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ABSTRACT 

Tridax procumbens is a wild herb distributed throughout India. It has been extensively used in the 

ayurvedic system of medicine for various ailments in India as it contains a major portion of polyphenols 

and antioxidants. This study compared the antioxidant potential and content of phytochemical 

constituents in different solvents (ethanol, methanol, acetone, toluene, hexane, dichloromethane, 

chloroform, ethyl acetate, water, 60% aqueous methanol, 60% aqueous ethanol, and 60% aqueous 

acetone) extracted from the whole plant of Tridax procumbens. The content of phytochemical 

constituents was evaluated by determining total flavonoid content (TFC), total phenolic content (TPC), 

total saponin content (TSC), and total tannin content (TTC) in solvent extracts. The antioxidant 

assessment was carried out by the 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonate) radical cation 

(ABTS·+) assay, the 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) assay and the ferric reducing 

antioxidant power (FRAP) assay methods. The highest extraction yield was found in 60% aqueous 

methanol while the hexane extract showed the lowest extraction yield. Methanol extract shows the 

highest TPC (251.64±1.87 mg GAE/g), TFC (235.87±7.57 mg QCE/g), TTC (160.11±2.07 mg GAE/g) 

while ethanol extract gives the highest TSC (519.18±3.11 mg ESE/g). The inhibitory concentration 

(IC50) was found lowest in methanol extract for DPPH (2.17 ± 0.16 µg/ml), FRAP (2.81 ± 0.32 µg/ml) 

and ABTS (3.52 ± 0.46 µg/ml) assay. The comparative study showed the maximum correlation between 

total phenolic content and antioxidant potential. As methanol extract contains major phytochemical 

constituents which are responsible for the free radical scavenging activity showed the highest 

antioxidant potential hence it could serve as potential antioxidant medicine for physiological damage. 
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1.  INTRODUCTION 

 

In the human body, various pathological conditions may occur due to higher 

concentrations of free radicals by generating oxidative stress [1], [2]. Secondary metabolites of 

plants like polyphenols and carotenoids have antioxidant properties due to their free radical 

scavenging effect [3], [4]. For the discovery of bioactive compounds from plant metrics, the 

most important step is extraction on which various parameters can affect like extraction solvent, 

temperature, extraction process, etc. [5]. Due to diverse chemical functionality, different 

polarities, and ring structures of polyphenols, difficulties may arise in solubility with some 

solvents therefore it becomes necessary to identify specific solvents for the extraction process 

to get desirable phytochemicals. According to the literature,  ethanol, methanol, acetone, ethyl 

acetate, and their aqueous mixtures are the most suitable solvents to extract bio active 

constituents from the herbs [6]. 

Tridax procumbens from the Asteraceae family is an indigenous medicine of India 

commonly known as ‘Ghamra’, ‘Coat buttons’ or ‘Tridax daisy’ in English and ‘Ghaburi’ in 

Gujarati [7], [8]. This Indian traditional medicine has been considerably used as antifungal, 

insect repellent, anticoagulant, antioxidant, etc. and it has wound healing properties and also 

promotes hair growth [9], [10]. Tridax procumbens is majorly found in tropical and subtropical 

areas all around the world growing with annual crops, along roadsides, pastures, fallow land, 

and waste areas [11]. 

 

 

2.  MATERIALS AND METHODS 
 

2. 1. Chemicals and reagents 

ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), DPPH (1,1-diphenyl-2-

picrylhydrazyl), Folin–Ciocalteau reagent, Ascorbic acid, Gallic acid, Quercetin, Escin were 

purchased from Sigma-Aldrich and all the solvents used for extraction and tests were 

Spectrochem and Merck made AR grade solvents. 

 

2. 2. Instrument  

UV-Visible spectrophotometer (Shimadzu UV-1800 series) was used for the 

determination of phytochemical constituents and antioxidant potential from plant extract. 

 

2. 3. Collection and authentication of plant 

The roots, stems, flowers, and leaves of Tridax procumbens were collected fresh from the 

campus of Saurashtra University, Rajkot, Gujarat, India. The authentication of plant material 

was confirmed by NISCAIR/RHMD-Delhi, India having Ref. No. 2018/3279-80-3. The whole 

plant was dried first by spreading it under a shady and dry place and then at 50 °C in the oven. 

The dried material was milled to fine powder by a mechanical grinder and passed through 40-

mesh size sieve to get uniform particle size. Dry powder material was packed in an airtight 

container and stored in the freezer before use. 
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2. 4. Extraction preparation 

The solvents used for the extraction process are ethanol, methanol, acetone, toluene, 

hexane, dichloromethane, chloroform, ethyl acetate, water, 60% aqueous methanol, 60% 

aqueous ethanol, and 60% aqueous acetone. 

35 gm dried powder of Tridax procumbens was refluxed with 200ml of solvent using a 

condenser and magnetic stirrer (300 rpm) at the boiling temperature of the solvent used for the 

refluxing process (reflux extraction technique). This process was repeated in triplicates every 

12hrs time interval and then extracts were filtered through Whatman filter paper no.1 and 

concentrated under reduced pressure at 55 to 60 °C via the rotary evaporator. The collected 

extracts were freezer dried and stored in the freezer until use. 

 

2. 5. Phytochemical analysis 

2. 5. 1. Total flavonoid content (TFC) determination 

By using the aluminum chloride spectroscopic method, total flavonoid content was 

calculated [12]–[14]. 1 mg of dried extract was dissolved in 2 ml of respective solvent and 

filtered. 1 ml of filtered solution containing 500 ppm concentration was prepared and mixed 

with 2 ml of 5% sodium nitrite then incubated for 5 minutes at room temperature followed by 

the addition of 2 ml 10% w/v solution of AlCl3 prepared in water. By keeping the solution for 

6 minutes, 1 M NaOH solution was added and mixed vigorously then kept the solution at room 

temperature for 15 minutes. The absorbance was measured at 512 nm versus blank by UV-

Visible spectrophotometer. TFC in extracts was derived by regression equation, as mg of 

Quercetin equivalent per g dry weight having 1-500 ppm concentration range prepared in 

methanol.  

 

2. 5. 2. Total phenolic content (TPC) determination 

The total phenolic content was measured by colorimetric assay with Gallic acid using as 

a standard having Folin–Ciocalteau reagent [15], [16]. 1 mg of dried extract was dissolved in 2 

ml of respective solvent and then filtered through syringe filter. 1 ml of filtered solution was 

added to 2 ml distilled water containing 1 ml of 10 time diluted Folin–Ciocalteau reagent. After 

keeping the solution at 25 °C for 5 minutes, 1 ml of 10% sodium bicarbonate solution was 

added and vortex for 20 minutes, and then absorbance was measured at 725 nm against blank 

in UV spectrophotometer. The total phenolic content of all extracts was estimated from the 

calibration curve having a standard concentration range between 5-500 ppm as mg of Gallic 

Acid Equivalent (GAE) per g dry weight.   

 

2. 5. 3. Total saponin content (TSC) determination 

Total saponin content in Tridax procumbens was determined as previously described by 

[17]. 1 ml of extract acquiring 500 ppm concentration was mixed with 1 ml 8% w/v solution of 

vanillin prepared in methanol followed by the addition of 5 ml 90% H2SO4 solution. After 

mixing thoroughly, the solution was incubated for 10 minutes at 60 °C in a water bath and then 

cooled at room temperature. By UV-Visible spectrophotometer, the absorbance was measured 

at 560 nm versus blank by using Escin as a standard for the calibration curve in the 

concentration range of 1-500 ppm and the results were expressed as mg of Escin Equivalents 

(ESE) per g of sample dry weight. 
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2. 5. 4. Total tannin content (TTC) determination 

Total tannin content was calculated by using polyvinylpolypyrrolidone (PVPP) [16]. 1 

mg of dried extract was dissolved in 2 ml of respective solvent and filtered it. 1 ml of solution 

containing 500 ppm concentration was prepared followed by the addition of 200 mg PVPP and 

2 ml distilled water. After vortex thoroughly for 10 minutes, the solution was kept under 

maintained temperature between 40 °C to 100 °C for 2hrs and then centrifuge the mixture at 

4000 rpm for 15 minutes. The collected supernatant that only contains simple phenolics other 

than the tannins (tannins have been precipitated along with the PVPP) was taken and performed 

the same procedure used for the determination of total phenolic content and from these results, 

the total tannin content of the sample was calculated as, 

 

Tannins (%) = Total phenolics (%) - Non-Tannin phenolics (%) 

 

2. 6. In-Vitro Antioxidant study 

2. 6. 1. ABTS free radical cation assay 

Free radical cation scavenging activity of extracts was determined spectrophotometrically 

by ABTS cation decolorization assay by measuring the absorbance at 740 nm [18]. For 

preparing free radical cation of ABTS, 10 mM of ABTS solution prepared in distilled water 

was mixed with 5 mM potassium persulphate followed by keeping the solution in the dark at 

room temperature for 24 hrs.  

The absorbance of the free radicals in ABTS solution below 1.0 ± 0.02 was finalized at 

740 nm by using UV-Visible spectrophotometer. The mixture of 4 ml ABTS solution and 2 ml 

of each extract having concentration range between 50-500 ppm was incubated for 6 minutes 

at 300 °C then measured the absorbance at 740 nm. Blank was prepared without extract as 

described procedure. Ascorbic acid was used as a positive control and an assay of each sample 

for each concentration was carried out in triplicate manner. The extract concentration 

corresponding to 50 percent inhibition (IC50) was derived from the curve of inhibition 

percentage against extract concentration. 

 

 % inhibition activity =
Absorbance of blank − Absorbance of  sample

Absorbance of blank
× 100 

 

2. 6. 2. DPPH radical assay  

By using DPPH assay method [19], the % scavenging effect of extracts was measured by 

mixing 4 ml of fresh 0.2 mM DPPH solution prepared in methanol and 2 ml of each extract in 

a range of 50-500 ppm. The mixture was incubated for 20 minutes in dark and cool place then 

absorbance was measured by UV-Visible spectrophotometer at 517 nm against methanol. Blank 

was prepared by the same method used for a sample without adding an extract. Ascorbic acid 

was used as a positive control. An assay for each sample was performed in triplicates by plotting 

the curve of percentage radical scavenging activity against extract concentration. The value of 

the extract concentration was calculated in correspondence to 50 percent inhibition (IC50).  

 

% radical scavenging =
Absorbance of blank − Absorbance of  sample

Absorbance of blank
× 100 
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2. 6. 3. FRAP assay 

According to Szymanowska et al. [20], [21], 2 ml of an extract (concentration range from 

50-500 ppm) was mixed with the mixture of 2 ml phosphate buffer (6.6 pH) and 2 ml 1% 

potassium ferricyanide later vortex it for 2 minutes. The mixture was kept for 20 minutes in a 

water bath at 50 °C and after cooling down, the mixture of 1.5 ml 10% trichloroacetic acid and 

2 ml 0.1% ferric chloride solution prepared in water was added. Reducing power was measured 

at 725 nm by UV-Visible spectrophotometer against distilled water. Blank was prepared as 

above mentioned method without adding an extract. As a positive control, Ascorbic acid was 

used and an assay of each sample was performed in triplicates for each concentration. By 

plotting the curve of reducing percentage against extract concentration, the extract 

concentration corresponding to 50 percent inhibition (IC50) was calculated. 

 

% reducing activity =
Absorbance of sample − Absorbance of  blank

Absorbance of blank
× 100 

 

2. 7. Statistical analysis 

Data were expressed in terms of mean ± SD (n=3) and compared using two-way ANOVA 

(analysis of variance), Multiple pairwise-comparison between the means of groups was 

computed using Tukey’s HSD (Honest Significant Differences) test.  

The correlation was calculated for the determination of the relationship between the 

antioxidant potential and content of phytoconstituents. 

 

 

3.  RESULTS AND DISCUSSION 

3. 1. Effect of solvent on yield 

 

 
 

Figure 1. The extraction yield (g) in solvents from Tridax procumbens. 
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The yield of extraction in grams from Tridax procumbens in solvents ranging from polar 

to non-polar is shown in Figure 1. 

The study of extraction yield in solvents shows maximum % of yield in 60% aq. methanol 

(64.51%), 60% aq. ethanol (52.63%), 60% aq. acetone (47.80%)  and minimum % of yield in 

toluene (0.49%), hexane (0.09%). This helps to conclude that greater value of extraction yield 

is found in solvents having high polarity index rather than low polarity index and non-polar 

solvents. The constituents like water-soluble vitamins, carbohydrates, proteins, salts have been 

extracted in water and a mixture of organic solvent with water [22]. The reason behind the 

higher extraction yield in aqueous methanol, aqueous ethanol, and aqueous acetone extracts is 

that the mixture of water and organic solvent accelerates the solubility of phytochemicals [23]. 

This study is in correlation with Chigayo et al. and Do et al. [12], [24]. Finally, it can be 

concluded that the polarity performs an important role in the % yield of the extraction process. 

 

3. 2. Phytochemical analysis 

 

Table 1. Comparison of content of phytochemical constituents (TFC, TPC, TSC, and TTC) in 

different solvent extracts of Tridax procumbens 

 

Solvent 

Phytochemical constituents 

TFC 

(mg QCE/g) 

TPC 

(mg GAE/g) 

TSC 

(mg ESE/g) 

TTC 

(mg GAE/g) 

Ethanol 225.87 ± 4.16g 234.24 ± 1.36f 519.18 ± 3.11a 151.86 ± 1.22o 

Methanol 235.87 ± 7.57f 251.64 ± 1.87e 491.33 ± 1.80b 160.11 ± 2.07lmn 

Acetone 215.87 ± 3.06h 238.98 ± 1.02f 451.73 ± 2.45c 155.93 ± 0.68mno 

60% aq. methanol 161.87 ± 1.15klm 192.99 ± 1.74i 315.65 ± 2.35d 125.98 ±  6.24qr 

Ethyl acetate 161.20 ± 2.00klm 168.36 ± 1.19k 221.92 ± 2.45gh 113.79 ± 1.09s 

60% aq. ethanol 121.20 ± 2.00rs 149.27 ± 1.74o 182.31 ± 2.96j 98.64 ± 1.76t 

Chloroform 135.20 ± 2.00p 152.54 ± 1.36no 164.67 ± 1.80kl 97.29 ± 1.22t 

60% aq. acetone 128.53 ± 1.15pqr 149.27 ± 2.57o 163.10 ± 1.80klm 96.84 ± 2.45t 

Dichloromethane 97.20 ± 2.00t 148.59 ± 0.52o 151.33 ± 2.45o 97.85 ± 0.71t 

Water 74.53 ± 1.15v 133.56 ± 1.89pq 121.92 ± 2.45rs 121.69 ± 1.69rs 

Toluene 56.53 ± 3.06w 121.47 ± 1.41rs 84.67 ± 1.80u 103.05 ± 1.55t 

Hexane 31.87 ± 4.16x 15.25 ± 1.22yz 18.00 ± 1.18y 8.02 ± 1.37z 

Mean values of each treatment were compared using Tukey's HSD (honestly significant difference) 

method. Letters on each bar were used to mark significance of difference (p < 0.05). Each, unlike 

letter, represents a significantly different treatment while the identical latter shows an insignificant 
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Figure 2. Comparison of phytochemical constituents [TFC (mg of Quercetin Equivalent per g 

dry weight, TPC (mg of Gallic Acid Equivalent per g dry weight), TSC (mg of Escin Equivalent 

per g dry weight) and TTC (mg of Gallic Acid Equivalent per g dry weight)] in different solvent 

extracts of Tridax procumbens. Mean values of each treatment were compared using Tukey's 

HSD (honestly significant difference) method. Letters on each bar were used to mark 

significance of difference (p < 0.05). Each, unlike letter, represents a significantly different 

treatment while the identical latter shows an insignificant difference.  

 

 

3. 2. 1. TFC 

The TFC values shown in Table 1 for different solvents were calculated from linear 

regression of Quercetin (Y = 0.001X-0.0026, R2 = 0.997) indicates the highest TFC in methanol 

that is 235.87±7.57 mg QCE/g and the lowest TFC in hexane which is 31.87±4.16 mg QCE/g. 

difference. TFC = Total Flavonoid Content (mg of Quercetin Equivalent per g dry weight ), TPC = 

Total Phenolic Content ( mg of Gallic Acid Equivalent per g dry weight), TSC = Total Saponin 

Content ( mg of Escin Equivalent per g dry weight), TTC = Total Tannin Content (mg of  Gallic Acid 

Equivalent per g dry weight)  
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Here, only 60% aq. methanol and ethyl acetate showed no significant difference in TFC while 

chloroform and 60% aq. acetone gives nearby values of TFC. Figure 2 suggests that most 

solvents show a significant difference for TFC. The TFC values indicate a similar trend with 

that of TPC values in different solvents, which is in agreement with Markandan et al., 2016 

[25]. As flavonoids are more common polyphenols found in nature that have the potential to 

inhibit metal-induced lipid peroxidation. In the performed test, aluminum chloride made a color 

complex with phenolic hydroxyl group present in the solvent extract which gives absorbance 

in UV Visible range. As solubility plays a  major role in the therapeutic efficacy of flavonoids 

[26], it is necessary to select the right solvent. This study shows maximum TFC in methanol 

rather than water and aqueous solvents is due to the low solubility of the flavonoids in water 

[26], [27]. 

 

3. 2. 2. TPC 

Table 1 shows that the TPC values are ranging from 251.64±1.87 to 15.25±1.22 mg 

GAE/g in solvent extracts were calculated from the linear regression of Gallic acid (Y = 

0.0059X-0.007, R2 = 0.998). TPC represents the concentration of phenolic hydroxyl group in 

extract. Electron-rich hydroxyl group present in extract interact with Folin-Ciocalteu redox 

reagent and forms a blue chromophore which is phosphor tungstic phosphor molybdenum 

complex that can be quantified by spectrophotometry. The color intensity of the blue complex 

depends on the concentration of the phenolic content present in the extract [28]. The study 

shows methanol extract is having significantly higher TPC content followed by lowest TPC in 

hexane extract.  

According to Figure 2, TPC in acetone and ethanol extract is not very much statistically 

different and shows significantly high TPC after methanol extract. Ethyl acetate, chloroform, 

dichloromethane, aqueous ethanol, aqueous methanol, and aqueous ethanol extracts show 

closer TPC due to similar polarity index. This study shows less TPC content in water, less polar 

and non-polar solvent extracts rather than in polar and aqueous solvents is due to the 

hydrophobic nature of chemical constituents present in Tridax procumbens which are less 

soluble in water and more soluble in polar solvents [29]. The polarity, nature of the phenolic 

structure, solubility, and the complexity of solvent affects the TPC found from plant extract 

[30], [31]. The current study suggests methanol as the best solvent to extract phytoconstituents 

and antioxidant material from Tridax procumbens [25]. 

 

3. 2. 3. TSC 

The TSC in solvent extracts was calculated by linear regression of Escin (Y = 0.0017X-

0.0033, R2 = 0.994) shown in Table 1 varies from highest TSC 519.18±3.11 mg ESE/g in 

ethanol to lowest TSC 18.00±1.18 mg ESE/g in hexane extract. As every part of Tridax 

procumbens contains saponin content [32], TSC value is much more than TTC, TFC, TPC in 

most solvent extracts. In the process of saponin determination, glycoside linkage present in 

saponin hydrolyses sulphuric acid and forms sapogenins with whom vanillin forms a bond and 

generates red-purple color which was measured by UV-Visible spectrophotometer. As shown 

in Figure 2, The decreasing order of TSC in solvent extracts does not match with the decreasing 

order of TPC, TFC, TTC in the same solvents are due to the presence of steroid alcohols present 

in Tridax procumbens which shows the similar steroidal structure of saponin expresses 

solubility variation than phenolic content [33].  
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3. 2. 4. TTC 

Tannins in plants are naturally occurring polyphenols having a high molecular weight 

which contributes to the result of TPC by using Folin Ciocalteau reagent and total tannin can 

be measured by combining this method with an insoluble matrix that is polyvinyl 

polypyrrolidone which binds tannin-phenolic. The TTC in various solvent extracts is given in 

Table 1 indicates the highest value in methanol i.e. 160.11±2.07 mg GAE/g and the lowest in 

hexane extract which is 8.02±1.37 mg GAE/g.  

According to Figure 2, TTC shows less value than TPC and TFC as in Tridax procumbens 

only leaves and inflorescence contains tannin in particular solvents like methanol, acetone, and 

water while other parts of the plant do not show any tannin content in various solvents according 

to A. Patil and S. Pawar [32]. The study shows maximum TTC in methanol extract followed by 

minor variation in TTC in acetone and ethanol extract while 60% aq. ethanol, chloroform, 60% 

aq. acetone, dichloromethane, and toluene extracts show the same TTC meanwhile, hexane 

shows the lowest TTC as it is nonpolar in nature. Figure 2 shows a graphical comparison 

between TPC, TFC, TSC, and TTC gives an agreement with the result of Murugan & 

Parimelazhagan and Sowndhararajan & Kang [34], [35]. 

 

3. 3. In vitro Antioxidant activity 

Potassium persulphate generates a stable free radical of ABTS which is a colorless 

solution. Phytoconstituents present in plant extracts convert stable free radical of ABTS into 

anion radical (ABTS•−) which gives bluish-green color to the solution that shows absorption at 

734 nm in UV spectrophotometer. The anion radical of ABTS gives decrement in absorbance 

which indicates the antioxidant potential of phytoconstituents [36].  

The alcoholic solution of DPPH shows maximum absorption at 517 nm in UV 

spectrophotometer as DPPH is a stable synthetic chemical that contains three benzene rings 

having nitrogen in the center with an unpaired electron. As antioxidants or reducing agents in 

plant extract react with an unpaired electron of DPPH, reduced DPPH absorbs less at 517 nm 

[37].  

Reducing material in plant extract reduces potassium ferricyanide (Fe+3) to potassium 

ferrocyanide (Fe+2) which is yellow-colored, now ferric chloride reacts with ferrocyanide and 

generates prussian bluish-green ferric-ferrous complex which absorbs UV maximum at 700 nm 

in UV spectrophotometer [20].  

Antioxidants prevent the cells from damage occurs by free radical molecules which were 

released during the normal metabolic process of oxidation [15]. The hydroxyl group of the 

phenolic compounds generally donates a hydrogen atom or an electron to free radical [38], [39]. 

The sample concentration at which the inhibition percentage reaches 50% is the IC50 value. The 

antioxidant activity is negatively related to IC50 value, as the value of IC50 expresses the amount 

of antioxidant needed to decrease the radical concentration by 50%. The lower the IC50 value, 

higher the antioxidant activity of the tested sample [40], [41-45]. 

The order of IC50 values ranging from higher to lower for different solvent extracts shown 

in Table 2 indicates that all three antioxidant assay models show almost similar antioxidant 

activity for individual solvents. Following Figure 3, the values can be divided into three groups, 

group 1 includes hexane and toluene which shows maximum IC50 value i.e. lowest antioxidant 

activity followed by group 2 contains water, dichloromethane, aq. ethanol, ethyl acetate, 

chloroform, aq. methanol and aq. acetone gives closer IC50 values indicates that these solvent 
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extracts show similar and moderate antioxidant activity while group 3 covers ethanol, acetone, 

and methanol extracts reveal the lowest IC50 values expresses the highest antioxidant activity 

for Tridax procumbens. 

 

Table 2. Comparison of IC50 (µg/ml) values in different solvent extracts of Tridax 

procumbens and antioxidant assessment models (ABTS, DPPH, and FRAP) 

 

Solvent 

Antioxidant model 

ABTS 

IC50 (µg/ml) 

DPPH 

IC50 (µg/ml) 

FRAP 

IC50 (µg/ml) 

Hexane 36.25 ± 1.02a 34.55 ± 1.29ab 32.41 ± 1.02b 

Toluene 27.09 ± 0.44c 26.57 ± 0.71c 28.49 ± 0.05c 

Water 13.70 ± 0.58def 15.63 ± 0.74d 13.13 ± 0.97defg 

Dichloromethane 13.97 ± 0.54de 12.82 ± 1.09efgh 11.44 ± 0.82efghi 

60% aq.  ethanol 11.04 ± 0.53ghi 10.12 ± 0.63i 11.15 ± 0.87fghi 

Ethyl acetate 10.01 ± 1.19i 11.07 ± 0.79fghi 8.81 ± 0.92ijk 

Chloroform 10.74 ± 1.15ghi 9.11 ± 0.48ij 9.51 ± 0.46i 

60% aq. methanol 10.24 ± 0.85hi 10.34 ± 0.56hi 9.81 ± 1.18i 

60% aq. acetone 10.28 ± 0.81hi 9.40 ± 0.84ij 9.38 ± 0.67ij 

Ethanol 6.47 ± 1.25klm 6.86 ± 0.25jkl 5.60l ± 0.85mn 

Acetone 4.63 ± 0.96lmno 4.68 ± 0.92lmno 4.20 ± 0.40mno 

Methanol 3.52 ± 0.46no 2.17 ± 0.16o 2.81 ± 0.32o 

Ascorbic acid* 0.08 ± 0.01 0.05 ± 0.02 0.12 ± 0.05 

Mean values of each treatment were compared using Tukey's HSD (honestly significant 

difference) method. Letters on each bar were used to mark significance of difference (p < 

0.05). Each, unlike letter, represents a significantly different treatment while the identical 

latter shows an insignificant difference.  

* Ascorbic acid was taken as a positive control. 

 

 

The current analysis gives the highest antioxidant ability in methanol extract while the 

lowest in hexane extract for every antioxidant model used.  From Table 2, it can be concluded 

that as phenolic constituents are more lipophilic, solubility is more in organic solvents 

compared to aqueous solvents. 
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Figure 3. Comparison of IC50 (µg/ml) values in different solvent extracts of Tridax procumbens 

and antioxidant assessment models (ABTS, DPPH, and FRAP). Mean values of each treatment 

were compared using Tukey's HSD (honestly significant difference) method. Letters on each 

bar were used to mark significance of difference (p < 0.05). Each, unlike letter, represents a 

significantly different treatment while the identical latter shows an insignificant difference.  

 

 

Table 3. Inter-correlation between content of phytochemical constituents (TPC, TFC, TTC, 

TSC in mg Standard Equivalents/g) and IC50 values of Antioxidant assessment models 

(DPPH, ABTS, FRAP in µg/ml) in solvent extracts for Tridax procumbens 

 

 TPC TTC TFC TSC DPPH ABTS FRAP 

TPC 1.00       

TTC 0.96 1.00      

TFC 0.94 0.82 1.00     

TSC 0.92 0.83 0.96 1.00    

DPPH -0.90 -0.83 -0.87 -0.77 1.00   
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ABTS -0.91 -0.86 -0.86 -0.77 0.99 1.00  

FRAP -0.88 -0.81 -0.86 -0.76 0.99 0.99 1.00 

Negative sign indicates negative correlation as content of phytochemical 

constituent and inhibition concentration is inversely proportional to each other.  

 

 

Table 3 suggests that TPC shows 90%, 91%, and 88% correlation with DPPH, ABTS, 

and FRAP respectively. The flavonoids and tannins contribute less correlation with every 

antioxidant model than phenolic content. The saponins indicate the lowest correlation with 

antioxidant models rather than phenolics, flavonoids, and tannins which provides evidence that 

it has less significant effect on radical scavenging activity compared to others. All antioxidant 

model shows 99% correlation with each other means that all have very good sensitivity. It can 

be concluded from Table 3 that polyphenol constituent contains major antioxidant potential 

while rest of antioxidant potential is due to phytosterols, vitamins, carotenoids, etc. which give 

agreement with the study provided by Patil & Pawar [32].  

 

 

4.  CONCLUSION 

 

The proposed study suggests that the solvents used for the extraction have an influence 

on the extraction of antioxidant material and the amount of phytoconstituents. For Tridax 

procumbens, methanol extract displays the highest level of phytochemical constituents and 

antioxidants which demonstrates that the methanol extract of Tridax procumbens could serve 

as potential antioxidant medicine against free radical-induced physiological damage.  

 

 
Acknowledgment 

 

The authors are grateful to the authorities of the Department of Chemistry, Saurashtra University, Rajkot, Gujarat, 

India for the laboratory and financial facilities.  

 

 

References 

 

[1] I. Liguori et al. Oxidative stress, aging, and diseases. Clin. Interv. Aging, vol. 13, p. 

757, 2018 

[2] P. Poprac, K. Jomova, M. Simunkova, V. Kollar, C. J. Rhodes, and M. Valko, Targeting 

free radicals in oxidative stress-related human diseases, Trends Pharmacol. Sci. vol. 38, 

no. 7, pp. 592–607, 2017. 

[3] K. B. Pandey and S. I. Rizvi, Plant polyphenols as dietary antioxidants in human health 

and disease. Oxid. Med. Cell. Longev. vol. 2, no. 5, pp. 270–278, 2009 

[4] D.-P. Xu et al., Natural antioxidants in foods and medicinal plants: Extraction, 

assessment and resources. Int. J. Mol. Sci. vol. 18, no. 1, p. 96, 2017 



World Scientific News 170 (2022) 16-31 

 

 

-28- 

[5] W. Tchabo, Y. Ma, E. Kwaw, L. Xiao, M. Wu, and M. T. Apaliya, Impact of extraction 

parameters and their optimization on the nutraceuticals and antioxidant properties of 

aqueous extract mulberry leaf. Int. J. Food Prop. vol. 21, no. 1, pp. 717–732, 2018 

[6] C. Tanase, S. Coșarcă, and D.-L. Muntean, A Critical Review of Phenolic Compounds 

Extracted from the Bark of Woody Vascular Plants and Their Potential Biological 

Activity. Molecules, vol. 24, no. 6, Art. no. 6, Jan. 2019, doi: 

10.3390/molecules24061182 

[7] S. Mundada and R. Shivhare, Pharmacology of Tridax procumbens a Weed: Review. 

Pharm Tech, vol. 2, no. 2, pp. 1391–1394, 2010 

[8] A. Udupa, D. Kulkarni, and S. Udupa, Effect of Tridax procumbens extracts on wound 

healing. Int. J. Pharmacogn. vol. 33, no. 1, pp. 37–40, 1995 

[9] S. Beck, H. Mathison, T. Todorov, E. Calder, and O. R. Kopp, A review of medicinal 

uses and pharmacological activities of Tridax procumbens (L.). J. Plant Stud. vol. 10, 

2018 

[10] A. Taddei and A. Rosas-Romero, Bioactivity studies of extracts from Tridax 

procumbens. Phytomedicine, vol. 7, no. 3, pp. 235–238, 2000 

[11] L. Holm, J. Doll, E. Holm, J. V. Pancho, and J. P. Herberger. World Weeds: Natural 

Histories and Distribution. John Wiley & Sons, 1997. 

[12] K. Chigayo, P. E. L. Mojapelo, S. Mnyakeni-Moleele, and J. M. Misihairabgwi, 

Phytochemical and antioxidant properties of different solvent extracts of Kirkia wilmsii 

tubers. Asian Pac. J. Trop. Biomed. vol. 6, no. 12, pp. 1037–1043, 2016. 

[13] S. Jhariya, G. Rai, A. K. Yadav, A. P. Jain, and S. Lodhi, Protective effects of Tridax 

procumbens Linn. leaves on experimentally induced gastric ulcers in rats. J. Herbs 

Spices Med. Plants, vol. 21, no. 3, pp. 308–320, 2015 

[14] P. Singh, K. Jain, S. Khare, and P. Shrivastav, Evaluation of phytochemical and 

antioxidant activity of Tridax procumbens extract. Pharm. Biosci. J. pp. 41–47, 2017 

[15] J. D. Habila, I. A. Bello, A. A. Dzikwi, H. Musa, and N. Abubakar, Total phenolics and 

antioxidant activity of Tridax procumbens Linn. Acad. J. vol. 4, no. 3, pp. 123–126, 

2010 

[16] R. Parimi and K. Pravallika, Studies on Phytochemical Screening, Total Phenolic 

Content and In vitro Antioxidant activity of Different Extracts of Euphorbia thymifolia 

Roots. Res. J. Pharm. Technol. vol. 10, no. 2, pp. 551–556, 2017 

[17] A. V Le, S. E Parks, M. H Nguyen, and P. D Roach, Effect of solvents and extraction 

methods on recovery of bioactive compounds from defatted Gac seeds. Separations, 

vol. 5, no. 3, p. 39, 2018 

[18] S. E. Marref, N. Benkiki, and M. A. Melakhessou, In vitro Antioxidant Activity, Total 

Phenolics and Flavonoids Contents of Gladiolus segetum Extracts. Res. J. Pharm. 

Technol. vol. 11, no. 11, pp. 5017–5023, 2018 



World Scientific News 170 (2022) 16-31 

 

 

-29- 

[19] M. J. O. Wijekoon, R. Bhat, and A. A. Karim, Effect of extraction solvents on the 

phenolic compounds and antioxidant activities of bunga kantan inflorescence. J. Food 

Compos. Anal. vol. 24, no. 4–5, pp. 615–619, 2011 

[20] K. Gahlot, V. Lal, and S. Jha, Total Phenolic content, flavonoid content and In vitro 

antioxidant activities of Flemingia species. Res. J. Pharm. Technol. vol. 6, no. 5, pp. 

516–523, 2013 

[21] U. Szymanowska, U. Złotek, M. Karaś, and B. Baraniak, Anti-inflammatory and 

antioxidative activity of anthocyanins from purple basil leaves induced by selected 

abiotic elicitors. Food Chem. vol. 172, pp. 71–77, Apr. 2015, doi: 

10.1016/j.foodchem.2014.09.043 

[22] R. W. Hermawan, I. B. Narmada, I. Djaharu’ddin, A. P. Nugraha, and D. Rahmawati, 

The influence of Epigallocatechin gallate on the nuclear factor associated T Cell-1 and 

sclerostin expression in wistar rats  during the orthodontic tooth movement. Res. J. 

Pharm. Technol. vol. 13, no. 4, pp. 1730–1734, 2020 

[23] N. Nastić, I. Borrás-Linares, J. Lozano-Sánchez, J. Švarc-Gajić, and A. Segura-

Carretero, Comparative Assessment of Phytochemical Profiles of Comfrey Root 

Extracts Obtained by Different Extraction Techniques. Molecules, vol. 25, no. 4, p. 837, 

Feb. 2020, doi: 10.3390/molecules25040837 

[24] Q. D. Do et al., Effect of extraction solvent on total phenol content, total flavonoid 

content, and antioxidant activity of Limnophila aromatica. J. Food Drug Anal. vol. 22, 

no. 3, pp. 296–302, 2014 

[25] S. Markandan, A. Abdullah, K. H. Musa, V. Subramaniam, and K. Stockham, 

Determination of antioxidant activities, total phenolic and flavanoid contents in 

Bougainvillea glabra bracts at various methanol concentrations. AIP Conference 

Proceedings 1784, 030038 (2016); https://doi.org/10.1063/1.4966776 

[26] S. Kumar and A. K. Pandey, Chemistry and Biological Activities of Flavonoids: An 

Overview. Sci. World J. vol. 2013, pp. 1–16, 2013, doi: 10.1155/2013/162750 

[27] A. Idris, A. C. Linatoc, S. Mustapha Muhammad, A. Muhammad Aliyu, and M. F. Abu 

Bakar, Effect of Light Intensity on the Total Flavonoid and Total Phenolic Contents of 

Mikania Micrantha and Tridax Procumbens. J. Sci. Technol. vol. 10, no. 4, Dec. 2018, 

doi: 10.30880/jst.2018.10.04.001 

[28] A. Blainski, G. C. Lopes, and J. C. P. De Mello, Application and analysis of the folin 

ciocalteu method for the determination of the total phenolic content from Limonium 

brasiliense L. Molecules, vol. 18, no. 6, pp. 6852–6865, 2013 

[29] A. Syed, N. Benit, A. A. Alyousef, A. Alqasim, and M. Arshad, In-vitro antibacterial, 

antioxidant potentials and cytotoxic activity of the leaves of Tridax procumbens. Saudi 

J. Biol. Sci. vol. 27, no. 2, pp. 757–761, Feb. 2020, doi: 10.1016/j.sjbs.2019.12.031 

[30] K. Pramila and A. Julius, In Vitro Antioxidant effect of Green Tea Polyphenol 

Epigallocatechin-3-Gallate (EGCG) in Protecting Cardiovascular Diseases. Res. J. 

Pharm. Technol. vol. 12, no. 3, pp. 1265–1267, Mar. 2019, doi: 10.5958/0974-

360X.2019.00211.7 

https://doi.org/10.1063/1.4966776


World Scientific News 170 (2022) 16-31 

 

 

-30- 

[31] L. Thakur, U. Ghodasra, N. Patel, and M. Dabhi, Novel approaches for stability 

improvement in natural medicines. Pharmacogn. Rev. vol. 5, no. 9, p. 48, 2011 

[32] A. Patil and S. Pawar, Biochemical Investigation, Quantitative Estimation and 

Antioxidant Activity of Tridax Procumbens L. IJTIR, vol. 5, no. 7, pp. 712–717, 2018 

[33] C. C. Ikewuchi, J. C. Ikewuchi, and M. O. Ifeanacho, Phytochemical Composition of 

&lt;i&gt;Tridax procumbens&lt;/i&gt; Linn Leaves: Potential as a Functional Food. 

Food Nutr. Sci. vol. 06, no. 11, pp. 992–1004, 2015, doi: 10.4236/fns.2015.611103 

[34] R. Murugan and T. Parimelazhagan, Comparative evaluation of different extraction 

methods for antioxidant and anti-inflammatory properties from Osbeckia parvifolia Arn. 

– An in vitro approach. J. King Saud Univ. - Sci. vol. 4, no. 26, pp. 267–275, 2014, doi: 

10.1016/j.jksus.2013.09.006 

[35] K. Sowndhararajan and S. C. Kang, Free radical scavenging activity from different 

extracts of leaves of Bauhinia vahlii Wight & Arn. Saudi J. Biol. Sci. vol. 20, no. 4, pp. 

319–325, 2013 

[36] P. Maheswari, S. Mahendran, S. Sankaralingam, and N. Sivakumar, In vitro Antioxidant 

activity of Exoploysaccharide extracted from Marine Sediment Soil Bacteria. Res. J. 

Pharm. Technol. vol. 12, no. 9, pp. 4496–4502, 2019 

[37] V. Lokhande and A. Yadav, In vitro Antioxidant and Antidiabetic Activity of 

Supercritical Fluid extract of Leaves Ocimum sanctum L. Res. J. Pharm. Technol. vol. 

11, no. 12, pp. 5373–5375, 2018 

[38] J. Lü, P. H. Lin, Q. Yao, and C. Chen, Chemical and molecular mechanisms of 

antioxidants: experimental approaches and model systems. J. Cell. Mol. Med. vol. 14, 

no. 4, pp. 840–860, 2010 

[39] M. R and A. S. L, Preliminary Phytochemical Analysis and In vitro Antioxidant 

Activity of Baccaurea courtallensis. Res. J. Pharm. Technol. vol. 12, no. 9, pp. 4397–

4399, Sep. 2019, doi: 10.5958/0974-360X.2019.00756.X 

[40] H. Wang, M. Zhao, B. Yang, Y. Jiang, and G. Rao, Identification of polyphenols in 

tobacco leaf and their antioxidant and antimicrobial activities, Food Chem., vol. 107, 

no. 4, pp. 1399–1406, Apr. 2008, doi: 10.1016/j.foodchem.2007.09.068 

[41] Chinyere B. C. Ikpa, Tochukwu D. O. Maduka, Chinomnso Uzoamaka Ikpa, Evaluation 

of phytochemical composition and in vitro antioxidant potential of Cyathea latebrosa 

leaves. World Scientific News 157 (2021) 25-37 

[42] Luka Lawrence, Attama Chika, Yahaya Muhammad Falalu, Njiddah Kwaji, Thomas 

Polar, Phytochemical screening and bioassay of the ethanolic extracts of Ocimum 

basilicum and Commiphora kerstingii leaves. World Scientific News 167 (2022) 28-40 

[43] Paula-Peace O. James-Okoro, Franklyn N. Iheagwam, Mariam I. Sholeye, Itoroobong 

A. Umoren, Babatunde O. Adetuyi, Adebanke E. Ogundipe, Adefoyeke A. Braimah, 

Tobi S. Adekunbi, Oluseyi E. Ogunlana, Olubanke O. Ogunlana, Phytochemical and in 

vitro antioxidant assessment of Yoyo bitters. World News of Natural Sciences 37 (2021) 

1-17 



World Scientific News 170 (2022) 16-31 

 

 

-31- 

[44] H. Irrusappan, J. Gokulakrishnan, K. Elumalai, S. Senthilmurugan, P. Vijayan, M. 

Baranitharan, Entomotoxicity properties of eco-friendly methanol extract fractions from 

Phyla nodiflora (L) Greene leaf exhibits mosquito larvicidal, pupicidal and 

antimicrobial activity. World News of Natural Sciences 42 (2022) 107-122 

[45] Dewi Oktaviani, Asep Hasan Basri, Windi Damayanti, Early utilization of Spirulina 

platensis cultivation as an antioxidant candidate in laboratory-scale closed reactor 

system. World News of Natural Sciences 34 (2021) 144-153 

 


