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Abstract: The present study aimed to compare the in vitro antimicrobial and 

antioxidant activities of Sambucus williamsii and Sambucus pendula. The 

antimicrobial activity of the two plants was evaluated using the disc diffusion and 

minimal inhibition concentration (MIC) method against three Gram-positive 

bacteria (Bacillus cereus ATCC 11778, Bacillus subtilis ATCC 9327 and Listeria 

monocytogenes ATCC 15313), four Gram-negative bacteria (Escherichia coli 

ATCC 15489, Psendomonas aeruginosa ATCC 27853, Pseudomonas fluorescens 

KCCM 41443 and Salmonella typhimurium KCCM 11862) and one yeast 

(Saccharomyces cerevisiae IFO 1950). The tested ether and ethyl acetate fractions 

of ethanol extract from Sambucus williamsii showed significant antimicrobial 

activity against Bacillus cereus and Pseudomonas fluorescens; conversely, the 

ether fraction of Sambucus pendula leaf showed no clear zone formation against any 

tested bacteria. In general, the fractions of the two Sambucus species exhibited a 

lower MIC against tested Gram-negative bacteria than the tested Gram-positive 

bacteria. The antioxidant activity was evaluated by 1,1-diphenyl-2-picrylhydrazyl 

(DPPH) and 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 

radical scavenging assay. The results showed that the half inhibitory concentration 

(IC50) for the ethanol extract of Sambucus williamsii was the lower value, which 

means the greater antioxidant activity. On the other hand, the IC50 value of the hot 

water extract of Sambucus pendula was the lower value. The richness of the total 

polyphenol contents of the two Sambucus implies their potential as raw material 

sources for the pharmaceutical and cosmeceutical industries. 

1. INTRODUCTION 

Medicinal plants have been used for treating human diseases for thousands of years because 

they contain diverse organic compounds such as alkaloids, flavonoids, terpenoids, saponins, 

and phenolic compounds, which can exert  physiological effect in the human body. A number 

of such compounds isolated from plants can be used to develop  drugs to inhibit the growth of 

bacterial pathogens and quench reactive oxygen species (ROS) with low toxicity (Akhtar et al., 

2018). 
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The genus Sambucus L. (elderberry) belongs to the Viburnaceae family. Plants of the genus 

Sambucus are widely distributed, perennial woody shrubs. Sambucus consists of 5-30 species 

and 6-11 subspecies, depending on the taxonomic system. Five of these species  are naturally 

found in Korea (Lee, 1980; Młynarczyk et al., 2018). The most common species, Sambucus 

nigra L., does  not occurr in Korea. Previous in vitro studies have indicated that Sambucus berry 

extracts possess anticarcinogenic, immune-stimulating, antibacterial, and anti-inflammatory 

properties (Dulf et al., 2015). The stem of Sambucus williamsii is an important folk medicine 

used for wound-healing and treating bone fractures. This plant is naturally in the valleys or 

forest edges of Korea. The leaf and stem extracts of Sambucus williamsii exhibit a higher 

antioxidant activity than butylated hydroxytolune, a positive control, mainly owing to its total 

polyphenol content (Chae & Cho, 2012). Sambucus pendula is a woody shrub that only grows 

on Ulleung-do Island of Korea. However, this plant has not yet been used for medicinal 

purposes in Korea.  

The present research aimed to study the possible antimicrobial and antioxidant activities of 

Sambucus williamsii and Sambucus pendula. The activities of the extracts from the two plants 

are interest for their potential use in food and pharmaceutical industries.  

2. MATERIAL and METHODS 

2.1. Plant Material  

The leaf and stem of Sambucus williamsii and Sambucus pendula was collected from Mt. 

Baegunsan in Gwangyang-si, Jellanam-do Province, and Ulleung-do Island, Gyeongsangbuk-

do, Korea, respectively, in July 2020. The two provenances were air-dried at room temperature 

for 2 weeks. The air-dried sample was pulverized using an electric mill. The plants were 

authenticated by one of the authors, Prof. K.W. Yun and voucher specimens were deposited in 

the Herbarium of Sunchon National University (SCNUH 20200023 and 20200024), Korea. 

2.2. Antimicrobial Activity 

2.2.1. Test bacteria 

The tested bacteria included three gram-positive bacteria (Bacillus cereus ATCC 11778, 

Bacillus subtilis ATCC 9327, and Listeria monocytogenes ATCC 15313), four gram-negative 

bacteria (Escherichia coli ATCC 15489, Psendomonas aeruginosa ATCC 27853, 

Pseudomonas fluorescens KCCM 41443, and Salmonella typhimurium KCCM 11862), and one 

yeast strain (Saccharomyces cerevisiae IFO 1950). These strains were obtained from American 

Type Culture Collection and Korean Culture Center of Microorganisms. 

2.2.2. Preparation of extract 

Air-dried and powdered plant materials (100 g each) were soaked in 1,000 mL of ethanol at 

room temperature for 24 h and then filtered through Whatman No.2 paper. The crude ethanol 

extract was partitioned with 500 mL hexane, and the top layer was concentrated (comprising 

the hexane fraction). The remaining layer was successively fractionated with 500 mL of diethyl 

ether and ethyl acetate (forming the ether and ethyl acetate fractions, respectively). The 

remaining residue was the aqueousfraction. Each fraction was concentrated with a rotary 

evaporator (30 °C) to 30 mL and stored at 5 °C until tested.  

2.2.3. Determination of antimicrobial activity 

Each bacterial strain was grown in a nutrient broth at 30 °C for 18-24 h prior to testing and 

subcultured three times for another 18-24 h. The turbidity of bacterial cell suspensions was 

brought to 0.3 optimal density at 660 nm by adding sterile broth and was then used for the tests. 

We poured 0.1 mL of the bacterial cell suspensions uniformly onto nutrient broth agar plates. 

The paper disks containing the extracts were carefully placed on the seeded Petri dishes. The 

diameters of the resulting inhibition zones were measured in mm after the cultures were 

incubated at 38 °C for 24 h. At the end of the incubation period the antimicrobial activity was 
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evaluated by measuring the inhibition zone. The minimal inhibition concentration (MIC) was 

determined as the lowest concentration that produced an inhibition zone. MIC was measured 

for the ether and ethyl acetate fractions.  

2.3. Antioxidant Activity 

2.3.1. Preparation of extract  

The powdered leaf and stem (100 g) was macerated in 1000 mL of ethanol and hot water for 6 

h, respectively. The percolates were then filtered (ADVANTEC No.2 filter paper). The extracts 

were then concentrated in vacuo to 100 mL at 30°C and tested for the DPPH and ABTS radical 

scavenging activities.  

2.3.2. DPPH radical scavenging activity 

The DPPH radical scavenging activity of the extracts was evaluated using a modified version of 

the method described by Blois (Blois, 1958). Briefly, 160 µL of each extracts at various 

concentrations (100 µM as the final concentration) were added to 40 µL of DPPH solution 

(1.5×10-4 M). The solutions were gently mixed and allowed to stand at room temperature for 30 

min, after which the optical density was measured at 520 nm using a microplate 

spectrophotometer (EL800; Bioteck, Vinooski, VT, USA). The DPPH radical scavenging 

activity of each extract was expressed in terms of IC50 values (the concentration required to 

inhibit DPPH radical formation by 50%). L-Ascorbic acid was used as a positive control. 

2.3.3. ABTS radical scavenging activity 

The experiment was performed using a modified ABTS decolouration assay (Re et al., 1999). 

ABTS radical cation was produced by reacting the ABTS stock solution (7 mM in water) and 

2.45 mM potassium persulfate solution. The working solution was prepared by mixing the two 

stock solutions in equal quantities and allowing the mixture to react at room temperature in the 

dark for 12 h. The solution was then diluted with ethanol to an absorbance of 0.70 ± (0.02) at 

734 nm. The diluted ABTS (2.0 mL) was added to 50 µL of each extract and then the absorbance 

was measured on a microplate spectrophotometer reader (EL800; Bioteck, Vinooski, VT, USA) 

at 734 nm (Jaitak et al., 2010). The ABTS radical scavenging activity of each extract was 

expressed in terms of IC50 values (the concentration required to inhibit ABTS radical formation 

by 50%). L-Ascorbic acid was used as a positive control. 

2.3.4. Determination of total polyphenol content 

The total polyphenol content was determined using a modified version of the Folin-Denis 

method (Velioglu et al., 1998). Each 25 µL sample extract (1mg/mL) was mixed with 500 µL 

of Folin-Denis’ reagent (diluted 10-fold with distilled water) was added. The mixtures were 

allowed to stand at room temperature for 5 min and then centrifuged at 1200 rpm for 10 min,  

following which the supernatant was collected. The clear supernatant (0.1 mL) of the samples 

was mixed with 0.75 mL of Folin-Denis’ reagent. After 5 min, 500 µL of sodium bicarbonate 

(7.5 % in distilled water) was added and the solution was allowed to stand at 30 °C in darkness. 

Absorbance was  measured at 765 nm using a microplate spectrophotometer (EL800; Bioteck). 

A standard curve prepared from gallic acid (100-1000 µg/mL) was used for quantification and 

the total polyphenol content was expressed as mg (of gallic acid)/g (dry weight).  

2.3.5. Determination of total flavonoid content 

The total flavonoid content was determined according to the method described by Moreno et 

al. (2000), with slight modifications. Each sample fraction (10 µL;1 mg/mL) was diluted with 

80% aqueous ethanol (90 µL). An aliquot of 0.5 mL was added to test tube containing 2 µL of 

10% aluminum nitrate, 2 µL of 1 M aqueous potassium acetate and 86 µL of 80% ethanol and 

the solution was allowed to stand at room temperature for 40 min. The absorbance was then 

measured at 415 nm using a UV-visible spectrophotometer (HP-8453; Agilent Technologies, 
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Santa Clara, CA, USA). A standard curve prepared from quercetin (100-1000 µg/mL) was used 

for quantification and the total flavonoid content was expressed as mg quercetin/g dry weight.  

2.4. Statistical Analysis 

Data with triplicate are analyzed using the SPSS software (version 24.0; IBM Corp., Armonk, 

NY, USA) and expressed as the mean ± SD.  The statistical significance of the differences 

between means was determined using one-way analysis of variance. The level of significance 

was set at p<0.05.  

3. RESULTS and DISCUSSION 

3.1. Antimicrobial Activity 

The antimicrobial activity of the ether and ethyl acetate fractions of  the Sambucus williamsii 

extract was evaluated according to their MIC values against three gram-positive and four gram-

negative bacteria and one yeast (Table 1). Pseudomonas fluorescens and Escherichia coli 

showed higher sensitivity and resistance to the two tested fractions of Sambucus williamsii. 

Listeria monocytogenes, a gram-positive bacterium, exhibited lower MIC value to the tested 

fractions. All the tested fractions of Sambucus williamsii affected Bacillus cereus and 

Pseudomonas fluorescens (MIC, 0.25-1.5 mg/mL). No inhibition against Escherichia coli was 

observed with any of the  tested fractions of Sambucus pendula (Table 2). Stronger growth 

inhibitory effects on Pseudomonas fluorescens and Salmonella typhimurium were observed 

with  the two fractions of the stem extract. The ethyl acetate fraction exhibited a higher 

antimicrobial activity than the ether fraction. In general, antimicrobial activity is associated 

with the outer layers of  gram-positive and gram-negative bacteria. For gram-positive bacteria, 

antibacterial agents can easily destroy bacterial cell walls. Contrastingly, the outer membrane 

of gram-negative bacteria provides a hydrophilic surface to block external hydrophobic 

substances, resulting in stronger resistance to antibacterial compounds (Tian et al., 2018). In 

our experiments, both higher sensitivity and resistance to the tested fractions of the two plants 

were observed for the tested gram-negative bacteria. MIC against Saccharomyces cerevisiae 

was not detected for any tested fractions from the two plants. The antimicrobial activity of plant 

extracts forms the basis for many applications, including raw and processed food preservation, 

pharmaceuticals, alternative medicine, and natural therapies (Hammer et al., 1999). 

Table 1. MIC of the two fractions of the ethanol extract of leaf and stem from Sambucus williamsii 

against tested microorganisms.  

 Samples 

MIC (mg/mL) 
Ether fraction  Ethyl acetate fraction 

Leaf Stem  Leaf Stem 

Gram(+) bacteria 

Bacillus cereus 1.5 0.25  1.0 0.5 

Bacillus subtilis - 1.5  - - 

Listeria monocytogenes  - 0.25  0.25 0.1 

Gram(-) bacteria 

Escherichia coli 1.0 -  - - 

Psendomonas aeruginosa - -  1.0 0.5 

Psendomonas fluorecens 1.0 1.5  0.5 0.25 

Salmonella typhimurium 1.5 -  0.25 0.25 

Yeast 

Saccharomyces cerevisiae - -  - - 

- : No clear zone was formed. 
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Table 2. MIC of the two fractions of ethanol extract of leaf and stem from Sambucus pendula against 

tested microorganisms. 

 Samples 

MIC (mg/mL) 
Ether fraction  Ethyl acetate fraction 

Leaf Stem  Leaf Stem 

Gram(+) bacteria 

Bacillus cereus - 0.25  1.5 0.25 

Bacillus subtilis - -  - - 

Listeria monocytogenes  - 0.1  - 0.1 

Gram(-) bacteria 

Escherichia coli - -  - - 

Psendomonas aeruginosa - 0.25  1.5 0.25 

Psendomonas fluorecens - 0.1  1.5 0.1 

Salmonella typhimurium - 0.1  1.5 0.1 

Yeast 

Saccharomyces cerevisiae - -  - - 
- : No clear zone was formed. 

3.2. Antioxidant Activity 

The antioxidant activity of extracts is related to  the compounds capable of protecting a 

biological system against the potentially harmful effects of oxidative processes (Fernandez-

Agullo et al., 2013). The results are expressed as IC50, which defined as concentration of plant 

extract with 50% DPPH and ABTS free radical scavenging potential (Akhtar et al., 2018). The 

lower the IC50 value,  the higher the antioxidant activity. Free radicals are highly reactive and 

toxic substances that cause several health problems including cancer, diabetes, aging, 

cardiovascular disorders and liver cirrhosis (Khuda et al., 2021). The DPPH free radical 

scavenging activities of the extracts of the two Sambucus are shown in Table 3. The IC50 values 

of the leaf ethanol extracts from the two Sambucus were lower than those of ascorbic acid, the 

positive control. This result was in agreement with that reported in a previous study on the 

DPPH scavenging activity of Sambucus williamsii (Chae & Cho, 2012). In particular, DPPH 

scavenging activity was the highest in the leaf ethanol extract of Sambucus williamsii (IC50, 

0.18 ± 0.07 mg/mL).  

Table 3. DPPH free radical scavenging activity of solvent extracts of leaf and stem from Sambucus 

williamsii and Sambucus pendula. 

Samples 
DPPH free radical scavenging activity 

(IC50, mg/mL) 

Sambucus williamsii 

Leaf 
Ethanol 0.18 ± 0.07 

Hot water 1.60 ± 0.11 

Stem 
Ethanol 0.23 ± 0.05 

Hot water 1.16 ± 0.09 

Sambucus pendula 

Leaf 
Ethanol 0.21 ± 0.06 

Hot water 1.02 ± 0.07 

Stem 
Ethanol 2.25 ± 0.09  

Hot water 1.05 ± 0.05  

Ascorbic acid  0.27 ± 0.01 

Values are expressed as mean±SD (n=3). 

Table 4 shows ABTS radical scavenging activities of Sambucus williamsii and Sambucus 

pendula extracts. In general, the IC50 values of hot water extracts of the two plants were lower 

than those of ethanol extracts; in particular, the ABTS scavenging activity was found to be 

highest in the stem ethanol extract of Sambucus williamsii (IC50, 0.71 ± 0.01 mg/mL). 
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Rungruang et al. (2021) confirmed that the phenolic compound is the important molecule that 

can reduce ABTS via hydrogen atom transfer or electron donation. The IC50 values of ABTS 

in all the tested extracts displayed a different pattern of those of DPPH. The DPPH scavenging 

activities of all the tested extracts were better than those for the ABTS. It was shown that 

methanolic extracts of Sambucus ebulus had a better phenolic profile and this was reflected in 

their antioxidant activity (Barak et al., 2020). 

Table 4. ABTS radical scavenging activity of solvent extracts of leaf and stem from Sambucus williamsii 

and Sambucus pendula. 

Samples  
ABTS radical scavenging 

activity (IC50, mg/mL) 

Sambucus williamsii 

Leaf 
Ethanol 2.27 ± 0.08 

Hot water 1.63 ± 0.04 

Stem 
Ethanol 0.71 ± 0.01 

Hot water 1.23 ± 0.13 

Sambucus pendula  

Leaf 
Ethanol 2.11 ± 0.04 

Hot water 1.08 ± 0.07 

Stem 
Ethanol 6.24 ±0.12 

Hot water 1.99 ± 0.02 

Ascorbic acid 0.25 ± 0.01 

Values are expressed as mean±SD (n=3). 

 

Plant are known to have antimicrobial and antioxidant activities owing to the presence of 

polyphenols and flavonoids (Kumar et al., 2018). Our results showed that the total polyphenol 

content (TPC), expressed as Gallic acid equivalents (GAE) per  g dry weight (DW) of a sample, 

ranged from 681.6 ± 10.4 to 1,031.0 ± 11.5 mg Gallate/g DW in the ethanol extract of the two 

Sambucus and from 925.3 ± 19.6 to 1596.9 ± 24.7 mg Gallate/g DW in the hot water extract. 

The highest DPPH radical scavenging activity of the leaf ethanol and hot water extracts of 

Sambucus williamsii is associated with high TPC. The stem ethanol extract of Sambucus 

pendula, which had the lowest TPC, exhibited the weakest DPPH and ABTS scavenging 

activities (Table 5). Milena et al. (2019) showed that the 50% ethanol extract of Sambucus nigra 

had the highest content of bioactive compounds and exhibited very strong antioxidant activity in 

all applied assays. 

Table 5. Total polyphenol content of solvent extracts of leaf and stem from Sambucus williamsii and 

Sambucus pendula. 

Samples  
Total polyphenol content  

(mg Gallate/g DW) 

Sambucus williamsii 

Leaf 
Ethanol 1031.0±11.5 

Hot water 1596.9±24.7 

Stem 
Ethanol 833.5±12.1 

Hot water 1114.0±24.2 

Sambucus pendula 

Leaf 
Ethanol 904.5±18.5 

Hot water 1314.0±56.2 

Stem 
Ethanol 681.6±10.4 

Hot water 925.3±19.6 

Values are expressed as mean±SD (n=3). 
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Table 6. The total flavonoids content of solvent extracts of leaf and stem from Sambucus williamsii and 

Sambucus pendula. 

Samples  
Total flavonoid content 

(mg Quercetin/g DW) 

Sambucus williamsii 

Leaf 
Ethanol 388.7±5.8 

Hot water 388.7±90.2 

Stem 
Ethanol 42.0±0.0 

Hot water 42.0±5.1 

Sambucus pendula 

Leaf 
Ethanol 902.0±10.0 

Hot water 902.0±15.3 

Stem 
Ethanol 22.0±0.0 

Hot water 22.0±5.8  

Values are expressed as mean±SD (n=3). 

Some well-known compounds, such as flavonoids, have many important biological activities, 

including the ability to inhibit enzymes and have antioxidant, anti-inflammatory, antitumor, 

antithrombogenic, antiosteoporotic, and antimicrobial activities (Akhtar et al., 2018; Ding et al., 

2011). Total flavonoid content (TFC) was calculated as quercetin equivalents (y=0.0002x + 

0.0458, R2=0.9942). The ethanol and hot leaf water extracts of Sambucus pendula showed the 

highest TFC, with 902.0 mg Quercetin/g DW. In contrast, the stem ethanol and hot water extracts 

of Sambucus pendula contained 22.0 mg quercetin/g DW, showing the lowest TFC (Table 6). It 

has been reported that flavonoid compounds have a wide range of chemical and biological 

activities, and variations in their phytochemical contents depend on the season, geography, 

nutrient content of the environment, light density, photoperiod, and temperature (Omar et al., 

2018). 

4. CONCLUSION 

This is the first study to compare the antimicrobial and antioxidant activities of Sambucus 

williamsii, and Sambucus pendula extracts. The ethyl acetate fractions of the ethanol extracts 

from the two species showed more potent antibacterial activity than the ether fractions. Our 

results also showed that ethanol extracts of Sambucus williamsii  exhibited remarkable 

antioxidant activity, as determined by DPPH and ABTS radical scavenging assays. Total 

phenolic and flavonoid content  showed no clear association with antioxidant activity. The 

results obtained will be useful for further research, such as the identification of specific 

compounds responsible for the antibacterial or antioxidant activities. The extracts from the two 

Sambucus belonging to the Viburnaceae family have potential applications in the 

pharmaceutical and cosmeceutical industries. 
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