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Abstract 
Antioxidant and antimicrobial activities of different extracts (methanol and ethyl acetate) of leaf and stem of 
Bryophyllum pinnatum were studied. The screening for the secondary metabolites was carried out using the 
standard methods. The antioxidant capacities of the different extracts were assessed using DPPH (2,2-diphenyl-
1-picrylhydrazyl) radicals and Ferric reducing antioxidant power (FRAP) while the antimicrobial activity of 
the extracts obtained were screened against Gram-positive, Gram-negative bacteria and fungi (Staphylococcus 
aureus, Escherichia coli, Pseudomonas aeruginosa, Salmonella spp., Vibrio cholerae, Candida albicans and Aspergillus 
niger) using Agar well diffusion method. Both extracts obtained from leaf and stem of B. pinnatum contained 
most of the phytochemical compounds tested for. However, anthocyanins and anthraquinone were not 
detected in leaf extracts while coumarin was absent in stem extracts. Quantification of bioactive compounds 
showed that both extracts contained the highest concentration of polyphenols (34.49 ±0.47 mg GAE/g and 32.32 
±1.2 mg GAE/g for methanol leaf and stem extracts respectively) while the least concentration was recorded 
for alkaloids (0.03±0.02 mg/g for methanol stem extract). Results revealed that the extracts showed dose-
dependent scavenging of DPPH as well as the ability of the extracts to reduce FeCl3 solution, with methanol 
extracts exhibiting the highest scavenging and reducing capacity. However the leaves of B. pinnatum had 

greater antioxidant activity than the stem by DPPH and ferric reducing assays, with IC50 values ranging from 
3.147µg/ml to 3.80µg/ml for DPPH and 331.9 - 451 µg/ml for FRAP assays. The antimicrobial activity of 
various solvent extracts of leaf and stem reveal that microorganisms exhibited different sensitivities towards 
these extracts in a dose-dependent manner. Methanol leaf extract showed no activity against E. coli while P. 
aeruginosa was insensitive to ethyl acetate leaf extract. For stem extracts, A. niger, V. cholerae and P. aeruginosa 
were resistant to methanol extract while A. niger, Salmonella spp. and P. aeruginosa was resistant towards ethyl 
acetate stem extract. The results obtained in this study showed that B. pinnatum is a reservoir of bioactive 

compounds and both extracts exhibited significant antimicrobial and antioxidant activity. 

Keywords: Bryophyllum pinnatum, Antioxidant activity, Agar well diffusion, Aspergillus niger, Polyphenols, 
Ferric reducing power assay. 
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Introduction 
A medicinal plant is any plant in which one or more 

of its organs contain substances that can be used for 

the synthesis of useful drugs, and also serve as a 

major lead for modern drug design [1, 2].  Numerous 

researchers on medicinal plants and herbal drug 

production reported that bioactive components of 

medicinal plant occur in the leaves, flowers, roots, 

stem, bark or wood. These bioactive compounds 

commonly known as phytochemicals include 

terpenes, alkaloids, flavonoid, bioflavonoid, 

benzophonones, xanthenes as well as some 

metabolites such as tannins, saponins, cyanates, 

oxalate and anthraquinones [3, 4, 5, 6]. Several plants 

containing secondary metabolites possess 

antioxidant, antimicrobial and other biological 

potentials [7]. Natural antioxidants, such as phenolic 

compounds are gaining importance due to their 

benefits for human health, decreasing the risk of 

degenerative diseases by reduction of oxidative 

stress and inhibition of macromolecular oxidation [8, 

9]. Several studies indicate that medicinal plants 

which are rich reservoir of bioactive compounds 

contain compounds that are significant in 

therapeutic application against human and animal 

pathogen, including bacteria, fungi and viruses [10, 

11]. 
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Studies show that nearly 80% of the world’s 

population still relies on traditional medicines for 

primary health care, most of which is the use of plant 

extracts [12]. In the past few years, uncertainties 

concerning the safety of synthetic antimicrobial 

drugs have led to an increase in the demand for 

natural compounds such as plants rich in 

antimicrobials [13]. This is because herbal medicines 

have been reported to be safe, affordable, acceptable, 

available and without any adverse side effects 

especially when compared with synthetic drugs [14, 

15]. In developing countries, there is a gradual 

revival of interest in the use of medicinal plants 

especially herbal preparations in the local healthcare 

systems because of the increasing problems of Multi-

Drug Resistance (MDR) to human pathogenic 

bacteria [16, 17]. One of such plants used in the 

treatment of a wide range of ailments is Bryophyllum 

pinnatum (B. pinnatum). 

B. pinnatum belongs to the family Crassulaceae and 

the common names include life plant, love plant, 

miracle leaf, and Canterbury bells. It is widely 

distributed in tropical Africa, America, Hawaii, 

India, China, Australia, and Madagascar [18]. B. 

pinnatum is a succulent plant, 50 – 200 cm tall and 

about 3.2 cm wide, and reproduces via seeds and 

also vegetatively from leaf bulbils [19, 20]. They are 

medium green above blotched with purple 

underneath. It has flashy, dark green leaves. Its 

flower is in paniculate cymes 20 – 80 cm long. It has 

fruit whose follicles are 10 -14 mm long enclosed in 

the persistent papery calyx. The seeds are numerous 

in each fruit. The leaves and leaf juice have been 

used traditionally as anti-inflammatory, antipyretic, 

antimicrobial, antioxidant, antitumor, antidiabetic, 

anti-ulcer, antiseptic, hypocholesterolemic, and 

cough suppressant [21]. In Nigeria, the plant is 

particularly known for its effective wound healing 

properties and detachment of the umbilicus of 

infants, for the treatment of earache, burns, 

abscesses, ulcer, insect’s bites, whitlow, diarrhea and 

lithiasis [19, 20]. The lightly roasted leaves are used 

externally for skin fungus and inflammations and 

the leaf infusion is an internal remedy for fevers [22]. 

B. pinnatum leaves are used to expel worms, cure 

acute and chronic bronchitis, pneumonia and other 

forms of respiratory tract infections [23]. It is used 

for all sorts of respiratory conditions such as asthma, 

cough and bronchitis. It is employed for the 

treatment of kidney stones, gastric ulcers and 

oedema of the leg [24]. 

Materials and Methods  
Collection of Plant Materials 

Fresh leaves and stem of B. pinnatum were obtained 

from Etinan and Ikot Ekpene local government areas 

in Akwa Ibom State, Nigeria, and authenticated by 

the Department of Botany, University of Uyo, 

Nigeria, and a voucher specimen [Voucher No: 

UUPH27(a)] was kept in the herbarium for future 

reference.  

Extraction Procedure 

The leaves and stem were thoroughly washed with 

distilled water and air-dried for 2 weeks. The dried 

parts were pulverized and the powdered plant parts 

were separately divided into portions. 750g of the 

different plant parts were macerated with 1.7 L each 

of methanol and ethyl acetate at room temperature 

for 72 hrs. After 72 hrs, the different extracts were 

filtered separately off through a cotton plug and 

finally with a Whatman No. 1 filter paper. The liquid 

filtrates were concentrated and evaporated to 

dryness using a rotary evaporator (WG- tv311-V, 

Wilmad-LabGlass, USA) at 40 °C, and each extract 

was transferred into well-labeled sterile glass vials 

and stored at 4 °C before use [25]. 

Phytochemical Screening of Plant Extracts 
The leaf and stem extracts (methanol and ethyl 

acetate) were screened for the presence of various 

bioactive components (phytochemicals) using 

standard procedures [6, 26, 27]. 

Test for Anthraquinones 

To 6g of the different plant parts in this study, 10 ml 

of benzene was added. After 10 minutes, the solution 

was filtered and 10 ml of 10% ammonia was added 

to the filtrates and shaken.  The presence of pink, 

violet, or red color signified the presence of 

anthraquinones in the ammonia phase [26]. 

Determination of Tannins 
10 ml each of bromine water was added to the 0.5 g 

of leaf and stem extracts of B. pinnatum. The 

discoloration of bromine water indicated the 

presence of tannins. 

Test for Saponins 
5.0 ml of distilled water was added to the different 

plant extracts in a test tube. The froth formed was 
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mixed with few drops of olive oil. The formation of 

foams showed the presence of saponins. 

Tests for Flavonoids 
ShinodaTest. Magnesium strip and HCl were mixed 

with plant extracts. The development of pink colour 

confirmed the presence of flavonoid. 

Tests for Glycosides 
Liebermann’s Test. 2.0 ml of acetic acid and 2 ml of 

chloroform were added to the different extracts. The 

mixtures were allowed to cool after which 

concentrated H2SO4 was added. The appearance of 

green color signified the presence of aglycone, 

steroidal part of glycosides. 

Keller-Kiliani Test. A solution of glacial acetic acid 

(4.0 ml) with 1 drop of 2.0% FeCl3 mixture as well as 

1 ml H2SO4 was added to 10 ml of the different plant 

extracts. A brown ring formed between the layers 

indicated the presence of cardiac steroidal 

glycosides. 

Salkowski’s Test. 2 ml of Conc. H2SO4 was added to 

the plant crude extract. A reddish-brown color 

formed indicated the presence of the steroidal 

aglycone part of the glycoside. 

Test for Terpenoid 
2.0 ml of chloroform was added to 5 ml plant extracts 

and evaporated on the water path. The mixture was 

boiled with 3 ml of H2SO4. A grey color formed 

confirmed the presence of terpenoids. 

Test for Steroids 
2 ml of chloroform and concentrated H2SO4 were 

added with the 5 ml plant crude extract. In the lower 

chloroform layer, red color appeared that indicated 

the presence of steroids. 

Test for Coumarins 
1ml of 10% sodium hydroxide solution was added to 

1ml of the different plant extracts. Formation of 

yellow colour indicated the presence of coumarins 

Test for Reducing Sugar (De- Oxy sugars) 
0.5g of each extract was macerated with 20 ml of 

distilled water and filtered. To 1 ml of the filtrates, 1 

ml of alkaline copper reagent was added. The 

mixture was boiled for 5 min and allowed to cool. 

Then 1 ml of phosphomolybdic acid reagent and 2 

ml of distilled water was added and the absorbance 

read at 420 nm 

Test for phenols 
The extract (500 mg) was dissolved in 5ml of distilled 

water. To this, few drops of neutral 5% ferric 

chloride solution were added. A dark green color 

indicated the presence of phenolic compounds. 

Test for Quinone 
1ml of each of the various extracts was treated 

separately with alcoholic potassium hydroxide 

solution. Quinones give coloration ranging from red 

to blue. 

Test for amino acids and proteins  
Biuret test: To 0.5 mg of extract equal volume of 40% 

NaOH solution and two drops of 1% copper 

sulphate solution was added. The appearance of 

violet colour indicated the presence of protein. 

Ninhydrin test: About 0.5 mg of extract was taken 

and 2 drops of freshly prepared 0.2% ninhydrin 

reagent was added and heated. The appearance of 

pink or purple colour indicated the presence of 

proteins, peptides or amino acids. 

Anthocyanins 
2 ml of 2 N HCl and ammonia was added to 2 ml of 

the different extracts. The appearance of pink-red 

which later turned blue-violet indicated the presence 

of anthocyanins. 

Test for Alkaloids  
Extracts were dissolved individually in dilute 

hydrochloric acid and filtered. The filtrates were 

used to test the presence of alkaloids.  

Dragendorff’s Test: 1ml of the filtrate was treated 

with few drops Dragendorff’s reagent. Formation of 

orange-brown precipitate indicated the presence of 

alkaloids.  

Mayer’s test: Filtrates were treated with Mayer’s 

reagent. The formation of a yellow cream precipitate 

indicated the presence of alkaloids. 

Quantitative Estimation of 
Phytoconstituents 
The phytochemicals which are present in the 

methanol and ethyl acetate stem and leaf extracts of 

B. pinnatum was quantitatively determined using 

standard Protocols. 

Determination of Polyphenols 
The total phenolic content in the extracts were 

determined by the modified Folin-Ciocalteu method 

as described by Singleton and Rossi [28] and 

modified by Ayoola et al. [29]. Sample extract was 

dissolved in methanol (1 mg/ml). An aliquot of 0.5 
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ml of each plant extract (1 mg/ml) was mixed with 5 

ml of Folin- Ciocalteu reagent which was previously 

diluted with distilled water (1:10 v/v). The mixture 

was shaken slightly and allowed to stand at 22 °C for 

5mins. After, 4 ml (75 g/l) of sodium carbonate 

(Na2CO3) was added, and the tubes containing the 

mixtures were allowed to stand for 30 min at 40 °C 

to develop colour. Absorbance was then read at 765 

nm using the UV spectrophotometer (Shimadzu, 

Japan). Results were expressed as Gallic acid 

equivalent in (mg/g) of extracts (10–100 mg/ml). All 

samples were analyzed in triplicate. 

Determination of total flavonoids 
Total flavonoid contents were determined using 

Aluminium chloride colorimetric method [30]. A 

volume of 0.5 ml of 2% AlCl3 ethanol solution was 

added to 0.5 ml of sample solution. After one hour at 

room temperature, the absorbance was measured at 

420 nm. Using UV spectrophotometer (Shimadzu, 

Japan). Yellow color indicated the presence of 

flavonoids. Total flavonoid content was calculated 

as quercetin equivalent (mg/g). The calibration 

curve ranged from 10 – 100 mg/ml. 

Determination of total alkaloids 
Total alkaloids were determined according to the 

standard method as described by Harbone [27]. 200 

ml of 10% acetic acid in ethanol was added to 5 g of 

different plant extracts. The mixtures were covered 

and allowed to stand for 4 h. The solutions were 

decanted and filtered and the extracts were further 

concentrated in a water bath until one-quarter of the 

original volume was obtained. Concentrated 

ammonium hydroxide was added dropwise to the 

concentrated extract until the precipitation was 

complete. The precipitate was collected and washed 

with dilute ammonium hydroxide and then filtered. 

The residue was dried and weighed.  

Determination of total tannins 

50 ml of distilled water was added to 500 mg of the 

plant extracts and was shaken for 1 h in a mechanical 

shaker. The solution obtained was filtered into a 50 

ml volumetric flask and made up to the mark. 5 ml 

of the filtrate was pipetted out into a test tube and 

mixed with 2 ml of 0.1 M FeCl3 in 0.1 N HCl and 

0.008 M potassium ferrocyanide. The absorbance 

was measured at 120 nm within 10 min [31].  

Determination of total saponins 
To 20 g of each plant extracts, 100 cm3 of 20% 

aqueous ethanol were added. The samples were 

heated at 55°C for 4 h with continuous stirring. The 

mixture was filtered and the residue re-extracted 

with 200 ml 20% ethanol. The combined extracts 

were reduced to 40 ml over water bath at about 90°C. 

20 ml of diethyl ether was added to the concentrates 

and shaken vigorously. The aqueous layer recovered 

was further purified by adding 60 ml of n-butanol. 

The combined n-butanol extracts were washed twice 

with 10 ml of 5% aqueous sodium chloride and 

heated in a water bath. After evaporation, the 

samples were dried in the oven to a constant weight 

and the saponin content was calculated [32]. 

In vitro Antioxidant Assay Antioxidant 
activity by DPPH Assay  
The free radical scavenging activity of the different 

extracts was measured in vitro by 2,2’-diphenyl-1-

picrylhydrazyl (DPPH) method as described by 

Brand-Williams et al. [33]. 0.5 Mm solution of DPPH 

was added to sample solutions at different 

concentrations (20 – 100 μg/ml). A control (Abs 

Control) containing methanol and DPPH solution 

was also prepared. All solutions obtained were then 

incubated for 1 hour at room temperature. 

Absorbance was measured at 517 nm. Vitamin C was 

used as standard and the same concentrations of it 

were prepared as the test solutions. The percentage 

of inhibition of samples was calculated from 

obtained absorbance by the equation: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = 
𝐴𝑏𝑠 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠 𝑡𝑒𝑠𝑡/𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑

𝐴𝑏𝑠 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

A percent inhibition versus concentration curve was 

plotted and the concentration of sample required for 

50% inhibition was determined and represented as 

IC50 value for each of the test solutions.  

Ferric reducing/antioxidant power 
(FRAP) Assay 
The reducing property of the extract was determined 

by assessing the ability of the extracts to reduce FeCl3 

solution [34]. Briefly appropriate concentrations of 

the extracts were mixed with 2.5 ml of 200 mM of 

sodium phosphate buffer (pH 6.6) and 2.5 ml of 1% 

potassium ferrocyanide. The mixture was incubated 

at 50°C for 20 min after which 2.5 ml of 10% 

trichloroacetic acid was added. The mixture was 

then centrifuged at 650 rpm for 10 min. Supernatant 
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(The upper layer) (5 ml) was mixed with equal 

volume of deionized water and 1 ml of 0.1% ferric 

chloride, and the absorbance was measured at 700 

nm. The ferric-reducing-power capacities of the 

plant extracts and standard antioxidants were 

expressed graphically by plotting absorbance 

against concentration [34]. Ascorbic acid was used as 

a positive reference. The experiment was done in 

triplicate. 

Antimicrobial Activity 
Collection of Test Organisms 

Microorganisms used were obtained from the 

microbial stock collection unit of the Department of 

Microbiology, University of Uyo, Akwa Ibom State. 

The test organisms used were 1 Gram-positive 

bacterium (Staphylococcus aureus), 4 Gram-negative 

bacteria (Escherichia coli, Pseudomonas aeruginosa, 

Salmonella spp., Vibrio cholerae) and two fungi 

(Candida albicans, Aspergillus niger). These organisms 

were sub cultured to obtain pure and fresh isolates. 

The pure bacterial cultures were maintained on 

nutrient agar medium and fungal culture on potato 

dextrose agar (PDA) medium. Isolates were 

identified using standard microbiological 

procedures by carrying out Gram’s reaction and 

biochemical tests to confirm the species. 

Preparation of test organisms before inoculation 
McFarland standard was used as a reference to 

adjust the turbidity of bacterial suspensions. The 

bacterial suspensions were standardized following 

the CLSI guidelines for aerobic bacteria. All of the 

test microorganisms were grown in Mueller Hinton 

broth for 18–24 h, followed by the matching of 

bacterial suspension to the turbidity equivalent to 

0.5 McFarland solutions (1-2×108 cfu/ml). Different 

concentrations (10, 20, 40, 60 and 80 mg/ml) of the 

extracts were prepared and kept in corked test tubes. 

Seeding of Muller – Hinton Agar plates 
0.1 ml of each diluted isolates was aseptically 

transferred into Mueller–Hinton agar (Oxoid, UK) 

plates and aseptically spread evenly using sterile 

Hockey stick. The seeded plates were left for 30 mins 

for the isolates to diffuse into the medium. Sterile 

cork borer of 5 mm was used to bore holes on the 

agar plates. 0.1 ml of each of the extracts was then 

dropped in the holes and labeled accordingly. The 

diameters of inhibition zones were measured [35]. 

Results 
Phytochemical screening 
The results of the qualitative phytochemical 

screening of methanol and ethyl acetate of leaf and 

stem extracts of  B. pinnatum as presented in Table 1 

revealed the presence of amino acids, quinone, 

phenol, reducing sugar, coumarin, steroids, 

terpenoids, glycosides, flavonoids, saponins, tannins 

and alkaloids in both plant parts. However, 

anthocyanins and anthraquinones were not detected 

in the methanol and ethyl acetate leaf extracts. 

The results of the quantitative phytochemical 

screening of methanol and ethyl acetate of leaf and 

stem extracts of  B. pinnatum in Table 2 shows that 

the concentration of alkaloids ranged from 0.03±0.02 

to 0.90±0.13 mg/g. alkaloids were not detected in the 

ethyl acetate stem extract. The concentration of 

saponins varied from 0.45±0.43 to 1.12±0.21 mg/g, 

with methanol leaf extracts having the highest 

concentration (1.12±0.21 mg/g). 

The results of flavonoids (y=0.142x-0.0.177: 

R2=0.983) in both plant part extracts showed that the 

stem extracts contained the highest concentration of 

flavonoids (0.53±0.13 and 0.31±0.01 mg for methanol 

and ethyl acetate extracts respectively) while the  

Table 2: Quantification of the Phytochemicals in the extracts of 
Bryophyllum pinnatum 

Phytochemica
ls (mg/g) 

Leaf extracts Stem extracts 

Methanol 
Ethyl 

acetate 
Methanol 

Ethyl 
acetate 

Alkaloids 0.16±0.01 0.90±0.13 0.03±0.02 ND 
Saponins 1.12±0.21 1.02±0.22 1.05±0.11 0.45±0.43 
Flavonoids 0.21±0.14 0.11±0.14 0.53±0.13 0.31±0.01 
Tannins 4.98±1.31 2.8±±0.21 0.64±0.24 0.25±0.12 
Poly phenols 34.49±0.47 21.2±2.2 32.32±1.2 17.9±0.62 

ND = not detected 

Table 1: Qualitative Analysis of Different Parts of Bryophyllum 
pinnatum 

Plant Parts Leaf Extract Stem Extract 
Solvents Methanol Ethyl 

Acetate 
Methanol Ethyl 

Acetate 
Anthocyanins Absent Absent Present Present 
Amino acid Present Present Present Present 
Quinone Present Present Present Present 
Phenol Present Present Present Present 
Reducing sugar Present Present Present Present 
Coumarin Present present Present Present 
Steroids  Present Present Present Present 
Terpenoids Present Present Present Present 

Glycosides Present Present Present Present 
Flavonoids Present Present Present Present 
Saponins Present Present Present Present 
Tannins Present Present Present Present 
Anthraquinone Absent  Absent  Present Present 
Alkaloids Present Present Present Absent  
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least concentration was present in the leaf extracts 

with (0.21±0.14 and 0.11±0.14 mg/g for methanol  

and ethyl acetate extracts respectively). Tannin 

content (y=0.168x -0.094: R2=0.975) was higher in 

methanol leaf extract (4.98±1.31 mg/g) while the 

least concentration was recorded for ethyl acetate 

stem extract (0.25±0.12 mg/g). Methanol leaf extract 

recorded the highest concentration of polyphenols 

(34.49±0.47 mg/g) while ethyl acetate stem extract  

contained the least concentration (17.9±0.62 mg/g). 

(y=0.149–0.121 x: R2 = 0.967). 

Antimicrobial activity 
Tables 3 and Table 4 show the result of the 

antibacterial activity of leaf and stem extracts of B. 

pinnatum respectively tested against five bacterial 

and two fungi strains at different concentrations (10, 

20, 40, 60 and 80 mg/ml). All the extracts showed 

strong antimicrobial activity against test organisms 

in a dose-dependent manner. Results from Table 3 

showed that S. aureus, C. albican, V. cholerae, 

Salmonella spp. and P. aeruginosa were susceptible to 

the methanol leaf extract of B. pinnatum at all 

concentrations. However, antibacterial activity was 

not observed against E. coli. For ethyl acetate leaf 

extracts, the tested microorganisms showed varying 

degree of susceptibility at various concentrations 

except V. cholerae and P. aeruginosa, which were 

resistant to ethyl acetate extract at all concentrations. 

Table 4 showed that A. niger, V. cholera and P. 

aeruginosa were resistant to methanol stem extract at 

all concentrations while Salmonella spp. was resistant 

at 10 mg/ml. the zone of inhibition of S. aureus 

ranged from 7±0.11 to 15±0.01 mg/ml while that of 

Table 3: Antimicrobial Activity of methanol and ethyl acetate leaf extracts of Bryophyllum pinnatum against the human 
pathogenic bacteria by disc diffusion method. 

Crude extracts Isolates Zone of inhibition (mm) 

10 mg/ml 20 mg/ml 40 mg/ml 60 mg/ml 80 mg/ml 
Methanol S. aureus 8.00±0.01 10.00±0.3 12.0±1.2 14±0.2 20±0.5 

A. niger NA NA NA 10±0.05 14±0.3 
Candida albican 16±0.34 20±0.21 23±1.2 30±1.2 34±1.41 
Vibrio cholera 8±0.03 10±0.25 11±0.23 15±0.11 22±1.21 
Escherichia coli NA NA NA NA NA 
Salmonella spp. 10±0.12 13±0.22 16±1.3 20±1.31 23±1.10 
P. aeruginosa 14±0.01 20±1.22 23±1.2 27±1.22 30±0.9 

Ethylacetate S. aureus 8±0.01 9±0.01 10±0.13 13±0.03 14±0.12 
A. niger 8±0.1 9±0.11 10±0.6 12±0.11 13±0.21 
Candida albican 13±0.3 17±0.33 21±0.02 26±0.22 30±0.12 
Vibrio cholera NA NA NA NA NA 
Escherichia coli 13±0.01 15±0.01 17±0.03 20±0.41 25±0.61 
Salmonella spp. NA 9±0.01 10±0.05 12±0.04 14±0.12 
P. aeruginosa NA NA NA NA NA 

Key: NA= No activity, S. aureus= Staphylococcus aureus, A. niger=Aspergillus niger, P. aeruginosa= Pseudomonas 
aeruginosa 

Table 4: Antimicrobial activity of methanol and ethyl acetate stem extracts of Bryophyllum pinnatum against the 

human pathogenic bacteria by disc diffusion method. 
Crude extracts Isolates Zone of inhibition (mm) 

10mg/ml 20mg/ml 40mg/ml 60mg/ml 80mg/ml 
Methanol S. aureus 7±0.11 10±0.02 11±0.12 13±0.11 15±0.01 

A. niger NA NA NA NA NA 
Candida albican 9±0.02 10±0.01 13±0.2 15±0.13 17±0.11 
Vibrio cholera NA NA NA NA NA 
Escherichia coli 8±0.22 11±0.03 14±0.15 17±0.21 19±1.2 
Salmonella spp. NA 6±0.01 9±0.01 11±0.12 13±0.11 
P. aeruginosa NA NA NA NA NA 

Ethyl acetate S. aureus NA 9±0.01 10±0.13 11±0.01 12±0.12 
A. niger NA NA NA NA NA 
Candida albican 10±0.3 11±0.22 13±0.14 15±0.23 22±1.02 
Vibrio cholera 8±0.01 11±0.5 14±0.22 16±0.13 18±0.54 
Escherichia coli 13±0.11 16±0.13 20±0.01 24±0.62 28±0.43 
Salmonella spp. NA NA NA NA NA 
P. aeruginosa NA NA NA NA NA 

Key: NA = No activity, S. aureus = Staphylococcus aureus, A. niger =Aspergillus niger, P. aeruginosa= Pseudomonas 
aeruginosa 



Nepal J Biotechnol. Ju l y  2 0 2 0 ;8(1):17-28 Daniel et al. 

©NJB, BSN 23 

C. albican varied from 9±0.02 to 17±0.11 mg/ml.  At 

10 mg/ml, the zone of inhibition of E. coli was 8±0.22 

mg/ml while at 80mg/ml, the zone of inhibition was 

19±1.2 mg/ml. Ethyl acetate stem extract did not 

show any antimicrobial activity against A. niger, 

Salmonella spp. and P. aeruginosa. Higher 

antimicrobial activity was observed against C. 

albican (10±0.3 -22±1.02 mg/ml) and E. coli (13±0.11 - 

28±0.43 mg/ml). 

Antioxidant activity 
DPPH free radical scavenging activity 

Figure 1: DPPH scavenging activity of leaf extract of 
Bryophyllum pinnatum 

Methanol : Y = 11.26x + 14.56: R2 = 0.612 
VIT C: Y =13.16x +18.48: R2 = 0.590 
Ethyl acetate: Y = 9.231x+ 14.84: R2 = 0.550 

Figure 2: DPPH scavenging activity of stem extract of 
Bryophyllum pinnatum 

Methanol: Y = 10.36x + 10.28; R2 =0.677 
Ethyl acetate Y = 9.365X +8.62; R2 = 0.693 

Figures 1 and Figure 2 show the results of DPPH 

assay of methanol and ethyl acetate of leaf and stem 

extracts of B. pinnatum respectively. Vitamin C was 

used as the standard. The extracts have shown dose-

dependent scavenging of DPPH radicals. The result 

also showed that at 100 μg/ml dose, the leaf extracts 

(methanol and ethyl acetate) inhibited DPPH radical 

by 72.5% and 60.2% respectively while at the same 

concentration, methanol and ethyl acetate stem 

extracts inhibited DPPH radical at 63. 8% and 57.6% 

respectively compared to the standard drug, vitamin 

C (85.4%). A graph of % inhibition against various 

concentrations was plotted and the IC50 was 

calculated from the different regression graphs and 

the results are presented in Table 5. The IC50 in 

DPPH assay ranged from 3.147 to 4.41 μg/ml. 

Table 5:  IC 50 in μg/ml for antioxidant activity of 
Bryophyllum pinnatum extracts. IC 50 for vitamin C in 

DPPH is 2.39, while that for FRAP is 220.24 

Antioxidant 
activity 

leaf extracts stem extracts 

Methanol Ethyl 
acetate 

Methanol Ethyl 
acetate 

DPPH 3.147 3.80 3.83 4.41 
FRAP 331.9 451 428.30 618.38 

FRAP Assay 
The ferric-reducing-power capacities of the plant 

extracts and standard antioxidants were expressed 

graphically by plotting the absorbance against 

concentration and results presented in Figures 3 

and. All the plant extracts showed concentration-

dependent reducing power. The IC50 of the ranged 

from 331.9 μg/ml. to 618.38 μg/ml. 

Figure 3: Ferric reducing power activity of leaf extract of 
Bryophyllum pinnatum 

VIT C:  Y = 0.227X + 0.004; R2 = 0.886 
Methanol: Y= 0.151X – 0.123; R2 = 0.991 
Ethyl acetate Y = 0.- 0.110; R2 = 0.984 

Figure 4: Ferric reducing power activity of stem extract of 
Bryophyllum pinnatum 
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Methanol Y = 0.117x – 0.112, R2 = 0.919 
Ethyl acetate Y = 0.081X – 0.089; R2 = 0.929 

Discussion 
The preliminary phytochemical screening of the 

different extracts of B. pinnatum obtained from 

leaves and stem was done to assess the presence of 

bioactive compounds and the results were presented 

in Table 1. The results showed that the leaf and stem 

extracts contained moderate to high concentrations 

of most of the phytochemical compounds screened 

for. However, anthocyanins and anthraquinones 

were not detected in the leaf extracts while 

coumarins were not found in the stem extracts. The 

various phytochemical compounds detected in the 

different plant extracts (Table 1) are known to have 

health benefits, physiological activities and 

medicinal importance [36]. 

Quantitative analysis was done to check the 

concentration of major bioactive compounds such as 

polyphenols, flavonoids, alkaloids, saponins, and 

tannins in the different extracts of B. pinnatum and 

the results is presented in Table 2.  From the results 

obtained, the leaf extracts contained the highest 

concentration of phytochemicals quantified. 

However, the stem extract contained the highest 

concentration of flavonoids. This may be attributed 

to the fact that the stem may be a reservoir of 

flavonoids.  Both extracts followed a similar trend as 

follows; polyphenols> tannins> saponins> 

flavonoids > alkaloids.  

The polyphenolic content of the different extracts 

ranged from 17.9±0.62 to 34.49±0.47 mg GAE/g. 

Many studies have corroborated the anti-

carcinogenic, anti-bacterial, anti-viral or anti-

inflammatory activities of phenolic compounds [37, 

38, 39]. They are also known as a powerful chain-

breaking antioxidants. These groups of compounds 

have received much attention as potential natural 

antioxidants in terms of their ability to act as efficient 

radical scavengers and metal chelators. It has been 

reported that the antioxidant activity of phenol is 

mainly due to their redox properties, hydrogen 

donors and singlet oxygen quenchers [40]. The 

presence of phenolic compounds in B. pinnatum 

indicates that these plants may be used as an 

antioxidant and anti-microbial agent. 

The result of the quantification of tannins indicated 

that the different extracts of B. pinnatum contained 

varying concentrations of tannin, with methanol leaf 

extract having the highest concentration 

(4.98±1.31mg/g). Plant tannins extracted from 

various sources have been also shown to possess 

antitumor-promoting effects, analgesic, anti-

oxidant, anti-inflammatory and antimicrobial 

activities [19, 41-44]. Tannin exerts its antioxidant 

activity by scavenging free radicals, inhibiting lipid 

peroxidation and chelating of metal [45]. 

The concentration of flavonoids in this study ranged 

from 0.53±0.13 mg/g to 0.11±0.14 mg/g. 

interestingly, the methanol stem extract had the 

highest concentration of flavonoids while the least 

was recorded for ethyl acetate leaf extract. Studies 

have shown that the intake of flavonoid-rich diets 

lowers heart diseases [46]. This is because 

Flavonoids lower high blood pressures, as well as 

cholesterol in animal studies and, have strong anti-

inflammatory properties [47]. They also inhibit low 

density lipoprotein (LDL) oxidation by free radicals 

Flavonoids exert their antioxidant activity by 

scavenging free radicals, chelating metals and 

inhibiting lipid peroxidation. The –OH at C3 of the 

flavonoid structure plays a role in chelating and 

scavenging activity [48]. 

Their antimicrobial properties of flavonoids are 

probably because they form complexes with both 

extracellular and soluble proteins, as well as the 

bacterial cell wall. They could also disrupt cell 

membranes if lipophilic enough [49]. The presence 

of flavonoids in extracts of B. pinnatum studied 

enhances its antimicrobial and antioxidant capacity. 

Saponins are widely distributed in plants and 

research has shown that they have many 

pharmacological actions and biological activities like 

anti-inflammatory, molluscicidal, antimicrobial, 

antispasmodic, anti-diabetic and anticancer, 

hypocholesterolemic, antioxidant, anticonvulsant 

and analgesic, anthelmintic and cytotoxic activities 

[21, 50, 51]. The result obtained in this study showed 

that B. pinnatum contained moderate levels of 

saponins.  

The result obtained for the quantification of 

alkaloids indicated that the extracts contained 

moderate levels of alkaloids. Ethyl acetate leaf 

extract contained the highest concentration of 

alkaloids (0.90±0.13 mg/g) while the lowest 

concentration was recorded for methanol stem 

extract (0.03±0.02 mg/g). This may be as a result of 

the nature of the extractable alkaloids present in the 
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extract. Naturally occurring alkaloids and their 

synthetic derivatives have analgesic, antispasmodic 

and bactericidal activities [44]. The phytochemical 

compounds present in the different extracts of B. 

pinnatum may be responsible for its antimicrobial 

and antioxidant properties. 

Evaluation of antimicrobial activity of the different 

extracts of the studied plants parts was determined 

against different microorganisms. Extent of 

sensitivity of the test organisms to the plant extracts 

was assessed by measuring the zone of inhibition 

after 24 hrs incubation. Table 3 and 4 showed the 

antimicrobial activity of B. pinnatum leaf and stem 

extracts respectively using different extracting 

solvents. All the tested extracts revealed 

antimicrobial activity showing different selectivity. 

The result revealed varying degree of inhibition on 

the different test isolates, with more significant 

inhibition seen with a higher extract concentration. 

The results revealed that the methanol leaf extract of 

B. pinnatum was most effective against the test 

organisms. P. aeruginosa showed the highest 

susceptibility (30±0.9 mm at 80 mg/ml) to B. 

pinnatum methanol leaf extract, while S. aureus 

showed the least susceptibility (20±0.5 mm). 

However, for ethyl acetate leaf extract, the most 

susceptible bacteria was E. coli (25±0.61mm at 80 

mg/ml) while the least was Salmonella spp. (14 ±0.12 

mm). The results also revealed that all the test fungi 

were susceptible to the leaf extracts. Methanol and 

ethyl acetate leaf extracts showed maximum 

inhibition at 34±1.41 mm and 30±0.12 mm against C. 

albican respectively. The result of the antimicrobial 

activity of the different stem extracts revealed that E. 

coli showed the highest sensitivity to methanol and 

ethyl acetate extracts at 19±1.2 mm and 28± 0.43 mm, 

respectively. The least susceptibility was recorded 

for Salmonella spp. and S. aureus at 13±0.11 mm and 

12± 0.12 mm for methanol and ethyl acetate stem 

extracts respectively. The results also revealed that 

all the test fungi were resistant to the different stem 

extracts except C. albicans. It should be noted that the 

effects of the stem and leaves extract against the 

bacteria also differed; the variation observed in the 

phytochemical compounds detected in the extracts 

may possibly account for their varied bioactivity [52, 

53]. The antimicrobial activity could be attributed to 

some of the detected compounds in these plant 

extracts such as tannins, saponins, alkaloids, 

flavonoids and terpenoids [54, 49, 55]. 

The antioxidant capacity of the different extracts of 

B. pinnatum was evaluated by two different assays: 

free radical scavenging action on DPPH radicals and 

Ferric reducing power. This is because no single 

assay can represent the total antioxidant capacity, 

and for this reason different and complementary 

assays were used to evaluate the extract antioxidant 

activities: 

The scavenging ability of B. pinnatum extracts (leaves 

and stem) on DPPH free radical is shown in Figures 

1 and Figure 2.  The result indicated that all of the 

assessed extracts of B. pinnatum were able to reduce 

the stable, purple-coloured radical DPPH to the 

yellow coloured DPPH-H form. The results showed 

a dose-dependent scavenging power, where activity 

increased as the concentration increased for both 

extracts. The result also showed that at 100 μg/ml 

dose, the leaf extracts (methanol and ethyl acetate) 

inhibited DPPH radical by 72.5% and 60.2% 

respectively while at the same concentration, 

methanol and ethyl acetate stem extracts inhibited 

DPPH radical at 63.8% and 57.6% respectively 

compared to the standard drug, vitamin C (85.4%). 

The IC50 for DPPH and FRAP Assays were 

calculated from a linear regression analysis of the 

observed inhibition percentage against 

concentration. The results showed that the IC50 value 

for DPPH assay ranged from 3.142 – 4.441 µg/ml the 

DPPH radical scavenging ability of the extracts 

showed the following trend vitamin C<Methanol 

leaf extract<ethyl acetate leaf extract<methanol stem 

extract<ethyl acetate stem extract (Table 5). It is 

interesting to note that the lower the IC50 value, the 

higher the scavenging activity of the plant extract. 

The leaf extracts recorded the lowest IC50 values 

hence its higher antioxidant properties. It was 

evident that the extracts showed hydrogen donating 

ability and therefore the extracts could serve as free 

radical scavengers, acting possibly as primary 

antioxidants [56]. 

Ferric Reducing Antioxidant Power (FRAP) assay is 

used to evaluate the capacity of natural antioxidant 

to donate an electron or hydrogen [57]. In the 

reducing power assay, the presence of antioxidants 

in the samples would result in the reduction of Fe3+ 

to Fe2+ by donating an electron [58]. The ferric 

reducing activity of the leaf and stem extracts of B. 
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pinnatum are presented in Figures 3 and Figure 4. All 

extracts exhibited a similar concentration-dependent 

activity pattern as given in the DPPH analysis. 

The reducing power of the extracts followed the 

order of methanol leaf extract>methanol stem 

extract>ethyl acetate leaf extract>ethyl acetate stem 

extract. The reducing properties are generally 

associated with the presence of reductones which 

have been shown to exert antioxidant action by 

breaking the free radical chain and donating a 

hydrogen atom. Reductones are also reported to 

react with certain precursors of peroxide, thus 

preventing peroxide formation [59-61]. From the 

results obtained, it can be inferred that the extracts 

studied possess reducing power and therefore, 

could serve as electron donors, terminating the 

radical chain reactions. The IC50 value was used as a 

significant indicator of antioxidant ability. The IC50 

(Table 5) for ferric reducing activity ranged from 

331.9 to 618.38 μg/ml. The antioxidant activity of 

these plants could be due to the ability to scavenge 

specific free radicals and/or due to the interaction 

with redox chemistry of iron ions. 

Conclusion  
Methanol and ethyl acetate extracts of leaf and stem 

of B. pinnatum were obtained in this study. 

Phytochemical screening revealed the presence of 

important bioactive compounds such as 

polyphenols, tannins, saponins, flavonoids and 

alkaloids. It is worthy of note that all the extracts in 

this study exhibited broad-spectrum antimicrobial 

activity on the test microorganisms with highest 

activity recorded for methanol extracts. The extracts 

exhibit significant antioxidant activity-DPPH radical 

scavenging and ferric reducing when compared 

with standard compounds. Methanol extracts of 

different plant parts demonstrated the most 

significant antioxidant activity and also highest 

polyphenolic content which could be responsible for 

the activity.  

The results obtained in this study showed broad-

spectrum antibacterial activity as well as antioxidant 

potential of B. pinnatum; hence further Isolation, 

purification, identification and structure elucidation 

of the phenolic phytochemical constituents should 

be carried out. 
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