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Abstract 

The species Centaurothamnus maximus (Forssk.) Wagenitz & Dittrich is grown in different places in Yemen and is used 
to treat many diseases. The aim of this research was to investigate the phytochemicals and the antioxidant activity of 
hydromethanolic extract obtained from this plant. For preliminary phytochemical analysis, standard procedures were 
applied. The Folin–Ciocalteu method was used to evaluate the total phenolic acid content of the plant extract, while the 
total flavonoid content was determined using the aluminum chloride colorimetric assay. The antioxidant activities were 
assessed using the 1,1-diphenyl-2-picrylhydrazyl. Chemical analysis revealed the presence of carbohydrates, saponins, 
polyphenols, flavonoids, triterpenes, sterols, tannins and alkaloid. The total content of phenols was 43.04±3.30 mg gallic 
acid equivalent per gram dry extract, while the total flavonoid content was 36.60±2.86 mg rutin equivalent per gram 
dry extract. With TLC and specific reagents, flavonoid and phenolic substances were identified. The hydromethanolic 
extract and its fractions showed a dose dependent scavenging activity, we found that the ethyl acetate fraction has high 
inhibitory percentages equivalent to IC50 40.86±0.001 for DPPH. These results indicate that the leaves of 
Centaurothamnus maximus are rich in secondary metabolites, and may be used as a natural anti-oxidant source. 
Extensive chemical and pharmacological studies should be carried out 
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1. Introduction

Medicinal plants are considered one of the most important natural sources for obtaining medicines and contribute 
greatly to the discovery of new medicinal compounds, despite the great scientific progress in the chemistry [1, 2]. Any 
medicinal substance must conform to standards of quality, safety, and efficacy. Therefore, pharmacognosy, which is a 
well-established pharmaceutical science, plays a diverse role in the discovery, characterization, production, and 
standardization of herbal drugs [1]. Sensory and the phytochemical screening methods are employed for identification 
and authentication of raw and final herbal medicines in order to detect the species-based specific compounds (such as 
flavonoids, triterpenes, alkaloids, saponins) by precipitation or colour reactions in raw plant materials, followed by TLC 
separation of extracts using suitable solvent systems and specific spray reagents [3, 4]. Many plants containing 
phytochemicals have curative/protective properties against various diseases. Most phytochemicals, especially 
phenolics have health benefits by scavenging free radicals or quenching reactive oxygen species [5, 6].  

In general, antioxidants are defined as substances that are able to reduce oxidation and are able to maintain the 
oxidative balance, thus avoiding the ailments prevalence [7], and therefore interest in studying the antioxidant activity 
of medicinal plants is increasing [8, 9].  
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Nowadays, a lot of research has appeared on medicinal plants in Yemen, which contain important scientific information. 
However, many of these plants have not been studied or studied little [10, 11, 12]. The plant Centaurothamnus maximus 
(Forssk) Wagenitz & Dittrich is one of the few studied plants despite it's widespread popular use in Yemeni traditional 
medicine [13]. In our previous study, the macro and microscopic characteristics, physicochemical parameters, and 
antibacterial activity of the Centaurothamnus maximus leaves were determined [12]. In addition, extracts from 
Centaurothamnus maximus showed cytotoxic activities against several tumour cell lines [13]. The aim of this study is to 
investigate the chemical composition and free radical scavenging activity of a hydromethanolic extract from the leaves 
of Centaurothamnus maximus and correlate the scientific basis of their medicinal use with the traditional medicine of 
Yemen. 

2. Material and methods 

2.1. Collection and identification of plant material 

Fresh leaves of Centaurothamnus maximus were collected in May 2019 in Yafa- the Republic of Yemen, dried in the 
shaded area, then manually ground and stored at room temperature for further analysis. The plant sample was 
identified by a taxonomist, Associate Professor Othman S. Alhawshibi, of the faculty of science, University of Aden, 
Yemen.  

2.2. Preparation of the extract 

The dried powdered leaves (50 gm) of Centaurothamnus maximus were defatted with petroleum ether (boiling point 
60-80 ℃) in Soxhlet extractor. The marc left after petroleum ether extraction was dried completely in hot air oven below 
50 ℃ and then packed well in Soxhlet apparatus and extracted with 80% methanol (80-90 ℃), until the extraction was 
completed. The 80% methanolic extract was evaporated and concentrated to dryness using the rotary evaporator at 50 
℃  and the percentage yield in term of air dried material was calculated, then stored used for further analysis [14].  

2.3. Fractionation of 80% methanol extract 

Fractionation of 80% methanol extract was carried out with different organic solvents. A portion of the methanolic 
extract was suspended in water, extracted successively with chloroform, ethyl acetate and n butanol (3×300 ml each) 
and then resulting solutions were concentrated to provide chloroform, ethyl acetate, n butanol and water residue 
fractions [14]. 

2.4. Qualitative phytochemical analysis  

Preliminary analysis of 80% methanol extract was carried out to identify the presence of various phytoconstituents by 
employing standard protocols [14, 15].  

2.5. Assessment of total phenolic content (TPC) 

To determine the total phenolic content of the Centaurothamnus maximus leaves extract using the Folin-Ciocalteu 
reagent, Ainsworth's method was significantly modified [16. 17]. The calibration curve's reference standard for plotting 
was gallic acid. The Folin-Ciocalteu reagent was diluted 1:10 with deionized water, and 0.5 mL of the plant extract (100 
g/mL) was added. This mixture was then neutralized with 4 mL of sodium carbonate solution (7.5%, w/v). Over the 
duration of the 30-minute incubation period, the reaction mixture was shaken intermittently to promote color 
development. Using a double beam UV-VIS spectrophotometer, the absorbance of the resultant blue color was 
determined at 765 nm (UV Analyst-CT 8200). With a standard curve established with a linear equation, the total 
phenolic contents were calculated. 

2.6. Assessment of total flavonoid content (TFC) 

The aluminum chloride colorimetric technique was used to calculate the TFC of the 80% methanol extract [18]. Rutin 
was added in various doses (20-100 g/mL) together with 2 ml of distilled water and then 0.15 ml of sodium nitrite (5% 
NaNO2, w/v) solution, and the mixture was then added. 0.15 ml of (10% AlCl3, w/v) solution was added after 6 minutes. 
After another 6 minutes of standing time, 2 ml of sodium hydroxide (4% NaOH, w/v) solution was added to the mixture. 
With immediate addition of distilled water, the final amount was changed to 5 ml, well mixed, and let to stand for an 
additional 15 minutes. At 513 nm, the absorbance of each combination was measured in comparison to the other 
mixtures. 
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2.7. Thin layer chromatography studies 

Thin Layer Chromatography of prepared extracts was performed to determine Rf values. Various solvent systems were 
tested to obtain best results. The results of separation identified under UV light (254 nm and 366 nm). Furthermore, the 
TLC plate was sprayed with specific sprayers FeCl3 and AlCl3 then calculated value of Rf [19, 20].  

2.8. DPPH free radical scavenging activity 

1,1-diphenyl-2-picrylhydrazyl (DPPH) method was used to assess the DPPH radical scavenging activity of 80% 
methanol extract, chloroform, ethyl acetate and n-butanol fractions of Centaurothamnus maximus leaves [21]. The 
standard rotin and samples were dissolved in methanol and prepared at 1mg/ml concentrations. Concentrations of 500, 
350, 200, 150, 100, 50 µg/ml dilutions were made using methanol. Freshly prepared 3ml of 0.1mM solution of DPPH in 
methanol was mixed 1ml of each sample solution. The solutions were kept for 30 minutes at room temperature and the 
absorbance was determined at 517nm. The solutions were prepared in triplicates for the analysis and calculated the 
mean values of absorbance. The percentage of DPPH radical scavenging activity was determined using the following 
formula- (%) DPPH radical scavenging inhibition = 

[(A0 − At/A0)] × 100 

Where A0 was control absorbance and At was sample absorbance. All the experiments were performed in triplicate and 
the graph was plotted with the mean ± SD values. 

2.9. Calculation of IC50 

Inhibition Concentration (IC50) parameter was used [22]. for the interpretation of the results from DPPH method. The 
discoloration of sample was plotted against the sample concentration in order to calculate the IC50 value. It is defined as 
the amount of sample necessary to decrease the absorbance of DPPH by 50%. 

2.10. Statistical analysis  

Analysis of variance of data was evaluated by Student's t test P-values less than 0.05 was considered to be statistically 
significant. 

3. Results and discussion 

3.1. Qualitative Phytochemical Studies 

Medicinal plants constitute the main source of new medicines and healthcare products [23]. Some of these plants are 
an important source of natural antioxidants that have been shown to reduce the risk and development of certain acute 
and chronic diseases such as cancer, heart disease, and stroke by scavenging free radicals. Moreover, the existence of 
secondary plant metabolites including alkaloids, flavonoids, glycosides, tannins, steroids, etc. might be attributed to the 
various pharmacological effects of medicinal plants [24, 25]. The extract of Centaurothamnus maximus leaves included 
many kinds of secondary metabolites, including carbohydrates, saponins, polyphenols, flavonoids, triterpenes, sterols, 
tannins, and alkaloids, according to the results of phytochemical screening (Table 1). The percentage yield of 80% 
methanolic extract of the leaf powder was 24 % and the color was brownish-green. 

3.2. Determination of total phenolic content (TPC) 

Phenolic compounds are excellent oxygen radical scavengers [10, 11]. Numerous techniques for determining the total 
phenolic content of foods or biological samples rely on the interaction of phenolic compounds with a colorimetric 
reagent, which enables assessment in the visible spectrum [26, 27]. The Folin–Ciocalteu (F–C) assay is such a method 
[28, 29]. The present study has been carried out for quantification of the total phenolic content of methanol 80% extract 
of Centaurothamnus maximus leaves. The content of the phenolic compounds in the selected leaves extract, determined 
from regression equation of calibration curve (y=0.0152x−0.0412, R2 = 0.9844) of Gallic acid (20–100 µg/mL) and 
expressed in mg gallic acid equivalent (GAE) per gram dry extract. The result of total phenolic content (TPC) was 
43.04±3.30 mg/g of plant extract. The standard calibration curve of gallic acid is shown in Figure 1.  
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Table 1 Results of phytochemical screenings of 80% methanolic extract of the leaves of Centaurothamnus maximus 

Phytochemical Screening Methanol Extracts 

Carbohydrates 
Fehling's test +++ 

Molisch's test ++ 

Amino acids/protein Ninhhydrin test - 

Sterols/Triterpenes 
Salkowski test +++ 

Liebermann-Burchard test +++ 

Alkaloids 

Wagner's test ++ 

Mayer's test + 

Dragendroff's test ++ 

Polyphenols Ferric chloride test +++ 

 

Flavonoids 

Shinoda test +++ 

NaOH Test +++ 

Lead acetate test +++ 

Aluminium solution test +++ 

Tannins Ferric chloride test +++ 

Saponins Foam test +++ 

+++ = Most intense, ++ = moderately intense, + = Least intense, - = absent. 

3.3. Determination of total flavonoid content (TFC) 

Currently, many of the health-related effects of flavonoids are attributed to their antioxidant properties, whereas a wide 
variety of products containing them are commercially available [30, 31]. The total flavonoids content of selected leaves 
extract was determined from regression equation of calibration curve (y=0.0063x+0.097, R2= 0.9971) of rutin (20-100 
µg/mL) and expressed in mg rutin equivalent (RE) per gram dry extract. The result of total flavonoid content (TFC) was 
36.60±2.86 mg/g of plant extract. The standard calibration curve of rutin is shown in Figure 2. 

 

Figure 1 Standard calibration curve of gallic acid 
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Figure 2 Standard calibration curve of rotin 

3.4. Thin layer chromatography 

The presence of phytoconstituents was further confirmed by thin layer chromatography. The solvent system 
chloroform-methanol-formic acid (44:3.5:2.5) was the best system used for spot separation in the 80% methanol extract 
and it's fractions. The plates were sprayed with 5% FeCl3 reagents that identified flavonoid and polyphenol compounds 
and will turn to brown, grey and black colors, indicating flavonoids and polyphenols content in extracts [32]. The results 
of the detection with FeCl3 spray showed the present of phenol compounds. Detection of compounds with the spray 
reagent 10% AlCl3 followed the present of flavonoids. Results were shown in Table 2 and Figures 3 and 4.  

Table 2 Observations of TLC of extracts of Centaurothamnus maximus leaves in chloroform-methanol-formic acid 
(44:3.5:2.5)  

Extract/fracti
on 

No. of 

spots 

Rf 
values 

Color of spots 

at 254 nm at 365 nm with FeCl3 with AlCl3 

80% 
Methanolic 
extract 

13 0.18 - Sky blue - - 

0.20 - Sky blue - - 

0.25 - Blue - - 

0.31 - Light blue - - 

0.40 Dark Deep violet Dark blue Yellow 

0.42 Light dark Brownish blue - - 

0.45 Dark Purple Light blue Light yellow 

0.51 - Light brown Light blue - 

0.53 - Pink - - 

0.56 Dark Sky blue - - 

0.77 - Sky blue - - 

0.80 - Red - - 

0.87 Light dark Deep red - - 

Chloroform 
fraction 

14 0.18 - Light blue - - 

0.41 Light dark Purple - - 
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0.43 Light dark Light pink - - 

0.51 Light dark Purple - - 

0.53 - Light pink Light blue Light yellow 

0.54 Light dark Purple Dark blue Light yellow 

0.55 - Pink Light blue Light yellow 

0.56 Dark Sky blue - - 

0.59 - Pink - - 

0.64 Light dark Light red - - 

0.60 - Light pink - - 

0.76 Light dark Light blue - - 

0.81 - Deep red - - 

0.87 Light dark Deep red - - 

Ethyl acetate 
fraction 

8 0.18 - Blue - - 

0.20 Light dark Light violet - - 

0.23 Light dark Blue - Yellow 

0.35 Deep dark Deep violet Light blue Deep yellow 

0.42 - Blue Light blue Deep yellow 

0.45 Deep dark Deep violet Deep blue Yellow 

0.51 Light dark Light blue Light blue - 

0.57 Light dark Deep sky blue - - 

0.86 Light dark Blue - - 

0.87 - Pink - - 

n-Butanol 
fraction 

5 0.18 - Sky blue - - 

0.24 - Sky blue - - 

0.30 - Light blue - - 

0.40 Light dark Violet Light blue - 

0.42 Light dark Light blue - - 
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Figure 3 TLC plates of 80% methanolic extract (1), chloroform (2), ethyl acetate (3) and 
n-butanol (4) fractions obtained in chloroform-methanol-formic acid (44:3.5:2.5) under 

UV 254 nm (A), UV 365nm (B) 
 

 
Figure 4 TLC plates of 80% methanolic extract (1), chloroform (2), ethyl acetate (3) and 
n-butanol (4) fractions obtained in chloroform-methanol-formic acid (44:3.5:2.5) in day 

light after staining with FeCl3 (C) and with AlCl3 (D) 
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3.5. DPPH free radical scavenging activity 

An accessible and popular method for evaluating the in-vitro antioxidant activity of natural substances or plant extracts 
is DPPH free radical scavenging activity [33, 34]. The scavenging effect of different concentration of extract and fractions 
of Centaurothamnus maximus leaves on the DPPH free radical was compared with the standard anti-oxidant rotin. The 
results were expressed as inhibition (%) shown in Table 3 and Figure 5. The hydromethanolic extract and its fractions 
showed a dose dependent scavenging activity. However, their scavenging ability was found to be significant (P >0.05) 
in comparison to rotin. 

Table 3 DPPH free radical scavenging activity of rotin, extract and fractions of Centaurothamnus maximus leaves 

Concentration
s μg/ml 

Radical scavenging effect (%) 

Rotin Methanol 80% 
extract 

Chloroform 
fraction 

Ethyl acetate 
fraction 

n-Butanol 
fraction 

50 56.00±2.22 19.71±4.22 16.26±3.23 45.96±3.23 24.91±3.38 

100 71.00±4.12 37.14±1.24 28.67±2.41 60.60±4.01 43.61±4.16 

150 80.60±3.25 46.96±5.01 37.84±3.32 76.54±3.22 61.06±3.11 

200 90.10±5.12 62.88±2.11 46.84±3.33 84.30±2.44 70.31±2.12 

250 95.10±4.32 70.81±3.22 62.84±3.33 86.54±4.13 76.84±3.43 

IC50, µg/ml 3.23 159.75 201.65 40.86 129.53 

 

 

Figure 5 DPPH free radical scavenging activity of rotin, extract and fractions of Centaurothamnus maximus leaves 

4. Conclusion 

In this study on the Centaurothamnus maximus leaves, important chemicals such as carbohydrates, saponins, 
polyphenols, flavonoids, triterpenes, sterols, tannins and alkaloid were identified in the hydromethanolic extract, also 
the hydromethanolic extract and its fractions showed significant inhibition effect on DPPH. These results confirm the 
traditional use of the plant and are the basis for further chemical and therapeutic studies. 
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