
BEPLS Vol 6 [9] August 2017                     121 | P a g e            ©2017 AELS, INDIA 

Bulletin of Environment, Pharmacology and Life Sciences 
Bull. Env. Pharmacol. Life Sci., Vol 6 [9] August  2017: 121­125 
©2017 Academy for Environment and Life Sciences, India 
Online ISSN 2277­1808 
Journal’s URL:http://www.bepls.com 
CODEN: BEPLAD 
Global Impact Factor 0.533 
Universal Impact Factor 0.9804 

ORIGINAL  ARTICLE                                                                                              OPEN ACCESS 
 

Evaluation of Percent antioxidant and related secondary 
metabolite compositions of Dioscorea alata and 

D. rotundata cultivars 
 

Helen Soibam1, Victor Singh Ayam2*, Surajit Mitra1 
1Post Harvest Technology of Horticultural Crops, Bidhan Chandra Krishi Viswavidyalaya (BCKV) Nadia, 

Mohanpur, West Bengal, India. 
2Department of Botany, Rajiv Gandhi University, Rono Hills, Doimukh, Itanagar, Arunachal Pradesh, India. 

Corresponding Author: Victor Singh Ayam 
E­mail ID: victor_ayamsingh@yahoo.com 

 
ABSTRACT 

Dioscorea alata and D. rotunda cultivars harvested from All India Coordinated Research Project on Tuber Crops 
(AICRPT), W.B. at full maturity are analyzed for its proximate compositions viz. phenol, vitamin C, β-carotene and 
antioxidant activity using standard methods. The species D. alata shows higher antioxidant activity than D. 
rotundata. The higher antioxidant percentage of D. alata correlates with the presence of their higher phenol, vitamin C 
and flavonoid (-carotene) content. Within the species, the cultivars BCDA-5, BCDA-6 of D. alata, and I-146 
of D. rotundata shows higher antioxidant percentage which also correlates with their higher phenol, vitamin C and β-
carotene contents. 
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INTRODUCTION 
Yam constitutes a staple food crop for over 100 million people in Africa, Latin America, and Asia [1]. Yams 
are the members of the genus Dioscorea, representing the largest genus in the family Dioscoreaceae, 
containing 650 accepted species names with 728 synonyms [2]. According to “The Plant List” 40 species 
with one synonym from the family were reported from India viz.  

1. Dioscorea alata L.,  
2. D. arachidna Prain & Burkill,  
3. D. bellophylla (Prain) Voigt & Haines,  
4. D. bulbifera L. [synonym of D. rogerrsei Prain & Burkill],  
5. D. cumingii Prain & Burkill,  
6. D. decipiens Hook.f.,  
7. D. deltoidea ­ vulnerable in Assam, Sikkim [3] 
8. D. wattii Prain & Burkill, (endemic to Arunachal Pradesh[3]; Jammu & Kashmir [4]; rare & 

threatened in Himachal Pradesh [5] 
9. D. esculenta (Lour.)Burkill,  
10. D. glabra Roxb.,  
11. D. hamiltonii Hook.f.,  
12. D. hispida Dennst.,  
13. D. intermedia Thwaites.,  
14. D. japonica Thunb.,  
15. D. kalkapershadii Prain & Burkill ­ endemic to Tamil Nadu [6],  
16. D. kamoonensis Kunth,  
17. D. lepcharum Prain & Burkill,  
18. D. listeri Prain & Burkill,  
19. D. melanophyma Prain & Burkill,  
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20. D. nummularia Lam.,  
21. D. oppositifolia L.,  
22. D. pentaphylla L.,  
23. D. prazeri Prain & Burkill,  
24. D. pubera Blume,  
25. D. pyrifolia Kunth, 
26. D. rogerrsei Prain & Burkill  
27. D. scortechinii Prain & Burkill,  
28. D. spicata Roth – rare and threaten to Chhattisgarh [7],  
29. D. tomentosa J. Koenig. ex Spreng,  
30. D. trinervia Roxb. Ex Prain & Burkill,  
31. D. vexans Prain & Burkill,  
32. D. wallichii Hook.f.,  
33. D. wightii Prain & Burkill  
34. D. brandisii Prain & Burkill,  
35. D. colletii Hook.f.,  
36. D. daunea Prain & Burkill,  
37. D. laurifolia Wallich ex Hook.f.,  
38. D. orbiculata  Hook.f.,  
39. D. polystachya Turcz.   
40. D. rotundata 

 
Species no. (1–32) were reported by Karthikeyan et al.8, Species no. 33 by Goswami et al. [9], Species no. 
34 in the Flora of China [10] and Species no. (35­39) by Saikia et al. [11]. 
About 28 species and 25 varieties has been reported from NE region mainly in the Garo hills [12]. The 
most popular cultivated yam in the world are D. rotundata (white guinea yam), D. alata (yellow yam), D. 
bulbifera (aerial yam), D. esculent (Chinese yam) and D. dumetorum (trifoliate yam). However, only a few 
species are cultivated as food crops such as D. rotundata (white yam) and D. alata (water yam) as the 
most common cultivated species. Yam is an excellent source of starch [13], protein [14], carbohydrate, 
energy, vitamins (especially vitamin C), minerals and protein (much higher than the popular tuber 
cassava [15]. Apart from food, yams are also sources of pharmaceutical compounds [16]. Many bioactive 
compounds, individually or combined, possess high antioxidant capacity. Antioxidants are the substances 
that can scavenge free radicals. These radicals have an unpaired electron in the outer orbit that results in 
their instability and reactiveness. The human body possesses defense mechanisms against free radical­
induced damage, such as “oxidative stress”, but cumulative oxidative damage leads to various diseases. 
Additionally, some dietary antioxidants may help to decrease the incidence of oxidative stress­induced 
damage. It is supposed that there is an association between antioxidant­rich diets and the reduction of 
oxidative damage to DNA. Therefore, antioxidants could be a prevention of some crucial points 
in carcinoma genesis [17­19]. There is a relationship between the antioxidant activity levels and the total 
phenolic and flavonoid contents of plant extracts (20­22). Ascorbic acid is an essential water­soluble 
vitamin with excellent reducing properties, well known for its high antioxidant activity due to the 
neutralization of free radicals and other reactive oxygen species, formed via cell metabolism, which is 
associated with several forms of tissue damage and diseases. It is also considered as the nutrient quality 
indicator during processing and storage as it is known that if ascorbic acid is well­retained, the other 
nutrients could stay in foods with minimum changes and losses, too. The loss in ascorbic acid content is 
also cultivar­dependent 23. However, this vitamin is a great reducing agent with high antioxidant activity 
24; in many studies, it was evaluated to contribute only a small amount (up to 10%) to the total 
antioxidant capacity of the fruits (25­28). The objective of this study is to evaluate the antioxidant 
percentage and the phytochemical compositions like phenol, vitamin C, and flavonoids that help in 
contributing the bioactive compounds and the antioxidant activity. 
  
MATERIALS AND METHODS 
Tubers of Dioscorea alata and D. rotunda cultivars harvested at full maturity i.e. nine months after 
planting, from AICRPT, Mondouri field, Bidhan Chandra Krishi Viswavidyalaya, Nadia, West Bengal, India 
were collected for the study. Samples consisted of 12 cultivars, 3 [I­212, I­146 and T3(1)] 
from D. rotundata and 9 (BCDA­1, BCDA­2, BCDA­3, BCDA­4, BCDA­5, BCDA­6, BCDA­7, BCDA­8 and 
BCDA­9) from D. alata (Fig. 1). Proximate quantification of samples for phenol using Folin­Ciocalteau 
reagent at 650 nm; vitamin C by titration method using 2, 6 dichlorophenol indophenol solution; β­
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carotene at 452 nm 29 and antioxidant activity by DPPH (1, 1­diphenyl­2­picrylhydrazyl radical) method 
30 were carried out. Statistical analysis was done completely randomized design (CRD) and by excel. 
  
RESULTS AND DISSCUTION 
 Phenol 
It was observed that the phenol content of the cultivar BCDA­5 recorded the highest (77.2 mg/ 100 g) 
while BCDA­9 the least (52.3 mg/ 100 g) and falls within the range of the findings of Ezeocha and 
Ojimelukwe 31 i.e.191 mg/100g and 68 mg/100g for D. alata as in the method of Shajeela et al.32 The 
phenolic contents of yam are the substrate responsible for the browning reaction, which occurs when the 
tubers are cut or damaged. So, high level of phenolics showed fast and strong browning.  
Vitamin C 
The cultivars vary significantly in Vitamin C content, expressed in mg/ 100 g and was highest in cultivars 
BCDA­4 (9.4) and the least in T3(1) (6.5) which fall within the range of 4 – 18 mg/ 100 g as reported 
by Osagie 33 but lower than the range of vitamin C content in yam tubers as reported by Udensi et al. 34 
which is 16.7­28.4 mg/ 100 g, on fresh weight basis. Natural vitamin C levels of most yam varieties are 
between 6.5 and 11 mg/ 100 g of the tuber, but some are found to contain as small as 4.5 mg and as much 
as 21.5 mg/ 100 g. 
β­carotene  
β­carotene was found to be low in all the yam cultivars, though low it varies significantly and showed 
highest in BCDA­ 5 (0.52 mg/ 100 g) and the least in BCDA­4 (0.22 mg/ 100 g). β­carotene in yam ranges 
from 0.0­10.0 mg/ 100 g. as reported by Osagie 33.  
Antioxidant Activity 
Antioxidant activity was observed very high in all the yam cultivars under study. BCDA­5 recorded the 
highest (85.7%) followed by BCDA­6 (84.1%) and BCDA­8 (83.2%) while BCDA­9 records the least 
(78.6%).  These values recorded were almost similar to the findings of Yi et al. 35 who worked on Taiwan 
yam variety. The high antioxidant activity of yam (Dioscorea sp.) extracts has been reported by Kaur and 
Kapoor 36, who states that yam has more than 70% antioxidant activity and are placed in the vegetable 
group with a high antioxidant activity. The importance of antioxidant constituents of plant materials in 
maintaining health and in protecting against coronary heart diseases and cancer is raising interest among 
scientist, food manufacturers and consumers as the trend of the future are moving towards functional 
food with specific health effects 37. So, the presence of a high antioxidant in yam tubers is desirable. 
Among the cultivars, the cultivars with the highest and lowest antioxidant percentages show 
correspondingly higher and lower phenol and ­carotene contents viz. [cultivar (antioxidant%): 
phenol: ­carotene (mg/100) = BCDA­5 (85.7): 77.2: 0.52, BCDA­6 (84.1): 72.5: 0.42, BCDA­8: (83.2): 
66.8: 0.35), BCDA­9 (78.6): 52.3: 0.33]. The amount of vitamin C content was higher in the cultivars 
having higher antioxidant percentages such as BCDA­6 antioxidant (84.1%) showing vitamin C 9.2 
mg/100g while cultivar (I­212) having lower vitamin C (7.4 mg/100g) shows lower antioxidant activity 
(78.9%). However, cultivar (I­146) having lower vitamin C content (6.8 mg/100g) shows a higher 
antioxidant activity of 80.4%, than cultivar I­212. Therefore, the antioxidant percentage of the cultivars 
seems to more correlated to the phenol and ­carotene content and less dependent on the ascorbic acid 
content of the cultivars.  
 
Table 1: Antioxidant activity in percentage of the 12 cultivars and quantities of the related metab 

Cultivars Phenol 
(mg/100g) 

Vit C (mg/100g) β­Caro. (mg/100g) Antioxidant 
(%) 

I­212 53.2 7.4 0.32 78.9 

I­146 58.3 6.8 0.41 80.4 

T­3(1) 55.5 6.5 0.51 79.1 

BCDA­1 64.6 8.9 0.23 81.8 

BCDA­2 66.3 9.3 0.24 82.6 

BCDA­3 54.7 8.6 0.31 78.8 

BCDA­4 56.5 9.4 0.22 79.3 

BCDA­5 77.2 8.5 0.52 85.7 

BCDA­6 72.5 9.2 0.42 84.1 

BCDA­7 57.4 8.8 0.24 79.8 

BCDA­8 66.8 7.6 0.35 83.2 

BCDA­9 52.3 8.4 0.35 78.6 

SEm (±) 0.981 0.125 0.006 1.233 

CD (5%) 2.864 0.366 0.016 3.598 
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CONCLUSION 
The statistics of the obtained data shows that all the secondary metabolites show positive correlation 
with the antioxidant production. The highest correlation of antioxidant production was shown by phenol 
content with a value of r = 0.99, p < .0001 and by ­carotene shows a weak correlation of r = 0.33 and 
weakest by vit. C with a r = 0.28. Proximate quantification of samples for phenol, vitamin C, β­carotene 
and antioxidant shows a complete randomized design with a significant difference lesser than 0.05 
between the means of the proximate compositions within the cultivars. Antioxidant activities were higher 
in D. alata cultivars viz. BCDA­5 (85.7%), BCDA­6 (84.1%), BCDA­8 (83.2%), BCDA­2 (82.6%), BCDA­1 
(81.8%) followed by D. rotundata cultivar I­146 (80.4%). Therefore, D. alata BCDA­5, BCDA­6 cultivars 
could be commercially exploited and used as a health benefited food. 

 
ACKNOWLEDGMENTS 
We thank Dr. Ivi Chakraborty, Department of Post­Harvest Technology of Horticultural Crops 
(Horticulture), Bidhan Chandra Krishi Viswavidyalaya, West Bengal, India for providing laboratory 
facilities and DST, GOI, for the financial assistance to carry out the study. 

 
References 
1. FAO. 2002. FAOSTAT Agriculture data. Food and Agriculture Organization of the United Nations. Accessed 11 

July 2013. Available: http://apps.fao.org/collections. 
2. (http://www.theplantlist.org/browse/A/Dioscoreaceae /Dioscorea). 
3. ENVIS Centre on Floral Diversity Hosted by BSI, Kolkata, W. Bengal Sponsored by Ministry of Environment, 

Forest & Climate Change, GOI. http://bsienvis.nic.in/Database/ Endemic%20and%20Threatened 
%20taxa_3942.aspx#divtop. 

4. Rao, K.C.; Geetha, B.L. and Suresh, G. 2003. “Red List of Threatened  Vascular Plant Species in India”.  
5. Chowdhery H.J. 1999. In: Mudgal, V. & Hajra, P.K. “Floristic Diversity and Conservation Strategies in India” (Vol. 

II). Page­ 874­876. 
6. Nayar, M. P. 1996. “Hot Spots” of endemic plants of India, Nepal and Bhutan. Tropical Botanic Garden and 

Research Institute. Palode, Thiruvananthapuram. http://www.terrestrial­biozones.net/endemic %20floras/ 
Deccan% 20Endemics.html. 

7. Khanna, K.K., Ajay Kumar Jha, Anand Kumar and Murti. S.K. 2004. “Endemic and Rare Plants of Chhattisgarh”. 
Bull. Bot. Surv. India 46 (1­4): 77­138. (480 Rare taxa and 4 endemic taxa are enlisted in this paper). 

8. Karthikeyan, S., Jain, S.K., Nayar, M.P. and Sanjappa, M. 1989. Florae Indicae Enumeratio­ Monocotyledonae. 
Botanical Survey of India, Culcutta. 73 – 76. 

9. Goswami N, Borthakur SK and Hore DK. 2013. The genus Dioscorea Linnaeus [Dioscoreaceae] in Assam, India 
Pleione 7(1): 73 ­ 83. ISSN: 0973­9467 © East Himalayan Society for Spermatophyte Taxonomy. 

10. Flora of China. Dioscorea in Flora of China @ efloras.org http://www.efloras.org /browse.aspx?flora_id=2& 
start_taxon_id=110295. 

11. Saikia B., Rawat J.S., Tag H. and Das A.K. 2011. An investigation on the taxonomy and ecology of the genus 
dioscorea in Arunachal Pradesh, India. Front. Pharmacol., 44­53, 14 February 2017| http://doi.org/10.3389 
/fphar.2017.00052 

12. Sharma, B.D. and Hore, D.K. 1995. Genetic Resources of Yams in NE India with special reference to Garo hills 
(Meghalaya). Ind. J. Hill Farming, 8 (2): 145­151.  

13. Coursey DG. 1973. Cassava as Food: Toxicity and Technology. In: Nestel, B. and R. MacIntyre, (Eds.), Chronic 
Cassava Toxicity, Ottawa, Canada, IDRC, IDRC­10e, pp. 27­36.  

14. Bourret­Cortadellas D. 1973. Ethnobotanic Study of the Dioscorea, Yams New Caledonia. Doctorate 3rd cycle. 
Faculty of science, Paris, France. p. 135. 

15. Knoth J. 1993. Traditional storage of yams and cassava and its improvement. Deutsche Gesellschaft für Technische 
 Zusammenarbit (GTZ) post-harvest project. Hamburg Germany. 

16. Higdon K, Scott A, Tucci M, Benghuzzi H, Tsao A, Puckett A, Cason Z. and Hughes J. 2001. The use of estrogen, 
DHEA, and diosgenin in a sustained delivery setting as a novel treatment approach for osteoporosis in the 
ovariectomized adult rat model. Biomed Sci Instrum., 37:281­286.  

17. Limberaki, E., Eleftheriou, P., Vagdatli, E., Kostoglou, V. and Petrou, C. 2012. Serum antioxidant status among 
young, middle­aged and elderly people before and after antioxidant rich diet. Hippokratia, 16: 118–123.   

18. Lobo, V., Patil, A., Phatak, A. and Chandra, N. 2010. Free radicals, antioxidants and functional foods: Impact on 
human health. Pharmacol. Rev., 4: 118–126.   

19. Skrovankova, S., Sumczynski, D., Mlcek, J., Jurikova, T. and Sochor, J. 2015. Bioactive compounds and antioxidant 
activity in different types of berries. Int. J. Mol. Sci., 16, 24673–24706. [CrossRef] [PubMed] 

20. Do T.N. and Hwang E. 2014. Bioactive compound contents and antioxidant activity in aronia (Aronia 
melanocarpa) leaves collected at different growth stages. Prev Nutr Food Sci;19(3):204­12. doi: 
10.3746/pnf.2014.19.3.204. 

21. Fidrianny I, Windyaswari AS and Wirasutisna KR. 2013. Antioxidant capacities of various leaves extract from five 
colors varieties of sweet potatoes tubers using ABTS, DPPH assays and correlation with total flavonoid, phenolic, 
carotenoid content. Res J Med Plant 7: 130. 

Soibam et al 



BEPLS Vol 6 [9] August 2017                     125 | P a g e            ©2017 AELS, INDIA 

22. Chew KK, Ng SY, Thoo YY, Khoo MZ, Wan Aida WM and Ho CW. 2011. Effect of ethanol concentration, extraction 
time and extraction temperature on the recovery of phenolic compounds and antioxidant capacity of Centella 
asiatica extracts. Int Food Res J 18: 571­578. 

23. Koyuncu, M.A. and Dilmacunal, T. 2010. Determination of Vitamin C and Organic Acid Changes in Strawberry by 
HPLC during Cold Storage. Not. Bot. Horti Agrobot. Cluj, 38: 95–98. 

24. Proteggente, A.R., Pannala, A.S., Paganga, G., van Buren, L., Wagner, E., Wiseman, S., van de Put, F., Dacombe, C. 
and Rice­Evans, C.A. 2002. The Antioxidant Activity of Regularly Consumed Fruit and Vegetables Reflects their 
Phenolic and Vitamin C Composition. Free Radic. Res., 36: 217–233. 

25. Kalt, W., Forney, C.F., Martin, A. and Prior, R.L. 1999. Antioxidant Capacity, Vitamin C, Phenolics, and 
Anthocyanins after Fresh Storage of Small Fruits. J. Agric. Food Chem., 47: 4638–4644. 

26. Atala, E., Vásquez, L., Speisky, H., Lissi, E. and López­Alarcón, C. 2009. Ascorbic acid contribution to ORAC values 
in berry extracts: An evaluation by the ORAC­pyrogallol red methodology. Food Chem. 113: 331–335. 

27. Battino, M., Beekwilder, J., Denoyes­Rothan, B., Laimer, M., McDougall, G.J. and Mezzetti, B. 2009. Bioactive 
compounds in berries relevant to human health. Nutr. Rev., 67: 145–150. 

28. Giampieri, F., Tulipani, S., Alvarez­Suarez, J.M., Quiles, J.L., Mezzetti, B. and Battino, M. 2012. The strawberry: 
Composition, nutritional quality, and impact on human health. Nutrition, 28, 9–19.   

29. Sadasivam and Manickam. 2008. Biochemical Methods. 3rd edition. New age International publishers. 
30. Hsu, C.L.; Chen, W.; Weng, Y.M. and Tseng, C.Y. 2003. Chemical composition, physical properties, and antioxidant 

activities of yam flours as affected by different drying methods. Food Chem 83(1): 85–92. 
31. Ezeocha, V.C. and Ojimelukwe P.C. 2012. The impact of cooking on the proximate composition and anti­

nutritional factors of water yam (Dioscorea alata). J Stored Products and Postharvest Res 3(13): 172 – 176. 
32. Shajeela PS, Mohan VR, Louis Jesudas L, and Tresina SP. 2011. Nutritional and antinutritional evaluation of wild 

yam (Dioscorea spp.). Tropical and Subtropical Agroecosystems 14: 723­730. 
33. Osagie AU. 1992. The yam tuber in storage. Post Harvest Research Unit, University of Benin, Nigeria 107­173. 
34. Udensi, E.A., Oselebe, H.O. and Iweala, O.O. 2008. The investigation of chemical composition and functional 

properties of water yam (Dioscorea alata): effect of varietal differences. Pakistan Journal of Nutrition, 7(2): 342­
344. 

35. Yi TC, Wen TK and Kuo WL. 2008. Effects of pH on the total phenolic compound, antioxidant ability and the 
stability of dioscorin of various yam cultivars. Food Chem 107: 250­257. 

36. Kaur C and Kapoor HC. 2002. Antioxidant activity and total phenolic content of some Asian vegetables. Int J Food 
Sci Technol, 37: 153­161. 

37. Kahkonen MP, Hopia AI, Vuorela HJ, Rauha JP, Pihlaja K, Kujala TS and Heinonen M. 1999. Antioxidant activity of 
plant extracts containing phenolic compounds. J Agric and Food Chem, 47: 3954­3962. 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

CITATION OF THIS ARTICLE 
Helen Soibam, Victor Singh Ayam, Surajit Mitra. Evaluation of Percent antioxidant and related secondary metabolite 
compositions of Dioscorea alata and D. rotundata cultivars. Bull. Env. Pharmacol. Life Sci., Vol 6 [8] July 2017: 121­
125 


