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    Spices and culinary herbs have been in use since ancient times for medicinal purposes. With time many of them have emerged as effective herbal remedies against acute and chronic diseases. Culinary, recreational, and medicinal uses of spices and herbs has triggered vigorous scientific research in the last decades, and their antioxidant, anti-inflammatory, anticancer, anti-infectious, and glucose- and cholesterol-lowering activities were extensively studied. Many of them were also found to be effective in the prevention of neurological disorders and age related diseases. Research on various aspects of the science of spices over the past decades has established interesting linkages between their taste and olfactory properties and the bioactive constituents that they possess. These include sulfur-containing compounds, tannins, alkaloids, steroids, phenolic diterpenes, vitamins, flavonoids, and polyphenols.




    Interestingly no “all-inclusive spices and culinary herbs list” exists. Every region of the world has its own set of spices as part of their cultural heritage and culinary practices. Research and development in the field of spices and herbs are the focus of this new book series entitled, “Science of Spices and Culinary Herbs”. The 1st volume of the book series was well received. The present 2nd volume of this book series has 6 reviews, written by leading experts and covers various aspects of the science of spices. These articles focus on 6 common spices and culinary herbs with reference to their ethnomedicinal, nutritional and culinary properties, whereas their therapeutics and biological properties are cross cutting themes in these chapters.




    Tamarind (Tamarindus indica L.) is among the most famous spices and a culinary herb. It is an essential ingredient of many summer drinks in the South Asian region. The review by Kakudidi et al. provides an excellent overview of the ethnomedicinal uses, conservation work, and pre-clinical and clinical studies conducted on Tamarind. Black pepper (Piper nigrum L.) is the focus of the article contributed by Pimple et al. They discuss its traditional uses, phytochemistry, and pharmacology, as well as recent research on its beneficial role in the management of diabetes, obesity and cardiovascular diseases. Bashir and Safdar have reviewed recent work on a famous sub-continental herb, Coriander (Coriandrum sativum L.) including its ethnomedicinal and culinary uses. Its antioxidant, antidiabetic, cholesterol lowering, anti-inflammatory, hepatoprotective and anticancer properties are also discussed. Maan et al. have contributed a comprehensive review on the phytochemistry and pharmacology of Fenugreek (Trigonella foenum-graecum L.), particularly on the numerous pre-clinical and clinical studies conducted due to its antidiabetic properties. Anitha Rajasekaran’s article is based on traditional and modern uses of famous herb Fennel (Foeniculum vulgare Mill.), including its major constituents and various pharmacological properties. The last chapter of the volume is on Dill seed (Anethum graveolens L.), contributed by More et al. They have reviewed the therapeutic potential of Dill seed constituents and their mechanism of action at the molecular level.




    All the authors of this volume deserve our appreciation for their excellent scholarly contributions, and for the timely submissions of their review articles. The production team of Bentham Science Publishers also deserves our appreciation for a job well done. Among them Ms. Fariya Zulfiqar (Manager Publications), and Mr. Mahmood Alam (Director Publications) of Bentham Science Publishers have played a key role in the timely completion of the volume in hand. We sincerely hope that the efforts of the authors and the production team will help readers in getting a better understanding of the therapeutic benefits of colourful and aromatic spices and herbs, which we enjoy every day in our cuisines and in our salad bowls.
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      Abstract




      Tamarind (Tamarindus indica) is a highly valued multipurpose fruit tree indigenous to tropical Africa. T. indica is extensively used in traditional medicine and has been widely studied. Different authors have provided reviews on the various aspects of tamarind, with a focus on its traditional uses, ecology, phytochemistry and pharmacology. Limited studies on the preclinical and clinical aspects of tamarind have been explored in most reviews. Even less attention has been given to the use of tamarind as a spice or a culinary herb. This chapter reviews the health benefits of tamarind as a spice and a culinary herb. It also explores the choice of tamarind use over other spices and how it is utilized to improve people’s livelihoods. The ethnomedicinal uses of tamarind are supported with recent scientific evidence from preclinical and clinical studies. The threats to the sustainable use of tamarind, particularly environmental degradation, land conversion and climate change are discussed. We conclude by highlighting the conservation strategies that are currently being implemented to ensure sustainable utilization of tamarind.
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      INTRODUCTION




      Tamarind (Tamarindus indica L.) is a monotypic genus of the family Fabaceae. The species is known by various local names in different parts of the world [1-3]. Geographically, tamarind grows in 54 countries and is indigenous to 18 tropical African countries. Its range runs along the dryland zone from Senegal in the west through Sudan and Ethiopia in the east, extending southward to Mozambique and Madagascar [4]. It is introduced in 36 other countries where it is cultivated in subtropical Asia but naturalized in Spain, North and South America




      [2, 5, 6]. The use of tamarind in traditional medicine and food processing has been widely studied [5, 7-9]. Different authors have carried out reviews on the various aspects of tamarind, with a focus on its traditional uses, ecology, phytochemistry and pharmacology [10-12]. Limited studies on preclinical and clinical aspects of tamarind have been explored in reviews [3, 11].




      Tamarind has been exploited to improve people’s livelihoods [5, 13-15]. Much of the tamarind is extracted from the wild and this poses a threat to its sustainable use [15], although there are exceptions where it is grown in plantations [5]. This chapter explores the scientific evidence from preclinical and clinical studies of the health benefits of tamarind, its use as a spice and medicine. It also emphasizes other uses of tamarind and its conservation strategies.


    




    

      OBJECTIVES




      The main objective of this chapter is to combine the recent developments and evidence supporting the use of T. indica as a spice and a medicine from the preclinical and clinical perspectives. In addition, the chapter highlights the contribution of T. indica to livelihood improvement and the strategies towards its conservation.


    




    

      METHODS




      Information was gathered from published sources including scholarly journal articles, books, reports and conference proceedings. The search engines and databases used included Web of Science, Research4Life, PubMed, Google scholar, and ScienceDirect. ‘Tamarindus indica’ was the key word for English language searches only in combination with other relevant terms. The searches were then refined to look out for specific information pertaining to the uses of T. indica as a spice, culinary herb, medicine and other uses. The search also emphasized preclinical and clinical trials of the various parts of tamarind used in traditional medicine.


    




    

      TAMARIND AS A CULINARY HERB AND SPICE




      A spice is a seed, fruit, root, bark, or other plant substances primarily used for flavouring, colouring or preserving food. Culinary herbs are the leaves, flowers, or stems of plants used for flavouring or as a garnish [16, 17].




      Tamarind is a multipurpose tropical tree that has found worldwide applications. It is valued especially for its fruit, which is widely eaten fresh or processed as a seasoning or spice [18]. As such there are ethnic variations in the knowledge, value of its use and preparation of tamarind products [19] possibly due to ‘ethnobotanic drift’ where the parts used were originally selected by chance [4, 7, 10, 13]; or through interaction with other cultures [20]. For instance, in West Africa Van der Stege et al. [7] reported 250 different ways of tamarind use categorized as medicinal, nutritional, spiritual, ethnoveterinary and other uses while Ashfaque et al. [3] emphasized its use in traditional Unani medicine in Asia. A range of processed products from tamarind are made by utilizing its pods, leaves, seeds, seedlings, flowers, and fruit pulp [5, 12, 14].




      

        Leaves, Flowers and Seedlings




        The tender leaves, flowers and seedlings of T. indica are cooked and eaten as vegetables [21]. The leaves are available throughout the year and can be used when green or dried [7] to provide alternative curries in many countries, although in other parts of the world, the leaves are consumed as a famine food [10]. However, removal of leaves affects fruit production and yield [10], and therefore, their harvesting should be done cautiously. Since African diets are generally poor in micronutrients, the leaves add vitamins and minerals to the staple starchy crop-based diets for many rural people. The flowers of tamarind are also used in traditional food preparations in West Africa [7].


      




      

        Fruits and Pulp




        The tender raw tamarind pods are used to prepare pickles [12, 22]. The immature pods are boiled with porridge to give it a sour taste in Uganda [13]. In India, they are used for seasoning rice, meat, fish and other sauces. They are also salted and eaten, while the unripe mature fruits are roasted in coal and dipped in wood ash before being eaten in the Bahamas [23].




        The mature ripe fruits are harvested when the pulp is brownish-red. The fruit pulp is the major part used in traditional dishes, drinks, and seasoning as a spice processed through different pathways [7]. The fruit pulp may be eaten as a snack or processed into juice or fermented into wine [24]. It can also be processed into jams and sweets or used as a raw material in the manufacture of several industrial products: flavouring confections, curries and sauces, concentrates, pulp powder, tartaric acid, pectin, tartarates and alcohol [5, 10, 20, 23]. In East Africa, tamarind pulp is cooked with maize meal and made into porridge called Ugali. In Eastern Uganda, the tamarind fruit is used as food, beverage, a spice and a preservative. The pulp is also used to enhance the taste and flavour of meat, and to improve the consistency of boiled potatoes [13].


      




      

        Seeds




        The seeds are an abundant by-product of the tamarind pulp industry [25]. The presence of tannins and other dying materials in the seed testa makes it unfit for direct consumption [10]. However, the seeds can be consumed after removal of the testa by soaking and boiling in water or roasting. The cotyledons are ground into flour which may be made into cakes or bread [5]. The roasted seeds are claimed to be superior to groundnuts in flavour [2, 14]. In Ghana and India, the seeds are pounded and eaten in times of famine [5, 26]. The seeds contain about 46-48% jellose which is important in fruit preservation [5]. The kennel powder is also used in the confectionary industry and as a stabilizer in ice cream, mayonnaise and cheese [5, 27].


      




      

        Choice of Tamarind over Other Spices




        Spices are the building blocks of flavours and set apart one cuisine from another. They define the flavours and cuisines, and are important elements for providing consistency or colour. Today’s consumers are becoming sophisticated about the choices and use of spices [17]. The choice of spices depends on regional preferences, cooking style, distinct flavour and properties, dietary beliefs, culture, and ecological availability that are linked to environmental concerns and health benefits [17]. T. indica exhibits a wide range of physiological properties that enhance taste, flavour, aroma, texture, and colour/visual appeal, its application in food preservation and as a digestive stimulant [28, 29].




        The most outstanding characteristic of tamarind is its sweet acidic taste, due to the presence of tartaric acid ranging from 12.2-23.8%, which is uncommon in other plant tissues [23]. Although tartaric acid occurs in other sour fruits, such as grapes, grapefruits and raspberries, it is not present in such high proportions as in tamarind. The sourness and aroma of young leaves make them ideal as seasoning vegetables [30]. In the absence of tamarind pulp, the leaves are preferred over other sour fruits since fewer leaves are needed to obtain the required acidic taste.




        Jellose from tamarind seeds is a good food gelling and stabilizing agent [25]. Gelling is a superior preservation technique for fruits. In comparison to other natural gelling fruit/seed substances, tamarind forms gel at low water activity, that is, at sugar concentration >60%. Therefore, jellose is a good choice when considering the versatile products in which it can be added as a stabilizer: ice cream, mayonnaise and cheese, jam, jellies and marmalades. It also improves the viscosity and texture of processed foods; crispness and thickness of biscuits [25].




        Tamarind has abundant volatile compounds such as 2-acetyl-furan and 5-methylfurfural which form its aroma. Additionally, 2-phenyl acetaldehyde imparts the fruity and honey-like odour; 2- furfuryl, a caramel-like flavour while hexadecenoic acid and limonene impart a citrus flavour [31-33]. The preference of tamarind as a food colourant is attributed to leucoanthocyanidin and anthocyanin pigments which give the red colour [34, 35]. In comparison to other spices like chili pepper, garlic, 'Pak kyheng' (Thai leafy vegetable), shallot and turmeric, tamarind enhances iron availability and absorption in the intestines [34]. The use of tamarind is thus helpful in the prevention and treatment of anaemia in children and pregnant mothers, whose iron demand is often high [36]. The high risk of constipation-related haemorrhoids and hypotension often encountered in anaemic pregnant women with iron supplementation could be counteracted since tamarind is a laxative.


      


    




    

      HEALTH AND OTHER BENEFITS OF TAMARIND




      Plants are the basic components in traditional medicine with over 80% of the world’s population especially in developing countries depending on them [37, 38]. All parts of T. indica are used in traditional medicine [12, 20, 22]. However, there are cultural, ethnic and or regional differences in methods of preparation and administration [3, 4, 12, 22].




      The different parts of T. indica are reported to improve one’s overall health if consumed on a regular basis as they have rich nutritional and calorific value [5, 11]. T. indica is used traditionally to treat abdominal pain, diarrhoea and dysentery, helminths infections, wounds, malaria and fever, constipation, inflammation, snake and scorpion bites, gonorrhoea, eye diseases and plant poisoning [10, 20, 22, 39]. The scope of traditional medicine use has been extensively reviewed in Africa [4, 40], Unani [3] and Ayuverdic medicine [12].




      T. indica contains many chemical compounds as extensively discussed in various reports [10, 25, 41, 42]. The leaves and flowers contain proteins, vitamin C, beta-carotene and a high content of potassium, phosphorus, calcium and magnesium [23].


    




    

      PHYTOMEDICINE SUPPORTED WITH PRE-CLINICAL STUDIES




      Tamarind has been subjected to extensive phytochemical, experimental and clinical investigations that have demonstrated its analgesic, anthelmintic, antiasthmatic, antiatherosclerosis, antidiabetic, anti-emetic, antiinflammatory, antimicrobial, anti-nociceptive, antioxidant, antiulcer, fungicidal, hepato-protective, nephroprotective, hypolipidemic, anti-venom, immunomodulatory effects, and antiathritic [3, 43-48]. Scientific studies have confirmed different traditional claims of the medicinal benefits of T. indica [4, 49]. Some of the scientifically validated claims of the different parts of T. indica are highlighted in the following preclinical studies.




      

        Anthelmintic




        The juice of T. indica leaves showed significant antihelmintic activity when compared with the standard antihelmintic drug Piperazine citrate [50]. Hurtada et al. [51] demonstrated the effectiveness of T. indica leaves decoction against gastrointestinal nematodes of goats namely: Trichostrongylus spp., Oesophagostomum spp., Haemonchus spp. and Bunostomum spp.




        A study to determine the mortality of Ascaris suum exposed to different concentrations of T. indica seed extract showed that it was potent after 12 hours at 80% concentration [52]. Tamarind seeds possess significant anthelmintic activities and are a potential alternative for management of helminths to solve chemical resistance and economic problems in small farms [52].




        Anti-asthmatic




        The methanolic extract of T. indica leaves exhibited significant antihistaminic, adaptogenic and mast cell stabilizing activity in laboratory animals [53]. The anti-inflammatory activity of T. indica pulp extract improved breathing patterns in animal models of asthma that had been induced with histamine dihydrochloride [54].


      




      

        Antibacterial




        Extracts from T. indica flowers are highly active against Staphylococcus aureus with low Minimum Inhibitory Concentration (MIC) values of 25 µg/ml [55]. Polyphenols and flavonoids in leaf extracts of T. indica are responsible for the antibacterial activity against S. aureus and Pseudomonas aeruginosa [56]. The leaf extracts also possess a strong in vitro antibacterial activity against more than 13 common gram positive and gram-negative bacteria [57].




        An aqueous fruit pulp extract showed antibacterial activity against S. aureus, Escheriachia coli and P. aeruginosa with the exception of Salmonella typhii [58]. Crude ethanol extracts of T. indica showed strong antibacterial activity against E. coli, Klebsiella pneumonia, Salmonella paratyphi A and P. aeruginosa [59]. These microorganisms are aetiological agents in urinary tract infections (UTI), wounds, pneumonia and paratyphoid fever. Daniyan & Muhammad [59] noted that P. aeruginosa is resistant to a majority of antibiotics and therefore this response to T. indica extracts warrants further in vivo and clinical investigations after isolation and characterization of the bioactive components.




        With the exception of Bacillus subtilis, the aqueous and ethanol extracts of T. indica leaves showed poor or no antibacterial and antifungal activity against Enterococcus faecalis, S. aureus, E. coli, Salmonella typhimurium, P. aeruginosa and Candida albicans. However, the pure essential oils from the leaves showed a broad antibacterial spectrum [41]. The bark extract of T. indica also showed antimicrobial activity against S. pneumoniae, E. coli and S. paratyphi [60].


      




      

        Wound Healing




        T. indica fruit extracts showed wound healing effects by significantly reducing the healing time in mice [61]. Delayed wound healing is often associated with the presence of a number of microorganisms such as P. aeruginosa, S. aureus, S. faecalis, E. coli, Clostridium perfringens, C. tetani, Coliform bacilli and Enterococcus [62]. The presence of tannins in T. indica fruit pulp could therefore be associated with faster wound healing due to its antimicrobial property.


      




      

        Hypoglycaemic




        The stem-bark extract of T. indica was investigated for its hypoglycaemic action on experimentally induced hyperglycaemic Wistar rats using a single dose of alloxan monohydrate (150 mg/kg, IP). It significantly lowered the elevated blood glucose level (BGL), and prevented an elevation in BGL when used in the oral glucose load model [63]. A study by Agnihotri & Singh [64] showed a significant decrease in BGL in diabetic rats, treated with the alcohol extracts of the stem bark of T. indica.




        Tamarind seeds also lowered blood glucose and enhanced storage of glycogen in Sprague Dawley rats [65]. The hydroethanolic seed coat extract of T. indica exhibited potent hypoglycaemic action in alloxan induced rats [20].


      




      

        Antioxidant




        The alcohol extract of stem bark of T. indica showed significant antioxidant activity [60] with no signs of toxicity up to of 2000 mg/p.o in acute toxicity studies [64, 66]. Vasant and Narasimhacharya [67] also demonstrated the therapeutic effects of T. indica leaf as an antioxidant as well as having antihyperglycaemic, antihyperlipidaemic and antiperoxidative properties.


      




      

        Anti-inflammatory




        T. indica seed extract had significant anti-inflammatory activity on nitric oxide (NO) and tumour necrosis factor-α (TNF-α). Additionally, it exhibited a favourable effect on β-cell neogenesis and improved mRNA concentration of sterol regulatory element-binding proteins (SREBP-1c) [68]. Orally administered hydroethanolic extracts of T. indica leaves showed significant dose-dependent anti-inflammatory and antinociceptive properties in male Wister albino rats [20].


      




      

        Antiviral




        T. indica stem bark extracts showed antiviral activity against Newcastle Disease. It has been recommended as a potential antiviral drug [69].


      




      

        Chemoprotective




        T. indica showed chemoprotective activity against the development of colon cancer in hypercholesterolemic hamsters, which were exposed to the carcinogen dimethylhydrazine (DMH) [66]. The chemoprotective activity also has the potential of lowering the risk of atherosclerosis.


      




      

        Antinociceptive/ Analgesic




        The aqueous fruit extract of T. indica exerted a significant peripheral and central analgesic effects in rodent models probably due to the activation of the opioidergic mechanism [70], and therefore a potential for reducing pain. The methanolic extract of T. indica seeds produced a significant reduction in pain and inflammation demonstrating analgesic and anti-inflammatory activity in vivo in Wistar albino rats [69, 70].


      




      

        Hypolipidemic & Hypotensive




        The ethanolic extract of T. indica fruit pulp also showed significant weight reduction and hypolipidemic activity in cafeteria diet and sulpiride-induced obese rats [71]. The seeds of T. indica also lowered serum cholesterol levels in Sprague Dawley rats [65].


      




      

        Anti-fungal




        The aqueous and ethanolic fruit pulp extracts of T. indica were effective against C. albicans at 475 and 485 mg/ml respectively, which doubled as the Minimum Inhibitory and Minimum Fungicidal Concentration (MIC and MFC) in both extracts [72].


      




      

        Aphrodisiac




        T. indica pulp showed aphrodisiac and spermatogenic activity in male Wistar rats [73]. There was a significant improvement in sexual desire (mount and intromission frequency) and parameters of sexual arousal comparable to the standard drug sildenafil citrate. There was a significant increase in sperm production and motility without any sign of toxicity in testis from histopathological examination.


      




      

        Peptic Ulcer




        The T. indica seed extract showed a dose dependent protective effect on animal peptic ulcer models induced by ibuprofen, alcohol and pyrolus ligation [74]. T. indica leaf extract was also found to have anti-ulcerogenic and ulcer healing properties in rats, which might also be due to its anti-secretory and antioxidant properties [75].


      




      

        Nephroprotective




        T. indica seed extracts ameliorated chemically induced nephrotoxicity and renal cell carcinoma in animal models [76].


      




      

        Hepatoprotective




        Supplementation of rat diet with tamarind seed extract (TSE) significantly inhibited oxidative burst in the liver and maintained homeostasis. This demonstrated the protective efficacy of TSE against arthritis-associated oxidative liver damage [47]. A study to evaluate the protective effect of T. indica fruit pulp extract on the collagen content and oxidative stress in liver and kidney of fluoride-exposed rats showed that supplementation with tamarind alleviated the adverse effects of fluoride [77].


      




      

        Anti-Snake-Venom




        T. indica seed extract inhibited the enzymatic effects induced by Vipera russelli venom in a dose-dependent manner. Thus, the seed extract could be used as an alternative treatment to serum therapy [78].


      




      

        Antiarthritic




        Septic arthritis generally requires a long-term treatment by antibiotics. In comparison, the ethanolic extract of T. indica leaves was effective against septic arthritis caused by S. aureus in rabbits when administered orally at 1000 mg/kg for 14 consecutive days. This is a potential alternative for the treatment of septic arthritis in human beings [79]. The aqueous and alcohol extracts of T. indica seed coat also significantly inhibited paw oedema-induced arthritis in rats. The alcohol extract activity was higher than the standard drugs and untreated control. T. indica has anti-inflammatory, antinociceptive, and antiarthritic effects in arthritic rats [48]. Additionally, T. indica seed extract exhibited cartilage and bone protection by inhibiting the activities of degradative enzymes. It also mitigated the augmented levels of inflammatory mediators and alleviated increased levels of reactive oxygen species [47].


      




      

        Ameliorative Effects of T. indica in Fluoride Poisoning




        Fluoride poisoning is a health hazard that damages the carbohydrate, lipid and antioxidant metabolisms. Fluorosis has limited remedial measures. Administration of T. indica leaf extract to albino rats exposed to fluoride poisoning simulating diabetic and hyperlipidaemic conditions restored carbohydrate, lipid and antioxidant metabolism [67]. Gupta et al. [80] also demonstrated the ameliorative effects of T. indica fruit pulp on fluoride poisoning via the down regulation of type 1 collagen mRNA in dentin of incisor teeth of rats. T. indica fruit pulp supplementation increased urinary excretion of fluoride while decreasing the retention of fluoride in bone [81]. Accordingly, Khandare et al. [81], correlated daily consumption of tamarind with less dental and skeletal fluorosis.


      




      

        Immunomodulatory




        Galactoxyloglucan (PST001), isolated from seed kernel of T. indica is a non-toxic immunostimulatory agent [82]. T. indica seeds contain a polysaccharide with immunomodulatory properties such as phagocytic enhancement; leucocyte migration and cell proliferation inhibition. The seed kernel of T. indica caused an increase in total WBC, CD4+ T-cell population, and bone marrow cellularity, suggestive of a potent immunomodulatory activity [83-85].


      




      

        Anticancer/Antitumor




        The evaluation of the antitumour activity of galactoxyloglucan polysaccharide, (PST001) isolated from the seed kernel of T. indica showed significant tumour reduction in the murine cancer cell lines DLA and EAC. Thus, PST001 is a potential anticancer agent [82, 83].




        A combination of PST001 and nanoparticles of doxorubicin, a commonly used drug to treat human malignancies showed superior therapeutic efficiency while retaining the cytotoxic effects of PST001 even at lower concentrations. PST-Dox combination is selectively cytotoxic against cancer cells through the induction of apoptosis in vitro [86]. PST001 has the potential of being developed as an anticancer agent that not only preserves innate biological activity of tumour necrosis factor-related apoptosis-inducing ligand (TRAIL), but also sensitizes cancer cells to TRAIL-mediated apoptosis [85, 87, 88].


      




      

        Safety/Toxicity




        There is little information available on the safety and or toxicity of T. indica. Silva et al. [89] evaluated the clastogenic and/or genotoxic potential of T. indica fruit pulp extract in vivo in peripheral blood and liver cells of Wistar rats and in bone marrow cells of Swiss mice at doses of 1000, 1500 and 2000 mg/kg body weight. In addition, Silva et al. [89] concluded that T. indica fruit pulp extract did not induce clastogenic/ aneugenic or cytotoxic effects on liver enzymes or DNA damage. Martinello et al. [43] indicated that the higher concentrations of T. indica extract administered to rats were still safe compared to the 5% concentration usually present in juice consumed by humans [43].




        On the flipside, the bioassay-guided fractionation of the methanolic extract of T. indica fruits led to the isolation of L-(-)-di-/n-butyl malate which exhibited a pronounced cytotoxic activity against sea urchin embryo cells by inhibiting the development of the fertilized eggs [90]. The fact that the isolated compound from T. indica fruit pulp prevented urchin embryo development underscores the synergism of the compounds in the whole T. indica extracts.


      


    




    

      CLINICAL ASPECTS OF TAMARIND




      Clinical trials of any medicine require the use of standardized products. Consequently, T. indica has been subjected to only a few of clinical trials despite its numerous health benefits. The seeds of T. indica contain Xyloglucan which forms a protective biofilm on the intestinal mucus layer against chemical or bacterial aggression. Xyloglucan capsules and powders have been formulated for adults and children respectively for controlling and reducing symptoms of diarrhoea and for restoration of the physiological function of the intestinal wall in Europe [91, 92].




      In a randomized clinical trial involving 150 patients in Romania, Xyloglucan proved an effective option for the treatment of acute diarrhoea as compared to two widely used antidiarrheal products: Saccharomyces boulardii containing the yeast probiotic, S. boulardii and diosmectite, an absorbent activated natural aluminosilicate clay. In another randomized clinical trial in Romania, Xyloglucan plus Oral Rehydration Salts (ORS) were more effective against acute gastroenteritis in children aged from 3 months to 12 years compared to ORS alone, thus a safe option for diarrhoeal treatment [93].




      Furthermore, a herbal formulation consisting of the ethanol/aqueous extracts of T. indica seeds and ethanol extract of Curcuma longa rhizome provided significant relief from knee pain after physical activity and improved joint function in non-arthritic adults in a randomized, double-blind, placebo-controlled study [94].




      The dried and pulverized pulp of T. indica fruits significantly lowered total cholesterol level, Low Density Lipoprotein (LDL)-cholesterol level, diastolic pressure at a dose of 15 mg/kg body weight in a randomized clinical trial [95].


    




    

      OTHER USES OF T. indica




      Apart from the use of different parts of the tamarind tree as a spice, a culinary herb and for medicinal purposes, it is also used for several other purposes (Table 1).




      

        Table 1 Other uses of tamarind.




        

          

            

              	Plant Part



              	Use

            


          



          

            

              	Seed testa/ husk



              	Dyeing and tanning, food preservative [23].

            




            

              	Seed



              	Filler for adhesives in plywood industry, stabilizer for bricks, binder for sawdust briquettes and thickener for some explosives [5].

            




            

              	Livestock feed rations [96].

            




            

              	Education and learning aids during arithmetic lessons for beginners [13].

            




            

              	Aesthetic use in traditional board games (mweso) [13].

            




            

              	Seed (Kennel) powder



              	Sizing material in textile, paper and jute industry [5, 97]

            




            

              	Gelling, thickening and bulking agent, emulsifier, crystallisation inhibitor, preservative, improves palatability, water retainer, cold insulator and glazing agent in the food industry textile, paper and jute industry [98]

            




            

              	Coagulant in water treatment, excipient in making greaseless ointment, gelatinizing agent, emulsifying agents for insecticides preparation, stabilizer in capsule formulation in the pharmaceutical industry, dentures and solution for contact lenses, thickener in explosives [98]

            




            

              	Cosmetics, book binding and plywood manufacture [27]

            




            

              	Xyloglucans used to improve mechanical properties of paper sheets [99].

            




            

              	Oil for making paints and vanishes, burning in lamps [19, 100, 101].

            




            

              	Fish poison [5].

            




            

              	Fruit pulp



              	Mixed with sea salt to polish brass, copper and silver [102, 103].

            




            

              	Manufacture of tamarind fruit concentrate, tamarind powder, tartarates and alcohol [40].

            




            

              	To treat trypanosomiasis in domestic animals [104].

            




            

              	Flowers



              	Honey production [23].

            




            

              	Tannins as mordants in dyeing of wool, silk [23].

            




            

              	Pod shells



              	Absorbent for removal of methylene blue and amaranth dyes from aqueous solutions [105].

            




            

              	Leaves



              	Silkworm rearing [23, 106].

            




            

              	Mixed with gum of figs to make chewing gum [5].

            




            

              	Dyeing cloth [23].

            




            

              	Mulching [13].

            




            

              	Tannins for removing hair from animal hides [14].

            




            

              	Tree



              	Shade, ornamental and Agroforestry to minimize the risk of crop failure, windbreak, boundary and barrier support [19, 23, 96].

            




            

              	Branches



              	Fodder [107].

            




            

              	Wood



              	Furniture: wheels, mallets, mortars, pestles, canoes, agricultural tools [14, 19].

            




            

              	Fuelwood [13].

            




            

              	Gunpowder [108].

            




            

              	Timber for building and wood flooring [13].

            


          

        




      


    




    

      ECONOMIC POTENTIAL OF T. indica




      T. indica has a wide range of domestic and industrial uses but remains an under exploited wild tree [5, 9, 10, 109]. However, the untapped potential of T. indica has generated research interests in value addition in India, Thailand and the Philippines [18, 110], and some African countries [9, 111, 112].




      The sale of T. indica and its processed products boosts incomes of communities and generates foreign exchange [5]. For instance, Singh et al [5] reported that India exported over 10,000 tonnes of processed tamarind pulp to USA earning 100 million rupees annually. Khalid et al. [15] reported that Sudan exported 388.2 metric tonnes and earned USD 60,400. In Uganda much as the collection of T. indica fruits by rural households’ accounts for 74% of their annual revenue [113], it is still minimal to meet their household requirements. In west Timor, during periods of food scarcity, tamarind fruits are processed for their pulp as an income supplement, sustaining thousands of poor families [114]. The Nature Based Enterprises (NBE) in T. indica products create employment opportunities for the actors involved in the value chain [8] thereby contributing to attainment of Sustainable Development Goal (SDG) 1 on eradicating poverty. In some countries little value has been added to T. indica and thus low reported earnings [115]. Additionally, the value of T. indica is not often captured in monetary terms in national accounting systems despite its wide subsistence usage [23].




      In order to harness the economic potential of T. indica, there is need to develop capacity in propagation, value addition, commercialization and promotion of NBE [5, 111]. The T. indica NBE support biodiversity conservation and enhance community resilience to social and environmental threats such as climate change. It is envisaged that NBE will have a potential to contribute towards better nutrition, health, access to education creation of saving and investment opportunities thereby reducing vulnerability to financial shocks.


    




    

      CONSERVATION OF T. indica




      The global conservation status of T. indica is Least Concern (LC) [116]. However, in Uganda, Kenya, Senegal and Nigeria, it is considered of high conservation priority [112]. The species is threatened by deforestation, urbanisation, industrialization and agricultural expansion [23]. It is also harvested for timber, domestic wood fuel and for firing limestone kilns in Eastern Uganda since it produces intense heat [13].




      T. indica are either self-propagating or deliberately planted. In Eastern Uganda, 52% and 45% of the T. indica population was self-propagated and planted respectively [13]. The trees are commonly found in wild lands and farmlands, school and administration centres’ compounds. However, there is limited availability of seedlings for planting in the rural areas [13] thus limiting the expansion of its acreage.




      Given that most of the T. indica products are extracted from wild trees, the need for conservation is paramount in order to guarantee its availability for posterity. The following are the strategies employed in the conservation for T. indica.
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