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ABSTRACT 

Terminalia catappa L. is a common tree but its fruits are eaten only by birds, children and is not available in the shops like ordinary, 
common fruits. This means Terminalia catappa fruits are underutilized. Hence, preliminary study was performed to know better 
about the phytochemicals, secondary metabolites and antioxidant activities of fruit flesh. The observed phytochemical results show 
that it contains alkaloid, flavonoid, saponin, anthroquinone, glycoside. In addition to these phytochemicals qualitatively tested, it 
also found to contain phenolics and flavonoids when tested quantitatively. The results of invitro antioxidant studies assessed shows, 
which it is able to have higher reducing power, nitric oxide scavenging, total antioxidant activity but metal chelating activity was 
moderate with Terminalia catappa fruit flesh. Since, Terminalia catappa fruit flesh possess phytochemicals with good antioxidant 
activity, it can be utilized by everyone like all fruits as it finds enormous pharmaceutical applications. Let’s be aware of commonly 
available fruits and its values to preserve our nature.  
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INTRODUCTION 

erminalia catappa L. is a Combretaceous plant, 
leaves are widely used as a folk medicine in 
Southeast Asia to treat dermatosis and hepatitis.1 

This tree is tolerant to strong winds, salt spray and 
moderately high salinity in the root zone. It grows in a 
freely drained, well aerated, sandy soil. Terminalia 
catappa fruit contain cyanidin-3-glucoside, corilagin 
(Topoisomerase I and II inhibitor2,3 and Xanthin oxidase 
inhibitor,4 ellagic-acid (anti-HIV),5,6  anti asthmatic 
compound, gallic-acid,7 and pentosans. Terminalia 
catappa fruit also contains phytochemicals which are 
indicative of it’s potential in treatment of DB e.g. 
brevifolin-carboxylic-acid, an aldose reductase inhibitors, 
euginic acid  having anticataract activity.8 This fruit is 
antidiabetic9 in nature as it is rich in tannins. The extract 
of T.catappa leaves and fruits have been reported for  
anticancer, antioxidant, anti-HIV reverse transcriptase, 
anti-inflammatory, antidiabetic and hepatoprotective 
activity.10-13 Terminalia catappa red variety pulp (100g) 
contain 11.05 to 14.05% carbohydrate, vitamin C - 95.9 to 
138.6mg and β-carotene - 754-2090µg.14  Saponin, 
glycoside, flavonoid, alkaloid, anthraquinone, 
anthraquinone glycoside are present in this fruit.15,16 
Different kinds of plants and its parts like leaf, bark, seed, 
stem, flowers, fruits, twigs, and peel individually or totally 
exhibit therapeutic properties, each part exhibiting 
different biological activity and antioxidant potency.17-

21Cosidering the therapeutic importance of                 
Terminalia catappa fruit, it is important and essential to 
promote processing and consumption of this tropical 
fruit.  Hence, the present study was planned to analyse 

the phytochemicals, secondary metabolites, antioxidant 
activities of Terminalia catappa fruit flesh. 

MATERIALS AND METHODS 

Sample collection 

The Terminalia catappa fruits (red variety) were collected 
from tree located in front of the campus of Navodaya 
academy senior secondary school (CBSE), Namakkal, 
Namakkal District, Tamil Nadu, India during November-
December, 2013. The flesh from fruits along with the skin 
were separated and allowed to shade dry. After drying it 
completely, the dried flesh of fruits was powdered in a 
blender. The powdered fruit flesh was used for further 
studies. 

PHYTOCHEMICAL ANALYSIS  

Qualitative analysis was done for the presence of alkaloid, 
flavonoid, Saponin, anthroquinone, terpenoid and 
steroid, glycoside.22,23 

Test for alkaloid 

This test was performed by adding few drops of saturated 
solution of picric acid to a drop of extract. Positive test 
shows the presence of yellow colour precipitation.  

Test for flavanoid 

To a drop of extract add magnesium turnings followed by 
1/2 drops of concentrated hydrochloric acid. Positive 
result gives red color.  

Test for saponin 

Foams produced when the extract was shaken with water 
for positive result.  
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Test for free anthraquinone 

 5 ml of chloroform was added to the powdered sample 
and filtered after shaking it for 5 mins. To this add equal 
volume of 10% ammonia solution. Positive result shows 
the appearance of bright pink colour in the aqueous layer.  

Test for Steroid and Terpenoid  

Dissolve a small portion of extract in 1ml chloroform and 
then filtered. The filtrate was kept on ice, to this 1 ml of 
acetic acid and few drops of conc. sulphuric acid was 
added. The appearance of a pink colour indicates the 
presence of terpenoids. The appearance of blue colours 
indicates the presence of steroids. A mixture of pink and 
blue colour indicates the presence of both. 

Test for Glycoside 

Powered sample was boiled with 1.0 ml of sulfuric acid in 
a test tube, filtered while hot and then cooled. Then 
equal volume of chloroform was added.10ml ammonia 
was added to the separated chloroform layer of mixture. 
The presence of reddish brown precipitate in the filtrate 
shows positive result. 

Aqueous extract preparation  

Aqueous extract was prepared by taking different 
concentrations of Terminalia catappa fruit flesh powder 
(50, 75, 100mg). Each concentration was dissolved in 
10ml water mixing with a magnetic stirrer at 4°C for 4h. 
The mixture was filtered through nylon cloth and 
centrifuged at 20,000g for 30min. 0.1ml of supernatant 
was used for the analysis. Each experiment was 
performed three times. 

DETERMINATION OF SECONDARY METABOLITES  

The phenol and flavonoid content of aqueous extract was 
analysed. 

Determination of total phenol content 

Total phenolic content were determined by Folil-
ciocalteau method. The extract (0.1ml) was mixed with 
folin-ciocalteau reagent (5ml, 1:10 diluted with distilled 
water) for 5min and added aqueous NaCo3 (4ml, 1M). The 
mixture was allowed to stand for 15min and the phenols 
were determined by colorimetric method at 765nm. The 
standard curve was prepared. Total phenol values are 
expressed in terms of gallic acid equivalent (mg/g of dry 
mass), which is a common reference compound. 24, 25  

Estimation of flavonoids 

The aluminium chloride method was used for the 
determination of the total flavonoid content. Extract 
solution were taken and to this 0.1ml of 1M potassium 
acetate, 0.1ml of AlCl3 (10%), 2.8ml distilled water were 
added sequentially. The test solution was vigorously 
shaken.  Absorbance at 415 nm was recorded after 30min 
of incubation. A standard calibration plot was generated 
using known concentration of quercetin. The 
concentration of flavonoid in the test samples were 

calculated from the calibration plot and expressed as mg 
quercetin equivalent/g of sample.26  

DETERMINATION OF ANTIOXIDANT ACTIVITIES   

Reducing power assay, Total antioxidant assay, Nitric 
oxide scavenging assay, Metal chelating activities were 
performed. 

Reducing power assay 

Aqueous extract was mixed with phosphate buffer (2.5ml, 
0.2M, PH 6.6) and potassium ferricyanide (2.5ml, 1%). The 
mixture was incubated at 50°c for 20min. 1.0 ml of 
Trichloro acetic acid (10%) was added to stop the 
reaction, which was then centrifuged at 3000rpm for 
10min. The upper layer of solution (1.5ml) was mixed 
with distilled water (1.5ml) and FeCl3 (0.1ml, 0.1%) after 
mixing, the contents were incubated for 10min and the 
absorbance was measured at 700nm. Increased 
absorbance of the reaction mixture indicated increased 
reducing power. Ascorbic acid was used as a positive 
control.27  

Total antioxidant capacity 

Total antioxidant capacity by phosphomolybdenum  
method assay is based on the reduction of Mo (V1) to Mo 
(V) by the sample analyte and the subsequent formation 
of green phosphate/Mo (V) complex at acidic pH by 
adding 4ml reagent solution containing 0.6M Sulphuric 
acid, 28mM Sodium phosphate, 4mM Ammonium 
molybdate. The tubes were incubated in water bath at 
95°C for 90 minutes. After the samples had been cooled 
to RT, the absorbance of mixture was measured at 695nm 
against blank. The phosphomolybdenum method is 
quantitative, since, the total antioxidant activity is 
expressed as the number of equivalents of ascorbic acid.28  

Nitric oxide scavenging activity  

This procedure is based on the principle that, sodium 
nitroprusside in aqueous solution, at physiological pH 
spontaneously generates nitric oxide which interacts with 
oxygen to produce nitrite ions that can be estimated 
using Griess reagent. Scavengers of nitric oxide compete 
with oxygen, leading to reduced production of nitrite 
ions. For the experiment, sodium nitroprusside (10mM), 
in phosphate buffered saline, was mixed with extract and 
incubated at room temperature for 150min. After the 
incubation period, 0.5ml of Griess reagent was added. 
The absorbance of the chromophore formed was read at 
546nm.  Ascorbic acid was used as a positive control.29 

Metal chelating activity 

Add extract (0.1ml) to a solution of 2mM FeCl2 (0.05ml).  
The reaction was initiated by the addition of   5mM 
Ferrozine (160µl), the mixture was shaken vigorously and 
left standing at room temperature for 10min. Absorbance 
of the solution was then measured 
spectrophotometrically at 562nm. Standard curve was 
plotted using ascorbic acid.  Distilled water (1.6ml) 
instead of sample solution was used as a control.  Distilled 
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water (160µl) instead of ferrozine was used as a blank, 
which is used for error correction because of unequal 
color of sample solution.30  

For all estimations, readings were taken using UV- Visible 
spectrophotometer- Shimadzu, Japan make. Model UV 
1800. Standard graph were plotted for all experiments 
using their respective standards and samples were 
plotted against standard by taking concentration in X axis 
and OD in Y axis.   

STATISTICAL TOOL 

Each experiment was carried out in triplicate and the 
results are given as the mean ± standard deviation. The 
Mean and Standard deviation (S) was calculated by using 
the following formula:   

Mean = Sum of x values/ n (Number of values),   푠 = ∑( )  

RESULTS AND DISCUSSION  

The results of Phytochemicals present in Terminalia 
catappa fruit flesh is shown in Table 1. 

The fruit flesh is found to be devoid of terpenoid and 
steroid but found to contain alkaloid, flavonoid, saponin, 

glycosides, steroids, anthroquinone and glycosides. The 
medicinal value of the plant is determined by the 
phytochemicals present. 

Table 1:  Phytochemicals in aqueous extract of Terminalia 
catappa L. fruit flesh 

Phytochemicals Present(+) /Absent (-) 

Alkaloid + 

Flavonoid + 

Saponin + 

Anthroquinone + 

Terpenoid, Steroid + 

Glycosides + 

 

Secondary metabolites and Antioxidant activities 

The results of secondary metabolites and antioxidant 
activities of Terminalia catappa fruit flesh is shown in 
Table 2. 

 

Table 2: Secondary metabolites and Antioxidant activities in aqueous extract of Terminalia catappa L. fruit flesh. 

Terminalia 
cattappa 

Fruit flesh  (mg) 

Total phenolics 
(mg/g) 

Total flavonoids 
(mg/g) 

Reducing 
power activity 

(mg/g) 

Total antioxidant 
activity (mg/g) 

Nitric oxide 
scavenging 

activity (mg/g) 

Metal chelating 
activity(mg/g) 

50 9.3±2.7 30.2±2.02 64.40±2.02 14.2±2.76 54.2±2.02 20.16±1.40 

75 28.66±1.15 61.33±1.15 91.33±2.30 49.33±1.15 78.0±2.0 29.0±1.73 

100 121.33±6.11 193.33±2.30 233.33±2.30 84.0±8.0 204.0±6.92 65.33±3.05 

         Values are Mean±SD for Three experiments 
 
Table 2 shows the results of Terminalia catappa fruit 
flesh. Total flavonoids were found to be higher when 
compared to total phenolics at all concentrations studied. 
Among the antioxidants studied, the reducing power 
activity, Nitric oxide scavenging activity was found to be 
higher. But, total antioxidant activity as well as metal 
chelating activity was lower with fruit flesh. (Table.2) 
Flavonoids are hydroxylated phenolic substances are 
synthesized by plants during stress eg. microbial 
infection31 and influence the quality, stability of foods by 
acting as flavorants, colorants, and 
antioxidants.32,33Functional hydroxyl groups in flavonoids 
enhances the antioxidant effects by scavenging free 
radicals or by chelating metal ions.34,35 The metal 
chelation  is crucial in preventing  free radical 
generation.36,37 

The antioxidant activity of several polyphenolic extracts, 
compounds of leaves, fruits, seeds, bark, roots and 
oilseeds are well documented.38,39 Antioxidants defend by 
contributing an electron of their own to neutralize free 
radicals and help prevent cumulative damage to body 
cells and tissues.40 The antioxidant activity of phenolic 

constituents might be due to their redox properties, by 
acting as reducing agents/hydrogen-atom donors, their 
ability to chelate metals, inhibit lipoxygenase and 
scavenge free radicals.41 The reducing power decreases 
inversely to polarity of the solvent used 42 and the 
phytochemicals, containing non polar secondary 
metabolites are inactive.43 Compared to fresh fruits, 
polyphenol and antioxidant activity of dried fruits are 
higher because of low moisture content  in it which 
increases shelf life.44  

CONCLUSION 

The research results showed that, Terminalia catappa 
fruit flesh contains sufficient amount of phenolics and 
flavonoids which activates antioxidant activity. The 
antioxidant activities present are due to the 
phytochemicals contained in it. From the obtained 
results, it is concluded that it can be used like common 
fruits to get the pharmacological benefits free of cost as 
we find the tree everywhere.   

Acknowledgement: The author wishes her thanks to 
Honorable Vice-chancellor Dr. C. Swaminathan Avl and 



Int. J. Pharm. Sci. Rev. Res., 28(1), September – October 2014; Article No. 15, Pages: 83-87                                               ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
 

86 

Dr. K. Angamuthu Avl, Registrar, Periyar University, Salem 
for their administrative support and excellent 
infrastructure facilities provided.  

REFERENCES 

1. Lin CC, Chen YL, Lin JM, Ujiie T, Evaluation of the 
antioxidant and hepatoprotective activity of Terminalia 
catappa, Am J Chin Med, 25, 1997, 153–161.  

2. Hecht SM, Berry DE, MacKenzie LJ, Busby RW, Nasuti CA, A 
strategy for identifying novel, mechanistically unique 
inhibitors of topoisomerase I, Journal of Natural Products, 
55, 1992, 401–413. 

3. Kashiwada Y, Nonaka G, Nishioka I, Lee KJ, Bori I, 
Fukushima Y, Bastow KF, Lee KH, Tannins as potent 
inhibitors of DNA topoisomerase II in vitro, Journal of 
Pharmaceutical Sciences, 82, 1993, 487–492.  

4. Hatano T, Yasuhara T, Yoshihara R, Agata I, Noro T, Okuda 
T, Effects of interaction of tannins with co-existing 
substances. VII. Inhibitory effects of tannins and related 
polyphenols on xanthine oxidase, Chemical and 
Pharmaceutical Bulletin (Tokyo), 38, 1990, 1224–1229.  

5. Tan GT, Pezzuto JM, Kinghorn  AD, Hughes SH, Evaluation 
of natural products as inhibitors of human 
immunodeficiency virus type 1 (HIV) reverse transcriptase, 
Journal of Natural    Products, 54, 1991, 143 – 154. 

6. Basnet P, Kadota S, Shimizu M, Xu HX, Namba T, 2_-
Hydroxymatteucinol, a new C-methyl flavanone derivative 
from Matteccia orientalis potent hypoglycemic activity in 
streptozotocin (STZ)-induced diabetic rat, Chemical & 
Pharmaceutical Bulletin (Tokyo), 41, 1993, 1790–1795  

7. Dorsch W, Wagner H, New antiasthmatic drugs from 
traditional medicine? International Archives of Allergy and 
Applied Immunology, 94, 1991, 262–265.  

8. Shimizu M, Horie S, Terashima S, Ueno H, Hayashi T, 
Arisawa M, Suzuki S, Yoshizaki M, Morita  N, Studies on 
aldose reductase inhibitors from natural products II Active 
components of a Paraguayan crude drug ‘Para-parai mi’, 
Phyllanthus niruri, Chemical  and Pharmaceutical Bulletin 
(Tokyo), 37, 1989, 2531–2532.  

9. Teotia S, Singh M, Hypoglycemic effect of Prunus 
amygdalusseeds in albino rabbits, Indian Journal of 
Experimental Biology, 35, 1997, 295–296.  

10. 10.Nagappa AN, Thakurdesai PA, Venkat Rao N, Singh J, 
Antidiabetic  activity of TC Linn fruits, Journal of  
Ethanopharmacology, 88, 2003, 45-50. 

11. Zhai YF, Yao J, Fan YM, Xu LZ, Gao J,Zhao XN, Inhibitory  
effects of LR-98 on proliferation of hepatocarcinoma cells,  
Journal of Nanjing University (Natural Sciences), 37, 2001, 
213-217. 

12. Xu LZ, Gao J, Zhu L, Xu M, Lu SY, Zhao XN, Zhang XX, 
Protective effects of LR 98 on hepatotoxicity  induced by 
carbon tetra chloride and D-galactosamine in mice, Journal 
of Natural Sciences, Nanjing University, 36, 2000, 197-201. 

13. Fan YM, Xu LZ, Gao J, Wang Y, Tang XH, Zhao XN, Zhang ZX, 
Phytochemical and anti-inflammatory studies on Terminalia 
cattappa, Fitotherapia, 75, 2004, 253-260.  

14. Dikshit M, & Samudrasok RK, Nutritional evaluation of 
outer fleshy coat of Terminalia catappa fruit in two 

varieties, International Journal of Food Science and 
Nutrition, 62, 2011, 47-51. 

15. Oduro I, Larbie C, Amoako TNE, Antwi-Boasiako AF, 
Proximate composition and basic phytochemical 
assessment of two common varieties of Terminalia 
catappa, Journal of  Science and Technology, 29, 2009, 1-7. 

16. Matos L, Nzikou JM, Kimbonguila A, Ndangui CB, Pambou-
Tobi NPG, Abena AA, Desobry S, Composition and 
nutritional properties of seeds and oil from Terminalia 
catappa L, Advance Journal of Food Science and 
Technology, 1, 2009, 72-77. 

17. Chanda SR Dave, Kaneria M, In vitro antioxidant property of 
some Indian medicinal plants, Res J Med Plant, 5, 2011, 
169-179.  

18. Chanda SV, and Kaneria MJ, Optimization of conditions for 
the extraction of antioxidants from leaves of Syzygium 
cumini L using different solvents, Food Anal Methods, 5, 
2012, 332-338.  

19. Kalpana R, Mital K, Sumitra C, Vegetable and fruit peels as a 
novel source of antioxidants, J Med Plant Res, 5, 2011, 63-
71. 

20. Rakholia K and Chanda S, In vitro interaction of certain 
antimicrobial agents in combination with plant extracts 
against some pathogenic bacterial strains, Asian Pac J Tro 
Biomed, 2, 2012a, S876-S880. 

21. Munir S, Karim, South asian herbal plants as anti- 
hypertensive agents- A Review, Sci Int, 1, 2013, 2-12.  

22. Harborne JB, Phytochemical methods, 2nd edition, 
Chapman and Hall, New York, 1984. 

23. Kokate CK, Purohit AP, Goknale SB, Pharmacognasy, 3rd 
edition, Nirali Prakashan, Pune,1995.  

24. Ebrahimzadeh  MA, Hosseinimehr SJ, Hamidinia A  and 
Jafari  M, Antioxidant and free radical scavenging activity of 
Feijoa sallowiana fruits peel and leaves, Pharmacology 
online, 1, 2008, 7-14. 

25. Nabavi  SM,  Ebrahimzadeh MA, Nabavi SF, Hamidinia A, 
and Bekhradni AR, Determination of antioxidant activity, 
phenol and flavonoids content of Parrotia 
persica,Pharmacology online, 2, 2008, 560-567. 

26. Mervat MM, Far  E,  Hanan  A, Taie A, “Antioxidant 
activities, total anthrocynins, phenolics & flavonoids 
contents of some sweet potato genotypes under stress of 
different concentration of sucrose and sorbitol, Australian J 
Basic Applied Sci, 3, 2009, 3609-3616. 

27. Yen GC, Chen HY, Antioxidant activity of various tea 
extracts in relation to their Antimutagenicity, J Agri Food 
Chem, 43, 1995, 27-32. 

28. Priet P, Pineda M, and  Aguilar M, Spectrophotometric 
quantitation of antioxidant capacity through the formation 
of a phosphomolybdenum complex: specific application to 
the determination of Vitamin E, Anal Biochem, 269, 1999, 
337-341. 

29. Ebrahimzadeh  MA, Nabavi SF and  Nabavi SM, Antioxidant 
activities of methanol extract of Sambus ebulus L flower, 
Pak J Biol Sci, 12, 2009, 447-450. 



Int. J. Pharm. Sci. Rev. Res., 28(1), September – October 2014; Article No. 15, Pages: 83-87                                               ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
 

87 

30. Ebrahimzadeh MA, Pourmorad F and Bekhradnia AR, Iron 
chelating activity screening, phenol and flavonoid content 
of some medicinal plants from Iran, Afr. J. Biotechnol, 
32,2008b,43-49. 

31. Dixon RA, Dey PM, Lamb CJ, “Phytoalexins:  enzymology 
and molecular biology,” Advances in Enzymology and 
Related Areas of Molecular Biology, 55, 1983, 1–136. 

32. Craig WJ “Health-promoting properties of common herbs,” 
The American Journal of Clinical Nutrition, 70, 1999, 491–
499. 

33. Kumar S, Sharma UK, Sharma AK, Pandey AK, “Protective 
efficacy of Solanum xanthocarpum root extracts against 
free radical damage: phytochemical analysis and 
antioxidant effect,” Cellular and Molecular Biology, 58, 
2012, 171–178. 

34. Kumar S, Mishra A, Pandey AK, “Antioxidant mediated 
protective effect of Parthenium hysterophorus against 
oxidative damage using in vitro models,” BMC 
Complementary and Alternative Medicine, 13, 2013, 1-9. 

35. Kumar S, Pandey AK, “Phenolic content, reducing power 
and membrane protective activities of Solanum 
xanthocarpum root extracts,” Vegetos, 26, 2013,301–307. 

36. Leopoldini M, Russo N, Chiodo S, Toscano M, “Iron 
chelation by the powerful antioxidant flavonoid quercetin,” 
Journal of Agricultural and Food Chemistry, 54, 2006, 
6343–6351. 

37. Kumar S, Gupta A, Pandey AK, “Calotropis procera root 
extract has capability to combat free radical mediated 
damage,” ISRN Pharmacology, 2013, 2013,1- 8. 

38. Li T, Hu W, Li J, Zhang X, Zhu J, Li X, Coating effects of tea 
polyphenols and rosemary extract combined with chitosan 
on the storage quality of large yellow croaker, Food 
Control, 25, 2012, 101–106. 

39. Naz S, Siddiqi R, Sayeed SA, Effect of flavonoids on the 
stability of corn oil, Int J Food Sci Technol, 43, 2008, 1850–
1854. 

40. Alia M, Horcajo C, Bravo GL,  Effect of grape antioxidant 
dietary fiber on the total antioxidant     capacity and the 
activity of liver antioxidant enzymes in rats, Nutr Res, 23, 
2003,1251-1267.  

41. Decker EA, Phenolics: prooxidants or antioxidants?, Nutr 
Rev, 55, 1997, 396–407.  

42. Hadafi A, Ismaili Alaoui M, Chaouch A, Zrira S, Benjilli B, 
Antioxidant activity of extracts of rosemary (Rosmarinus 
officinalis L.) and myrtle (Myrtus comminus), Effect of 
extraction solvent, 17th International Workshop Essential 
Oils Digne Les Bains, 1998.  

43. Tepe B, Sarikurkcu C, Berk S, Alim N, Akpulat HA, Chemical 
Composition, Radical Scavenging and Antimicrobial Activity 
of the Essential Oils of Thymus boveii and Thymus hyemalis, 
Rec Nat Prod, 5, 2011, 208-220.  

44. Reddy CVK, Sreeramulu D, Raghunath M, Antioxidant 
activity of fresh and dry fruits commonly consumed in 
India, Food Research International, 43, 2010, 285-288. 

 

 

 

 

 

Source of Support: Nil, Conflict of Interest: None. 

  


