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Abstract

Tamarindus indica is recognized highly around the world for its nutritional and
high health promotion values. In the recent past, antioxidants from natural
sources and their roles in prevention and treatment of various ailments have
been extensively studied. Wide distributions of polyphenol and flavonoid
compounds in Tamarindus indica are believed to be responsible for its high
antioxidant activity. Phenolic compounds present in tamarind are beneficial for
cardiovascular health and immunological health and have specific roles in anti-
microbial and anticancer activities. The flavonoids present in different parts of
tamarind are known to exhibit defence mechanism as an anti-inflammatory,
antidiabetic and antihyperlipidemic agent for the treatment of several human
health hazards. Although a huge amount of data is available in the literature
concerning the antioxidant properties of Tamarindus indica, this chapter is an
attempt to compile all those information in a single platform to aid the future
direction of this research area.
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16.1 Botanical Name, Common Name

Botanical name: Tamarindus indica Linn
Common name: Teteli (Assamese), Imli (Hindi), Tamarind (English)

16.2 Introduction

Tamarindus indica L. is one of the chief leguminous plant species of Fabaceae
family. Almost each and every part of this plant has some use in medicinal,
nutritional, economic, or environmental context. Therefore, it is regarded as a
multipurpose tree. Although it is capable of tolerating a dry condition of 5—6 months
long duration, but it has a very minimal amount of chance in surviving at stumpy
temperature (Pereira et al. 2011). The diverse varieties of tamarind can be further
divided into two distinct types—acidic variety and sweet acidic variety. The former
variety easily develops under warm and sunny locations and therefore is most
common. The latter, which is a sweet-type variety, is more sensitive to fluctuations
in temperature and so not readily available. Tamarind has a great demand towards its
fruits that are either consumed as fresh raw material or processed. The mouth-
watering sweet acidic taste of tamarind pulp is due to balanced combination of
tartaric acid and reducing sugar content. Pulp has various utilities such as seasoning,
flavour confections, curries, chutneys, sauces, juice, infusion, brine, or beverage.
Seeds of tamarind are the by-products of various industries that use tamarind pulp as
their raw material. An occurrence of an elevated amount of chemicals such as tannins
as well as various dyeing substances in the testa makes the entire seed unpleasant for
direct consumption (Kumar and Bhattacharya 2008). Therefore, seeds are first
soaked and boiled in water before consumption. A well-known product known as
tamarind kernel powder or TKP is the foremost industrial product of tamarind seed
industry. TKP has various utilizations such as a raw material in the jute and paper
industries, initial sizing material of the fabric and textile industry (Kumar and
Bhattacharya 2008). Jellose, which is a polysaccharide isolated from its seed, is
utilized as a stabilizer in cheese as well as mayonnaise and ice cream and in the
manufacturing of pharmaceutical product. In some developing countries, tamarind
seeds can serve as a substitute protein source to lessen malnutrition problems.
Flowers and leaves can be eaten fresh, cooked in a variety of dishes, or can be
prepared into curries, salads and soups. So, basically this plant has huge potential in
eradicating many problems associated with human health and that’s why a compiled
review of the work done on this plant is an extremely necessary step for providing a
direction to the future researchers.
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16.2.1 Origin and History

Various authors have anticipated different geographical areas for the origin of
tamarind like Far East or Africa (Coates-Palgrave 1988) or Ethiopia (Troup 1921).
But the fact is that tamarind is aboriginal to Africa and exotic to Central America and
the Asian subcontinent. However ‘Tamarind’ word itself is a Persian word derived
from ‘tamar-i-hind’ meaning ‘date of India’. Moreover, the presence of tamarind is
indicated in the historic Indian Brahma Samhita scriptures way before between 1200
and 200 BC (EI-Siddig 2006). Therefore many natural scientists including Morton
and Dowling (1987) thought it to have been originated from India. The dispersal of
tamarind to Asia is thought to have occurred in the first millennium BC. Later, the
development of cultivation techniques for tamarind was acknowledged in the coun-
try of Egypt by 400 BC. It is believed that Arab and Persian merchants brought
tamarind to South East Asia from India.

16.2.2 Production

Among Asian countries, India and Thailand are the leading tamarind producers
followed by Indonesia, Sri Lanka, Bangladesh and Thailand. Apart from that,
Mexico and Costa Rica are the prime producers of Tamarind in America. Although
in Africa tamarind has its wide uses among the local people but no commercial
productions have been reported so far. Trivial producers in Africa are Zambia,
Kenya, Senegal, Tanzania and Gambia (EI-Siddig 2006). An interesting observation
can lead us to the fact that India is the only country in the world to produce tamarind
as fruit of commercial crop. Within the country, tamarind is abundantly cultivated in
Tamil Nadu, Andhra Pradesh, Madhya Pradesh, Odisha, Karnataka, Kerala, Bihar
and West Bengal. India recorded a yield of 188,278 tonnes of tamarind in the year
2007-2008 and 193,873 tonnes in the year 2008-2009 (Rao and Mathew 2012).
Tamil Nadu accounted for the largest volume of tamarind production in the year
2018, followed by Kerala and Maharashtra. About 5.5 million tonnes of Tamarind
fruit have been marketed widely within India and about 70,000 tonnes have been
exported annually. India exported 97,000 tonnes of fresh and dried tamarind worth
Rs. 14 crores to West Asia, Europe and America during 1996-1997. For the purpose
of marketing, salt has been replaced by sugar to ensure its preservation and prepara-
tion. This sweet pulp is exported to countries such as the USA and Europe to be used
in confectionery. After India, Thailand holds the second position as a leading
tamarind producer with a record of 140 thousand tonnes production margin (Yaacob
and Subhadrabandhu 1995). Production and export of tamarind from other Asian
countries take place at much lesser scale as compared to Thailand and India. Out of
the total world production of tamarind, sour variety is most widespread comprising
95%. Thailand is considered as the world’s biggest producer of sweet tamarind.
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16.2.3 Botanical Description

Tamarind is a hefty, evergreen, or semi-evergreen tree of 12—14 m high with a thick
trunk up to 1.5-2 m across and up to 8 m in circumference. Leaves are alternate and
even pinnate, 5—-12.5 cm long, shortly petioled and petiole glabrous or puberulent.
Leaflets are subsessile, 10—12 paired, closely set on the rachis, oblong, obtuse,
glabrous and reticulately veined. Flowers are few, borne in racemes at the ends of
branches, the lateral flowers are dropping. Flowers bisexual, irregular with a pedicel
(5—10 mm) are connected at the apex. Bracts are early caduceus and ovate oblong.
There are two small bracteoles, boat-shaped and reddish. Calyx (8—15 mm long)
with a very constricted turbinate tube with four unequal sepals, imbricate, ovate and
membranous in nature. Corolla of five petals with two anterior and three upper; the
upper petals are more or less longer than the sepals while the anterior petals are
found as bristle embedded in the basal portion of the staminal tube Out of all the
seven stamens, three are fertile and rest four are sterile. Anthers are reddish brown in
colour, oblong in nature, transverse and dehisce longitudinally. The position of
ovary is superior to other floral parts with few to numerous ovules, stalked. The
fruits are pods, 5-16 cm long and 2 cm broad, oblong, curved or straight, com-
pressed. The outer epicarp of pod exhibits a brown or light grey colour and scaly.
The pulp inside is soft and blackish brown in colour. Each of the pod contains up to
3-12 obovate, oblong mature seeds. Seeds are hard, and colour varies from slightly
reddish to purplish brown, exalbuminous with thick cotyledons.

16.3 Antioxidant Properties of Tamarindus indica

Antioxidants are the substances that inhibit the oxidation process of the targets even
at low concentration and thus acting as body’s endogenous defence system against
free radicals. These antioxidants can be grouped into two broad categories—natural
and synthetic antioxidants. According to some researches in the recent past, the use
of synthetic antioxidants has shown their unwanted side effects, so extensive use of
such materials may cause potential health risk in the near future (Kaur and Kapoor
2001). Therefore, nowadays people are more interested towards natural antioxidants
rather than synthetic products. Natural antioxidants primarily include polyphenols
that present in almost every portion of the plants such as barks, fruits, leaves, nuts,
roots and seeds. Flavonoids (a subclass of polyphenol) are second most important
natural antioxidants (Lu et al. 2011). Vitamins, for instance, vitamin C (ascorbic
acid) and vitamin E (Tocopherol), carotenoids are furthermore known to have
antioxidant potentials. Tamarindus indica is known to have remarkable antioxidant
property. Different parts of tamarind such as fruit pulp, pericarp, seed and leaves are
natural sources of antioxidants that can be an alternative to synthetic antioxidants.
Different antioxidant compound identified from various parts of tamarind along with
the antioxidants present in their products are described below.
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16.3.1 Seed

Tamarind is an admirable supply of natural antioxidants such as phenolic
compounds and flavonoids. Polyphenols are the most noteworthy compounds
responsible for antioxidant properties of plant raw material (Buck Up and
Samappito 2011). Tsuda et al. (1994) reported four phenolic compounds from
seeds of tamarind, which are 2-hydroxy-3’, 4’dihydroxyacetophenone, methyl
3,4-hidydroxybenzoate, epicatechin and 3,4-dihydrophenyl acetate. Furthermore,
they have reported that these extracts exhibited antioxidant activities by plummeting
lipid peroxidation in vitro. Later on, Lakhe et al. (2017) confirmed the antioxidant
property of tamarind seed extract through peroxide value and Kreis test. Caffeic acid
is the most important compound in seed extract responsible for its antioxidant
properties protecting cells against lipid peroxidation (Razali et al. 2015). Methanolic
extracts obtained from tamarind seed coat have the potential to restore activity of
antioxidants of enzymatic origin such as catalase of carbon tetrachloride (CCly)-
induced oxidative damage in albino rats in vitro and superoxide dismutase (Sandesh
et al. 2014). They suggested that these products could be used as health supplement,
nutraceutics as well as food preservative. Because of the occurrence of flavonoids,
phenols and tannins, the extracts from seed coat possess a number of activities such
as lipid peroxidation, diminution, antimicrobial, antihyperlipidemic, antidiabetic,
antityrosinase, collagen stimulating, anti-inflammatory (Soradech et al. 2016). Not
only the raw seed coats but also the phenolic substances from the dry heated seed
coats are potent antioxidant source (Siddhuraju 2007). Even the tamarind seed husk
has high content of phenolic compounds and antioxidant activities as reported by
many researchers (Povichit et al. 2010; Sinchaiyakit et al. 2011).

16.3.2 Pericarp

The outermost layer, that is, exocarp is variously known as skin, pericarp, peel, or
husk of a fruit. Polyphenolic profile of methanolic extract of tamarind pericarp
mostly contains proanthocyanidins (73.4%) such as (p)-catechin, taxifolin,
procyanidin trimer, luteolin, epicatechin, naringenin of total phenols, procyanidin
B.,, apigenin, eriodictyol and tetramer, pentamer and hexamers of procyanidin as a
whole (Sudjaroen et al. 2005). Pumthong (1999) also found extracts of tamarind
pericarp to be dominated mainly by polymeric tannins and oligomeric procyanidins.

16.3.3 Fruit Pulp

The pulp constitutes most part (25-50%) of the mature fruit of tamarind, the fibre
and shell constitute 10-30% and the seed constitutes about 25-45% (El-Siddig et al.
1999). Fruit pulp of Tamarindus indica is a rich source of phytonutrients, including
phenolic compounds that have the potential to act like proper dietary antioxidants. It
is a prosperous resource of polyphenols such as flavan-3-ols (epicatechin and
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catechin), flavonoids (vitexin, iso-vitexin), procyanidin, triterpenes (orientin,
iso-orientin) and vitamins (B3, E and C) (Narina et al. 2019). When flesh of tamarind
was compared with other fruits such as avocado, jackfruit, mango and longan, it
showed the highest phenolic content (Soong and Barlow 2004). Moreover, fruit
extract obtained from tamarind boosts up and triggers the antioxidant defence
coordination of the body. Raw extract of pulp, when administered on model animals
in laboratory, largely enhanced the efficiency of certain enzymatic antioxidants such
as superoxide dismutase and glutathione peroxidase (Lim et al. 2013; Martinello
et al. 2006). Fruit pulp extract of tamarind caused 50% lowering in the initial level of
serum total cholesterol, 73% lowering of non-high-density lipoprotein (non-HDL)
cholesterol, 60% triglyceride reduction and an enhancement up to 61% in case of
high-density lipoprotein level during an in vitro experiment performed on
hypercholesterolemic hamster. The experiment showed free radical scavenging
activity of the obtained extract as proved by 2-2-diphenyl-1-picrylhydrazyl
(DPPH), low lipid peroxidation in serum, and radical superoxide assays (Martinello
et al. 2006). Fruit pulp is a rich source of organic acids. Among all the chemical
constituents of tamarind, tartaric acid is most abundant. The acidic taste of tamarind
is due to the existence of high concentration of tartaric acid in various parts
(El-Siddig et al. 1999). Other organic acids comprise succinic acid, malic acid,
formic acid, oxalic acid, acetic acid and citric acid (Katsayal et al. 2019).

16.3.4 Leaf

Antioxidant activities of tamarind leaf have been highlighted by many researchers
(Mbaye et al. 2017; Selvi et al. 2011). Flavonoids and tannins are the main
constituent of tamarind leaf (De Caluwé et al. 2010). Methanolic extracts of leaf
show 80% phenol, 60—70% flavonoids and 50% tannin content (Selvi et al. 2011).
These abundant polyphenolic constituents are responsible for the antioxidative
activities of its leaves. HPLC-UV spectroscopy analysis of leaf extracts identified
six flavonoids derivatives—Luteolin 7-o-glycosides, luteolin, apigenin, isorientin,
orientin, vitexin and one polyphenol derivative derivative—caffeic acid (Escalona-
Arranz et al. 2010). Gas chromatography-mass spectrometry (GC-MS) analysis of
leaf extracts also showed the presence of sterols and phenolic compounds. Those
compounds are limonene, naringin, caryophyllene, p-cymene and B-sitosterol
(Escalona-Arranz et al. 2010). Limonene and naringin are the two well-known
phenolic compounds in citrus fruits having antioxidant activities (Bacanli et al.
2015). B-Sitosterol is a naturally occurring sterol molecule mostly found in legumes,
cereals, plant oil, seed and nuts. It has potential to inhibit the growth of specific type
of tumour cell in vitro. B-Sitosterol was seen to prevent lipid peroxidation and restore
the activity of nonenzymatic antioxidants to normal function in a DMH (1,2-
dimethylhydrazine)-mediated colon carcinogenesis in Wistar rats (Baskar et al.
2012). Glycosides are also known to have antioxidant potential. A good figure of
glycosides such as isoorientin, isovitexin, vitexin and orientin have been extracted
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from the leaves of tamarind (Bhatia et al. 1966). Leaves of tamarind are known to be
a very rich source of ascorbic acid or vitamin C (EI-Siddig 2006).

16.3.5 Juice Concentrate

Tamarind juice is a wealthy supply of antioxidant that boosts up body’s immune
system. It is a very rich resource for ascorbic acid, which acts as a blood purifier.
Regular consumption of juice extracts of Tamarindus indica prevents the body from
oxidative damage. It has the inherent capacity to prevent the entire process of
oxidation of cholesterol, thus preventing them by adhering to the walls of arteries
and finally jamming them in the process. This will, in turn, lessen the threat of high
cholesterol level and coronary heart disease (Maheshwari et al. 2014). The approxi-
mate composition of juice concentrate as reported by Central Food Technological
Research Institute, that is, CFTRI is enumerated later:

Invert sugars 50%
Total tartaric acid 13%
Moisture content 30%
Protein 3%

Pectin 2%

Cellulosic material 2%

16.3.6 Antioxidant Properties of Products Obtained From
Tamarindus indica

Tamarind kernel powder (TKP) is the final product of tamarind seed industry. TKP is
incorporated during preparation of baked products such as cake and biscuits in order
to improve nutritional content and increase shelf life. TKP-incorporated baked
products showed increased shelf life that might be due to its potent antioxidant
properties (Chakraborty et al. 2016). Pectin is a very much naturally occurring
polysaccharide in the plant body. It is extensively engaged as stabilizing emulsifying
and gelling agent (Koubala et al. 2008). Pectin isolated from tamarind pulp is known
to exhibit antioxidant potential. Its antioxidant activity is higher than or similar to
tamarind seed, pulp, or seed coat (Sharma et al. 2015). Rodriguez Amado et al.
(2016) formulated and standardized a new tablet from tamarind leaf. They evaluated
antioxidant and hepatoprotective potential of the formulation on a Sprague Dawley
rats intoxicated with CCl,. They found that redox balance of all enzymatic
antioxidants remained normal and lipid peroxidation is inhibited in the experimental
groups treated with tablets. Xyloglucan is a natural polysaccharide obtained from
tamarind seed kernel. This polysaccharide has a range of applications in areas like
medicine industry, textile industry and food and drug delivery technology (Mishra
and Malhotra 2009). Xyloglucan exhibits strong antioxidant, antimutagenic and
anticarcinogenic activity along with gallic acid (Hirun et al. 2015). Tril et al.
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Table 16.1 Various antioxidant compounds isolated from different parts of Tamarindus indica

Various parts | Compounds References
Seed 2-Hydroxy-3',4'dihydroxyacetophenone, Tsuda et al. (1994), Razali
methyl 3, 4-hidydroxybenzoate, et al. (2015).

3.,4-dihydrophenyl acetate, epicatechin, and
caffeic acid
Pericarp Naringenin, taxifolin, (p)-catechin, luteolin, Sudjaroen et al. (2005)
eriodictyol, epicatechin, apigenin,
procyanidin B,, and trimers-tetramers-
pentamers-hexamers of procyanidin.
Fruit pulp Catechin, epicatechin, vitexin, iso-vitexin, Narina et al. (2019), Katsayal
procyanidin, orientin, iso-orientin, vitamins et al. (2019).
(B3, E, ©), formic acid, oxalic acid, acetic
acid, malic acid, tartaric acid, succinic acid,
and citric acid

Leaves Luteolin 7-o-glycosides, luteolin, apigenin, Escalona-Arranz et al. (2010),
isorientin, orientin, vitexin, caffeic acid, Bhatia et al. (1966),
limonene, naringin, Caryophyllene, El-Siddig (2006).

p-cymene, B-sitosterol, vitexin, isovitexin,
orientin, isoorientin and vitamin C

(2014) evaluated various physicochemical, antioxidant and antimicrobial properties
of rich fibre powder extracted from the tamarind pulp. Authors urged that fibre
powder can be utilized during food processing as a natural preservative due to the
presence of natural antioxidants (phenols and flavonoids) and antimicrobial
compounds in it (Table 16.1).

16.4 Antioxidant-Mediated Biological Activities of T. indica
and Its Mechanism of Action

Free radicals are the short-lived reactive molecules possessing unpaired electrons.
Depending upon its site of production and concentration, these reactive molecules
may react with cellular proteins and macromolecules and modify several cellular
proteins, lipids, DNA and cellular signal transduction pathway. Both enzymatic and
nonenzymatic antioxidants have different mechanism of action towards these free
radicals. The working mechanism of enzymatic antioxidants includes breakdown
and removal of free radicals while nonenzymatic antioxidants perform its action by
directly breaking the free radical chain reactions. All natural antioxidants fall under
the category of nonenzymatic antioxidants. Natural antioxidant compounds have
loads of positive biological effects towards health promotion. Antioxidant-mediated
biological role of tamarind includes antinematodal, anticancer, antimicrobial,
molluscicidal, antifungal, antidiabetic, cytotoxic, antiviral and anti-inflammatory
(Katsayal et al. 2019). Atawodi and Mubarak (2015) from their experiment reported
an in vivo hepatoprotective and nephroprotective effect of different parts of tamarind
attributed to its antioxidant potential. Fruit pulp extract of tamarind caused lowering
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in the level of non-HDL cholesterol, serum total cholesterol and triglyceride, again,
an increase in high-density lipoprotein levels during an in vitro experiment
performed on hypercholesterolemic hamster representative of its potential in
minimizing the threat of atherosclerosis in humans (Martinello et al. 2006).
Antioxidant-mediated ameliorative effect of seeds of the extracts of Tamarindus
indica on chemically induced nephrotoxicity and renal cell carcinoma has been well
explained by Vargas-Olvera et al. (2012). Various polyphenolic compounds in the
seed extract have antioxidant enzyme induction as well as cancer signalling pathway
blockage properties. Studies have shown that intake of antioxidants from natural
sources has advantageous effect on cardiovascular system. Fruit extract of tamarind
exhibits hypocholesterolemic and antioxidant properties. It increases the expression
of low-density lipoprotein (LDL) receptor gene, ABCGS and Apo-Al, and decreases
the expression of microsomal triglyceride protein (MTP) coding gene and 3-
hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase in the liver. In this way it
prevents triglyceride accumulation in liver by increasing cholesterol excretion and
intake of LDL-cholesterol from tangential tissues and lowering cholesterol biosyn-
thesis. It prevents atherosclerosis by preventing LDL-cholesterol oxidative damage
(Lim et al. 2013). Epicatechin, a flavonoid compound present in seed and fruit of
tamarind, shows hypolipidemic effect by lowering triglyceride level (Landi Librandi
et al. 2007). The antioxidant activity is mostly associated with the presence of a
diverse group of phenolic compounds. In Tamarind, phenols are the most domi-
nantly found natural antioxidant. These compounds act as hydrogen donors or metal
ion chelators by inhibiting the oxidation of low-density lipoprotein (LDL). Phenolic
compounds inactivate free radicals by transferring hydrogen molecules from its
hydroxyl groups. It maintains a shielding role against various neurodegenerative
diseases such as cancers and cardiovascular disease (Menezes et al. 2016). Alpha-
tocopherol (vitamin E) is a potential lipid-soluble antioxidant found in the fruit of
tamarind. It functions by chain breaking during reactive species mediated membrane
lipid peroxidation. Tocopherol reacts with lipid peroxyl radical and forms a stable
product tocopheroxyl radical that is inadequately reactive to initiate membrane lipid
peroxidation by its own (Nimse and Pal 2015). Ascorbic acid (vitamin C), a
hydrosoluble antioxidant mainly present in fruit pulp, is another free radical scaven-
ger. It acts by giving away an electron to the lipid radical itself changing to ascorbate
radical and thereby terminating the lipid peroxidation. The resultant ascorbate
radical is feebly reactive and changes to ascorbate by reductase-dependent nicotin-
amide adenine dinucleotide (NADH) or nicotinamide adenine dinucleotide phos-
phate (NADPH). Alternatively ascorbate radical can undergo pH-dependent
disproportionate reaction forming one molecule of dehydroascorbate and one mole-
cule of ascorbate. The former does not have antioxidant property and hence it is
transformed back to ascorbate by accepting two more electrons. Flavonoids are
another group of compounds known for its antioxidative property. Free radical can
be interfered by flavonoids through different mechanisms. One way out is the direct
scavenging of free radicals in which flavonoids tend to stabilize the reactive species
by reacting with them and thus making them less reactive. Radicals are made
inactive because of highly reactive hydroxyl group of flavonoids. Second
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mechanism includes nitric oxide (NO) scavenging. Although a minimal production
of NO is significant for maintaining proper dilation of blood vessel, overinduction
can cause oxidative damage. At high concentration, NO tends to react with the free
radicals yielding the highly destructive peroxynitrite. Peroxynitrite oxidizes LDLs;
as a consequence it causes irreversible damage to the cell membrane. Flavonoids
have the potential to scavenge these free radicals, resulting in less damage (Nimse
and Pal 2015) (Table 16.2).

16.5 Health Benefits

Tamarind products are frequently used as health remedies right the way through
Asian subcontinent, Africa and the America since time immemorial (EI-Siddig
2006). The entire tree has tremendous medicinal importance that has been utilized
in traditional African medicine and Indian Ayurvedic medicine (Jayaweera 1981;
Parrotta 1990). Tamarind fruit is used as a blood tonic, digestive aid, expectorant,
laxative and carminative (Komutarin et al. 2004). The laxative characteristic of the
pulp is due to the presence of high amounts of tartaric acids, malic acid and
potassium acid tartrate (Irvine 1961). The pulp unaided or in amalgamation with
spices or camphor, milk, lime juice, dates and honey is used as carminative and
during digestive disorders. It is also used as a remedy for bile disorders, febrile
conditions and biliousness. Tamarind is also utilized for the handling of mild
malarial fever (Timyan 1996). The fruits have molluscicidal, anti-bacterial and
anti-fungal properties as well (Guerin and Reveillere 1984; Ray and Majumdar
1976). Antibacterial effect is due to the presence of a compound called lupeol
(Al-Fatimi et al. 2007). Tamarindienal, a compound isolated from the fruit, exhibits
antifungal activity (Imbabi et al. 1992; Imbabi and Abu-Al-Futuh 1992). Anti-
inflammatory properties of tamarind pulp have also been well reported (Rimbau
et al. 1999). Tamarind pulp extract is used to cure malarial fever and alleviate
sunstroke. Pulp is used to treat skin infection and intestinal ailments. Moreover,
juice extracted from pulp is used as a gargle to take care of sore throats.

Tamarind seeds are known for its antidiabetic properties (Maiti et al. 2004; Rama
Rao 1975). Seeds are used in the treatment of bladder stones, ulcers and dysentery
(Rama Rao 1975). Antiobesity effect of seed is due to the presence of procyanidin
(Kumar and Bhattacharya 2008). The glucosyl transferase inhibitor, which is a
compound obtained from seed husks, was reported to exhibit antidental caries effect
in a report claimed by Tamura et al. (1996). It is also used against snake bite in India.
Antivenom nature of tamarind has been studied and found that the seed extracts
possess potential to inhibit protease, 5'-nucleotidase phospholipase, hyaluronidase
and l-amino acid oxidase enzyme activities of venom in dosage-dependent mode
(Ushanandini et al. 2006).

The boiled or dried flowers and leaves of tamarind are used as poultices for
swollen joints, boils and sprains. Extracts and lotions prepared from leaves and
flowers are used in treating jaundice, dysentery, haemorrhoids, erysipelas and as
antiseptics, vermifuges and conjunctivitis. During coughs, urinary troubles, liver
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Table 16.2 Antioxidant-mediated biological activities of Tamarindus indica

Various
Compound name parts Biological effect References
Methyl 3,4- Seed coat | Anticancer, Kuru (2014), Tsuda et al. (1994)
dihydroxybenzoate spasmolytic,
3,4-dihydroxyphenyl Seed coat | Antimicrobial, Tsuda et al. (1994), Kuru (2014)
acetate spasmolytic
Vitamin C Fruit Antioxidant, Kuru (2014), Meena et al. (2018),
pulp immune stimulant | De Caluwé et al. (2010)
2-hydroxy-3', 4'- Seed coat | Anticancer, Escalona-Arranz et al. (2010),
dihydroxyacetophenone spasmolytic Tsuda et al. (1994), Kuru (2014)
Catechin Pulp Antioxidant Kuru (2014), Bhadoriya et al.
(2011)
Taxifolin Pericarp, | Antioxidant Bhadoriya et al. (2011)
pulp
Succinic acid Pulp Antioxidant Bhadoriya et al. (2011)
Apigenin Pulp Antioxidant, anti- | Bhadoriya et al. (2011)
inflammatory
Tannins Pulp Antimicrobial, Kuru (2014), Meena et al. (2018),
Antiulcers Gupta et al. (2014)
Tartaric acid Leaves, Antioxidant, Meena et al. (2018), Adeniyi et al.
pulp antimicrobial, (2017)
laxative
Terpenoids Pulp Anti- Iskandar et al. (2017), Gupta et al.
inflammatory, (2014)
antimicrobial
Procyanidin B,, dimer, Pulp, Anticancer, Bhadoriya et al. (2011), Kuru
trimer leaves, antiulcers (2014)
pericarp
Orientin Leaves Antioxidant Meena et al. (2018)
Isoorientin Leaves Antioxidant Meena et al. (2018)
Oxalic acid Leaves Antioxidant, Meena et al. (2018)
anticoagulant,
allelochemical,
Vitexin Leaves Antioxidant Meena et al. (2018)
Isovitexin Leaves Antioxidant Meena et al. (2018)
Naringenin Leaves Antioxidant Meena et al. (2018)
Citric acid Leaves, Antioxidant, anti- | Sairah et al. (2014), Meena et al.
pulp inflammatory (2018), Bhadoriya et al. (2011)
Malic acid Pulp, Antioxidant, Sairah et al. (2014), Bhadoriya
leaves laxative, et al. (2011), Meena et al. (2018)
Epicatechin Pulp, Anticancer, Tsuda et al. (1994), Kuru (2014),
seed, antioxidant, Adeniyi et al. (2017), Bhadoriya
pericarp antiulcer, et al. (2011)

Source: Katsayal et al. (2019)
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Table 16.3 Medicinal uses of different parts of Tamarindus indica

Disorder/medicinal use | Parts used Reference

Laxative Pulp, leaf, bark | Komutarin et al. (2004), Bhat et al. (1990),
Havinga et al. (2010)

Abdominal pain Leaf, root, bark | Havinga et al. (2010), Chhabra et al. (1987),
Doughari (2006)

Wound healing Leaf, bark Fabiyi et al. (1993)

Diabetes Seed Maiti et al. (2004)

Hepatoprotective Leaf, fruit, seed | Pimple et al. (2007)

Dysentery Root, leaf Bhadoriya et al. (2011), Chhabra et al. (1987)

Diarrhoea Pulp Bhadoriya et al. (2011)

Infertility All arial parts Alawa et al. (2002)

Malaria Bark, fruit, leaf | Havinga et al. (2010)

Antivenom Seed, leaf, root Ushanandini et al. (2006)

Vertigo Pulp Havinga et al. (2010)

Anti-inflammatory Pulp Rimbau et al. (1999)

Mumps Leaf Havinga et al. (2010)

Fever Pulp, bark, leaf Havinga et al. (2010)

Ear ache Leaf Havinga et al. (2010)

Scurvy Fruit pulp Havinga et al. (2010)

Measles Pods, leaves Havinga et al. (2010)

ailments, fever, intestinal worms and throat infections, leaves are mixed with salt and
water and consumed directly. Leaves and bark are mostly used to heal wounds when
applied in the mode of a powder or decoction or as a poultice, separately or with
other species. (Fabiyi et al. 1993). Bark of the tamarind tree is utilized as effective
tonic, febrifuge and astringent. It is applied to relieve ulcers, sores, rushes and boils.
Bark and leaves are used for wound healing, applied superficially on the spot, either
in combination with other species, as a powder or poultice, alone or as a decoction
(Table 16.3).

16.6 Conclusion

According to health experts, some synthetic antioxidants are carcinogenic so exten-
sive use of such materials corresponds to health risk. Therefore nowadays people
prefer more natural antioxidants over synthetic. Tamarind is one such easily avail-
able fruit that serves as a natural source of antioxidants. It has tremendous contribu-
tion towards traditional health care system and its tremendous potential can be used
more extensively in developing modern-day drugs. Therefore, further investigations
and research work should be carried out about its antioxidant and biochemical
potential with the aid of modern techniques for finding out the enormous scope
hidden within this majestic plant Tamarindus indica.
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