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ABSTRACT 
The medicinal plant Callistemon citrinus is rich in a variety of plant-derived bioactive compounds. This study 
aimed to characterize the phytochemical profile of the hydroalcoholic extract from its leaves, evaluate the extract 
for in vitro antioxidant activity, and quantitatively detect quercetin, the active marker, via high-performance thin-
layer chromatography (HPTLC). The study first detected 8 categories of phytochemicals through an initial 
qualitative screening. It then measured antioxidant activity using three classic methods, namely DPPH, ABTS, 
and FRAP. The Total phenolic content (TPC) and Total flavonoid content (TFC) were tested separately via the 
Folin-ciocalteau’s method and the aluminium chloride colorimetric method, while the HPTLC quantitative 
analysis was completed synchronously. All experimental data obtained are precise and reliable. This study 
ultimately confirms that the extract has clear antioxidant potential, and the HPTLC method adopted can support 
the quality standardization work for this medicinal raw material. The hydroalcoholic extract was found to exhibit 
high antioxidant activity with IC₅₀ values of DPPH and ABTS radical scavenging of 6.74±1.52 µg/mL and 
9.98±0.63 µg/mL and FRAP value of 132.389 ± 5.853 μM Fe++/ml, respectively. The total phenolic content and 
total flavonoid content were measured as 18.192 ± 0.104 mg GAE/g and 16.351± 3.907 mg QE/g, respectively. 
HPTLC analysis revealed quercetin as one of the marker compounds with an Rf value of 0.567 having content of 
74.85 µg/100 mg extract (0.0748 % w/w), exhibiting high linearity (R = 0.999928) and precision (CV = 0.29%). 
The results show that hydroalcoholic extract of C. citrinus possesses high antioxidant potential due to its phenolic 
and flavonoid composition. 
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INTRODUCTION 
Medicinal plants have long served as a high-
quality source of therapeutic agents, owing to 
their diverse phytochemical components and 
extremely low toxicity(1,2). Callistemon 
citrinus (Curtis) Skeels, a species of the 
Myrtaceae family commonly known as the 
crimson lemon bottlebrush tree, has attracted 
substantial research attention in the field of 
pharmacology (3). In folk medicine, this plant 
is used to treat a variety of conditions including 
cough and bronchitis (4–6). Phytochemical 
screening is a core preliminary research step for 
identifying and characterizing active 
ingredients linked to the pharmacological 
activities of medicinal plants. Existing studies 
have confirmed that C. citrinus contains a 

variety of bioactive metabolites such as 
flavonoids (quercetin, rutin), phenolic acids, 
tannins, triterpenoids, alkaloids, steroids, and 
essential oils including eucalyptol and α-
pinene, exhibits multiple pharmacological 
properties including antioxidant, anti-
inflammatory, and antibacterial activities(7,8). 
Due to imbalance between reactive oxygen 
species (ROS) and the body’s antioxidant 
defence mechanisms the oxidative stress occurs 
in the body(9,10). It plays an important role in 
the pathogenesis of chronic kidney disease, 
cardiovascular disease, diabetes, 
neurodegenerative diseases, and cancer(11–
14). Natural antioxidants derived from 
medicinal plants have attracted widespread 
attention in academic communities. Previous 
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studies have pointed out that the prominent 
antioxidant activity of C. citrinus originates 
from the phenolic and flavonoid components it 
contains(15,16).Phytochemical 
characterization and standardization are 
necessary prerequisites to guarantee the quality, 
efficacy, and reproducibility of herbal 
preparations(17,18). Reliable and low-cost 
high-performance thin-layer chromatography 
(HPTLC) can be used to detect markers in plant 
extracts. Quercetin, a flavonoid with strong 
antioxidant activity, is often used as a 
phytochemical marker (19–21). Our research 
was plans to conduct phytochemical 
characterization of the hydroalcoholic extract 
of C. citrinus, evaluate its antioxidant potential, 
and quantify its quercetin content via high-
performance thin-layer chromatography 
(HPTLC), so as to provide support for the 
scientific validation and quality standardization 
of this species as a natural antioxidant source. 
2. Materials and Methods 
2.1 Chemicals 
All analytical grade chemicals and solvents 
were utilized in the study and obtained locally. 
2.2 Plant Collection and Authentication 
The leaves of Callistemon citrinus were 
collected from campus of Gopal Narayan Singh 
University, Jamuhar, Sasaram, Bihar. It was 
authenticated from Department of Botany, 
Banaras Hindu University, Varanasi, Uttar 
Pradesh with voucher specimen no. Myrta 
2024/02. 
2.3 Preparation of extract 
The leaves were shade dried and powdered. 
About 200 mg coarse powder was weighed and 
defatted with Petroleum ether using Soxhlet 
apparatus separately and filtered. Then it is 
extracted with 70% ethanol to obtain 
hydroalcoholic Callistemon citrinus leaves 
extract (CCLE). The extract was concentrated 
under reduced temperature and pressure to get 
dark green coloured dry residue(22). The 
residue was dried and powdered sample is 
stored in a moisture free container for further 
use. 
2.4 Preliminary phytochemical screening 
To identify the chemical classes of secondary 
metabolites, a preliminary phytochemical 
screening of the Callistemon citrinus 
hydroalcoholic extract was conducted using 
standard qualitative chemical tests. The extract 
was assessed for various constituents, 
including, flavonoids, phenolic compounds, 
alkaloids, terpenoids, tannins, glycosides, 

saponins, carbohydrates, proteins and steroids. 
These phytochemicals potentially account for 
the plant's therapeutic properties and free 
radical scavenging capabilities. Ultimately, this 
initial evaluation establishes a solid foundation 
for the further characterization and 
standardization of the extract(23,24). 
2.5 Determination of antioxidant activity 
2.5.1. DPPH Assay 
For the purpose of identifying the free radical 
scavenging potential of both the extracts, we 
performed a DPPH test. Our sample extracts, 
marked as CCLE, were made alive using 99.9% 
methanol medium, spanning through 
concentrations of 62.5 to 1000 μg/ml from the 
stock solution of 1 mg/ml. Ascorbic acid served 
as the standard, being used in concentrations of 
6.25 to 100 μg/ml. Both the daring samples and 
the steady standards were kept into 1 ml of 
buffer. The actual chemistry occurred when we 
added 1 ml of the DPPH solution of 
concentration 0.135 mM and shook the whole 
mixture. These colorful solutions were then put 
under cover in darkness for an incubation 
period of 30 minutes at 20°C. After their wake-
up time, the absorbance of both was measured 
at the wavelength of 517 nm. Freshly prepared 
DPPH solution served as our constant control. 
In the end, the antioxidant success, presented in 
terms of percentage of radical scavenging 
activity (% RSA), was determined using the 
following formula: 
% of Antioxidant Activity = [(Ac-As) ÷ Ac] × 
100. 
Where: 

Ac- Absorbance of Control  
As- Absorbance of Test sample 

The %RSA were plotted against different 
concentrations of extract and trendline equation 
was used to calculate IC-50 concentrations for 
each sample(25–27). 
2.5.2. ABTS assay 
The scavenging activity of free radicals of each 
extract was carried out using an ABTS method. 
This is done by preparing a 1 mg/mL extract of 
the extract CCLE in 99.9% methanol in 
different concentrations that range from 62.5-
1000 µg/mL. The standard used here is ascorbic 
acid which is prepared in different 
concentrations that range from 6.25-100 
µg/mL, and both are subjected to addition of 1 
mL of buffer. Then, 1 mL of 7 mM ABTS 
solution was added and well mixed. It is 
allowed to incubate for 7 minutes. The 
absorbance was taken at 734 nm after 
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incubation. The absorbance of freshly prepared 
ABTS solution at 734 nm was used as control. 
The formula used to calculate % RSA was: 
% of Antioxidant Activity = [(Ac-As) ÷ Ac] 
×100 
Where: 
Ac- Control Absorbance  
As- Test sample absorbance 
The % RSA were plotted against different 
concentrations of extract and trendline equation 
was used to calculate IC-50 concentrations for 
each sample (6,28). 
2.5.3. FRAP Assay 
The FRAP activity of the extracts labelled 
CCLE was performed by mixing 100 μL of the 
extract (1 mg/mL Conc.) with 900 μL of the 
FRAP solution. At room temperature the 
mixture was allowed to incubate for 4 to 6 
minutes. After which, absorbance readings 
were taken using UV-Visible double beam 
spectrophotometer (Systronic) at 700 nm. The 
same procedure was done using varying 
concentrations of FeSO₄ (100-1000 μM). FRAP 
activity was calculated based on the FeSO₄ 
standard and expressed in terms of FeSO₄ 
equivalents (μM Fe++) per mL of the sample 
(25,29,30). 
2.6. Determination of Total Phenolic Content 
By using the Folin-Ciocalteau’s method total 
phenolic content was estimated. The Folin-
Ciocalteu reagent (10%, v/v) (2.5 ml) was 
mixed with 0.1 ml of CCLE extract (1 mg/ml). 
This mixture was further supplemented with 2.0 
ml of 7.5% (w/v) sodium carbonate solution. In 
the absence of light the mixture was left for 1.5 
hours at room temperature after which its 
absorbance was measured at 765 nm using 
Systronic UV-Visible Double Beam 
Spectrophotometer. For gallic acid (10 to 100 
μg/ml), the same procedure was used to 
calculate their concentration. Total phenolic 
content was calculated using the gallic acid 
standard curve and expressed in mg Gallic Acid 
Equivalents (GAE)/gram of sample (31–34). 
2.7 Determination of Total Flavonoids 
Content 
Quantification of total flavonoids was carried 
out through a colorimetric assay based on the 
development of a flavonoid-aluminum 
complex. In brief, the total flavonoid content 
(TFC) of the CCLE samples was quantified by 
reacting 1 mg/ml of the sample with 0.1 ml of 
10% AlCl3, 0.1 ml of 1 M potassium acetate, 
and 2.8 ml of distilled water. At room 
temperature the mixture was kept for 30 

minutes. Absorbance then taken at 415 nm with 
the help of UV-Visible double-beam 
spectrophotometer (Systronic). Similarly, 
quercetin was reacted in different 
concentrations (10-100 μg/ml). Considering 
quercetin as a standard the TFC was quantified, 
and the data was reported in mg QE/ml of the 
sample (22,35–37). 
2.8 HPTLC Quantification 
Pre-coated silica gel 60 F₂₅₄ (50 × 100 mm) 
plates supplied by Merck (Darmstadt, 
Germany) for the HPTLC method were used as 
the stationary phase. The test substance, 
referred to as KA1, was dissolved in ethanol, 
and different amounts (5.0, 6.0, 8.0, and 9.0 μL) 
of the test substance solution were spotted on 
the plates using a CAMAG Linomat 5 
automatic applicator (Serial No. 100632, 
CAMAG, Muttenz, Switzerland). The sample 
bands were placed 8.0 mm from the bottom 
edge of the plate, each having a length of 8.0 
mm, with a distance of 10.4 mm between the 
tracks. In order to ensure the exact dosage of the 
samples, the dispensing rate was set to be 100 
nL/s, and the pre-dosage was set to be 0.20 μL. 
The thin-layer chromatography analysis in this 
study was performed according to the following 
procedure: First, a 20×10 cm double-trough 
glass development chamber was used, with 
filter paper lined on its inner walls to ensure 
uniform gas conditions inside the chamber. 
After 20 minutes of pre-saturation, 
development was carried out using a mobile 
phase of toluene: ethyl acetate: methanol: 
formic acid at a volume ratio of 3: 3: 0.8: 0.2. 
The plate was removed when the solvent front 
reached 70 mm, and dried at room temperature 
for 5 minutes. Next, a TLC Scanner 3 
manufactured by Swiss firm CAMAG, with 
serial number 140507, paired with visionCATS 
3.2.23095.1 software, was used to complete 
automatic detection and densitometric 
scanning. The working parameters were set as 
follows: absorbance scanning mode, dual 
wavelengths of 254 and 366 nm, matched 
deuterium-tungsten lamp for detection, 
scanning speed of 20 mm/s, resolution of 100 
μm per step, and slit size of 5×0.45 mm. 
In this study, data preprocessing for the HPTLC 
experiments adopted Savitzky–Golay 
smoothing with a window size of 7 and baseline 
correction via the minimum slope method. All 
operations complied with CAMAG standards 
and the HPTLC analysis guidelines specified in 
references (38–40). 
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3. Result and Discussion 
3.1. Phytochemical Screening 
This study adopted a preliminary 
phytochemical screening method to test the 
hydroalcoholic extract of lemon bottlebrush 
(Callistemon citrinus). We detected six 
categories of chemical components, including 

phenols and alkaloids, whose abundance levels 
were marked with the ++/+ rating scale. 
Follow-up research plans to carry out in-depth 
investigations using high-performance thin-
layer chromatography (HPTLC), and the 
findings of this study can provide support for 
subsequent related research. 

 
Table 01: Preliminary Phytochemical Screening of Hydroalcoholic Extract of Callistemon 
citrinus Leaves (CCLE) 
S. No. Phytochemical 

Constituent 
Test Name Hydro-Alcoholic 

CCLE 
1 Alkaloids Dragendorff’s Test ++ 

2 Carbohydrates Molisch Test + 

3 Steroids and Sterols Liebermann–Burchard Test - 

4 Glycosides Legal Test - 

5 Saponins Foam Test + 

6 Flavonoids Shinoda Test ++ 

7 Tannins and Phenolic 
Compounds 

Ferric Chloride Test ++ 

8 Triterpenoids Tin–Thionyl Chloride Test _ 

9 Proteins and Amino 
Acids 

Biuret Test + 

10 Fixed Oils / Essential 
Oils 

Spot Test ++ 

Saponification Test ++ 
3.2. Antioxidant Activity 
3.2.1. DPPH Assay: This study tested the concentration-dependent DPPH radical scavenging activity 
of the aqueous-alcoholic extract of Callistemon citrinus leaves. Measurements showed that at a 
concentration of 50 μg/mL the extract had an inhibition rate of 73.92 % and reached an inhibition rate 
of 87.24 % at 1000 μg/mL concentration. Its half-maximal inhibitory concentration (IC50) was 
6.74±1.52 μg/mL, indicating weaker antioxidant activity than the standard antioxidant ascorbic acid, 
which had an IC50 of 3.69±0.51 μg/mL. The phenols and flavonoids detected in the extract form the 
core basis of its bioactivity, and the extract can serve as a source of natural antioxidant components. 
Table 02: DPPH Free Radical Scavenging Activity A. Ascorbic Acid (Std) B. C. citrinus Leaves 
Extract (CCLE). 
A.                                                                                  B.  

S. 
No Sample Conc. 

(µg/ml) 
Mean 
Abs %RSA 

1.  
 
 
 
 
 
Ascorbic 
Acid 

0 0.393 1.01 
2. 0.78125 0.359 5.89 
3. 1.5625 0.342 13.1 
4. 3.125 0.316 20.08 
5. 6.25 0.285 28.67 
6. 12.5 0.252 36.53 
7. 25 0.184 56.84 

S. 
No 

Sample 
Conc. 
(µg/ml) 

Mean 
Abs 

%RSA 

1.  
 
 
 
 
 
 
CCLE 

0 0.351 9.04 

2. 1 0.301 14.7 

3. 10 0.247 39.8 

4. 50 0.129 73.92 

5. 100 0.091 84.24 

6. 250 0.095 85.37 
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3.2.2. ABTS Assay: ABTS free radical scavenging assay was used to determine the antioxidant activity 
hydroalcoholic extract of leaves of Callistemon citrinus. Using the standard antioxidant ascorbic acid 
as a control, the study measured an IC50 of 3.62±0.21 μg/mL for ascorbic acid, and an IC50 of 
9.98±0.63 μg/mL for CCLE. At a concentration of 100 μg/mL, CCLE reached a free radical scavenging 
rate of 56.53 %, with a dose-response relationship R² ≈ 0.99. Its activity is derived from the detected 
phenolic and flavonoid compounds, and it can serve as a source of natural antioxidants. Relevant data 
are presented in Table 2. 
Table 02: ABTS Free Radical Scavenging Activity A. Ascorbic Acid (Std) B. C. citrinus Leaves 
Extract (CCLE).  
A.                                                                              B.  

                                

8. 50 0.146 67.46 
 Control - 0.436 - 

7. 
500 0.109 86.27 

8. 
1000 0.139 87.24 

S. 
No 

Sample 
Conc. 
(µg/ml) 

Mean 
Abs 

%RSA 

  1 

  
 Std- 
Ascorbic 
acid 

0 0.181 2.18 

2 
0.78 0.162 8.61 

3 
1.56 0.132 36.98 

4 
3.125 0.059 84.04 

5 
6.25 0.052 90.12 

6. 
12.5 0.049 93.71 

7. 
25 0.045 96.22 

8. 50 0.047 98.56 

1. Control - 1.995 - 

S. 
No 

Sample 
Conc. 
(µg/ml) 

Abs %RSA 

1 

  
  
CCLE 

0 0.201 0.82 

2 
1.5625 0.194 3.07 

3 
3.125 0.185 6.76 

4 
6.25 0.184 13.53 

5 
12.5 0.162 24.07 

6.  
25 0.141 35.53 

7.  
50 0.104 47.3 

8.  
100 0.083 56.53 

1. Control - 1.995 - 

y = 9.5093x - 14.094
R² = 0.959
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Figure 1. DPPH % RSA OF Ascorbic Acid. Figure 2. DPPH % RSA of CCLE. 
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3.2.3. FRAP Assay: The ferric reducing antioxidant power assay (FRAP assay) was used to measure 
the reducing potential of CCLE, the hydroalcoholic leaf extract of the lemon bottle tree Callistemon 
citrinus. The measured FRAP value was 132.389 ± 5.853 μM Fe++/ml. At a wavelength of 700 nm, 
absorbance increased synchronously with the reduction of ferric iron. The calibration curve prepared 
with FeSO₄ had an R² of 0.9991, which confirms that the phenolic and flavonoid substances contained 
in the extract have antioxidant potential, and can serve as a source of natural antioxidants. 
Table 06. FRAP Activity A. FeSO4 (Std.) 
A.  

Code 
Conc. of FeSO4 
(µM) 

R1 R2 R3 Mean 

c1 100 0.053 0.0158 0.0156 0.028 

c2 200 0.144 0.141 0.14 0.142 

c3 400 0.221 0.223 0.226 0.223 

c4 800 0.449 0.449 0.435 0.444 

c5 1000 0.592 0.596 0.592 0.593 

 

y = 15.527x - 6.34
R² = 0.8374
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Figure 3. ABTS % RSA of Ascorbic 
Acid. 

Figure 4. ABTS % RSA of 
CCLE 

Figure 5. FRAP std Graph Absorbance Vs Conc. of 
FeSO4 



RESEARCH PAPER 

 IJDDT Volume 16 Issue 72s 2026 Page: 991 
 

3.3. Total Phenolic Content: The Folin–Ciocalteu method was used to measure the total phenolic 
content of the hydroalcoholic extract of Callistemon citrinus leaves (CCLE). The test value, converted 
to gallic acid equivalent (GAE), was 18.192 ± 0.104 mg GAE/g. The reliability of this method was 
validated by a calibration curve y=0.002x+0.0835 with an R² value of 0.9806. We inferred that its high 
phenolic content may contribute to its antioxidant activity, and confirmed that CCLE can serve as a 
high-quality source of natural phenolic antioxidants. 
 
Table 07. Total Phenolic content A. Galic acid (Std.) 
A. 

 
 
 
3.4. Total Flavonoid Content: The aluminium chloride colorimetric method was used to quantify the 
total flavonoid content (TFC) of the hydroalcoholic extract of Callistemon citrinus (lemon bottlebrush) 
leaves (CCLE). Results are expressed as quercetin equivalents (QE), and the measured TFC of CCLE 
was 16.351 ± 3.907 mg QE/g. The quercetin standard curve was verified to have good linearity. The 
three replicate experiments produced a standard deviation of 3.907, with moderate variability. It is 
inferred that the flavonoid compounds in CCLE are responsible for the antioxidant activity observed in 
its ABTS and FRAP assays. 

Sr.no Conc. of Gallic Acid (µg/ml) Absorbance at 765 nm 

   1 0 0 

2 10 0.107 

3 20 0.126 

4 40 0.155 

5 80 0.225 

6 100 0.292 

Figure 6. Std. Curve of Galic acid for Total Pnenolic 
Content Estimation. 
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Table 08. Total flavonoid content (TFC) A. Quercetin (Std.) 
A.  

 
 
 
3.5. HPTLC Quantification: This study uses the hydroalcoholic extract of C. citrinus (CCLE) as its 
research subject, and adopts high-performance thin-layer chromatography (HPTLC) for detection. The 
measured retention factor (Rf) value of quercetin was 0.567, which falls within the standard range of 
0.570–0.575, and the content of quercetin reached 74.85 μg/100 mg. This method presents good 
linearity and precision, and results from the ABTS assay confirm that CCLE has strong antioxidant 
potential. 
Table 09. HPTLC quantification of the hydroalcoholic extract of Callistemon citrinus (CCLE). 

S.no Lane Sample Volume 
Applied 

Rf AU (Absorbance 
Unit) 

1. Lane 01 Quercetin 2 µL 0.558-0.598 0.0841 

2. Lane 02 Quercetin 4 µL 0.557-0.593 0.1192 

3. Lane 03 Quercetin 6 µL 0.555-0.592 0.1557 

4. Lane 04 CCLE 5 µL 0.548-0.590 0.1150 

Sr no. Concentration of Quercetin 
(µg/ml) 

Absorbance at 415nm 

1 0 0 

2 10 0.149 

3 20 0.211 

4 40 0.283 

5 80 0.466 
6 100 0.698 

Figure7. Std. Curve of Quercetin for Total 
Flavonoid Content. 
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4. Conclusion 
This study carried out a series of activity assays 
on the hydroalcoholic extract prepared from the 
leaves of lemon bottlebrush Callistemon 
citrinus. It is confirmed that the extract is rich 
in phenolic and flavonoid compounds, with 
considerable contents of total phenols and total 
flavonoids. Three antioxidant assays, namely 
DPPH, ABTS, and FRAP, verified that the 
extract has strong antioxidant activity. The 
High-performance thin-layer chromatography 
(HPTLC) was used to quantify quercetin as a 
quality marker, which provides research 
support for the quality standardization of this 
extract, as well as its application as a natural 
antioxidant raw material in the fields of 
medicine and health products. 
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Abbreviation Full Form 

ABTS 2,2′-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) 

AU Absorbance Unit 

CCLE Callistemon citrinus Leaf Extract 

CV Coefficient of Variation 

    L1        L2         L3        L4 

Quercetin 

254 nm 
366 nm 

Figure 8. Quantification of Quercetin by HPTLC A. 254 nm B. 366 nm 
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Abbreviation Full Form 

DPPH 2,2-Diphenyl-1-picrylhydrazyl 

FRAP Ferric Reducing Antioxidant Power 

GAE Gallic Acid Equivalent 

HCl Hydrochloric Acid 

HPTLC High-Performance Thin-Layer Chromatography 

IC₅₀ Half Maximal Inhibitory Concentration 

KOH Potassium Hydroxide 

NaOH Sodium Hydroxide 

QE Quercetin Equivalent 

ROS Reactive Oxygen Species 

RSA Radical Scavenging Activity 

Rf Retardation Factor 

SD Standard Deviation 

TFC Total Flavonoid Content 

TPC Total Phenolic Content 

UV-Vis Ultraviolet–Visible Spectrophotometry 

µg Microgram 

µg/mL Microgram per Millilitre 

µM Micromolar 

µM/g Micromolar per Gram 

w/w Weight by Weight 
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