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Abstract 

In this study, the antioxidant properties and total phenolic and flavonoid contents of Rheum emodi 

rhizome extracts were examined. The radical scavenging capacity of Petroleum ether, chloroform, ethyl 

acetate and 90% ethanol extracts was estimated by 2, 2-diphenyl-1-picrylhydrazil (DPPH) assay. 

Phenols and flavonoids were present only in the ethyl acetate and 90% ethanol extracts, their total 

phenols and flavonoids contents were determined. Total phenolic content in the 90% ethanol and ethyl 

acetate extracts were 51.57±0.09, 69.75±1.13 mg gallic acid equivalent (GAE)/g and total flavonoid 

content 11±0.14, 29.5±0.01 mg Quercetin equivalent (QE)/g of extract respectively. The highest DPPH 

antioxidant activity was shown by 90% ethanol extract IC50 52.04 followed by ethyl acetate extract IC50 

59.68 and least by petroleum ether extracts IC50 156.62 while standard ascorbic acid was IC50 28.26. 

Our results of antioxidant assays were justified and partially supported the popular usage of the tested 

plants. The high antioxidant activity found in the plant can be a good source of natural antioxidants 

which might have benefits for health. 
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Introduction 

The use of oxygen as part of the process for generating metabolic energy produces reactive 

oxygen species (ROS), as a product of normal cell metabolism [1] These include hydrogen 

peroxide (H2O2) and free radicals such as superoxide anion (O2–) and hydroxyl radical (HO•) 
[2]. Free radicals can cause oxidative damage to cellular components including DNA, RNA, 

globular protein [3], Proteases and unsaturated fatty acids [4]. Oxidative damage has been 

indicated as a primary cause of several diseases such as Alzheimer’s disease [5], hepatitis, 

cirrhosis and liver cancer [6], the innate immune system [7]. Antioxidants are compounds that 

can inhibit or delay the oxidation of an oxidizable substrate in a chain reaction. Synthetic 

antioxidants are widely used, but their use is being restricted nowadays because of their toxic 

and carcinogenic side effects [8]. For this reason, currently there is a growing interest toward 

natural antioxidants from herbal resources, able to protect organisms from damage induced 

by oxidative stress. The useful pharmacological effects of medicinal plants are attributed to 

the presence of phytoconstituents which are primarily secondary plant metabolites [9]. 

Phytoconstituent Flavonoids are known as “catchers” of superoxide anions and hydroxyl 

radicals [10] inhibit the oxidation of lipids, inhibit some of the enzyme systems, have an 

influence on the formation and transformation of peroxyl radicals, etc. [11]. In a worldwide 

review on herbal medicines by World Health Organization, it has been reported that 

approximately three-fourth of the populations in developing countries use traditional and 

folkloric herbal medicines for their common ailments [12]. Rheum emodi commonly known as 

Rhubarb is a perennial herb belongs to family Polygonaceae. It is a food plant with medicinal 

value restricted to the temperate, subalpine, and alpine zones of the Himalayas in altitudes 

ranging from 2,800 to 3,800 m [13]. Traditionally plant is widely used as laxative, tonic, 

diuretic and to treat ulcers, diarrhea, fever, cough and indigestion. R. emodi possess a number 

of phytoconstituents [14-17] and showed Antiulcer [18], Hepatoprotective [19], Antidiabetic [20], 

Bidirectional effect on Intestinal function [21], Antiplatelet and Anticoagulant [22], Immuno-

enhancing effect [23], Nephroprotective [24] and Antifungal [25] biological activities. The 

present study aims to investigate the total phenolic and flavonoid  
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contents in the R. emodi rhizome extracts and antioxidant 

potential by DPPH radical scavenging assay. 

 

Material and Methods 

Collection of plant material and preparation of Extract 

The rhizomes of Rheum emodi was collected from Pabbar 

valley of Himachal Pradesh. These were washed throughly 

and shade dried at room temperature. The dried plant 

material was grinded to a coarse powdered form, and 

extracted successively with the soxhlet apparatus in 

increasing order of polarity of solvents viz Petroleum ether, 

chloroform, ethyl acetate and 90% ethanol. The percentage 

yield 0.052, 0.11, 0.15 and 3.2% obtained respectively. The 

extracts were concentrated in a vaccum rotary evaporator. In 

phytochemical screening there was presence of 

Anthraquinones, Terpinoids, Steroids, Flavonoids, 

Carbohydrates, glycosides, Saponins and phenols in the 

extracts. The presence of phenol and flavonoid occurs only 

in ethyl acetate and 90% ethanol extract. 

 

Quantitative phytochemical analysis 

Determination of total phenolic content (TPC) 

The amount of total phenolics in the plant extract was 

determined with the Folin-Ciocalteu reagent [26]. The 

extracts stock solution of 1mg/ml concentration was 

prepared in methanol. To 0.5ml of extracts solution add 

2.5ml of 10% Folin-Ciocalteu’s reagent dissolved in water 

and 2.5ml 7.5% NaHCO3 and blank containing 0.5ml 

methanol, 2.5ml 10% Folin-Ciocalteu’s reagent dissolved in 

water and 2.5ml of 7.5% of NaHCO3. A dilution series of 

10, 20, 30, 40 and 50µg/ml concentration of standard gallic 

acid was prepared in methanol and same amount of reagent 

was added in each concentration as described in extract and 

blank. The samples were then incubated at room 

temperature in dark for 45min. The absorbance was 

determined by a spectrophotometer at 765nm. The 

concentration of phenolics was determined from the 

calibration line, the content of phenolics in the extracts were 

expressed in terms of gallic acid equivalent (mg of GAE/g 

of extract). 

 

Determination of total flavonoids content (TFC) 

The determination of the total flavonoid content was carried 

out as described by [27]. All extracts and standard Quercetin 

stock solution was made at conc. of 1mg/ml in methanol. A 

dilution series of 0.01, 0.02, 0.03, 0.04 and 0.05 mg/ml was 

prepared from the stock of Quercetin. To 1 ml of extracts 

solution add 1ml of 2% AlCl3 solution dissolved in 

methanol. The same procedure was repeated for the dilution 

series of quercetin. The samples were incubated for an hour 

at room temperature. The absorbance was determined using 

spectrophotometer at 415nm. The calibration line was 

construed. Based on the measured absorbance, the 

concentration of flavonoids was read (mg/ml) on the 

calibration line; then, the content of flavonoids in the 

extracts was expressed in terms of rutin equivalent (mg of 

QE/g of extract). 

 

In-vitro antioxidant activity assay 

2, 2-Diphenyl-1-picrylhydrazyl (DPPH) radical 

scavenging assay 

The antiradical activity of the extract was estimated 

according to the procedure described by [28] 0.135mM DPPH 

solution was prepared in methanol and 1.0ml of this solution 

was mixed with 1.0ml of extract prepared in methanol 

containing 10, 20, 60, 80, 100 µg/ml and standard drugs 

separately (Ascorbic acid). The reaction mixture was 

vortexed thoroughly and left in the dark at room temperature 

for 30min. The absorbance of the mixture was measured 

spectrophotometrically at 517nm. The ability of plant 

extract to scavenge DPPH radical was calculated by the 

equation 

 

DPPH radical scavenging activity =
Ab(Control) − Ab(Sample)

Ab(Control)
x 100 

 

Statistical analysis 

Tests were carried out in triplicate experiments and mean 

values were calculated with EXCEL program from MS 

office package. IC50 were graphically estimated using a 

linear regression algorithm. 

 

Results and Discussion 

Total Phenolics 

The total phenolic contents in the examined extracts using 

the Folin Ciocalteu’s reagent the standard curve equation is : 

y = 0.004x – 0.362, R2 = 0.961 (Graph 1).The values 

obtained for the concentration of total phenols are expressed 

as mg of GA/g of extract (Table 2). The total phenolic 

contents in the 90% ethanol and Ethyl acetate extract is 

51.57±0.09 and 69.75±1.13 mg of GA/g of extract 

respectively. The total phenolic content in plant extracts 

depends on the type of extract, i.e. the polarity of solvent 

used in extraction. The high solubility of phenols in polar 

solvents provides high concentration of these compounds in 

the extracts obtained using polar solvents for the extraction 
[29, 30]. Phenolic compounds protect plants from oxidative 

damage and perform the same function for humans. Several 

types of polyphenols (phenolic acids, hydrolysable tannins, 

and flavonoids) show anticarcinogenic and antimutagenic 

effects. 

 

Total Flavonoids 

The concentration of flavonoids in plant extract of Rheum 

emodi was determined using spectrophotometric method 

with aluminum chloride. The content of flavonoids was 

expressed in terms of quercetin equivalent. The standard 

curve equation: y = 0.002x + 0.289, R2 = 0.983 (Graph 2), 

mg of QE/g of extract (Table 4). The total Flavonoid 

contents in the 90% ethanol and Ethyl acetate extract is 

11±0.14 and 29.5±0.01 mg of QE/g of extract respectively. 

The concentration of flavonoids in plant extracts depends on 

the polarity of solvents used in the extract preparation [34]. 

Flavonoids are the most ubiquitous groups of plant 

secondary metabolites [35]. Flavonols consumption has been 

associated with a variety of beneficial effects including 

increased activity of erythrocyte superoxide dismutase, a 

decrease in lymphocyte DNA damage, a decrease in urinary 

8-hydroxy-2-deoxyguanosine (a marker of oxidative 

damage) and an increase in plasma antioxidant capacity [36]. 

Flavonoids have been widely used in cancer treatments, 

coronary heart diseases, gastrointestinal ulcers and 

rheumatic diseases [37]. 

 

DPPH radical scavenging assay  

DPPH is a free radical compound and has been widely used 

to test the free radical scavenging ability of various samples 
[38]. It is a stable free radical with a characteristic absorption 

at 517nm that was used to study the radical-scavenging 
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effects of extracts. As antioxidants donate protons to this 

radical, the absorption decreases. Antioxidants, on 

interaction with DPPH, either transfer an electron or 

hydrogen atom to DPPH, thus neutralizing its free radical 

character [39]. The colour changed from purple to yellow and 

the absorbance at wavelength 517 nm decreased. The 

extracts had varying degrees of antioxidant activity in the 

DPPH assay. The Table 5 have shown % of inhibition 

correspond to their conc. The IC50 value was determined 

from the plotted graph of Concentration vs % of inhibition. 

The DPPH scavenging of standard ascorbic acid and 

extracts was found to be in the order of Ascorbic acid > 90% 

Ethanol > Ethyl Acetate > Chloroform > Petroleum ether 

and the IC50 values 28.26, 52.04, 59.68, 72.29, 156.62 µg/ml 

respectively. The IC50 value of a compound is inversely 

related to its antioxidant capacity. A lower IC50 value 

indicates a stronger antioxidant activity of the extract or 

compound [40]. The DPPH scavenging activity is lowest in 

pet ether followed by chloroform and higher in 90% ethanol 

and Ethyl acetate that may be due to presence of high 

phenolic and flavonoid constituents. 

 

 
 

Graph 1: Calibration curve of Standard gallic acid 

 
Table 1: Concentration Vs Absorbance curve of Gallic acid 

 

S. No. Conc. µg/mL Absorbance (765 nm) 

1. 10 0.398 

2. 20 0.462 

3. 30 0.473 

4. 40 0.516 

5. 50 0.576 

  

 
Table 2: Total phenolic content in fractions expressed in mg/g 

equivalent to gallic acid 
 

Extracts 
Absorbance 

(765 nm) 

Conc. of 

Extract 

TPC mg/g 

GAE 

90% Ethanol 0.569 ± 0.0001 1mg/mL 51.57 ± 0.09 

Ethyl acetate 0.641 ± 0.0006 1mg/mL 69.75 ± 1.13 

 All values are in Mean ± Standard deviation 

 

 
 

Graph 2: calibration curve of Standard Quercetin 

 
Table 3: Concentration Vs Absorbance curve of Quercetin. 

 

S. No. Conc. µg/mL Absorbance at 415 nm 

1. 10 0.311 

2. 20 0.349 

3. 30 0.372 

4. 40 0.389 

5. 50 0.423 

 
Table 4: Total Flavonoid content in Fractions expressed in mg/g 

equivalent to Quercetin. 
 

Extracts Absorbance 
Conc. of 

extracts 

mg/g equivalent 

to Quercetin 

90% Ethanol 0.311 ± 0.0021 1mg/mL 11 ± 0.14 

Ethyl acetate 0.348± 0.0001 1mg/mL 29.5 ± 0.01 

 All values are in Mean ± Standard deviation 

 

Table 5: Percentage of inhibition of DPPH by extracts 
 

Conc. µg/ml Ascorbic acid 90% Ethanol Ethyl acetate Chloroform Petroleum ether 

20 45.13 38.37 35.87 29.21 9.98 

40 57.08 47.32 44.92 35.51 19.57 

60 64.13 53.47 51.68 45.98 21.67 

80 70.2 59.52 56.72 55.11 29.15 

100 81.14 64.23 61.55 59.66 33.39 

IC50 28.26 52.04 59.68 72.29 156.62 
 

 
 

Graph 3: Percentage of Inhibition of DPPH by extracts 
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Graph 4: IC50 values of extracts 

 

Conclusion 

The replacement of synthetic with natural antioxidants 

(because of implications for human health) is advantageous. 

In the present study, analysis of free radical scavenging 

activity and total phenolic and flavonoid contents showed 

that Rheum emodi rhizome extracts can be the potent source 

of natural antioxidants. However, further detailed 

investigation, especially in-vivo antioxidant and toxicity 

studies are needed to justify its use as a natural source of 

antioxidants to prevent the progression of many diseases. 
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