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    Civilizations throughout human history have benefited from the taste, aroma, and benefits of spices and culinary herbs. They contain among the most valued natural products for their culinary and recreational uses and medicinal properties. Many of them have become integral parts of traditional systems of medicine. In recent decades they have been the focus of extensive scientific research. Their remarkable health benefits have been demonstrated through numerous phytochemical, pharmacological and clinical studies.




    The 3rd volume of the book series entitled, “Science of Spices and Culinary Herbs” is a compilation of eight excellent review articles, presenting the latest developments in this exciting field of natural product sciences. They cover a whole range of topics, all relevant to the evidence based therapeutic, nutritional, and olfactory uses of common spices and herbs.




    The review by Marcelino et al is focused on the anthelmintic properties of cinnamon (Cinnamomom verum J. Presil.). Various helminthes parasites are associated with a plethora of diseases in host plants, farm animals, and humans. Several gastrointestinal diseases are also caused by helminthes is humans. The authors have provided a comprehensive chapter covering the scientific studies on anthelmintic properties of cinnamon and uses in agriculture crops, livestock, and humans. More at al have contributed a chapter on the nutraceutical and other important biological properties of tamarind (Tamarindus indica L.), used globally as a fruit, and as a spice. The authors have presented the advances in phytochemistry and in clinical research on this globally important dietary plant. The next review by Oyetaya and Odeniyi is also focused on the nutritional and health promoting phytochemicals of tamarind. Turmeric (Curcuma longa Linn.) has been the focus of vigorous researches since the last several decades. Sukandar and Ayuningtyas have provided a comprehensive account of recent clinical studies conducted on various turmeric based formulations including its phytoconstituents. The review focuses on the importance of well-designed clinical trials and proper formulations in the context of turmeric based medications. Pimple et al have written a well referenced and well written chapter on culinary and perfumery properties of the famous herb oregano (Origanum majorana Linn.), focusing on its traditional uses, phytochemistry, and on its medicinal and perfumery importance. Soni et al discuss the medicinal constituents of black pepper (Piper nigrum L.), most important among which is piperine a pungent alkaloid. Preclinical pharmacological data supports the therapeutic potential of black pepper and its constituents. Coriander (Coriandrum sativum L.) is a herb of global significance. Upaganlawar et al have focused the recent work on therapeutic importance of this famous herb as well as its phytochemistry and pharmacognosy. Soni and Soni in the last chapter of this volume have reviewed recent work on the increasingly popular spice flax seed (Linum usitatissimum L.). Extensive studies on its nutritional and medicinal constituents followed by pharmacological and preclinical studies, have shown it to be a valuable functional food for physical and mental health.




    We gratefully acknowledge scholarly contributions and timely submissions of their review articles by leading experts in this field. We also appreciate the diligent work of Ms. Fariya Zulfiqar (Manager Publications) and Mr. Mahmood Alam (Director Publications) at Bentham Science Publishers. We sincerely hope that this volume will greatly benefit the scientific community interested in the fascinating science of spices and herbs.
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      Abstract




      The most prevalent helminths are the gastrointestinal nematodes, such as the parasitic nematode Haemonchus contortus of sheep. Other economically important nematodes are phytoparasites, Nacobbus aberrans and Meloidogyne incognita, affecting more than 200 crops of plants and vegetables such as tomatoes, among others. Regarding the cestodes and Hymenolepis nana are the most prevalent worldwide. These helminths occur in warm temperate and dry geographical areas of developing countries with poor sanitary habits affecting mainly children between 2-8 years old. The conventional control is the use of anthelmintics (e.g. macrocyclic lactones, benzimidazoles and imidazoles) of synthetical origin; however, the misuse of these anthelmintics has led to a problem of chemical resistance worldwide; in addition,




      the residuality of these compounds in sheep byproducts, such as meat and milk, has caused a negative environmental impact. They also damage populations of beneficial organisms, such as the dung beetle, earthworms and nematophagous mites, among others. Hence, it is urgent and necessary to search for other integral, environmentally friendly, and sustainable control methods. The use of medicinal plants, mainly spices and culinary herbs, could be a sustainable alternative to control helminths that affect humans, plants and animals. This chapter presents an overview of the anthelmintic properties of cinnamon for sustainable helminth parasites control. This chapter is divided into several topics including 1) biology of cinnamon, 2) traditional and molecular taxonomic description of cinnamon, 3) metabolites reported in cinnamon, 4) uses of cinnamon as a condiment, 5) antiparasitic properties of cinnamon, 6) anthelmintic properties against agricultural pests, 7) anthelmintic properties against livestock pests and productive performance, 8) advances and perspectives of cinnamon in the control of anthelmintic properties, and 9) perspectives on the study of the anthelmintic properties of cinnamon.
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      INTRODUCTION




      The helminths are classified into flukes, cestodes, and nematodes [1, 2]. They inhabit intestinal and extraintestinal sites [3].




      The control of parasitic helminths of agricultural and public health importance has been realized through the use of chemical products [4]; however, these products have been used indiscriminately and incorrectly, which has led to the emergence of resistance in the populations of these parasites to most of the commercially available active ingredients for the control of parasitic helminths of agricultural importance and public health [5].




      Several plants have been used for medicinal applications and have been traditionally consumed as decoctions and infusions [6]. Mexico is a country that has a high medicinal plant diversity within this diversity of plants is cinnamon, which stands out mainly for use as a condiment in the preparation of various foods in the Mexican population [7].




      The Cinnamomum genus consists of thousands of species that are distributed all over the world and is considered as one of the most important and popular spices used in cooking as well as traditional and modern medicines.




      There are reports of beneficial bioactivity of this plant on health and against bacteria and viruses [8]. Based on the information described earlier in this chapter, it presents an overview of cinnamon's anthelmintic properties for agricultural and public health pest control.


    




    

      



      BIOLOGY OF CINNAMON




      The cinnamon tree has a long history. There exists evidence of its use since antiquity and we can find it in different texts. The first reported medical uses were documented in Egypt [9]. The cinnamon trees were initially found in Sri Lanka (Ceilan) in the 16th century, although, they are originally from India. Subsequently, they were imported to Europe and later cultivated in other parts of the world [10].




      The name cinnamon corresponds to several species of the genus Cinnamomum. Nearly 250 species of this genus of trees and shrubs have been reported. Despite this large variety of species, only four are used for commercial purposes. These are Cinnamomum zeylanicum (Ceylon), C. cassia (Cassia), C. loureirii (Saigon) and C. burmannii (Korintje cinnamon) [11].




      The cinnamon is a tree of 10 to 15 meters high, its leaves are perennial, and it is characterized by its leaves and bark, which are very aromatic. The leaves have a length of 7 to 25 cm and are opposite, their petiole is 1-2 cm long, green, oval (5-25 cm x 3-10 cm), leathery, with three prominent and shiny nerves. When the leaves are young, they present a reddish colour. The fruit is ovoid drupes of 12.5cm with only one seed inside, being mature in six months. Its flowers are hermaphrodite, small (from 3 mm to 6 mm length) and are presented in bunches. They can be either white or yellow and can be found mainly in January. The bark of this tree is rough and thick (10 mm) and mostly used as a species. It can be gray or brown, while the stem is woody. On the bark, there are strips of 50 cm long [12]; this tree is used in the food industry due to its flavor, the younger the branches, the better the quality [14, 13]. From the bark, perfumes, aromatics, and tea, among other things, are prepared [15] (Fig. 1).




      Cinnamon trees can tolerate different climatic conditions, mainly preferring a warm and humid climate [16]. Mainly the trees prefer a warm and humid climate [17]. The tree flourishes in places with an annular rainfall of 1500-2500 mm at 27 degrees [18]. According to Krishnamoorthy [19], they reported that the Navashree (SL63) and Nithyashree (IN 189) varieties produce 55.6 kg and 54.2 kg of bark/hectare/per year. It is very important to consider regeneration capacity and yield.




      From the ecological point of view, it is known that C. verum can become invasive and may affect the regeneration in poorly-nutrient tropical secondary forests; this is due to the dense topsoil sphere of C. verum [20].
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Fig. (1))


      Cinnamon tree, Southern Chiapas, Mexico (Courtesy. Dr Guillermo López-Guillén and M.C Stephania Colmenares-Cruz). A) adult tree, B) cinnamon tree bark, C) young tree, D) cinnamon tree leaves and fruit, E) Forms that the tree can acquire and F) cutting in the tree bark.

    




    

      



      TRADITIONAL AND MOLECULAR TAXONOMIC DESCRIPTION OF CINNAMON




      

        Traditional Taxonomy




        For traditional taxonomic identification, measurements and observation of the following tree parts have been used: shape of the trunk, the bark, the shape and color of the leaves, the distribution of the branches, if they have thorns, the flowers, and the characteristics of the fruits.




        There are about 250 species of the genus Cinnamomum. This genus belongs to the family Lauraceae, which includes 2,850 species, among them Persea americana and Laurus nobilis [21]. Particularly, the cinnamon tree was first described by the chemist, botanist Jan Svatopluk Presl in 1825 “Cinnamomum verum”.




        The word Cinnamomum comes from the Greek word Kinnamon or Kinnamomon which means sweet wood, in turn, this term comes from the Hebrew word quinamom with the same meaning. On the other hand, the word cinnamon comes from the French word cannelle, which means cane or tube. Below is the taxonomy of Cinnamomum.





        

          	Kingdom: Plantae




          	Division: Magnoliophyta




          	Class: Magnoliopside




          	Order: Laurals




          	Family: Lauraceae




          	Genus: Cinnamomum



        


      




      

        Molecular Taxonomy




        Currently, the genome of a species of Cinnamomum has been reported; this species was Cinnamomum kanehirae, also known as camphor tree, in turn, it is also the first member sequenced Magnoliidae (Laural, Magnoliales, Canellales and Piperales). The genome size was approximately 823.7 ± 58.2 Mb / 1 C [21]. On the other hand, Cinnamomum verum Presl. is synonymous with C. zeylanicum Bl. with a chromosome number of 2n = 24. The genome of an organism comprises the entirety of its DNA.




        The molecular biology has been used to identify species and through phylogenetic trees to understand the similarity of species between different parts of the world [22]. The traditional identification of Cinnamomum species has been based on expert botanical classification based on morphology or histological microscopy; however, identification based on morphological characteristics is difficult due to morphological similarities between species.




        A work reported the identification of species with molecular techniques: samples were collected from seven species of Cinnamomum (C. cassia, C. verum, C. burmanni, C. pauciflorum, C. iners, C. japonicum and C. camphora). They found differences between the species by means of the sequences [23].




        However, there is a wide variety of methodologies for the molecular taxonomic identification of plants, even more so in specialized laboratories with modified plant lineages. One could say that ideally, for sequences, it should allow precise identification. On the other hand, when selecting a location to obtain the sequence, universal application and maximum rates of sequence divergence are needed, which cause some variants [24, 25].




        One study determined which sites could maximize species identification when combined as a code based on DNA sequences. It indicated that a variety of DNA loci have been suggested for plants, including encoding genes and non-coding spacers in the nuclear and plastidic genomes [26].


      


    




    

      



      METABOLITES REPORTED IN CINNAMON




      The Cinnamomum genus is characterized by the presence of a wide variety of odor and flavoring compunds that are present in almost the whole plant. These metabolites give their particular properties to the different species; however, additional non-volatile compounds are interesting since they explains the diverse bioactivities reported from plants belonging to this genus. Examples of these compounds are presented in this section.




      

        



        Volatiles




        Undoubtedly, owing to their flavoring, cosmetic, and gastronomic importance, the volatiles are the most studied components of the Cinnamomum species. Their profile differs according to the diverse parts of the plant utilized to extract the oil, commonly made by steam distillation. Most of the studies use gas chromatography coupled to mass spectrometry since it simplifies the detection process, and particularly, the identification of the low mass metabolites. In the following part, the main components of the oils extracted from different plant parts are described.




        

          Leaves




          A total of 41 compounds have been reported from the leaves oil, with eugenol (1) being the major constituent (about 70% of total volatiles). Additional components of quantitative importance are the terpenes caryophyllene and linalool, as well as the aromatic ester benzyl benzoate [27]. However, the method of extraction can affect the content of the major components, for instance, the hydrodistillation of the C. zeylanicum leaves led to an oil containing 85.7% linalool (2), followed by eugenol (3.1%) and β-caryophyllene (2.4%) [28]. The profile of compounds present in the essential oil also varies regarding the species of Cinnamomum studied: the hydrodistillation of five cinnamon species reported trans-cinnamaldehyde (3) as present in all the extracts and as a major component of C. cassia and C. burmannii. In addition, 3-methoxy-1,2-propanediol (4) was the main volatile compound C. cassia leaf, while eugenol of C. zeylanicum, C. pauciflorum and C. burmannii leaves, and 5-(2-propenyl)-1,3-benzodioxole (5) of C. tamala leaf were also the main components [29].


        




        

          Bark




          The principal constituents of Cinnamomum bark oil are cinnamaldehyde (3) (60-70%) and cinnamyl acetate (8-10%), along with additional minor components as cineole, linalool, caryophyllene and eugenol [27]. Besides the presence of common mono and sesquiterpenes, aromatic compounds such as benzaldehyde, methyl chavicol, hydrocinnamaldehyde, 2-phenetyl alcohol, 2-phenylpropylacetate, and coumarin have been identified in the bark oil additional minor components also such as cineole, linalool, caryophyllene and eugenol [27]. Furthermore, two new pentacyclic terpenoids with a unique structure, named cinnzeylanine (6) and cinnzeylanol (7) were isolated from the dried bark of C. zeylanicum [30].


        




        

          Root bark




          The monoterpene camphor (8) is the major component of root bark oil (56%), while other constituents such as cineole, α-terpineol, α-pinene, and limonene are also of great importance [27].


        




        

          Fruit Stalks




          Approximately 27 compounds have been reported from the fruit stalks. The major volatiles found in this plant part after steam distillation are, the (E)-cinnamyl acetate (9) (36.6%) and (E)-caryophyllene (10) (22.4%). Additional compounds of importance are sesquiterpene alcohols τ-cadinol and ledol (4.9% and 2.5%, respectively) [31].


        




        

          Fruits




          More than 30 components represent 94% of the oil from C. zeylanicum fruit. The trans-cinnamyl acetate (9) and β-caryophyllene (10) were found to be the major compounds, accompanied by 3-phenylpropyl acetate, cinnamyl alcohol, cis and trans-cinnamaldehyde. The sesquiterpenes α-humulene, α-copaene, δ and γ-cadinene, and germacrene B, are also present in abundance [32].
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          Chart 2
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        Phenolics




        

          Simple Phenolics




          The Cinnamomum species, as almost every type of plant, possess common phenolic compounds that have been identified mainly from the bark. Flavanols as catechin (11) and epicatechin (12), together with phenylpropanoids as the caffeic (13), ferulic (14), p-coumaric (15), protocatechuic (16), and vanillic (17) acids, have been successfully extracted using subcritical water extraction given the high polarity. The extraction of less polar phenolics, which are also the major flavoring components, such as cinnamaldehyde (3), cinnamic acid (18), cinnamyl alcohol (19), and coumarin (20), is favored by maceration with methanol [33]. The cinnamon fruits were also investigated for antioxidant activity, resulting in the isolation of five phenolic compounds: protocatechuic acid (16), cinnamtannin B-1, urolignoside (21), rutin (22), and quercetin rhamnopyranoside (23) [34]. In addition, a new lignin, cinnamophilin (24), along with three known compounds, meso-dihydroguaiaretic acid (25), (+)-guaiacin (26), and vanillic acid (17), was isolated from the root of C. philippinense [35].




          Chart 3
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          Chart 4
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          Polyphenols




          Although less studied, cinnamon is a rich source of polyphenolic compounds. For instance, water-soluble polymers from cinnamon were isolated and characterized, indicating that they are A-type (containing C4→C8 carbon and C2→O7 ether bonds between the terminal and middle units of the trimer) [36]. Similarly, procyanidin B2 (27) was identified from the aqueous extract of cinnamon bark, as well as common phenolics [37]. Extracts prepared from bark of other species of Cinnamomum such as C. tamala and C. cassia, led to the isolation of six compounds namely procyanidin B2 (27), (-)-epicatechin (12), the trimers cinnamtannin B1 (28), procyanidin C1 (29), and cinnamtannin D1 (30), and the tetramer parameritannin A1 [38].


        


      




      

        



        Alkaloids




        The alkaloids of the Cinnamomum genus have been explored from less-studied species and diverse plant parts. The isolated compounds belong to different types of alkaloids. For instance, the methanolic extraction of the C. philippinense roots led to the isolation of six alkaloids including a new pyridine, 2-(4’-hydroxypyridin-3’-yl)-acetic acid (31), an amide, cinnaretamine (32), a benzylisoquinoline, crykonisine (33), an isoquinolone, corydaldine (34), a proaporphine, glaziovine (35), and an aporphine, zenkerine (36) [39]. Additionally, another new pyridine, cinnapine (37), was reported from the root extract of C. philippinense [40].
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        From the bark of C. mollissimum, five aporphine alkaloids were isolated. The crude alkaloid extraction and characterization led to the identification of N-methyl-1,2,10-trimethoxyaporphine (38), N-methylhernagine (39), N-methylhernovine (40), hernagine (41), and hernovine (42) [41]. In a similar way, the major alkaloids from the bark of C. camphora were identified as the benzylisoquinolines norcinnamolaurine (a new compound) (43), (-)-cinnamolaurine (44), and (+)-reticuline (45), together with the aporphine (+)-corydine (46) [42].
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        Additional phytochemical screening of different Cinnamomum species reported the presence of further compounds, namely saponins, flavonoids, etc.; however, to our knowledge, none of these metabolites have been isolated or identified.


      


    




    

      



      USES OF CINNAMON AS A CONDIMENT




      Cinnamon has been used as a condiment and flavoring in food worldwide, in some cultures is important consumption of this spice for its medicinal and nutritional properties. Based on information reported by Codex Alimentarius, it has reported that by-products that are classified as spices, soups, etc., add other substances to improve their flavor and aroma [43, 44].




      Cinnamon has a mild or delicate aroma and flavour (Cinnamomum spp.). In addition, it possesses several nutritional properties, in particular it is an important source of iron, calcium and a high percentage of dietary fiber; a source of manganese has also been reported to be present in this condiment. Other important nutrients are fatty acids, amino acids and carbohydrates [45-47]. The bark of the cinnamon tree is consumed as infusions, marinades or tea.




      One of the applications of cinnamon is as a preservative for various foods and especially for inhibiting the growth of pathogenic populations. The compounds that have been reported in cinnamon oil are mainly: cinnamyl alcohol and eugenol, among others [48].




      Another medicinal use is the use of cinnamon to treat and relieve toothache caused by varicose veins pathogens such as bacteria. In some cultures cinnamon is used directly from the bark of the tree to improve digestion [49]. Currently, several companies use cinnamon because of its versatility, as an additive to improve the flavors and aromas of the products they make, thus taking advantage of the aroma of cinnamon [50].


    




    

      



      ANTIPARASITIC PROPERTIES OF CINNAMON




      

        Antiprotozoal Properties of Cinnamon




        There exist a number of general cellular targets that can mediate cytotoxicity in human cells but also in parasites [51]. The essential oil of cinnamon or its components has currently been shown to have inhibitory activity on protozoa such as Plasmodium falciparum [52, 53] piroplasms [8] and Trypanosoma cruzi [54].




        Through a phase, I clinical trial, the efficacy and safety of C. zeylanicum were demonstrated, showing that, after three months of ingesting capsules with powdered bark of C. zeylanicum, the individuals did not show significant side effects and toxicity [55].


      




      

        Activity against Plasmodium falciparum




        Medicines that have been used clinically and that have one of these two ways of action include chloroquine, amodiaquine, quinine, sulfadoxine-pyrimethamine, artemisinin derivatives (predominantly artemether and artesunate), and lumefantrine [56-58].




        Nkanwen et al., (2013) made extracts with CH2Cl2/MeOH (1: 1) from the stem bark of C. zeylanicum; these extracts were fractionated and purified. Obtaining six compounds: transcinamic anhydride (1), ferulic acid (2), (E) p-hydroxycinnamic acid (3), clovanodiol (4), squalene (5) and α-bisabolene (6) [59]. In vitro, compounds 1, 5, and 6 exhibited inhibitory activity against the P. falciparum enzyme enoyl-ACP reductase (PfENR) at 17.0, 24.3, and 33.3%, respectively [59].




        Parvazi [53] using 1H-NMR spectroscopy reported the in vitro effect of the aqueous extract of Cinnamomum cassia against the metabolism of P. falciparum. The bioactive metabolites were identified as succinic acid, glutathione, L-aspartic acid, beta-alanine and 2-methylbutyrylglycine.


      




      

        Activity against Pyroplasmas




        The best treatment of babesiosis in humans is the combination of atovaquone with azithromycin due to its low side effects [60]. Despite this benefit, some human cases showed resistance to the combination [8].




        Viability tests carried out by Batiha [8] showed the inhibitory effect in vitro and in vivo of C. verum acetone extract (AECV) and C. verum ethyl acetate extract (EAECV) against piroplasm parasites.


      




      

        Activity against Trypanosoma cruzi




        Chagas disease affects several millions of people in Latin America and is spreading beyond its classical limits due to the migration of infected vectors from hosts and insects, HIV coinfection and blood transfusion [61].




        Several essential oils, or their constituents, have recently been shown to have inhibitory activity against Trypanosoma cruzi. Azeredo [54] evaluated the effect of the following essential oils (EO) against epimastigote forms of T. cruzi: Cinnamomum verum (formerly Cinnamomum zeylanicum; Lauraceae; cinnamon).Among the essential oils analyzed, C. verum showed the highest activity against T. cruzi epimastigotes.


      




      

        Activity against Schistosoma japonicum




        Schistosomiasis by S. japonicum is considered as an economic and public health concern in China, the Philippines and Indonesia. Linalool is a major component in leaf extracts of Cinnamomum camphora. After exposure to linalool, a damage to the gills and hepatopancreas of the snails was observed with a cercaricidal activity. In addition, linalool markedly reduced the recovered schistosomulum from mouse skin after challenge infection [62].


      


    




    

      



      ANTHELMINTIC PROPERTIES AGAINST AGRICULTURAL PESTS




      

        Insecticidal Activity




        Botanical insecticides were the first pest control strategies, but when synthetic insecticides appeared, they were “forgotten”. For many decades, synthetic insecticides have been almost the only pest control alternative mainly for effectiveness and easy to use. However, problems like residues, pest resistance and environmental pollution have reconsidered the use of biopesticides. The classical botanical insecticides are the neem (Azadirachta indica J.; Meliaceae), nicotine sulfate (Nicotiana tabacum L.; Solanaceae), and rotenone, obtained from Derris, Lonchocarpus, and Tephrosia species. However, recently, in different countries, much research is taking place on new plants with insecticidal activity. One of these plants is Cinnamomum genus, particularly its essential oil.


      




      

        Mode of Action




        The presence of phenolic and volatile compounds in cinnamon essential oil provides the characteristic flavor and aroma to this spice. The main compounds detected in different varieties of cinnamon are cinnamaldeyde, cinnamyl-acetate, eugenol, linalool, and camphor among others [63-66]. All of these compounds have shown insecticidal activity against several agricultural, urban, veterinary and human health pests. According to Enan [67] and Rattan [68], the mode of action of essential oils is not fully elucidated, but all signals indicated neurotoxicity, however, depending on the components and concentrations, the site of action may vary. According to Rattan [68], the mechanisms affected by essential oils are the cholinergic system, GABA system, mitochondrial system and octopaminergic system. Enan [67] assessed the activity of eugenol, one of the principal components of cinnamon essential oil, concluding that the octopaminergic system mediated the insecticidal activity of eugenol. Tong and Coats [69] working on housefly and the monoterpenoids eugenol, linalool and cinnamic acid, concluded that monoterpenoid structure is strongly involved in binding activities to the housefly GABA receptors. According to Jain [65], a concentration of 53.2 µg mL-1 of an extract of C. zeylanicum demonstrated a potent inhibition of acetylcholinesterase. Also, the cinnamon essential oil has reported additional modes of action. In lepidopteran larvae, Gershenzon and Dudareva [70], indicated that terpenes block the stimulatory effects of glucose and inositol on chemosensory receptor cells located on the mouthparts, and they could act on receptors in other ways. Other authors report that cinnamon essential oil reduces the oviposition and adult emergence of Callosobruchus maculatus [71, 72], decreases respiratory rate, accelerates offspring and delays the emergence of females compared to males of Sitophilus zeamais [73].


      




      

        Agricultural Pests




        Control of agricultural pests using essential oils is usually focused on stored grain pests and scientific literature has many relevant publications. The genus Sitophilus spp is one of the most studied. The first results of Cinnamomun spp. as a grain protector against Sitophilus genus were obtained with powdered C. zeylanicum as Ashouri [74], where the concentration of 5.0% (w/w) showed the highest toxicity against adults of S. granaries but did not obtain 100% elimination of insects. Another study against the same insect [75], concluded that C. zeylanicum essential oil and their terpenoids are toxic and repellent. According to these authors, the terpenoid eugenol is the one with the highest toxicity to the insect, reducing the respiratory rate and mobility on a terpenoid treated surface. About S. oryzae, Kim [76] assessed an extract of C. sieboldi root bark and essential oil of C. cassia bark. The extract caused a 100% mortality at two days after treatments and the oil exhibited the same result as a fumigant. Lee [77] confirmed the fumigant activity against S. oryzae of four essential oils from bark and leaves of Cinnamomun showing an LD50 = 0.0003 mg cm2, very similar to the synthetic insecticide Dichlorvos, with an LD50 = 0.00025 mg cm2. Extracts of Cinnamomun [78], at three hours of exposure 3 mL dish-1 caused 90-99% mortality, although this result was dependent on exposure time and concentration. Finally, S. zeamais may be the most studied cinnamon essential oil that has a long history as an insecticide against this insect. Li [79] studied the toxicity of cinnamon oil, showing high repellent and fumigant activity against adults of S. zeamais. Haddi [73] reported an LC95 = 3.47 µl cm-2 and a significantly reduced respiratory rate in insects treated with the essential oil of C. zeylanicum.




        Other relevant pests of stored seeds are the cowpea weevil (Callosobruchus maculatus (F.); Coleoptera: Bruchidae)) and the pulse beetle (Callosobruchus chinensis L.), both key pests of stored legumes. Brari and Thakur [80] assessed the contact and fumigant toxicity of C. zeylanicum against C. maculatus; they obtained rates of 98 and 80% mortality after 24 hours of treatment with a concentration of 1.2 mg cm-2. Regarding the fumigant activity, the results were similar. Furthermore, Jumbo [81] indicated that the same essential oil exhibited insecticidal activity similar to the synthetic pyrethroid deltamethrin against C. maculatus. Islam [71] assessed the toxic activity of C. aromaticum against C. maculatus, reporting an LD50 of 27.56 and 23.16 µg cm-2 after 24 and 48 h of exposure, respectively. Kim [76] evaluated an extract of C. cassia bark in a concentration of 3.5 mg cm-2, which resulted in potent insecticidal activity against the pulse beetle, C. chinensis. Another member of the Bruchidae family is the bean weevil (Acanthoscelides obtectus Say), which causes severe post-harvest losses in the common bean (Phaseolus vulgaris L.). Jumbo [72] found insecticidal and repellent effect against adults of A. obtectus using the essential oil of C. zeylanicum.




        The Indian meal moth (Plodia interpunctella Hübner; Lepidoptera: Pyralidae) and the lesser grain borer (Rhyzoperta dominica (F.): Coleoptera: Bostrychidae) are insects associated to stored cereals too, and the cinnamon has also been used for their control. Ashouri [74] assessed the powder of C. zeylanicum at 5.0% (w/w) against R. dominica, which exhibited significant toxicity on adults but did not cause 100% mortality. Against P. interpunctella, Jo [82], developed an anti-insect polymer strip using essential oil of C. zeylanicum in polyvinyl alcohol showing a 63% of mortality for fumigation at 120 h and effective repellency.




        The essential oil of C. cassia was assessed by Park [83] against the agricultural pests’ diamondback moth (Plutella xylostella L.: Plutellidae), green peach aphid (Myzus persicae Sulzer; Hemiptera: Aphidae), and two-spotted spider mite (Tetranychus urticae Koch; Acari: Tetranychidae). These authors concluded that C. cassia essential oil could be an effective natural acaricide and insecticide against these insect pests.




        The lepidopterous moths are very important pests, and two examples of them are the cotton leafworm (Spodoptera litura Fabricius; Noctuidae) and the tomato pinworm (Tuta absoluta (Meyrick); Gelechiidae). The essential oil of cinnamon showed to increase rotenone toxicity when tested as a mixture against S. litura [79]. In tomato pinworm, C. zeylanicum essential oil was able to induce 100% of larvae mortality within four hours of exposure.




        Finally, two additional agricultural pests in which cinnamon essential oil has been evaluated are the citrus flatid planthopper (Metcalfa pruinosa Say; Hemiptera: Flatidae) and the oak nut weevil (Mechoris ursulus Roelofs; Coleoptera: Attelabidae). In the case of M. ursulus, Park [84] assessed individually the main components of C. cassia essential oil concluding that the trans-cinnamaldehyde, eugenol and salicylaldehyde showed mortalities above 80%. The citrus flatid planthopper was examined using a direct-contact application bioassay exhibiting similar results to M. ursulus, as the most toxic constituents of essential oil were the hydroxy-cinnamic acid and eugenol [63].


      




      

        Urban and Human Health Pests




        An urban pest is defined as an organism that hinders with human activities. Urban pests are flies, mosquitoes, cockroaches, lice, fleas, ants, bed bugs and termites, among others. Several of these insects are vectors of pathogens that affect human health. Hence, using synthetic insecticides in the urban environment is very dangerous, particularly to children, pregnant women, and elders. For this reason, natural insecticides, as essentials oils represent an alternative. In the case of cinnamon, Ahmad [85] studied the repellent activity of C. zeylanicum essential oil against the domiciliary cockroach (Periplaneta americana L.; Dictyoptera: Blattellidae) obtaining 100% repellency with a concetration of 12 ppm. In a different study, Phillips [86] assessed the topical toxicity of two main constituents of C. zeylanicum essential oil, trans-cinnamaldehyde and eugenol, against the German cockroach (Blatella germanica L.; Dictyoptera: Blattellidae), showing the trans-cinnamaldehyde as the one with the highest toxicity against adult females, large nymphs, and small nymphs with LD50 values of 0.19, 0.12, and 0.04 mg per cockroach, respectively. Another urban pest with worldwide distribution and relevance is the housefly (Musca domestica L.; Diptera: Muscidae), an insect with many cases of resistance to synthetic insecticides. Sinthusiri and Soonwera [87] evaluated the effect of 20 essential oils against M. Domestica, demonstrating a knockdown effect of a 10% C. verum essential oil at 24 hours of 44.3 min and an LC50 = 7.48%. Boito [88] assessed the effect of essential oil of C. zeylanicum against adult and larvae of M. domestica showing mortality of 100% after 90 minutes of exposure. At the same time, Khater and Geden [89] concluded that the essential oil of C. zeylanicum exhibited mortality of 100% and a strong repellency.




        The ants are insects that people rarely perceive as a pest, but rather as beneficial. However, many species are considered urban pests. Kasim [90] evaluated the essential oil of C. cassia against ants), concluding that the essential oil has positive insecticidal and repellent activity. One of the most dangerous ants to humans is the red imported fire ant (Solenopsis invicta Buren; Hymenoptera: Formicidae) and, usually, insecticidal treatments are applied to soil for their control. Huang [91] tested a mixing of the soil with cinnamaldehyde and eugenol, two of the most abundant components discovering that the highest concentration is located at 5-10 cm, and that at this depth, it results in 100% mortality and a repellency of 96.3%. Another species of ant in which essential oils have been used is odors house ant (Tapinoma sessile Say; Hymenoptera: Formicidae) and according to Mutalib [92] C. zeylanicum essential oil is an effective repellent and insecticide against T. sessile.




        Finally, the mosquitoes show a situation very similar to houseflies because there are many reports of insecticide resistance, so alternatives of control are necessary. Benelli [93] assessed the essential oil of C. verum against the Southern house mosquito (Culex quinquefasciatus Say; Diptera: Culicidae) obtaining the highest toxicity against 4th instar larvae with a LC50 = 40.7 µL-1, reducing adult emergence and fertility too. Cheng [94] evaluated essential oil of leaves of Cinnamomum osmophloeum against C. quinquefasciatus, Aedes albopictus Skuse and Armigeres subalbatus Coquillett. Results of larvicidal tests demonstrated that the leaf essential oil had an excellent inhibitory effect against A. albopictus larvae. Other mosquito species assessed with cinnamon essential oil is Anopheles gambiae sensu lato by Thomas [95], showing larvicidal effect at concentration-dependent doses.


      




      

        Veterinary Pests




        The veterinary pest associated with pets and livestock has been a research topic, and the cinnamon esential oil has been evaluated against pests of veterinary importance too. Khater [96] assessed the toxicity of C. zeylanicum essential oil against the sheep blowfly (Lucilia sericata (Meigen); Diptera: Calliphoridae), concluding that a dose of 5.0% produces larval mortality of 95.56%. The poultry red mite (Dermanyssus gallinae De Geer; Acari: Dermanyssidae) is an haematophagous ectoparasite of domestic poultry, a posible vector of various poultry pathogens. Na [97] studied the fumigant toxicity of four cinnamon oils exhibiting a good fumigant activity with an LD50 = 26.4 g cm-2, resulting in a similar activity to the synthetic insecticide Dichlorvos. Other veterinary pests are the Horn fly (Haemotobia irritans L.; Diptera: Muscidae) and the Cattle tick (Rhicicephalus microplus Canestrini; Ixodida: Ixodidae). In the case of H. irritans, Boito [88], using naturally infested cows, evaluated the free and nanoemulsion essential oil of C. zeylanicum. The results showed that cinnamon oil at 10%, and the nanoemulsion in a concentration of 5.0% were 100% effective as contact insecticide and repellent against H. irritans. Finally, Khater [98] investigated the louscicidal and repellent effects of C. camphora L. against the buffalo louse (Haematopinus tuberculatus Burmeister; Phthiraptera: Haematopinidae), showing that the number of lice infesting buffaloes significantly reduced after treatment with C. camphora essential oil.


      


    




    

      



      ANTHELMINTIC PROPERTIES AGAINST LIVESTOCK PESTS




      Parasites at a worldwide level are considered the most important threat to animal production, causing impairments in animal health, live weight gain, milk production, wool production, feed conversion, and other performance parameters. Therefore, currently, many alternatives are being investigated to develop new methods of anthelmintic (AH) biocontrol, for instance, plants, spices, by-products, functional feeds, pre and probiotics [99, 100].




      Cinnamon (Cinnamomum spp.) has demonstrated in vitro and in vivo anthelmintic activity against several organisms in livestock (cattle, poultry, sheep, goats, swine). Different solvents to obtain specific plant secondary metabolites from C. verum have been tested to identify if cinnamon could be used as a biocontrol method in animal production.




      In this section, we showed the AH effects of cinnamon including essential oils and extracts in livestock production. For example, indirect and direct activities in the host allowed animals to fight from gastrointestinal nematodes.




      Cinnamaldehyde is the main metabolite extracted from cinnamon’s bark essential oil. This compound showed the highest egg hatch inhibition using an Haemonchus contortus multi-resistant isolate. The lethal concentration to kill 50% eggs mortality was 0.018 mg/mL (0.017-0.019 confidence intervals) [101]. The latter is highlighted evidence considering the recent rise of gastrointestinal nematodes resistance to conventional anthelmintic in sheep and goats. However, more in vivo will be necessary to confirm the AH effect in small ruminants infected naturally with gastrointestinal nematodes.




      Acetonic extracts obtained from cinnamon’s bark showed a strong in vitro AH activity against Ascaris suun, Trichuris suis, and Oesophagostomum dentatum. The secondary metabolites involved in the effect against helminths were proanthocyanidins and trans-cinnamaldehyde [102]. The study evaluated the in vivo effect of cinnamon´s capsule in Danish Landrace/Yorkshire/Duroc pigs; however, they did not find a reduction in the number larval burdens of A. suun.




      A mixture of cinnamaldehyde (5 mg/kg), carvacrol 3 (mg/kg), and Capsicum oleoresin (2 mg/kg) was offered to broiler chickens orally infected with 2.0 × 104 sporulated virulent oocysts of Eimeria tenella. The latter supplementation improved the immune system, increased body weight, and reduced the number of oocysts in chickens [103].




      As we mentioned before, the cinnamaldehyde represented the highest compound from essential oils after the extraction of cinnamon bark. A commercial cinnamon essential oil was used to evaluate the in vitro acaricidal activity against unfed larvae of Rhipicephalus (Boophilus) microplus (Acari: Ixodidae). The study reported that the highest acaricidal effect against larvae was of the essential oil from cinnamon when compared with a mixture of clove and lemongrass essential oils [104].




      

        Productive Performance




        In this section, we show some effects of cinnamon on the productive performance of livestock.




        The addition of cinnamon’s extracts to goat milk could improve the antioxidant capacity, according to Setiyoningrum [105]. Also, the essential oils have shown an antimicrobial activity against Klebsiella spp in milk from cows, buffaloes, sheep, and goats [106]. On the other hand, cinnamon powder has been used to change the organoleptic characteristics of soft white cheese from goats. The latter was to improve the acceptance of consumers and because it is considered that secondary metabolites from spices delay the bacteria growth. No differences were reported in the chemical composition of cheese, although cheese’s colour slightly changed [107].




        Recently, researchers are involved in finding out new alternatives to control or reduce methane production in ruminants. Methane is considered a potent greenhouse gas because that represents a huge impact on the global warming effect (~25 times more potent than CO2) [108]. Cinnamon leaf [109] and bark oils [110] has been tested in in vitro conditions to reduce the methane production. Both studies attributed an inhibition in the methanogenesis without adversely affecting the production of volatile fatty acids at different concentrations of cinnamon oils. Those studies reported that eugenol [109] and cinnamaldehyde [110] were the main metabolites causing a direct effect on methanogenesis.




        Cinnamon oils could be used in mixtures with other components, even other oils obtained for spices. That approach was used to explore alternatives against Rhipicephalus microplus under in vitro tests using mixtures composed by cinnamon (C. zeylanicum). Thus, interesting findings have been reported with the following mixture cinnamon: all spices of, i.e. the cinnamaldehyde contributed to 37.7% of the total compounds in the mixture and the combination showed the highest acaricidal effect against R. micropolus [111].







OEBPS/Images/9789811468360-C1_CH1.jpg
HO

10





OEBPS/Images/9789811468360-C1_CH6.jpg
42R=0H






OEBPS/Images/9789811468360-C1_CH3.jpg
OH
HO. o. ( Iou

oH

OcH;

oH

13R; = H Ry = OH, R; = O, R; = H

1R, = H R, = OCH; Ry = OH Ry =H
152, OH.R,=H
18R,<H R, HE.

oH

o
.

nR

OH “oH





OEBPS/Images/bentham_logo.jpg





OEBPS/Images/Cover.jpg
SCIENGE OF SPIGES & GULINARY HERBS
LATEST LABORATORY, PRE-CLINICAL, AND
CLINICAL STUDIES

Editors:

Atta-ur-Rahman ~\@

M. Igbal Choudhary o -4

Sammer Yousuf @A\ Bentham Books
AT |






OEBPS/Images/9789811468360-C1_CH2.jpg





OEBPS/Images/9789811468360-C1_F1.jpg





OEBPS/Images/9789811468360-C1_CH4.jpg





OEBPS/Images/9789811468360-C1_CH5.jpg
o

OH
2

OH

NH

OH

=z






