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Abstract

Introduction: Bryophyllum pinnatum (Lam.) Oken is a medicinal plant traditionally used for several

health-related conditions and is reported to contain diverse bioactive phytoconstituents. This study eval-

uated the preliminary phytochemical profile and in vitro antioxidant potential of its aqueous leaf extract.

Methodology: Fresh mature leaves of B. pinnatum were collected from Sirsa, Haryana, India, shade-

dried, powdered, and extracted with distilled water at a 1:10 (w/v) ratio. The extract was evaluated

through qualitative phytochemical screening, thin-layer chromatography (TLC), and preliminary col-

umn chromatographic fractionation. Antioxidant activity was assessed using DPPH, ABTS, and ferric-

reducing antioxidant power (FRAP) assays, with ascorbic acid used as the reference antioxidant.

Results: The extract showed the presence of alkaloids, flavonoids, saponins, tannins, terpenoids, glyco-

sides, phenolic compounds, and steroids. TLC demonstrated three prominent bands at Rf values of 0.60,

0.72, and 0.85, while column chromatography yielded four pooled fraction groups. At 100 µg/mL, the

extract demonstrated 68.2 ± 2.1% DPPH radical-scavenging activity and 73.9 ± 2.8% ABTS inhibition.

The IC50 values were 71.3 ± 3.4 µg/mL for DPPH and 64.8 ± 2.9 µg/mL for ABTS. The FRAP value

was 182.4 ± 3.2 µmol Fe(II)/g extract.

Conclusion: The aqueous leaf extract of B. pinnatum demonstrated preliminary radical-scavenging and

ferric-reducing antioxidant activity. Further quantitative phytochemical characterization, isolation of ac-

tive constituents, and biological validation are warranted.

Keywords: Bryophyllum pinnatum, Aqueous leaf extract, Phytochemical screening, Antioxidant activ-

ity, DPPH, ABTS, FRAP

Introduction

Bryophyllum pinnatum (Lam.) Oken, commonly known as Patharchatta in India, is a succulent medicinal

plant of the family Crassulaceae. Its fleshy leaves produce adventitious plantlets along the margins, and the

species is widely distributed in tropical and subtropical regions. Traditional uses include treatment of

wounds, ulcers, inflammatory disorders, and urinary complaints (Fürer et al., 2016; Kamboj et al., 2009;

Ojewole, 2005; Yadav et al., 2003) 
[1, 2, 3, 4]

. Phytochemical studies have reported flavonoids, phenolic com-

pounds, alkaloids, tannins, saponins, terpenoids, glycosides, steroids, and bufadienolides in B. pinnatum

(Dhumane et al., 2024 
[5]

; Fürer et al., 2016 
[1]

; Isibor, 2026 
[6]

; Latif et al., 2019 
[7]

; Okafor et al., 2024)

[8]
. Phenolic and flavonoid constituents are of interest because they can participate in hydrogen- and elec-

tron-transfer reactions and may contribute to antioxidant responses. Previous studies have demonstrated an-

tioxidant activity in B. pinnatum extracts, although reported values vary with plant part, geographical origin,

extraction solvent, drying conditions, phytochemical composition, and assay methodology (Elufioye et al.,

2019; Fernandes et al., 2019; Omojokun et al., 2021; Silva et al., 2024) 
[9, 10, 11, 12]

. Oxidative stress reflects

an imbalance between reactive oxygen species generation and antioxidant defenses and is associated with

cellular damage and chronic disease (Fraga et al., 2019; Sies, 2020) 
[13, 14]

. However, chemical antioxidant

assays provide preliminary biochemical evidence and do not by themselves establish cellular protection or

therapeutic efficacy. Aqueous extraction is relevant to traditional herbal preparations and can preferentially

recover water-soluble constituents. Solvent polarity and extraction conditions influence the recovery of phe-

nolics and other phytoconstituents and therefore the measured antioxidant response (Dai et al., 2010; Sultana

et al., 2009) 
[15, 16]

. TLC and column chromatography provide useful preliminary approaches for profiling

and fractionating complex extracts, but Rf values and chromatographic fractions cannot establish compound

identity without appropriate analytical characterization (Faboro et al., 2016; Ogidigo et al., 2021) 
[17, 18]

.

Because region-specific information on aqueous leaf extracts of B. pinnatum collected in Haryana is limited,

the present study investigated the preliminary phytochemical profile and in vitro antioxidant potential of an
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aqueous leaf extract collected from Sirsa, Haryana, using qualitative

screening, TLC, column fractionation, DPPH, ABTS, and FRAP

assays.

2. Materials and Methods

2.1 Plant collection and authentication

Fresh, mature and disease-free leaves of B. pinnatum were collected

from Ashoka Nursery, Sirsa, Haryana, India. The material was identi-

fied and authenticated by Dr. H. K. Sidhu, Professor, Department of

Botany, Desh Bhagat University, Mandi Gobindgarh, Punjab, India.

A voucher specimen was deposited in the Herbarium, Department of

Botany, Desh Bhagat University.

Figure 1. Fresh leaves of Bryophyllum pinnatum used for aqueous ex-

tract preparation.

2.2 Preparation of leaf powder and aqueous extract

Leaves were washed 2–3 times with tap water and rinsed with dis-

tilled water. They were shade-dried at 25 ± 2 °C to constant weight,

coarsely powdered, passed through a 40-mesh sieve, and stored in air-

tight containers at 4 °C. Fifty grams of leaf powder were mixed with

500  mL distilled water (1:10, w/v), heated at 80  °C for 10 min,

cooled, and filtered through Whatman No. 1 filter paper. The filtrate

was stored at 4  °C. Extraction yield =
weight of dried extract

weight of dried leaf powder
×100

and was 12.4 ± 0.8% (w/w, n = 3) (Azwanida, 2015; Sultana et al.,

2009) 
[19, 16]

.

2.3 Qualitative phytochemical screening

The aqueous extract was screened for alkaloids, flavonoids, saponins,

tannins, terpenoids, glycosides, phenolic compounds, and steroids us-

ing characteristic colour reactions and/or precipitate formation. The

tests and observations are summarized in Table 1 (Fernandes et al.,

2019; Kamboj et al., 2009) 
[10, 2]

.

2.4 Thin-layer chromatography and column chromatography

TLC was performed on silica gel GF254 plates using ethyl

acetate:methanol:water (8:1:1, v/v/v). Bands were visualized under

UV light at 254 and 366 nm, followed by iodine vapour and anisalde-

hyde–H2SO4 reagent. Rf was calculated as the distance travelled by

the compound divided by the distance travelled by the solvent front.

For column chromatography, silica gel (60–120 mesh) was packed in

a 45  cm × 3  cm glass column. The concentrated extract was eluted

with a gradient of hexane, ethyl acetate, and methanol. Fractions were

collected sequentially, monitored by TLC, and pooled according to

similar chromatographic profiles. Pooled fractions were concentrated

under reduced pressure using a rotary evaporator (Buchi R-210)

(Faboro et al., 2016; Ogidigo et al., 2021) 
[17, 18]

.

Figure 2. Schematic representation of aqueous leaf extract prepara-

tion from Bryophyllum pinnatum.

2.5 Antioxidant assays

DPPH, ABTS, and FRAP assays were performed in triplicate (n = 3),

with results expressed as mean ± SD. Absorbance was measured us-

ing a UV–Visible spectrophotometer (UV-1800, Shimadzu, Japan),

and appropriate reagent and sample blanks were included. Ascorbic

acid was the reference antioxidant for DPPH and ABTS. For DPPH,

1 mL extract (10–100 µg/mL) was mixed with 3 mL freshly prepared

0.1 mM DPPH in methanol, incubated in the dark at 25 ± 2 °C for 30

min, and read at 517 nm. For ABTS, 7 mM ABTS was mixed with

2.45 mM potassium persulfate and kept in the dark for 12–16 h; the

solution was diluted to 0.70 ± 0.02 at 734 nm. One millilitre extract

(10–100 µg/mL) was mixed with 3 mL working solution, incubated

for 6 min, and read at 734 nm. Inhibition =
𝐴control − 𝐴sample

𝐴control

×100, and

IC50 was obtained from concentration–response curves (Brand-

Williams et al., 1995; Prior et al., 2005; Re et al., 1999) 
[20, 21, 22]

.

For FRAP, freshly prepared acetate buffer (300 mM, pH 3.6), TPTZ

(10 mM in 40 mM HCl), and FeCl3·6H2O (20 mM) were mixed at

10:1:1 (v/v/v). A FeSO4·7H2O calibration curve (0.1–1.0 mM) was

used. One millilitre extract was mixed with 3 mL FRAP reagent, incu-

bated at 37 °C for 30 min, and read at 593 nm; results were expressed

as µmol Fe(II)/g extract (Benzie et al., 1996) 
[23]

.

3. Results and Discussion

The aqueous extraction yielded 12.4 ± 0.8% (w/w) dried extract. The

yield reflects recovery under the specific water-based extraction con-

ditions and should not be interpreted as a general yield for B. pinna-

tum because solvent polarity, temperature, extraction time, plant ma-

terial, and processing conditions can alter recovery (Dai et al., 2010;

Sultana et al., 2009) 
[15, 16]

.

Qualitative screening detected alkaloids, flavonoids, saponins, tan-

nins, terpenoids, glycosides, phenolic compounds, and steroids (Table

1). This broad profile is consistent with the reported phytochemical

diversity of B. pinnatum (Dhumane et al., 2024; Fürer et al., 2016;

Fernandes et al., 2019) 
[5, 1, 10]

. Phenolic compounds, flavonoids, and

tannins are particularly relevant to antioxidant responses, and previ-

ous work has reported associations between these groups and antioxi-

dant activity (Elufioye et al., 2019) 
[9]

. Nevertheless, the present tests

were qualitative and cannot establish the concentration or individual

contribution of any constituent.

TLC revealed three prominent bands at Rf 0.60, 0.72, and 0.85 (Table

2). The multiple bands indicate chromatographic complexity and pro-

vided a basis for monitoring column fractions. However, Rf values de-

pend on the stationary phase, mobile phase, sample composition, and

development conditions; therefore, they do not establish compound

identity (Faboro et al., 2016) 
[17]

. Column chromatography generated

four pooled groups from 12 collected fractions (Table 3). Group II

(F4–F6) had the highest recovery (1.8 g) and showed Rf values of

0.45, 0.52, and 0.60. The fractions should be regarded as preliminary

enriched fractions rather than purified individual compounds because
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structural characterization was not performed (Ogidigo et al., 2021)

[18]
.

Figure 3. TLC profile of the aqueous leaf extract of Bryophyllum pin-

natum showing prominent bands at Rf 0.60, 0.72 and 0.85 on silica

gel GF254 plate.

The extract showed measurable antioxidant activity in all three assays

(Table 4). At 100 µg/mL, DPPH scavenging was 68.2 ± 2.1%, with an

IC₅₀ of 71.3 ± 3.4 µg/mL. ABTS inhibition was 73.9 ± 2.8%, with an

IC50 of 64.8 ±  2.9  µg/mL. FRAP capacity was 182.4 ±  3.2  µmol

Fe(II)/g extract, and the FeSO4·7H2O calibration curve showed good

linearity (R
2
 = 0.998). The lower ABTS IC50 indicates a stronger re-

sponse under the conditions used, but DPPH and ABTS values should

not be compared as interchangeable measures because the assays dif-

fer in radical chemistry and reaction conditions (Brand-Williams et

al., 1995; Re et al., 1999; Thaipong et al., 2006) 
[20, 22, 24]

. FRAP as-

sesses reducing capacity rather than radical scavenging, so its result

provides complementary evidence of antioxidant behaviour (Benzie et

al., 1996) 
[23]

.

The antioxidant responses may be associated with the combined pres-

ence of phenolics, flavonoids, tannins, and other secondary metabo-

lites. A direct causal relationship cannot, however, be established

from qualitative screening. Differences from published B. pinnatum

antioxidant values may arise from geographical origin, plant material,

drying procedure, extraction system, concentration range, and assay

methodology (Elufioye et al., 2019; Omojokun et al., 2021; Okafor et

al., 2024; Silva et al., 2024) 
[9, 11, 8, 12]

. The present values therefore

apply specifically to the aqueous extract and experimental conditions

used here.

Use of DPPH, ABTS, and FRAP together strengthens the preliminary

assessment because the assays measure complementary antioxidant

properties. The main limitations are the qualitative nature of the phy-

tochemical screening, absence of definitive structural identification of

TLC bands and column fractions, and reliance on chemical in vitro

assays. Such assays do not account for absorption, metabolism,

bioavailability, tissue distribution, cellular uptake, or physiological

concentrations and therefore do not demonstrate cellular protection or

therapeutic efficacy (Fraga et al., 2019; Sies, 2020) 
[13, 14]

. Further

work should quantify phytochemical constituents and characterize en-

riched fractions using appropriate analytical methods such as HPLC,

LC–MS, FTIR, or NMR, followed by bioassay-guided fractionation

and cellular or in vivo validation (Ogidigo et al., 2021; Okafor et al.,

2024) 
[18, 8]

.

Phytochemical screening was performed in triplicate (n = 3).

“Present” indicates a positive reaction and does not provide quantita-

tive information on constituent concentrations.

Table 1. Qualitative phytochemical profile of the aqueous leaf extract of Bryophyllum pinnatum.

Phytochemical Test performed Observation Result

Alkaloids Mayer’s test Creamy white precipitate Present

Flavonoids Alkaline reagent test Yellow colour disappeared on

acidification

Present

Saponins Foam test Persistent froth ≥ 10 min Present

Tannins Ferric chloride test Blue-black/greenish-black colouration Present

Terpenoids Salkowski test Reddish-brown interface Present

Glycosides Keller–Killiani test Reddish-brown ring at interface Present

Phenols Ferric chloride test Deep blue/green colouration Present

Steroids Liebermann–Burchard test Violet to blue/green colour change Present

Table 2. Column chromatographic fractionation and TLC profiles of

the aqueous leaf extract of Bryophyllum pinnatum.

Pooled group Fractions Total mass (g) Rf values

Group I F1–F3 1.2 0.15, 0.22

Pooled group Fractions Total mass (g) Rf values

Group II F4–F6 1.8 0.45, 0.52, 0.60

Group III F7–F9 1.3 0.72, 0.78

Group IV F10–F12 0.5 0.85, 0.91

Table 3. Antioxidant activity of the aqueous leaf extract of Bryophyllum pinnatum.

Assay Concentration % inhibition/value IC50/result Positive control

DPPH 100 µg/mL 68.2 ± 2.1% 71.3 ± 3.4 µg/mL 12.4 ± 0.8 µg/mL (ascor-

bic acid)

ABTS 100 µg/mL 73.9 ± 2.8% 64.8 ± 2.9 µg/mL 10.2 ± 0.6 µg/mL (ascor-

bic acid)

FRAP – 182.4 ± 3.2 µmol Fe(II)/g – 520.5 ± 5.1 µmol Fe(II)/g

(ascorbic acid)

(continued on next page)
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Figure 4. Concentration-dependent DPPH free-radical scavenging activity of Bryophyllum pinnatum aqueous leaf extract.

4. Discussion

The present study demonstrated that the aqueous leaf extract of

Bryophyllum pinnatum possesses appreciable in vitro antioxidant ac-

tivity, which increased in a concentration-dependent manner across all

assays. In the DPPH assay, radical-scavenging activity increased from

16.8% at 10  µg/mL to 68.2% at 100  µg/mL, with an IC50 value of

71.3 ± 3.4 µg/mL. Similarly, the ABTS assay showed higher inhibi-

tion, rising from 18.6% to 73.9% over the same concentration range

and producing an IC50 of 64.8 ± 2.9 µg/mL. The lower ABTS IC50

suggests comparatively stronger activity in this radical cation decol-

orization system. The FRAP assay further confirmed the reducing po-

tential of the extract, with the ferric-reducing value increasing from

51.2 to 182.4  µmol Fe(II)/g extract at 10 and 100  µg/mL, respec-

tively. These findings may be attributed to the presence of flavonoids,

phenolic compounds, tannins, terpenoids, alkaloids, and glycosides

detected during preliminary phytochemical screening. Such phytocon-

stituents can donate electrons or hydrogen atoms, neutralize reactive

free radicals, and reduce oxidizing agents. Overall, the findings sup-

port the traditional use of B. pinnatum and indicate that its aqueous

leaf extract may serve as a promising natural source of antioxidant

compounds.

Figure 5. Concentration-dependent ABTS radical cation decolorization activity of Bryophyllum pinnatum aqueous leaf extract.

5. Conclusion

The aqueous leaf extract of B. pinnatum collected from Sirsa,

Haryana, showed a diverse qualitative phytochemical profile, prelimi-

nary chromatographic complexity, and measurable in vitro antioxi-

dant activity. The extract yielded 12.4 ± 0.8% (w/w), showed DPPH

and ABTS activities of 68.2 ± 2.1% and 73.9 ± 2.8% at 100 µg/mL,

respectively, and had corresponding IC50 values of 71.3 ±  3.4 and

64.8 ± 2.9 µg/mL. FRAP capacity was 182.4 ± 3.2 µmol Fe(II)/g ex-

tract. These findings provide a preliminary basis for quantitative phy-

tochemical profiling, compound-specific characterization, and biolog
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ical validation, but they do not establish the identity of active con-

stituents or therapeutic/cardioprotective efficacy.

Figure 6. Concentration-dependent ferric reducing antioxidant power (FRAP) of Bryophyllum pinnatum aqueous leaf extract.
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