigue (Stabler 2013; Schellack et al. 2015). Infants of vegan mothers, strict vegans,
vegetarians, and the elderly are groups in which cyanocobalamin deficiency is common
(Stabler 2013). RDA is set at 2.4 ug per day for adults and 2.6 to 2.8 ug for pregnant and
lactating women. No toxic effects of cyanocobalamin were observed and therefore there

is no UL of supplementation (Allen 2012).

Vitamin C is an essential water-soluble vitamin, that cannot be naturally
synthesized in the human body and must be ingested through diet. Due to the protective
role of vitamin C, its supplementation became a must because of the higher pollution
levels of the environment. Although most of the animal species have the ability to
synthesize ascorbic acid in their bodies, humans suffer from a mutation in the DNA,
which codes the enzyme gulonolactone oxidase, the main enzyme responsible for vitamin
C synthesis (Yussif 2019). In the human body, vitamin C takes part in many physiological
processes such as collagen synthesis, iron absorption, or immune stimulation, and works
also as an enzyme cofactor and antioxidant. Ascorbic acid is an excellent free radical
scavenger, having a very effective capability to donate reducing equivalents and having
stable newly formed monodehydroascorbate radical (Paciolla et al. 2019). There are many
abundantly available sources of vitamin C in nature. The richest sources are citrus fruits,
strawberries, Kiwi, cantaloupe, papaya, broccoli, and lesser-known species Indian
gooseberries (Phyllanthus emblica) (Devaki & Raveendran 2017). Hypovitaminosis C
(deficiency of vitamin C) is frequent especially in old people, homeless persons, or people

who live alone. The deficiency is caused by the lack of consumption of fresh fruits and
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vegetables and manifests approximately after 3 months by scurvy. Other signs of
hypovitaminosis C are weakness, vascular purpura, myalgia (muscle pain), arthralgia
(joint ache), loss of teeth, anaemia, hypocholesterolemia, and hypoalbuminemia. RDA is
set at 110 mg per day for adults (Fain 2004). Although ascorbic acid is a water-soluble
vitamin and our body is able to excrete an excessive amount of this vitamin in urine, the
long-term high dose of vitamin C can cause cellular toxicity and DNA damage (Kim et
al. 2018).

4.2. Thailand

Until 1949, Thailand (meaning Land of the Free) was known as Siam. Today, the
official name is the Kingdom of Thailand. The form of government is parliamentary (bi-
cameral) democracy with a constitutional monarchy. The capital city is Bangkok, also
known as Krung Thep, which means the City of Angel in Thai. Administratively,
Thailand is divided into the Bangkok Metropolitan area, 4 regions, and 76 provinces
(changwats). The country covers an area of 513,120 km?. Located in the mainland of
Southeast Asia, Thailand is a country of hills, mountains, plains, and a long coastline
along the Andaman Sea (740 km) and the Gulf of Thailand (1,875 km). Thailand has
about 400 islands, most of them located in the Andaman Sea. Another important body of
water is the Mekong River, which forms Thailand’s natural boundary with Laos.
Continental coordinates of Thailand are defined by latitude 20° 28> N and 5° 36’ S and
longitude 105° 38’ E and 97° 22° W. Thailand borders Lao People’s Democratic Republic
to the north and east, Myanmar to the north and west, Cambodia to the east, and Malaysia
to the south. Thailand is a multi-ethnic country, and the population is about 64.1 million
people. The official and national language is the Thai language, which is a tonal language
with different dialects. The script of the Thai language was created by King
Ramkhamhaeng the Great of the Sukhothai Kingdom in 1283. Other languages spoken
are Malay, Chinese, and English, which is a compulsory subject of the curricula of
secondary schools. English is widely spoken and understood throughout the country. The
currency unit is baht. Every baht is divided into 100 satangs. The banknotes are
denominations of 20 baht (green), 50 baht (Blue), 100 baht (red), 500 baht (purple), and
1,000 baht (brown). Exchange rates against US dollars averaged 31.0 baht per 1 US dollar
(Royal Thai Embassy 2021). The national flag consists of 5 horizontal bands of red, white,
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and blue. Colours represent the unity of the nation, purity of religion, and the monarchy.
The vast majority of the population (more than 90 %) are Buddhists. Other major religions
practiced are Christianity, Hinduism, Islam, and Sikhism. The Thai Constitution does not
mention any sects or religions as a national religion and grants complete freedom of
worship for all citizens. Chang Thai (Thai elephant) and Sala Thai (Thai Pavilion) are
considered national symbols. Sala Thai is an architectural symbol of the country, which
reflects the skills of Thai artisans. As far as the economy is concerned, the main exports
comprise manufacturing products (74 %), agricultural products (13 %), agro-industrial
products (8 %), and mining and others (5 %). The main manufacturing products include
automobiles, automotive parts, computers and components, jewellery, rubber products,
plastic pellets, and chemical industry products. In the terms of agriculture, the main export
items are natural rubber, rice, tapioca products, processed chicken, frozen seafood, and
of course fruits and vegetables (FAO 2011; Royal Thai Embassy 2021).

4.2.1. Climate

According to Koppen climate classification, Thailand has a predominantly
tropical wet and dry climate in the north and a tropical monsoon climate in the south
(Khedari et al. 2002). Tropical rainforests are found in several sections in the western and
southern areas of the country. In the far north, there are also areas of a temperate climate
with warm summers and dry winters. Monsoon rains together with the location of
Thailand near large water bodies chiefly influence the climate. There are 2 seasonal
monsoons in Thailand. The southwest monsoon operates from May to October and brings
heavy rainfall. In the period from November to February, the northeast monsoon brings
colder and drier weather. In Thailand, 3 seasons alternate throughout the year. The rainy
season lasts from mid-May to mid-October, where August and September are the rainiest
months with a rainfall range of 250-400 mm per month. The winter season lasts from
mid-October to mid-February. The coldest months are December and January with
average temperatures around 20-25 °C. The summer season lasts from mid-February to
mid-May. April is usually the warmest month with average temperatures around 32-36
°C. In Bangkok and surrounding areas, the average daily temperatures are high (31-32
°C), even in the winter. On the contrary, the northwest mountainous areas near Laos and

Myanmar have comfortable temperatures throughout the year. The highest measured
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temperature in the territory of Thailand is 44.5 °C, set on April 1960, in Uttaradit. The
lowest measured temperature is —1.4 °C, set in January 1974, in Sakon Nakhon. During
the rainy season, there is a danger of weather hazards. Thunderstorms, floods, and tropical
cyclones often occur. May is the month with the highest frequency of thunderstorms.
Tropical cyclones come to Thailand’s shores from the South China Sea or the Pacific
Ocean. The southern part of the country is an area with a high incidence of typhoons with
wind speeds above 120 km per hour. In 1997, the typhoon Linda hit the Prachuap Khiri
Khan province with devastating effects. Also, heavy rainfall causes season floods every
year (Weather Atlas 2021).

4.2.2. Biodiversity

Thailand is a part of the Indo-Burma Biodiversity Hotspot. Biodiversity hotspots
are 35 biogeographical regions (36 in some literature) that have both extreme threats to
their vegetation integrity and exceptional endemism. They are global conservation
priorities (Sloan et al. 2014). Indo-Burma Biodiversity Hotspot is located on the
Indochinese Peninsula and comprises Cambodia, Laos, Myanmar, Thailand, Vietnam,
and a few parts of southern China and northeast India. The topography is characterized
by series of mountain ranges that descent from the Himalayan chain ads its southeast
extensions. Major rivers include Ayeyarwady, Salween, Chao Phraya, Mekong, and Red,
whose floodplains and deltas are the main centres of human settlement. The biota of Indo-
Burma is a mixture of floras and faunas of southern China, the Himalayas, India, and the
Sundiac Region, with a significant endemic component, particularly in the case of plant
species. Endemic centres include montane isolates, limestone karst areas, and lowland
evergreen areas. A conservative estimate of total plant diversity reveals about 13,500
species of vascular plants, of which 7,000 (52 %) are endemic. Similarly, 74 of the 1,277
bird species and 71 of the 430 mammal species are endemic. Indo-Burma has the largest
human population of the world’s 35 hotspots, which is reflected in the fact that the
remaining natural habitat accounts for only 5 % of the original area. Major current threats
to the hotspot’s biodiversity are the expansion of agriculture, infrastructure development,
timber extraction, and rapacious illegal trade in wildlife (Tordoff et al. 2012). Figure 1
shows the location of the Indo-Burma Biodiversity Hotspot and the top 5 high-priority

areas. These include Mae Klong Basin in Thailand (1), Ayeyarwady River in Myanmar
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(2), Inner Gulf of Thailand (3), Mae Fang in Thailand (4), and Nong Bong Kai in Thailand
(5) (Tantipisanuh et al. 2016).

I High priority areas

> Protected areas
L P \ ; ;
0 150300 600 Km, ;1 | , Indo-Burma Hotspot

Figure 1. Indo-Burma Biodiversity Hotspot: (Tantipisanuh et al. 2016)

Thailand is one of the most biodiverse areas in the world. There are 15 mountain
ranges, countless watersheds, and river basins connected to the Mekong, which together
with the Gulf of Thailand and the Andaman Sea form a juncture distribution for various
plant species. These include temperate plant species, sub-alpine flora species from the
Himalayas and China, tropical plant species from Indochina, and tropical species
originating in other parts of Asia. More than 15,000 plant species which represent 8 % of
the world are found in Thailand. Thailand’s unique biodiversity is supported by a large
variety of habitats, landscapes, and ecosystems, which are threatened mostly by human
activity. In 1961 a lush forest cover was 53.35 %. Nowadays, forest areas cover about 33
% of the country’s total area with at least 18 % of conserved forests. Several wild plant
species have been irretrievably lost. Furthermore, between 2003-2005 hundreds of
thousands of wild orchids were poached and sold to collectors and orchid farms.

Threatened species include 121 mammals, 184 birds, 33 reptiles, 5 amphibians, 218 fish,
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and more than 1,130 plants (Convention on Biological Diversity 2021). Many species are

endemic to Thailand, for example, the herb Derris reticulata Craib (Sirichamorn 2014).

4.2.3. Agriculture

Thailand is predominantly an agricultural country. The total area of agricultural
land in 1961 was 11,653,000 ha (the total country area is 51,312,000 ha). In 2017 the total
area of agricultural land reached 22,110,000 ha which is the most in the entire history.
Employment in agriculture was much higher in 1961 (82.40 % of labour force) than in
2017 (30.92 % of labour force). In Thailand, employment in agriculture is still declining
and, conversely, a growing trend can be observed in the sectors of services and industry,
where employment is 45.47 % and 23.61 % respectively. Agriculture and forestry
together with fishing account for 8.33 % of gross domestic product. It is another declining
trend, because, in 1961 agriculture, forestry, and fishing accounted for 36.44 % of gross
domestic product. These facts suggest that the country has undergone significant
agricultural and economic development. Main crops cultivated in Thailand are especially
paddy rice, rubber, cassava, maize, mango, coconut, and soybeans. In 2017, these 7 crops
occupied 16,683,243 ha out of a total of 16,810,000 ha of arable land. Other crops
cultivated are mainly fruits and vegetables such as bananas, cashew nuts, garlic,
grapefruits, papayas, pineapples, tangerines, taro, tomatoes, and watermelons. If we focus
on livestock, the most numerous species in Thailand (2017) are pigs (7,882,009 heads),
followed by cattle (4,680,000 heads), buffaloes (1,253,518 heads), goats (467,502 heads),
chickens (277,081 heads), and sheep (40,984) (FAOSTAT 2020). Overall, Thai farming
is considered small-scaled since most of the farms are owned and operated by family
members. These farms and with them the necessary skills are inherited from one

generation to the next. The average size of a farm is only 4 ha per household (FAO 2021).

In Thailand, homegardens (Figure 2) are a very important source of various crops.
Homegardens function as multi-use, multi-story, small-scale land-use systems for
satisfying the immediate needs of households. They provide various food crops,
medicinal plants, and many other human needs such as ornamental plants. Homegardens
are also important sites of domestication of wild medicinal and food plant species and
reflect the culture of ethnic groups by involving the management of many useful plant

species over prolonged periods of time (Srithi et al. 2012).
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Figure 2. Thai homegarden: (Wiens 2021)

4.2.4. Thai cuisine

Influenced by Indian and Chinese cooking art, Thai cuisine has blended those
together and created the originality of its own. Thai food is considered scrupulously
cooked and delicate in dish decoration. Carved fruits and vegetables are often used to
embellish the serving, making it a graceful culinary art, not only for its taste but also its
appearance. In Thailand, rice is the main staple food. Steamed or boiled rice (sticky rice
in the Northeast region) is the elemental part of the meal and is combined with vegetables,
fish, and other meat cooked with various spices such as garlic, chilli, lemongrass,
tamarind, coriander, basil, and peanuts. The taste of Thai food is usually spicy and hot.
Thai cuisine has also a wide variety of sweet desserts and snacks. Most of the desserts are
made of coconut milk, sugar, and eggs. Desserts such as Kanom Buang (dough filled with
scraped coconut, egg yolk, and green onion) or Sang Kaya (custard made from coconut
milk, eggs, and sugar, usually eaten with sticky rice steamed with coconut milk) are worth
tasting. When it comes to fruits, a parade of different kinds of tropical fruits can be seen
all year round. To name just a few, there are banana, durian, mangosteen, papaya, and
rambutan. But Thailand is not only a kingdom of fruits but also the kingdom of seafood.
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As Thailand has a long coastline, fresh supplies of fish, crabs, prawns, lobsters, and other

shellfish to cities such as Bangkok or Phuket are always available (Asia Discovery 2011).

As a result of its unique characteristics and rich flavours derived from a large
variety of ingredients, Thai cuisine has become globally popular. In Thailand, each dish
has its own unique flavour from different signature ingredients. The preparation and
cooking processes are delicate and detailed. Working with traditional Thai ingredients is
a feast for the senses, with a vast array of flavours, be they sweetness, saltiness, or
sourness, not to mention fiery chilli peppers and the richness of coconut milk. Such
ingredients add to flavour and colour of Thai recipes, as well as the popularity of this
cuisine among Thais and foreigners alike. The variety of ingredients such as herbs and
spices has also led to Thai food being widely consumed in foreign countries as a healthy
diet. In addition, Thai cuisine has 4 regional variations. These are corresponding to the 4
geographical regions of the country. Each of them has its own unique characteristics
derived from local history, resources, and tastes. In the South region, Thai cuisine has a
strong spicy flavour with turmeric as a signature ingredient in almost every dish. This
spice is also used for the healing of stomach ulcers. Mountainous topography and the
cooler climate of the North region call for dishes fattening to warm the body. The
Northeast or Isaan region is known for its 2 main flavours: spiciness and saltiness. In this
region, sticky rice is the main accompaniment to meals. Last, but not least is the Central
region, which is the most gastronomically blessed region of Thailand. There is wide
access to ingredients from all over the country. Countless varieties of snacks, chilli
sauces, dips, curries with or without coconut milk, spicy salads, and Thai desserts make
this region a true gastronomic centre of the whole country. Popular dishes include Tom
Yum Gung (spicy sour prawn soup), Pad Thai (Thai-style stir-fried flat rice noodles,
Figure 3), Som Tam (papaya salad), Gaeng Khiao Wan (green curry), Khao Pad (Thai-
style fried rice), and Nam Tok Moo (Thai-style spicy pork salad) (Thailand Foundation
& Ministry of Foreign Affairs of Thailand 2014).
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Figure 3. Pad Thai: (F.O0.0.D. 2019)

4.25. Health

Thailand is a country that has had experience with alleviating undernutrition since
the 1980s, particularly in mothers and children. In the past, Thailand also faced major
nutrition problems such as protein-energy malnutrition, iron deficiency anaemia, and
other micronutrient deficiencies. During the last years, Thailand has become a middle-
income developing country with an aging population and developing urban sector.
Agriculture has been geared for both local and international markets. Also, agriculture
has changed from traditional to modern large-scale food production (Tontisirin et al.
2013).

Nowadays, supermarkets and chain stores are replacing traditional markets.
Simultaneously, new challenges in nutrition are emerging. As in developed countries,
problems related to lifestyle changes, reduction of physical activity, and consumption of
processed food also occur in Thailand. The rapid growth of agroindustry and innovations
of food systems allow access to a greater variety of foods, including those containing high
levels of sugar, fat, and salt. At the same time, the consumption of fruits and vegetables
is low. In 2011, Thai males consumed 268 g and females 283 g of fruits and vegetables
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per day, even though Thailand produces a great quantity and variety of such crops.
Although Thailand is a food surplus country, food accessibility at the household level
remains a problem in the rural remote areas. An increase in food prices and production
costs have a great impact on Thailand’s rural poor. Such households face the risk of food
insecurity as they may reduce the intake of more nutritious food. Consequently, in
Thailand, the current challenge in nutrition is double-burden malnutrition, wherein
increasing trends in non-communicable diseases, overweight and obesity coexist
alongside remnants of undernutrition (Isvilanonda & Bunyasiri 2009; Tontisirin et al.
2013). Non-communicable diseases are the No. 1 health issue in Thailand. In the past
decade, non-communicable diseases have been the cause of more than 75 % of all
mortalities in Thailand of which around 55 % was the death of people under 70 years,
which is considered as premature death by WHO. Major diseases causing premature death
in Thailand are cerebrovascular disease, Ischemic heart disease, diabetes, and chronic
obstructive pulmonary disease. Following this, the Ministry of Public Health developed
5-Year National Non-communicable Diseases Prevention and Control Strategic and
Action Plan (2017-2021) in alignment with the 20-year national strategy on Thailand in
the sector of human potential development (Ministry of Public Health 2017).

4.3.  Underutilized crops

Underutilized or neglected crops are species that hold significant potential for
improving diets and nutrition while protecting biodiversity in agricultural landscapes and
food systems. These can be domesticated, semi-domesticated, or wild species such as
fruits, vegetables, nuts, roots, tubers, pulses, grains, food trees, and others (Hunter et al.
2019). According to Padulosi et al. (2013), underutilized and neglected species are “useful
plant species which are marginalized, if not entirely ignored by researchers, breeders and
policy makers”. They are usually non-timber forest species, which are highly adapted to
specific local environments. Also, underutilized crops are not traded as commodities
(Padulosi et al. 2013).

Thailand has ideal conditions for growing tropical and subtropical crops
throughout the year. Thousands of wild species are found growing locally in various
systems. These systems include cultivated grown in home gardens and commercial

plantations, unattended growth in the villages, and growth in the forests. Many varieties
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of this species are grown only for local uses. Unfortunately, only a limited source of
information on such species exists. One of them is the PROSEA publication — “Plant
Resources of South-East Asia”, which provides information on some of the underutilized
crops. If we focus on fruit species, which in some cases can also provide vegetables, for
example in the form of leaves of shoots, we can divide underutilized species into 3 main
groups (Subhadrabandhu 2001):

1. Species with potential for commercial development (species currently
cultivated in small-scale mixed orchards and grown together with other economic crops).

2. Species with possible development potential for home garden use (species that
are valuable genetic resources, but it may be difficult to bring them into Thailand’s
markets).

3. Species without current development for economic uses (Species grown in
forests, along roadsides, or unattended in wasteland, valuable for local villagers, but also

as genetic resources for further scientific investigation).

Over the last few decades, the human diet has changed a lot. The composition of
the diet is very similar around the world, dominated by wheat, rice, and maize at the
expense of alternative staples such as yam, sweet potato, cassava, rye, millets, and
sorghum. In addition, the consumption of fruits and vegetables is insufficient worldwide.
Although the underutilized and neglected species are under-researched, they frequently
have superior nutrition content compared to the crops currently dominating our food
systems. Therefore, these species can be a tool to combat malnutrition, but also other
worldwide health issues such as diseases of affluence and environmental issues such as a

decline in biodiversity (Hunter et al. 2019).

Today there are species that were previously considered underutilized, but due to
their excellent properties have become known to the scientific community and later to the
whole of society. Such species include, for example, palm Euterpe oleracea Mart. (acai
berry) and low-growing shrub Myrciaria dubia (Kunth) McVaugh (camu-camu). Acai is
a small, round drupe that is green when unripe and ripens to a dark purple colour. It is
native to Central and South America and grows widely in the Amazon as well as swamps
and flood plains. The fruit is consumed raw, or as a juice, which is commercially used in
jelly, syrup, ice cream, liquors, energy drinks, and others. Acai berry is known as a rich

source of vitamins A, Bi, C, E, calcium, iron, phosphorus, and antioxidants such as
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anthocyanins and polyphenols (Marcason 2009; Neto et al. 2010). Camu-camu is another
fruit species originating in South America. Its fruits are considered the richest natural
source of vitamin C in Brazil. They are also an important source of antioxidants
(polyphenols, carotenoids), calcium, iron, phosphorus, potassium, and various amino
acids. Products such as extract, juice, pulp sherbet, and puree are exported to world
markets, especially to Europe and Japan (Akter et al. 2011).

The species mentioned above are both native to South America, where
biodiversity hotspots such as the Atlantic Forest of Brazil, Cerrado, and Tropical Andes
are found. As mentioned before, Thailand is a part of the Indo-Burma Biodiversity
Hotspot (Sloan et al. 2014). Even there, countless nutritionally interesting species can be
found. Some of them were considered underutilized, but nowadays they are already being
traded at least in Asia and are becoming known to the public. Examples of such species
are Syzygium cumini (L.) Skeels (jambolana) and Morinda citrifolia L. (noni, Figure 4).
Jambolana is a multipurpose plant with small black-purple drupes, which are consumed
fresh or processed into popular wine. This species is indigenous to the Indian
subcontinent, where it is known also as a “jambul” or “kala jamun”. Because of its rich
nutritional and medicinal value, jambolana has been used in the treatment of various
diseases. Seeds, leaves, and bark have beneficial features such as anti-inflammatory,
antioxidant, antibacterial, and anticancer. Ripe fruits were found to have cardiovascular
effects. Furthermore, jambolana has antiallergic, antifungal, anticlastogenic,
antidiarrheal, antifertility, antihyperlipidemic, antihypertensive, radioprotective,
chemoprotective, and hepatoprotective effects (Agarwal et al. 2019). Noni is another
nutritionally interesting plant with medicinal properties. In Asia, we can also come across
the names “Indian mulberry”, “painkiller bush” or “nhau”. It is also called starvation fruit.
Despite its bitter taste and strong smell, noni is nevertheless eaten as a famine fruit and
in some of the Pacific islands, noni is even considered a staple food. In Polynesian
medicine, it has been used for more than 2,000 years. Ripe fruits of this evergreen shrub
have a strong butyric acid smell and flavour. Recent studies have shown the antioxidant
and antibiotic properties of the fruits. In addition to fruits, leaves are also eaten by
Polynesians and other communities, and roots are used as a dye. Noni is known on the
international market especially in the form of juice (Chan-Blanco et al. 2006; Pandiselvi
et al. 2017).
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Figure 4. Morinda citrifolia: (Our Tropical Soil 2019)

During the Green Revolution, the focus of agricultural research was on increasing
quantity, not quality. As a result, diets deficient in essential micronutrients and vitamins
persist in less developed parts of the world. Underutilized species have the potential to
contribute to food security at local and regional levels. Due to their significant nutritional
values, they are a tool to combat undernourishment and lack of minerals in human
nutrition. Species that are rich in antioxidants can even help to fight against diseases of
affluence such as CVDs and cancer. At the national level, underutilized species can
strengthen the food and buffer economy of the country as well as the social shock that
might occur because of concentrating on fewer and fewer crops. Underutilized species
have lower yields but are more resistant to biotic stresses than well-known high-yield
crops. They provide dependable harvests on poor soils or in unfavourable climatic

conditions (Padulosi et al. 2013).

Table 1 shows underutilized fruits and vegetable species originating in Thailand,
South or Southeast Asia, and their content of antioxidants, minerals, and vitamins. These
species are traditionally grown, sold in markets, and consumed by the locals in Thailand,

but they remain almost not known for the rest of the world.
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Table 1: Thai underutilized fruit and vegetable species and their nutritional value

No Scientific name’ Family* Origin*® Edible part*® Contained substances® References
1  Aegle marmelos (L.) Corréa Rutaceae SE Asia, pulp, pericarp, antioxidants: ECs 6.21 g dw/g DPPH; Charoensiddhi
Thailand leaves, shoots 102.74 umol TE/g dw (FRAP assay); & Anprung

phenolics 87.34 mg GAE/g dw; flavonoids 2008

15.20 mg CE/g dw; carotenoids 32.98 ug/g

dw

vitamins: vitamin C 26.17 mg/100 g dw

antioxidants: a-tocopherol 27 mg/100 g dw; Reddy & Urooj
B-carotene 8600 ug/100 g dw; glutathione 580 2013
mmol/100 g dw; flavonoids 2.4 mg/100 g of

extract; polyphenols 2.4 g/100 g of extract

vitamins: vitamin C 260 mg/100 g dw

antioxidants: carotene 55.0 mg/100 g Pandey et al.
minerals: 1.70 g/100 g 2015
vitamins: thiamine 0.13 mg/100 g pulp;

riboflavin 1.19 mg/100 g pulp; niacin 1.1

mg/100 g pulp; vitamin A 186 1U/100 g pulp;

vitamin C 8-18 mg/100 g pulp

minerals: Cu 0.19 mg/100 g; Zn 0.28 mg/100 Venthodika et
g; Ca 78.0 mg/100 g; K 603 mg/100 g; P 51.6 al. 2020
mg/100 g; Mg 4.0 mg/100 g; Fe 0.55 mg/100

g

vitamins: vitamin A 55 mg/100 g; thiamine

0.13 mg/100 g; riboflavin 1,200 mg/100 g;

vitamin C 8 mg/100 g

2 Alpinia malaccensis (Burm.f.) Zingiberaceae  SE Asia rhizome antioxidants: phenolics 564 mg GAE/100 g; Chan et al.
Roscoe AEAC 745 mg ascorbic acid/100 g 2008
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3

Amorphophallus paeoniifolius
(Dennst.) Nicolson

Araceae SE Asia, corms
Thailand (cooked),

leaves,

petioles

antioxidants: flavonoids 36.88 mg RE/g (70
% hydroalcoholic extract); flavonoids 46.33
mg RE/g (methanolic extract); phenolics 6.25
mg catechol equivalent/g (70 %
hydroalcoholic extract); 12.67 mg catechol
equivalent/g (methanolic extract)

minerals: Ca 5,000 mg/100 g; P 3,400 mg/
100 g; vitamin A 26,000 1U/100 g

antioxidants: corms: phenolics 7.01 mg
GAE/g (cooked 10 min), 5.98 mg GAE/g (20
min), 4.74 mg GAE/g (30 min), 4.37 mg
GAE/g (40 min); DPPH activity 6.46 pumol
TE/g (10 min), 5.43 umol TE/g (20 min), 4.35
pmol TE/g (30 min), 2.74 umol TE/g (40
min)

Nataraj et al.
2009

Singh &
Wadhwa 2012

Kumar et at.
2017°

4

Ampelocissus martini Planch.

Vitaceae SE Asia, grapes
Thailand

antioxidants: 1Cso 0.974 DPPH (green colour
grapes), 1Cs039.620 DPPH (red colour
grapes), 1Cs 1.380 DPPH (black colour
grapes); 304.740 mmol FeSO4/100 g FRAP
(green colour grapes), 365.0 mmol FeSO4/100
g FRAP (red colour grapes), 612.120 mmol
FeS04/100 g FRAP (black colour grapes)

antioxidants: crude extract: phenolics 0.02
mg GAE/g (hexane solvent), phenolics 1.28
mg GAE/g (ethyl acetate solvent), phenolics
3.68 mg GAE/g (methanol solvent);
flavonoids 2.84 mg RE/g (hexane solvent),
flavonoids 3.93 mg RE/g (ethyl acetate
solvent), flavonoids 5.76 mg RE/g (methanol
solvent)

Jenjira et al.
2013

Vittaya 2019
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5  Antidesma bunius (L.) Spreng. Phyllanthaceae E Asia, pulps, leaves antioxidants: antioxidant activity ICso 1717  Khomdram &
Thailand mg/mL Shantibala
vitamins: vitamin C 7.8 mg/100 g Devi 2010
antioxidants: 1Csp 395.002 mg/mL DPPH; Islary et al.
ICs0 105.331 mg/mL ABTS; ICs 24.366 2017
mg/mL H,02; FRAP 61.583 mmol TE/g (dry
extract)
minerals: freeze dried fruits: Na 5.377
mg/100 g; K 3,043.852 mg/100 g; Ca 787.9
mg/100 g; Mg 250.703 mg/100 g; Fe 7.579
mg/100 g, Zn 2.903 mg/100 g; Cu 1.774
mg/100 g; Mn 7.616 mg/100 g; Co 0.390
mg/100 g
antioxidants: phenolics 11.57 mg GAE/g of  Krongyut &
fruit extract; flavonoids 0.30 mg QE/g of fruit Sutthanut 2019
extract; anthocyanins 3.76 mg C3G/qg of fruit
extract; 1IC50 14.47 pg/mL DPPH
6  Antidesma velutinosum Blume Phyllanthaceae E, SE Asia, pulps antioxidants: carotenoids 335 ug/100 g; Judprasong et
Thailand phytosterols 22.13 mg/100 g; phenolics 973 al. 2013

mg GAE/100 g; 61 umol TE/g DPPH; 118
umol TE/g FRAP; 115 umol TE/g ORAC
minerals: Ca 325 mg/100 g; P 46 mg/100 g;
Na 11 mg/100 g; K 230 mg/100 g; Mg 115
mg/100 g; Fe 0.58 mg/100 g; Cu 0.11 mg/100
0; Zn 0.43 mg/100 g

vitamins: vitamin C 2 mg/100 g; vitamin E
0.96 mg/100 g
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7

Archidendron jiringa (Jack)
I.C.Nielsen

Leguminosae

E Asia,
Thailand

seeds, leaves,

minerals: seeds: Ca 23 mg/100 g; P 38

flowers, pulps mg/100 g; Fe 0.7 mg/100 g

vitamins: vitamin A 658 1U/100 g; thiamine
0.14 mg/100 g; riboflavin 0.01 mg/100 g;
niacin 0.4 mg/100 g; vitamin C 8.0 mg/100 g

antioxidants: anthocyanin 104.44 mg/100 g
(variety Gajah); anthocyanin 166.72 mg/100 g
(variety Padi)

vitamins: peel of variety Gajah: vitamin C
<0.07 mg/100 g; vitamin E 0.92 mg/100 g;
peel of variety Padi: vitamin C <0.07 mg/100
g; vitamin E 0.91 mg/100 g

FAO 2001

Hidayah et al.
2020

8

Artocarpus integer (Thunb.)
Merr.

Moraceae

SE Asia,
Thailand

pulps, seeds,
leaves

minerals: dw:

flesh: K 434 mg/100 g (ripe), 288 mg/100 g
(unripe); Mg 46 mg/100 g (ripe), 41 mg/100 g
(unripe); Mn 4.3 mg/100 g (ripe), 5.2 mg/100
g (unripe); Ca 3.4 mg/100 g (ripe), 5.1
mg/100 g (unripe); Zn 2.0 mg/100 g (ripe),
1.9 mg/100 g (unripe); Na 1.1 mg/100 g
(ripe), 0.8 mg/100 g (unripe); Cu 1.1 mg/100
g (ripe), 1.0 mg/100 g (unripe); Fe 0.5 mg/100
g (both ripe and unripe); Co 0.4 mg/100 g
(ripe), 0.3 mg/100 g (unripe); Ni 0.2 mg/100 g
(both ripe and unripe); Cd 0.1 mg/100 g (both
ripe and unripe)

Lim et al. 2011
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seed: K 609 mg/100 g (ripe), 250 mg/100 g
(unripe); Mg 65 mg/100 g (ripe), 32 mg/100 g
(unripe); Mn 5.5 mg/100 g (ripe), 5.1 mg/100
g (unripe); Ca 2.9 mg/100 g (ripe), 2.3
mg/100 g (unripe); Zn 1.9 mg/100 g (ripe),
0.9 mg/100 g (unripe); Na 1.2 mg/100 g
(ripe), 0.8 mg/100 g (unripe); Cu 1.0 mg/100
g (ripe), 0.7 mg/100 g (unripe); Fe 0.7 mg/100
g (ripe), 0.6 mg/100 g (unripe); Co 0.3
mg/100 g (ripe), 0.2 mg/100 g (unripe); Ni 0.2
mg/100 g (both ripe and unripe); Cd 0.1
mg/100 g (both ripe and unripe)
antioxidants: phenolics: 21.29 mg/g (peel),
11.87 mg/g (seed), 4.40 mg/g (flesh);
flavonoids: 17.45 mg/g (peel), 3.58 mg/g
(seed), 0.82 mg/g (flesh); carotenoids: 1.17
mg/g (peel), 1.09 mg/g (flesh), 0.72 mg/g
(seed); 218.91 umol/g FRAP (peel), 76.58
umol/g FRAP (seed), 13.59 umol/g FRAP
(flesh); 11.93 mg/g ABTS (peel), 7.71 mg/g
ABTS (seed), 3.97 mg/g ABTS (flesh)

antioxidants: phenolics 21.45 mg GAE/100 g

Abu Bakar et
al. 2015

Anantachoke et

fw; flavonoids 158.31 mg QE/100 g fw; al. 2016
DPPH scavenging activity 15.42 % inhibition
at 1 mg/MlI
9 Baccaurea dulcis (Jack) Mull.Arg Phyllanthaceae  SE Asia, pulp no data -
Thailand
10 Baccaurea motleyana (Mill.Arg.) Phyllanthaceae SE Asia, pulp minerals: Ca 2 mg/100 g; P 20 mg/100 g Peiris 2007
Mill. Arg. Indonesia, vitamins: vitamin C 55 mg/100 g; thiamine
Thailand 0.03 mg/100 g; riboflavin 0.09 mg/100 g
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antioxidants: phenolics 21 mg/g Ismail et al.
2012
11 Baccaurea racemosa (Reinw. ex  Phyllanthaceae SE Asia pulp minerals: Ca 53.97 mg/100 g Rohyani et al.
Blume) Miill. Arg. vitamins: vitamin C 2.94 mg/100 g 2015
antioxidants: pericarp: 1Csp 1396.88 ng/mL  Juwita et al.
(ethanol extract); mesocarp: 1Csp 6943 mg/mL 2020
(ethanol extract); vitamin C ICsq 36.889
mg/mL
12 Baccaurea ramiflora Lour. Phyllanthaceae E Asia, pulp, leaves, minerals: fruit: Ca 0.158 %; Mg 0.504 %; N Sundriyal &
Thailand flowers 0.780 %; P 0.132 %; K 0.730 %; Na 0.035 %; Sundriyal 2001

Fe 0.075 %; Zn 600 ug/g; Cu 76.67 ug/g
vitamins: vitamin C 0.273 %

antioxidants: pulp:

phenolics 32.78 GAE ug/mg extract
(methanol solvent), 16.86 GAE pg/mg extract
(acetone solvent), 20.13 GAE pg/mg extract
(agueous solvent); flavonoids (of dry extract)
71.67 RE ug/mg (methanol solvent), 42.33
RE pg/mg (acetone solvent), 53 RE ug/mg
(agueous solvent); flavonols (of extract) 85.6
RE pg/mg (methanol solvent), 86.41 RE
ng/mg (acetone solvent), 86.25 RE ug/mg
(aqueous solvent); 4.4 ug TE/mg FRAP
(methanol solvent), 2.1 ug TE/mg FRAP
(acetone solvent), 5.2 ug TE/mg FRAP
(agueous solvent)

minerals: Ca 4,250 mg/100 g; Mg 10,930
mg/100 g; K 119,500 mg/100 g; Na 7,580
mg/100 g; Fe 1,090 mg/100 g

Mann et al.
2016

- 56 -




minerals: pulp: Ca 169 mg/100 g; K 137
mg/100 g; P 177 mg/100 g; Fe 100 mg/100 g
vitamins: pulp: vitamin C 178 mg/100 g

Hossain et al.
2017

13 Baccaurea macrophylla (Mull.Ar
g.) Mull. Arg.

Phyllanthaceae

E Asia,
Malaysia,
Sumatra

pulp

antioxidants: 1Cs066.00 ug/mL DPPH (fresh
pulp); 1Cs 14.00 ug/mL DPPH (fresh peel);
phenolics: 5.81 mg GAE/g (fresh pulp);
151.33 mg GAE/qg (fresh peel)

Tisadondilok &
Senawong
2018

14 Bombax ceiba L.

Malvaceae

E, SE Asia,
Thailand

roots, leaves,
flowers,
seeds, gum

antioxidants: flowers: -carotene 800
mg/100 g fw; fresh tissue: lycopene 0.19
mg/100 g; anthocyanin 3.89 mg/100 g; phenol
13.708 mg/100 g

minerals: Ca 273 mg/100 g dw; K 180
mg/100 g dw; Na 1,039 mg/100 g dw; P 40
mg/100 g dw; Fe 40 mg/100 g dw

vitamins: flowers: vitamin C 7.82 mg/100 g
fw; vitamin A 133,333 1U/100 g fw; retinol
400 mg/100 g fw

minerals: calyces: Ca 95 mg/100 g; Mg 64
mg/100 g; P 41 mg/100; flowers: Ca 92.25
mg/100 g; Mg 54.24 mg/100 g; P 49 mg/100
g; roots: Ca 93 mg/100 g; seeds: | 92.3
mg/100 g; leaves (dw): Na 19.07 mg/100 g; K
153.66 mg/100 g; Ca 177 mg/100 g

Bhogaonkar et
al. 2016

Panwar et al.
2020
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antioxidants:

leaves: ICso 0.114 mg/mL DPPH (aqueous
extract); 1Csp 0.022 mg/mL DPPH (50%
ethanol extract); 1Csp 0.012 mg/mL DPPH
(95% ethanol extract); 1Cso 0.096 mg/mL
ABTS (aqueous extract); 1Csp 0.018 mg/mL
ABTS (50% ethanol extract); 1Cso 0.009
mg/mL ABTS (95% ethanol extract); 30.04
mg TE/g FRAP (aqueous extract); 113.20 mg
TE/g FRAP (50% ethanol extract); 94.55 mg
TE/g FRAP (95% ethanol extract); phenolics:
0.09 mg GAE/g (aqueous extract); 1.01 mg
GAE/g (50% ethanol extract); 1.67 mg GAE/g
(95% ethanol extract); flavonoids: 1.34 mg
QE/g (aqueous extract); 13.22 mg QE/g (50%
ethanol extract); 16.87 mg QE/g (95% ethanol
extract)

flowers: 1Csp 0.025 mg/mL DPPH (aqueous
extract); 1Csp 0.019 mg/mL DPPH (50%
ethanol extract); 1Csp 0.024 mg/mL DPPH
(95% ethanol extract); 1Cso 0.019 mg/mL
ABTS (aqueous extract); 1Csp 0.037 mg/mL
ABTS (50% ethanol extract); I1Csq 0.029
mg/mL ABTS (95% ethanol extract); 112.14
mg TE/g FRAP (aqueous extract); 102.5 mg
TE/g FRAP (50% ethanol extract); 349 mg
TE/g FRAP (95% ethanol extract); phenolics:
0.82 mg GAE/g (aqueous extract); 1.15 mg
GAE/g (50% ethanol extract); 2.73 mg GAE/g
(95% ethanol extract); flavonoids: 8.71 mg
QE/g (aqueous extract); 16.33 mg QE/g (50%
ethanol extract); 28.25 mg QE/g (95% ethanol
extract)
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15 Borassus flabellifer L. Arecaceae E Asia, pulp, sap,  minerals: Ca 8.76 mg/100 g (pulp powder) Vijayakumayji
Thailand seeds, vitamins: vitamin C 16 mg/100 g et al. 2014
seedlings,
leaves, apical
buds,

inflorescence
antioxidants: 1Cs 40.19 pg/mL DPPH Jamkhande et
(methanol extract); 1Cs 21.80 pg/mL DPPH  al. 2016
(ascorbic acid); 1Csp 30.92 pg/mL H20>
(methanol extract); ICso 18.85 pug/mL H,0;
(ascorbic acid)

16 Bouea macrophylla Griff. Anacardiaceae  SE Asia pulp, leaves antioxidants: juice: phenolics 372.35 mg Khoo et al.
GAE/g dw; fruit: lutein 0.457 mg/100 g, 2016
cryptoxanthin 0.155 mg/100 g, y-carotene
0.052 mg/100 g, B-carotene 0.301 mg/100 g
antioxidants: phenolics 30.84 mg GAE/g Hardinsyah et
(hexane extract); quercetin 4.36 mg QE/g al. 2019
(hexane extract); reducing power 5.62 mg
FeSO, equivalent/g (ethanol extract)

17 Breynia fruticosa (L.) Mull.Arg.  Phyllanthaceae E, SE Asia, shoots no data -

Thailand,
Vietnam
18 Buchanania cochinchinensis (Lou Anacardiaceae E, SE Asia, pulp, seed  minerals: fruit: P 53.3 mg/100 g dw; K 229.2 Mundaragi et
r.) M.R.Almeida Thailand mg/100 g dw; Cu 0.21 mg/100 g dw; Fe 4.49  al. 2017*

mg/100 g dw; Mg 61.89 mg/100 g dw; Zn

0.88 mg/100 g dw; Ca 61.54 mg/100 g dw; Na

21.22 mg/100 g dw
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minerals: seeds: P 593 mg/100 g; Zn 3.32
mg/100 g; B 0.6 mg/100 g; Ca 70 mg/100 g;
Cu 1.15 mg/100 g; Fe 4.80 mg/100 g; Mg 275
mg/100 g; Mn 1.60 mg/100 g

antioxidants: phenolics 10-93 mg GAE/q;
flavonoids 30—-87 mg QE/g (of extract)

Mundaragi et
al. 2017°

Dixit et al.
2019

19 Carissa spinarum L. Apocynaceae SE Asia, pulp, roots  antioxidants: phenolics 5.31 mg TAE/g fw;  Chauhan et al.
India, flavonoids 0.44 mg QE/100 g fw; DPPH = 2015
Thailand 34.45 % (fw); FRAP = 58.63 % (fw);
anthocyanin 54.03 mg C3G/100 g fw
minerals: Ca 29 mg/100 g fw; Fe 3.45
mg/100 g fw; P 32.1 mg/100 g fw
minerals: fruit: P 16.1 mg/100 g dw; K 217.5 Mundaragi et
mg/100 g dw; Cu 0.31 mg/100 g dw; Fe 7.42  al. 2017?
mg/100 g dw; Mg 75.34 mg/100 g dw; Zn
0.57 mg/100 g dw; Ca 31.54 mg/100 g dw; Na
33.77 mg/100 g dw
20 Carissa carandas L. Apocynaceae E Asia, pulp minerals: Ca 21 mg/100 g Kumar et al.
India, 2013
Bangladesh
antioxidants: unripe fruit: 0.85 mg AEAC/g  Pewlong et al.
DPPH; 25.9 umol FeSO4/g FRAP; phenolics 2014

1.25 mg GAE/g; anthocyanin 0.33 mg/l; fully
ripe fruit: 2.42 mg AEAC/g DPPH; 37.81
umol FeSO4/g FRAP; phenolics 4.67 mg
GAE/g; anthocyanin 54.80 mg/L

vitamins: unripe fruit: vitamin C 300.75
mg/100 g; fully ripe fruit: vitamin C 180.40
mg/100 g
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antioxidants: phenolics 324.96 mg GAE/g
(ethanol extract), 228.23 mg GAE/g (aqueous
extract); flavonoids 428.25 mg RE/g (ethanol
extract), 352.06 mg RE/g (aqueous extract)

Singh et al.
2020°

21 Cassiafistula L.

Leguminosae

SE Asia

pods, pulp,
flowers,
leaves

antioxidants: phenolics: leaves: 19.0 g/100 g
of extract; pulp: 2.12 g/100 g of extract;
flowers: 6.52 g/100 g of extract

antioxidants:

phenolics 11 mg GAE/g dw (young leaves),
12 mg GAE/g dw (old leaves), 44 mg GAE/g
dw (flower buds), 32 mg GAE/g dw (flowers),
54 mg GAE/g dw (pods)

flavonoids 9 mg QE/g dw (young leaves), 6
mg QE/g dw (old leaves), 8 mg QE/g dw
(flower buds), 8 mg QE/g dw (flowers), 14
mg QE/g dw (pods)

antioxidant activity 98 umol TE/g dw (young
leaves), 102 umol TE/g dw (old leaves), 893
umol TE/g dw (flower buds), 453 umol TE/g
dw (flowers), 992 umol TE/g dw (pods)
antioxidant activity 51 umol Fe (II)/g dw
(young leaves), 64 umol Fe (II)/g dw (old
leaves), 380 pmol Fe (II)/g dw (flower buds),
317 umol Fe (II)/g dw (flowers), 811 pmol Fe
(1)/g dw (pods)

proanthocyanidins 2 mg CCE/g dw (young
leaves), 3 mg CCE/g dw (old leaves), 20 mg
CCE/qg dw (flower buds), 14 mg CCE/g dw
(flowers), 21 mg CCE/g dw (pods)

Siddhuraju
2002

Bahorun et al.
2011

22 Castanopsis tribuloides (Sm.)
A.DC.

Fagaceae

SE Asia,
Thailand

seed, pericarp

antioxidants: pericarp: phenolics 46.8 mg
GAE/g

Prakash et al.
2012

-61-




23 Citrus lucida (Scheff.) Mabb. Rutaceae SE Asia, pulp, flowers antioxidants: antioxidant capacity 25.34 mg  Tangkanakul et
Thailand BHAE/qg fw (ethanolic extract); phenolics al. 2005
34.51 mg GAE/g fw (ethanolic extract); 4.78
mg BHAE/g fw (water extract); phenolics
12.87 mg GAE/g fw (water extract)

antioxidants: phenolics 2.80 g/100 g; Somdee et al.
flavonoids 86.26 mg/100 g; 8.35 % DPPH 2016
scavenging activity; 90.67 mmol FeSO4/100 g

dw FRAP; 20.43 % [B-carotene bleaching

activity
24 Clausena lansium (Lour.) Skeels  Rutaceae E Asia, pulp, leaves no data -
China,
Vietham
25 Cosmos caudatus Kunth Compositae Pantropical, leaves, tops antioxidants: DPPH radical scavenging Rafat et al.
but activity 86.85 % (neutralization of DPPH 2010
naturalized radical); DPPH radical scavenging
in Thailand activity 98.56 % (superoxide dismutase

activity); phenolics 60.56 mg of GAE/g

antioxidants: total flavonoids 52.19 mg/100 g Andarwulan et
fw; quercetin 51.28 mg/100 g fw; kaempferol al. 2012
0.90 mg/100 g fw; total phenolic acids 10.92

mg/100 g fw; chlorogenic acid 4.54 mg/100 g

fw; caffeic acid 3.64 mg/100 g fw; ferulic acid

3.14 g/100 g fw; total phenols 342 mg

GAE/100 g fw; anthocyanin 0.78 mg/100 g

fw; B-carotene 1.35 mg/100 g fw; total

carotenoids 9.55 mg —carotene

equivalents/100 g fw

vitamins: vitamin C 108.83 mg/100 g fw
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antioxidants: flavonoids 27.7 mg QE/g dw
(70% methanol extract); phenols 1.52 mg
GAE/100 g; I1Csp 21.3 pg/mL DPPH

antioxidants: B-carotene 3568 ng/100 g;
antioxidant capacity 2511.7 mg AEAC/100 g;
phenolics 1274 mg GAE/100 g fw;
kaempferol 0.9 mg/100 g; quercetin 51.28
mg/100 g

minerals: K 426 mg/100 g; Ca 270 mg/100 g;
P 37 mg/100 g; Mg 50 mg/100 g; Fe 4.6
mg/100 g; Zn 0.9 mg/100 g; Na 4.0 mg/100 g;
Cu 0.2mg/100 g

vitamins: vitamin C 64.6 mg/100 g; thiamine
0.13 mg/100 g; riboflavin 0.24 mg/100 g

Bunawan et al.
2014

Cheng et al.
2015

26 Cynometra cauliflora L.

Leguminosae

SE Asia seed pods

antioxidants: phenolics 847.31 mg GAE/100
g samples (methanol solvent); 98.79 mg
GAE/100 g samples (water solvent);
19,397.22 umol/g samples dw FRAP
(methanol solvent); 7,197.22 umol/g samples
dw FRAP (water solvent)

minerals: Ca 6.14 mg/100 g dw; Zn 0.48
mg/100 g dw; Fe 1.01 mg/100 g dw; Na 0.55
mg/100 g dw

Rabeta & Nur
Faraniza 2013

27 Dialium indum L.

Leguminosae

E Asia, pulp
peninsular
Thailand

antioxidants: phenolics 6.74 mg GAE/g dw
(hydroethanolic extract); flavonoids 0.02 mg
QE/g dw (hydroethanolic extract); 0.84 mg
AEAC/g dw (hydroethanolic extract); 1Cso
179.08 png/mL DPPH; nitric oxide scavenging
ability 1Cs 96.78 %; hydroxyl radical
scavenging ability 1Csp 362.05 ng/mL

Afolabi et al.
2018
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28

Dillenia obovata (Blume)
Hoogland

Dilleniaceae

SE Asia,
Thailand

pulp

no data

29

Dolichandrone spathacea (L.f.)
Seem.

Bignoniaceae

E, SE Asia

pulp, flowers

antioxidants: phenolics 17.58 mg GAE/g of
extract (flowers)

antioxidants: antioxidant activity 1C50 15.89
pg/mL

minerals: relative percent abundance of
elements in flowers: K 3.672 %, Ca 0.808 %,
C1 0.396 %, S 0.247 %, P 0.226 %, Fe 0.179
%, Si 0.0914 %, Zn 0.0266 %, Cu 0.0215 %

Chan et al.
2019

Mar & Win
2019

30

Dracontomelon costatum Blume

Anacardiaceae

E, SE Asia

pulp

no data

31

Dracontomelon dao (Blanco)
Merr. & Rolfe

Anacardiaceae

E, SE Asia,
Thailand

pulp, seed,
flowers,
leaves

minerals: freeze-dried samples: Ca 3,067.5
mg/100 g dw; CI 53 mg/100 g dw; Co 0.01
mg/100 g dw; Fe 18.3 mg/100 g dw; K 666.5
mg/100 g dw; Mg 108.9 mg/100 g dw; Mn
3.23 mg/100 g dw; Na 7.4 mg/100 g dw; Zn
30.1 mg/100 g dw

Majid et al.
1995

32

Durio kutejensis (Hassk.) Becc.

Malvaceae

SE Asia

pulp

minerals: (of edible portion) P 25 mg/100 g;
K 362 mg/100 g; Ca 19 mg/100 g; Mg 19
mg/100 g; Fe 0.7 mg/100 g; Mn 0.5 mg/100 g;
Cu 0.32 mg/100 g; Zn 0.73 mg/100 g
vitamins: (of edible portion) vitamin C 15.9
mg/100 g

antioxidants: 1Cso 1.0 ug/mL ABTS (ethyl
acetate solvent); 1Cso 18.2 pg/ml SOD like
activity (hexane solvent); 1Csp 21.5 pg/ml
DPPH (ethyl acetate solvent); 0.04 pmol
TE/mg (ethyl acetate solvent) TEAC

Hoe & Siong
1999

Arung et al.
2015
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33 Flacourtia inermis Roxb. Salicaceae Native to pulp antioxidants: polyphenols 1.28 g GAE/100 g Alakolanga et
Malaysia, fw; anthocyanin 108 mg C3G equivalents/100 al. 2015
but g fw; 1Cs0 66.2 mg/L DPPH (ethyl acetate
cultivated in extract)
Thailand
34 Flacourtia rukam Zoll. & Moritzi Salicaceae SE Asia, shoots, pulp antioxidants: 1Cso 47.7022 mg/L DPPH Fadiyah et al.
China, India, (ethanol extract); 1Csp 33.1702 mg/L DPPH 2020
but (acetone extract)
cultivated in
Thailand
35 Garcinia cowa Roxb. Ex Choisy  Clusiaceae SE Asia, pulp, leaves antioxidants: fruits: phenols 74.18 pg Sarma et al.
Thailand GAE/mg; 1Cs0 33.15 pg/mL DPPH 2014
vitamins: fruits: vitamin C 68.03 mg/100 g
36 Garcinia dulcis (Roxb.) Kurz Clusiaceae SE Asia pulp minerals: K 64.63 mg/100 g fw; P 7.79 Hamid et al.
mg/100 g fw; Ca 7.59 mg/100 g fw; Mg 3.85 2012
mg/100 g fw; Na 1.60 mg/100 g fw; Fe 0.31
mg/100 g fw; Zn 0.31 mg/100 g fw; Cu 0.02
mg/100 g fw
vitamins: vitamin C 6.88 mg AAE/100 g fw
antioxidants: 1Cs 38.613 pg/mL DPPH Santosa &
(methanol extract); 1Cso 139.381 pg/mL Haresmita 2015
DPPH (wasbenzene extract)
antioxidants: fruit rind: phenolics 56.52 mg  Gogoi et al.
GAE/g (dry extract); flavonoids 84.88 mg 2017

RE/g (dry extract)
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37 Garcinia schomburgkiana Pierre

Clusiaceae

Thailand

pulp, leaves

minerals: fruit: Ca 17 mg/100 g fw; P 7.0 mg/
100 g fw; leaves: Ca 103 mg/100 g fw; P 8
mg/100 g fw

vitamins: fruit: vitamin A 431 1U/100 g fw;
riboflavin 0.04 mg/100 g fw; vitamin C 5.0
mg/100 g fw; leaves: vitamin A 431 1U/100 g
fw; thiamine 0.01 mg/100 g fw; riboflavin
0.04 mg/100 g fw; niacin 0.02 mg/100 g fw;
vitamin C 5.0 mg/100 g fw

antioxidants: ECs 6,952.48 ug extract/mg
DPPH; 2.60 mmol/L FRAP reducing ability;
phenolics 210 ng GAE/mg (dry extract)

FAO 2001

Nanasombat et
al. 2012

38 Gnetum gnemon L.

Gnetaceae

SE Asia,
Thailand

leaves, seeds,
pulp, peel, sap

antioxidants: seed flour: phenolics 12.6 mg
GAE/100g (aqueous extract), 15.1 mg
GAE/100g (ethanol extract); tannins 16.1 mg
CE/100 g (aqueous extract), 35.6 mg CE/100
g (ethanol extract); flavonoids 81.6 mg
CE/100 g (aqueous extract), 709 mg CE/100 g
(methanol extract); 0.98 mmol Fe (11)/100 g
FRAP (aqueous extract), 0.61 mmol Fe
(11)/100 g FRAP (ethanol extract); inhibition
of DPPH = 19.7 % (agueous extract), 48.9 %
(ethanol extract)

minerals: seed flour: Ca 157 mg/100 g; Na
14.0 mg/100 g; Cu 1.07 mg/100 g; Mg 26.4
mg/100 g; Zn 4.12 mg/100 g

Bhat & Binti
Yahya 2014
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antioxidants: leaves: B-carotene 404.52
ng/100 g; lutein 6,731.17 pg/100 g;
polyphenols 253.45 mg GAE/100 g;
anthocyanidins 0.11 mg/100 g

minerals: leaves: Ca 35.15 mg/100 g fw; K
297.29 mg/100 g fw; P 72.70 mg/100 g fw;
Mg 28.00 Fe 0.40 mg/100 g fw

vitamins: leaves: vitamin C 109.43 mg
AAE/100 g; vitamin E 1.33 mg/100 g

antioxidants: 1Cso 45.72 mg/mL DPPH
(ethanol extract)

minerals: leaves: K 1,777.80 mg/100 g dw;
Na 158.52 mg/100 g dw; Ca 204.90 mg/100 g
dw; P 240.02 mg/100 g dw; Mg 224.60
mg/100 g dw; Mn 9.67 mg/100 g dw; Fe 4.99
mg/100 g dw; Zn 3.09 mg/100 g dw; Cu 0.67
mg/100 g dw

antioxidants: seed endosperm: 1C50 1549.90
mg/L DPPH (95% ethanol solvent); phenolics
1.40 mg GAE/mL

Kongkachuicha
i etal. 2015

Phukan et al.
2016

Ainul Asyira et
al. 2016

Saraswaty et al.
2017

39 Grewia asiatica L.

Malvaceae

E Asia,
Thailand

pulp

antioxidants: phenolics 288 mg GAE/100 g;
flavonoids 178 mg CE/100 g; anthocyanins 72
C3G mg/100 g; DPPH radical scavenging
activity = 85 %; [3-carotene-linoleic acid assay
= 89 % inhibition

Siddiqi et al.
2013

-67 -




antioxidants: 1Cso 257.66 ug/mL DPPH; 4.14 Mehmood et al.
GAE/g FRAP dw; total antioxidant activity 2020
4.88 mg/kg; 1Cso 134.33 pg/mL ABTS;

phenolics 294.35 mg GAE/g dw; flavonoids

116.95 mg QE/g dw

minerals: Na 17.3 mg/100 g; K 372 mg/100

g; Ca 136 mg/100 g; Co 0.99 mg/100 g; Zn

1.44 mg/100 g; Fe 140.8 mg/100 g; Ni 2.61

mg/100 g; P 24.2 mg/100 g

vitamins: vitamin A 16.11 mg/100 g; vitamin

C 4.38 mg/100 g; thiamine 0.02 mg/100 g;

riboflavin 0.26 mg/100 g; niacin 0.82 mg/100

g
40 Gymnema inodorum (Lour.) Apocynaceae SE Asia, leaves antioxidants: carotenes 1.31 mg/100 g; Chanwitheesuk
Decne Thailand xanthophylls 1.07 mg/100 g; tannins 11.1 et al. 2005

mg/100 g; phenolics 188 mg/100 g
vitamins: vitamin C 19.3 mg/100 g; vitamin

E 0.0301 mg/100 g
minerals: Mg 233.35 mg/100 g dw; Si 194.86 Sukum et al.
mg/100 g dw; P 217.17 mg/100 g dw; S 2019

632.54 mg/100 g dw; Cl 1,234.04 mg/100 g

dw; K 30,211.3 mg/100 g dw; Ca 60.912.36

mg/100 g dw; Mn 654.17 mg/100 g dw; Fe

2,658.55 mg/100 g dw; Zn 543.65 mg/100 g

dw

antioxidants: 1C50 406.59 pg/mL DPPH; 24  Dunkhunthod
pug AEAC/mg FRAP (dry extract); 28.06 ug et al. 2021
TE/mg FRAP (dry extract)
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41 Gynura bicolor (Roxb. ex Willd.) Compositae
DC.

E, SE Asia,
Thailand

leaves, shoots antioxidants: polyphenols 9.61 mg GAE/g

Chao et al.
dw; flavonoids 56.07 mg QE/g dw; flavonols 2014

7.59 mg QE/g dw; anthocyanidins 21.65

units/g dw

minerals: K 2,080 mg/100 g dw; Na 7.26 Wang et al.
mg/100 g dw; Ca 1,850 mg/100 g dw; P 310 2015
mg/100 g dw; Mg 620 mg/100 g dw; Cu 0.85

mg/100 g dw; Fe 6.26 mg/100 g dw; Zn 1.19

mg/100 g dw; Mn 6.59 mg/100 g dw

antioxidants: ECs 44.35 ug/mL DPPH; ECso Qiu et al. 2018
36.36 ug/mL ABTS; reduce power ECs 36.92
pg/mL

antioxidants:

anthocyanins: cyanidin 201 mg G3G/100 g
dw (water solvent); kuromanin 29 mg G3G
/100 g; malvidin 263 mg G3G/100 g;
pelargonidin 305 mg G3G/100 g dw (water
solvent); peonidin 58 mg G3G/100 g dw
(water solvent); petunidin 191 mg G3G/100 g
dw (water solvent)

carotenoids: lutein 215 mg LE/100 g dw
(water solvent); zeaxanthin 71 mg LE/100 g
dw (water solvent)

flavonoids: apigenin 160 mg QE/100 g dw
(water solvent); epicatechin 160 mg QE/100 g
dw (water solvent); kaempferol 57 mg
QE/100 g dw (water solvent); myricetin 127
mg QE/100 g dw (water solvent); narigenin
93 mg QE/100 g dw (water solvent); quercetin
221 mg QE/100 g dw (water solvent); rutin
131 mg QE/100 g dw (water solvent)

Do et al. 2020
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minerals: Mn 3.47 mg/100 g fw; Zn 0.88
mg/100 g fw; P 30.94 mg/100 g fw; Ca
163.39 mg/100 g fw; Mg 117.5 mg/100 g fw;
K 617.3 mg/100 g fw; Fe 4.94 mg/100 g fw;
Cu 1.03 mg/100 g fw; Na 6.26 mg/100 g fw
vitamins: thiamine 0.08 mg/100 g fw;
riboflavin 0.17 mg/100 g fw; niacin 0.41
mg/100 g fw; vitamin C 12.96 mg/100 g fw;
vitamin E 0.06 mg/100 g fw

42 Gynura procumbens (Lour.) Merr. Compositae E, SE Asia, leaves antioxidants: carotenoids 53.20 ug/g dw Kaewseejan et
W Africa, al. 2012
Thailand
antioxidants: leaves: phenolics 24.36 mg Kaewseejan &
GAE/g dw (ethyl acetate fraction); flavonoids Siriamornpun
17.33 mg CE/g dw (ethyl acetate fraction); 2015
ICs0 0.22 mg/mL DPPH (ethyl acetate
fraction); I1Cso 0.06 mg/mL ABTS (ethyl
acetate fraction); 1Cso 0.01 mg/mL
o¢OH scavenging (ethyl acetate fraction); 1Cso
0.03 mg/mL H,0, scavenging (ethyl acetate
fraction)
43 Gynura pseudochina (L.) DC. Compositae E, SE Asia, leaves no data -
W Africa,
Thailand
44  Chrysophyllum roxburghii G.Don Sapotaceae SE Asia, pulp minerals: P 46.8 mg/100 g fw; K 586.5 Barthakur &
tropical mg/100 g fw; Ca 56.3 mg/100 g fw; Mg 21.2  Arnold 1991°
areas around mg/100 g fw; S 79.8 mg/100 g fw; Fe 3.0
the world mg/100 g fw; Mn 3.4 mg/100 g fw; Zn 0.2

mg/100 g fw; B 0.3 mg/100 g fw; Cu 0.3
mg/100 g fw; Na 4.2 mg/100 g fw; CI 53.2
mg/100 g fw; Se 0.3 mg/100 g fw; Si 14.1
mg/100 g fw
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antioxidants: carotenoids: violaxanthine 3.13
mg/100 g fw; neoxanthin 11.33 mg/100 g fw;
lutein 0.04 mg/100 g fw; B-carotene 0.14
mg/100 g fw

Chandrika et al.
2005

45 Lansium parasiticum (Osbeck) Meliaceae SE Asia, pulp minerals: Ca 20.0 mg/100 g fw; P 30.0 Tilaar et al.
K.C.Sahni & Bennet Thailand mg/100 g fw 2008
vitamins: vitamin A 13.0 1U/100 g fw;
thiamine 89 ng/100 g fw; riboflavin 124
ug/100 g fw; vitamin C 1.0 mg/100 g fw
46 Lepisanthes rubiginosa (Roxb.)  Sapindaceae SE Asia, pulp, leaves antioxidants: leaves: 422.42 mg GAE/100 g Hasan et al.
Leenh. Thailand dw extract; flavonoids 350 mg QE/100 gdw 2017
extract; tannins 233.3 mg GAE/100 g dw
extract; 1Cs031.62 ug/mL DPPH
47 Lepisanthes fruticosa (Roxb.) Sapindaceae SE Asia, pulp, seeds  antioxidants: pulp: ICso 0.207 mg/mL DPPH Salahuddin et
Leenh. Thailand (ethanol extract); seeds: 1Csp 0.178 mg/mL al. 2020
DPPH (ethanol extract)
48 Luffa acutangula (L.) Roxb. Cucurbitaceae  Indian pulp, shoots, minerals: Fe 10.7 mg/100 g dw; Ca 62.0 Kamel &
subcontinent leaves, mg/100 g dw; Zn 5.80 mg/100 g dw; Cu 2.18 Blackman 1982
but flowers, mg/100 g dw; P 1,050 mg/100 g dw; Mg 330
naturalized flower buds, mg/100 g dw
in Thailand seeds

antioxidants: dried pulps: phenolics 28.04 ug
GAE/mg of extract (chloroform solvent);
201.12 pmol TE/mg of extract DPPH (hexane
solvent)

Supriatno &
Lelifajri 2002
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minerals: fruits of variety amara: Cu 0.9
mg/100 g; Fe 34.1 mg/100 g; Mg 27.38
mg/100 g; Mn 2.34 mg/100 g; Ca 99.78
mg/100 g; Zn 9.52 mg/100 g

vitamins: fruits of variety amara: vitamin A
0.0001 ng/100 g; thiamine 0.7692 mg/100 g;
riboflavin 0.2061 mg/100 g; niacin 3.1282
mg/100 g; vitamin C 0.083 mg/100 g

minerals: pulp: Ca 14 mg/100 g; K 160
mg/100 g; Mg 14 mg/100 g; Zn 0.2 mg/100 g
vitamins: pulp: thiamine 0.05 mg/100 g;
riboflavin 0.01 mg/100 g; niacin 0.20 mg/100
g; vitamin E 1.00 mg/100 g; vitamin C 205.00
mg/100 g

Jaysingrao &
Sunil 2014

Manikandaselv
i etal. 2016

49 Mangifera foetida Lour.

Anacardiaceae

SE Asia,
Thailand

pulp, seed

antioxidants: fruit: 9.3 mmol Fe (11)/200 g
dw FRAP; 4.5 mg TE/100 g dw TEAC; 813.7
mg GAE/100 g dw total reducing; flavonoids
7.8 g CE/100 g dw; carotenoids 649.9 ug B-
carotene/100 g dw

vitamins: vitamin C 136.8 mg/100 g dw
antioxidants: phenolics 2,917.92 mg/100 g;
flavonoids 282.88 mg/100 g; scavenging
activity 1Csg 43.22 mg/mL

vitamins: vitamin C 122.13 mg/100 ¢

Tyug et al.
2010

Mirfat et al.
2016

50 Mangifera laurina Blume

Anacardiaceae

E Asia pulp

antioxidants: phenolics 144.33 mg/100 g;
flavonoids 176.71 mg/100 g; scavenging
activity 1Csg 13.32 mg/mL

vitamins: vitamin C 135.74 mg/100 g

Mirfat et al.
2016

51 Mangifera odorata Griff.

Anacardiaceae

SE Asia pulp, seed

flour

antioxidants: pulp: phenolics 257.17 mg/100
g; flavonoids 202.33 mg/100 g; scavenging
activity 1Csp 20.16 mg/mL

vitamins: pulp: vitamin C 47.32 mg/100 g

Mirfat et al.
2016
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antioxidants: pulp: 2.21 mmol/kg dw DPPH; Barbosa Gamez
88.30 mmol/kg dw ABTS; 0.38 mmol/kg etal. 2017
FRAP; total soluble polyphenols 0.569 g/100

g dw

vitamins: pulp: thiamine 0.072 mg/100 g dw;

riboflavin 0.976 mg/100 g dw; niacin 3.292

mg/100 g dw; niacinamide 1.40 mg/100 g dw;

pyridoxine 0.862 mg/100 g dw

antioxidants: seed kernel: total carotene Lasano et al.
content 60 mg/100 g dw; B-carotene 0.05 2019
mg/100 g dw; a-tocopherol 0.21 mg/100 g dw

minerals: K 875.69 mg/100 g dw; P 165.50

mg/100 g dw; Ca 141.48 mg/100 g dw; Mg

166.88 mg/100 g dw; S 43.03 mg/100 g dw;

Na 10.56 mg/100 g dw; Mn 1.09 mg/100 g

dw; Fe 1.08 mg/100 g dw; Zn 1.55 mg/100 g

dw; B 0.87 mg/100 g dw

vitamins: vitamin C 2.62 mg/100 g dw

antioxidants: phenolics 12.11 mg GAE/g dw Nur et al. 2019
(flesh), 89.87 mg GAE/ g dw (seed);
flavonoids 9.07 mg CE/g dw (flesh), 15.35 mg
CE/g dw (seed); carotenoids 52.07 mg -
carotene/g dw (flesh), 26.52 mg p-carotene/g
dw (seed); ECsp 12.00 pg/mL DPPH (seed);
12.20 pmol ferric reduction to ferrous/g dw
(flesh), 201.24 umol ferric reduction to
ferrous/g dw (seed); 8.52 mg AEAC/g dw
(flesh) ABTS, 101.91 mg AEAC/g dw (seed)
ABTS

52 Markhamia stipulata (Wall.)
Seem.

Bignoniaceae

SE Asia

shoots,
flowers

antioxidants: content of phenolic glycosides Kanchanapoom
et al. 2002

-73-




53 Melientha suavis Pierre Opiliaceae SE Asia, leaves, antioxidants: leaves: tannin 53 mg/100 g; Somsub et al.
Thailand inflorescences phytate 21 mg/100 g 2008
, pulp vitamins: leaves: vitamin C 168 mg/100 g
antioxidants: 1Cso 900 ug/mL DPPH (water ~ Charoenchai et
extract); ICso 2.5 pg/mL FRAP (ethyl acetate  al. 2015
extract); phenolics 1,978 mg GAE/100 g dw
(methanol extract); flavonoids 459.54 mg
CE/100 g dw (methanol extract)
minerals: Ca 110 mg/100 g; P80 mg/100g  Vu & Nguyen
vitamins: vitamin C 114 mg/100 g 2017
54 Mesua ferrea L. Calophyllaceae E Asia, leaves, seedss, antioxidants: leaves: ICso 31.7 mg/mL Keawsa-ard &
Thailand pulp DPPH,; Kongtaweelert
2012
55 Nephelium ramboutan-ake Sapindaceae SE Asia, pulp, seed  antioxidants: phenolics: 433.78 mg GAE/100 lkram et al.
(Labill.) Leenh. Thailand g; antioxidant capacity 74.77 % 2009
vitamins: pulp: vitamin C 18.9 mg/100 g Djuita et al.
2017
56 Neptunia oleracea Lour. Leguminosae S' America, leaves, stems, antioxidants: carotenes 3.18 mg/100 g; Chanwitheesuk
naturalized pods xanthophylls 1.06 mg/100 g; tannins 21.0 et al. 2005
in Asia mg/100 g; phenolics 104 mg/100 g
vitamins: vitamin C 12.9 mg/100 g; vitamin
E 0.0066 mg/100 g
minerals: Ca 3.87 mg/100 g; Fe 0.53 mg/100 Irawan et al.
g; P 0.07 mg/100 g 2006

vitamins: vitamin C 14.55 mg/100 g;
thiamine 0.12 mg/100 g; riboflavin 0.14
mg/100 g; niacin 3.2 mg/100 g
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antioxidants: 1Cso 35.45 pg/mL DPPH (leaf), Lee etal. 2014
1Cs0 29.72 pg/mL DPPH (stem); a-

glucosidase inhibition activity: 19.09 pg/mL

(leaf), 19.74 pg/mL (stem); phenolics 40.88

mg GAE/g dw (leaf), 21.21 mg GAE/g dw

(stem)

minerals: K 3,309.50 mg/100 g dw; Na Saupi et al.
251.33 mg/100 g dw; Ca 381.42 mg/100 g 2015

dw; Mg 201.00 mg/100 g dw; P 405.92

mg/100 g dw; Cu 2.97 mg/100 g dw; Zn 10.53

mg/100 g dw; Mn 14.23 mg/100 g dw

antioxidants: tannins 0.63 mg TAE/g fw; Kumar &
flavonoids 0.97 mg QE/g fw; 2,583.29 mg Chaiyasut 2017
AEAC/g fw ABTS; 44.96 mg AEAC/g fw

DPPH; 16.86 mg AEAC/g fw H20;

scavenging; 464.97 mg AEAC/g fw FRAP

57 Ocimum americanum L.

Lamiaceae

E Asia,
tropical
Africa,
Thailand

leaves, seeds

antioxidants: total flavonoids 7.22 mg/100 g  Andarwulan et
fw; luteolin 2.12 mg/100 g; quercetin 1.89 al. 2012
mg/100 g fw; apigenin 0.74 mg/100 g fw;

kaempferol 2.47 mg/100 g fw; total phenolic

acids 2.23 mg/100 g fw; chlorogenic acid 0.32

mg/100 g fw; caffeic acid 2.03 mg/100 g fw;

ferulic acid 0.16 mg/100 g fw; total phenols

86.89 mg GAE/100 g fw; anthocyanin 0.11

mg/100 g fw; B-carotene 1.56 mg/100 g fw;

total carotenoids 7.35 mg -carotene

equivalents/100 g fw

vitamins: vitamin C 146.37 mg/100 g fw
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antioxidants: phenols 1.54 mg GAE/g dw;
flavonoids 9.26 mg/g dw; alkaloids 60.7 mg/g
dw; saponins 114.7 mg/g dw; tannins 4.70
mg/kg of gallic acid standard; lycopene 0.36
mg/100 g dw; B-carotene 65.52 mg/100 g dw;
-cryptoxanthin 0.14 mg/100 g dw

vitamins: vitamin C 42.89 mg/100 g dw;
thiamine 69.5 mg/100 g dw; retinol 84.09
mg/100 g dw; tocopherol 0.56 mg/100 g dw
antioxidants: leaves: total phenolics 94.25
mg GAE/g (water extract), 57.72 mg GAE/g
(ethyl acetate extract); total flavonoids 6.25
mg RE/g (water extract), 34.82 mg RE/g
(methanol extract); flavanols 1.42 mg CE/g
(water extract), 8.30 mg CE/qg (ethyl acetate
extract); phenolic acids 31.10 mg GAE/g
(water extract), 11.97 mg GAE/g (methanol
extract); tannins 1.32 mg CE/g (water extract),
11.36 mg CE/g (ethyl acetate extract);
saponins 110.15 mg QE/g (water extract),
206.58 mg QE/g (ethyl acetate extract);
antioxidant activity: 232.61 mg TE/g DPPH
(water extract), 73.67 mg TE/g DPPH
(methanol extract); 189.13 mg TE/g ABTS
(water extract), 86.87 mg TE/g (methanol
extract); 494.56 mg TE/g CUPRAC (water
extract), 193.53 mg TE/g CUPRAC (methanol
extract); 342.39 mg TE/g FRAP (water
extract), 121.82 mg TE/g FRAP (methanol
extract); metal chelating: 14.33 mg EDTAE/g
(water extract), 26.44 mg EDTAE/qg (ethyl
acetate extract)

Karau et al.
2015

Zengin et al.
2019
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phosphomolybdenum 1.52 mmol TE/g (water
extract), 2.49 mmol TE/g (ethyl acetate

extract)

minerals: Ca 41.01 mg/100 g; Fe 1.596
mg/100 g; Na 1.162 mg/100 g; K 18.20
mg/100 g; Mn 0.112 mg/100 g; Zn 0.122

mg/100 g

Mustafa & El-
kamali 2019

58 Oenanthe javanica (Blume) DC.

Apiaceae

E, SE Asia,
Thailand

leaves, stems,
roots, seeds

antioxidants: phenolics 7.41 mg TAE/100 g

fw

antioxidants: DPPH radical scavenging
activity = 56.87 % (neutralization of DPPH
radical); superoxide dismutase activity =
73.51 %,; phenolics 38.75 mg of GAE/g
antioxidants: pB-carotene 1,687.11 ug/100 g;
lutein 7,439.11 ug/100 g; polyphenolics
239.23 mg GAE/100 g

minerals: Ca 133.07 mg/100 g fw; K 414.52
mg/100 g fw; P 60.55 mg/100 g fw; Mg 29.99
mg/100 g fw; Fe 1.35 mg/100 g fw

vitamins: vitamin C 3.29 AAE/100 g; vitamin

E 0.83 mg/100 g

minerals: P 43.5 mg/100 g fw; K 1,291.3
mg/100 g fw; Ca 170.2 mg/100 g fw; Mg 46.4
mg/100 g fw; Na 2.2 mg/100 g fw; Fe 7.0
mg/100 g fw; Mn 8.4 mg/100 g fw; Zn 14.0
mg/100 g fw; Cu 0.06 mg/100 g fw

Huda-Faujan et
al. 2009

Rafat et al.
2010

Kongkachuicha
i etal. 2015

Punchay et al.
2020

59 Parkia speciosa Hassk.

Leguminosae

SE Asia,
peninsular
Thailand, E
Asia

leaves, pods,
seeds,
inflorescence

antioxidants: phenolics 14.16 mg GAE/g dw;
flavonoids 5.28 mg RE/g dw; ICs 74.37

pg/mL DPPH

Balaji et al.
2015
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antioxidants: flavonoids 5.28 mg RE/g dw
(pods), 20.3 mg RE/g dw (seeds); phenolics
1,557.6 mg GAE/g (aqueous extract), 2,464.3
mg GAE/g (methanol extract); 7,418.3 umol
trolox/g DPPH (aqueous extract), 5,936.9
pmol trolox/g DPPH (methanol extract);
1,617.3 umol trolox/g FRAP (agueous
extract), 1,898.0 umol trolox/g FRAP
(methanol extract)

minerals: Ca 108.0-265.1 mg/100 g; Fe
2.2—-2.7 mg/100 g; P 115.0 mg/100 g; K 341.0
mg/100 g; Mg 29.0 mg/100 g; Cu 3.67
mg/100 g; Zn 0.82 mg/100 g

vitamins: seeds: vitamin C 19.3 mg/100 g; a-
tocopherol 4.15 mg/100 g; thiamine 0.28
mg/100 g

Chhikara et al.
2018

antioxidants: flavonoids 12.4 mg QE/g dw;  Ghasemzadeh
phenolics 26.3 mg GAE/g dw; DPPH free et al. 2018
radical scavenging activity = 66.29 %; 522.1
umol of Fe (11)/g FRAP; ICs 91.5 pg/mL
FRAP; IC50 86.7 pg/mL (DPPH)
60 Phyllanthus emblica L. Phyllanthaceae  SE Asia, pulp, leaves, minerals: fruit: P 28.2 mg/100 g fw; K 282.0 Barthakur &
India seeds mg/100 g fw; Ca 27.6 mg/100 g fw; Mg 11.8  Arnold 1991°

mg/100 g fw; S 16.6 mg/100 g fw; Fe 3.3
mg/100 g fw; Mn 1.1. mg/100 g fw; Zn 1.8
mg/100 g fw; B 0.22 mg/100 g fw; Cu 0.28
mg/100 g fw; Na 4.2 mg/100 g fw; Cl 35.5
mg/100 g fw; Se 0.24 mg/100 g fw; Si 23.5
mg/100 g fw
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antioxidants: carotenoids 83 pg/100 g;
phytosterols 13.08 mg/100 g; phenolics 3,703
mg GAE/100 g; 489 umol TE/g DPPH; 652
pmol TE/g FRAP; 455 umol TE/g ORAC
minerals: Ca 42 mg/100 g; P 21 mg/100 g;
Na 13 mg/100 g; K 151 mg/100 g; Mg 13
mg/100 g; Fe 0.16 mg/100 g; Cu 0.04 mg/100
g; Zn 0.14 mg/100 g

vitamins: vitamin C 575 mg/100 g; vitamin E
0.16 mg/100 g

minerals: variety Chakaiya: Fe 3.10 mg/100
0; Zn 6.556 mg/100 g; Na 6.937 mg/100 g; K
62.20 mg/100 g; Ca 25.02 mg/100 g
vitamins: variety Chakaiya: vitamin C 2.83
0/100 g

antioxidants: phenolics 295.94 mg GAE/qg;

Judprasong et
al. 2013

Parveen &
Khatkar 2015

Jayathilake et

flavonoids 115.01 mg CE/g; 1,106.96 mmol  al. 2016
TE/g ABTS; I1Cs0 0.02 mg/mL DPPH;
5,355.89 mmol Fe (I1)/g FRAP
minerals: Ca 0.05 %; P 0.02 %; Fe 1.2 Hasan et al.
mg/100 g 2016
vitamins: vitamin C 600 mg/100 g; niacin 0.2
mg/100 g

61 Pluchea indica (L.) Less. Compositae E Asia, leaves, shoots, antioxidants: B-carotene 1.70 mg B-carotene  Suriyaphan

Thailand tops, equivalents/100 g fw; phenolic acids 28.48 2014

inflorescences

mg/100 g fw; flavonoids 6.39 mg/100 g fw;
anthocyanins 0.27 mg/100 g fw; total phenols
0.831 mg GAE/ g fw; 96.4 umol TE/g fw
DPPH; 3.75 umol TE/g fw ABTS; 81.1 umol
TE/g fw FRAP

minerals: Ca 251 mg/100 g

vitamins: vitamin C 0.03 mg/100 g
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antioxidants: flavonoids 418.46 mg/100 g Susylowati &
Takarina 2019
antioxidants: 1Csp 379.822 ug/mL DPPH; Zabidi et al.
phenolics 3.783 mg GAE/g; 3.284 mg Fe 2020
(I/mL FRAP
62 Saurauia napaulensis DC. Actinidiaceae  E, SE Asia, pulp antioxidants: phenolic components Wang et al.
Thailand 2008
63 Sauropus androgynus (L.) Merr.  Phyllanthaceae E, SE Asia leaves, pulps antioxidants: ICso 85 pg/ml DPPH; ICs0 350 ~ Subhasree et al.

pg/ml ABTS
antioxidants: phenols 1.49 mg GAE/g fw;

7.72 umol TE/g fw DPPH; 1.81 pumol TE/g fw

ABTS; 70.6 pmol TE/g fw FRAP; flavonoids
143 mg/100 g fw

antioxidants: ECsp 179.11 pg/mL DPPH
scavenging activity

antioxidants: total flavonoids 143 mg/100 g
fw; quercetin 4.50 mg/100 g fw; kaempferol
138.14 mg/100 g fw; total phenolics acids
5.12 mg/100 g fw; chlorogenic acid 3.38
mg/100 g fw; caffeic acid 1.13 mg/100 g fw;
ferulic acid 1.10 mg/100 g fw; total phenols
138.01 mg GAE/100 g fw; anthocyanin 1.53
mg/100 g fw; B-carotene 1.63 mg/100 g fw;
total carotenoids 5.15 mg B-carotene
equivalents/100 g fw

vitamins: vitamin C 190.83 mg/100 g fw

2009

Andarwulan et
al. 2010

Phadungkit et
al. 2012

Andarwulan et
al. 2012
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antioxidants: leaves: tannins 88.68 mg/100 g; Petrus 2013
phenolics 2,300.00 mg GAE/100 g; 2,930.00
mg CE/100 g; 576.00 mg chlorogenic acid
equivalent/100g; flavonoids 1,530.00 mg/100
g; anthocyanins 82.04 mg/100 g

minerals: leaves: Mg 664.9 mg/100 g dw; K
45.7 mg/100 g dw; Na 306.3 mg/100 g dw; Ca
84.4 mg/100 g dw; P 61.2 mg/100 g dw; Fe
212.5 mg/100 g dw; Zn 15.9 mg/100 g dw;
Mn 25.6 mg/100 g dw; Cu 768.7 mg/100 g
dw; Co 0.06 mg/100 g dw

vitamins: leaves: vitamin A 10,000 1U/100 g
edible portion; thiamine 0.48 mg/100 g edible
portion; riboflavin 0.32 mg/100 g edible
portion; nicotinic acid 2.60 mg/100 g edible
portion; vitamin C 247.00 mg/100 g edible
portion; vitamin E 0.43 mg/100 g edible
portion

64 Sesbania grandiflora (L.) Pers.

Leguminosae

E, SE Asia

flowers, pods,
seeds, leaves,
shoots, gum

antioxidants: leaves: 25,679 ug -carotene Duke 1983
equivalents/100 g; flowers: 636 ug B-carotene
equivalents/100 g

minerals: leaves: Ca 1,130 mg/100 g; P 80
mg/100 g; Fe 3.9 mg/100 g; flowers: Ca 145
mg/100 g; P 290 mg/100 g; Fe 5.4 mg/100 g;
Na 291 mg/100 g; K 1,400 mg/100 g; seeds:
4.5 % ash

vitamins: leaves: vitamin A 9,000 1U/100 g;
thiamine 0.21 mg/100 g; riboflavin 0.09
mg/100 g; niacin 1.2 mg/100 g; vitamin C 169
mg/100 g; flowers: thiamine 0.91 mg/100 g;
riboflavin 0.72 mg/100 g; niacin 14.54
mg/100 g; vitamin C 473 mg/100 g
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antioxidants: phenolics 21.2 g TAE/kg;
tannin 13.2 g TAE/kg;

minerals: Ca 989 mg/100 g dw; K 690
mg/100 g dw; Na 66 mg/100 g dw; P 679
mg/100 g dw; Mg 131 mg/100 g dw; Fe 18
mg/100 g dw

Bhatta et al.
2012

Anitha & Mary
Josephine 2014

65 Solanum spirale Roxb.

Solanaceae

SE Asia,
Thailand

leaves, shoots,
pulps

minerals: leaves: Ca 0.014 mg/100 g; P 99
mg/100 g; K 23.00 mg/100 g; Na 0.07 mg/100
g; berry: Ca 0.013 mg/100 g; P 102.00
mg/100 g; K 0.64 mg/100 g; Na 0.07 mg/100
g

vitamins: leaves: vitamin A 42.9 mg/100 g;
vitamin C 45.6 mg/100 g; vitamin E 55.7
mg/100 g; berry: vitamin A 34.6 mg/100 g;
vitamin C 53.4 mg/100 g; vitamin E 23.00
mg/100 g

antioxidants: 64.14 % inhibition of DPPH
(methanol extract); 63.55 % inhibition of
superoxide radical (methanol extract); 79.89
% inhibition of hydrxyl radical (methanol
extract); phenolics 45.95 mg GAE/g
(methanol extract); flavonoids 31.95 mg CE/g
(methanol extract)

antioxidants: berry: phenolics 11.72 mg
GAE/g; flavonoids 50.52 umol RE/g; 38.27
umol/g ABTS; 52.00 umol/g DPPH; shoots:
phenolics 18.64 mg GAE/g; flavonoids 5.29
umol RE/g; 29.85 umol/g ABTS; 45.4 umol/g
DPPH

Kalita et al.
2014

Boruah &
Handique 2014

Payum et al.
2015
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66 Spondias pinnata (L. f.) Kurz

Anacardiaceae

E, SE Asia,
Thailand

leaves, pulp,
flower
clusters

antioxidants: phenolics 210 mg GAE/100 mg Satpathy et al.
of extract; flavonoids 28.0 mg CE/100 mg of 2011
extract; flavanol 9.97 mg RE/100 mg of

extract; 7.93 mg TE/100 mg of ectract FRAP;

ICs0 0.59 mg/mL of extract DPPH; TEAC

value of extract = 0.83

minerals: Ca 174.16 mg/100 g dw; K 66.1

mg/100 g dw; Mg 79.61 mg/100 g dw; Na

38.91 mg/100 g dw; P 108.40 mg/100 g dw;

Fe 4.25 mg/100 g dw; Cu 3.45 mg/100 g dw;

Mn 4.16 mg/100 g dw; Zn 12.65 mg/100 g

dw; Pb 0.207 mg/100 g dw; Sn 1.1 mg/100 g

dw; As < 0.01 mg/100 g dw; Cd < 0.01

mg/100 g dw; Hg < 0.001 mg/100 g dw; Se

0.027 mg/100 g dw; Ni 0.082 mg/100 g dw
vitamins: thiamine 0.46 mg/100 g dw;

riboflavin 0.24 mg/100 g dw; niacin 4.24

mg/100 g dw; vitamin C 200.2 mg/100 g dw

antioxidants: carotenoids 66 ng/100 g; Judprasong et
phytosterols 16.51 mg/100 g; phenolics 3,178 al. 2013

mg GAE/100 g; 365 umol TE/g DPPH; 424

umol TE/g FRAP; 241 umol TE/g ORAC

minerals: Ca 189 mg/100 g; P 28 mg/100 g;

Na 13 mg/100 g; K 163 mg/100 g; Mg 45

mg/100 g; Fe 0.22 mg/100 g; Cu 0.03 mg/100

0; Zn 0.12 mg/100 g

vitamins: vitamin C 37 mg/100 g; vitamin E

1.10 mg/100 g
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antioxidants: ripe fruit: total antioxidant Mani &
activity 1Cso 124.25 pg/ml (methanol extract); Thomas 2020
ICs0 92.5 pg/ml reducing power; 1Csp 97.5

pg/ml DPPH scavenging; 1Cso 144.0 pg/ml

nitric oxide scavenging; ICso 72.25 pg/ml

hydrogen peroxide scavenging; phenolics

243.13 mg GAE/100 g dw; flavonoids 183.87

mg QE/100 g dw; tannin 95.60 mg TAE/100 g

dw
67 Spondias lakonensis Pierre Anacardiaceae  SE Asia, pulp no data -
Thailand
68 Syzygium aqueum (Burm.f.) Myrtaceae SE Asia pulp antioxidants: polyphenols 285.80 mg Singh et al.
Alston GAE/100 g fw; anthocyanin 75.93 mg 2011

C3G/100 g fw; carotenoids 71.17 ug/g fw;

tannin 18.55 mg TAE/100 g fw; 97.51 mg

AEAC/100 g; antioxidant activity value =

92.40 % (acetone extract); 1Cs227.77 ug/mL

(agueous extract)

antioxidants: phenolics 30.7 mg GAE/100 g; Nallakurumban
flavonoids 62.07 pg/g; antioxidant activity et al. 2015
144.5 mg AEAC/100 g; pB-carotene 37.28 pg/g

minerals: Ca 0.64 mg

vitamins: vitamin C 13.8 mg/100 g

antioxidants: 1Cs 25.76 pg/mL DPPH; ICsp  Kumar
2,077.18 pg/mL ABTS; IC5 1,512.20 pg/mL  Priyanka &
hydroxyl radical scavenging; ICso 7,516 Rajalakshmi
pug/mL hydrogen peroxide radical scavenging; 2020

ICs0 1,304.99 pg/mL nitric oxide radical

scavenging; 1Cso 1,324.31 pg/mL superoxide

radical scavenging

-84 -




69 Syzygium malaccense (L.) Merr.

& L.M.Perry

Myrtaceae SE Asia,
Thailand

pulps,
flowers,
leaves, shoots

antioxidants: phenolics 29.55 mg GAE/100 g
fw; flavonoids 3.99 mg QE/100 g fw; DPPH
scavenging activity 16.75 % inhibition at 1
mg/mL

antioxidants: phenolics 8.03 mg GAE/g dw;
25.92 umol TEAC/g dw DPPH; 0.09 mmol
ferreous sulfate/g dw FRAP

vitamins: vitamin C 175.06 mg/100 g

antioxidants: phenolics 460 mg GAE/100 g;
flavonoids 294 mg QE/100 g; anthocyanin
300.54 mg/100 g; carotenoids 0.01-3.93
mg/100 g; 2.59 mmol TE/100 g DPPH; 9
mmol Fe;S04/100 g FRAP value; 137.44
mmol TE/100 g ORAC value

minerals: P 14.70 mg/100 g; Ca 0.36 mg/100
g; Fe 0.5 mg/100 g

vitamins: vitamin C 171.14-292.59 mg
AEAC/100 g; thiamine 0.03 mg/100 g;
riboflavin 0.03 mg/100 g; niacin 0.003/100 g

Anantachoke et
al. 2016

Nunes et al.
2016

de Paulo Farias
et al. 2020

70 Tiliacora triandra Diels

Menispermaceae SE Asia,
Thailand

leaves

antioxidants: ECs 14.51 pg/ml DPPH
scavenging activity

antioxidants: phenolics 97.899 mg GAE/g
(water extract); 1Cso 0.197 mg/g DPPH (water
extract); 1Csp 0.077 mg/g ABTS (water
extract); 0.054 mmol Fe (11)/g FRAP

Phadungkit et
al. 2012

Singthong et al.
2014

71 Uvaria grandiflora Roxb. Ex
Hornem.

Annonaceae SE Asia,
Thailand

pulp

no data
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72 Wolffia globosa (Roxb.) Hartog & Araceae

Plas

tropical Asia

leaves

antioxidants: freeze-dried weight: B-carotene
19.1 mg/100g; lutein 58.1 mg/100 g;
zeaxanthin 1.89 mg/100 g

minerals: freeze-dried weight: Fe 0.037
mg/100 g; Mn 30.2 mg/100 g; Cu 0.443
mg/100 g; Zn 8.42 mg/100 g; 1 0.05 mg/100
0; Se<0.003 mg/100 g; Ca 2,520 mg/100 g; K
5,460 mg/100g; Mg 3,170 mg/100 g; Na 310
mg/100 g; P 1,710 mg/100 g

vitamins: freeze-dried weight: a.-tocopherol
7.9 mg/100 g

vitamins: cobalamin 2.8 nug/100 g dw

Appenroth et
al. 2018

Sela et al. 2020

73 Ziziphus jujuba Mill.

Rhamnaceae

SE Asia,
Thailand

pulp, seeds,
leaves

antioxidants: carotene 0.021 mg/100 g fw
minerals: Ca 25.6 mg/100 g fw; P 26.8
mg/100 g fw; Fe 0.76—1.8 mg/100 g fw
vitamins: thiamine 0.02-0.024 mg/100 g fw;
riboflavin 0.02-0.038 mg/100 g fw; niacin
0.7-0.873 mg/100 g fw; vitamin C 65.8-76.0
mg/100 g fw

antioxidants: phenolics 45.29 mg GAE/100 g
fw; flavonoids 1.36 mg QE/100 g fw; DPPH
scavenging activity 4.45 % inhibition at 1
mg/mL

minerals: PSI cultivar: K 1,730 mg/100 g dw;
Ca 720 mg/100 g dw; Mg 770 mg/100 g dw;
Na 430 mg/100 g dw; Fe 1.71 mg/100 g dw;
Zn 0.40 mg/100 g dw (cultivar MSI 0.48
mg/100 g dw); Cu 0.05 mg/100 g dw (cultivar
MSI 0.12 mg/100 g dw); Mn 0.29 mg/100 g
dw

Pareek 2013

Anantachoke et
al. 2016

Hernandez et
al. 2016
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antioxidants: polyphenols 8.76-21.61 mg IvaniSova et al.
GAE/g; flavonoids 1.49-11.57 ug QE/g; 2017
carotenoid 1.53-14.31 pg/g; 11.18-16.82 mg

TEAC/g DPPH; 209.64-481.55 mg TEAC/g

dw molybdenum reducing antioxidant power

antioxidants: carotene 0.01 mg/100 g Liu et al. 2020
minerals: Ca 14 mg/100 g; P 23 mg/100 g; Fe

0.5 mg/100 g

vitamins: vitamin C 200-800 mg/100 g;

thiamine 0.06 mg/100 g; riboflavin 0.04

mg/100 g; niacin 0.6 mg/100 g

Footnotes: * = verified in The Plant list Database; ? = verified in Useful Tropical Plants Database; * = based on information obtained from scientific

literature cited in the references; AAE = ascorbic acid equivalent; ABTS = 2, 2"-Azinobis (3-ethylbenothiazoline-6-sulfonic acid) diammonium salt; AEAC

= ascorbic acid equivalent antioxidant capacity; BHAE = t-butylated hydroxyanisole equivalent; C3G = cyanidin-3-glucoside equivalent; CCE = cyanidin

chloride equivalent; CE = catechin equivalent; CUPRAC = modified cupric reducing antioxidant capacity; DPPH = 2,2-diphenyl-1-picryl-hydrazyl-hydrate;

dw = dry weight basis; E = east; ECso = half maximal effective concentration; EDTAE = ethylenediaminetetraacetic acid equivalent; FRAP = ferric reducing

antioxidant power; fw = fresh weight basis; GAE = gallic acid equivalent; ICs, = half maximal inhibitory concentration; IU = International Unit; ORAC =

oxygen radical absorbance capacity; QE = quercetin equivalent; RE = rutin equivalent; S' = south; SE = southeast; TAE = tannic acid equivalent; TE = trolox

equivalent; TEAC = trolox equivalent antioxidant activity
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5. Conclusions

Fruit and vegetable species play a huge role in human nutrition. They are
irreplaceable sources of essential substances needed for human health (FAO 1995;
Vali¢ek 2002; Hall et al. 2009; Pem & Jeewon 2015). Contained substances include
antioxidants, minerals, and vitamins, on which this thesis was focused, and other
biologically active substances such as primary metabolites (carbohydrates, lipids,
proteins) and secondary metabolites (alkaloids, phenolics, terpenoids), and water (Dauthy
1995; Hounsome et al. 2008; Kabera et al. 2014). Insufficient income of fruits and
vegetables together with an unhealthy lifestyle is associated with the development of non-
communicable diseases such as cancer, cardiovascular diseases, diabetes, obesity, and
many others. In addition, non-communicable diseases are the most common cause of
death in the world. Another problem in human nutrition are diseases associated with
deficiencies of essential micronutrients which persist in less developed parts of the world
(FAO & WHO 2004).

Thailand, which is a part of the Indo-Burma Biodiversity Hotspot, is one of the
most biodiverse countries in the world and countless fruits and vegetables are grown
there, including underutilized species. Thai cuisine is considered healthy and delicious.
Rice is used as a staple food and consumed with meat or fish and various kinds of
vegetables. Each of the 4 regions of Thailand has its own customs and traditions and uses
different ingredients in traditional local cuisine. Homegardens are often the source of such
ingredients and function as multi-use, multi-story, small-scale land-use systems and
provide various plants, be they food crops, medicinal plants, or ornamental plants.
Homegardens are also important sites of wild species domestication (Srithi et al. 2012;

Thailand Foundation & Ministry of Foreign Affairs of Thailand 2014).

Underutilized species have the potential to fight against malnutrition due to their
significant nutritional values. But high content of essential components is not the only
beneficial property of underutilized species. They are considered more resistant to biotic
stresses, can grow in unfavourable climatic conditions, and have the ability to strengthen

the food security and economy of the country (Padulosi et al. 2013; Hunter et al. 2019).
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It has been found that some of them have a significant content of micronutrients while

remaining neglected (Padulosi et al. 2013; Sirichamorn 2014).

In this thesis, 73 underutilized fruit and vegetable species of 32 families
originating or naturalized in Thailand were identified. For 8 of them, data on the content
of antioxidants, minerals, and vitamins were not available. Also, data on all three
monitored parameters together were found in only 34 species. For other species, at least

1 monitored parameter was missing.

In the terms of antioxidants, it is very difficult to determine the most interesting
species because of the variability of the measurement methods used and the different units
in which the results are expressed. The most common methods mentioned were
determination of 1Cso (half maximal inhibitory concentration) and expression of
antioxidant content using different equivalents (trolox equivalent, rutin equivalent, and
others). If focused on ICso, Durio kutejensis showed the best antioxidant activity with
ICso 1.0 pug/mL ABTS (using ethyl acetate solvent) (Arung et al. 2015). D. kutejensis has
about 20 cm long ellipsoid fruit with thick-textured, yellowish-orange flesh which is eaten
raw but is less sweet than commonly knew durian (D. zibethinus). Another interesting
species with high antioxidant activity is Cosmos caudatus which provides various
antioxidants such as carotenoids, kaempferol, quercetin, and many others. C. caudatus is
an herb originating in Latin America but was naturalized as a weed pantropically. Leaves
and tops are consumed raw or cooked. It can be added to salads and stews (Rafat et al.
2010; Andarwulan et al. 2012; Bunawan et al. 2014; Useful Tropical Plants Database
2014; Cheng et al. 2015).

Determination of the species with the highest mineral content was difficult due to
different measurement methods, with some research using a dry matter of the plant, while
other research using fresh matter. Neptunia oleracea showed significant content of
minerals such as calcium, copper, magnesium, manganese, phosphorus, potassium, and
zinc. Crisp and juicy leaves, stems, and young seedpods of N. oleracea are consumed raw
or cooked and can be added to salads. Although the origin of N. oleracea is uncertain, it
is widely distributed in Southeast Asia. Also, Dracontomelon dao and Gnetum gnemon
have shown to be species with valuable mineral contents. D. dao, of which the fruits are
eaten raw, or cooked with soy sauce and served with rice showed interesting contents of

calcium, chlorine, cobalt, chromium, iron, magnesium, manganese, potassium, sodium,
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and zinc. G. gnemon showed high contents of calcium, copper, iron, magnesium,
manganese, phosphorus, potassium, and zinc. G. gnemon is a multipurpose tree of which
leaves are consumed raw or cooked, seeds are consumed cooked, inflorescences and fruits
are added to soups, peel of the fruit is dried and used in soups, and the stem sap is
drinkable (Majid et al. 1995; Bhat & Binti Yahya 2014; Useful Tropical Plants Database
2014; Kongkachuichai et al. 2015; Ainul Asyira et al. 2016).

The evaluation of vitamin-rich species was similar to the evaluation of mineral-
rich species, again using methods of dry matter and fresh matter that make the
determination difficult. The most interesting contents of vitamins (A, B, B2, Bs, C, E)
were observed in Aegle marmelos, Mangifera odorata, and Sesbania grandiflora.
Pleasant-flavoured yellow fruits of A. marmelos are consumed raw or processed into
jams, sweets, and beverages. M. odorata is a crop with local economic significance in the
areas where the mango (M. indica) cannot be cultivated due to high humidity. The origin
remains unknown but according to scientific studies, M. odorata is a hybrid of M. foetida
and M. indica, so Southeast Asia appears to be the place of origin. S. grandiflora is a
loosely branching tree with edible flowers, gum, leaves, seedpods, seeds, and shoots.
Very interesting is also Wolffia globose, also known as a Khai Nam, which was the only
cobalamin (vitamin B12) containing species. W. globose is an aquatic plant of which
leaves are consumed cooked because of their excellent flavour like sweet cabbage (Duke
1983; Reddy & Urooj 2013; Useful Tropical Plants Database 2014; Pandey et al. 2015;
Mirfat et al. 2016; Barbosa Gamez et al. 2017; Sela et al. 2020).

The most promising crops with the widest spectra of antioxidants, minerals, and
vitamins seem to be already above-mentioned A. marmelos (Appendix 1.), and S.
grandiflora (Appendix 11.), but also Spondias pinnata (Appendix Ill.), and Ziziphus
jujuba (Appendix IV.). S. pinnata is a deciduous tree of which the leaves are added to
stews for their sour flavour. Fruits and flowers are consumed raw or cooked. Z. jujuba is
an evergreen thorny tree in which the fruits are consumed raw or preserved, sweet raw
seeds are consumed as a snack, and young leaves can be cooked as a vegetable (Useful
Tropical Plants Database 2014). It would be appropriate to promote these species more
to the local people as they could enrich their diet and increase their financial incomes and
standard of living. Also, such species could be used in industry and for the production of

various food products such as beverages, desserts, or even food supplements.
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For 8 species no data were available on antioxidant activity or mineral and vitamin
content. It would be therefore appropriate to focus on their research. Such research could
provide very interesting and useful information and could reveal the undiscovered
nutritional potential of some underutilized species originating in Thailand. Indeed, some
of the underutilized fruits and vegetables may have enormous potential, and exploring
them could revolutionize the fight against malnutrition, diseases of affluence, and various

environmental problems.
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