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ABSTRACT 

The present study was carried out in the year 2022 at Institutional level Biotech 
Hub, Pravabati College, Mayang Imphal, to analyze the phytochemical constituents viz., 
total phenolic content, total flavonoid content and antioxidant activity in the crude 

methanolic rhizome extract of A. calamus. Preliminary phytochemical screening indicates 
the presence of most of the phytoconstituents except oil and phlobatannins. Results indicate 
that the amount of total phenolic and total flavonoid content in crude methanolic rhizome 
extract were moderate and expressed in terms of gallic acid equivalent and quercetin 
equivalent respectively. In antioxidant activity, reducing power assay and total antioxidant 
activity showed a dose dependent manner. Result indicates the presence of most of the 
phytochemicals in crude methanolic rhizome extract of A. calamus with moderate amount 
of total phenolic content and total flavonoid content in the extract and in antioxidant assay, 

antioxidant activity increases with increase in concentration, which may be due to the 
presence of phenolic and flavonoid components in the extract. We suggested that, such 
potential high value and low maintenance plants can be adopted by the poor grower by 
cultivating with the main crops as inter cropping to reduce the pressure of high maintenance 
of fertilizer, irrigation, pesticide and labour inputs in paddy cultivation and other crops, and 
thus huge amount of income can be generated and possible to enhance revenue in the state 
by selling the end product to the pharma industry and to improve health care sector. Thus, 
it will be a -win situation both for agricultural sector and pharma industry. 
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INTRODUCTION 

Traditional medicine plays an important role in 

primary healthcare for most population of the world. Asia 

has a long history of using herbal medicines. Plants used in 

traditional medicine contain a wide range of substances 

that can be used to treat various ailments. These chemical 
substances are responsible for the medicinal properties of 

plant and are refer to as bioactive compounds. Among them 
alkaloids, flavonoids, steroids, tannins, terpenoids and 

phenolic compounds are the most important bioactive 

compounds (Harborne, 1988, Kumar ez al., 2010). 

Additives derived from plants are also utilized in 

food and cosmetic industries due to their preservative nature 

because of the presence of phytochemical constituents 

which have antioxidant and antimicrobial properties (Brijesh 

etal.,2009, Beya et al., 2021). The antioxidant properties of 

medicinal plants depend on the plant, its variety, 

environmental conditions, climatic and seasonal variations, 

geographical regions of growth, degree of ripeness, growing 
practices, and many other factors such as postharvest 

treatment and processing. 

In addition, antioxidant property of plant depends 

on composition and concentration of present antioxidants, 

such as phenolic compounds (Skrovankova et al., 2012). 

Acorus calamus (Linn.) belongs to the family Araceae 

(Acoraceae) is commonly known as sweet flag or calamus, 

Vacha in Sanskrit and Okhidak/O-Hidak in Manipuri. A. 

calamus is a semi-aquatic, perennial, aromatic herb with 

creeping rhizomes. The plant’s rhizomes are brown in colour, 
twisted, cylindrical, curved, and shortly nodded. The leaves 

are radiant green, with a sword-like structure, which is 

thicker in the middle and has curvy margins. Rhizome of 

this plant is mainly responsible for its various therapeutic 

potentials. Moreover, rhizome has medicinal properties 

against bugs, moths and lice (Mukherjee et al., 2007, Joshi, 

2016). A number of active constituents from leaves, rhizomes 
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and essential oils of A. calamus have been isolated and 

characterized. Of the constituents, alpha and beta-asarone 

are the predominant bioactive components (Rajput er al., 
2014). Seeing its various medicinal property and 

ethnomedicinal uses, the present study was carried out to 

analyze the phytochemical constituent, total phenolic 

content, total flavonoid content and antioxidant activity of 

Acorus calamus collected from Imphal West district of 
Manipur. 

MATERIALS AND METHODS 

Plant sample 

Acorus calamus was collected from Imphal-West 

district of Manipur, Northeast India. Authentication of the 

plant sample was done in Manipur University, Department 
of Life Sciences (Botany) (001340MUMP). Rhizome of the 

plant were washed with tap water and then rinsed with 

distilled water, shade dried and ground into fine powder. 

Soxhlet extraction 

40 g of dried rhizome powder was extracted using 
400 ml of methanol by soxhlation until the solvent become 

colourless in main chamber of the soxhlet extractor. The 
extract was evaporated to dryness and crude extract was 

obtained. The crude extract was screened for the 

phytochemical constituents, total phenolic content, total 

flavonoid content and antioxidant activity. 

Phytochemical screening was carried out for crude 

methanolic rhizome extract of A. calamus using standard 

protocol (Audu et al., 2007, Edeoga et al., 2005, Kokate, 

2005, Tiwari et al., 2011, Rathod and Valvi, 2011, Bag et al., 

2016, Bhaigyabati et al., 2017). For the extracting of valuable 

bioactive compounds from various natural sources Soxhlet 

extraction has been used widely (Redfern er al., 2014; Rakhee 

etal.,2018). 

Determination of total phenolic content 

Total phenolic content in crude methanolic rhizome 

extract of A. calamus was determined using Folin-Ciocalteu 

reagent (Spanos and Wrolstad, 1990, Chakraborthy and 
Ghorpade , 2010, Bag et al., 2016, Bhaigyabati et al., 2017). 
2.5 ml of 10% Folin-Ciocalteu reagent and 2 ml of Na,CO, 
(2% wiv) were added to 0.5 ml of (3 replicates) extract 

solution (1mg ml™). The resulting mixture was incubated at 

45°C for 15 minutes. The absorbance of sample was measured 

at 760 nm using Visible Spectrophotometer. Gallic acid (10- 

50 pg ml') was used as a standard compound. 

Total phenolic content in the crude methanolic 

rhizome extract in gallic acid equivalent (GAE) was calculated 

by the following formula: 

T=(Cx V)M 

Where, T = total content of phenolic compounds, 

mg g plant extract in GAE; C = concentration of gallic acid 

established from the calibration curve, pg ml”'; V = volume 

of extract, ml; M = weight of the plant extracts, g. 

Estimation of total flavonoid content 

Total flavonoid content in the crude methanolic 
rhizome extract was determined by Aluminium chloride 

colorimetric method. Studies have reported Quercetin to be 

suitable reference for determination of total flavonoid 
content in plant sample extract. Therefore standard 

Quercetin solutions of various concentrations were used 

to make the calibration curve. 

10 mg of quercetin was dissolved in 100 ml methanol 

and then diluted to 6.25, 12.5, 25, 50, 80, and 100 ig ml"' using 

methanol. Stock solution of extract was prepared by 

dissolving 100 mg of extract in 5Sml methanol and transferred 

to 10 ml volumetric flask and made up the volume with 

methanol. 10% aluminium chloride and 1M potassium 

acetate were prepared using distilled water. 

The assay was determined using 0.5 ml of extract 

stock solution and each dilution of standard quercetin taken 

separately in test tubes. To each test tube 1.5 ml methanol, 

0.1 ml aluminium chloride solution, 0.1ml potassium acetate 

solution and 2.8 ml distilled water were added and mixed 
well. Blank sample was prepared in similar manner by 

replacing aluminium chloride solution with distilled water. 

All the prepared solutions were filtered through Whatmann 

filter paper if necessary before measuring their absorbance. 

Absorbance was taken at 415 nm against the suitable blank 
solution (Akbay ez al., 2003, Kaufman ez al., 1999). 

Estimation of reducing power 

Various concentrations (30-150 ig ml") of the 
methanolic rhizome extract from the stock solution of (1mg 

ml") in methanol were prepared in different test tubes. 

Ascorbic acid (1mg ml™) at various concentrations was used 

as standard. To each tube, 2.5 ml of phosphate buffer and 

2.5 ml of 1% potassium ferricyanide were added. This mixture 
was kept at 50°C in water bath for 20 minutes. After cooling, 

2.5 ml of 10% trichloroacetic acid was added and centrifuged 

at 3000 rpm for 10 mins (whenever necessary). The upper 

layers of solution (2.5 ml) were transferred into fresh tubes 

and to each tube, 2.5ml of distilled water and 0.5ml of freshly 
prepared 0.1% ferric chloride solution were added. The 

absorbance was measured at 700 nm. Blank was prepared in 

similar manner excluding samples. Increased absorbance of 

the reaction mixture indicates increase in reducing power 

(Oyaizu, 1986, Bag et al., 2016, Bhaigyabati et al., 2017). 

Here in this method, as per little modification from the 

Bhalodia er al. (2013); Khatoon et al. (2013), is based on 

the principle that to form potassium ferrocyanide (Fe*), 

those substances which have reduction potential were 
reacted with potassium ferricyanide (Fe™), and which then 

react with ferric chloride to form ferric—ferrous complex that 

has an absorption maximum at 700 nm. For rapid screening 

method of antioxidant potential this method is a convenient 

(Adebayo eral., 2012). 

Determination of total antioxidant activity 

The phosphomolybdenum method was used to 

evaluate the total antioxidant activity of the extract (Prieto 

et al., 1999, Bag et al., 2016, Bhaigyabati et al., 2017).
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Antioxidants can reduce Mo (VI) to Mo (V) and the green 

phosphate / Mo (V) compounds at acidic pH, which have 

an absorption peak at 695 nm, were generated subsequently. 

0.3 ml of the sample methanolic extract (1mg ml") as well as 

ascorbic acid (1mg mlI"') was mixed with 3.0 ml of the reagent 

solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 

4 mM ammonium molybdate) separately. Reaction mixture 

was incubated at 95°C for 90 min under water bath. 
Absorbance of all the mixtures was measured at 695 nm 
after cooling. Total antioxidant activity is expressed as the 

number of equivalents of ascorbic acid in micrograms (AAE). 

Total antioxidant activity was calculated by using the formula: 
Total antioxidant = O.D. of test sample x concentration of 

standard in ig x made up volume of sample 

RESULTS AND DISCUSSION 

Phytochemical constituents present in methanolic 

rhizome extract of A. calamus are listed in Table 1. Preliminary 

phytochemical screening shows the presence of most of 

the phytochemicals in methanolic rhizome extract of A. 

calamus except oil and phlobatannins. 

Table 1. Phytochemicals present in methanolic rhizome extract of A. calamus 

Phytochemical constituents Tests Crude methanolic rhizome extract of A. calamus 

Amino acids Ninhydrin test + 

Alkaloids Mayer’s test + 

Carbohydrates (reducing sugar) ~ Benedict’s test + 

Fehling’s test + 

Proteins Biuret test - 

Xanthoproteic test + 

Flavonoids Alkaline reagent test - 

Lead acetate test + 

Phenolic compounds Lead acetate test + 

Ferric Chloride test + 

Steroids and Terpenoids Salkowski’s test + 

Saponins Froth test + 

Tannins Lead acetate test + 

Ferric chloride test + 

Cardiac glycosides Keller-killiani test + 

oil - 

Phlobatannins 

Key: + = presence and - = absence 

Phytochemical studies have reported the presence 

of glycosides, flavonoids, saponins, tannins, polyphenolic 

compounds, mucilage, and volatile oil. Presence of glucoside, 

alkaloid and essential oil containing calamen, clamenol, 

calameon, asarone and sesquiterpenes has also been 

reported. Phytochemical analysis of the methanol extract of 

A. calamus shown to contain glycosides, flavonoids, 

saponins, tannins, polyphenolic, essential oils, and terpenes 

(Elayaraja et al., 2010, Barua et al., 2014, Muthuraman er 

al., 2011). Preliminary phytochemical screening is usually 
performed for the identification of substantial 

phytochemicals that may be involved in the antioxidant 

activity of plant extracts (Anandakirouchenane et al., 2013, 

Basmaeral.,2011, Dasetal.,2012). 

In the present study, total phenolic content and 

total flavonoid content were analyzed in the crude extract 

as they are the primary compounds responsible for 

antioxidant activity. Standard curve of gallic acid and 

quercetin is shown in Figures 1 and 2 respectively. Total 

phenolic content and total flavonoid content in crude 

methanolic rhizome extracts of A. calamus was obtained 

from the respective standard curve. Table 2 indicates the 

total phenolic and total flavonoid content in the crude 

extract.
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Figure 1. Standard curve of gallic acid 

From the standard curve, concentration value of 
extract was obtained and total flavonoid content (TFC) was 

calculated by using the following formula (Chang er al., 
2002). 

TFC=R*D.E*V *100 

w 

Table 2. Total phenolic and total flavonoid content 
A. calamus 
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Figure 2. Standard curve of quercetin 

‘Where R - Result obtained from the standard curve, 

D.F - Dilution factor, V - Volume of stock solution 100 - For 

100 g dried plant and W - Weight of plant used in the 

experiment 

in crude methanolic rhizome extract of 

Total phenolic content in mg 

of extract (in GAE) 

Methanol extract 

Sample Total flavonoid content in pg 

100 g of dried extract (in QE) 

Methanol extract 

gt 

A. calamus thizome 1.79+0.02 8.26 +0.40 

Assays were performed in triplicates. Values are expressed as means + SD 

The total phenolic content in methanolic rhizome 

extract of A. calamus was found to be 1.79 + 0.02 mg g 
(GAE). Phenolic compounds act as free radical terminators 

through scavenging or chelating process (Saikia and 
Upadhyaya, 2011). They have wide bioactivity including 

antioxidant properties/activity, due to the presence of 
hydroxyl functional group and are responsible for the radical 

scavenging effect mainly due to redox properties (Rice-Evans 
etal., 1997). 

Total flavonoid content in crude methanolic 
rhizome extract of A. calamus was found to be 8.26 +0.40 g 
100g" (QE). 

According to Rita er al. (2019) the contents of 

flavonoid and phenolic compounds in ethyl acetate fraction 

were the highest, followed by n-butanol, n-hexane, and water 

fractions respectively. Total flavonoid contents of ethyl 

acetate, butanol, n-hexane, and water fractions were 
successively 2978.34,399.07, 142,23, and 14.80 mg QE/100g, 

while total phenolic contents of those fractions were 1820.51, 

329.71,237.81,and 74.36 mg GAE 100 g, respectively. 

Flavonoids have been shown to exhibit their 
actions through effects on membrane permeability, and by 

inhibition of membrane-bound enzymes such as the ATPase 

and phospholipase A2 (Li et al., 2003). Flavonoids serve as 

health promoting compound as a results of its presence as 

anion radicals (Hausteen, 1983). The compounds such as 

flavonoids, which hold hydroxyl groups, are responsible 

for the radical scavenging activity in the plants (Das and 
Pereira, 1990, Younes, 1981). It has been acknowledged that 

flavonoids show significant antioxidant action on human 

health and fitness. It is known that flavonoids act through 

scavenging or chelating process.
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Figure 3. Reducing power of standard and crude methanolic rhizome extract of A. calamus 

Reducing power assay indicates an increasing order 

for standard as well as for the plant sample extract and is 

shown in fig.3. Reducing power of the extract may be 

contributed by bioactive compounds in the extract which 

possess electron donating abilities. Presence of reducers 

causes the conversion of the Fe ** complex to the ferrous 

(Fe*) form which serves as a significant indicator of its 

antioxidant capacity (Yildirim et al., 2002). Total antioxidant 

activity was analyzed in the crude rhizome extract and found 

that with the increase in concentration total antioxidant 
activity increased and expressed in ug ml”' of extract in 

ascorbic acid equivalent (AAE). Table 3 indicates the total 

antioxidant activity showed by various concentration of 
crude methanolic rhizome extract of A. calamus. 

Table 3. Total antioxidant activity in crude methanolic rhizome extract of A. calamus 

Concentrations Total antioxidant activity in pg/ml of extract 

(pg ml') (in AAE) for crude methanolic rhizome extract of A. calamus 

30 2.26+0.02 

60 2.88+0.01 

90 3.69+0.03 

120 4.24+0.02 

150 4.76 +0.02 

Assays were performed in triplicates. Values are expressed as means + SD 

Highest total antioxidant activity of 4.76 + 0.02 g 

ml! of extract (in AAE) was noted in the highest 

concentration (150 pg ml') used in the assay. The total 

antioxidant activity assay also indicates a dose dependent 

manner. 

Studies have shown that Acorus calamus exhibits 
free radical scavenging, reducing power and metal chelating 

property in dose dependent manner (Imam et al., 2013). 

From the study, it can be inferred that 

phytochemical screening of crude methanolic rhizome extract 

of A. calamus shows the presence of most of the 

phytochemicals. These phytochemicals content would be 

a potential to be used in various diseases treatments. In 

addition to this, this potential climate resilient plants (Saoji 

et al., 2022) can be used in income generating crops by 

intercropping (Kharche et al. 2022; Singh et al., 2021) with 

the main crops like rice and other fruits crops. In Manipur, 

traditional paddy crops cultivation is declining day by day, 

due to the factors like high costs of maintenance, lack of 

irrigation facilities, labour, fertilizer and pesticide and thus 

these factors can be lessen by planting this high value and 

low maintenance crops to generate more revenue for the 
state by large scale cultivation and development of end 

produce to be sold in other industry in substitute of 

traditional farming. Apart from this, in our study, the total 

phenolic content and total flavonoid content were moderate 

and in antioxidant assay, antioxidant activity increased with 

the increased in concentration, which may be due to phenolic 

and flavonoid contained in the extract. Further studies can 
be carried out for the isolation of bioactive compounds 

from A. calamus thizome.
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