
 

© 2023, Centre for Advanced Research in Agricultural Sciences 
Research Journal of Agricultural Sciences 
Volume 14; Issue 01; pp 167–170 

 

Full Length Research Article 
 

Evaluation of the Nutritional and Biological Activity of Euryale ferox 

Salisb Cultivated in Manipur 

 
Khumukcham Ranjana Devi*1 

 

1 T. S. Paul Manipur Women’s College, Mongsangei - 795 003, Manipur, India 

 
Abstract 
The present study dealt with the quantification of nutritional quality and deciphering the bioactivity of methanolic extract 
of three different parts of foxnut fruit viz; aril, seed coat, and seed kernel. The nutritional composition of aril, seed coat, 
and seed kernel aril, seed coat, and seed kernel was found to be different. The carbohydrate content was recorded in the 
seed coat as (74.6%), seed kernel (73.22%) and aril (46.68%). While highest protein content was recorded in aril (16.8%) 
followed by seed kernel (14%) and seed coat (6.82%). The ash content is highest in aril (19.4%) as compared to seed coat 
(7.6%) and seed kernel (1.8%). The methanolic extract of foxnut seed is rich in phenolic and flavonoid content. The 
extracts also exhibited antioxidant activity. The highest antioxidant activity was shown by seed coat as indicated by its 
lower EC50 value in the DPPH assay (EC50=7.21±0.03 µg/mL) and ABTS assay (EC50= 4.39 ± 0.25µg/mL). The extracts also 
showed α-amylase inhibitory activity, the EC50 value of the extracts was recorded as 149.55±0.91 µg/mL for seed coat, 
577.65±4.1 µg/mL for seed kernel, and 895.61± 6.7 µg/mL for aril. The methanolic extract of seed coat exhibited 
antibacterial activity. 
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Euryale ferox Salisb. an aquatic herbaceous plant, is the 

only species in the genera Euryale of the family Nymphaeaceae. 

It is native to Southeast Asia, China, Japan, India and Korea. 

The plant is commonly known as foxnut in English, Qianshi in 

Chinese and Onibasu in Japanese [1]. The starchy seed kernel 

is the main edible part of Euryale ferox Salisb. Makhana is the 

process product of the dried seed and is available commercially 

worldwide. More than 80% of the World’s makhana production 

is contributed by Bihar, a state of India [2-3]. The seed kernel 

can be used to make a variety of dishes, such as puddings, 

Kheer, snacks, and desserts. In Manipur foxnut has been 

traditionally cultivated as a cash crop from immemorable time 

in wetlands and private ponds. The young leaves and stems of 

plants, for example, can also be eaten as vegetables. The fruit is 

eaten either raw or cooked in the North-Eastern region of India, 

where it is more commonly regarded as a vegetable. In 

Manipur, people make chutney known as "eromba" by using 

tender leaves, seed arils, and fruit peel [4]. The foxnut seed is 

rich in nutrients are also known as a super dry fruit i.e. they are 

rich in carbohydrates, proteins, essential amino acids, fats and 

flavonoids [5]. Physicochemical properties and structure of 

starches of foxnut (Euryale ferox Salisb.) from India and its 

application. Moreover, the different plant parts have been used 

for the treatment of many diseases in traditional medicines from 

time immemorial. The foxnut seeds are used for the treatment 

of renal disorders, persistent diarrhoea, excessive leucorrhea, 

and hepatic dysfunction in Ayurvedic and Chinese treatments 

[2]. The petioles and pedicels of E. ferox have been used to cure 

polydipsia, mouth dryness, and dry throat, while the seed has 

been used to treat diarrhoea and spermatorrhea. Many 

researchers have reported that the plant exhibited antioxidant, 

antidepressant, immunostimulatory, hepatoprotective, 

antidiabetic and antimicrobial activity [6-7]. Foods having both 

nutritional superiority and pharmaceutical properties have 

gained the attention of functional foods/nutraceutical-

producing companies. These foods occupy the major market 

share of the food industries. In this context, Euryale ferox Salisb 

seed is a potential candidate for the production of functional 

food. Even though it is a potential cash crop the cultivation of 

Euryale ferox Salisb is not well organized in Manipur and is 

still considered as an underutilized plant. Moreover, there is a 

very limited report on the nutritional and medicinal properties 

of Euryale ferox Salisb cultivated in Manipur.  Hence the 

present study was taken to assess nutritional quality and 

biological activity such as antioxidant, antihyperglycemic and 

antimicrobial activity of methanolic extract of three different 

parts of foxnut fruit. 
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MATERIALS AND METHODS 

 

Extraction and sample preparation 

Euryale ferox Salisb. seed parts viz; aril, seed coat, and 

endosperm are separated and dried in an oven at 45 °C. The 

dried samples were grounded and 10 gm of powdered sample 

was extracted in methanol for 48h at room temperature. The 

extract was then filtered through Whatman filter paper I. The 

filtrate was concentrated using a rotatory evaporator under 

reduced pressure and dried to remove the methanol completely. 

The samples were kept at 4oC and for long-term storage, the 

samples were stored at -20°. 

 

Proximate content 

The proximate content (Moisture, total carbohydrate, 

protein, fat, and ash) was determined according to AOAC 

method [8]. 

 

Estimation of total phenolic content 

Total phenolic content (TPC) was determined 

spectrophotometrically using the Folins Ciocaltaeu reagent [9]. 

0.5 mL of the sample was taken in a test tube, and 1.5 mL of 

deionized water was added to it. Next, 0.25 mL of the Folins-

Ciocaltaeu reagent was added, and the solution was kept for 3 

minutes. 1 mL of 8% sodium carbonate was then added and 

incubated for 30 minutes at room temperature. Absorbance was 

read at 750 nm against a reagent blank. From a gallic acid 

standard curve, the amount of total phenolics was determined 

and expressed in milligrams of gallic acid equivalent (mg 

GAE/g extract). 

 

Estimation of flavonoid content 

Total flavonoid content (TPC) was determined 

spectrophotometrically with little modification from Barros et 

al. [10]. For this, 0.5 mL of the sample was taken in a test tube, 

and 0.5 mL of sodium nitrite (5%, w/v) was added. After four 

minutes, 0.5ml aluminum chloride (10%, w/v) was added and 

incubated for 5 minutes then 2ml 1M sodium hydroxide was 

added. The coloured complex was read at 510nm. Quercetin 

was used as standard and expressed in milligrams of quercetin 

equivalent per gram of extract (mg QE/g extract). 

 

In-vitro antioxidant activity 

 

2, 2-diphenyl 1- picrylhydrazyl (DPPH) assay 

0.2 mL of each of the five different concentrations of the 

extracts dissolved in methanol were mixed with 3.8 mL DPPH 

reagent (A517=1.1+0.01) prepared in methanol [11]. The 

mixture was incubated for 30 min in dark and then read at 

517nm. Ascorbic acid was used as a positive control. The 

radical scavenging activity (RSA) of each extract was 

calculated as follows: 

RSA (%) = [(AbsControl – AbsSample) / AbsControl] × 100 

From the RSA%, 50% Effective concentration (EC50) 

was calculated and expressed in µg/mL. EC50 is defined as the 

minimum amount of the extract required to scavenge half of the 

initial stable free radical in 30 min in 1 mL of reaction in dark. 

 

2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) 

(ABTS) assay 

The reaction mixture containing 0.2 mL of the extract 

dissolved in methanol was mixed with 3.8 mL ABTS radical 

(A734 =1.0 ± 0.01) then incubated for 30 min in dark and the 

absorbance was read at 734nm [11]. Ascorbic acid was used as 

a positive control. RSA and EC50 of the extract were calculated 

as described above. 

Antihyperglycemic activity 

α-amylase inhibitory assay 

0.5 ml of different concentrations of the extract was 

mixed with 0.5 ml of porcine pancreatic α-amylase (0.5 mg/mL) 

was incubated at 25°C for 10 min. 0.5 ml of starch (1%) solution 

prepared in 0.02 M sodium phosphate buffer (pH- 6.9) was 

added to the previous mixture and was incubated for 10 min at 

25 °C. Dinitrosalicyclic acid (1.0 mL) was added to the mixture 

to stop the reaction. The resultant solution was incubated for 5 

min at 100 °C. The solution was allowed to cool and absorbance 

was measured at 540 nm [12]. The α-amylase activity was 

calculated and expressed as percentage inhibition using the 

following formula: 

% Inhibition = [(AbsControl – AbsSample) / AbsControl] × 100 

 

α-glucosidase inhibitory assay  

100 µL of the enzyme solution (1.0 U/mL) was treated 

with 50 µL of the extract (100 µL) then incubated at 25 °C for 

10 min. Then 50 µL of 4-nitrophenyl-α-D-glucopyranoside 

solution (5 mM) which was prepared in 0.02 M phosphate 

buffer (pH 6.9) was added. The reaction mixture was incubated 

at 37 °C for 10 min. The reaction was stopped by adding 4 ml 

of sodium carbonate and absorbance was measured at 405 nm 

[13]. The α-glucosidase inhibitory activity was expressed as 

percentage inhibition using the above formula. 

 

Antimicrobial activity 

Antibacterial activity of the methanolic extract of the 

seed coat was performed by Kirby-Bauer disk diffusion [14] 

with some modification. Four test organisms Salmonella 

typhimurium (ATTC13311), Escherichia coli (MTCC 739), 

Bacillus subtilis (MTTCC 121) and Staphylococcus aureus 

(ATCC 1026) were grown in Mueller-Hinton broth (MHB) at 

37 °C and 160 rpm and brought to its exponential phase. The 

extracts were dissolved in 50% dimethyl sulfoxide to attain the 

concentration of 10 mg/mL and filtered through a (0.22 µm) 

syringe filter. The bacterial broth was brought to 0.5 McFarland 

turbidity and 100µL of each bacterial broth was spread over 

sterile Mueller-Hinton agar (MHA) plate using a sterile 

spreader. Sterile discs (6 mm diameter) were placed on the 

freshly spread MHA plates and impregnated with 20µL sample 

(0.2 mg).  The plates were incubated for 24 h at 37 °C. 

Chloramphenicol 0.025mg was used as a positive control. The 

zone of inhibition was recorded. 

 

Statistical analysis  

All the experiments are performed in triplicate and data 

are expressed as mean ± standard. Analysis of variance 

(ANOVA) was done considering significance at P < 0.05 

followed by Tukey’s test. Statistical analysis was done with 

help of SPPS 16 software. 

 

RESULTS AND DISCUSSION 
 

The proximate analysis of the different parts of Euryale 

ferox Salisb seeds revealed that the nutritional composition of 

aril, seed coat, and seed kernel aril, seed coat, and seed kernel 

was found to be different (Table 1). The total carbohydrate 

content was recorded highest in the seed coat (74.6±3.6%) and 

kernel (73.22±1.5%) followed by aril (46.68±2.1%). On the 

other hand, the highest protein content was recorded in aril 

followed by seed kernel and seed coat.  Fat content was found 

to be highest in aril.  The ash content was found to be highest in 

aril (19.4%) as compared to seed coat (7.6%) and seed kernel 

(1.8%). The methanolic extract of foxnut seed was rich in 

phenolic and flavonoid content. The seed coat showed the 
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highest phenolic (148.6±24 mg GAE/g) and flavonoid content 

(86.5±6 QE/g). Similarly, Wu et al. [15] reported that the 

acetone extract of foxnut seed coat contained 113.30 mg GAE 

of polyphenols per gram dry weight of the extract. While Kadu 

et al. [16] observed that the ethanol: water extract of foxnut seed 

coat contained a polyphenol content of 50.967±0.107 GAE 

mg/g and flavonoid content of 16.274±0.73 QE mg/g. The 

polyphenol and flavonoid content of Eurayle ferox Salisb seed 

in the present study is higher than those reported in the 

literature.  The variances may be due to the difference in the 

variety of the foxnut or the difference in the solvent used for the 

extraction. 

 

Table 1 Nutritional composition 

Parameters Seed coat Kernel Aril 

Moisture (%) 10.3±1.4 a 10.42±0.83a 13.7±2.1b 

Carbohydrate (%)  74.6±3.6a 73.22±1.5a 46.68±2.1b 

Protein (%)  6.82 ±0.62a 14.2 ±2.1b 16.8±2.6b 

Fat (%)  0.55±0.02a 0.54±0.24a 3.12±0.84b 

Ash (%)  7.6±1.6a 1.8±0.6b 19.4±2.03c 

Phenolics (mg GE/g sample) 148.6±24 a 33.0±4.6 b 109.4±12.02 c 

Flavonoids (mg QE/g sample) 86.5±6a 20.8±3.2b 80.6±10.05a 
Values with the same alphabet within the same raw is not statistically significant at p<0.05 

Table 2 In-vitro antioxidant activity 

Samples ABTS (EC50) (µg/mL) DPPH(EC50) (µg/mL) 

Seed coat  4.39±0.0.25a 7.21±0.03a 

Kernel  157.9±1.82b 423.5±1.05b 

Aril  84.95±1.7c 51.2±1.5c 

Ascorbic acid  4.4±0.25a 7.4±0.06a 
Values with the same alphabet within the same raw is not statistically significant at p<0.05 

Table 3 In-vitro α- amylase and α-glucosidase activity 

Parameters 
Seed coat 

(EC50) (µg/mL) 

Kernel 

((µg/mL) EC50) 

Aril 

((µg/mL) EC50) 

Acarbose 

(E(µg/mL ) C50 

α-amylase  149.5±10.9a 577.65±4.1b 895.61± 6.7c 14.06±1.62d 

β-glucosidase   74.6±2.08a 73.22±0.98a 46.68±1.26b 122.8±4.82c 
Values with the same alphabet within the same raw is not statistically significant at p<0.05 

 

Fig 1 Antibacterial activity of methanolic extract of Euryale ferox 
Salisb seed coat (a) Escherichia coli (b) Salmonella typhimurium 

(c) Staphylococcus aureus 
 

The antioxidant activity of the extracts was evaluated by 

two different in-vitro antioxidant assay methods viz; DPPH 

assay and ABTS assay. The highest antioxidant activity was 

shown by the seed coat as indicated by its lower EC50 value in 

the DPPH assay and ABTS assay (Table 2). Aril also showed 

good antioxidant activity. The least antioxidant activity was 

shown by the seed kernel. This may be correlated with the 

phenolic and flavonoid contents. Phenols and flavones are 

known to be good antioxidant agents. The seed coat contained 

the highest phenolic and flavone content and thus showed the 

highest antioxidant activity. The antioxidant activity of the seed 

coat is comparable with the standard ascorbic acid. A similar 

observation was also reported by Kadu et al. [16] that the IC50 

value of foxnut seed coat in DPPH assay was found to be 

1.620µg/ml and that of ascorbic acid were 2.288µg/ml. In 

addition, Lee et al. [17] reported that the crude methanolic 

extract of Eurayle ferox Salisb showed relatively high-level 

radical scavenging activity toward DPPH assay as indicated by 

its lower IC50 value 5.6 µg/ml. Further, they observed that the 

extract also showed stimulating activity on antioxidant enzymes 

such as superoxide dismutase, catalase, and glutathione 

peroxidase in V79-4 cell lines in a dose-dependent manner. All 

the Euryale ferox Salisb seeds extracts (seed coat, kernel, and 

aril) also exhibited antihyperglycemic activity as evidenced by 

its α-amylase and α-glucosidase inhibitory activity (Table 3). 

The EC50 value of the extracts revealed that the extracts are 

more effective in α-glucosidase inhibition as indicated by their 

lower EC50. The EC50 of all the extracts was lower than the 

acarbose in α-glucosidase inhibitory activity. The 

antihyperglycemic activity of Euryale ferox Salisb has been 

reported by other researchers [18-19]. The methanolic extract 

of the Euryale ferox Salisb seed coat showed potential 

antibacterial activity against gram +ve and gram –ve pathogens 

(Fig 1, Table 4). While the seed kernel and aril did not show 

any antibacterial activity against the test pathogens. The highest 

zone of inhibition was recorded in Salmonella typhimurium 

(24.0±2.0 mm), Staphylococcus aureus (22.1±2.0 mm), 

followed by Escherichia coli (18.0±1.0 mm). The antibacterial 

activity of Euryale ferox Salisb against various pathogens such 

as Escherichia coli, Pseudomonas aeruginosa, Staphylococcus 

aureus, Salmonella typhi, Shigella flexneri had been reported in 

the literature [20-21]. 
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Table 4 Antibacterial activity of Euryale ferox Salisb seed 

Extracts 
Zone of inhibition (mm) 

Escherichia coli Salmonella typhimurium  Staphylococcus aureus 

Seed coat  18 ±1a 24±2b 22±2b 

Kernel  - - - 

Aril - - - 

Chloramphenicol 

(Positive control) 
26±2 28±3 24±2 

Values with the same alphabet within the same raw is not statistically significant at p<0.05 

CONCLUSION 
 

These days food is not only considered a source of 

nutrition but also considered a medicine. And this warrants the 

increased demand for healthy foods such as nutraceutical and 

functional foods in the global market. Hence the search for new 

foods having both superior nutritional quality and health-

beneficial activity is the need of the hour.  The present study 

revealed that the Euryale ferox Salisb seed is not only rich in 

nutrients but also showed antioxidant and antihyperglycemic 

activity. Therefore, it will be a potential candidate for the 

formulation and marketing of nutraceutical/functional foods. 

 

 

LITERATURE CITED 
1. Song CW, Wang SM, Zhou LL, Hou FF, Wang KJ, Han QB, Li N, Cheng YX.2011. Isolation and identification of compounds 

responsible for antioxidant capacity of Euryale ferox seeds. Jr. Agric. Food Chem. 59(4): 1199-1204.  

2. Mandal RN, Saha GS, Sarangi N. 2010. Harvest and processing of Makhana (Euryale ferox Salisb.)- An unique assemblage of 

traditional knowledge. Indian Jr. Trad. Know. 9: 684-688. 

3. Singh IS, Kumar L, Bhatt BP, Thakur AK, Choudhary AK, Kumar A. 2017.  Integrated aquaculture with fox nut- a case study 

from North Bihar, India. Int. Jr. Curr. Microbiol. Appl. Sci. 6(10): 4906-4912.  

4. Soibam H, Ayam VS. 2018. Cultivation and economics of euryale ferox salisb. For subsistence and commercialization. Int. J. 

Agricult. Stat. Sci. 14: 163-167. 

5. Devi MB, Deka SC. 2021. Physicochemical properties and structure of starches of foxnut (Euryale ferox Salisb.) from India and 

its application. Food Proc. Preserv. 46 (2): e16262. https:// doi.org/10.1111/jfpp.16262 

6. Mittal R, Sharma S, Mittal A. 2020. A critical review on ethnobotanical and pharmacological aspects of Euryale Ferox Salisb. 

Pharmacogn Jr. 12(6): 1444-1454. 

7. Tehseen S, Sarfraz F, Muntaham S, Ateeq N, Ashfaq F, Yasmin I, Mehmood T. 2020.  Foxnut (Euryale ferox Salisb.): A health 

promising fruit. Acta Sci. Agric.  4(12): 68-77. 

8. AOAC. 1997. International Official methods of analysis of AOAC International. AOAC International, Gaithersburg, MD. 

9. Singleton VL, Rossi JA. 1965. Colorimetry of total phenolics with phosphomolybdicphosphotungstic acid reagents. Am. Jr. Enol. 

Vitic. 16(3): 144-158. 

10. Barros L, Cruz T, Baptista P, Estevinho LM, Ferreira ICFR. 2008. Wild and commercial mushrooms as source of nutrients and 

nutraceuticals. Food Chem. Toxicol. 46: 742-2747. 

11. Thaipong K, Boonprakob U, Crosby K, Cisneros-Zevallos L, Byrne DH. 2006.  Comparison of ABTS, DPPH, FRAP, and 

ORAC assays for estimating antioxidant activity from guava fruit extracts. Journal of Food Composition and Analysis 19: 

669-675. 

12. Choudhary DK, Mishra A. 2017. In vitro and in silico interaction of porcine α-amylase with Vicia faba crude seed extract and 

evaluation of antidiabetic activity. Bioengineered 8(4): 393-403. 

13. Oboh G, Ademosun AO, Ademiluyi AO, Omojokun OS, Nwanna EE, Longe KO. 2014. In vitro studies on the antioxidant 

property and inhibition of 𝛼-amylase, 𝛼-glucosidase, and angiotensin I-converting enzyme by polyphenol-rich extracts from 

cocoa (Theobroma cacao) bean. Pathology Research International Volume 2014, Article ID 549287, 6 

pages. https://doi.org/10.1155/2014/549287 
14. Bauer RW, Kirby MDK, Sherris JC, Turck M. 1966. Antibiotic susceptibility testing by standard single disc diffusion method. 

Ind. Jr. Microbiology 45: 493-496.  

15. Wu C, Chen R, Wang XS, Shen B, Yue W, Wu Q. 2013. Antioxidant and anti-fatigue activities of phenolic extract from the 

seed coat of Euryale ferox Salisb. and identification of three phenolic compounds by LC-ESI-MS/MS. Molecules 18(9): 

11003-11021. doi: 10.3390/molecules180911003. PMID: 24022762; PMCID: PMC6270581. 

16. Kadu M, Maknojia R, Maharana S. 2020. Preliminary study of Euryale ferox Salisb. Seed coat as a potential antioxidant and 

antibacterial source. Asian Jr. Biol. Life Sciences 9(3): 313-320. 

17. Lee S, Ju EM, Kim JH. 2002. Antioxidant activity of extracts from Euryale ferox seed. 2002. Experimental and Molecular 

Medicine 34(2): 100-106. doi:10.1038/emm.2002.15 

18. Zhang WN, Su RN, Gong L, Yang WW, Chen J, Yang R, Wang Y, Pan WJ, Lu YM, Chen Y. 2019. Structural characterization 

and in vitro hypoglycemic activity of a glucan from Euryale ferox Salisb. Seeds. Carbohydrate Polymers 209: 363-371.  

https://doi.org/10.1016/j.carbpol.2019.01.044 

19. Ahmed D, Kumar V, Verma A, Shukla GS, Sharma M. 2015. Antidiabetic, antioxidant, antihyperlipidemic effect of extract of 

Euryale ferox salisb. with enhanced histopathology of pancreas, liver and kidney in streptozotocin induced diabetic 

rats. Springer Plus 3(4): 315. 

20. Parry JA, Kamili AN, Qadri R, Hamid R, da Silva JAT. 2010. Evaluation of antibacterial activity of Euryale ferox. Salisb. a 

threatened aquatic plant of Kashmir Himalaya. Med. Aromatic Plant Sci. Biotechnology 4(1): 80-83. 

Res. Jr. Agril. Sci.                                170                                                               CARAS 

https://doi.org/10.1155/2014/549287
https://doi.org/10.1016/j.carbpol.2019.01.044

