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ABSTRACT 
 

Terminalia avicennioides is an important medicinal plant used to manage many pathological 
conditions among most inhabitants of rural communities in Nigeria and many other African countries. It 
belongs to family Combretaceae and found commonly growing in the savannah region of West Africa. The 
parts of the plant mostly used for medicinal purpose are root and stem barks extracts, which are rich sources 
of phytochemicals such as anthraquinone, saponins, steroids, tannins and terpenes among others. In folk 
medicine, there are claims that the plant has been used to cure various diseases such as dental caries, skin 
infections, sore and ulcer, syphilis, bloody sputum, ringworm infection, gastrointestinal helminthes and several 
others. In this review, we have tried to provide bases for most of these claims at the instance of the results of 
modern investigations on the biological activities of the plant extract. The possibility of employing the plant 
extract in the field of green chemistry for probable application in biomedical industries was also discussed.    
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INTRODUCTION 
 

Plants have been employed for many decades as remedies to many diseases afflicting humans. 
Despite the various advances in modern medicine, larger proportion of the world's population (about 90%) still 
relies completely on raw herbs and unrefined extracts as medicines [1]. According to Cox and Balick [2], plants 
have been a rich source of medicines because they produce a host of bioactive molecules, most of which 
probably evolved as chemical defenses against predation or infection. Modern health care services is gradually 
getting out of reach of most of the world's population largely because of high cost and as such, people turn to 
rely on traditional medicine and medicinal plants to meet their primary health care needs. Today in most parts 
of the world especially in Asia and Africa, there are expanding markets for medicinal plants as herbal 
components of health foods and preventative medicines have become integrated into people’s dietary plans. 
There are many popular medicinal plants in the world of which Terminalia avicenniodes is one. This review is 
designed to examine the botany of this plant, various medicinal potentials attributed to its extracts, safety of 
the extracts, possible areas for future research endeavous and suggestion for its utilization and adoption in the 
medical delivery system. 

 
Taxonomy and Description 
 

Terminalia avicennioides Guill and Perr. Is a tree plant widely distributed and commonly growing in 
the Savannah region of West Africa [3]. The genus Terminalia belongs to family Combretaceae consisting of 
about 514 species of which only 54 are accepted and recognized [4]. Of these 54 species, 11 species are well 
represented in West Africa and have been used for various medicinal purposes. Some of these other species 
aside Terminalia avicennioides include; Terminalia glaucescens, Terminalia ivorensis, Terminalia macroptera, 
Terminalia laxiflora, Terminalia albida, T. mantaly, T. mollis, and in particular, T. scutifera among others. 
Species such as Terminalia chebula Retz., Terminalia superb, Terminalia catappa, Terminalia arjuna, Terminalia 
ferdinandiana are found in Asian countries, especially India, Indochina, Burma, Cambodia, Thailand, Laos, 
Vietnam and Malaysia. Terminalia avicennioides is locally referred to as “baushe” among the Hausa [5], 
‘Kpace” in Nupe, “Kpayi” in Gwari [6], “Idi” among the Yoruba. It grows as shrub or small tree with short bole 
to 10m high, sometimes bushy and branching from the base.  It is a tree with yellowish brown, hard and 
durable wood.  

 
Phytochemical constituents 
 

Several bioactive hydro-lysable tannin compounds including ellagic acid, punicalagin, flavogallonic 
acid and terchebulin [7] have been isolated from this plant, and none of them have been shown to have 
antimycobacterial activity at low concentrations. The root bark of T. avicennioides contains anthraquinone, 
saponins, steroids, tannins and terpenes [8]. A chemical compound called friedelin was also isolated from the 
root bark of this plant [9] with significant activity against Bacillus Calmette Guerin (BCG) at 4.9µg/ml. Friedelin 
had earlier been reported to exhibit antifeedant and anti-inflammatory activities [10] without cytotoxicity. 
Friedelin had also been found to show significant hepatoprotective activity [11]. A new triterpenoid named 
glaucescic acid was recently isolated from another species of the plant called Terminalia glaucescens [12], 
which suggest the richness of member of genera in various phytochemicals of medicinal values. An extensive 
array of triterpenes has been reported to exhibit antimyco-bacterial activity [13], in which oleane series were 
discovered to exhibit significant antimycobacterial activity.  
 
Plant parts and application in folk medicine 
 

Its roots are used as chewing sticks in Ibadan area of Nigeria and have been claimed to cure dental 
carries and skin infections [14]. The root bark decoction is used in Ivory Coast for draught and enema for 
severe jaundice [15], in Senegal for sores and ulcer [16], while in Nigeria for gastrointestinal disorders [17] as 
well as for syphilis by the Jukuns [18].  The seeds, fruits, roots and rinds are used in the treatment of bloody 
sputum in the human and cough by the Nupes in North Central Nigeria [19]. This plant is traditionally used to 
treat ringworm infections and other skin diseases [20]. In addition, dried, powdered roots of the plant mixed 
with roasted bulbs of Crinum spp. and made into an ointment with fresh cow butter is used for the treatment 
of rheumatic pains and joint swellings [3]. The Fulanis (the major cattle rearing people in Nigeria) use a 
decoction from the root of T. avicennioides to treat gastrointestinal helminth parasites [21]. 
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The survey of Atawodi et al. [22] revealed that the aqueous extract of its stem bark is traditionally employed to 
treat sleeping sickness and it was later discovered to be active against trypanosomes [23], diarrhoea [17], 
Candida albicans [24] and malaria parasite [25]. Some studies also showed that the stem bark extract of T. 
avicennioides exhibited both vibrocidal and typhoidal activities against Vibrio cholera and Salmonella spp (both 
Salmonella typhi and Salmonella paratyphi) respectively [26,27,28], while significant antimicrobial activities 
against Staphylococcus aureus was also reported [29]. Various extracts of T. avicennioides are used in Nigeria 
to treat ailments such as helminthiasis [30], while the efficacy of these extracts on healing of ulcer (gastric and 
peptic ulcers) and wounds has also been evaluated [31,32].  
 
Biological activities of its extracts 
 
Antioxidant activity 
 

Plant chemical substances such as flavonoids, tannins, have been shown to scavenge free radicals and 
therefore are viewed as promising therapeutic drugs for free radicals pathologies [33,34]. T. avicennioides 
stem bark extract contain phytochemicals such as glycosides, phenols, tannins, saponins, flavonoids, and 
ellagic acid [29], which have profound antioxidant effects. According to Akanbi [35], T. avicennioides has 
tendency to boost antioxidant level in organism because of the potential of its methanolic stem bark extract to 
elicit significant increase in serum and liver catalase (CAT) and superoxide dismutase (SOD) levels in laboratory 
rats. Furthermore, antioxidant effect of methanolic extract of this plant in treated infected mice was also 
reported by Omonkhua et al. [36]. The effects observed were listed to include an increase in antioxidant 
enzymes SOD and CAT activities, and a decrease in malondialdehyde (MDA) concentration. 

 
Antibacterial activity 
 

The crude extract of the T. avicennioides root bark was already observed to exhibit broad growth 
inhibition against microbes causing infectious diseases [29,37,38] and it was especially found to significantly 
inhibit activities of M. tuberculosis and BCG at 78 and 200μg/ml respectively [39,40]. In addition, the crude 
methanolic extract of the plant was also found to be active against Staphylococcus aureus, Streptococcus 
pyogenes, Bacillus subtilis, Salmonella typhi, Escherichia coli, Pseudomonas aeruginosa, Neisseria gonorrhoea 
and Candida albicans with minimum inhibitory concentration (MIC) of 0.3mg/mL for S. pyogenes and B. subtilis 
while MIC of 0.4mg/mL for others [8]. However, it was reported to be inactive against Corynebacterium 
ulcerans and Klebsiella pneumonia.  

 
Terpenoidal fractions of Terminalia avicennioides was prepared using combination of 

chromatographic techniques (Flash column chromatography and Tin-layer Chromatography) and were found 
to be active against some bacteria implicated in human infections such as Staphylococcus aureus, Escherichia 
coli and Pseudomonas aeruginosa with MICs of 0.425, 0.425 and 0.213µ/ml respectively [38]. Some respiratory 
infections are caused by Pseudomonas species while E coli have been implicated in some gastrointestinal 
diseases and lung infections especially in immunodeficient patients. In another study, Triterpenoid Friedelin 
isolated from the root bark of T. avicennioides revealed significant antimycobacterial activity against BCG at 
MIC of 4.9µg/mL [9].  These results probably provide bases for the use of this plant extract in the treatment of 
bloody sputum and cough by the Nupes of North Central Nigeria [6].  

 
Furthermore, aqueous extracts of T. avicennioides stem bark, either singly or in combination with 

Ocimum gratissimum (leaf extract) were investigated and discovered to manifest marked shigellocidal activity 
that is comparable to antibacterial effects of ofloxacin [41]. The extracts were shown to inhibit strains of 
Shigella such as S. dysenteriae, S. flexneri, S. sonnei and S. boydii with MIC of 243.8-431.3µg/mL. This study 
provides additional information regarding the wide range of Gram-negative coverage of T. avicennioides thus 
lending credence to their therapeutic use in herbal preparations among people in the rural communities.     

  
Antifungal Activity 
 

Chloroform, ethanolic, methanolic, ethyl acetate and aqueous root extracts of Terminalia 
avicennioides were reported to show in vitro antifungal activities against Aspergillus niger, Aspergillus 
fumigatus, Penicillium species, Microsporum audouinii and Trichophyton rubrum [37]. Of the five root bark 
extracts, Ethanolic extracts of the plant roots were most effective with MIC range between 0.03µg/ml and 
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0.05µg/ml while the minimum fungicidal concentration ranged between 0.04µg/ml and 0.05µg/ml. It was 
observed that the antifungal substances contained in the extracts were fungistatic at lower concentrations 
while turning fungicidal at higher concentrations of the extracts, which is similar to the report of Banso and 
Adeyemo [42] on some other plant extracts.  

 
Antihelminthic effect 
 

In a study carried out to assess the antihelminthic effects of four extracts of Terminalia avicennioides 
(i.e. extracts obtained using butanol, methanol, chloroform and petroleum ether as solvents) on Laboratory 
rats purposely infected orally with Nippostrongylus brasiliensis, only butanolic extract produced a consistently 
high and significant (P<0.05) antihelminthic effect [30]. The choice of this strain of hookworm was based on 
the understanding that N brasiliensis is more resistant to antihelminthics than most other gastrointestinal 
helminth parasites [43,44]. The extract was noted to produce dose dependent deparasitization in the infected 
rats.   

 
Antitrypanosomal effect 
 

A comparative investigation was conducted by Alayande et al. [45] to assess the efficacy of aqueous 
extract of T. avicennioides singly and in combination with diminazene aceturate (Berenil) in rats infected with 
Trypanosomal brucei brucei. It was discovered that, aqueous extract treated rats manifested reduction in the 
parasitaemia and significant increase in the average survival time, but were not cured. However, those 
infected rats treated with Berenil alone and combination of its half therapeutic dose with the plant extract 
were completely cured. This study highlighted trypanocidal effect of T. avecinniodes bark extract, even though 
it could not eliminate the parasite completely, but it reduces the level of parasitaemia and improved the status 
of anaemia.  

 
In a related study, aqueous and methanolic extracts of the roots, leaves and stem bark of Terminalia 

avicennioides were tested in vitro and in vivo against Trypanosoma brucei brucei [5]. It was observed that the 
root and stem bark extracts completely immobilized trypanosomes within 30 minutes of incubation at 20 
mg/ml concentration, with the aqueous root extract displaying the highest activity, and the methanol extract 
of the leaf, the least. Anti trypanosomal effects of the root and stem bark extract compared favourably with 
that of the standard drug diminazine aceturate. Both crude extracts and bioassay-guided fractions were 
observed to significantly suppress parasitemia, alleviate anemia and prolonged life span in a dose dependent 
manner. The ethylacetate: methanolic portion of the bioassay-guided fractions was noted to show the greatest 
anti-trypanosomal activity with saponin as the major phytochemical constituent, which probably suggests its 
dominant role in the observed effect.       

 
Antimalarial effect 
 

Methanolic extract of T. avicennioidea have been reported by several authors to show antimalarial 
effects comparable to that of artesunate which is a standard drug [35,36]. For instance, the extract 
administered to Plasmodium berghei infected rat at 100 and 200mg/Kg was observed to suppress parasitemia 
after 1day by 18 and 11% respectively, while the suppression level was raised after 5days to 82 and 84%. The 
hemoglobin, red blood cell, and lymphocyte counts that were decreased and neutrophil count that was 
increased by the infection were all restored to normalcy. The serum and liver superoxide dismutase activities 
were significantly increased with simultaneous reduction in serum malondialdehyde concentration compared 
to untreated infected mice. In addition to this, high density lipid was also reported to be significantly higher 
while triglyceride was significantly lower in the plant extract treated rat than control [35]. It was inferred from 
the study that T. avicennioides may provide better protection against the malaria severity and complications.  

   
Gastroprotective effect 
 

Gastroprotective effects of different doses of methanolic extract of T. avicennioides on acute mucosal 
damage induced by 0.6 M HCl and on mucus production in the stomach of rats were demonstrated by 
Suleiman et al. [31]. In this investigation, animal treated with methanolic extract of the plant at a dose of 
350mg/kg were observed to show a significant reduction of gastric lesion produced by HCl while those treated 
at doses of 500 and 900mg/kg revealed a highly significant reduction in gastric damage compared to normal 
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saline (untreated) control rats. Administered doses of the extracts (350, 500 and 900mg/kg) were also 
observed to elicit a significant increase in mucus production compared to normal saline (untreated) and 
cimetidine (treated) control rats. The effect of the extract on both gastric damage and mucus production were 
shown to be dose-dependent. This finding further explains the claim that the extracts of the plant has ulcer-
healing effect, which was attributed partly to its antibacterial action, particularly against H. pylori.  

 
Wound Healing Activity 
 

Wound healing activity of ethanolic extract of T. avicennioides root bark was investigated in two 
wound models (excision and incision) using standard procedure [32]. It was shown that the extract produced 
wound healing effects comparable to that of penicillin ointment in term of wound contracting ability, closure, 
decreased in surface area, tissue regeneration and reduced days of healing. The wounds closed completely at 
18

th
 and 19

th
 days for penicillin ointment and ethanolic root bark extract treated rat groups respectively while 

the wounds in those groups treated with simple ointment still remained opened. It was deduced that tannins 
and anthraquinones which are the major phytoconstituents of the root bark extract of T. avicennioides [19] 
might have been responsible for the healing activities observed. This probably justify the rationale for the 
traditional use of this plant in wound management.   

 
Toxicity 
 

There is very little information on toxicity studies carried out on the plant. The one conducted so far 
was on in vitro cytotoxicity using brine shrimps and it was observed that, only petroleum ether extract of the 
plant root bark exhibited remarkable toxicity on brine shrimps larvae at ED50 of 63.2µg/ml [46]. Ethylacetate 
extract produced moderate toxicity at ED50 of 297µg/ml while ethanolic extract was nontoxic (ED50 >1000µ). 
Bulus et al. [47] investigated acute toxicity effect of aqueous extract of stem bark of T. avicennioides on white 
albino rats and reported LD50 >5000mg/kg body weight. There was no significant weight decrease among 
dosed groups up to 1000mg/kg body weight, however liver congestion was observed with 100mg/kg body 
weight dose group. Nevertheless, the organ-body weight ratio for kidney, liver and heart were not significantly 
different from the control group. Liver congestion was the only major pathology associated with treatment of 
rat with aqueous extract of T. avicennioides, which necessitate the need to determine to what extent ingestion 
of extracts from the plant will be toxic and the therapeutic dosage for clinical applications. In addition, a 
particular study conducted on anticancer activity of the aqueous extracts of T. avicennioides revealed that it 
significantly decreased in vitro cancer cell viability with increasing dose and time, indicating cytotoxicity against 
EAC cell lines [48]. This lends support to the possibility of the plant extract to serve as potent anticancer agent.  
In vivo toxicity study carried out with the ethanolic extract of a member of the same genera (T. paniculata) 
revealed very healthy and protective results [49]. Furthermore, other members of the genera such as T. 
belerica, T. mollis, T. chebula, and T. arjuna [50,51,52,53] were reported to show related activities. However, 
extract of T. avicennioides appeared to be safer in traditional medicine compared with aqueous extract of T. 
mollis [51].    

  
Application in nanotechnology 
 

Extracts of members of genera Terminalia have also been found useful in green chemistry for possible 
application in the field of biomedicine and other areas. For instance, T. catappa leaf extract was found very 
efficient in fast reduction of chloroaurate ions leading to the formation of highly stable gold nanoparticles in 
solution [54].  Also, aqueous leaf extract of T. arjuna was also discovered to be very active in bioreduction of 
gold ions to gold nanoparticles with potential to induce mitotic cell division in Allium cepa roots and pollen 
viability in Gloriosa superb without toxicity [55]. Kumar et al. [56] reported green synthesis of silver 
nanoparticles using extract of T. chebula fruit. The synthesized silver nanoparticles were observed to show 
good antimicrobial activities towards both Gram-positive bacteria (S. aureus ATCC 25923) and Gram-negative 
bacteria (E. coli ATCC 25922). Despite the great medicinal potential of T. avicennioides, it was discovered that it 
has not been explored in the field of nanotechnology. It is worthy to note that effort to explore extracts of T. 
avicennioides in the synthesis of metal nanoparticles and evaluation of its toxicity using plant model is 
presently being pursued and at advance stage. This study when completed will further enhance our 
understanding of the potential of T. avicennioides with the possibility of its exploitation in drug delivery.      
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CONCLUSION 
 

T. avicennioides usage in folk medicine to remediate many pathological conditions has been validated 
by numerous research findings which point to the possibility of its adoption in modern medical delivery. The 
major parts of the plant that are used in pharmacological preparations either singly or in combination are root 
and stem barks. The fact that its phytochemical extracts are virtually nontoxic in vivo in test organisms 
suggests the suitability of this plant for incorporation into modern health care system. In addition, the 
nontoxic nature of the plant extract will further enhance its acceptability over most of the synthetic drugs with 
high level of toxicity and greater side effects, which further debilitate human systems after curing the targeted 
ailments. Furthermore, it is possible that this medicinal plant will find useful application in the field of 
nanomedicine because of nontoxic nature of its extract on the biological system. However, there is need for 
further investigation to validate the non or less toxic reports as claimed by earlier findings.  
   

REFERENCES 
 
[1] Duke JA. CRC handbook of medicinal herbs. CRC Press, Boca Raton, FL. 1985, 677pp. 
[2] Cox PA and Balick M. J Sci Am 1994;270(6): 82-87.  
[3] Burkill HM. The useful plants of Tropical Africa, 2nd Ed., Vol.1, Royal Botanic Gardens, Kew, London. 

1985, 417 pp. 
[4] http://www.theplantlist.org 
[5] Atawodi SE, Bulus T, and Mamman M. Int J Biol 2011;3(3): 19-30. 
[6] Mann A, et al.  J Phytomed Therap 2007;12: 1-12  
[7] Shuaibu MN, et al. Parasitol Res 2007;102 (4): 697-707  
[8] Mann A. J Microbiol Res 2012;2(1): 6-10. 
[9] Mann A. et al.  American J Chem 2011;1(2): 52-55. 
[10] Duke JA. A Handbook of Biologically Active Phytochem-icals and Their Activities, CRC Press, Boca 

Raton, Ann Arbor, Tokyo., 1992. 
[11] Dzubak P. et al.  J Nat Prod Rep 2006;23: 394–411.  
[12] Aiyelaagbe O, Olaoluwa O, Oladosu I and Gibbons S. Rec Nat Prod 2014;8(1): 7-11 
[13] Copp BR. Nat Prod Rep 2003, 20(6), 535-557 
[14] Lewis WH, and Elvin-Lewis. M.P.F. Medical Botany – plants affecting man’s health. John Wiley & Sons. 

1977. 
[15] Kerharo J and Bouquet A. Plantes médicinales, toxiques et magiques de la Cȏted’Ivoire – Haute-Volga, 

Vigot Fréres, Paris. 1950, Pp. 14, 53. 
[16] Kerharo J and Adam JG. Annal Pharmacie France 1963;21: 853-870. 
[17] Abdullahi AL, Agho MO, Amos S, Gamaniel KS and Wambebe C. Phytother Res 2001;15 (5): 431-434. 
[18] Irvine FR. Woody plants of Ghana. Oxiford University Press. London. 1961, Pp. 129-130. 
[19] Mann A. Survey of Ethinomedicine for the treatment of Tuberculosis: Chemistry Perspective. 

Ayanwola Printing Works, Minna, Niger State, Nigeria, 2007, pp. 1-117. 
[20] Sofowora A. Medicinal Plants and Traditional Medicine in Africa. John Wiley and sons, New York. 

1982, 77 p. 
[21] Dalziel JM. The Useful Plants of West Tropical Africa. Crown Agents for Overseas Governments and 

Administrations, Millbank, London. 1955, 81p. 
[22] Atawodi SE, et al.   J Ethnopharmacol 2002;79: 279-28. 
[23] Bizimana N, Tietjen U, Zessin KH, Diallo D, Djibril C, Melzig MF, et al. J Ethnopharmacol 2006;103: 350-

356. 
[24] Baba-Mousa F, Akpagana K, Bouchet P. J Ethnopharmacol 1999;66: 335-338. 
[25] Sanon S, Gansane A, Ouattara LP, Traore AA, Ouedraogo IN, Tiono A, et al. Afr J Lab Med 2013;81: 1-7. 
[26] Akinsinde KA and Olukoya DK. J Diarrhoeal Dis Res 1995;13(2):127–129. 
[27] Akinyemi KC, et al.   Inf Contr Assoc 2000;13(1): 15–19. 
[28] Akinyemi KO, Mendie UE, Smith ST, Oyefolu AO and Coker AO. J Herb Phamacother 2005;5: 45-60. 
[29] Mann A, Yahaya Y, Banso A and John F. J Med Plant Res 2008;2: 94-97. 
[30] Suleiman MM, et al.  J Herbs Spices Med Plants 2005;11(3): 117–126. 
[31] Suleiman MM, Yusuf S and Amaechi EL. J Herbs Spices Med Plants 2007;12(4): 29–37. 
[32] Mann A, Ajiboso OSO, Ajeigbe S, Gbate M and Isaiah S. Int J Med Arom Plants 2011;1(2): 95-100. 
[33] Czinner E, et al.  J Ethnopharmacol 2001;77: 31-35. 
[34] Satoshi T, et al. Phytother Res 2003;17: 963-966. 



ISSN: 0975-8585 

 March – April  2015  RJPBCS   6(2)  Page No. 754 

[35] Akanbi OM. British Microbiol Res J 2013;3(4): 501-512. 
[36] Omonkhua AA, Cyril-Olutayo MC, Akanbi OM. and Adebayo OA. Parasitol Res 2013;112: 3497–3503. 
[37] Mann A, Banso A and Clifford, LC Tanz. J Health Res 2008;10:34-38  
[38] Mann A, et al.  Afr J Pharm Pharmacol 2009;3(1): 022-025 
[39] Mann A, et al.  Afr J Biotech 2008;7(11): 1630-1636  
[40] Mann A, et al.  Afr J Inf Dis 2009, 3(2): 44-48. 
[41] Iwalokun BA, Gbenle GO, Adewole TA and Akinsinde KA. J Health Popul. Nutr 2001;19(4): 331-335. 
[42] Banso A and Adeyemo SO. J Pure App Sci 2000;15:1055-1058. 
[43] Cavier R. Chemotherapy of intestinal nematodes. In Cavier, R. 1973. Chemotherapy of Helminthiasis. 

Vol. I, Pergamon Press, Oxford. 1973, 436 p. 
[44] Standen OD. Chemotherapy of helminthic infections. In R.J. Schnitzer and F. Hawkings. Experimental 

Chemotherapy. Vol. I. Academic Press, New York. 1973, pp.701-892. 
[45] Alayande LB, et al. Sokoto J Veter Sci 2011;9(2): 11-15. 
[46] Mann A, et al. Afr J Sci Res 2011;4(1): 221-228.    
[47] Bulus T, Atawodi SE and Mamman M. Sci World J 2011;6(2): 1-4. 
[48] Salau AK, Yakubu MT and Oladiji AT. Indian J Pharmacol 2013;45(4): 381–385. 
[49] Mopuri R and Meriga B. Asian Pac J Trop Biomed 2014;4(4): 294-298.   
[50] Thanabhorn S, Jaijoy Km Thamaree S and Ingkaninan K. Mahidol Univ J Pharm Sci 2006;33(1-4): 23-30. 
[51] Bulus T, Atawodi SE, Mamman M. Chem Class J 2007;4: 57-60. 
[52] Panunto W, et al.  Int J Appl Res in Nat Prod 2010;3(4): 36-43. 
[53] Biswas M, et al. Pharmacologyonline 2011;1: 366-371. 
[54] Ankamwar B. E-J Chem 2010;7(4): 1334-1339. 
[55] Gopinath K, et al.  Industr Crops Prod 2013;50: 737– 742. 
[56] Kumar KM, et al.  Spectrochimica Acta Part A 2012;91:228– 233. 
 
 
 
 
 
 


