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Abstract: This study aimed to determine the total phenolic content of Oriental 

tobacco waste seeds, grown under organic production, and to evaluate their 

antioxidant activity by extraction with different solvents under different conditions. 

The extraction was performed with H2O, 99.9% CH3OH, 60% CH3OH, and 96% 

C2H5OH under maceration and ultrasonic extraction at 20°C and 40°C. All solvents 

were used in a volume of 4 mL, 5 mL, and 6 mL. The total phenolic content varied 

between 0.89 mg/g GAE (maceration; sample/solvent ratio 0.1g/5mL, C2H5OH) 

and 5.85 mg/g GAE (maceration; sample/solvent ratio 0.1g/6mL, C2H5OH). 

Ethanolic and 60% methanolic extracts had the highest antioxidant activity as 

determined by the DPPH method; 60% methanolic and water extracts had the 

highest antioxidant activity as determined by the ABTS method; while methanolic 

and 60% methanolic extracts had the highest antioxidant activity as determined by 

the FRAP method. In addition, the content of nicotine in tobacco seed extract was 

not detected. 

1. INTRODUCTION 

Tobacco (Nicotiana tabacum L.) is a plant from the genus Nicotiana, family Solanaceae, and 

its leaves are widely used for smoking, chewing, and sniffing. Nicotiana tabacum is cultivated 

as an economically important crop all over the world. In Bulgaria, tobacco is produced 

conventionally according to standard agro-technological practices for the respective variety. In 

2016, the Tobacco and Tobacco Products Institute at the Agricultural Academy in Sofia 

certified a biofield at the Experimental Tobacco Station Department - Gotse Delchev, where 

tobacco cultivation began under organic farming conditions. Organic production (farming) 

includes cultivation practices without the use of conventional techniques and plant protection 

preparations. This is a new worldwide direction that aims at achieving sustainable and 

ecological agricultural practices (Bozukov et al., 2019; Raei & Aghaei-Gharachorlou, 2015). 
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Tobacco plants produce extremely large quantities of seeds that can be collected per hectare 

area and may change depending on the place, the type of tobacco plant, and weather conditions. 

The quantity obtained, for example in Türkiye and Macedonia, is from 600 up to 2500 kg per 

hectare (Usta, 2005). Tobacco seed is also part of the tobacco cultivation process. Seeds are not 

collected as a commercial product; they are collected for cultivation (Usta et al., 2011). Tobacco 

seeds can be considered waste under certain circumstances, typically when they are no longer 

needed for cultivation and are discarded. Research into the quality of the tobacco seed by 

Tomov et al. (1983) shows a certain influence of the size of tobacco seeds on their sowing 

qualities. Seeds smaller than 0.5 mm were of reduced quality and were recommended as unfit 

for sowing. Kochev (2008) examined the aerodynamic characteristics of tobacco seeds, 

techniques, and principles of separation for granulation purposes and identified tobacco seeds 

smaller than 0.5 mm in size as waste. 

Tobacco seeds can give two main products, namely cake and oil. The former is rich in proteins 

(18 – 41%), amino acids (aspartic acid about 2%, glutamic acid 5 – 6%, arginine over 3% as 

well as serine, isoleucine, threonine, valine, and others not exceeding 2%), and fiber 11 – 12% 

(Abbas Ali et al., 2008; Frega et al., 1991; Rossi et al., 2013). On the other hand, the oil content 

of the seed is between 30% – 50%, rich in unsaturated fatty acids, sterols, and tocopherols 

(Popova et al., 2018; Zlatanov et al., 2007). Polyphenolic compounds such as gallic acid, 3,4-

dihydroxybenzoic acid, and catechin are also found in tobacco seeds (Özcan et al., 2023). Data 

on the content of rutin 0.22 – 0.64 mg/g and chlorogenic acid 0.98 – 2.66 mg/g was found in 

the literature for Virginia and Burley tobacco seeds. These compounds as secondary metabolites 

in tobacco seeds have been the subject of study regarding their synthesis as a result of abiotic 

factors. The phenolic acids of plant extracts can be determined as a total phenolic content 

(TPC). Plant phenolic compounds are normally soluble in polar organic solvents such as water, 

ether, chloroform, ethyl acetate, methanol, and ethanol. Methanol, ethanol, and water are mostly 

used for dissolving phenolics for analytical purposes from different parts of the plant (Alara et 

al., 2021). The extraction of phenols can be carried out by ultrasound under supercritical CO2 

extraction or microwave-assisted extraction (Banozic et al., 2020). The total phenolic content 

of tobacco seeds was reported to be 1.24 – 2.26 mg GAE/g when the polyphenols were extracted 

with CH3COCH3 and 1.20 – 1.44 mg GAE/g using 80% C2H5OH (Xie et al., 2011). Polyphenols 

are chemical substances with proven antioxidant properties (Kumar et al., 2023). 

There is little information about the antioxidant activity of extracts from tobacco seeds, 

especially for those grown under organic production and considered as waste products. In this 

regard, the scientific interest of the group is directed to determine the total phenolic content in 

tobacco seeds, considered as waste and grown under organic production. The scope is also to 

evaluate their antioxidant activity by extracting them with different solvents under different 

conditions. The aim of this study is therefore to investigate the total phenolic content and 

antioxidant activity of extracts obtained from tobacco waste seeds, grown under organic 

production. The data from this study will add to the information on the influence of organic 

production on the accumulation of phenolic compounds in tobacco seeds. Tobacco seeds do not 

contain nicotine, a toxic alkaloid with a high content in the tobacco leaves. The results obtained 

for the antioxidant activity of the compounds extracted from tobacco seeds can outline 

prospects for their use in the pharmaceutical and food industry as nicotine-free products with 

health benefits. 

2. MATERIAL and METHODS 

2.1. Samples 

Tobacco seeds from the Bulgarian oriental tobacco variety Krumovgrad 58 were used. The 

tobacco was grown under organic production conditions in a certified experimental field Gotse 

Delchev at the Tobacco and Tobacco Products Institute, Plovdiv, Bulgaria under “Technology 

for organic tobacco production” developed at the Institute of Tobacco and Tobacco Products 
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(Bozukov, 2018). The seeds were collected and mechanically fractionated with sieves with a 

diameter of 0.6 mm. Three fractions were separated according to the techniques and principles 

for separation for granulation purposes described by Kochev (2008) – over 0.6 mm, between 

0.5 – 0.6 mm, and under 0.5 mm. Seeds with a size under 0.5 mm were unsuitable for 

transplanting and considered as waste. The tobacco waste seeds (TWS – under 0.5 mm) were 

grounded and used for the preparation of extracts. 

2.2. Reagents 

2,2-diphenyl-1-picrylhydrazyl - DPPH (CAS No: 1898-66-4), 2,2'-azino-bis (3-ethyl-

benzothiazoline-6-sulfonic acid) - ABTS (CAS No: 30931-67-0), methanol (CAS No: 67-56-

1), Gallic acid (CAS No: 149-91-7), 6-hydroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic acid 

(Trolox), ethanol (CAS No: 64-17-5), sodium carbonate (CAS No: 497-19-8), hydrochloric 

acid (CAS No: 7647-01-0), 2,4,6-tripyridyl-s-triazine – TPTZ (CAS No: 3682-35-7), 2M Folin-

Ciocalteu`s phenol reagent were purchased from Sigma-Aldrich, USA. All chemicals and 

solvents were for HPLC grade.  

2.3. Equipment 

UV/VIS Spectrophotometer “Spectroquant Pharo 300” was equipped with a xenon flash lamp, 

a grating monochromator with a step motor with a wavelength range of 190 – 1000 nm ±1 nm 

accuracy. The photometric measurement was performed by a photodiode light sensor with a 

measuring range of A= -3.300 to A= +3.300 (Merck KGaA, Germany). Spectrophotometer was 

used for the determination of TPC and antioxidant activity by DPPH, ABTS, and FRAP 

methods. 

An automatic autoanalyzer (SEAL Analytical - AA3, Germany) was used for the 

determination of the content of total alkaloids as nicotine by 460 nm. AA3 is equipped with a 

multi-speed peristaltic pump and a digital photometer (24-bit high-resolution A/D converter, 

linear range 0-1.8 (ABS)), detection resolution: 0.1 ug/L, autosampler, and AACE software 

package.  

The ultrasonic bath “Elma Transsonic T 460/H” with a frequency of 460 H was used for 

ultrasonic extraction (Elma Schmidbauer GmbH, Germany). 

2.4. Methods 

2.4.1. Preparation of tobacco seed extracts (TSE) 

Samples from grounded TWS were weighed (0.1 g) on an analytical balance and placed into 

conical flasks for extraction. The extraction process was performed with four types of solvent 

– H2O, 99.9% CH3OH, 60% CH3OH, and 96% C2H5OH under different conditions – 

maceration for 24 h, ultrasound extraction for 20 min at 20oC, and ultrasound extraction for 20 

min at 40oC. All solvents were used in a volume of 4 mL, 5 mL, and 6 mL. The proportion of 

the sample-solvent ratio was based on the previous research of the study group on the method 

for the extraction of polyphenols from tobacco leaves (Docheva et al., 2018). The extracts were 

filtered: An aliquot of the extracts obtained was subjected to analysis for total phenolic content 

using the Folin–Ciocalteu method and antioxidant activity using the DPPH free radical 

scavenging method (DPPH method), ABTS radical scavenging method (ABTS method), and 

Ferric reducing antioxidant power assay (FRAP method).  

2.4.2. Determination of the content of total alkaloids as nicotine - Continuous-flow analysis 

method  

An extract of the TWS was prepared with 5% acetic acid and the total alkaloids (as nicotine) 

content of the extract was determined by reaction with sulphanilic acid and cyanogen chloride. 

Cyanogen chloride was generated in situ by the reaction of potassium cyanide and chloramine 

- T. The color developed was measured at 460 nm (ISO 15152:2003). 
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2.4.3. Determination of total phenolic content using the Folin-Ciocalteu method  

The amount of total phenols (TPC) was based on the Folin–Ciocalteu (FC) method (Singleton 

& Rossi, 1965) with some modification. 0.1 mL TSE, 6 mL H2O, and 0.5 mL 0.2 M Folin–

Ciocalteu reactive were placed into the test tube. After 4 min 3.4 mL 7.5% Na2CO3 was added. 

All the samples were stored in the dark for 2 hours and then were measured at 765 nm. The 

concentration of the phenolic compounds in the extracts was calculated using Gallic acid as 

standard, and the results were expressed as milligrams of Gallic acid equivalents per gram 

extract (mg GAE/g). 

2.4.4. DPPH free radical scavenging method (DPPH) 

The DPPH radical (2,2-diphenyl-1-picrylhydrazyl) scavenging activity was carried out as 

reported by Docheva et al. (2014). A solution of DPPH• reagent was prepared daily with a 

concentration of 0.12 mM (0.0048 g DPPH• was dissolved in 100 mL CH3OH). Two mL from 

the DPPH solution was placed in a vessel and 2 mL of TSE was added. The mixtures were 

placed in the dark for 30 min at room temperature. The absorbance was measured at 515 nm 

using a spectrophotometer. The results were presented as Trolox equivalents per gram extract 

(mM TE/g).  

2.4.5. ABTS radical scavenging method (ABTS) 

The ABTS (2,2´-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) free radical scavenging 

activity was determined by the method previously reported by Kirkova et al. (2020). ABTS 

radical cation (ABTS•+) was produced by reaction between 7 mM ABTS in water and 2.45 mM 

K2S2O8 in water, stored in the dark at room temperature for 12–16 h. ABTS•+ solution was 

diluted with CH3OH to an absorbance of 0.70±0.02 at 734 nm. The mixture of ABTS•+ and TSE 

(1:9 v/v) was placed in a vessel in the dark at room temperature and after 10 min absorbance 

was measured at 734 nm. The results were presented as Trolox equivalents per gram extract 

(mM TE/g). 

2.4.6. Ferric reducing antioxidant power method (FRAP)  

The method is based on the reduction of the ferric tripyridyl-s-triazine complex (Fe 3+ TPTZ) 

to a ferro-form (Fe 2+ TPTZ), which has an intense blue color with an absorption maximum of 

593 nm. The FRAP assay was conducted according to the original method reported by Benzie 

and Strain (1966) and modified by Docheva et al. (2020). FRAP reagent was prepared by 0.3 

M acetate buffer (pH 3.6), ferric chloride dissolved in water, and 0.0312 g TPTZ dissolved in 

10 mL 0.04 M HCl mixing in ratio 10:1:1 v/v/v. For the assay 0.05 mL TSE, 0.15 mL distilled 

water, and 1.5 mL FRAP reagent were mixed. Blue color became visible and after 15 min in 

the dark, the absorbance of the sample was measured at 593 nm. The results were presented as 

Trolox equivalents per gram extract (mM TE/g). 

2.4.7. Calculation of relative antioxidant activity index (RACI)  

The RACI is the mean value of the standard scores transformed from the initial data generated 

by different methods, with no unit limitation and no variance between methods. The following 

equitation analyzed the relative antioxidant capacity index (RACI): 

RACI =
𝑥 − µ

𝜎
 

Where x – represents the raw data, µ – the mean value, σ – the standard deviation of the 

assays (Gorjanovic´ et al., 2013). 

2.4.8. Statistics 

All experimental procedures were done in triplicate. The quantitative data were expressed as 

mean ± standard deviation (SD). Samples were divided into three groups: maceration, 

ultrasound 20оС, and ultrasound 40оС while One-way ANOVA and Duncan`s test were 

employed to identify differences in the means of each group. Statistics were analyzed using 
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IBM SPSS Statistics (version 25, IBM Corp.) and significance was declared at p˂0.05. 

Correlation was performed using MS Excel Correlation Data Analysis. 

3. RESULTS  

3.1. Total Phenolic Content (TPC)  

The TPC in TSE, prepared by different solvents under maceration with different sample/solvent 

ratios, is presented in Table 1. The highest TPC was achieved in TSE with maceration, obtained 

by C2H5OH, ratio 0.1 g/6 mL (5.85±0.63 mg/g GAE) and followed by extract, obtained by 60% 

CH3OH, ratio 0.1 g/5 mL (2.34±0.28 mg/g GAE). The lowest TPC was reported for extraction 

with C2H5OH, ratio 0.1 g/4 mL (0.80±0.11 mg/g GAE). There wasn`t a significant difference 

in the TPC of the TSE with CH3OH between the sample/solvent ratios. 

Under ultrasound extraction at 20оС for 20 min, the TPC varied between 0.96±0.09 mg/g 

GAE (0.1 g/4 mL H2O) and 2.12±0.68 mg/g GAE (0.1 g/ 4 mL 60% CH3OH). It is noteworthy 

that the TPC in TSE was higher when the extraction was in the ratio 0.1g/4 mL and 0.1g/5 mL 

solvent CH3OH, 60% CH3OH, and C2H5OH, compared to the sample/solvent ratio 0.1g/6 mL. 

The highest TPC in TSE obtained by ultrasound extraction at 40оС in sample/solvent ratio 0.1 

g/5 mL 60% CH3OH (2.71±1.06 mg/g GAE) and 0.1 g/4 mL 60% CH3OH (2.62±0.55 mg/g 

GAE) was reported. There were differences in the TPC in TSE, obtained by ultrasonic 

extraction at 20оС and 40оС. TPC obtained with CH3OH and 60% CH3OH was higher as the 

temperature rose. Generally, 60% CH3OH extracted the largest amount of total phenols in all 

the extraction methods described. 

Table 1. Total phenolic content (TPC, mg/g GAE) in tobacco waste seed extracts obtained with different 

solvents and conditions. 

  Extraction Solvent 
Sample/solvent ratios 

0.1g/4 mL 0.1g/5 mL 0.1g/6 mL 

 

 

 

 

 

 

TPC, 

mg/g GAE 

 

Maceration/24 h  

H2O 

CH3OH 

60% CH3OH 

C2H5OH  

0.98±0.32ab 

1.11±0.20abc 

1.12±0.35abc 

0.80±0.11a 

1.46±0.43bc 

1.36±0.26abc 

2.34±0.28d 

0.89±0.08ab 

0.94±0.03ab 

1.06±0.13abc 

1.56±0.10c 

5.85±0.63e 

 

Ultrasound 

20°C/20 min 

H2O 

CH3OH 

60% CH3OH 

C2H5OH  

0.96±0.09а 

1.48±0.11аbc 

2.12±0.68c 

1.96±0.56bc 

1.12±0.20a 

1.72±0.34abc 

1.32±0.26ab 

1.09±0.36a 

1.02±0.09a 

1.16±0.39ab 

1.18±0.16ab 

1.05±0.10a 

 

Ultrasound 

40°C/20 min 

H2O 

CH3OH 

60% CH3OH 

C2H5OH 

1.00±0.09a 

1.14±0.24a 

2.62±0.55b 

1.06±0.01a 

1.31±0.49a 

1.39±0.23a 

2.71±1.06b 

1.09±0.54a 

1.19±0.04a 

2.02±1.05ab 

1.31±0.10a 

1.52±0.51a 

Note: aValues marked by the same letter in the same row and in one group (Maceration, Ultrasonic 20°C and Ultrasonic 40°C 

are not significantly different (p<0.05), n = 3. 

3.2. Antioxidant Activity (AO) 

The AO activity of TWS extracts was determined using the DPPH-assay, ABTS-assay, and 

FRAP-assay.  

3.2.1. DPPH assay 

The antioxidant activity of the TSE was analyzed with the DPPH assay for the three of the 

solvents (60% CH3OH, CH3OH, and C2H5OH). The radical scavenging activity of extracts, 

obtained under maceration, varied between 1.86 ±0.12 mM TE/g (0.1 g/4 mL CH3OH) and 

13.94±0.30 mM TE/g (0.1 g/6 mL C2H5OH) (Table 2). The maceration method obtained the 

highest antioxidant activity with C2H5OH as a solvent. The results for methanolic extracts did 
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not depend on the sample/solvent ratio. This ratio affected the extracts obtained by 60% CH3OH 

as a solvent.  

Radical scavenging activity for the extracts, obtained by ultrasound at 20oC, varied between 

1.07±0.80 mM TE/g (0.1 g/4 mL CH3OH) and 8.49±0.32 mM TE/g (0.1 g/6 mL 60% CH3OH), 

while at 40oC - between 1.25±0.10 mM TE/g (0.1 g/4 mL CH3OH) and 10.83±0.44 mM TE/g 

(0.1 g/6 mL C2H5OH). The extracts, obtained with 60% CH3OH and C2H5OH, had higher 

antioxidant activity, determined by the DPPH method, compared to the CH3OH. Methanolic 

extracts showed between 3- and 4 times lower antioxidant activity (an average of 2.14 mM 

TE/g) compared to other extracts (an average of 9.22 mM TE/g). 60% CH3OH used for 

extraction with ultrasound at 20oC was the most effective based on the results. It is noteworthy 

that the radical-scavenging activity of extracts, obtained under maceration, had a higher activity 

than those obtained by ultrasound extraction despite the lower content of phenolic acids. The 

values for ultrasound extraction at 40oC, 0.1g/6 mL sample/solvent ratio are higher than those 

for ultrasound extraction at 20oC and are close to the obtained with maceration. 

Table 2. Antioxidant activity of tobacco seed extracts, determined by the DPPH method, obtained with 

different solvents and conditions. 

 Extraction Solvent 
Sample/solvent ratios 

0.1g/4 mL 0.1g/5 mL 0.1g/6 mL 

DPPH,  

mM TE/g 

 

Maceration/24 h 

 

 

 

Ultrasound 

20°C/20 min 

 

 

Ultrasound 

40°C/20 min 

CH3OH 

60% CH3OH 

C2H5OH 

 

CH3OH 

60% CH3OH 

C2H5OH 

 

CH3OH 

60% CH3OH 

C2H5OH 

1.86±0.12a 

7.26±0.43c 

6.19±0.76b 

 

1.07±0.80a 

6.09±0.83cd 

5.83±0.99cd 

 

1.25±0.10a 

3.92±0.89ab 

3.39±0.26ab 

2.16±0.05a 

8.71±0.53d 

8.96±1.29d 

 

2.40±0.87ab 

6.58±0.40d 

4.87±1.03c 

 

2.01±0.45ab 

5.64±0.40b 

5.33±0.57b 

2.41±0.08a 

10.23±0.45e 

13.94±0.30f 

 

2.10±0.44ab 

8.49±0.32e 

2.7±0.83b 

 

2.11±0.04ab 

9.48±0.99c 

10.83±0.44c 

Note: aValues marked by the same letter in the same row and in one group (Maceration, Ultrasonic 20°C and Ultrasonic 40°C 

are not significantly different (p<0.05), n = 3. 

3.2.2. ABTS assay 

Another stable free radical cation, ABTS, was used to evaluate the antioxidant activity of TSE. 

The results were analyzed based on the influence of the extraction method on the same principle 

as the DPPH assay. The highest antioxidant activity under maceration, determined by ABTS 

assay, was reported in the extracts, obtained by H2O and 60% CH3OH (Table 3). The 

antioxidant activity in H2O TSE varied between 3.82±2.85 mM TE/g (0.1 g/5 mL) and 

6.16±1.55 mM TE/g (0.1 g/6 mL), while in 60% CH3OH extracts it varied between 5.13±0.44 

mM TE/g (0.1 g/6 mL) and 5.97±0.42 mM TE/g (0.1 g/5 mL). The antioxidant activity for 

ethanolic and methanolic extracts was less than 1.22±0.37 mM TE/g as the lowest antioxidant 

activity was reported in ethanolic extracts. 

Antioxidant activity of TSE, obtained by ultrasound extraction at 20oC and 40oC for 20 min, 

varied between 0.98±0.47 mM TE/g 0.1g/4 mL CH3OH and 6.03±1.16 mMTE/g 0.1g/4 mL 

60% CH3OH (Table 3). The antioxidant activity with ultrasound 20oC performed with 60% 

CH3OH depends on the sample/solvent ratio, and the highest result was achieved with 0.1g/4 

mL. The ultrasound extraction with H2O did not depend on the temperature and the results were 

close to high, between 4.32±0.36 and 5.57±1.29 mM TE/g for ultrasound 20oC and 4.89±0.34 

- 5.01±0.04 mM TE/g for ultrasound 40oC.  

The highest antioxidant activity, determined by the ABTS method by maceration and 

ultrasonic extraction, was reported in the extraction with 60% CH3OH and H2O, and lower for 

CH3OH and C2H5OH (Table 3). 
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Table 3. Antioxidant activity of tobacco seed extracts, determined by ABTS method, obtained with 

different solvents and conditions. 

 Extraction Solvent 
Sample/solvent ratios 

0.1g/4 mL 0.1g/5 mL 0.1/6 mL 

 

 

 

 

 

 

ABTS,  

mM TE/g 

 

 

Maceration/24 h 

H2O 

CH3OH 

60% CH3OH 

C2H5OH 

5.21±0.53bc 

1.13±0.22a 

5.17±0.61bc 

1.22±0.62a 

3.82±2.85b 

1.22±0.37a 

5.97±0.42c 

0.20±0.32a 

6.16±1.55c 

1.15±0.15a 

5.13±0.44bc 

0.15±0.29a 

 

Ultrasound 

20°C/20 min 

H2O 

CH3OH 

60% CH3OH 

C2H5OH 

4.85±0.28cd 

0.98±0.47a 

6.03±1.16d 

1.46±0.60ab 

5.57±1.29cd 

1.43±1.42ab 

5.15±0.88cd 

3.32±0.25abc 

4.32±0.36cd 

1.15±0.48a 

3.84±0.37bcd 

1.41±1.16ab 

 

Ultrasound 

40°C/20 min 

H2O 

CH3OH 

60% CH3OH 

C2H5OH 

4.89±0.34bc 

1.59±0.42a 

5.99±1.18c 

3.13±2.32ab 

5.01±0.04bc 

1.02±0.42a 

4.96±0.26bc 

1.32±0.59a 

4.95±2.05bc 

1.27±0.37a 

5.45±1.30c 

1.68±1.45a 

Note: aValues marked by the same letter in the same row and in one group (Maceration, Ultrasonic 20°C and Ultrasonic 40°C 

are not significantly different (p<0.05), n = 3. 

3.2.3. FRAP assay 

The antioxidant activity of TSE, obtained by different sample/solvent ratios (H2O, CH3OH, 

60% CH3OH, and C2H5OH) under different extraction conditions by the FRAP method, is 

presented in Table 4. The antioxidant activity determined by FRAP-assay varied between 

2.07±0.14 mM TE/g, (0.1g/4 mL C2H5OH) by maceration and 7.60±0.53 mM TE/g (0.1g/4 mL 

60% CH3OH) by ultrasound extraction at 40oC. The extracts, obtained upon maceration and 

ultrasound extraction by CH3OH and 60% CH3OH, had slightly higher antioxidant activity, 

compared to the C2H5OH and H2O extracts (Table 4). Solvent/sample ratios 0.1 g/4 mL and 0.1 

g/5 mL ultrasound extraction at 20oC and 40oC represent better results with CH3OH and 60% 

CH3OH than 0.1 g/6 mL. The results obtained with H2O by maceration represent significantly 

different results in 0.1 g/6 mL sample/solvent ratio, close to that obtained with ultrasound 

extraction at 20oC. 

Table 4. Antioxidant activity of tobacco seed extracts, determined by method, obtained with different 

solvents and conditions.  

 Extraction Solvent 
Sample/solvent ratios 

0.1g/4 mL 0.1g/5 mL 0.1g/6 mL 

 

 

 

 

 

 

FRAP, 

mM TE/g 

 

Maceration/24h 

H2O 

CH3OH 

60% CH3OH 

C2H5OH 

2.98±0.36abc 3.14±0.25abc 4.58±1.67bcd 

5.13±2.24cd 4.41±0.63abcd 6.26±3.10de 

7.49±1.22e 7.53±1.65e 5.08±0.68cd 

2.07±0.14a 2.41±0.22ab 2.46±0.11ab 

 

Ultrasound 

20°C/20 min 

H2O 3.33±0.40a 4.43±0.72abcd 4.33±0.07abcd 

CH3OH 5.93±1.81cd 5.69±0.88bcd 3.99±1.35ab 

60% CH3OH 5.46±0.27bcd 6.02±1.78d 4.47±0.14abcd 

C2H5OH 4.14±0.53abc 3.07±0.16a 3.34±0.14a 

 

Ultrasound  

40°C/20 min 

H2O 3.61±0.09a 3.96±0.17ab 3.65±0.83a 

CH3OH 6.60±0.48bc 5.48±2.36b 5.26±2.66b 

60% CH3OH 7.60±0.53c 7.19±1.39c 5.07±0.82b 

C2H5OH 3.95±1.01ab 4.98±0.31b 4.73±1.37b 

Note: aValues marked by the same letter in the same row and in one group (Maceration, Ultrasonic 20°C and Ultrasonic 40°C 

are not significantly different (p<0.05), n = 3. 

3.3. Correlation Between TPC and AO Activity  

The correlation between TPC and the antioxidant activity of extracts, obtained by the same 

extragents, is presented in Table 5. Table 5 shows that there were weak correlations between 
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TPC and antioxidant activity. The highest correlation between DPPH assay and TPC was 

reported in extracts, obtained by C2H5OH – R2=0.5468, followed by DPPH assay and TPC was 

reported in extracts, obtained by 60 % CH3OH - R2=0.3409. The correlation between the 

antioxidant activity by ABTS-assay and the TPC was not observed. The highest correlation was 

established in H2O extracts (R2=0.3124). The correlation between FRAP-assay and TPC was 

not observed, similar to the DPPH and ABTS-assay. R2 varied between R2=0.0021 (CH3OH) 

and R2=0.3238 (60% CH3OH). 

Table 5. Linear regression between total phenolic content (mg/g GAE) and antioxidant capacity 

by DPPH assay, ABTS assay, and FRAP assay. 

Method Solvent 

 H2O CH3OH 60% CH3OH C2H5OH 

DPPH 

ABTS 

FRAP 

- 
0.0223 

0.0106 

0.0021 

0.3409 

0.2863 

0.3238 

0.5468 

0.2193 

0.1743 
0.3124 

0.0505 

3.4. Evaluation of Relative Antioxidant Capacity Index (RACI) 

To achieve a more reliable comparison between the TSE and Relative Antioxidant Capacity 

Index (RACI) was determined. As can be seen in Figure 1, the highest values for RACI (4.62) 

were observed in the extracts, obtained by maceration 0.1g /4 mL CH3OH and 60% CH3OH 

and by ultrasound extraction at 20oC, 0.1g /4 mL CH3OH. Aqueous extracts had the lowest 

RACI values because they were studied only by the ABTS and FRAP assays. For extraction 

under maceration, the RACI value for water extracts was 1.41, while extraction by ultrasound 

was twice as high – 2.12. The remaining extracts occupy intermediate values of the RACI value 

– 3.32. It is noteworthy that there was no difference in the RACI coefficient, or in the total 

antioxidant activity of the extracts obtained by the different extraction methods. 

 

Figure 1. Relative antioxidant capacity index (RACI) of tobacco seed extract. 

4. DISCUSSION and CONCLUSION 

The results of the study expressed data on the total phenolic content of the TWS and the 

antioxidant activity of the TSE obtained from the TWS. The Post Host Test (Duncan`s test) was 

provided to check the differences between the mean values obtained for each of the analyzed 

extracts in the group and to determine the statistical similarity between them. The expected 

result is organic production to imply higher levels of synthesized secondary metabolites such 

as polyphenolic compounds as it is based on the biological defense of plants against harmful 

environmental factors. Phenolic acids are health-beneficial compounds, bioactive components 
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that are capable of delaying or inhibiting the oxidation processes that occur under the influence 

of atmospheric oxygen or reactive oxygen species (Rodgman & Perfetti, 2013). The phenolic 

acids of plant extracts can be determined as a total phenolic content (TPC). Xie et al. (2011) 

reported the total phenolic content of tobacco seeds to be 1.24 – 2.26 mg GAE/g when 

polyphenols were extracted with acetone and 1.20 – 1.44 mg GAE/g using 80% ethanol. The 

solvents used in the present scientific study showed better results than those reported in the 

literature (Table 1). The higher results obtained for TPC could be a result of the organic 

production of the tobacco seeds, considering that polyphenol synthesis depends on the growing 

conditions and is a response to the abiotic and biotic stresses (Corso et al., 2020). Generally, 

60% CH3OH extracted the higher amount of total phenols in all the three described extraction 

methods in the study. The results agree with other investigators, which concluded that the 

highest yield of phenolics from different tobacco plants was observed with extraction with 60% 

CH3OH (Dagnon & Edreva, 2003; Docheva et al., 2014; Sun et al., 2015). On the other hand, 

the content of phenolic acids in Bulgarian oriental tobaccos Krumovgrad 988 and Krumovgrad 

90 were 6.38 mg/g and 8.04 mg/g respectively (Docheva et al., 2014). Comparing the content 

of TPC in tobacco leaf extracts with that in TSE, it can be concluded that tobacco seed extracts 

have 5 – 6 times lower content of phenolic compounds. The TSE was also analyzed for nicotine 

content. The result was negative, which is an advantage over the extracts obtained from the 

leaves. There is a similarity between the values obtained for TPC in TSE to that of aqueous 

extracts, obtained from medicinal plants. Research on water extracts of seven medicinal plants 

used in phytotherapy (wild yams, dandelion, leuzea, asparagus, Benedectine thistle, cotton 

thistle, and sarsaparilla) shows that the total phenols were between 0.87 mg GAE/g and 7.16 

mg GAE/g (Angelova & Petkova, 2019). Tobacco plants are also known as medical plants and 

further analyses for individual polyphenol composition will be needed for better comparison. 

The antioxidant activity of the TSE was analyzed with three methods, namely DPPH, ABTS, 

and FRAP methods. These methods were chosen, because they are rapid, robust, and accurate 

for systematically assessing the total antioxidant capacity of extracts from plant materials on a 

large scale (Piluzza & Bullitta, 2011). The combination of the DPPH and ABTS methods allows 

a more complete characterization of the antioxidant properties of the TSE due to the different 

mechanisms of elimination of ABTS•+ and DPPH•, while the FRAP method determines the 

ability of the substances in the TSE to reduce Fe+3 to Fe+2.  

The highest antioxidant activity was recorded in the DPPH method, followed by the АBTS-

method and the FRAP method. The DPPH assay is one of the widely used methods and, together 

with the ABTS assay, is commonly used to measure the total antioxidant activity of various 

biological samples by measuring radical scavenging through electron donation (Birasuren et 

al., 2013). The results for DPPH and ABTS methods (Tables 2 and 3) agreed with the data 

reported by Xie et al. (2011), who reported the antioxidant activity of extracts from tobacco 

seed flour from Maryland variety by the following methods: DPPH radical scavenging capacity 

(RDSC) of extracts of seed flour 2.65 – 4.27 µmol Te/g; radical cation ABTS•+ scavenging 

capacity – 3.42 – 6.89 µmol Te/g; and oxygen radical absorbance capacity (ORAC) – 44 – 74 

µmol Te/g. Comparability was observed between antioxidant activity in the extracts, 

investigated by the DPPH method and the ABTS method with CH3OH solvent. The antioxidant 

activity of the C2H5OH extracts and 60% CH3OH extracts was shown to be lower in the ABTS 

method compared to the DPPH method. Sargi et al. (2013) reported similar relation that the 

extracts of golden flax (3.38 ±0.09 Mmol TEAC g-1), brown flax (3.70 ±0.09 Mmol TEAC g-1) 

had higher antioxidant activity (ABTS assay) than the results obtained with the same extracts 

with the DPPH method (golden flax 1.16 ±0.04 Mmol TEAC g-1; brown flax 1.56 ±0.01 Mmol 

TEAC g-1). 

FRAP assay is commonly used to study the antioxidant capacity of plant materials. Among 

the transition metals, iron is known as the most important lipid oxidation pro-oxidant due to its 

high reactivity. The simple and reliable FRAP assay measures the reducing potential of an 



Stoyanova et al.,                                                                                                Int. J. Sec. Metabolite, Vol. 11, No. 3, (2024) pp. 408-420 

417 

antioxidant reacting with a ferric-TPTZ (Fe(III)-TPTZ) complex and producing a colored 

ferrous-TPTZ (Fe(II)-TPTZ) complex by a reductant at a low pH (Munteanu & Apetrei, 2021). 

The extracts, obtained by maceration with CH3OH and C2H5OH, had higher antioxidant activity 

with the FRAP assay compared to the ABTS assay, while ethanolic extracts had lower 

antioxidant activity compared to the DPPH assay. The antioxidant activity of TSE is higher 

compared to the extracts of seeds, rich in Omega-3 – Chia (2.86 ± 0.10 Mmol TEAC g-1), golden 

flax (0.33 ± 0.10 Mmol TEAC g-1), brown flax (0.76 ± 0.01 Mmol TEAC g-1), white perilla 

(4.01 ± 0.29 Mmol TEAC g-1), and brown perilla (5.24± 0.09 Mmol TEAC g-1), investigated 

by FRAP-assay (Sargi et al., 2013). 

The results obtained for the correlation between TPC and AO activity (Table 5) can be 

discussed with different qualitative and quantitative compositions in the extracts that suppress 

or enhance the antioxidant activity. The results obtained by Docheva et al. (2020) for tobacco 

extracts are similar; the researcher concluded that there were some other chemical components 

in the tobacco extracts, other than phenolics, which were variety-dependent and influenced the 

DPPH radical scavenging activity. Youn et al. (2019) established a weaker correlation between 

the FRAP value and the concentrations of TPC in extracts, obtained from Dendropanax 

morbifera LEV., while Angelova and Petkova (2019) found a positive linear correlation 

between TPC and antioxidant activity (DPPH and FRAP) – R> 0.9 of 7 extracts of medicinal 

plants.  

Figure 1 reveals that the RACI values of all TSE are positive, which indicates that the 

extracts have a high relative antioxidant capacity. The results for RACI value in the present 

study are higher than those reported for nettle leaf extracts - RACI value between −1.589 and 

+1.108 reported (Knežević et al., 2019).  

A comparison between the AO activity of the TSE and extracts from tobacco leaves shows 

that the antioxidant activity of TSE was almost 10 times lower. Docheva et al. (2020) 

established that the antioxidant activity of tobacco extracts, obtained by 60% CH3OH varied 

between 76.50±7.12 mMFe2+/g (Myumunovo seme) and 46.66±4.23 mMFe2+/g (Djebel basma 

1). The difference in antioxidant activity between ethanolic seed extracts and ethanolic leaf 

tobacco extracts (between 7.89±0.85 mMFe2+/g DM – Djebel basma 1 and 17.14±1.72 

mMFe2+/g DM Myumunovo seme) was even more than 10 times greater.  

The total result for antioxidant activity is a prerequisite for further studies using other 

methods. The paucity of published information on the content of polyphenols in tobacco seeds 

and their antioxidant activity gives scope for future scientific research in the field of utilization 

of this type of source. In conclusion, the study extended the information on the accumulation 

of phenolic compounds in tobacco seeds and the antioxidant activity of extracts derived from 

them. Maceration with 60% CH3OH as a solvent could be an appropriate method for obtaining 

polyphenolic extracts from tobacco waste seeds, with antioxidant activity. Further studies will 

be necessary to expand the knowledge of the influence of organic production on the 

accumulation of polyphenolic compounds. Based on the research carried out, tobacco seeds 

offer the opportunity to obtain extracts of polyphenolic compounds suitable for potential 

applications in the pharmaceutical and food industries and the possibility of utilizing tobacco 

waste seeds.  
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Abstract: Endophytic bacteria, which are the subject of this study, serve as natural 
antifungal agents in the struggle against fungal infections, offering an eco-friendly 

alternative to chemical fungicides. So, it was aimed to determine the antifungal 

capacities of endophytic bacteria from Aronia ×prunifolia roots in the study. 25 

endophytic bacteria were isolated, and their ability to act as biocontrol agents was 

evaluated by measuring fungal growth inhibition and chemical properties. Later, 

bacteria that showed a positive effect were identified through 16S gene sequencing. 

The results showed that the LB2 bacteria had the greatest ability to inhibit the 

selected fungi and the biochemical tests showed that the bacteria were Gram-

negative, did not form spores, their colonies were well defined, and they could 

break down starch and gelatin, which was later diagnosed as Pseudomonas 

brassicacearum according to phylogenetic relationships. This study is the first 

report on which P. brassicacearum was isolated from A. ×prunifolia roots for the 
first time. These findings contribute to our understanding of the potential of 

endophytic bacteria, particularly P. brassicacearum, as natural antifungal agents in 

plant and human protection, offering a promising and sustainable approach to 

combat fungal infections while reducing the use of chemical fungicides. 

1. INTRODUCTION 

The fungal kingdom is believed to have 1.5 million species on our planet; of around 100,000 

known fungal species, 400 have been recognized as pathogens to humans, animals and plants. 

Synthetic substances, such as antifungal medicines and fungicides, are commonly used to avoid 

the detrimental effects of fungus on human health and agriculture (Alsohiby et al., 2016; Yang 

et al., 2016). Isolating novel molecules from biological resources has attracted much interest 

due to the demand for safe and efficient antifungal treatments. 

To maximize the likelihood of finding new antifungals, there is a continuous global search 

for new bacterial populations since the synthesis of antifungal metabolites in bacteria is highly 

dependent on strain and species. Recently, the use of microorganisms as a source of bioactive 

chemicals has attracted the attention of researchers (Anand et al., 2023). In environments that 

support the growth of a mixed bacterial and fungus flora, antifungal activity is a relatively 
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common characteristic of bacteria that offers an ecological benefit (Santra & Banerjee, 2023). 

Endophytic bacteria can be isolated from plant tissues infected on their surface or from inside 

plants without endangering the host plants (Naranjo et al., 2023). 

The potential of endophytic bacteria as biological control agents is quite promising. Berg 

and Hallmann (2006) found that a significant portion of the naturally occurring endophytic 

bacteria in plant roots had the ability to fight against fungal infections. This finding has 

implications for developing therapeutic antifungal drugs and creating plant protection 

chemicals (Boonman et al., 2023). A single plant may have many distinct bacterial endophyte 

species (Zinniel et al., 2002). Recent studies on plant endophytic bacteria have focused on their 

roles in plant nutrition (Cipriano et al., 2021; Rana et al., 2021; Adeleke & Babalola, 2022); 

pollutant catabolism (Siciliano et al., 2001); stress or defense responses (Cho et al., 2002); and 

invading pathogens (Sturz, 1999). Many endophytes have antifungal activity against fungi such 

as Fusarium oxysporum and Rhizoctonia solani on cotton (Chen et al., 1995), Verticillium 

dahliae and Rhizoctonia solani on potato (Berg et al., 2005), Sclerotium rolfsii on beans 

(Mahaffee & Kloepper, 1997), Verticillium longisporum on Brassica napus (Granér et al., 

2003), and Rhizoctonia solani, Fusarium oxysporum, and Phythium ultimunn in balloon flower 

(Cho et al., 2002). 

Aronia ×prunifolia (purple chokeberry) is native to North America and may be grown well 

in Europe and Asia (Szopa et al., 2017; Kulling & Rawel, 2008). Thus far, fruit extracts have 

been the subject of phytochemical studies that have revealed the presence of flavonoids, 

anthocyanins, proanthocyanidins, polyphenols, and hydroxycinnamic acids (Celka & 

Szkudlarz, 2010; Taheri et al., 2013; Szopa et al., 2017). Endophytic gram-negative bacteria 

like Pseudomonas sp. have been extensively studied as biological control agents in terms of the 

synthesis of antibiotic metabolites (Nielsen et al., 2002). Endophytic pseudomonads quickly 

and violently infiltrate the root system, preventing harmful bacteria from growing, promoting 

plant development, and increasing agricultural output (Singh et al., 2021). 

This is the first report to determine the capacity of endophytic bacteria from A. ×prunifolia 

root to suppress pathogenic fungi. This study aimed to assess the antagonistic endophyte 

Pseudomonas brassicacearum's capacity to control and produce bioactive extracellular 

compounds against the phytopathogenic R. solani and the two clinically important T. rubrum 

and F. solani. 

2. MATERIAL and METHODS 

2.1. Plant Material 

The A. ×prunifolia plant was obtained from the Department of Biology, Faculty of Science, 

Ondokuz Mayis University, Samsun, Turkey. 

2.2. Fungal Culture and Growth Maintenance 

The virulent strains of R. solani, T. rubrum and F. solani responsible for human and plant 

diseases, were used. The strains were obtained from Ondokuz Mayis University, Department 

of Biology, Samsun, Türkiye. On potato dextrose agar (PDA) plates, the fungi were cultivated 

and incubated at 27 ± 2 °C for five days. For later usage, the fungal cultures were kept in PDA 

slants at 4 °C. 

2.3. Endophytic Bacterial Isolation, Purification, and Culturing 

To eliminate soil and dust, the root samples were washed in running tap water and then washed 

again with double-distilled water before processing. Surface sterilization was then carried out 

using laminar airflow. Surface sterilization is a vital step for getting rid of surface germs. Plant 

tissue was washed with 70% ethanol for 5 minutes, then with 2% sodium hypochlorite for 10 

minutes, and then three times with sterile water. After being cleaned, plant samples were 

immersed for 15 minutes in a 10% sodium hydrogen carbonate (NaHCO3) solution to disrupt 

and prevent endophytic fungal development (Cao et al., 2005). Afterward, tiny pieces of root 
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(0.5-1.0 cm) were cut, dried aseptically, and then plated on Nutrient agar (NA) which was then 

incubated at 27 ± 2 °C for 48 h for maximum recovery of bacterial colonies. Uncut, surface-

disinfected root sections and uninfected parts were used as controls and incubated on the same 

medium. There was no growth on the control plate, there was no epiphytic contamination. To 

obtain bacterial isolates, physically different bacterial colonies on agar plates were chosen and 

repeatedly streaked after 48 hours. All purified bacterial isolates were kept at 4 °C after being 

subcultured on NA slants. 

2.4. Phenotypic Identification 

The biochemical and physiological characterization of selected bacteria was done using Berge's 

Manual of Systematic Bacteriology (Safaa & Qaysi, 2016). In addition to biochemical tests, 

phenotypic characteristics such as form, size, margin, surface, elevation, color, pigmentation, 

and Gram staining were used to define bacterial isolates. Known biochemical and physiological 

procedures, including the catalase test (3% H2O2), the oxidase reaction (Kovacs method), and 

the production of diffusible pigments, were used for the latter. Starch hydrolysis was finished 

by culture isolation on Starch nitrate agar media, and carbohydrate fermentation was carried 

out, in addition, using a medium containing specific carbohydrate sources (sucrose, glucose, 

lactose, mannitol, maltose, and rhamnose). After 24 hours of incubation at 37 °C, the plate was 

covered with iodine, and a definite zone enclosing the growth of colonies on the medium plate 

was found. When performing gelatin hydrolysis utilizing nutritional agar puncture tubes, 

liquefaction of the gelatin was seen after being inoculated with test bacteria (Sneath, 1992). 

2.5. Molecular Identification 

With slight modifications, Pascual's (2000) CTAB (cetyltrimethyl ammonium bromide) 

technique was used to extract DNA from fungal mycelia. The isolated samples' bacterial DNA 

was amplified using universal primers for 16S rDNA. According to Heuer et al. (1997), the 

study's primer sequences for amplification of the 16S rDNA gene were 27f (5′-

AGAGTTTGATCMTGGCTCAG-3′) and 1525R (5′-AAGGAGGTGATCCAGCC-3′). PCR 

amplification reactions were performed in a 50 μL reaction containing 1μL genomic DNA (1 

ng μL-1), 1 μL (2.5 mM) dNTP mix (Sigma), 0.25 μL Taq DNA polymerase (5 U/μL) 

(Promega, Go-TaqFlexi DNA Polymerase), 1 μL each of primers (25 pmoles), 10 μL 5 × PCR 

buffer supplied by manufacturer (Promega, Go-Taq Green Buffer) and 3 μL MgCl2 (1.5 mM) 

(Sigma) and 32.75μL sterile ddH20. An initial denaturation step of 94 °C for 3 min was followed 

by 30 cycles of 94 °C for 1 min, 49 °C for 2 min, 72 °C for 3 min, and finally an extension step 

of 72 °C for 7 min during the PCR amplification (Salazar et al., 1999). 

The 16S rDNA region's PCR products were sequenced by Macrogen (Macrogen Inc., Seoul, 

Republic of Korea). The program BioEdit version 7.2.5 was used to create a consensus 

sequence (Hall, 1999). Using the BLAST program, the consensus sequences for the 16S rDNA 

region were compared to the sequence data in GenBank (National Center for Biotechnology 

Information). To distinguish between different bacterial species and genera, we employed 97 

to 100% sequence identity. The BLAST tool on the NCBI website 

(http://www.ncbi.nlm.nih.gov/) was used to analyze and identify each isolate's nucleotide 

sequences of the 16S rDNA gene. Using MEGA software version 11.0, the alignments were 

examined to create a phylogenetic tree and assess relationships between the sequences using 

the neighbor-joining approach (Tamura et al., 2013; Saitou & Nei, 1987). 

2.6. Antagonistic Action in Vitro Screening 

2.6.1. Dual culture method 

In a PDA medium using a dual-culture approach, bacterial isolate was evaluated for in vitro 

biocontrol efficacy toward R. solani, T. rubrum, and F. solani. On one side of the PDA medium-

filled plate (9 cm in diameter), a mycelial disc (5 mm in diameter) from a culture that had been 

growing for seven days was put. Thereafter, an endophytic bacteria isolate was streaked on the 

plate's other side. As a control, plates were infected only with the pathogen. The plates were 

http://www.ncbi.nlm.nih.gov/
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incubated for 7 days at 25 ± 2 °C with 12 hr of light and 12 hr of darkness. Fungal colonies' 

diameters were measured (Moreira et al., 2014). Then, the formula provided by Trivedi (2008) 

was used to compute the percentage of growth inhibition of the tested fungi: growth inhibition 

(%) = (R1 − R2/R1)×100, where R1 represents the radial growth of the control and R2 

represents the radial growth of the fungus in dual culture. 

2.6.2. Effect of endophytic bacterium on fungal biomass 

The approach provided by Kim (2005) was modified to investigate the impact of endophytic 

bacteria on the biomass of fungus. The chosen endophytic bacteria were grown in NB media 

and incubated for 72 hours at 26 ± 2 °C on a rotary shaker. After that, it was filtered through a 

0.22 m Millipore filter and centrifuged at 10,000 rpm for 15 minutes. 10% (v/v) of the strain's 

cell-free culture filtrates were added to the potato dextrose broth (PDB) medium in an 

Erlenmeyer flask (100 mL). One 5-mm-diameter plug of a mycelial disk from a 7-day-old 

culture of fungi was used to inoculate the Erlenmeyer flask, which was then incubated at 25 ± 

2 °C for 14 days while being shaken at 150 rpm. 

Cultures of the fungus grown without bacteria culture filtrates were used as the control. By 

the preweighed filter paper, 48-hour-grown dual cultures of the fungus and bacteria or the 

control culture (without bacteria) were passed to determine the differences in the dry weights 

between the two (Whatman No. 1). The filter sheets were weighed after drying for 24 hours at 

70 °C. Using the formula (w1-w2/w1) 100, the weight loss of the test fungus was estimated as 

a percentage. where w1 (control value) is the weight of the test fungus in flasks devoid of 

bacteria (i.e., control flasks) and w2 is the weight of the fungus in sets that were contaminated 

with bacteria. 

3. RESULTS 

3.1. Isolation and Antagonistic Activity  

The isolation of bacterial endophytes was carried out using fresh A. ×prunifolia roots. Surface 

sterilization was an essential step in eliminating epiphytic microorganisms from sample 

explants, and it worked well in our study because there was no growth on the control plate. 

Based on morphological traits, 25 different endophytic bacterial strains were isolated from the 

healthy roots and purified before being kept at 4 °C (Figure 1). 

 

Figure 1. Growth of endophytic bacteria from pieces of A. ×prunifolia root on NA medium. 

The isolates were evaluated their potential for serving as effective biological control agents 

using the dual-culture and Cell Free Supernatant (CFS) approach; these isolates were tested for 

their antagonistic activity against F. solani, T. rubrum, and R. solani. Among the isolates, strain 

LB2 demonstrated the most significant antagonistic activity against the target pathogens. The 

inhibition rates were 68.21±0.84, 39.35±0.59, and 48.35±0.28%, respectively (Table 1, Figure 

2).  
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Table 1. After 7 days, LB2 strain in dual culture (live cells) inhibited the development of fungi's mycelia 
in in vitro testing. 

Pathogenic fungi  Zone of inhibition (%) 

Fusarium solani       68.21±0.84   

Trichophyton rubrum         39.35±0.59 

Rhizoctonia solani       48.35±0.28 

Note: The assay was performed in triplicate and results are the mean of three values ± Standard Deviation. 

Likewise, CFS treatment has also been shown to reduce the weight of tested pathogenic 

fungi. F. solani, T. rubrum and R. solani all exhibited substantial reductions in mycelial mass, 

with values of 34.53±0.22%, 30.18±0.73%, and 26.15±0.91%, respectively (Table 2). This 

result suggests that strain LB2 holds promising potential as a valuable biological control agent 

in managing the target pathogens. 

 

Figure 2. In vitro antagonistic activities of endophytic LB2 isolated from A. ×prunifolia roots against 
pathogenic fungi (a) F. solani, (b) against T. rubrum, (c) Antagonist activity against R. solani. 

Table 2. After being incubated for 7 days at room temperature, LB2 (Cell-free culture filtrates) reduced 
the percentage of biomass of pathogenic fungus in PDB broth. 

Pathogenic fungi  Fungal mycelia mass reduction (%) 

Fusarium solani   34.53±0.22 

Trichophyton rubrum     30.18±0.73 

Rhizoctonia solani   26.15±0.91 

Note: The assay was performed in triplicate and results are the mean of three values ± Standard Deviation. 

3.2. Biochemical Characterization 

The biochemical characteristics of the isolated bacterium play a crucial role in understanding 

its taxonomy, metabolic profile and potential applications. The biochemical analysis results are 

summarized in Table 3. 

It was carried out based on the various tests. The bacterium LB2 exhibits several distinctive 

characteristics as revealed by Gram testing and various biochemical assays. It was Gram-

negative, forming well-defined and even colonies on agar plates. LB2 lacks spore formation, 

suggesting alternative survival mechanisms. It ferments lactose and grows in the presence of 

bile salts and crystal violet, distinguishing it from non-lactose-fermenting Gram-negative 
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bacteria. It does not possess hemolytic factors, indicating non-pathogenic and non-hemolytic 

attributes. LB2 lacks urease, which is relevant in medical and environmental contexts. It can 

break down starch, potentially aiding in nutrient utilization and biotechnological applications. 

The presence of cytochrome c oxidase suggests it can use oxygen in aerobic respiration. It has 

catalase, which is important for handling reactive oxygen species. LB2 can break down gelatin, 

potentially relevant in nutrient cycling and bioremediation. The presence of tryptophanase is 

significant for identification. Fluorescence requires further investigation for source and 

significance. LB2 can metabolize specific organic compounds like Tween 40 and α-keto-

butyric acid, exhibiting metabolic versatility. It can ferment various sugars and acetoacetic acid, 

enhancing its metabolic diversity for various applications. A few biochemical and physiological 

test findings are displayed in Figure 3. 

Table 3. The isolate's biochemical and physiological testing.  

Test Resut 

Gram staining  -  / rod-shaped 

Colony texture Smooth 

Spore  - 

Growth on MacConkey  + 

Blood Hemolysis - 

Urea hydrolysis - 

Starch hydrolysis + 

Oxidase + 

Catalase + 

Motility + 

Gelatin hydrolysis + 

Indole + 

Fluorescence + 

Tween 40 + 

α-keto-butyric acid + 

Glucose  + 

Lactose  + 

Mannitol  + 

Maltose  + 

Acetoacetic acid + 

3.3. Identification of Bacterial Endophyte 

The selected bacteria were identified by analyzing their 16S rRNA gene sequences. These 

associated bacteria displayed a complete match, showing 100% homology, with the gene 

sequences of P. brassicacearum available in the NCBI GenBank database. To further explore 

the evolutionary relationships among these bacteria, the top-scoring sequences were retrieved 

from the database and aligned with the 16S rRNA sequences of the endophytes to construct a 

phylogenetic tree. 

This analysis was performed using Mega XI software, see Figure 4, and the resulting 

phylogram clearly distinguished between gram-positive and gram-negative endophytic 

bacteria. Specifically, all P. brassicacearum strains were found to cluster together as a distinct 

group (Cluster Ia) with a high bootstrap value of 100%. Notably, Pseudomonas putida was 

positioned as the outgroup in the constructed phylogenetic tree. This analysis sheds light on the 

evolutionary relationships and genetic diversity among the endophytic bacteria associated with 

Aronia roots. 
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Figure 3. Biochemical and physiological tests a- Catalase test b- Oxidase test c- Gelatin hydrolysis test 

d- Starch hydrolysis on starch agar. 

 

Figure 4. Neighbor-joining phylogenetic tree based on 16S rDNA gene sequences illustrating 

connections between isolate LB2 (in red hue) and many other Pseudomonas sp. 1000 bootstrap 
replicates were used to create the tree in MEGA 11.0 using the neighbor-method. 
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4. DISCUSSION and CONCLUSION 

A. prunifolia, also known as purple chokeberry, is a type of berry that is rich in phenolic 

compounds and antioxidants (Szopa et al., 2017; Kim et al., 2021). Aronia has been cultivated 

in Turkey, and as its output rises, the Aronia market is thought to be expanding (Akdemir et al., 

2023). According to studies by Szopa et al. (2018), the Aronia plant contains a variety of 

medicinally significant compounds, such as chlorogenic acid, rosmarinic acid, and 

neochlorogenic acid that developed in the shoot and callus cultures of A. prunifolia. 

Endophytic bacteria living in plants are important for maintaining plant health because they 

produce a variety of advantageous metabolites (Köberl et al., 2013; Musa et al., 2020). These 

molecules are excellent sources of biological activity. As previously indicated, biologically 

active chemicals produced in A. ×prunifolia significantly impact endophytic microorganisms 

that live inside plant tissue and their physiological processes (Köberl et al., 2013). So, these 

compounds can affect many biological processes. 

In our study, strain LB2, isolated from the roots of A. prunifolia, was selected because it 

gave the highest inhibitory ability compared to the rest of the isolated strains. It was later 

characterized as P. brassicacearum. Many earlier investigations (Achouak et al., 2000; Ross et 

al., 2000; Chung et al., 2008; Bahmani et al., 2021) have already identified P. brassicacearum 

from other plants except A. ×prunifolia as endophytic bacteria. According to recent research, 

endophytic bacteria are an efficient biocontrol agent for various plant and human infections. 

Pseudomonas strains that have been isolated from various plant samples have demonstrated 

excellent effectiveness as plant-growth-promoting and biocontrol agents as well as makers of 

antimicrobial substances, antibiotics, enzymes, and volatile chemicals (Weller, 2007; Khan et 

al., 2022; Mustafa et al., 2024). In both greenhouse and field experiments, P. brassicacearum 

strain has been shown to be an effective biocontrol agent for preventing illness brought on by 

the plant-pathogenic fungus Sclerotinia sclerotiorum (Bhaskar et al., 2005; Berry et al., 2010). 

This bacterium generates a wide range of extracellular metabolites, such as oxidizing enzymes, 

hydrogen cyanide (HCN), and a brand-new lipopeptide known as sclerosin (Berry et al., 2010; 

Crawford et al., 2011). Gaeumannomyces graminis var. tritici, also known as the take-all 

fungus, is a destructive root disease that affects wheat; numerous investigations have 

demonstrated that P. brassicacearum isolates may stop this fungus from growing and may be 

useful as a biological control agent for plant diseases (Ross et al., 2000; Fromin et al., 2001). 

In our study, diffusible metabolites and cell-free culture filtrates of P. brassicacearum strains 

have shown high inhibitory action against R. solani, T. rubrum, and F. solani. Many authors 

have shown that P. brassicacearum can stop the growth of fungal pathogens (Chung et al., 

2008; Laveilhé et al., 2022). Studies on non-pathogenic microorganisms with antagonistic 

potentials have stimulated the search for an environmentally acceptable method of disease 

control. (Caulier et al., 2018). Pseudomonas spp. are significant organisms since they 

aggressively colonize different crops and exhibit a wide range of antagonistic activity against 

soil- and seed-borne diseases (Wang et al., 2018). 

One of the most important assays for in vitro first antagonistic compound screening is the 

dual culture assay (Islam et al., 2018). A bacterial strain's antagonistic effects are frequently 

demonstrated by the development of inhibition zones between bacterial and fungal colonies (Ji 

et al., 2014) or by measuring the percentage of control mycelial growth that is inhibited by the 

bacterial colonies (Lee et al., 2017). According to an earlier study, Pseudomonas species 

compete for resources and habitats, synthesizing siderophores, secreting lytic enzymes, and 

inducing systemic resistance to plant diseases (Kang et al., 2015). On the other hand, broth-

based treatments in vitro dual culture may be a superior way to assess the antagonistic potential 

of the bioagents because the broth media are favorable environments from all potentially 

interacting locations for the antagonisms (Trivedi et al., 2008). Many different gram-negative 

bacteria have been used in the treatment of fungal infections. These bacteria function as 

antifungal agents by synthesizing siderophores, salicylic acid, antibiotics, and volatile 
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byproducts such as hydrogen cyanide (Manwar et al., 2004; Afsharmanesh et al., 2006; Correa 

et al., 2022; Shahid et al., 2022). 

In this study, it was determined that the isolate P. brassicacearum LB2 reduced the biomass 

of all studied fungal organisms by producing diffusible chemicals in broth media. However, the 

extracellular filtrates obtained from P. brassicacearum have presented low antifungal activity 

compared to dual culture assay. The Gram-negative bacteria isolated in this study likely 

generate antifungal volatile chemicals or enzymatic activity that are lost during the extraction 

of the filtrates. Therefore, it may be inferred that the compounds that cause the inhibition must 

exist in the presence of bacteria and may be linked to the live bacterial properties. The findings 

reported here suggest that P. brassicacearum may be transformed into a biocontrol-friendly 

product. In fact, endophytic fungi within the host plants are a flexible reservoir of numerous 

bioactive metabolites and may be used in contemporary agriculture, industry and medicine. 

The findings of this study highlight the significance of endophytic bacteria, particularly P. 

brassicacearum, isolated from A. ×prunifolia roots as natural antifungal allies in the ongoing 

struggle against plant fungal infections. Their multifaceted mechanisms of action, including 

resource competition, antibiosis, induced systemic resistance, and mycoparasitism, offer a 

sustainable and environmentally responsible approach to protecting plants. Due to the search 

for alternatives to chemical fungicides, this research will reinforce the importance of eco-

friendly alternatives in plant protection and medical practices. 

This study may also pave the way to benefit from this endophyte in different areas. So, this 

contribution highlights their potential as potent biocontrol agents and opens new avenues for 

harnessing their capabilities in agricultural and horticultural practices. 
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Abstract: This research aimed to assess the hematological traits of male adults 
diagnosed with diabetes and investigate the relationship between blood sugar levels 

with hematological factors among patients. A cross-sectional comparison study 

was conducted at Fallujah Teaching Hospital from April 1 to July 30, 2023. The 

research comprised 185 volunteers, including 125 individuals with type 2 diabetes 

mellitus (65 with well blood sugar levels and 60 with poorly-regulated blood sugar 

levels) and 60 healthy individuals serving as controls. The evaluation of 

hematological parameters was conducted using Swelab-Alfa. An independent T-

test was used for assessment. The patients exhibited substantially decreased mean 

absolute lymphocyte count, Hct, MCHC, and PLT values compared to the control 

group. The diabetic group had significantly higher mean values for total neutrophil 

count, absolute basophil counts, RDWSD, RDWCV, PDW, PLCR, and MPV than 
the control group. Patients with poor glycemic control had substantially elevated 

levels of Mon, Eos, Bas, MCHC, PLT, MPV, PLCR, and PCT. In contrast, 

individuals with poor glycemic control had substantially lower levels of Neu, RBC 

count, and PDW. The findings demonstrated a statistically significant positive 

connection between neutrophil count, MCV, MCH, MCHC, PDW, MPV, PLCR, 

and PCT with FBG. Lym, RBC count, and Hct exhibited a statistically significant 

inverse connection with FBG in individuals with type 2 diabetes mellitus (T2DM). 

This research demonstrated a notable impact of diabetes mellitus, poor glycemic 

control, and fasting blood glucose levels on some hematological markers. 

1. INTRODUCTION 

Diabetes mellitus (DM) is a rapidly worsening worldwide medical issue and one of the top non-

communicable illnesses that leaders around the globe are focusing on addressing, it has been 

placed ninth among diseases that cause mortality (World Health Organization, 2016). Diabetes, 

a metabolic disorder, has been identified as two cardinal kinds, 1 and 2 diabetes. Type 2 diabetes 

(T2DM), which constitutes a significant proportion of DM cases, accounting for 90-95% of 
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them, is typified by the presence of peripheral insulin resistance or decreased insulin production 

(American Diabetes Association, 2014).  

In 2021, there was a substantial rise in the number of persons diagnosed with diabetes 

mellitus (DM), reaching 537 million. Diabetes is more common in low- and middle-income 

countries, constituting over 75% of the global prevalence. Moreover, experts predict that the 

worldwide diabetes population will reach 783 million by 2045 (International Diabetes 

Federation, 2021). The prevalence of diabetes has been steadily rising across the countries of 

the Middle East and northern Africa. A recent global study indicates that the Middle East and 

North Africa region has a diabetes prevalence rate of 16.2%, impacting around 73 million 

individuals. In Iraq, the prevalence of diabetes among adults is particularly estimated to be 

about 9.4%, affecting roughly 2.0114 million persons (International Diabetes Federation, 

2021). Diabetes mellitus is characterized by a multitude of pathological alterations, 

encompassing derangements in metabolism, cellular processes, and blood constituents that lead 

to vascular consequences (Agu, 2018).  

The Hematological indices have been shown to alter in T2DM patients, including changes 

to platelet counts, platelet indices, white blood cell (WBC), and red blood cell (RBC) shape, 

function, and metabolism (Antwi-Baffour et al., 2018). According to the study's findings, 

chronic hyperglycemia in diabetes lead to increase production of reactive oxygen species (ROS) 

and glycation processes which result changes in hematological parameters. Moreover, 

increased ROS generation and glycation processes in diabetes patients cause oxidative stress 

linked to tissue damage and hematological alterations, including erythrocyte dysregulation, 

Activated WBCs, boosted WBC count, and PLT hyperactivity, (Çakırca et al., 2019; Shin et 

al., 2020). 

Inflammation and endothelial cell dysfunction have been indicated by some hematological 

parameters among diabetic patients such as white blood cell count, red blood cell distribution 

width (RDW), mean platelet volume (MPV), platelet distribution width, and platelet count 

(Asmah et al., 2015; Kaur et al., 2018). Besides, glucose level in T2DM might regulate by 

Monitoring patients tests may prevent diabetes complication (American Diabetes Association, 

2014; Agu, 2018; Çakırca et al., 2019). 

The alterations of hematological indices among patient with T2DM were clarified by various 

researchers in different regions, but the results were inconsistent. Some studies show no 

significant variation in RBC indices, WBC count, and platelet count between diabetic patients 

and healthy controls (Alhadas et al., 2016; Kizilgul et al., 2018; Osman & Mansour, 2013). 

However, other research has revealed that diabetic patients exhibit significantly higher RBC, 

WBC, and PLT indices than control subjects (Jabeen et al., 2013). Besides, some investigations 

have communicated that RBC indices, except RDW, are significantly lower in the diabetic 

group compared to the control group, while WBC and PLT indices are substantially higher in 

the diabetic group (Biadgo et al., 2016; Shehri, 2017). These conflicting results indicate that 

more research is needed to investigate hematological abnormalities in diabetic patients, and the 

effect of other variables such as age, gender, and glycemic control on blood parameters in 

diabetic patients should be considered. Also, The Differences in cultural differences and study 

design, physiological conditions, obesity, smoking, alcoholism and sample features could 

impact hematology markers such as hemoglobin levels, RBC, WBC, and Platelet indices. In 

addition, Hemoglobin (Hgb) values below 13.0 g/dL for men are considered anemia (Cappellini 

& Motta, 2015). Most investigations in previous studies do not exclude smokers, alcoholism 

and abnormal body mass index. Therefore, this study looks at hematological variables in adult 

males between diabetic and healthy, as well as comparing controlling and uncontrolled 

diabetes, and also the relationship between fasting glucose level and hematological variables 

among patients. 
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2. MATERIAL and METHODS 

2.1. Study Population and Participants  

The study was a cross-sectional investigation that was carried out from 1st April to 30th July 

of 2023.The research was carried out at the Fallujah Teaching Hospital, Fallujah, Iraq. The 

study consisted of a sample of 165 male subjects who had type 2 Diabetes, as well as a control 

group of 60 healthy males. The diabetic patients had been living with the disease between 5 and 

10 years. All participants were male and the ages (40 – 50), with normal body mass index. The 

control group appeared healthy with no signs of diabetes and were not suffering from any other 

chronic diseases. Individuals who had any chronic ailments, such as liver diseases, smokers, 

alcoholics, abnormal body mass index, women, or prediabetics were exclusion criteria.  

The patient group was segregated into two distinct groups based on their fasting blood 

glucose (FBS) as good glycemic control is comprised of individuals whose FBS levels were 

under 152 mg/dL and poor glycemic control had FBS levels exceeding 152 mg/dL (American 

Diabetes Association, 2019). The data collection protocol utilized in this study was based on a 

systematic questionnaire comprising a set of well-constructed inquiries. The questionnaire 

sought data on the participant's age, gender, name, diabetes status, and consumption of lipid-

lowering drugs and haematinics 

2.2. Sampling Procedure 

Blood samples were acquired from study volunteers in both groups in a supervised and 

sterilization. In evaluating haematology indices, the first 3 millilitres (ml) from blood samples 

were immediately placed in a red test tube (containing K2EDTA), an anticoagulant. All blood 

samples were thoroughly checked for hemolysis and clots before analysis. The samples were 

then appropriately blended. After that, 50 microliters of each sample were examined in under 

an hour utilizing the Swelab-Alfa automated haematology analyzer for the instrumental 

analysis. We meticulously documented and archived these data for future statistical studies. 

The glucose level was estimated via chemical analysis by applying a small amount of blood 

onto the ACCU-CHEK Glucose meter strip. The glucose level was determined using this 

procedure. 

2.3. Data Analysis 

Data was gathered through notebooks and subsequently transferred to a computer, which was 

kept secure and confidential. Statistical Package for Social Sciences (SPSS, Version 25) was 

used to compare the data between groups. The study conducted a statistical analysis to compare 

the haematological parameters of participants with and without diabetes. They used an 

independent sample t-test for this purpose. Similarly, the analysis compared diabetic patients 

with good glycemic control to those with poor glycemic control. The findings regarding the 

mean value ± standard deviation (SD) were reported. Pearson’s correlation was utilized to 

determine the relationship between the obtained haematological indices and fasting glucose. 

Statistical significance was considered to be a p-value below 0.05. 

3. RESULTS 

3.1. Comparison of Hematology Parameters Between Groups 

The current study employed an independent t-test to scrutinize any dissimilarity between the 

patients and control groups in the average of the haematological variables (Table 1). WBC, 

lymphocyte count, and basophil count were notably elevated in diabetic patients, while 

lymphocyte count was significantly low in the diabetes group. However, the difference was 

insignificant in eosinophil count and monocyte count. Interestingly, the patients' RBC, Hct, and 

MCHC significantly decreased. At the same time, the RDWSD and RDWCV were elevated 

considerably among the patients. Furthermore, the means of PDW, MPV, PLCR, and glucose 
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were markedly increased in the diabetes group, but the PLT counts were significantly lowered 

in the diabetic group.  

Table 1. Comparison of hematology Variables between case study and controls at Fallujah hospital, 
Iraq, from 1st April to 30th July 2023 (n = 185). 

p-value Case n = (125( Control n = (60) Variables 

Red blood cell indices 

0.264 4.485 (0.74144) 4.726 (0.81176) RBC (106/μL) Mean ± SD 

0.045 37.3696 (5.22982) 39.28 (3.12447) Hct (%) Mean ± SD 

0.129 12.0184 (1.65653) 13.07 (1.09642) Hgb (g/dL) Mean ± SD 

0.143 83.9488(6.62536) 83.78 (9.70837) MCV (fL) Mean ± SD 

0.064 27.028 (2.37023) 27.93 (3.66052) MCH (Pg) Mean ± SD 

0.002 32.1744 (1.16196) 33.33 (0.85337) MCHC (g/dL) Mean ± SD 

0.000 43.2984 (6.53715) 39.63 (2.93248) RDWSD (fL) Mean ± SD 

0.025 14.2224 (2.10984) 13.21 (1.88470) RDWCV (%) Mean ± SD 

White blood cell indices 

0.001 8.8781 (3.04349) 7.5760 (1.86997) WBC (103/μL) Mean ± SD 

0.001 2.0742 (0.83454) 2.2020 (0.51891) Lym (103/μL) Mean ± SD 

0.000 5.9990 (3.75224) 4.2970 (1.85443) Neu (103/μL) Mean ± SD 

0.485 0.5925 (0.19423) 0.5570 (0.16230) Mon (103/μL) Mean ± SD 

0.590 0.2088 (0.17925) 0.2640 (0.13953) Eos (103/μL) Mean ± SD 

0.000 0.0252 (0.01484) 0.0890 (0.017211) Bas (103/μL) Mean ± SD 

Platelet indices 

0.027 292.488 (83.07882) 294.1 (61.29360) PLT (103/μL) Mean ± SD 

0.009 12.684 (2.67679) 11.7 (2.13970) PDW (fL) Mean ± SD 

0.021 10.468 (1.18632) 10.206 (.91669) MPV (fL) Mean ± SD 

0.005 28.7616 (9.43224) 26.1 (7.36202) PLC-R (%)Mean ± SD 

0.923 0.2943 (0.08240) 0.2890 (0.06650) PCT (%) Mean ± SD 

Abbreviations: RBC; red blood cells, Hgb; hemoglobin, Hct; hematocrit, MCV; mean corpuscular volume, MCH; mean 

corpuscular hemoglobin, MCHC; mean corpuscular hemoglobin concentration, RDW- SD; red cell distribution width standard 

deviation, RDW-CV; red cell distribution width coefficient of variation, Lym; lymphocyte, Nue; neutrophils , Mon; monocytes, 
Eos; eosinophil, Bas; basophil , PDW; platelet distribution width, PLC-R; platelet large cell ratio, FBG; fasting blood glucose, 
SD; standard deviation 

3.2. Comparison of Hematology Variables Between Groups In Patients  

The research has shown notable variations in haematological parameters across groups (Table 

2). The research shows that the average levels of Mon, Eos, Bas, MCHC, PLT, MPV, PLCR, 

PCT, and FBG were notably elevated in individuals with poor glycemic control. In contrast, the 

average values of Neu, RBC count, and PDW were lower in individuals with poor glycemic 

control. However, the two groups observed no statistically significant changes in other 

haematological parameters. 
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Table 2. Comparison of hematology Variables between good glycemic control and poor glycemic 
control in case study at Fallujah Hospital, Iraq, from 1st April to 30th July 2023 (n = 125). 

Parameters 

Glycemic control  p-value 

Good  

 (n = 65) 

Mean ± (SD) 

Poor  

(n= 60) 

Mean ± (SD) 

 

White blood cell indices 

WBC (103/μL) 8.8191 (3.42811) 8.942 (2.59072) 0.074 

Neu (103/μL) 6.0294 (4.51587) 5.966 (2.73258) 0.003 

Lym (103/μL) 2.0745 (0.92139) 2.074 (0.73678) 0.173 

Mon (103/μL) 0.5255 (0.12305) 0.665 (0.22931) 0.001 

Eos (103/μL) 0.1689 (0.09584) 0.252 (0.023220) 0.000 

Bas (103/μL) 0.0208 (0.00692) 0.03 (0.01913) 0.000 

Red blood cell indices 

RBC (106/μL) 4.5211 (0.80951) 4.4460 (0.66449) 0.002 

Hgb (g/dL) 11.7585 (1.64904) 12.30 (1.63168) 0.582 

Hct (%) 37.0277 (4.75695) 37.74 (5.71567) 0.492 

MCV (fL) 82.7938 (5.34491) 85.2 (7.62916) 0.092 

MCH (Pg) 26.2692 (2.06003) 27.85 (2.42540) 0.187 

MCHC (g/dL) 31.7169 (1.18580) 32.67 (0.91212) 0.003 

RDWSD (fL) 43.4446 (5.71929) 43.14 (7.36771) 0.422 

RDWCV (%) 14.2985 (1.89296) 14.14 (2.33566) 0.536 

Platelet indices 

PLT (103/μL) 273.7385 (82.08385) 312.8 (79.94040) 0.045 

PDW (fL) 12.9369 (3.49118) 12.41 (1.30042) 0.000 

MPV (fL) 10.3185 (1.52417) 10.63 (0.62173) 0.000 

PLCR (%) 27.5538 (12.00644) 30.07 (5.22135) 0.000 

PCT (%) 0.2568 (0.04247) 0.335 (0.09527) 0.002 

FBG (mg/dL) 135.0769 (10.73445) 186.3 (40.62908) 0.000 

3.3. Correlation of Hematological Parameters and FBG in Patients with T2D 

The current investigation employed the Pearson correlation examination to explore the 

correlation between fasting blood glucose and hematological indices in diabetics group (Table 

3). The results revealed that neutrophil count, MCV, MCH, MCHC, PDW, MPV, PLCR, and 

PCT exhibited a statistically significant positive correlation with FBG. In contrast, Lym, RBC 

count, and Hct demonstrated a statistically significant negative correlation with FBG in T2DM. 
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Table 3. Correlation of hematological indices and FBG in diabetics group in a hospital in Fallujah, Iraq, 
from 1st April to 30th July 2023 (n=125). 

Variables  
FBG 

Correlation coefficient (r) 
p-value 

RBC (106/μL) -0.180* 0.045 

Hgb (g/dL) -0.120 0.184 

Hct (%) -0.248** 0.005 

MCV (fL) 0.527** 0.000 

MCH (Pg) 0.469** 0.000 

MCHC (g/dL) 0.207* 0.021 

RDWSD (fL) 0.016 0.856 

RDWCV (%) -0.154 0.086 

WBC (103/μL) 0.140 0.120 

Neu (103/μL) 0.181* 0.043 

Lym (103/μL) -0.264** 0.003 

Mon (103/μL) 0.062 0.494 

Eos (103/μL) 0.021 0.814 

Bas (103/μL) 0.128 0.154 

PLT (103/μL) -0.121 0.179 

PDW (fL) 0.202* 0.024 

MPV (fL) 0.358** 0.000 

PLCR (%) 0.283** 0.001 

PCT (%) 0.427** 0.000 

**. Correlation has significant at 0.01 

*. Correlation has significant at 0.05  

4. DISCUSSION and CONCLUSION  

In this study, it has been recorded that individuals who are diagnosed with diabetes have marked 

abnormalities in numerous hematological variables. The current study observed significant 

differences in both the mean and standard deviation of various blood parameters, including 

WBC, neutrophil count, lymphocyte count, basophil counts, Hct, MCHC, RDWSD, RDWCV, 

PLT, PDW, MPV, PLCR, and glucose levels, in a group of cases compared to a control 

population.  

The current investigation achieved a significantly higher overall leukocyte count and 

absolute neutrophil count in diabetics. Similarly, papers reported in Bangladesh, northeastern 

Ethiopia, Libya, Turkey and northeastern Ethiopia among diabetics (Alam et al., 2015; Biadgo 

et al., 2016; Al Salhen & Mahmoud, 2017; Kizilgul et al., 2018; Arkew et al., 2021). The 

lymphocyte count and the basophil count were decreased a significant among diabetics. The 

previous researches confirm decreasing absolute basophil count in Bangladesh and Saudi 

Arabia in T2DM (Alam et al., 2015; Shehri, 2017). However, the absolute count of lymphocytes 

contradicts our findings, as surveys were conducted in Libya, India, and Nigeria (Al Salhen & 

Mahmoud, 2017; Harish et al., 2017; Awofisoye et al., 2019) reported mixed results. 

The present study has revealed findings demonstrating a significant increase in both 

RDWSD and RDWCV. This study has yielded analogous with researchers in countries such as 

Saudi Arabia and Ethiopia (Shehri, 2017; Arkew et al., 2021). The elevated red RDW serves 
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as a reliable indicator of the presence of a diverse population of RBC circulating throughout the 

body, which is often associated with impaired erythropoiesis and erythrocytic dissociation 

(Salvagno et al., 2014) .Another explanation by Sherif et al., 2013, it is well known that chronic 

inflammation and high levels of oxidative stress, which are often seen in diabetes patients, may 

drastically impair the lifetime of RBC, which in turn can contribute to considerable variations 

in RBC volume. 

Low MCHC and hematocrit levels were found in diabetics in the present study. Whereas 

MCHC and hematocrit were significantly low in diabetic patients, this finding is in line with 

what has been documented in India, Brazil, University of Gondar in Ethiopia, Northeast 

Ethiopia and (Farooqui et al., 2019; Knychala et al., 2021; Adane et al., 2021; Ebrahim et al., 

2022). The current study found that the average PLT counts were lower in the cases group, 

whereas the average PDW, MPV, and PLCR were considerably higher. This report in harmony 

with other researchers such as Harish et al., 2017; Kizilgul et al., 2018; Ebrahim et al., 2022. 

This might be due to persistent hyperglycemia, which is directly related to enzymatic 

glycosylation and increased expression of pro-inflammatory cytokines in the bloodstream 

(Barbieri et al., 2015; Bekele et al., 2019; Bhatt et al., 2020). 

In this study, the mean Mon, Eos, Bas, MCHC, PLT, MPV, PLC-R, and PCT were a 

significant increasing in uncontrolled diabetes. Correspondingly, a plethora of congruous 

findings were documented in Southwest Ethiopia, Northeast Ethiopia, where the MPV and P-

LC-R evinced a noteworthy escalation in patients with diabetes whose inadequate glycemic 

management (Asmamaw et al., 2021; Ebrahim et al., 2022). 

On the contrary, it can be observed that there exists a significant decrease in the count of 

absolute neutrophils, red blood cells, and platelet distribution width among individuals with 

inadequate glycemic management. However, it is significant to mention that certain 

inconsistent results have been documented in India, wherein platelet distribution width 

exhibited a significant increase in patients with diabetes who had inadequate glycemic 

management (Farooqui et al., 2019). This finding is corroborated by further relevant studies 

conducted in India, Southwest, and Eastern Ethiopia, which reported a significant increase in 

red blood cell count among diabetes patients with inadequate glycemic control (Farooqui et al., 

2019; Asmamaw et al., 2021; Arkew et al., 2022).  

The current analysis, FBG has found a correlation with neutrophil count, MCV, MCH, 

MCHC, PDW, MPV, PLCR, and plateletcrit in individuals diagnosed with T2DM. This finding 

has confirmed by a paper was done in Ethiopia, demonstrating that levels of FBG rise in 

proportion to incremental increases in PDW, MPV, PLC-R, and plateletcrit (Ebrahim et al., 

2022). Nevertheless, it is crucial to acknowledge that India has reported contradictory results, 

as MPV and MCV have shown an inverse relationship with FBG in individuals with diabetes 

(Joshi & Jaison, 2019). This study of type 2 diabetics discovered an inverse relationship 

between FBG and lymphocyte count, RBC, and Hct. This confirms the results of an earlier 

Ethiopian research that found the same thing among diabetics, there is an inverse relationship 

between FBG and RBC count and Hct (Ebrahim et al., 2022). However, it is important to note 

that this outcome contradicts the results of a study carried out in Japan, where RBC count was 

observed to be positively correlated with FBG in individuals with diabetes (Jaman et al., 2018).  

This study showed a statistically significant effect of type 2 diabetes mellitus patients on 

some hematological parameters such as WBC, Hct, and MPV. Also, glycemic management has 

a significant correlation with hematological parameters such as RBC in patients with type 2 

diabetes mellitus. Fasting blood glucose, it effects on hematological parameters among 

diabetics. 
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Abstract: Natural product chemistry plays a pivotal role in drug discovery and 

development. This study investigated the phytochemical profiles and antioxidant 

capacities of three prominent Philippine plants: Blue ternate (Clitoria ternatea), 

Kantutay (Lantana camara), and Katuray (Sesbania grandiflora). The primary aim 

is to provide a comprehensive assessment of their bioactive constituents and 

evaluate their potential for pharmacological applications. Phytochemical screening 

identified a diverse array of compounds, including flavonoids, tannins, glycosides, 
terpenoids, and other major chemical constituent classes, highlighting their 

therapeutic potential. The pigment analysis revealed substantial variations, with 

Blue ternate exhibiting the highest concentration, suggesting it as a promising 

source of carotenoids. Thin Layer Chromatography (TLC) and chlorophyll analysis 

further revealed distinct compound profiles. Total Phenolic Content (TPC) analysis 

and the DPPH radical scavenging method marked Blue ternate to have the highest 

phenolic content and the most potent antioxidant activity among the plant samples. 

These findings collectively emphasize the significant therapeutic potential of these 

plants, warranting further exploration for pharmaceutical development. 

1. INTRODUCTION 

The significance of plants in the natural world extends beyond their well-known roles in oxygen 

production, and carbon dioxide absorption, and as a vital source of sustenance for both animals 

and humans (Fernando, 2012). They also play a pivotal role in mitigating the greenhouse effect 

and addressing climate change (Fernando, 2012). However, the true depth of their importance 

lies in the remarkable diversity of natural products they produce, each holding its unique 

significance. 

For thousands of years, plants and their chemical compounds have been intertwined with 

various cultures, serving as the foundation for an array of remedies and tonics (Veeresham, 

2012). Even today, these natural compounds continue to captivate researchers, forming the 

bedrock of modern drug development (Masinas et al., 2018). Extensive studies are dedicated 
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to refining the safety profiles and exploring the efficacy of these compounds across various 

applications (Veeresham, 2012). Despite the introduction of groundbreaking technologies such 

as computer-based molecular modeling, combinatorial chemistry, and synthetic chemistry, the 

irreplaceable role of natural products in drug discovery and development remains (Fernando, 

2012). 

The advancements in technology, particularly in the realms of molecular biology and clinical 

observations, have ushered in a new era of understanding and application. However, the vast 

structural diversity found in many plant species leaves a wealth of untapped potential. These 

potential forms the basis of this study, which aims to give insight into three prominent plants 

found in the Philippines – Kantutay (Lantana camara), Katuray (Sesbania grandiflora), and 

Blue Ternate (Clitoria ternatea). This research focuses on determining carotenoid content, 

conducting a comprehensive phytochemical screening, and assessing the antioxidant 

capabilities of these plants. 

Phytochemical screening is a method used to analyze the presence of phytoconstituents in a 

plant. This process starts with the preparation of aqueous and organic extracts (Srivastava et 

al., 2014). These extracts are obtained from plants that are rich in secondary metabolites (e.g., 

alkaloids, terpenes, flavonoids, etc.) and are commonly analyzed through thin-layer 

chromatography (TLC) (Purkait et al., 2023). The result of phytochemical screening depends 

on the morphology and structure of the plant. Moreover, analyzing the bioactive 

phytochemicals of a plant is substantial in determining its suitability for pharmacological 

development (Purkait et al., 2023).  

Carotenoids are the pigments in many plants and vegetables that produce orange, red, and 

yellow hues (Healthline, 2017). Carotenoid contents of a plant mainly help in absorbing light 

and energy for photosynthesis. It has also an antioxidant function and hence acts as a type of 

antioxidant for humans which can fight certain types of cancer (Biology Dictionary, 2018; 

Szalay, 2015). Moreover, carotenoids are also viewed as safe chemicals for neutral chemical 

purposes and food supplementation due to their intense coloring abilities as well as their 

significance as precursors of Vitamin A (Hemalatha & Kailasam, 2022). It is composed of a 

long chain of alternating bonds and single C-C bonds which contain acid–functional groups, 

keto-hydroxyl-, and cyclic end groups (Hemalatha & Kailasam, 2022).  

Plants are known as a rich source of antioxidants due to the many chemical components they 

contain, which may function alone or in concert to provide the body with defense against free 

radicals (Bhatt et al., 2013). These free radicals can cause oxidative stress which damages the 

cell and eventually results in some diseases like cancer, diabetes, eye disease, and age-related 

macular degeneration (Goodman et al., 2011). Given their significance, the three plants in this 

study will be analyzed to determine their bioactive components which will be of help in utilizing 

them for pharmacological developments in the Philippines and potentially in other countries.  

Lantana camara, commonly known as Kantutay, belongs to the Verbenaceae family and is 

indigenous to the tropical and subtropical regions of the Americas (Kato-Noguchi & Kurniadie, 

2021). This perennial herb or shrub can reach heights of 0.5-4.0 m and is characterized by its 

multicolored flowers, which can persist year-round in dense stands. While Kantutay's native 

habitat lies in the Americas, several of its taxa have been introduced and have become 

naturalized in Africa and tropical Asia (Negi et al., 2019). Kantutay encompasses an estimated 

150 species, distributed across approximately 50 to 60 countries, with some being cultivated 

for their flowers (Munir, 1996). 

Kantutay is classified as an invasive species in many regions, posing ecological challenges. 

Its rapid spread has disrupted terrestrial ecosystems and posed threats to agricultural areas by 

altering their structure (Kohli et al., 2006). Despite its invasive nature, Kantutay holds 

numerous medicinal applications. Experimental studies demonstrated its efficacy as an 

insecticidal, fungicidal, antimicrobial, and nematocidal agent (Begum et al., 2000). The bark of 

the Kantutay plant serves as an astringent and can be applied to leprous ulcers, while the leaves, 
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when they extracted, yield antimicrobial agents. Boiling the leaves and applying the solution 

alleviates body pain and swelling (Singh, 1996). 

Furthermore, Kantutay leaves contain alkaloidal fractions that contribute to lowering blood 

pressure, stimulating intestinal movements, and enhancing respiration (Singh, 1996). 

Traditional uses for Kantutay extracts include addressing conditions like cancer, chicken pox, 

measles, rheumatism, tetanus, tumors, ulcers, high blood pressure, catarrhal infections, eczema, 

bilious fevers, and applying its oil for scabies and leprosy (Day et al., 2003; Ghisalberti, 2000; 

Sharma et al., 2007). A qualitative phytochemical screening conducted by Sardhara and Gopal 

(2013) in India revealed that Kantutay flowers contain a range of phytoconstituents including 

proteins, alkaloids, flavonoids, carbohydrates, sterols, tannins, terpenes, saponins, and 

glycosides. The ethanolic extract of Kantutay flowers was also analyzed, confirming the 

presence of flavonoids, terpenoids, ninhydrin, gelatin, phenols, and alkaloids. These identified 

phytochemicals underscore the pharmacological significance of Kantutay. 

Sesbania grandiflora, commonly known as Katuray, belongs to the Leguminosae family and 

is endemic to Asia, including the Philippines, India, Indonesia, and Malaysia (Hasan et al., 

2012). This perennial plant thrives in regions with an annual temperature range of 22-30°C and 

struggles in environments below 10°C. Katuray is known by various names, including 

Vegetable Hummingbird, West Indian Pea, Scarlet Wisteria, and Red Wisteria, but is 

predominantly referred to as Katuray in the Philippines. Katuray has a rich history of traditional 

use in folk medicine, particularly for its edible flowers (Kirtikar & Basu, 1995). The plant's 

flowers, roots, bark, leaves, and fruit or pod are all utilized for various medicinal applications. 

Katuray is described as a soft-wooded, short-lived, and quick-growing tree that can reach up to 

12 meters in height (Wagh et al., 2009). Its flowers come in red and white varieties, and it 

produces elongated pods that hang vertically. 

Unlike Kantutay, Katuray is not toxic and offers a wide range of medicinal benefits. In India, 

it has been traditionally used to address ailments like headaches, fevers, bronchitis, smallpox, 

rheumatism, inflammation, leprosy, gout, and anemia (Wagh et al., 2009). The plant also serves 

as a diuretic, emetic, laxative, and tonic in folk medicine. Notably, Katuray exhibits anxiolytic, 

anticonvulsive, and hepatoprotective properties (Wagh et al., 2009). The roots are powdered 

and mixed with water to create a poultice for body swelling, while the bark is employed for 

conditions like dysentery and sprue, acting as a laxative and emetic (Wagh et al., 2009). The 

leaves, when crushed or converted into juice, are used for various conditions including leprosy, 

fever, gout, and itchiness due to their anthelmintic and tonic properties. Additionally, Katuray 

flowers can be juiced and consumed to alleviate headaches, stuffy nose, and head congestion 

(Wagh et al., 2009). 

Arun et al. (2014) conducted a phytochemical screening of Katuray leaves in India, 

identifying tannins, saponins, alkaloids, glycosides, cardiac glycosides, steroids, and 

flavonoids. Further studies confirmed the presence of valuable secondary metabolites, 

underscoring the medicinal potential of Katuray (Avalaskar et al., 2011; Gomase et al., 2012). 

Additionally, Katuray flowers were found to be rich in carotenoids, serving as a valuable source 

of Vitamin A and B9 (Bhokre et al., 2022). 

Blue Ternate, scientifically known as Clitoria ternatea, belongs to the Fabaceae family and 

is recognized as a perennial herbaceous plant (Al-Snafi, 2016). Originating from the Ternate 

Island in Indonesia, it has spread to various Southeast Asian countries as well as other 

continents like Australia and America (National Nutrition Council, 2022). In the Philippines, it 

is commonly referred to as Blue Ternate but also goes by names such as Blue Bell Vine, Asian 

Pigeon Wings, Butterfly Pea, and Darwin Pea. Notably, the deep blue indigo color of its flowers 

adds to its ornamental value (NNC, 2022). 

Blue Ternate holds both culinary and medicinal significance. In the Philippines, its flowers 

are frequently used to prepare herbal drinks and teas, and its natural pigment is employed as a 

food coloring agent for rice and bread, as well as a garnish for culinary. In addition, Blue 
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Ternate has a long history of traditional medicinal applications, particularly in Ayurveda. It has 

been utilized to address neurological disorders for centuries (Gollen et al., 2018). The plant's 

roots are used for sore throats, abdominal enlargement, skin diseases, and ascites, while seeds 

and leaves are employed for memory enhancement. The flowers and their juice serve as an 

antidote for snake bites, and the seeds are applied for joint swelling, colds, and urinary issues 

(Ragupathy & Newmaster, 2009). Furthermore, there have been several reports of the 

pharmacological characteristics of Blue Ternate including sedative, anti-inflammatory, 

analgesic, anxiolytic, and antipyretic activities (Gollen et al., 2018). 

Phytochemical analyses have revealed the presence of a diverse array of compounds in Blue 

Ternate, including saponins, tannins, proteins, carbohydrates, triterpenoids, flavonoids, 

phenols, anthocyanins, flavanol glycosides, anthraquinone, volatile oils, cardiac glycosides, and 

Stigmast-4-ene-3,6-dione (Al-Snafi, 2016; Kelemu et al., 2004). Additionally, the flower 

contains flavonoids, phenols, and anthocyanin phytoconstituents (Chayaratanasin et al., 2015). 

These phytochemicals contribute to the plant's anti-inflammatory and analgesic properties 

(Srivastava et al., 2009; Malik et al., 2008). Notably, Blue Ternate flowers contain β-carotene, 

albeit in lower concentrations compared to some other plants, due to the prevalence of blue and 

violet hues associated with anthocyanins (Hemalatha & Kailasam, 2022). 

In summary, the three plants hold immense botanical and medicinal significance in the 

Philippines and beyond. Their phytochemical compositions and biological activities offer a 

wealth of potential for various applications, ranging from traditional medicine to modern 

pharmacology. Further research and exploration of these plants' properties and compounds are 

essential for unlocking their full potential in the fields of health and medicine. 

2. MATERIAL and METHODS 

2.1. Sample Preparation 

The three plant samples were collected and prepared at Pantabangan, Nueva Ecija, Philippines, 

3124. The preparation of the samples for the extraction of phytochemicals and other natural 

products started with the air-drying at room temperature wherein the samples were placed in a 

room not directly hit by sunlight. The air-drying of samples lasted for 83 hours. Consequent to 

that, an osterizer was used to crush the plants into smaller pieces as shown in Figure 1. The 

crushed plant samples were extracted with ethanol (1 g plant material: 10 mL solvent) for 72 

hours while being constantly stirred. By filtration, the extract and the residue were separated. 

With the use of a rotavapor drier (55-85℃), the extracts were dried and stored in glass bottles 

and centrifuge tubes coated with aluminum foil or paper and kept in the refrigerator until they 

were ready for analysis. Also, some grounded plant samples were kept in the fridge for pigment 

analysis. 
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Figure 1. Air dried (a) Lantana camara, (b) Sesbania grandiflora, and (c) Clitoria ternatea; (d) crushing 
the plant samples with osteorizer, (e) crushed plant sample subject for extraction, (f) and (g) are plant 
samples being extracted with ethanol subject for analysis. 

2.2. Phytochemical Screening 

In accordance with Pant et al. (2017) method, the extracts were subjected to qualitative 

phytochemical screening for the determination of the presence of the major chemical 

constituent classes (i.e., alkaloids, glycosides, carbohydrates, tannins, terpenoids, saponins, 

anthraquinones glycosides, cardiac glycosides, phenols, and flavonoids) through color reaction. 

2.3. Pigment Analysis 

2.3.1. Total carotenoid analysis (TCA) 

The carotenoid analysis methodology was adapted from Natividad et al. (2014). After being 

placed in a 50 mL centrifuge tube, 500 mg of the plant powder was extracted with 10 mL of 

ethanol each using a vortex mixer for one minute. Measurements were taken of the supernatants. 

The carotenoid extract's ultimate volume was changed to 75 mL by adding 95% ethanol. The 

UV-Vis spectrophotometer was utilized to calculate the carotenoid extract's absorbance value 

at 450 nm. All plant samples underwent these procedures for three times each. 

 

a b c 
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According to the following formula, the total carotenoid yield (dry weight) was 

determined: 

Total carotenoid yield (
μg

g
 dried weight) =

V(A − 0.0051)

0.175W
 

Where: 

A – absorbance value of diluted extraction at 450 nm 

V – final volume of the extract (mL) 

0.175 – extinction coefficient of carotenoids 

W – weight of the dried power (grams) 

2.3.2. Thin layer chromatographic (TLC) analysis 

With the use of a pencil, a baseline was drawn both at the bottom and top of a TLC distancing 

about 1 cm from the ends. Using a capillary tube, the sample extracts were applied to the TLC 

plate. The development chamber was a beaker with a watch glass lid and solvent within. The 

solvent mixture was poured into the development chamber after it had been lined with filter 

paper inside to ensure solvent saturation. Instead of using 5% methanol in toluene as the solvent, 

this experiment employed 5% methanol in xylene (Natividad & Rafael, 2014). Under the 

baseline of the TLC plates, more of the solvent mixture was injected into the chamber. Making 

sure that the baseline was above the solvent system, the TLC plate with spotted extracts was 

moved to the development chamber. It was noted how far the spot and solvent moved. An iodine 

chamber and an ultraviolet lamp were used to see the spots on the TLC plates. The spots were 

marked with a pencil (Velasco et al., 2018). Using the following formula, the retention factor 

(Rf) was calculated: 

Rf =
distance travelled by the spot

distance travelled by the solvent
 

To replicate the spots that were created, the TLC analysis was carried out three times. 

2.3.3. Chlorophyll analysis 

The method of Baluran and colleagues (2018a, 2018b) was used to determine the levels of 

chlorophyll in the samples of plants. Chlorophyll a and b concentrations of 2 mg/mL in 

methanolic plant extract solutions were measured at 666 and 653 nm using a UV-Vis 

spectrophotometer. The following formulas were used to determine the chlorophyll contents:  

Chlorophyll a (
mg

L
) = 15.65Abs666 − 7.34Abs653 

Chlorophyll b (
mg

L
) = 27.05Abs653 − 11.21Abs666 

2.4. Total Phenolic Using Folin-Ciocalteau Reagent Determination 

The Ortinero and colleagues' (2021) procedure was applied to analyze the total phenolic content 

(TPC) in the plant materials. 400 microliters of the extract, 1.0 mL of diluted Folin-Ciocalteau 

phenol reagent, and 800 µL of distilled water were added (1:10). 1.0 mL of 7.5% (w/v) sodium 

carbonate was mixed into the solution after waiting for five minutes. Several gallic acid 

standards were produced. With the use of a UV-Vis spectrophotometer, the absorbance of the 

extracts and the standard solutions were determined at 765 nm. The TPC of the plant extract 

was determined as milligrams of gallic acid equivalent per gram of the sample's dry weight (mg 

GAE/ g DW). 

2.5. Determination of Antioxidant Activity Using DPPH Radical Scavenging Method 

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity assay) was carried out 

with a few minor adjustments using the procedure of Ortinero et al. (2021). The DPPH solution 

was made by mixing 6.0 mg of DPPH with 100 mL of methanol, whereas the extracts were 

produced in a range of solutions (0.01, 0.1, 1, 10, 100, and 1000 ppm). The test tube containing 
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2.5 mL of DPPH solution received precisely 1.5 mL of extract. BHA (beta hydroxy acids) 

served as the benchmark. After giving the mixture a vigorous shake, it was allowed to stand in 

the dark for 30 minutes. The UV-Vis Spectrophotometer 1500 was utilized to measure the 

solution's absorbance at 517 nm. The following equation was used to determine the DPPH 

radical scavenging activity of each extract: 

DPPH Scavenging activity = (
Absblank − Abssample

Absblank
) × 100 

The IC50 values, which were determined by using nonlinear regression (sigmoidal dose-

response) on the data, represented the extracts' scavenging activity. 

2.6. Data Analysis 

Three copies of each experiment were run throughout. Analysis of variance (ANOVA) was 

used to compare the total phenolic, carotenoid, and chlorophyll contents of the plant samples at 

the 5% level of significance. The statistical analysis was completed utilizing Statistical Tool for 

Agricultural Research (STAR) software version 2.0.1. 

3. RESULTS 

3.1. Phytochemical Screening 

The phytochemical screening of the Kantutay, Katuray, and Blue Ternate is shown in Table 1. 

The flowers of Blue Ternate contain tannins, glycosides, carbohydrates, cardiac glycosides, 

terpenoids, and phenol while proteins and saponins were absent in the Blue Ternate. The test 

for alkaloids for Blue Ternate was found positive on Mayer’s reagent but negative on 

Dragendroff’s reagent, which is similar to Kantutay. Moreover, the Blue Ternate contained 

flavonoids as it was found positive on both the Shinoda and Alkaline reagent tests. The 

Kantutay and Katuray contained all the natural products aside from proteins and phenol. 

However, the test for alkaloids for Katuray was the opposite of the results for Blue Ternate and 

Kantutay, because it was found positive on Dragendroff’s reagent and negative on Mayer’s 

reagent. 

Table 1. Phytochemical contents in the plant samples determined in various dissolving agents. 

Phytochemical Screening Blue Ternate Kantutay Katuray 

Test for tannins + + + 

Test for alkaloids 
   

 Mayer’s reagent + + - 

 Dragendroff’s 

reagent 

- - + 

Test for glycoside + + + 

Test for Carbohydrates 

(Molisch’s test) 

+ + + 

Test for saponins - + + 

Test for cardiac glycosides + + + 

Test for flavonoids    

 Shinoda test + + + 

 Alkaline reagent test + + + 

Test for terpenoids 

(Salkowski’s test) 

+ + + 

Test for proteins - - - 

Test for phenol + - - 

(−)  Absence of phytochemicals compounds 

(+)  Presence of phytochemicals compounds 
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Comparing the phytochemical screening results to other literature, the researcher found out 

that the Kantutay has almost similar results to that of the experiment of Sardhara and Gopal 

(2013) and Gul et al. (2020). From their experiment, the Kantutay also contained alkaloids, 

flavonoids, carbohydrates, tannins, terpenes, saponins, and glycosides. Sardhara and Gopal 

(2013) and Gul et al. (2020) also revealed that the test for protein had turned positive, which is 

in contrast to the negative result in this analysis. Further, Avalaskar and co-workers (2011) 

revealed that Katuray has tannin, polyphenols, saponins, and flavonoids. Their result is almost 

similar to the findings in this analysis, aside from the negative response for phenol. Moreover, 

Dethe and colleagues (2013) concluded that Katuray flowers have a negative response to 

terpenoids and glycosides, which have a positive response in this analysis. For Blue Ternate, 

the work of Al-Snafi (2016) with reference to Kelemu et al. (2004), stated that the Blue Ternate 

flower contained saponins, tannins, proteins, carbohydrates, flavonoids, phenols, and cardiac 

glycosides. The results were all the same with the analysis responses aside from the absence of 

saponins and proteins. 

Tannins, being water-soluble phenolics found in all three plant samples, have applications 

in Asian medicine, particularly against diarrhea, and as astringents and diuretics (Chung et al., 

2010; Khanbabaee & Ree, 2001; Sieniawska & Baj, 2017). They exhibit bioactivity in both 

absorbable and unabsorbable forms, influencing various organs systemically or targeting the 

gastrointestinal tract as antiviral, antimicrobial, and antioxidant agents (Navarro et al., 2018; 

Serrano et al., 2009). 

Alkaloids, derived from amino acids, are detected in Blue Ternate and Kantutay with 

Mayer’s reagent, and in Katuray with Dragendroff’s reagent. Alkaloids are widely recognized 

in pharmacology for their antihypertensive, antiarrhythmic, antimalarial, and anticancer 

properties (Roberts & Wink, 1998). 

Flavonoids, present in all three plant samples, have drawn interest in pharmacology due to 

their vitamin-like properties. They find applications in cosmetics, nutraceuticals, medicines, 

and pharmaceuticals, with demonstrated effects on cellular enzyme activity, as well as anti-

carcinogenic, anti-mutagenic, anti-inflammatory, and antioxidative properties (Brandi, 1992; 

Panche et al., 2016). 

Kantutay and Katuray contain saponins, which are increasingly valued for their diverse 

biological, pharmaceutical, and medicinal applications. Saponins exhibit anti-ulcer, adjuvant, 

anti-tumor, anti-inflammatory, hepatoprotective, and antibacterial properties (Moghimipour & 

Handali, 2014; El Aziz et al., 2019). 

Terpenoids, present in all three samples, offer the potential for developing medications with 

fewer side effects. They are commonly found in essential oils and serve as flavoring and 

fragrance agents in the food industry. The pharmacological applications of these plants are 

extensive, as terpene-containing plants have been employed in traditional medicine for 

centuries, with various formulations available on the market (Ludwiczuk et al., 2017).  

Among the three plant samples, only the Blue Ternate contained phenolics. Natural bioactive 

chemicals known as phenolic compounds are common in plant tissues. They have demonstrated 

fascinating bioactivities, including antibacterial and antiproliferative activities and antioxidant 

and anti-inflammatory properties, which has sparked a lot of interest in their utilization by many 

businesses (Albuquerque et al., 2021).  

3.2. Pigment Analysis 

3.2.1. Total carotenoid analysis (TCA) 

The total carotenoid (TC) content expressed in μg/g for the three plant samples is shown in 

Table 2. From the TC analysis results, the values ranged from 213.03 to 538.36 μg/g in which 

the Kantutay has the lowest TC value, followed by Katuray, while Blue Ternate has the highest 

TC content. This result indicates that the Blue Ternate shows great potential as a source of 

carotenoids. 
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The TC content of the plant samples showed significant differences from the Analysis of 

Variance (ANOVA) at a 95% level of confidence. Moreover, from Duncan’s Multiple Range 

Test (DMRT), the Blue Ternate has a significant amount of TC, followed by Katuray, and 

Kantutay has the least significant amount. 

Table 2. Total carotenoid content of Blue Ternate, Kantutay, and Katuray. 

Plant Samples Total Carotenoid (TC) Content (μg/g) 

Blue Ternate 538.36 ± 1.99a 

Kantutay 213.03 ± 0.55c 

Katuray 416.31± 0.75b 

Means with the same letter are not significantly different 

The work of Meléndez-Martínez and colleagues (2021) revealed that the white, yellow, and 

red flowers of Kantutay have a TC content of 64.782±0.420, 2056.065±7.148, and 

304.721±0.183 μg/g dry weight, respectively. These values were made up mostly of 

carotenoids like phytoene, 9-Cis-Violaxanthin, Lutein, Violaxanthin, 9-Cis-Anteraxanthin, α-

carotene, and β-carotene. From the TC analysis in this experiment, the Kantutay has a TC of 

213.03 μg/g, which is comparable to the white and red flowers’ TC content from the previous 

studies. 

Janarny and colleagues (2021) determined the TC of Blue Ternate and Katuray which are 

quantified as 18.2±0.1 and 82.1±0.5 mg β-carotene/g, respectively. Moreover, Weerasinghe 

and Gunathilake (2020) analyzed the β-carotene concentration of Katuray and revealed that it 

has 252.24±4.18 μg/g dry weight. Also, Bhokre and co-workers (2022) presented a carotenoid 

analysis of Katuray flowers and leaves and quantified it to be 420 μg/100g and 3,120 μg/100g, 

respectively. 

The computed TC for Blue Ternate, Kantutay, and Katuray are close to the values written in 

the literature. Although there may be some obvious differences among the values, Dias and co-

workers (2008) stated that the TC content could vary in terms of quantity and quality due to the 

variety, morphology, and maturity of the species involved. This statement is supported by the 

book of Rodriguez-Amaya (2001) about the protocol in food carotenoid analyses. It was stated 

in the book that factors like climate, maturity, geographic location, and various processes 

employed in the products affect the value and concentration of its carotenoid. 

3.2.2. Thin layer chromatography analysis 

TLC analysis was employed to separate the organic compounds, following the methods of 

Natividad and Rafael (2014). Instead of 5% methanol in toluene, 5% methanol in xylene served 

as the solvent system. The spots on the TLC plates were visualized under UV light and an iodine 

chamber, then marked with a pencil to record the distances traveled for Rf value calculation 

(Figure 2). 

In total, 10 spots were identified in Blue Ternate, 11 in Kantutay, and 9 in Katuray. The Rf 

values ranged from 0.00 to 1.00 for Katuray and Kantutay, and from 0.00 to 0.99 for Blue 

Ternate. The ascending order of Rf values in Table 3 indicates differing polarities, with a value 

of 0.00 signifying a very polar compound. Similar Rf values suggest potential shared 

compounds in the plant extracts, with only two instances observed. 

In particular, Rf values of 0.76 and 1.00 were observed in both the extracts of Kantutay and 

Katuray. It was also observed that there were values that did not have much differences. For 

instance, Rf values (in respective order) of 0.9 and 0.10 for Blue Ternate and Katuray, 0.15 and 

0.14 for Blue Ternate and Kantutay, 0.36 and 0.35, 0.45 and 0.46, and 0.56 and 0.57 for 

Kantutay and Katuray, and 0.86, 0.87, and 0.88 for the three plant samples. 

The polar compounds, which are very affine to the polar silica gel in the TLC plate, could 

be classified as oxygenated carotenoids i.e., lutein, echinenone, zeaxanthin, antheraxanthin, and 
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spirilloxanthin (Casuga & Natividad, 2023; Paiva & Russell, 1999; Velasco et al., 2018). The 

aforementioned oxygenated carotenoids may be present in the extract of the plant samples. On 

the other hand, those compounds that do not have a strong affinity for the silica gel in the TLC 

plate were considered to be very affine with mobile phase that has a great portion of xylene, a 

nonpolar solvent. In this case, high Rf values could be an indication of the presence of 

carotenoid hydrocarbon (i.e., β-carotene) (Natividad & Rafael, 2014).  

Table 3. Rf values of the three plant samples separated by TLC. 

 Blue Ternate Kantutay Katuray 

 

 

 

 

 

Rf values 

0.00 0.00 0.00 

0.09 0.05 0.10 

0.15 0.14  

0.20 0.27 0.24 

0.30 0.36 0.35 

0.42 0.45 0.46 

0.48   

 0.56 0.57 

0.73 0.76 0.76 

0.86 0.88 0.87 

 0.95  

0.99 1.00 1.00 

Total Spots 10 11 9 

 

 

Figure 2. TLC analysis of Blue Ternate, Kantutay, and Katuray. 

3.2.3. Chlorophyll analysis 

The methods of Baluran et al. (2018a, 2018b) were adapted in this analysis for the determination 

of the chlorophyll concentrations. With the use of an ultraviolet-visible (UV-Vis) 

spectrophotometer, the methanolic solutions of the extracts of the sample plants for chlorophyll 

a and b were analyzed and the results are shown in Table 4.  

Table 4. Chlorophyll a and b concentration in the three plant samples. 

Plant Sample Chlorophyll a (mg/L) Chlorophyll b (mg/L) 

Blue Ternate 0.81 ± 0.01c 1.08 ± 0.02c 

Kantutay 1.12 ± 0.02b 2.22 ± 0.03b 

Katuray  2.16 ± 0.01a 3.13± 0.01a 

Means with the same letter are not significantly different 
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Chlorophyll a and b are known as two major types of chlorophyll that can be found in a plant 

where both are necessary for photosynthesis (Panawala, 2017). The key distinction between the 

two pigments is that chlorophyll a is regarded as a major or primary photosynthetic pigment, 

whereas chlorophyll b is an accessory pigment that gathers energy and transfers it to chlorophyll 

a (Panawala, 2017; Udayangani, 2011). The chlorophyll a concentration was recorded as 0.81, 

1.12, and 2.16 for Blue Ternate, Kantutay, and Katuray, respectively. While chlorophyll b 

content was recorded as 1.08, 2.22, and 3.13 for Blue Ternate, Kantutay, and Katuray, 

respectively. Among the three plant samples, the Katuray has the highest chlorophyll a and b 

content, followed by Kantutay, while Blue Ternate has the lowest.  

From the ANOVA (Analysis of Variance) with 5% level of significance, the concentration 

of chlorophyll a and b in the plant samples has significant differences. Moreover, from its 

DMRT, Katuray has a significant amount of chlorophyll a and b, followed by Kantutay, and 

Blue Ternate has the least amount of both concentrations. 

3.3. Determination of Total Phenolic using Folin-Ciocalteau Reagent 

The TPC in the extracts of the plant samples, expressed in mg of gallic acid equivalent (GAE) 

per gram dry weight of the sample was determined by the methods of Ortinero and colleagues 

(2021). The results of this analysis are shown in Table 5. Blue Ternate has the highest TPC 

amounting to 407.50 mg GAE/g dry weight, followed by Kantutay with 206.04 mg GAE/g dry 

weight, and Katuray has the lowest TPC of 107.07 mg GAE/g dry weight.  

Table 5. Total phenolic content (TPC) determined in the plant samples. 

Plant Sample TPC (mg GAE/g dry weight) 

Blue Ternate 407.50 ± 1.69a 

Kantutay 206.04 ± 4.39b 

Katuray  107.07 ± 2.52c 

Means with the same letter are not significantly different 

Torres and co-workers (2021) determined the TPC of Blue Ternate and quantified it as 3.95 

mg GAE/100 g (equivalent to 395 mg/GAE/g) which is comparable to the findings in this 

analysis of 407.50 mg GAE/g. Further, from the work of Baessa and colleagues (2019), 

different extracts were used in their experiment which are the infusion, decoction, and tincture. 

From those extracts, the TPC of Katuray was recorded as 163±1.00, 188±2.10, and 162±4.00 

mg GAE/g DW, which values are close to the results in the TPC determined in this study. 

Moreover, Manzoor et al. (2013) employed different extraction techniques (i.e., Magnetic 

stirring, ultrasonic magnetic stirring, microwave-assisted magnetic stirring) and solvent 

systems (100% methanol, 100% ethanol, 80% methanol, and 80% ethanol) to determine the 

TPC of Kantutay. As a result, Kantutay contained 8.28±0.25 to 52.34±1.56 mg GAE/100 g 

DW.  

From the ANOVA with a 5% level of significance, the TPC determined in the extracts of 

plant samples has significant differences. Moreover, from its DMRT, Blue Ternate has a 

significant TPC, followed by Kantutay, and Katuray has the lowest. 

3.4 Antioxidant Potential using DPPH Radical Scavenging Activity 

The antioxidant potential activity of the three plant samples was determined and different 

solutions of the plant sample extracts were prepared and tested to record the half-maximal 

inhibitory concentration (IC50) from the dose-response curve. IC50 is the concentration of the 

extract that indicates the amount of drug or test sample needed to inhibit a biological process 

or to produce the effect by half. Therefore, the lower the IC50 value, the more potent the 

substance for inhibiting a specific biological or biochemical function (Aykul & Martinez-

Hackert, 2016). 
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The antioxidant potential activity of the plant samples is shown in Table 6. Blue ternate has 

the lowest value of 48.33 mg/mL, followed by Katuray with a value of 113.98 mg/mL, while 

Kantutay has the highest amount. Since this was evaluated with IC50, it means that the most 

potent among the plant samples is Blue ternate. Kantutay, on the other hand, is the least potent.  

Table 6. Estimates of the half lethal concentration (IC50) of the DPPH scavenging activity of the plant 
sample extracts 

Plant Sample IC50 (mg/mL) 

Blue Ternate 48.33c 

Kantutay 209.99a 

Katuray  113.93b 

Means with the same letter are not significantly different 

4. CONCLUSION 

This study provided a comprehensive insight into the bioactive components of Kantutay, 

Katuray, and Blue Ternate. Phytochemical screening revealed a diverse array of compounds 

including flavonoids, tannins, glycosides, carbohydrates, cardiac glycosides, terpenoids, and 

phenols in Blue Ternate. Interestingly, proteins and saponins were absent in this species. 

Kantutay and Katuray also exhibited a rich phytochemical profile, lacking only proteins and 

phenols. Additionally, the alkaloid tests displayed unique responses for each plant. 

Carotenoid content analysis showed varying concentrations, with Blue Ternate displaying 

the highest levels, indicating its potential as a source of carotenoids. TLC analysis unveiled 

distinct spots, with only a few similarities between Kantutay and Katuray extracts, suggesting 

potential shared compounds. Furthermore, chlorophyll analysis demonstrated differential 

concentrations of chlorophyll a and b in the three plant samples. The antioxidant potential 

activity was determined using DPPH radical scavenging method and evaluated with half-

maximal inhibitory concentration revealing that the Blue ternate is the most potent to inhibit a 

specific biological or biochemical function among the plant samples. 

The results of this study provide valuable insights into the bioactive components and 

antioxidant potential of these three prominent Philippine plants. These findings hold significant 

implications for their potential utilization in pharmacological developments, contributing to the 

advancement of traditional and modern medicine in the country. Further research into the 

specific compounds and their potential applications is warranted to fully unlock the therapeutic 

potential of these plants. 
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Abstract: This study introduces a sustainable and environmentally friendly 

method for synthesizing selenium nanoparticles (SeNPs) by using Calluna vulgaris 

as a reducing agent. The process involves the addition of Na2SeO3 to a C. vulgaris 

aqueous solution, followed by reduction with ascorbic acid. UV-Vis spectroscopy 

confirmed SeNP formation, with a distinct absorption peak at 289 nm. 

Morphological analysis via Scanning Electron Microscopy (SEM) revealed 

spherical nanoparticles below 100 nm, as corroborated by Transmission Electron 

Microscopy (TEM) images displaying sizes ranging from 42.91 to 66.93 nm. 

Energy Dispersive Spectroscopy (EDS) confirmed the presence of selenium. 

Antibacterial assessments demonstrated the efficacy of C.vulgaris Selenium 

Nanoparticles (Cv-SeNPs) against gram-positive (Enterococcus faecalis, 

Staphylococcus aureus) and gram-negative bacteria (Escherichia coli). Cv-SeNPs 

exhibited notable antibacterial activity, particularly against E. Faecalis. In terms of 

antioxidant activities, Cv-SeNPs exhibited significant scavenging potential against 

DPPH and ABTS radicals, with low IC50 values of 24.72 and 16.87 µg/mL, 

respectively. The scavenging activities increased with concentration, reaching 

86.6% for DPPH and 99.7% for ABTS at specific concentrations. The inclusion of 

ascorbic acid as a capping agent further augmented the free radical scavenging 

capabilities, indicating a synergistic relationship between selenium nanoparticles 

and capping agents. This research underscores the dual functionality of Cv-SeNPs 

as effective antibacterial agents and potent antioxidants. The green synthesis 

methodology utilizing C. vulgaris offers a sustainable approach for producing 

selenium nanoparticles with desirable characteristics, suggesting potential 

applications in medicine and industry. Further research on biomedical and 

industrial uses of Cv-SeNPs is needed. 

1. INTRODUCTION 

In recent years, nanotechnology has emerged as an incredibly promising and rapidly advancing 

field, owing to its extensive applications in applied sciences and technology (Yesilot & Aydin, 

2019). Nanoparticles exhibit unique characteristics attributed to their high surface energy and 

significant surface-to-volume ratios. The popularity of metallic nanoparticles has soared due to 

their diverse applications across various scientific domains, encompassing physics, chemistry, 

materials science, and biomedical sciences (Raveendran et al., 2003).  
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Nanoparticles can be synthesized through three distinct methods: physical, chemical, and 

biological (commonly known as green synthesis). Physical methods necessitate expensive 

equipment, high temperatures, and high pressure. Chemical synthesis involves the use of toxic 

substances that pose environmental and health risks (Parveen et al., 2016). Additionally, these 

chemical methods are costly, toxic, and may be absorbed onto the nanoparticle surfaces 

(Adibian et al., 2022). Due to the drawbacks associated with physical and chemical synthesis, 

there has been a shift towards green synthesis—an environmentally friendly and more cost-

effective approach. Biological sources, such as plants, bacteria, fungi, and algae, containing 

natural molecules, are employed in green synthesis for nanoparticle production (Mittal et al., 

2013; Parveen et al., 2016). This method offers a more sustainable and affordable alternative. 

Nanoparticles synthesized using plant extracts exhibit increased stability and a greater diversity 

in terms of shape and size compared to those produced by other organisms (Nazir et al., 2018). 

Among the nanoparticles studied in recent years, SeNPs have attracted great attention due 

to their extraordinary physicochemical properties and potential biological activities 

(Barzegarparay et al., 2023). Selenium, an essential trace element, plays a vital role in 

maintaining human health and has been associated with a range of biological activities, 

including antioxidant and antibacterial properties (Roman et al., 2014; Mocchegiani et al., 

2009). The development of SeNPs from plant extracts offers a sustainable and biocompatible 

approach to harnessing the benefits of selenium (Khurana et al., 2019). 

These nanoparticles show promising properties in the fields of medicine, biotechnology, and 

environmental science. Additionally, the production of selenium nanoparticles using natural 

resources (plant extracts and microorganisms) has attracted much attention by promoting 

sustainability and minimizing environmental hazards associated with traditional methods 

(Cittrarasu et al., 2021). One such natural source of interest for nanoparticle synthesis is 

Calluna vulgaris, commonly known as heather. Heather, a plant with widespread use in 

traditional medicine, is employed for treating a variety of conditions, including rheumatism, 

arthritis, eye diseases, kidney stones, inflammation of the bladder and kidneys, bronchitis, 

diarrhea, eczema, high blood pressure, increased irritability, anxiety, and sleep disorders. 

Extensive research has unveiled numerous pharmacological effects associated with heather, 

encompassing anti-inflammatory, antiseptic, sedative, diuretic, antiviral, cytotoxic, 

antiproliferative, antibacterial, cardioprotective, hepatoprotective, cytotoxic, and antioxidant 

properties (Kaunaite et al., 2022). C. vulgaris is an indigenous plant species found in many 

regions and has been recognized for its rich phytochemical composition, including flavonoids, 

phenolic acids, and other bioactive compounds (Starchenko et al., 2020). These compounds not 

only impart therapeutic properties to C. vulgaris but also serve as effective reducing and 

stabilizing agents for the green synthesis of nanoparticles (Mustapha et al., 2022; Shafey et al., 

2020). 

This study aims at the green synthesis of SeNPs using C. vulgaris extract as a reducing and 

capping agent. The utilization of C. vulgaris extract offers a sustainable and cost-effective 

approach, reducing the need for hazardous chemicals in the nanoparticle synthesis process. 

Furthermore, the phytochemicals present in C. vulgaris are expected to play a vital role in 

determining the properties and activities of the synthesized SeNPs. One of the primary 

objectives of this study is to investigate the antioxidant activity of SeNPs synthesized from C. 

vulgaris extract. Antioxidants play a crucial role in protecting cells and organisms from 

oxidative stress-induced damage by neutralizing harmful free radicals. Given the growing 

interest in natural antioxidants, understanding the potential of SeNPs synthesized from C. 

vulgaris extract as effective antioxidants holds substantial importance in the field of health and 

wellness. In addition to their antioxidant potential, SeNPs have also exhibited remarkable 

antibacterial properties. The development of effective antibacterial agents is crucial in 

combating the rising threats of antibiotic-resistant bacteria. Therefore, this study aims to 

evaluate the antibacterial activity of SeNPs synthesized from C. vulgaris extract against a range 
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of pathogenic bacteria, shedding light on their potential as an alternative or adjunctive therapy 

in bacterial infections. 

2. MATERIAL and METHODS 

2.1. Preparation of Heather (C. vulgaris L.) Extract 

Dried heather (Ecodab, Batch no# P16S06) was obtained from a local market. The 5-gr weighed 

heather was ground into a powder using a mortar and pestle.100 mL of distilled water (dH2O) 

was added to the powdered heather and mixed thoroughly. The mixture was boiled in a 

microwave oven for 1 minute (1200 W, 50 Hz). After cooling, the obtained extract was filtered 

through Whatman No. 1 filter paper to obtain the heather aqueous extract. For the synthesis of 

selenium nanoparticles, heather extract was freshly prepared and used. 

2.2. Synthesis of Selenium Nanoparticles (Cv-SeNP) 

In the production of selenium nanoparticles, the green synthesis method used by Wang et al. 

(2018) was modified and used. 20 mL of 50 mg/mL C. vulgaris extract was added dropwise to 

the prepared 80 mL of 10 mM Sodium Selenite (Na2SeO3) (Bostonchem, Boston, MA, Cas 

#10102-18-8) solution. The mixture was stirred at room temperature for 2 hours. Subsequently, 

2 mL of freshly prepared L-Ascorbic acid (0.2 M) (Carlo Erba, France, Cas#50-81-7) was added 

dropwise to the mixture. Stirring was continued until a color change was observed. 

2.3. Characterization of Selenium Nanoparticles 

The UV-Vis spectra of the synthesized selenium nanoparticles were recorded using a Shimadzu 

UV-1801 UV-VIS spectrophotometer. The spectrum of the SeNP solution was measured in the 

wavelength range of 200-600 nm at 25oC. The particle size and morphology were observed 

using scanning electron microscopy (SEM) and transmission electron microscopy (TEM) 

(JEOL JEM-1400 Plus). The elemental composition of the SeNP was determined using energy-

dispersive X-ray spectroscopy (EDS) attached to the SEM (JEOL JSM-7100-F). The SEM, 

TEM, and EDS analysis were carried out at the Science and Technology Application and 

Research Center of Canakkale Onsekiz Mart University (COBILTUM).  

2.4. DPPH (2,2-Diphenyl-1-picrylhydrazyl) Assay 

The antioxidant potential of selenium nanoparticles was assessed employing the 2,2-diphenyl-

1-picrylhydrazyl (DPPH) method, following the procedure outlined by Saranya et al. (2023) 

with slight modifications. A 0.1 mM DPPH (abcr GmbH, Germany, Cas# 1898-66-4) solution 

was prepared using methanol. Selenium nanoparticles (SeNPs), synthesized at varying 

concentrations (0-5000 μg/mL), were mixed with the DPPH solution in a 1:1 ratio. Following 

the addition of the DPPH solution, the samples were left in the dark at room temperature for 30 

minutes. Subsequently, the absorbance of each sample was measured at 517 nm using a UV-

Vis spectrophotometer. DPPH served as the control, and methanol was employed as the blank. 

Ascorbic acid was utilized as the reference compound. IC50 values were obtained using 

GraphPad Prism software. The experiments were conducted in triplicate, and the free radical 

scavenging activity was expressed as a percentage of inhibition, calculated using the formula: 

𝐷𝑃𝑃𝐻 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%) =
(Abs of control − Abs of sample)

Abs of control
𝑥100 

2.5. ABTS (2,2-azinobis- (3-ethylbenzothiazoline-6-sulphonic acid)) Assay 

The ABTS scavenging activity was determined by the method described by Re et al. (1999) 

with minor modifications. Briefly, ABTS* working solution was prepared by adding sodium 

persulfate (2.45 mM) to the prepared ABTS stock solution (7.4 mM) (PanReac Applichem 

GmbH, Darmstadt, Germany, Cas no#30931-67-0). To achieve an absorbance of 0.7 units at 

734 nm, 1 mL of the ABTS* solution was diluted by combining it with 76 mL of methanol, as 

measured using a spectrophotometer. Selenium nanoparticles (500 μL) and control (methanol 
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(500 μL) were mixed with 500 μL of ABTS* solution and allowed to react. Absorbance was 

taken at 734 nm after 15 min using a spectrophotometer. IC50 values were obtained using 

GraphPad Prism software. Experiments were performed in triplicate and free radical 

scavenging activity was expressed as percent inhibition determined using the following 

formula: 

𝐴𝐵𝑇𝑆 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%) =
(Abs of control − Abs of sample)

Abs of control
𝑥100 

3. FINDINGS 

3.1. Preparation and Characterization of Cv-SeNPs 

An allotted volume of Na2SeO3 solution (10 mM) was introduced into an aqueous solution of 

C. vulgaris (50 mg/mL) and thoroughly mixed. Subsequently, a specific quantity of ascorbic 

acid was added to facilitate the reduction of the SeO3
2- precursor to its atoms. Throughout the 

synthesis process, the augmented Seo atoms aggregated into selenium nuclei, rapidly expanding 

as the redox reaction advanced, culminating in the generation of selenium nanoparticles (Wang 

et al., 2018). Following the reaction, a color change to ruby red was observed due to the 

formation of SeNP (Figure 1).  

 

Figure 1. C. vulgaris extract (A), Selenium nanoparticles (Cv-SeNP) synthesized with C. vulgaris 

extract (B). 
 
Along with these color changes, 200-600 nm wavelength scans were made in UV 

spectroscopy. UV-vis spectroscopy is an important method that reveals the formation and 

stability of SeNPs in aqueous solution by color change. Typically, the characteristic wavelength 

for synthesized selenium nanoparticles falls within the range of 200–300 nm (Barzegarparay et 

al., 2023; Zeebaree et al., 2020). By Uv-Vis measurement of Cv-SeNP, a shoulder absorption 

peak was observed at 289 nm, as illustrated in Figure 2. Similarly, few studies have reported 

the absorption peak of SeNPs to be approximately at 260-280 nm (Rajasekar & Kuppusamy, 

2021; Shin et al., 2022; Gangadoo et al., 2017).  

     

Figure 2. UV-Spectra analysis of SeNPs synthesized using C. vulgaris extract 
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The surface morphologies and sizes of SeNPs obtained by the green synthesis method were 

analyzed using SEM. The morphological analysis using SEM revealed that the nanoparticles 

exhibited a spherical structure with a size below 100 nm. The SEM image of SeNPs is shown 

in Figure 3A. EDS was used to determine the amount of elemental compounds and the purity 

of the nanoparticles. The highest peak in nanoparticles synthesized using C. vulgaris leaf extract 

was observed in selenium (15.2%) (Figure 3B). Other peaks observed with selenium in the EDS 

spectrum were carbon, oxygen, sodium, and very low amounts of copper and chlorine. 
 

 

Figure 3. Scanning electron micrograph of synthesized Cv-SeNPs (A), Identification of elemental 

composition using EDS spectra (B) 

TEM images of Cv-SeNPs, as depicted in Figure 4, reveal a uniform spherical structure, 

aligning with the symmetrical single peak observed in the UV-Vis analysis. The sizes of the 

Cv-SeNPs range from 42.91 to 66.93 nm. 

 

Figure 4. Transmission electron micrograph of synthesized Cv-SeNPs 

3.2. Antibacterial Activity of Cv-SeNPs 

In earlier research, various mechanisms for the antimicrobial effects of nanoparticles have been 

suggested by researchers. One crucial factor influencing this activity is the size of the 

nanoparticles. The small size allows nanoparticles to traverse cell walls and membranes, 

leading to cell lysis. Additionally, nanoparticles disrupt the respiratory cycle and the generation 

of ATP, hindering cell division, and ultimately resulting in the death of microbial cells (Zonaro 

et al., 2015). The antimicrobial activities of Cv-SeNPs were evaluated against three 

microorganism strains: gram-positive bacteria (Enterococcus faecalis, Staphylococcus aureus) 

and gram-negative bacteria (Escherichia coli) by disk diffusion method. Additionally, a 

Penicillin/streptomycin double antibiotic disk was used as a positive control. It was determined 

that the positive control antibiotic showed a 22 mm diameter inhibition zone against the test 

microorganisms. It was observed that Cv-SeNPs synthesized by the green synthesis method 

were effective against all test microorganisms (Figure 5). Disc diameters are included when 

calculating the results. At a concentration of 1500 µg/mL, the antibacterial efficacy against the 
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three pathogenic microbes followed the order: E. faecalis > S. aureus > E. coli. The associated 

antibacterial zone diameters were 12.13 mm, 10.14 mm, and 10.09 mm, respectively. 

 

Figure 5. Antibacterial activity of Cv-SeNPs against the tested microorganisms (A) Enterococcus 

faecalis, (B) Escherichia coli, (C) Staphylococcus aureus 
 
In previous studies, Se-NPs were found to have bactericidal properties against S. aureus 

(Shakibaie et al., 2015; Tran&Webster, 2011). Another study proved that Se-NPs have 

antibacterial properties against E. coli and S. aureus (Ali & Najmy, 2013). In a recent study, 

Se-NPs synthesized using Triphala extract exhibited significant antimicrobial activity against 

S. mutans, S. aureus, E. faecalis, and Candida albicans (Chellapa et al., 2020). SeNPs 

synthesized from Solanum nigrum fruit extract showed similar results against S. typhi, E. coli, 

P. vulgaris, and V. cholerae (Saranya et al., 2023).  

3.3. Antioxidant Activity of Cv-SeNPs 

The antioxidative potential of Cv-SeNPs was assessed using DPPH and ABTS* assays for 

scavenging free radicals. Cv-SeNPs exhibited significant antioxidant activity in both DPPH and 

ABTS assays, demonstrating IC50 values of 24.72 and 16.87 µg/mL, respectively. The low IC50 

values highlight the effective neutralization of free radicals by Cv-SeNPs. Cv-SeNPs showed 

86.6% maximum DPPH scavenging activity at a concentration of 750 µg/mL (Figure 6A). The 

results of the present study correlate well with the previous study in which the scavenging 

activity of Olea ferruginea fruit extract-mediated SeNPs was 85.2% (Hassan et al., 2022). 

 

Figure 6. Antioxidant activity of the Cv-SeNPs (A) DPPH free radical scavenging, (B) ABTS radical 

scavenging activity 

Figure 6B illustrates the antioxidant activity of SeNPs against ABTS*. Once again, the 

scavenging activity demonstrated an upward trend with increasing SeNP concentrations. At a 

concentration of 375 µg/mL, SeNPs exhibited a peak ABTS scavenging activity of 99.7%. 

These findings align with a prior study wherein the ABTS scavenging activity of SeNPs 
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mediated by Rosa roxburghii extract was reported as 98.92% (Ge et al., 2023), providing 

additional support for the results obtained in the current investigation. The incorporation of 

ascorbic acid as a capping agent for SeNPs enhanced the scavenging of free radicals, indicating 

a collaborative improvement in antioxidant capabilities. Selenium's capacity to counteract free 

radicals, primarily through the upregulation of selenoenzymes like glutathione peroxidase, is 

well-known (Rotruck et al., 1973; Shin et al., 2022). Introducing phytomolecules (such as 

phenolic and flavonoids) as capping agents further fortified selenium's antioxidant properties 

against free radicals. The findings suggest that the synergy between selenium nanoparticles and 

capping agents, including ascorbic acid and phytomolecules, results in potent antioxidants, 

demonstrating the potential to effectively address free radicals (Kokila et al., 2017; Gunti et al., 

2019). 

4. DISCUSSION and CONCLUSION 

This research endeavors to shed light on the unique properties of SeNPs synthesized from C. 

vulgaris, their potential applications in medicine, and their contribution to the ever-growing 

field of green nanotechnology. C. vulgaris, a plant rich in phytochemicals, represents a 

promising source for the eco-friendly synthesis of SeNPs. This synthesis method not only 

reduces the environmental impact associated with traditional chemical methods but also 

provides an opportunity to explore the unique attributes of C. vulgaris in enhancing the 

biological activities of the synthesized nanoparticles. 

Antioxidant activity is a critical parameter in the assessment of nanoparticles for potential 

biomedical applications. Oxidative stress, resulting from an imbalance between reactive oxygen 

species (ROS) production and the body's antioxidant defense mechanisms, is implicated in 

numerous diseases, including cancer, neurodegenerative disorders, and cardiovascular 

ailments. Selenium nanoparticles have demonstrated remarkable antioxidant potential due to 

their ability to scavenge ROS, thus holding promise as therapeutic agents in combating 

oxidative stress-related diseases. 

Concomitantly, the antibacterial activity of SeNPs has attracted attention in the context of 

addressing the escalating global challenge of antibiotic resistance. As conventional antibiotics 

become less effective, the search for alternative antibacterial agents intensifies. Selenium 

nanoparticles exhibit antibacterial properties by disrupting the bacterial cell membrane, 

interfering with cellular functions, and promoting oxidative stress within bacteria. These 

attributes make SeNPs a potential solution to combat bacterial infections, both as standalone 

agents and in synergistic combinations with existing antibiotics. 

In summary, this research bridges the domains of nanotechnology, green synthesis, and 

natural product chemistry, exploring the synthesis of SeNPs using C. vulgaris extract and their 

subsequent implications in antioxidant and antibacterial activities. The outcomes of this study 

may contribute to the development of novel therapeutic agents and environmentally friendly 

nanoparticle synthesis methodologies, fostering both health and sustainability. 
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Abstract: Chemicals and antibiotics are serious problems that cause the resistance 

of bacteria and the persistence of chemical residues in food. These chemical products 

affect human health and promote diseases. Therefore, the use of natural resources, 

especially plants, appears as an alternative to avoid the harmful impacts of such 

products. Plant active substances such as essential oils, alkaloids and phenols are of 

great interest to scientists and have been studied for their biological activities. 

Essential oils (Eos) from the stems of Santolina africana were extracted by 
hydrodistillation and analyzed by Gaz Chromatography/ Mass Spectrometry (GC-

MS). The antioxidant activity of crude extracts and Eos was evaluated by the DPPH 

assay and the antibacterial activity was evaluated by the disc diffusion method and 

the broth microdilution method against Gram-positive strains (Bacillus subtilis, 

Staphylococcus aureus) and Gram-negative strains (Escherichia coli, Salmonella 

paratyphi, and Pseudomonas aeruginosa). S.africana Eos from Morocco and Tunisia 

were found to be rich in artemisia ketone (35.4% and 44.3%, respectively), santolina 

alcohol (16.2%and 3.2%, respectively) and isoborneol (6.1% and 26.6%, 

respectively). Methanol extracts were rich in phenolic and flavonoids contents and 

showed the highest DPPH radical scavenging activity. Results exhibited the 

sensitivity of the strains to essential oils from S. africana especially against Gram-

positive bacteria. This current research will provide new information about this plant 

that can be used as a natural antioxidant and antibacterial for industrial purposes. 

1. INTRODUCTION 

Since ancient times, plants have been used in food and traditional medicine. The use of herbal 

remedies for the prevention and treatment of diseases was often explained by their usage, since 

their biological activities were not yet proven. In recent years, the interest of scientists in plants 

has led to a systematic examination of bioactive molecules extracted from medicinal and 

aromatic herbs and plants. Scientific research demonstrated their pharmaceutical, medicinal and 

biological properties and exhibited their beneficial effects on health. Medicinal species have 
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been shown to possess anti-inflammatory (Darwish et al., 2020), antiviral (Javed et al., 2021), 

anticancer (Dai et al., 2010; Andrade et al., 2018), antidiabetic (Béjaoui et al., 2017), 

antimicrobial and antioxidant properties (Khammassi et al., 2022). These properties are 

attributed to the bioactive compounds in essential oils (Eos) and phenolic compounds that are 

of wide interest in the pharmaceutical and food industries. Eos were complex mixtures of 

volatile secondary metabolites, including monoterpenes, sesquiterpenes and phenylpropanoids 

(Ismail et al., 2014). They have been reported for their antioxidant, antifungal and antibacterial 

activities (Khammassi et al., 2023). A special relevance was also gained to phenolic compounds 

that exhibited anti-inflammatory, antimicrobial, antioxidant and herbicidal properties 

(Khammassi et al., 2022; Khammassi et al., 2023). 

S. africana (synonym: Ormenis africana) belongs to the Asteraceae family, is one of 

endemic species of the North of Africa (Tunisia, Algeria and Morocco). It is growing wild on 

the mountains and on the rocky slopes (Pottier Alapetite,1981). This plant is a green sub-

shrubspecies with a strong odor, woody stems and yellow flowers. It is used in traditional 

medicine for its therapeutic effects. In Tunisia, it is used as an antidiabetic and for the treatment 

of colic and abdominal pain. A mixture of this plant and honey is used for the treatment of 

cardialgia ulcers (Ben Mansour, 2011; Bel Hadj Salah-Fatnassi, 2017). In Morocco, S.. africana 

is utilized as a stomachic, anthelmintic, abortifacientand vermifuge. It is also reported for its 

hypoglycemic effects (Lmachraa et al., 2014). Essential oils of S. africana have been reported 

to have antioxidant, antimicrobial (Boudjedjou, 2019), antidiabetic (Béjaoui et al., 2013) and 

antinflammatory activities (Malti et al., 2019). These volatile extracts have also been studied 

for their applicationas natural substances for agricultural control and plant protection. In fact, 

Eos from S. africana revealed fungicidal activity against phytopathogenic fungi (Khammassi 

et al., 2018). The chemical composition of the Santolina genus essential oils has been studied. 

Monoterpenes such as 1,8-cineole, myrcene, artemisia ketone and camphor were the main 

components of the volatile fractions of some Santolina species from different regions of the 

world (Tundis et al., 2018).  

To our knowledge, few studies have been conducted on the chemical composition of S. 

africana essential oil from Tunisia and Morocco. Thus, the aims of this stuy were to investigate 

the variations in chemical composition of essential oils S. africana stems from the two countries 

and to evaluate the antioxydant and antibacterial activities of their volatile fractions and their 

crude extracts. Such study may provide natural alternative to chemical products and give 

solutions for the problems caused by antibiotics and synthetic antioxidants that affect human 

health. 

2. MATERIAL and METHODS 

2.1. Plant Material 

Stems of S. africana were collected from the El Krib Sud region in the gouvernorate of Siliana 

(North of Tunisia) and from Taounate Province, located in the Fes region (North of Morocco). 

Ten samples were harvested from each country and identification was conducted by Dr Amri 

Ismail. A voucher specimen was deposed in the herbarium of INRGREF. 

2.2. Essential Oils Extraction and Analysis 

The essential oils (Eos) have been extracted from 100g of air-dried plant material by a 

Clevenger apparatus (European Pharmacopeia Method, 2008). Hydrodistillation has been 

conducted for 3hours. Volatile oils were stored at 4°C in darkglass bottles for analysis and the 

oil yields were calculated. 

The composition of essential oils were determined by Gaz chromatography–Mass 

Spectrometry (GC-MS) analyses. GC/MS was performed on a Hewlett Packard 5972 MSD 

System. Eos separation was performed usinga HP-5 MS capillary column (30 m x 0.25 mm i.d., 

0.25 mm film thickness) and helium as carrier gas (1.2 mL/min). 
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The GC-MS oven temperature was set at 50°C for 1 minute and then rose to 240°C at 

5°C/min) and it remained at 204°C for 4 minutes.The injector and the detector were adjusted at 

temperatures of 250°C and 280°C, respectively. 0.1 mL of diluted samples (1%) were injected  

in splitless mode. ChemStation was the software used to process the mass spectra and 

chromatograms. Composition was identified based on mass spectra with comparison with 

Wiley spectra and Retention Index from alkanes (C9-C28 on the HP-5) helped in the 

identification of the chemical compounds. 

2.3. Extract Preparation 

50g of air-dried S. africana stems were powdered and extracted by maceration with distilled 

water or methanol. The extracts were filtered by filter paper (Whatman No. 4), evaporated with 

a rotary evaporator and then stored at 4°C for further analysis (Mau et al., 2001). 

2.4. Preliminary Phytochemical Screening  

Extracts were dissolved in specific reagents through standard procedures and tested for 

phytochemical screening using standard methods (N’Guessan et al., 2009; Karumi et al., 2004; 

Dahoun, 2003). 

2.5. Total Phenolic Content 

The total phenolic content (TPC) was determined by the Folin-Ciocalteau assay using gallic 

acid as a standard phenolic compound according to the method described by Slinkard and 

Singleton (1977) and slightly modified by Dewanto et al. (2002). Briefly, 1 mL of each diluted 

extract was added to 1 mL of the Folin-Ciocalteu’s phenol reagent and shaken. 3 minutes later, 

1 mL of Na2CO3 (2 %) solution was added to the mixture.  After incubation at room temperature 

for 90 minutes, absorbance against a reagent blank was read at 760 nm. The experiment was 

carried out in triplicates. TPCs were expressed as milligrams of gallic acid equivalents (GAE) 

per gram of  weight (mg GAE/g DW).  

2.6. Total Flavonoid Content 

The total flavonoid content (TFC) was determined according to the method of chang et al., 

(2002) by mixing 75 µL of NaNO2 (7%) with 250µL of extract. 150µL of AlCl3 (10%) and 

500µL of NaOH (1 M) were then added to the mixture. After an incubation of 15 minutes at 

room temperature, the absorbance was read at 510 nm. Total flavonoids were determind using 

a calibration curve (50-600µg/mL) and presented in milligrams of quercetin equivalents per 

gram of dry weight (mg QE/g DW). 

2.7. Determination of Radical-Scavenging Activity 

The free radical-scavenging activity of each sample (essential oils/extracts) was evaluated with 

a DPPH (1,1-diphenyl-2-picrylhydrazil radical) assay (Wu et al., 2006) with sligh modification. 

DPPH solution (10-4 M) was prepared in methanol. 1mL of each sample at different 

concentrations is added to 3 mL of the DPPH mixture, shaken and then allowed to sit for 30 

minutes in the dark. The absorbance was then measured at 517 nm. Synthetic antioxidant 

butylatedhyroxytoluene (BHT) served as standard and assays were conducted in triplicate. 

The percentage inhibition of DPPH radical was calculated according to the following 

formula: 

% Inhibition = [(A control −A sample)/A control] X 100 

The concentration providing 50% of the radical scavenging activity (IC50) was then 

determined. 

2.8. Antibacterial Activity of Essential Oils and Crude Extracts 

The antibacterial activity was evaluated using the agar diffusion method (National Committee 

for Clinical Laboratory Standards NCCLS, 2003), against five bacteria strains; Gram-positive: 

Bacillus subtilis, Staphylococcus aureus; Gram-negative: Salmonella paratyphi, Pseudomonas 
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aeruginosa, Escherichia coli. The bacterial strains were grown on Muller Hinton medium 

(MHI) at 37°C for 24 hours. 

100 µL of microorganism suspension adjusted to 106 CFU/mL was spread on petri dishes 

containing nutrient agar medium. Discs (8 mm of diameter) of sterile filter paper were then put 

in the plates and impregnated with 10 µL of essential oils or 100 µL of extracts. The petri dishes 

were incubated for 24hours at 37°C and inhibition zones (mm) were determined. The bacteria 

with a clear zone of inhibition of more than 12 mm were considered to be sensitive. For each 

test, the experiment was performed in triplicate. The antibacterial activity of Eos or extracts 

was compared with two antibiotics ;ampicillin (10 μg/disc) and spiramycin (10µg/disc). 

2.9. Minimum Inhibitory (MIC) and Minimum Bactericide (MBC) Concentrations  

The Minimum Inhibitory Concentration (MIC) was determined by the broth micro dilution 

method according to National Committee for Clinical Laboratory Standard-NCCLS (1999). 

Experiments were carried out in nutrient broth. Broth tubes containing 106 CFU/mL were filled 

with differentconcentrations of essential oils or extracts (1.5-7 mg/mL).Then, the samples were 

incubated using an incubator shaker to distribute the volatiles oils and subsequently examined 

for evidence of the growth. Each test was repeated in triplicate. DMSO in the broth tube served 

as a negative control. 

When no visible growth was observed after incubation, the minimum inhibitory 

concentration (MIC) of the volatile oil or extract was determined. From tubes presenting no 

visible growth, 20 mL were spread on suitable nutrient agar petri dishes. The plates were then 

incubated for 24 hours. After subculturing, the lowest concentration of the essential oil or 

extract at which no visible growth was observed was considered as minimum bactericidal 

concentration (MBC). 

2.10. Statistical Analysis 

Analysis were conducted in triplicate and presented as average values. The data gained were 

subjected to a variance analysis (ANOVA) using SPSS software (Version 21.0) and analysed 

by means of the multiple comparison Student-Newman-Keuls test. Values of p ≤ 0.05 were 

considered significantly different. 

3. RESULTS and DISCUSSION 

3.1. Phytochemical Analysis  

Preliminary phytochemical screening of S. africana methanol (Me) and aqueous (Aq) extracts 

is reported to contain phenols, flavonoids, sterols, polyterpenes, tannins, and quinones. 

Saponins were found only in water extracts (Table 1) whereas results showed the absence of 

alkaloids in all the extracts. This result was not in accordance with those reported for plant 

extracts of the Asteraceae family. In fact, the aqueous and methanol extracts of Chromolaena 

odorata leaves showed the presence of alkaloids (N’Guessan et al., 2009). Plants contain 

different groups of phenolic compounds. Plant phenolics have gained considerable interestdue 

to their biological functions (Bouazizet al., 2009). 

Table 1. Phytochemical screening of S.africana crude methanol and aqueous extracts. 

  Metabolites 

Extracts Phenols Flavonoids 
Sterols and 
polyterpenes 

Catechic 
tannins 

Gallic 
tannins 

Quinones 
Saponins 
 

Alkaloids 

MeOH 
Morocco  ++ ++ ++ + ++ ++ - - 

 Tunisia ++ ++ ++ + ++ + - - 

Aqueous 
Morocco + + + + + + + - 

Tunisia + + + + + + + - 

++: strong; +: medium; - : poor (according to the color intensity). The measuring was repeated intriplicate. 
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3.2. Yields and Chemical Analysis 

As shown in Figure 1, S. africana methanol extract yields were 9.12 % and 9.43 %, for Morocco 

and Tunisia, respectively. Whereas, aqueous extract yields did not exceed 1.71 %. Volatile oil 

yields of stems of S. africana from Tunisia and Morocco were 0.79 % and 0.9%, respectively. 

These yields are relatively in agreement with the data reported by Lmachraa et al., (2014). 

However, they are lower when compared with the yield of Santolina chamaecyparissus var. 

insularis aerial parts (Poliet al., 1997). The EO yield of stems from Algerian S. africana 

distilled in a Kaiser-Lang apparatus was 0.95 % (Zaiter et al., 2015). Another study conducted 

on S. africana aerial parts from different locations in Algeria showed Eos yields ranging from 

0.03 to 0.17 %. The variations in essential oil yields can be due to different factors such as plant 

parts, the date of harvest and environmental conditions. Moreover, Eos yiels can be affected by 

the physiological characteristics of the plants, genetic factors, soil type and methods of 

extraction (Saoud et al., 2013; Mohammad et al., 2022). 

Figure 1. Yields of S. africana stems from Morocco and Tunisia. 

T EO: Tunisian essential oil; M EO: Moroccan essential oil; T Me: Tunisian methanolic extract; M Me: Moroccan methanolic 
extract ; T Aq: Tunisian aqueous extract; M Aq: Moroccan aqueous extract 

3.3. GC-MS Analysis 

GC-MS analysis revealed a total of forty eight compounds, accounting 99.1 % and 98.9 % of 

the total Moroccan and Tunisian oils, respectively (Table 2 and Figure 2). Oxygenated 

monoterpenes (OM) were the main groups in S. africana Eos, followed by monoterpene 

hydrocarbons (MH). Sesquiterpene hydrocarbons (SH) ranged from 3.6% to 8.6%. However, 

previous investigations have demonstrated the dominance of hydrocarbon components in 

comparison with the oxygenated components in volatile fractions from other species of the 

Santolina genus (Zaiter et al., 2015; Liu et al., 2007). 

Our results indicated that artemisia ketone was the most abundant in both essential oils, with 

variation in percentage between the two countries. Essential oil from Morocco was found to 

contain 35.4% artemisia ketone, 16.2 % santolina alcohol, 6.1 % isoborneol and 5.1 % β-

oplopenone. Likewise, in Tunisian essential oil,  artemisia ketone (44.3%), isoborneol (26.6%) 

and santolina alcohol (3.2 %) were identified as major compounds. In this study, the percentage 

and components of S.africana essential oil exhibited variation that can be caused by 

geographical origins (Díaz-Maroto et al., 2006). Our findings were compared with other 

research involving other countries. It was reported that Eos extracted from aerial parts of 

S.africana in the flowering stage in three locations in the Eastern of Algeria (Batna province) 

were composed of germacrene D, spathulenol, myrcene, α-bisabolol, β-pinene, cys-

chrysanhenol, 1,8-cineole, capillene, camphor santolina alcohol, lyratol and terpinen-4-ol (0.1-

6.7 %) (Malti et al., 2019). 
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Table 2. Chemical profile of S. africana Eos from Tunisia and Morocco. 

N° Compounds RI Class Formula  
Area % 

Identification 
Morocco Tunisia 

1 Santolina triene 908 MH C10 H16 1.2 1.5 MS, RI 

2 α-Tricyclene 926 MH C10 H16 0.2 1.1 MS, RI 

3 α-Pinene 939 MH C10 H16 3.1 2.8 MS, RI, Co-In 

4 Camphene 954 MH C10 H16 2.6 0.8 MS, RI 

5 α-Sabinene 975 MH C10 H16 2.8 2.4 MS, RI 

6 β-Pinene 979 MH C10 H16 4.7 2.9 MS, RI, Co-In 

7 β-Myrcene 990 MH C10 H16 0.6 1.9 MS, RI, Co-In 

8 α-Terpinene 1017 MH C10 H16 - 0.6 MS, RI, Co-In 

9 p-Cymene 1024 MH C10 H14 0.5 0.8 MS, RI, Co-In 

10 Santolina alcohol 1040 OM C10H18O 16.2 3.2 MS, RI 

11 Artemisia ketone 1062 OM C10H16O 35.4 44.3 MS, RI  

12 (Z)-Sabinene hydrate 1070 OM C10H18O 1.1 0.3 MS, RI  

13 α-Terpinolene 1088 MH C10 H16 0.3 0.9 MS, RI, Co-In 

14 Linalool 1096 OM C10H18O 3.6 0.2 MS, RI, Co-In 

15 α-Thujone 1102 OM C10H16O 0.8 - MS, RI 

16 β-Thujone 1114 OM C10H16O - 0.8 MS, RI, Co-In 

17 Trans-Pinocarveol 1139 OM C10H16O 0.6 - MS, RI 

18 iso-Menthone 1162 OM C10H18O - 0.6 MS, RI, Co-In 

19 Isoborneol 1160 OM C10H18O 6.1 26.6 MS, RI, Co-In 

20 Terpinen-4-ol 1177 OM C10H18O 1.2 - MS, RI, Co-In 

21 p-Cymen-8-ol 1182 OM C10H14O - 0.2 MS, RI 

22 α-Terpineol 1188 OM C10H18O 1.2 0.3 MS, RI, Co-In 

23 Myrtenal 1195 OM C10H14O 0.6 0.2 MS, RI, Co-In 

24 (E)- Piperitol 1196 OM C10H18O 0.5 0.2 MS, RI 

25 (Z)-Carveol 1216 OM C10H16O 0.2 0.3 MS, RI 

26 Carvacrol methyl ether 1244 PP C11H16O 0.8 0.4 MS, RI 

27 α-Santalene 1417 SH C15H24 1.3 - MS, RI 

28 (Z)-β-Farnesene 1442 SH C15H24 0.6 - MS, RI 

29 α-Humulene 1454 SH C15H24 0.5 0.6 MS, RI, Co-In 

30 Allo-aromadendrene 1460 SH C15H24 0.9 0.6 MS, RI 

31 Germacrene D 1485 SH C15H24 0.4 - MS, RI, Co-In 

32 Bicyclogermacrene 1500 SH C15H24 0.8 - MS, RI 

33 α -Muurolene 1500 SH C15H24 0.3 0.4 MS, RI 

34 β-Bisabolene 1505 SH C15H24 0.2 0.4 MS, RI 

35 γ-Cadinene 1513 SH C15H24 0.8 0.3 MS, RI 

36 δ-Cadinene 1523 SH C15H24 0.2 - MS, RI 

37 α-Cadinene 1538 SH C15H24 0.2 - MS, RI 

38 β-Calacorene 1565 SH C15H24 0.1 - MS, RI 

39 Germacrene B 1561 SH C15H24 0.4 0.1 MS, RI 

40 Germacrene D-4-ol 1575 OS C15H26O 0.3 - MS, RI 

41 Spathulenol 1578 OS C15H24O 0.9 1.2 MS, RI 

42 Caryophyllene oxide 1583 OS C15H24O 0.2 - MS, RI 

43 Guaiol 1600 OS C15H26O - 0.8 MS, RI 

44 β-Oplopenone 1607 OS C15H24O 5.1 - MS, RI 

45 1-epi-Cubenol 1628 OS C15H26O 0.8 0.8 MS, RI 

46 (Z,E)-Farnesol 1722 OS C15H26O 0.2 0.4 MS, RI 

47 (Z,Z)-Farnesol 1698 OS C15H26O 0.2 - MS, RI 

48 (E,E)-Farnesol 1742 OS C15H26O 0.4 - MS, RI 

Total identification 99.1 98.9  

Monoterpene   hydrocarbons (MH) 16 15.7  

Oxygenated monoterpenes   (OM) 67.5 77.2  

Phenylpropanoid derivates  (PP) 0.8 0.4  

Sesquiterpenes hydrocarbons (SH) 8.6 3.6  

Oxygenated sesquiterpenes  (OS) 6.7 2.4  
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Another study conducted on Algerian S.africana EO (location Ichemoul, province of Betna) 

at the flowering stage, exhibited its richness in β-pinene, 1,8-cineole, germacrene D, sabinene, 

α-bisabolol and hedycaryol (Boudjedjou et al., 2019). Similarly, Zaiter et al., (2015), reported 

that the essential oil of the aerial parts of S.africana from Setif provence (North Eastern Algeria) 

is composed of β-pinene, myrcene and at less extent, α-pinene. Compared to Tunisian reports, 

there are notable differences with the oil of S. africana leaves collected from Siliana, a province 

in Tunisia, which is composed of artemisia ketone and isoborneol, presenting 42.96%, 24.30%, 

respectively (Khammassi, 2018). 

In a previous study conducted on S.africana aerial part from Morocco (province of 

Tahanaout), oxygenated monoterpenes were particularly abundant (97.24 %) and camphor 

(54.3 %), borneol (17.24 %) and 1,8 cineole (5.27 %) were the main coumpounds (Lmachraa 

et al., 2014). 

The variation in the composition of volatile oil can be attributed to the geographical location 

of the plant and also to the plant parts (seeds, leaves and stems) which explain the aim of this 

investigation and also explain the exploitation of such bio resources for their biological 

properties. 

 

RI: retention index; MS = mass spectrometry; Inj = co-injection with authentic compounds; - = absent 

Figure 2. Main compounds of S.africana essential oil. 

3.4. Total phenolic and Flavonoid Content 

The results of total phenolic and flavonoids content are presented in Table 3. Statistical analysis 

revealed that the amounts of total phenolic content were significantly different between Me and 

aq extracts. In fact, Me extracts were richer in phenolics than aq extracts with amounts of 137.46 

mg GAE/g DW and 137.03 mg GAE/g DW for Morocco and Tunisia. Flavonoids contents 
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differ significantly between extracts and methanol extracts exhibited their richness in 

flavonoids,with amounts ranging from 31.79 to 38.2 mg QE/g DW.Béjaoui et al., 

(2013)reported that total phenolics and total flavonoid amounts were 50mg GAE/100g DM and 

42.56 QE/g of dry mass, respectively, for the methanol extract of S.africana leaves collected 

from the region of ELKEF. Another study conducted by Ben Mansour et al., (2011) exhibited 

that hydroethanolic extracts from inflorescences contain 312.07 ± 4.81 mg GAE/g dray matter 

and 73.72 ± 1.98 QE/g of dry mass of the phenolic and flavonoids compounds, respectively. 

The difference found between our results in comparison to other work may be due to the plant 

part used, solvent and the method of extraction. Previous research conducted on Asteraceae 

species showed high amounts of phenols (Wojdyło et al., 2007). 

Phenols are very important plant constituents because of their scavenging ability due to their 

hydroxyl groups. The phenolic compounds may contribute directly to antioxidative action 

(Hatano et al.,1989). 

Table 3. Total phenolic and flavonoid content of methanol and aqueous extracts of S.africana. 

 Methanol extract Aqueous extract 

 Morocco        Tunisia Morocco      Tunisia 

Total phenolic (mg GAE/g DW) 137.46± 0.14a 137.03± 0.31a 63.36±0.3b 59.34± 0.2c 

Flavonoid content (mg QE/g DW) 38.2 ±0.15a 31.79± 0.22b 9.26±0.58c 7.57±0.21d 

3.5. Antiradical Scavenging Activity 

The Eos and crude extracts were screened for their antioxidant potential by DPPH assays. 

Statistical results showed that the radical scavenging activity differs significantly between 

extracts and origins (Figure 3). Methanol extracts were the strongest antioxidants followed by 

aqueous extracts and revealed high potential as compared with BHT. Eosexhibited the highest 

IC50= 538.12 and 613.84 μg/mL for Moroccan and Tunisian species, respectively and then they 

presented the lowest antiradical activities. Research conducted on the antioxidant activity of the 

methanol extract leaves of S. africana showed significant antiradical potential towards DPPH 

radicals (46 µm Trolox equivalents TE) (Béjaoui et al., 2013). Another study demonstrated the 

antioxidant activity of EO of S. africana aerial parts from Algeria with an IC50 value of 1.51 

mg/mL (Malti et al., 2019). The antioxidant activity of plant extracts can be attributed to their 

richness in total phenolics and flavonoids. Many reports showed a correlation between phenolic 

contents and the antioxidant properties of the plants. The chemical composition of bioactive 

compounds is one of the major factors that influences the activity of natural antioxidants 

(Bouaziz et al., 2009; Shahidi & Marian, 2003). In fact, as plant secondary metabolites, the 

phenolics can react by different mechanisms: by inactivating lipid free radical chains, chelating 

redox-active metal ions, and avoiding hydroperoxide conversions into reactive oxyradicals. 

Radical scavenging by polyphenols is the most widely published mechanism for their 

antioxidant activity. In this radical scavenging mechanism, polyphenols sacrificially reduce 

reactive oxygen and nitrogen species ROS/RNS, such as •OH, O2•-, NO•, or OONO- after 

generation, preventing damage to biomolecules or theformation of a more reactive oxygen 

system (Perronet al., 2009). While polyphenols are primarily recognized for their antioxidant 

functions, they also have many other biological properties, such as antimicrobial activiy. 
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Figure 3. IC50 of Eos and extracts of S.africana. 

M EO: Moroccan essential oil; T EO: Tunisian essential oil; M Me: Moroccan methanolic extract; T Me: Tunisian methanolic 

extract; M Aq: Moroccan aqueous extract; T Aq: Tunisian aqueous extract. 

3.6. Antibacterial Activity 

The antibacterial activity of the Eos and crude extracts of S. africana aerial parts was evaluated 

against four bacteria, by the agar disc diffusion method. Results are presented in Table 4 and 

showed different degrees of bacterial growth inhibition that depended on the strains and the 

tested sample. Our result showed that essential oils from the two coutries were more effective 

against Bacillus subtilis, Staphylococcus aureus and Pseudomona aeruginosa,with growth 

inhibitionof 13.33 mm to 15.66 mm. The most important effect was observed against 

Staphylococcus aureus. However, Eos revealed moderate activity against Salmonella paratyphi 

and Escherchia coli with inhibition zone around 12mm and 12.5mm, respectively. For methanol 

and aqueous extracts, a very slight inhibition (9-10.5 mm) was observed against all bacteria 

strains. As compared to the antibiotics, essential oils from S. africana were less effective against 

the tested bacteria strains, except against S.aueurs. Indeed, the same sensitivity of the oils of 

Morocco and Tunisia (15.33 mm and 15.66 mm, respectively) and ampicillin (16 mm) was 

observed for this bacteria. In accordance with our results, Malti et al., (2019) showed that Eos 

of Algerian S.africana extracted from the aerial parts at full flowering were effective against 

S.aureus (19.7 mm). Boudjedjou et al., (2019)demonstrated also the potent effect of S.africana 

EO at the fowering stage from Algeria against E. coli and S. aureus and B. subtilis,are 

respectively, of 29.27 mm, 29 mm and 15 mm. 

Liu et al.(2007) have also reported that S.corsica EO revealed remarkable activity against S. 

aureus, but remaind inactive against P. aeruginosa and E. coli. However, other studies on 

S.chamaecyparissus and S.rosmarinifolia Eos recorded a strong inhibition growth of E. coli (25 

mm and 15 mm, respectively) (Chibani et al., 2013; Salah-Fatnassiet al., 2017). 

S.africana essential oils from Morocco and Tunisia displayed activity against S.aureus, 

B.subtilis and E.coli with MICs of 7 mg/mL. The tested strains were more resistant against 

crude extracts. Ormenis oils displayed a bacterecidal effect against S.aureus and B.subtilis, with 

a MFC of 5 mg/mL (Table 5). 

The inherant effects of Eos can be related to their chemical composition, their proportions 

and to the interactions between their compounds, which may produce additive, synergistic, or 

antagonistic effects (Tyagi & Malik, 2011). The antibacterial activity of volatile oils can also 

be attributed to the sensitivity of the tested strains. In fact, essential oils composed mainly of 

terpenes, phenolsandaldehydes are known by their hydrophobicity that permet them to 

accumulate in the membranes of bacteria cells and then cause the permeabilityincrease. 

Leakage of intracellular constituents and alteration of the microbial enzyme can be produced 

and then cause the loss of cellular content and cell death. In addition, interaction between the 

different components can occur to changes in the conformation of the structure, causing a 

reduction in inhibitory activity (Ceylan & Fung, 2004; Bajpai et al., 2013). 
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Our study revealed that essential oils inhibit more Gram positive bacteria than Gram negative 

bacteria. This phenomenon was reported previously by Smith-Palmer et al., (1998). It is not 

known why Gram negative are more resistant, but it can be attributed to the outer membrane 

that confer to the bacterial surface strong hydrophilicity and acts as strong permeability barrier 

(Nikaido et al., 1985). Recent data suggest that essential oils may disrupt the permeability 

barrier of cell membranes and inhibit respiration (Cox et al., 2000). 

Table 4. Antibacterial activity of S.africana essential oils and extracts. 

  Bacteria 

  Gram positive Gram negative 

  S.aureus B.subtilis  E.coli P.aeruginosa S. paratyphi 

Eos 

(10µL/disc) 

Morocco 15.33±0.33a 14±0.66c 12±0.33b 13.33±0.57b 12b 

Tunisia 15.66±0.33a 14.66±0.33b 12.5±0.33b 13.66±0.57b 12.33±0.33b 

MeOH extract 

(10µL/disc) 

Morocco 9b 9d - - - 

Tunisia 9b 9.33±0.33d - 9c 9.66±0.33c 

Aqueous 

extract 
(10µL/disc) 

Morocco 9b - - - - 

Tunisia 9.33±0.33b - 10c 9.66±0.33c - 

AMP  16±0.57a - 16.33±0.66a 18a 15.66±0.33a 

SPI  - 18.33±0.66a - - - 

DMSO  - - - - - 

AMP: ampicillin; SPI: spiramycin; DMSO: Diméthylsulfoxide 

Table 5. MIC and MBC (mg/mL) of essential oils and extracts from S.africana. 

    S.aureus B.subtilis E.coli P.aeruginosa S. paratyphi 

    MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 

Eos 
Morocco 7 5 7 5 7 - > 7 - > 7 - 

Tunisia 7 5 > 7 5 7 - > 7 - > 7 - 

MeOH 

extract 

Morocco > 7 - > 7 - > 7 - > 7 - > 7 - 

Tunisia > 7 - > 7 - > 7 - > 7 - > 7 - 

Aqueous 

extract 

Morocco > 7 - > 7 - > 7 - > 7 - > 7 - 

Tunisia > 7 - > 7 - >7 - > 7 - > 7 - 

4. CONCLUSION 

The present study presents a contribution to the analysis of Eos and extracts from S. africana 

traditionally used for several medicinal applications. The chemical composition of S. africana 

essential oils from Morocco and Tunisia showed their richness in oxygenated monoterpenes. 

Artemisia ketone and isoborneol were the most abundant in both essential oils. Methanol 

extracts were rich in phenolic and flavonoid contents and exhibited the highest antiradical 

activity. Regarding antibacterial property, the evaluation of antibacterial activity using the disc 

diffusion method and the microdilution method for determining MIC and MBC indicated that 

S. aureus and B.subtilis were the most sensitive strains against S.africana essential oils.Volatile 

oils and extracts of S. africana can be used as natural agents for the interesting activities they 

have presented. The chemical composition of each extract may have a crucial role in its 

bioactivity. However, toxicological investigations are required to demonstrate the safety of this 

plant. 
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Abstract: Pityriasis versicolor is one of the most common fungal infections on the 

skin caused by Malassezia furfur. Kaffir lime fruit (Citrus hystrix DC), especially 

its peels’ contents in secondary metabolite, may play a healing role against such 

infections. Therefore, the aim of this study was to determine the antifungal 

potential of Kaffir lime peel extract against Malassezia furfur. Ethanol extracts of 

the peels of Kaffir lime were tested for its antifungal properties against Malassezia 

furfur at different tested concentrations, namely 25%, 50%, 75%, and 100%. Every 

treatment was performed with 4 replications. Inhibition zone formed surrounding 
the paper disc measured after 24 hours of incubation using the caliper method. Data 

were subjected to the Kruskal-Wallis test and the Mann-Whitney Post hoc test. The 

study revealed that the kaffir lime fruit extract gave a significant effect on the 

inhibition zone (p< 0.05). The results showed that the higher inhibition zone was 

found at control group and it was different significantly from other treatments. 

However, among the tested concentrations, the best treatment was detected at a 

concentration of 100%, which was significantly different from other 

concentrations. Kaffir lime peel has an antifungal effect against Malassezia furfur 

and the best tested concentration was 100%. 

1. INTRODUCTION 

Skin infection is a common disease in tropical countries, including Indonesia, where fungi are 

the most frequent pathogens that cause such diseases. Fungal skin diseases were the most 

common skin diseases worldwide in 2017 (10.09%). In addition, skin fungus was the fourth 

most common disease (2.1 billion cases) compared to 328 diseases and injuries worldwide 

(Alastruey-Izquierdo et al., 2015; Celis et al., 2017; Ariana, 2018). Malassezia is a lipophilic 

fungus which commonly finds normal flora on human skin. Malassezia furfur is one of the 

species of fungus that causes pityriasis versicolor. Malassezia furfur is a yeast that leads to skin 

lesions when it transforms into a pathogenic filament (Georgios Gaitanis et al., 2012; 

Agusrimansyah et al., 2019). 

Currently, the treatment for P. versicolor is by administering topical drugs as the first line 

therapy and systemic antifungal drugs as the second line. Ketoconazole is one of the common 
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topical treatments in cream or shampoo preparations for this infection. However, antifungal 

drugs have some limitations, such as severe side effects, narrow spectrum, minimal penetration 

of some tissues, and potential of resistance (Gupta & Foley, 2015; Pusung et al., 2021; Lee et 

al., 2023). The resistance of anti-fungal drugs has been reported by several researchers; for 

instance, the incidence of Candida albicans resistance to the antifungal fluconazole was 

34.07%, and resistance to ketoconazole was 7.69% (Apsari & Adiguna, 2013). Helou et al 

(2014) reported that there was a case related to a 52-year-old man who had P. versicolor and 

developed resistance to fluconazole, ketoconazole, itraconazole, and fenticonazole cream as a 

result of repeated cases and ongoing usage of these medications without doctor's advice (Helou 

et al., 2014). 

Thus, it is essential to investigate various alternative materials as antifungal agents to avoid 

the resistance case. The contents of secondary metabolite from plants may potentially be used 

as substances in phytotherapeutic approaches. According to Masloman et al (2016), the  active 

materials compound from plants has low side effects, does not cause resistance, and is easy to 

obtain and relatively inexpensive (Masloman et al., 2016). Kaffir lime (Citrus hystrix DC), 

especially the peel of the fruit, has active metabolites compound such as  saponins, tannins, 

flavonoids and steroids which have potential as antifungals (Rachmatiah & Octaviani, 2022). 

The previous report by Halawa et al (2019) shows that kaffir lime peel extract has a potential 

inhibition effect on the growth of Aspergillus niger and Candida albicans (Halawa et al., 2019). 

Another study also reported that kaffir lime leaf extract with concentrations of 25%, 50% and 

75% could inhibit the growth of Pityrosporum oval (Ramadhani et al., 2021). In addition, 

Khafidhoh et al. (2015) reported that  the kaffir lime peel infusion with concentrations of 10%, 

15% and 20%  gave an antifungal effect on the growth of Candida albicans in vitro (Khafidhoh 

et al., 2015). To date, there has been no study on the potency of kaffir lime peel as antifungal 

for Malassezia furfur. Therefore, the objective of this study was to investigate the antifungal 

activity of Kaffir lime peel extract against M. furfur and established the optimal concentration. 

2. MATERIAL and METHODS 

2.1. Experimental Design 

The research, a non-factorial experiment, used a completely randomized design. The treatment 

was based on differences in kaffir lime peel extract at four tested concentration, namely 25%, 

50%, 75% and 100%. The sample of M. furfur ATCC. 14521 consists of five groups, namely 

control group, group 1 for 25% concentration, group 2 for 50% concentration, group 3 for 75% 

concentration, and group 4 for 100% concentration of the kaffir lime peel extracts. The diameter 

of the M.furfur growth inhibition zone was the assessed variable. 

2.2. Malassezia furfur Colonies Preparation 

The Malassezia furfur fungal was cultured using sterile ose and strake on Sabouroud Dextrose 

Agar (SDA) + olive oil medium which had solidified (Purwanti & Susanti, 2016). Then, the 

media were incubated at 37oC for 18-24 h until M. furfur colony growth (Silvia et al., 2015). 

Malassezia furfur colonies were then separated into five test groups. Ketoconazole was used as 

a control. The solution ketoconazole was made by mixing 200 mg ketoconazole tablets which 

were crushed and  diluted in 10 mL of sterile distilled water (Maulana et al., 2020). The 

treatment group was given extracts with respective tested concentrations (25%, 50%, 75% and 

100%). A previous study reported that the antifungal effect of kaffir lime peel extract had the 

Minimum Inhibitory Concentration (MIC) at a concentration of 25% (Halawa et al., 2019). 

2.3. Kaffir Lime Peels Extract Preparation 

Kaffir lime extracts were prepared by taking peels parts, macerated in ethanol 96%, and then 

stored for 5 days. The extraction solution was filtered using a filter paper and a glass funnel. 

The filtrated biomass was collected in a sealed beaker glass. The maceration process was 

repeated using the medicinal residue once by using the same extraction solvent. The two 
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filtrates were pooled together and then drained using a rotary evaporator at 60℃ with a pressure 

of 60 rpm for 8 hours (Halawa et al., 2019). Phytochemical test on Kaffir lime peels extracts 

was examined to define secondary metabolites including saponins, tannins, alkaloids, 

flavonoids, steroid, and terpenoid. The qualitative test identifies the presence of certain 

secondary metabolites by a color reaction or precipitate as a positive result using Mayer’s 

reagent, Libermann-Burchard reagent, and FeCl 5% (Julianto, 2019). 

2.4. Antifungal Activity Test 

The difference in extract concentration can be prepared by diluting the kaffir lime peel extract 

with DMSO. 25% extract concentration can be prepared by diluting 2.5 ml of kaffir lime peels 

extract with 7,5 ml of DMSO, 50% concentration by diluting 50 ml of kaffir lime peel extract, 

and 50 ml of DMSO, and 75% concentration (4:1) with 7,5 ml of kaffir lime peel extract and 

2,5 ml of DMSO. A positive control can be prepared by diluting 200 mg ketokonazol with 10 

ml sterile distilled water. A negative control uses DMSO 100% (Maulana et al., 2020). In our 

study a blank disc paper with a 6 mm diameter was tested for antifungal activity. One milliliter 

of extract from kaffir lime peels was added to the disc sheets. The plates were allowed to 

incubate at 32°C during 48 hours. The presence of a clear zone indicated that fungus growth 

was inhibited, and the diameter was calculated in millimeters using a caliper. The inhibition 

zone was determined based on the diameter of the filter paper disc minus the diameter of the 

disc paper employed (Mulyadi et al., 2017). The inhibitory response of fungal growth according 

was determined according to Davis and Stout (1971), namely diameters: >20 mm, very strong; 

10-20 mm, strong, 5-10 mm, medium; and <5 mm, no response. 

2.5. Data Analysis 

The data were subjected to Kruskal-Wallis test to examine the effect of kaffir lime peels extract 

on the growth of M. furfur at different concentrations. A Mann- Whitney Post hoc test was 

conducted to identify the optimal concentration of kaffir lime peel extract on the M. furfur 

growth inhibition. 

3. RESULTS  

3.1. Antifungal Effect of Kaffir Lime 

The antifungal activity test showed that the inhibition zone was formed at the control group, 

and all tested concentrations. Among the tested concentrations, a concentration of 25% formed 

the smallest diameter of inhibition (9.7 mm), while the largest inhibition diameter was formed 

at a concentration of 100% (24.5 mm). Figure 1 shows the inhibition diameter formed at 

respective tested concentrations. The zone of inhibition was a circular area around the discs of 

the Ketoconazole and kaffir lime peels extract in which the M. furfur colonies did not grow.   

Our study revealed that the inhibition zone at a concentration of 25% had a moderate 

category and had strong category at a concentration of 50% and 75% while it had strongest 

category at a concentration of 100%. Kruskal-Wallis test revealed that concentration of kaffir 

lime peel extracts gave a significant effect on the inhibition zone of M. furfur (p< 0.05). The 

higher inhibition zone was found at a concentration of 100% (24.5 mm). This value was 

significantly different for all groups except the control group according to the Mann Whitney 

post hoc test. Therefore, the concentration of 100% of kaffir lime peels extract showed the most 

effective antifungal effect against M. furfur among the other tested concentrations (Table 1). 
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Figure 1. Streaking results of Ketoconazole (A); Kaffir lime peel extract on Group 1 (25%) (B), Group 

2 (50%) (C), Group 3 (75%) (D), Group 4 (100%) (E). 

 
Tabel 1. The inhibition zone of the growth Malassezia furfur between groups. 

Notes: Values are mean zone of inhibition diameter ± Standard Deviation. Different superscripts within the same row mean 
statistical difference at (p < 0.05). 

3.2. Result of Identification Secondary Metabolite 

Based on phytochemical essay kaffir lime peels extract contained secondary metabolites such 

as alkaloids, saponins, tannins, flavonoids, steroids, and terpenoid as observed in this study 

(Table 2). 

Table 2. The phytochemical essay of secondary metabolites. 

Secondary metabolites   Reagent Result 

Alkaloid Bouchardart + 

 Maeyer + 

Saponin Aquadest + Alkohol 96% +HCl 2N + 
Tannin FeCl3 5% + 

Flavonoid FeCl3 5% + 

Steroid Salkowsky  + 

 Liebermann-Bouchard + 
Terpenoid Salkowsky + 

 Liebermann-Bouchard + 

 

The positive results of alkaloid test in Wagner test were confirmed by the presence of 

brownish to yellowish precipitate as Bouchardart test identified brownish precipitate as well. 

The foam formation in sapponin test provided the presence of glycosides that have an ability to 

produce foam in water hydrolyzed in glucose and other compounds. The positive results of 

alkaloid test in FeCl3 5% test were confirmed by the presence of blackish green precipitate. The 

extract samples that contained flavonoid compounds form the black flavium salt after addition 

of FeCl3 5%. Steroid/terpenoid screening is based on Salkowsky test, a positive result with a 

marked reddish color change indicating triterpenoid content and golden yellow steroid. The 

addition of Liebermann-Bouchard was confirmed by the presence of brown ring indicating 

triterpenoid content and greenish blue color change for steroid. 

Parameters Control 
Group 1 

(25%) 

Group 2 

(50%) 

Group 3 

(75%) 

Group 4 

(100%) 

Inhibition 

zone 
46.5±4.0a 9.7±1.7e 14.1±0.8d 18.2±0.3c 24.5±3.3b 
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4. DISCUSSION  

This study has shown that Kaffir lime peels extract at all tested concentrations inhibits the 

growth of the M. furfur in vitro. The formation of an inhibition zone indicated by the clear zone 

around the disc resulted in the moderate category at a concentration of 25%, and at 50% and 

75% concentrations gave strong category, while at 100% concentration resulted in a very strong 

category. Thus, the results of this study showed the kaffir lime peels extract had potential as an 

antifungal effect. The study revealed that the diameter inhibitor zone increased proportionally 

with the increasing Kaffir lime extract concentration. The study conducted by Choirunnisa et 

al. (2022) reported that the ability of an antimicrobial depends on the concentration and the 

type of antimicrobial produced (Choirunnisa et al., 2022). The diameter of the inhibition zone 

increases with increasing extract concentration as recorded in this study. This is due to a higher 

concentration, ingredients of antimicrobials are also increasing. Besides inhibit the M. furfur, 

the kaffir lime peel extract also inhibited the growth of Staphylococcus aureus  where the 

inhibition zone was increased as increases of kaffir lime peel extracts concentration (Madduluri 

et al., 2013). 

The results of phytochemical essay kaffir lime peel extracts contained secondary metabolites 

as essentials materials that play antimicrobials and antifungal activities. For instance, 

flavonoids  inhibit the growth of fungi by damaging the permeability of the plasma membrane, 

disrupt the mitochondria, disrupt the fungal cell wall synthesis, and inhibit RNA and protein 

synthesis resulting in disrupted reproduction and metabolism fungi (Serpa et al., 2012; Sari DP 

et al., 2017; Al Aboody & Mickymaray, 2020; Susilawati et al., 2023). Alkaloids have 

antifungal activities that result in disruption of the cell respiration system and protein synthesis, 

can trigger the loss of nutrients in fungal cells, slow reproduction of fungi, and even  cell death 

(Dhamgaye et al., 2014; Swandiyasa et al., 2019). Alkaloids as an antifungal can destroy 

peptidoglycan in the fungal cell wall and trigger disruption of the permeability of the fungal 

cell wall. The decrease in the proliferation of fungal is due to the presence of saponin activity 

that damages the permeability of the fungal membrane that results  in the leakage of cellular 

materials including nucleic acids and proteins (Lely & Rahmanisah, 2017; Porsche et al., 2018; 

Dong et al., 2020).  

Tannin can inhibit the ergosterol formed as the protein structure and regulatory components 

of the fungal cell membrane. Steroids can destroy the lipid membranes, which leads to the 

leakage of liposomes (Ernawati & Sari, 2015; Arifin et al., 2018). Additionally, it is known that 

steroids can penetrate lipophilic substances to interact with phospholipid membranes and thus 

can impair the cell membrane's integrity, resulting in cell lysis  (Madduluri et al., 2013; 

Anggraini et al., 2019; Subaryanti et al., 2022). Terpenoids have the potential to interact with 

porins, which are transmembrane proteins in the outer membrane of the fungal cell wall. 

Terpenoids have the potential to interact with porins, which are transmembrane proteins in the 

outer membrane of the fungal cell wall. Terpenoids and porin create polymer bonds that can 

destroy the protein structure, lead to decrease in permeability, and therefore trigger bacterial 

cells to lose nutrients and even die  (Ernawati & Sari, 2015; Amalia et al., 2017). There are 

several uses of  kaffir  lime peels, namely it has potential as a herbal shampoo for dandruff 

treatment because it is effective against dandruff microbial and also kaffir lime peel can 

potentially be a disinfectant solution on cutlery to reduce germ numbers (Tanzil et al., 2017; 

Rusmiati et al., 2023). 

5. CONCLUSION 

In conclusion, this study shows that the Kaffir lime peels extract has a potential antifungal 

activity against M. furfur while its concentration of 100% is the best concentration to inhibit 

the growth of this fungal, possibly due to its secondary metabolite content. The findings 

obtained in the current study therefore lead us to believe that Kaffir lime peels extract has 

potential as antifungal against M. furfur. 
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Abstract: Microbial resistance to antibiotics and the shortage of efficient 

antimicrobial agent has necessitated the search for a better antimicrobial agent from 

various sources. Plants secondary metabolites are the major sources for discovery 

of new bioactive chemical compounds. The objective of this study was to 

determine the antibacterial and antioxidant activities of Laurus nobilis leaf extract 

and its essential oil against human pathogenic microorganisms and to analyse its 
chemical composition. The leaf of L. nobilis (500 g) was air-dried, powdered and 

extracted using four different solvents. The crude extract and the essential oil were 

tested against four Gram-negative and two Gram-positive bacterial strains. The 

radical scavenging activity of the crud extract was examined using DPPH assay. 

Bacterial inhibition activity of the crude extract increased with increased 

concentration from 25 mg/mL to 200 mg/mL. The maximum inhibition zone was 

recorded against Enterococcus faecalis 13.33±1.52 mm, Escherichia coli 

14.33±1.53 mm and Salmonella typhimurium 16.00±1.00 mm, respectively. MeOH 

extract (1000 µg/mL) showed superior radical scavenging property (0.02) than 

ascorbic acid (0.05).  The analysis of the oil using GC-MS indicated the presence 

of 48 chemical substances accounting for 91.4 % of the total compositions. The 
finding of this study showed that bay leaf has considerable antimicrobial and 

antioxidant activities. Further evaluation of this plant is recommended with 

particular focus on the mechanisms of action of the antimicrobial substance. 

1. INTRODUCTION 

Bay leaf (Laurus nobilis L.) is a perennial aromatic evergreen tree or large shrub with smooth 

leaves classified in the laurel family (Lauraceae). The plant is an important component in 

culinary and many traditional practices (Parthasarathy et al., 2008). The antimicrobial activity 

of this plant has been reported against several infections including fungi, viruses, bacteria, and 

protozoa (Fukuyama et al., 2011). L. nobilis has been used as herbal preparation to increase 

perspiration for diseases like rheumatism, sprains, dyspepsia, and earaches (Fang et al., 2005). 

The juice of this plant is an efficient treatment for sore eyes and night blindness resulted from 

vitamin A deficiency. The seeds of bay plant are also reported to have relieved indigestion, sore 
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throat, constipation, and diarrhoea (Batool et al., 2019). Additionally, the cosmetic industry 

employs its essential oil in creams, perfumes, and soaps (Sharmeen et al., 2021).  

In Ethiopia, there is no sufficient information on the antibacterial and antioxidant activities 

and phytochemical analysis of L. nobilis. Thus, the objective of this work was to investigate the 

antibacterial and antioxidant activities of L. nobilis leaf extract against selected human 

pathogenic microorganisms.   

2. MATERIAL and METHODS 

2.1. Plant Material  

The L. nobilis leaf was collected in January 2021 from Addis Ababa, Ethiopia, and brought to 

Adama Science and Technology University. Voucher sample of the plant was prepared and 

pressed on a newspaper separately for taxonomic identification. The taxonomy of the plant was 

determined at the Department of Plant Biology and Biodiversity Management, Addis Ababa 

University.  

2.2. Preparation of Plant Extract  

In this study, the solid-liquid extraction technique was employed as a general extraction 

method. Total extraction of plant material was made by mixing the dried and grounded L. 

nobilis sample with organic solvents. Air-dried and powdered plant material (0.5  kg) was 

extracted with methanol (2.5 L ), macerated at ambient temperature by placing it on a shaker 

for 24 h and filtered with Whatman No. 1 filter paper. Then, using rotary evaporator, the filtrate 

was concentrated and dried. The dried methanol extract was suspended and consecutively 

partitioned twice with equal volumes of n-hexane, chloroform (CHCl3), and ethyl acetate 

(EtOAc). All solvent fractions were filtered and the filtrates were dried at 40 oC using rotavap 

and maintained in a vial in a refrigerator until further use.  

2.3. Phytochemical Screening  

The preliminary screening of phytochemical constituents of crude extract of the L. nobilis was 

done to investigate compounds including alkaloids, flavonoids, saponins, tannins, phenols, 

terpenoids, and steroids using the standard procedures.  

2.3.1. Test for steroid 

Two mL of acetic anhydride was mixed with L. nobilis extracts previously dissolved in 2 mL 

of sulphuric acid. The change of appearance from violet to green confirmed the existence of 

steroids.  

2.3.2. Test for terpenoid 

Five mL of the extract and 2 mL chloroform were mixed and then combined with with 3 mL 

concentrated H2SO4 (Salkowski test). The formation of reddish-brown color at the interface 

indicated the existence of terpenoids. 

2.3.3. Test for saponins 

Two to three drops of distilled water were mixed with one millilitre of the crud extract and the 

mixture was violently agitated. The presence of saponins was determined by persistent foaming. 

2.3.4. Test for flavonoids 

Three mL of L. nobilis crude extract and fractions were treated with a few drops of sodium 

hydroxide solution. The formation of an intense yellow color, which becomes colorless with 

the addition of dilute acid indicates the presence of flavonoids. 

2.3.5. Test for tannins 

The leaf extract (about 0.25 g) of was heated in 20 mL of water in a test tube. Then, the solution 

was filtered and mixed with 2-3 drops of 0.1% Iron III chloride. The existence of tannins was 

confirmed by the observation of a green-blackish color. 
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2.3.6. Alkaloids test 

One mL hydrochloric acid (1%) was added to 3 mL of the leaf extract. The solution was boiled 

for 20 minutes and filtered after cooling. Then one millilitres of the filtrate was mixed with 0.5 

mL of Mayer's reagent. The appearance of a yellow precipitate reveals the existence of 

alkaloids. 

2.3.7. Test for phenol 

The solution prepared from the leaf extract (2-3 drops) was mixed with a few drops of ferric 

chloride reagent. The appearance of a bluish-black color indicates the existence of phenols.  

2.4. Extraction of essential oils (EOs) 

L. nobilis leaf (60 g) was powdered by an electrical grinder and extracted for 2 h by hydro-

distillation method using 500 mL distilled water in a Clevenger apparatus. The EOs were taken 

and dried using anhydrous Na2SO4. The yield of the oil was determined as follows and kept in 

sealed vials at 4 °C in a refrigerator until further analysis. 

𝑌𝑖𝑒𝑎𝑙𝑑 /%) =  
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑜𝑖𝑙 (𝑔)

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑝𝑙𝑎𝑛𝑡 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙
𝑥100 

2.5. GC-MS Analysis 

Investigation of the EOs was done by GC-MS; GC (7890B, Agilent Technologies) coupled with 

an MS (5977A Network). The GC had an HP-5MS column (30 μm × 250 μm (i.d.) and 0.25 

μm). The GC-MS method of Hanus et al., 2008 was used for the analysis. Helium used as a 

carrier gas (flow rate 1 mL/ min). The initial oven temperature was 100 °C for 2 min and raised 

from 100 to 280 ºC at 10 ºC/min (inlet 250 °C; detector 280 °C; split less injection/purge time 

1.0min), solvent delay 4.00 min. Mass spectra were recorded in electron-impact mode, with 

ionization energy of mode at 70 eV, scanning the 33-550 m/z range. Identification of the 

components in the oils carried out by comparing the mass spectra of the samples with the 

database of NIST11 GC-MS libraries.   

2.6. Antibacterial Assay  

Antibacterial assay of L. nobilis leaf extract and essential oil was performed by disk diffusion 

method in Mueller Hinton Agar (MHA) plates. Four different concentrations were prepared 

from the extract (200, 100, 50, and 25 mg/mL) and the oil (45, 22. 5, 11.25, and 5.6 µg/mL) 

using DMSO as a solvent. Bacterial cultures of S. aureus (ATCC25923), E. faecalis 

(ATCC29212), P. aeruginosa (ATCC27853), E. coli (ATCC25922), S. typhimurium 

(ATCC13311) and K. pneumonia (ATCC700603),obtained from Adama Public Health 

Research and Referral Laboratory (Ethiopia) were grown in blood agar media at 37 °C for 24 

h. The colonies were adjusted to 1.5 ×108 CFU/mL (Andrews, 2002) using 0.5 McFarland 

standard (Saeed & Tariq, 2007) and maintained in a flask to compare the bacterial turbidity. 

2.6.1. Disk diffusion assay 

Two hundred microliter of the cultures of the test bacteria (1.5 ×108 CFU/mL) was inoculated 

on to MHA medium. Presterilized 6 mm filter paper disks were soaked in each concentration 

of the extract and essential oil and carefully put on the agar media inoculated with the test 

bacteria. Tobramycin 10 μg/mL and  DMSO 10% were used as positive and negative controls, 

respectively. The plates were subsequently incubated at 37 °C for 24h. After incubation, the 

growth inhibition zones were recorded using a transparent ruler (mm) and the readings were 

interpreted as mean value ± standard deviation. 

2.6.2. Minimum inhibitory concentration (MIC)  

Extract samples that showed significant antimicrobial activity with disk diffusion assay were 

selected to determine MIC using the broth dilution method. Four different concentrations were 

made from the extract and the oil using two-fold serial dilutions technique by transferring 
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appropriate concentrations from the stock solutions. The obtained concentrations were 

incubated with 0.02 mL bacterial cultures adjusted to 1.5 x 108 CFU/mL, and incubated at 37 
oC for 24h. The growth of the bacteria was assessed by comparing the turbidity of the nutrient 

broth that contains plant extract and bacterial strains, with the controls. The smallest 

concentration where no turbidity was seen was considered as the extract's MIC value (Khalil et 

al., 2010; Radojevic et al., 2012). 

2.6.3. Minimum bactericidal concentrations (MBC) 

A loopful of the broth was taken from the test tubes in which growth was not visually detected 

and was streaked on nutrient agar (Muller Hinton Agar). The growth of bacterial cells was 

determined after 24 h incubation period at 37 °C. MBC was considered as the concentration of 

samples that didn’t support the growth of cells on a fresh medium. 

2.7. Antioxidant Assay  

The antioxidant activity of the sample was evaluated by using DPPH assay. The crude extracts 

obtained using methanol, chloroform, and ethyl acetate were dissolved in four set of vials 

containing methanol to give 1000, 500, 250, and 125 µg/mL. While ascorbic acid was used as 

a positive control, a sample-free DPPH solution in methanol was utilised as a negative control. 

Four millilitres of DPPH solution (0.04 mg/mL) was mixed with 1 mL of extract preparations 

and then incubated for 30 min at room temperature. The absorbance of the samples was 

measured at 517 nm and the radical scavenging activitis were interpreted as present inhibition 

(IP) of free radicals using the formula: 

IP (%) = ([Acontrol  −  Atest)/Acontrol])  ×  100%. 

Where Acontrol is the absorbance of the control reaction, and Atest is the absorbance of the 

extracts (Suprava, 2012). The extracts’ radical scavenging activity was also determined based 

on the percentage of the DPPH reduction by calculating the IC50 values. 

2.8. Data Analysis 

Microsoft excel and SPSS version 22 software were used to analyse the antibacterial activity of 

the crud extracts and essential oils against the tested bacterial species. The results were 

presented using mean value ± standard deviation 

3. RESULTS and DISCUSSION 

3.1. Phytochemical Screening 

The phytochemical screening of methanol extract was positive for all tested phytochemicals 

and showed the existence of tannins, flavonoids, saponins, alkaloids, phenol, terpenoids, and 

steroids. However, the phenol and tannin constituents were absent in chloroform, and alkaloids 

were absent in ethyl acetate extracts (Table 1). Previous report (Mursyida et al., 2021) showed 

the presence of tannins, flavonoids, saponins, alkaloids, and essential oils, in L. nobilis leaf 

ethanol extract, which is consistent with the finding of this study. The result of this study was 

also compatible with the finding of Zuraida, 2018 and Algabri et al., 2018 who reported the 

availability of bioactive secondary metabolites in the leaf extracts of  L.nobilis. Furthermore, 

the study of Onuminya et al. (2017) showed methanol extract of L. nobilis contains active 

compounds similar to those reported in the current study, except tannin. Variations in the 

composition of the secondary metabolites might be due to the difference in the genetics of the 

plant, climatic conditions of the environment of the plants, and the part of the plant examined 

(Dewijanti et al., 2019). 
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Table 1. Phytochemical compositions of L. nobilis leaf extracts. 

Phytochemical Screening 
Extracts 

Methanol Chloroform Ethyl acetate 

Alkaloids + + _ 

Flavonoids + + + 

Saponins + + + 

Phenol + _ + 

Tannin + _ + 

Terpenoids + + + 

Steroids + + + 

Key: (+) presences (-) absences 

3.2. Laurus nobilis EOs 

The chemical content of the EOs from L. nobilis leaves are listed in Table 2. Investigation of 

the EOs by GC-MS (Figure 1) revealed 48 chemicals contributed for 91.4 % of the total 

compositions. The major constitutes were 2-Oxabicyclo[2.2.2]octane, 1,3,3-trimethyl-(2-

Hydroxy-1,8-cineole) (26.3%), 3-Cyclohexene-1-methanol,.α.,.α.,4-trimethyl, acetate (α-

terpinyl acetate) (17.1%), Benzene, 1,2-dimethoxy-4-(2-propenyl)-(Methylisoleugenol) 

(9.1%), α.-Terpineol [.α.,α.,4-trimethyl-3-cyclohexene-1-methanol] (5.2%), and 1,6-Octadien-

3-ol, 3,7-dimethyl- -(Linalool) ( 4.6 %). The remaining constituents ranged from 0.3 to 3.5%. 

In general, the plant is composed of monoterpenes and sesquiterpenes or their derivatives. 

 

 
Figure 1. GC-MS chromatogram of essential oil of leaves of L. nobilis. 

 

The comparison of chemical content of the oil of L. nobilis  obtained in this study showed 

appreciable variation in 1,8-cineole percentage. The value of this finding (26.3%) is lower than 

the reported values of 44.97%, 56.0%, 58.59%, 52.43% and 34.62% from Türkiye, Tunisia, 

Cyprus, Morocco, and Algeria respectively (Sıdıka et al., 2013; Snuossi et al., 2016; Yalçın et 

al., 2007; Nabila et al., 2022; Mediouni Ben Jemâa et al., 2012). The amount of -terpinyl 

acetate obtained in this study (17.1%) was greater than the value obtained by Fidan et al. (2019) 

(14.4%). However, it was comparable with the values reported previously by some investigators 

(Mediouni Ben Jemâa et al., 2012). 

Essential oils of L. nobilis obtained from various locations were investigated by several 

evaluators to identify the chemical components of the plant. The results of their studies showed 

1,8-cineole was the dominant component with a range of 26.70% to 68.48% (Özcan & Chalchat, 

2005). Moreover, α-terpinyl acetate varies from 0.65-25.70% (Sangun et al., 2007; Sellami et 

al., 2011) and terpinen-4-ol from 1.50-4.56% (Di Leo Lira et al., 2009; Sellami et al., 2011) 

was found as major components. According to this aforementioned studies, the amount of 1, 8-

cineole and α-terpinyl acetate recorded in this current study was compatible with previous  

reported amounts.  
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Table 2. GC-MS analysis result of EOs of L.nobilis. 

Compound Name RT Formula % 

2(10)-Pinene 3.168 C10H16 1.3 

2-Oxabicyclo[2.2.2]octane,1,3,3-trimethyl-(2-Hydroxy-1,8-cineole) 3.763 C10H18O 26.3 

1,6-Octadien-3-ol, 3,7-dimethyl-(Linalool) 4.392 C10H18O 4.6 

α-Terpineol[.α.,α.,4-trimethyl-3-cyclohexene-1-methanol] 5.605 C10H18O 5.2 

3-isopropyl-6-methyl-7-oxabicyclo[4.1.0]hept-4-ene 6.685 C10H16O 0.5 

1,7,7-Trimethylbicyclo[2.2.1]hept-2-yl acetate 6.87 C12H20O2 2.3 

3-Cyclohexene-1-methanol,.α.,.α.,4-trimethyl-, acetate (α-terpinyl acetate) 7.713 C12H20O2 17.1 

Eugenol 7.788 C10H12O2 2.3 

Copaene 8.089 C15H24 1.3 

Benzene, 1,2-dimethoxy-4-(2-propenyl)- 8.325 C11H14O2 9.1 

1,1,7-Trimethyl-4-methylenedecahydro-1H-cyclopropa[e]azulene 8.702 C15H24 3.5 

(1R,3aS,8aS)-7-Isopropyl-1,4-dimethyl-1,2,3,3a,6,8a-hexahydroazulene 9.007 C15H24 0.5 

(-)-Germacrene D 9.452 C15H24 1.3 

β-Selinene 9.532 C15H24 0.7 

Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-7-methyl-4-methylene-1-(1-

methylethyl)-, (1.α.,4a.β.,8a.α.)- 
9.839 C15H24 1.6 

δ-Cadinene 9.919 C15H24 2.4 

3a(1H)-Azulenol,2,3,4,5,8,8a-hexahydro-6,8a-dimethyl-3-(1-methylethyl)-,[3R-

(3.α.,3a.α.,8a.α.)]- 
9.971 C15H26O 0.3 

(3S,3aR,3bR,4S,7R,7aR)-4-Isopropyl-3,7-dimethyloctahydro-1H-

cyclopenta[1,3]cyclopropa[1,2]benzen-3-ol 
10.041 C15H26O 0.3 

Benzene,1,2,3-trimethoxy-5-(2-propenyl)-(Methylisoleugenol) 10.191 C12H16O3 1.3 

α.-Santalol 10.254 C15H24O 0.3 

1H-Cycloprop[e]azulen-7-ol,decahydro-1,1,7-trimethyl-4-methylene-,[1ar-

(1a.α.,4a.α.,7.α.,7a.β.,7b.α.)]- 
10.636 C15H24O 1.8 

1,1,7-trimethylspiro[2,3,4a,5,6,7,7a,7b-octahydro-1aH-cyclopropa[e]azulene-

4,2'-oxirane] 
10.722 C15H24O 1.1 

1,1,4,7-Tetramethyldecahydro-1H-cyclopropa[e]azulen-4-ol 10.82 C15H26O 1 

γ.-HIMACHALENE 11.178 C15H24 0.6 

Guaiol 11.236 C15H26O 0.5 

.tau.-Cadinol 11.323 C15H26O 0.9 

2-Naphthalenemethanol,decahydro-.α.,.α.,4a,8-tetramethyl-,didehydroderiv.,[2R-

(2.α.,4a.α.,8a.β.)]- 
11.49 C15H26O 2.5 

2-((2R,4aR,8aS)-4a-Methyl-8-methylenedecahydronaphthalen-2-yl)prop-2-en-1-

ol 
11.698 C15H24O 0.4 

(1R,7S,E)-7-Isopropyl-4,10-dimethylenecyclodec-5-enol 11.866 C15H24O 0.4 

Total     91.4 

 

3.4 Biological Activity of Crude Extract and Essential Oil  

3.4.1 Antibacterial activity of L. nobilis 

The extract and the EO of the L. nobilis were evaluated at four concentration levels against two 

Gram-positive and four Gram-negative bacteria using tobramycin and DMSO as a positive and 

negative controls respectively. Overall antibacterial activities of L. nobilis extract inhibition 

zone ranged from 7.00± 0.00mm to 16.0±1.00mm (Table 3). The maxim inhibition zone was 

recorded by the ethyl acetate extract against S. typhimurim (16.0±1.00 mm). While the 

chloroform extract showed highest inhibition against E. coli (14.33±1.53mm), and methanol 

showed high activity on S. aureus (13.67±0.58mm) at 200 mg/mL compared to tobramycin 

(16.90±0.80mm and 19.16±0.58mm respectively) at 10 μg/mL. However, the crude extract of 

methanol showed no inhibiton against K. pneumonia, S. typhimurium and E. faecalis, and the 

chloroform extract showed no inhibit against E. faecalis at a concentration of 25-200 mg/mL, 

respectively (Table 3).  

In another study, the extracts of L. nobilis were found to be prominently active against B. 

subtilis, S. aureus, S. epidermidis, E. coli and P. aeruginosa at concentrations less than 5 mg/mL 
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(Algabri et al., 2018), and the methanol extract of bay leaves showed inhibition against S. 

aureus (18 ± 0.8 mm). In contrast, there was no antibacterial activity against bacteria like P. 

aeruginosa and E. coli (Algabri et al., 2018). The difference may be due to multipolar factors 

such as the type and origin of the L. nobilis, drying and extraction methods, and differences in 

the crude extract concentration. 

Table 3. Antibacterial activities of extracts from Laurus nobilis. 

Extract type 
Conc. 

(mg/mL) 

Inhibition Diameter (mm)±SD 

E. coli P. aeruginosia K. pneumonia S. typhimurium E. faecalis S. aureus 

Methanol 

200 NI 9.00±0.00 NI NI NI 13.67±0.58 

100 NI 8.67±0.58 NI NI NI 13.33±1.52 

50 NI 7.00±0.00 NI NI NI 12.33±0.58 

25 NI 7.00±0.00 NI NI NI 12.67±0.58 

Chloroform 

200 14.33±1.53 13.0±0.00 14.00±0.00 11.67±1.15 NI 12.33±1.53 

100 14.00±1.00 12.67±0.58 12.67±0.57 11.33±0.58 NI 11.0±1.73 

50 12.67±0.58 12.0±1.0 11.67±1.15 10.33±0.58 NI 10.0±1.73 

25 11.33±0.58 8.0±1.0 6.33±0.58 8.67±1.15 NI 9.0±1.73 

Ethyl acetate 

200 14.33±0.58 14.0±0.00 13.0±0.00 16.0±1.00 14.67±0.58 13.33±1.53 

100 14.33±0.58 13.0±1.00 13.0±0.00 15.33±1.53 13.67±0.58 13.33±1.53 

50 14.0±1.00 12.33±0.58 11.67±0.58 14.0±1.00 13.0±0.00 8.33±0.58 

25 14.0±1.00 11.67±0.58 10.67±1.15 13.0±1.00 12.33±2.08 7.33±0.58 

Tobramycin 
10μg/m

L 
16.90±0.80 20.84±0.80 11.33±0.80 17.30±0.50 13.83±1.15 19.16±0.58 

Negative 
control 

  6.00±0.00 6.00±0.00 6.00±0.00 6.00±0.00 6.00±0.00 6.00±0.00 

Key: NI= No Inhibition 

 

The essential oil of L. nobilis demonstrated antibacterial activities against both types of 

bacteria at 0.045 mg/mL. Among this, maximum zone of inhibition  (12.33±0.58 mm) was 

measured in P. aeruginosa and K. pneumonia. The positive control tobramycin showed an 

inhibitory zone of 20.00 ± 1.73 mm and 12.33 ± 0.58 mm against the tested bacteria pathogens, 

respectively. The antibacterial investigation of this work revealed the activities of the extracts 

and the oil of L. nobilis (Tables 3 and 4) increase with increased concentration. This observation 

agrees with previously reported findings, and antibacterial activities were increased with 

increasing the concentration of extract (Jahangirian et al., 2013).  

Different types of antimicrobial testing method can be used to evaluate the biological 

activities of plants and their constituents. The variation of the method may influence the 

inhibition levels. Additionally, other factors like season of sample collection, plant part 

analysed, and the composition within the plant material may result in the differences of 

antimicrobial activity of plant material (Fidan et al., 2019). The three extracts of L.nobilis 

obtained in this study exhibited different zone of inhibition towards the tested bacteria (Table 

3). This difference may be due to the variation of the solvents used to extract the plant material. 

The extract obtained by using ethyl acetate as an extraction solvent showed the best activity 

compared to others. The antibacterial activity of L. nobilis EO may be attributed to its ability 

to disrupt cell membrane and affect the semipermeable property of bacterial cells. The oil may 

also alter the proteins attached to the cell membrane and disturb the transport of nutrients in and 

out of the cell. Previous reports showed that terpenes are the components accounted for the 

antibacterial activity of L. nobilis essential oil (Siriken et al., 2018). Similar to this study 

finding, the main component of L. nobilis oil (1, 8-cineole) has been also implicated in previous 

studies, inhibited the growth of several microorganisms (Caputo et al., 2017). 
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The variation of inhibition zones displayed by different group of bacteria attributed primarily 

to the difference chemical composition of the sample and morphology of the bacterial cell 

membrane. The pronounced antibacterial activity seen in Gram-positive bacteria might be 

because of the peptidoglycan layer permeating the hydrophobic components in the extract 

(Rameshkumar et al., 2007). The resistance in Gram-negative bacteria could be due to the 

lipopolysaccharide layer in the cell membrane. The outer membrane of Gram-negative bacteria 

is made up of hydrophobic lipopolysaccharides, efficient in resisting the entry of hydrophilic 

compounds (Zgurskaya et al., 2015 ).  

In this study, the EOs of L. nobilis exhibits greater inhibition effect towards Gram-negative 

bacteria (Table 4). This finding did not agree with the previous report (Fidan et al., 2019) that 

claimed that Gram-positive bacteria are generally more susceptible to the oils' action than 

Gram-negative ones. Contrary to our current finding, the EO of L. nobilis didn’t show inhibitory 

activity against P. aurognosa and E. coli. The main EOs constituent of this L. nobilis was 1,8-

cineole, which has shown good inhibition against many microorganisms, and this constituent 

has also been reported by previous studies (Caputo et al., 2017). Each EO contains a varied 

mixture of constituents that may play a role in the extended spectrum of antimicrobial activity.  

Table 4. Antibacterial activities of essential oil from L. nobilis. 

Compound  
Conc. 

(mg/mL) 

Inhibition Diameter (mm)±SD 

E. coli P. aeruginosia K. pneumonia S.typhimurium E. faecalis S.aureus 

Essential oil 

 0.045 12.33±1.15 12.33±0.58 12.33±0.58 NI 11.33±1.15 11.67±1.15 

 0.022 10.60±0.58 11.67±0.58 10.33±0.58 NI 9.33±1.53 10.67±1.15 

0.011 10.33±0.58 10.00±0.00 10.33±1.15 NI 7.00±0.00 7.00±0.00 

0.005 10.00±0.00 9.00±0.00 9.67±1.52 NI 7.0±0.00 7.00±0.00 

Tobramycin 10μg/mL 16.67±1.15 20.00±1.73 12.33±0.58 14.33±1.53 10.67±0.58 20.00±1.00 

Negative 
control 

10% 
DMSO 

6.00±0.00 6.00±0.00 6.00±0.00 6.00±0.00 6.00±0.00 6.00±0.00 

Key: NI=No Inhibition 

3.4.2 The MIC and MBC 

The MIC value for the EtOAc and chloroform extracts was 2.5 mg/mL (except P. arognosa and 

S. aureus, 5 mg/mL) (Table 5). The MIC was 1.25 mg/mL for the Methanol extract and 0.11 

mg/mL for the essential oil against all the tested bacteria except for S. aureus (0.22 mg/mL). 

Ethyl acetate and chloroform extract revealed bactericidal activity against the tested organisms 

with MBC of 5 mg/mL. However, chloroform showed MBC against P. arognosa and S. 

aureus at 10 mg/mL. In contrast, the MBC of methanol extract was 2.5 mg/mL against all of 

the tested bacteria. The MBC results for the EO was 0.22 mg/mL except for S. aureus, which 

was less sensitive, and its minimal bactericidal concentration was 0.44 mg/mL (Table 6). 

Table 5. The MIC and MBC values for the extracts in mg/mL. 

Bacteria 
Methanol Chloroform Ethyl acetate 

   MIC       MBC      MIC    MBC      MIC    MBC  

E. coli _ _ 2.5  5 2.5 5 

P. aeruginosia 1.25 2.5 5 10 2.5 5 

K. pneumonia _ _ 2.5 5 2.5 5 

S.typhimurium _ _ 2.5 5 2.5 5 

E. faecalis _ _ _ _ 2.5 5 

S. aureus 1.25 2.5 5 10 2.5 5 
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Table 6. The MIC and MBC values of the EO in mg/mL. 

Bacteria 
            Essential oil 

MIC  MBC  

E. coli 0.11 0.22 

P. aeruginosia 0.11 0.22 

K. pneumonia 0.11 0.22 

S.typhimurium NA NA 

E. faecalis 0.11 0.22 

S. aureus 0.22 0.44 

3.4.3 Antioxidant activity of L. nobilis 

The DPPH radical scavenging activities of the crude extracts (%) were 94.75, 89.12, and 96.11 

for the ethyl acetate, chloroform and methanol extracts, respectively (Table 7). Among the 

studied crude samples MeOH extract of 1000 µg/mL had the same radical scavenging activity 

with the standard ascorbic acid (96.11). For the EO the free radical scavenging activity was 

24.40 at 100 μg/ml (Table 8). Our finding implied the activity of the extracts against DPPH 

radical increase with increased dosage or concentration of the extract (Elmastaş et al., 2006). 

IC50 values for the ethyl acetate, chloroform, and methanol extracts obtained in this study 

were 45.5, 153.2, and 0.02, respectively. Since low IC50 values correspond to a higher 

antioxidant capacity, compared to previous studies, the value obtained in this study (45.5) is 

better than the earlier values (75.65 μg/mL and 83.24 μg/mL) reported by Conforti et al., 2016. 

The effective antioxidant activities of L. nobilis seen in this study ars related to the phenolic 

compounds present in the plant (Renuka et al., 2018) which have a high degree of 

hydroxylation, manifested in the increased ability to donate protons and hence, stabilize the 

DPPH radical. A specific correlation of the antioxidant properties and the amount of phenols 

and flavonoids existed in the plant material was reported by some investigators (Larissa da 

Silva et al., 2017). L. nobilis leaves are good source of natural phenols and flavonoids which 

have antioxidant activists that benefit public health. Indeed, using these substances helps to 

minimize chemical products which usually initiate some secondary undesirable impacts (Taroq 

et al., 2018). 

Table 7. Antioxidant activities of crude extract from L. nobilis. 

Conc. 

(μg/mL) 
Control 

Crude Extracts Positive control 

Ethyl acetate Chloroform Methanol  Ascorbic Acid 

A %RSA A %RSA A %RSA A %RSA 

1000 1.029 0.054 94.75 0.112 89.12 0.04 96.11 0.04 96.11 

500 1.029 0.055 94.66 0.279 72.89 0.049 95.24 0.045 95.63 

250 1.029 0.181 82.41 0.428 58.41 0.056 94.56 0.047 95.43 

125 1.029 0.358 65.21 0.543 47.23 0.142 86.2 0.05 95.14 

IC50 45.5 153.2 0.02   

According to Ibrahim et al., 2020, the potency of L. nobilis  EOs to scavenge free radicals is 

attributed to the components present in the oil (Cherrat et al., 2014), particularly to the high 

proportion of  1.8-cineole (26.3%) and α-terpinyl acetate (17.1%). Furthermore, other 

compounds such as methylisoleugenol (9.1%), α.-terpineol (5.2%) and linalool (4.6 %) may be 

involved. Our results are aligned with previous findings (Celikel & Kavas, 2008; Cherrat et al., 

2014), and further confirm the antioxidant capacity of EOs from L. nobilis and its potential as 

a natural preservative in food and pharmaceutical industries. 

Reports showed that oxidative stress, which occurs when free radical generation in the body 

exceeds the the defines system, the biological basis of chronic conditions such as 

arteriosclerosis can be formed (Elmastaş et al., 2006). Oxidative stress is recognized as a 

disproportionate production of reactive species compared to the antioxidant defines system and 
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according to some studies (Carocho & Ferreira, 2013) an enhanced production of the 

antioxidants has direct association with decreased degenerative diseases including cancer, 

diabetes, neurodegenerative and cardiovascular diseases. This study revealed the crude extracts 

and essential oils showed free radical inhibition activity and may limit free radical damage 

occurring in the human body. 

Table 8. Antioxidant activities of the EO from L. nobilis, 

Concentration 
(μg/mL) 

Control 
Essential oil 

Positive control 

Ascorbic acid 

A %RSA A %RSA 

100 1.275 0.964 24.4 0.028 97.8 
50 1.275 1.027 19.45 0.028 97.8 

25 1.275 1.059 16.94 0.032 97.49 

12.5 1.275 1.086 14.82 0.035 97.25 

IC50 339.96   

4. CONCLUSION 

This study showed the antibacterial and antioxidant activities of crude extracts and essential oil 

of L.nobilis on different bacterial strains through an in vitro experiment appeared exciting and 

promising. The crude extract of ethyl acetate showed the highest zone of inhibition against S. 

thyphimurium (16.00± 1.00mm) at 200 mg/mL compared to the positive control tobramycin 

(17.30±0.50mm) at 10 μg/mL. GC-MS analysis of essential oils obtained from L.nobilis leaves 

revealed a total of 48 chemicals accounted for 91.4 % of the whole. The major constitutes were 

2-oxabicyclo[2.2.2]octane, 1,3,3-trimethyl- (2-hydroxy-1,8-cineole)  (26.3%), 3-cyclohexene-

1-methanol, .α.,.α.,4-trimethyl-, acetate (α-terpinyl acetate) (17.1%), benzene, 1,2-dimethoxy-

4-(2-propenyl)- (methylisoleugenol) (9.1%), α.-terpineol [.α.,α.,4-trimethyl-3-cyclohexene-1-

methanol](5.2%), and 1,6-octadien-3-ol, 3,7-dimethyl- -(linalool) ( 4.6 %). L.nobilis EOs 

showed maximum inhibition against P. aeruginosa and K. pnumonia (12.33±0.58mm) at 0.045 

mg/mL compared to tobramycin (24.0±1.73 and 12.33±0.58mm) respectively at 10 μg/mL. The 

finding of this study showed that bay leaf has considerable antimicrobial and antioxidant 

properties.  
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Abstract: Rhododendron species (Ericaceae) is considered the most diverse group, 

with more than 1200 species famous for their colorful flowers. Rhododendron, also 

known as azalea, is a flowering tree in the Ericaceae family. Herein, in vitro 

antioxidant activities of acetone and methanol extracts of Rhododendron ponticum 

leaves were studied along with their phenolic contents using High-Performance 

Liquid Chromatography with a Diode-Array Detector (HPLC-DAD). Antioxidant 

activity was performed spectrophotometrically using ABTS·+, DPPH·, CUPRAC, 

and β-carotene/linoleic acid assays. Acetone extract showed better antioxidant 

activity than methanol extract in all tests. The HPLC-DAD analysis revealed fifteen 
phenolic compounds, of which seven were common for both extracts. Catechin 

(25.80 and 33.08 mg/g extract, respectively) and epicatechin (31.15 and 26.54 mg/g 

extract, respectively) were calculated as major phenolic components in acetone and 

methanol extracts.  

1. INTRODUCTION 

Medicinal plants are the richest biological source of drugs for traditional medicine systems, 

modern drugs applied in clinical therapy, nutraceuticals, food supplements, folk remedies, 

cosmetics, nutricosmetics, pharmaceutical intermediates, and chemical assets for synthetic 

drugs. One of the essential areas in which developed countries contribute to the economy is the 

bulk trade of medicinal and aromatic plants. The first and most crucial step in adding value to 

natural products is the production of herbal medicine extracts using various methods, from 

traditional approaches to advanced technological extraction techniques. Together with the 

increasing demand for natural products that have medicinal properties for health all over the 

world, manufacturers of medicinal plant extracts have started to use the most appropriate 

extraction technologies to produce extracts of defined quality.  
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In traditional medicines used around the world, different Rhododendron species are also 

known to have applications against various inflammatory conditions and pain (Chosson et al., 

1998; Baytop, 1999; Li et al., 2000; Erdemoğlu et al., 2008). Rhododendron ponticum L., which 

is distributed in the northern parts of Türkiye, is a large evergreen deciduous shrub. It is a 

member of the Ericaceae family. There are five Rhododendron species and four hybrids in the 

Flora of Türkiye (Stevens, 1978; Sales and Milne, 2000). The sap obtained from the freshly cut 

branch of R. ponticum is used in Turkish folk medicine by dripping into the tooth cavity against 

toothache. In addition, after the plant's fresh leaves are dried in the fire, it is applied externally 

to the affected area for the treatment of back pain or joint edema. (Yeşilada et al., 1999). Oral 

treatment of 2% leaf infusion of R. ponticum alleviates rheumatic pains (Baytop, 1999). It has 

been reported that Rhododendron species exhibit many biological activities such as anti-

inflammatory, antidiabetic, analgesic, antimicrobial, insecticidal and antioxidant upon its plant 

extracts and pure components (Oztasan et al., 2005; Erdemoğlu et al., 2008; Prakash et al., 

2008; Jing et al., 2009; Silici et al., 2010; Yarlıoğlues et al., 2011). 

It will direct our country, which is rich in medicinal and aromatic plants, to domestic 

production in the world health sector by contributing to the country's economy by encouraging 

the local people to grow medicinal and aromatic plants by bringing the plants whose extracts 

have been identified to be usable in the health sector to a better position in the country. In many 

studies, antioxidants can prevent or delay the oxidation of an oxidizable substrate in a chain 

reaction. Hence, they have a significant place in preventing many diseases. Antioxidant 

supplements, which have the possible potential to fight conditions linked to oxygen species by 

scavenging free radicals, are such as nutraceuticals, medicinal drinks, and syrup. 

The antioxidant activities of phenolic compounds are associated with several different 

mechanisms, including free radical inhibition, hydrogen transfer, singlet oxygen removal, and 

metal ion chelation, and they act as a substrate for radicals such as superoxide and hydroxyl. A 

direct relationship was found between the phenolic content of plants and their antioxidant 

capacity (Robards et al., 1999; Al-Mamary et al., 2002; Caliskan et al., 2022). 

In this study, phenolic component analyses of the acetone and methanol extracts of R. 

ponticum leaves were screened against 42 reference materials using the HPLC-DAD 

instrument. Acetone and methanol extracts of R. ponticum leaves were also tested for 

antioxidants using four complementary methods (β-carotene/linoleic acid, DPPH• scavenging, 

ABTS•+ scavenging, CUPRAC reducing assays). The relationship between phenolic contents 

and antioxidant activity between R. ponticum methanol and acetone extracts was investigated. 

2. MATERIAL and METHODS 

2.1. Plant Material Collection and Extraction 

R. ponticum was obtained from Trabzon Akçaabat in September 2020 and compared with 

herbarium samples. R. ponticum leaves were dried in the laboratory under shade. Acetone and 

methanol extracts of R. ponticum were obtained using the maceration technique. Then, the 

solvents were removed using a rotary evaporator under vacuum to obtain crude extracts. The 

visual of R. ponticum is given in Figure 1. 
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Figure 1. The visual of R. ponticum  

2.2. Chemical Content 

2.2.1. Determination of phenolic profiles by HPLC-DAD 

2.2.1.1. Preparation samples for HPLC-DAD analysis: 8 mg extracts dissolved in 1 mL 

methanol and was homogenized in an ultrasonic bath at 20°C for 5 min and filtered through 

0.45 μm PTFE filters. 

2.2.1.2. HPLC-DAD analysis: The phenolic profile of R. ponticum leaf extracts was 

screened with a modification of the method described by Tokul-Ölmez et al. 2020. In this study, 

methanol and acetone extracts were investigated against 42 standard compounds (fumaric acid, 

gallic acid, protocatechuic acid, theobromine, theophylline, catechin, 4-hydroxy benzoic acid, 

6,7-dihydroxycoumarine, methyl-1,4-benzoquinone, vanillic acid, caffeic acid, vanillin, 

chlorogenic acid, p-coumaric acid, ferrulic acid, cynarin, coumarine, prophylgallate, rutin, 

trans-2-hydroxycinnamic acid, ellagic acid, myricetin, fisetin, quercetin, trans-cinnamic acid, 

luteoline, rosmarinic acid, kaempherol, apigenin, chrysin, 4-hydroxy resorcinol, 1,4-

dichlorobenzene, pyrocatechol, 4-hydroxybenzaldehyde, epicatechin, 2,4-

dihydroxybenzaldehyde, hesperedin, oleuropein, naringenin, hesperetin, genistein, curcumin) 

using a Shimadzu high-performance liquid chromatography (Shimadzu Cooperation, Japan) 

system that consists of a Shimadzu model LC-20AT. The column temperature was set at 35 ºC. 

The chromatographic separation was performed on a C18 (5 μm, 4.6 mm x 250 mm) reverse 

phase column and an Inertsil C18 guard column (Tokul-Ölmez et al., 2020). 

2.3. Antioxidant activity 

2.3.1. Determination of the antioxidant activity with the β-carotene bleaching method 

The antioxidant activity of R. ponticum leaf extracts was evaluated using a β-carotene-linoleic 

acid assay (Miller, 1971). β-carotene (0.5 mg) in 1 mL of CHCl3 was added to 25 μL of linoleic 

acid and 200 mg of Tween 40. As soon as CHCl3 was evaporated under vacuum, distilled H2O 

saturated with O2 was added and shaken vigorously. 160 µL of this prepared mixture was added 

to 40 µL of extracts at different concentrations in a 96-well plate. After adding the emulsion to 

each, the zero-time absorbance was measured at 470 nm. The mixture was incubated for two 

hours at 37 °C. A blank, devoid of β-carotene, was prepared for background subtraction. BHT 

and α-TOC were used as standards. 

 



Sıcak et al.,                                                                                                          Int. J. Sec. Metabolite, Vol. 11, No. 3, (2024) pp. 507-513 

510 

2.3.2. DPPH• scavenging activity assay 

The DPPH• scavenging activity of R. ponticum leaf extracts was determined according to Blois 

(1958). Briefly, 160 mL of 0.1 mM DPPH, prepared in MeOH, was added to 40 mL of extract 

solutions in MeOH at various concentrations. The absorbance of each extract was measured at 

517 nm after 30 min. 

2.3.3. ABTS+• scavenging activity assay 

ABTS+• scavenging activities assay was used to determine the analysis samples (Re et al., 

1999). In this method, the lightening of the ABTS+• solution was measured. Before using the 

ABTS+• solution, it was diluted with EtOH. 160 µL of ABTS+• solution was added to 40 µL of 

extract solution at different concentrations in a 96-well microplate. Then, the mixture was 

incubated for 10 min at 20°C. The absorbance of extracts was measured at 734 nm. 

2.3.4. Cupric reducing antioxidant capacity (CUPRAC) 

The cupric-reducing antioxidant capacity of R. ponticum leaves extracts was determined 

according to the method described by Apak et al. (2004). To each well, 40 μL extract in various 

concentrations, aqueous solutions including 50 μL CuCl2.2H2O (10 mM), 50 μL neocuproine 

(7.5 mM), and 60 μL NH4Ac buffer (1 M, pH 7.0) were added. After one hour, the absorbances 

of the extracts were measured. BHT and α-TOC were used as antioxidant standards to compare 

the activity results. The results were given as A0.5, which corresponded to the concentration 

versus 0.500 absorbance. 

3. RESULTS 

The HPLC-DAD results of acetone and methanol extracts of R. ponticum leaves are given in 

Table 1. According to the results, 14 phenolic compounds, namely, epicatechin (31.15 µg/mL), 

catechin (25.80 µg/mL), myricetin (8.02 µg/mL), pyrocatechol (5.77 µg/mL), rutin (5.49 

µg/mL), theobromine (5.21 µg/mL), p-coumaric acid (4.87 µg/mL), 4-hydroxy benzaldehyde 

(3.08 µg/mL), fisetin (2.48 µg/mL), taxifolin (2.29 µg/mL), theophylline (1.63 µg/mL), fumaric 

acid (1.53 µg/mL), gallic acid (0.61 µg/mL), genistein (0.34 µg/mL) were elucidated in acetone 

extract. Among them, the major phenolics quantified were epicatechin (31.15 µg/mL) and 

catechin (25.80 µg/mL). 

Table 1. Phenolic component analysis results of R. ponticum extracts with the HPLC-DAD (mg/g). 

Phenolic compound RT (min) Acetone extract Methanol extract 

Fumaric acid  14.014 1.53± 0.04  - 

Gallic acid 15.225 0.61±0.01 0.92±0.02 

Pyrocatechol 24.658 5.77±0.14 7.69±0.19 

Theobromine 25.967 5.21±0.13  - 

Theophylline 29.449 1.63±0.04  - 

Catechin 30.274 25.80±0.64 33.08±0.82 

4-hydroxy benzaldehyde 33.367 3.08±0.08  - 

Epicatechin 35.278 31.15±0.78 26.54±0.66 

p-coumaric acid 40.874 4.87±0.12 2.02±0.05 

Taxifolin 41.200 2.29±0.06  - 

Rutin 47.527 5.49±0,14 4.44±0.11 

Myricetin 50.368 8.02±0.20 6.13±0.15 

Fisetin 51.243 2.48±0.06  - 

Genistein 57.739 0.34±0.01  - 

Luteolin 57.872  - 0.24±0.01 
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In methanol extract, however, eight phenolic compounds, namely, catechin (33.08 µg/mL), 

epicatechin (26.54 µg/mL), pyrocatechol (7.69 µg/mL), myricetin (6.13 µg/mL), rutin (4.44 

µg/mL), p-coumaric acid (2.02 µg/mL), gallic acid (0.92 µg/mL), luteolin (0.24 µg/mL) were 

elucidated. Methanol extract of catechin (33.08 µg/mL) and epicatechin (26.54 µg/mL) were 

also quantified as major phenolics. 

The antioxidant activity results of extracts are given in Table 2. The acetone extract (IC50: 

1.29±0.76 µg/mL) exhibited higher lipid peroxidation activity than the methanol extract. It also 

demonstrated higher activity than α-Tocopherol (IC50: 4.50±0.09 µg/mL) and BHT (IC50: 

2.34±0.09 µg/mL). The methanol extract also indicated higher lipid peroxidation inhibitory 

activity (IC50: 4.64±0.83 µg/mL), which is comparable with α-tocopherol and BHT. 

The DPPH• scavenging activity of acetone and methanol extracts are compared with α-

Tocopherol (IC50: 12.26±0.07 µg/mL) and BHT (IC50: 54.97±0.99 µg/mL) (Table 2). The 

acetone extract (IC50: 10.21±0.56 µg/mL) exhibited excellent radical scavenging activity. On 

the other hand, the methanol extract (IC50: 19.03±0.09 µg/mL) also demonstrated superior 

activity. Similarly, the ABTS+• scavenging activity of acetone. (IC50: 2.11±0.22 µg/mL) and 

methanol (IC50: 2.67±0.64 µg/mL) extracts indicated excellent cation radical scavenging 

activity.  In the same conditions, α-Tocopherol and BHT demonstrated4.87±0.45µg/mL and 

IC50: 2.91±0.55 µg/mL IC50 values. The CUPRAC assay also provided results similar to those 

of the ABTS+• and DPPH• assays. The acetone extract (A0.5: 9.34±0.00 µg/mL) also exhibited 

higher activity than the methanol extract (A0.5: 10.28±0.01 µg/mL). Both extracts competed 

with the positive standards BHT (A0.5: 4.00±0.04 µg/mL) and -Tocopherol (A0.5: 25.55±0.04 

µg/mL). 

Table 2. Antioxidant activity of R. ponticum extracts. 

Extract 
β-carotene/linoleic acid assay 

IC50 (µg/mL) 

DPPH• assay 

IC50 (µg/mL) 

ABTS+• assay  

IC50 (µg/mL) 

CUPRAC assay 

A0.5 (µg/mL) 

Methanol 4.64±0.83 19.03±0.09 2.67±0.64 10.28±0.01 

Acetone  1.29±0.76 10.21±0.56 2.11±0.22 9.34±0.00 

α-TOC* 4.50±0.09 12.26±0.07 4.87±0.45 25.55±0.04 

BHT* 2.34±0.09 54.97±0.99 2.91±0.55 4.00±0.04 

*α-TOC: α-tocopherol and *BHT: butylated hydroxytoluene were used as standards. 
* Values expressed are the mean ± SEM of three parallel measurements (p<0.05). 

4. DISCUSSION and CONCLUSION 

In our study, the phenolic profile and antioxidant activity of the acetone and methanol extracts 

of the leaves of R. ponticum collected from Trabzon Akçaabat, Türkiye were studied. Fourteen 

phenolic compounds were detected in the acetone extract, while eight were in the methanol 

extract. Considering the phenolic contents of both extracts, catechin and epicatechin were major 

compounds. According to the antioxidant activity test results, acetone extract showed excellent 

activity, which is superior to positive standards and methanol extract in all antioxidant assays. 

The higher amount of phenolic compounds in acetone extract is responsible for the activity. 

This study also reveals that Rhododendron ponticum contains more amount of catechin and 

epicatechin. In order to make maximum use of the rich catechin and epicatechin content of R. 

ponticum in the food and pharmaceutical industries, further studies are required to optimize 

these compounds.  
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Abstract: As a pathogenicity factor in some microorganisms, sialidase is a key 

target for inactivation, as this would have curative and preventive effects on various 

diseases. Significant results are already achieved with viral sialidase inhibitors, 

while such studies on bacterial enzymes are scarce. Pure natural compounds 

representing phenols and flavonoids, were tested for their inhibitory effect on 

sialidases from Vibrio cholerae non-O1, Arthrobacter nicotianae and Oerskovia 
paurometabola. All three enzymes were isolated, purified beforehand and stored 

under suitable conditions. Quinic and gallic acids showed the highest inhibitory 

activity - 76 to 100% against the three sialidases. Fisetin had a significant inhibitory 

activity on two of the enzymes. The structurally related thymol and thymoquinone 

exerted from 80 to 100% inhibition on at least one of the enzymes. Catechin and 

rutin had significant inhibitory activity, varying from 49 to 100%, on some of the 

enzymes. Quercetin, known for its inhibitory effect on viral sialidases, had a lesser 

impact on the studied enzymes. The suppressive effect of quinic acid, rutin and 

fisetin on bacterial sialidases is observed for the first time. 

1. INTRODUCTION 

Sialidases are glycoside hydrolases (EC 3.2.1.18, exo-alpha sialidases, neuraminidases) that are 

present in the metabolism of humans and animals of the Deuterostomata lineage, and in some 

of their parasitic or commensal microorganisms such as viruses, bacteria, fungi, unicellular 

eukaryotes (Giacopuzzi et al., 2012). These enzymes cleave terminal sialic acids from complex 

sialosides including glycoproteins, glycolipids, polysaccharides, and polysialic compounds. As 

a result, free sialic acid is released (Schauer & Kamerling, 2018) (Figure 1). Sialic acids are a 

class of alpha-keto acid sugars with a nine-carbon backbone. The most common member of this 

group is N-acetylneuraminic acid (Neu5Ac) found in animals, humans, and some prokaryotes. 

Some of the best-studied microbial sialidases are the viral ones, known so far in the families 

Orthomyxoviridae (for influenza viruses of type A and B) and Paramyxoviridae. They are a 

factor of pathogenicity, facilitating the adhesion and penetration of virus particles into host 

cells, as well as the spread of the newly formed virions. This enzyme is also a key factor in the 

pathogenesis of a number of bacterial infections, such as cholera, gas gangrene, meningitis, 
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septicemia, cystic fibrosis, etc. (Corfield, 1992; Brittan et al., 2012). By cleaving terminal sialic 

residues from mucins, sialidase disrupts the mucosal layer, thereby allowing the infectious 

agent to penetrate to the tissue surface. By removing sialic residues from glycoproteins located 

on the cell surface, the enzyme reveals receptors to which the microorganisms adhere. 
 

 

Figure 1. Schematic presentation of sialidase action. 

The sialic acid derivative 2-deoxy-2, 3-didehydro-D-N-acetylneuraminic acid (Neu5Ac2en, 

DANA) was the first sialidase inhibitor, which mimics the oxocarbenium ion-like transition 

state (Meindl et al., 1974). DANA inhibits most sialidases and is a key compound in the search 

for antiviral drugs, leading to the synthesis of the highly effective commercial products 

Zanamivir™ and oseltamivir (Tamiflu™). At the same time, emergence of strains that are 

resistant even to these effective antiviral agents is reported (Grienke et al., 2012). Several 

triazole-linked derivatives of DANA were synthesized as selective inhibitors against Vibrio 

cholerae and Arthrobacter ureafaciens sialidases (Slack et al., 2018). 

Since the discovery of the effective inhibitors of influenza virus sialidase and especially after 

the emergence of influenza strains resistant to them, the search for novel inhibitors is ongoing. 

It also develops in the direction of bacterial sialidases, where data are so far scarce. In recent 

years, a number of secondary plant metabolites have emerged as reliable sources of potential 

sialidase inhibitors (Sadati et al., 2019). Phenolic compounds are secondary metabolites 

including simple phenols, phenolic acids, flavonoids, xanthones, coumarins, stilbenes, tannins, 

lignans (Vuolo et al., 2019). A wide range of biological activities including antimicrobial, 

antioxidant, anti-inflammatory, antidiabetic, neuroprotective, and hepatoprotective have been 

reported for them. The health effect of these compounds is determined in many cases by their 

ability to inhibit enzymes associated with various human diseases like hypertension, metabolic 

problems, incendiary infections, and neurodegenerative diseases (Gonçalves and Romano, 

2017; Rahman et al., 2021).  

We have chosen for our study a set of substances, which include a precursor of oseltamivir 

(quinic acid), structurally related to it gallic acid; compounds with studied sialidase inhibition 

properties (catechin, quercetin), and ones that are not studied in this aspect (rutin, fisetin, thymol 

and thymoquinone). 

2. MATERIAL and METHODS 

2.1. Bacterial Sialidases 

Sialidases from three bacterial producer strains were used: Arthrobacter nicotianae (AN), 

Oerskovia paurometabola Strain O129 (NBIMCC 9093) (O129), and Vibrio cholerae non-O1 

Strain V13 (NBIMCC 8716) (V13). The enzymes were purified earlier and stored as lyophilized 

powder for AN (Abrashev et al., 2005), or as phosphate buffered saline (PBS) solution kept at 

-20 ºC for O129 and V13 (Eneva et al., 2015; Eneva et al., 2022). Before performing the 

inhibition test, the enzymes were standardized to solutions with 10 U/mL sialidase activity by 

dilution in PBS. 

2.2. Chemical Compounds 

In the present study, flavonoid aglycones: quercetin (3,3′,4′,5,7-pentahydroxyflavone), fisetin 

(3,3′,4′,7-tetrahydroxyflavone), catechin (3,3′,4′,5,7-pentahydroxyflavane) and flavonoid 

glycoside rutin (quercetin 3-rutinoside,) were selected for evaluation of their sialidase 
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inhibitory activity. Gallic acid, ellagic acid and quinic acid from the phenolic acids and thymol 

(2-isopropyl-5-methylphenol), and thymoquinone (2-isopropyl-5-methyl-1, 4-benzoquinone) 

as monoterpenoid phenols were assayed too. Thymol, thymoquinone, gallic acid, ellagic acid, 

quinic acid, fisetin, rutin, catechin, and quercetin were obtained from Sigma–Aldrich.  

2.3. Enzyme Assay 

Sialidase activity was assayed according to the thiobarbituric acid method of Uchida et al. 

(1977). Glucomacropeptide (GMP) obtained from cheese whey was used as a substrate 

(Abrashev et al., 1980). Separate 200-μl enzyme samples were mixed with 200 μl of each of 

the tested compounds dissolved in 5% dimethyl sulfoxide (DMSO). Control 200-μl enzyme 

samples mixed with 200 μl 5% DMSO in PBS were also prepared. Samples of each incubation 

mixture were assayed and the absorbance of samples and controls was measured on a UV-VIS 

75 at λ=551nm. The amount of sialic acids released was determined as the difference (ΔE) in 

the extinctions of the sample and control was plotted on a standard curve, created using sialic 

acid as a standard. One unit of sialidase activity is defined as the amount that releases 1 μmol 

of N-acetylneuraminic acid (Neu5Ac) for 1 min at 37 °C using GMP as a substrate. Results are 

displayed as relative activity compared to the control, which was set as 100% activity. All 

experiments were performed in triplicate, and the data is reported as the average of three sample 

replicates, accompanied by the standard deviation. 

3. RESULTS and DISCUSSION 

Since the enzymes used in this study and most of the tested substances are being studied for the 

first time, we applied relatively high concentrations of all components (0.5, 1.25, 2.5 mg/mL). 

Our results show that quinic and gallic acids have the highest inhibitory activity. With the three 

sialidases tested, they exert inhibition in the range of 76-100% for the concentration of 2.5 

mg/mL. AN and V13 sialidases are weakly inhibited with decreasing the acid concentration, 

while O129 enzyme retains approximately the same levels of high inhibition independently 

from the decreasing acid concentration (Figure 2). The inhibition effect is expected given the 

fact that quinic acid is a starting substance for the synthesis of oseltamivir, and gallic acid is 

close to it in structure. Quinic acid is a cyclic polyol, found in the bark of Cinchona trees, in 

the coffee beans, and also in Urtica dioica. In plants, quinic acid and compounds similar to it 

are precursors to lignins and phenols and they accumulate to some extent, especially in 

gymnosperms and woody dicotyledons (Farina and Brown, 2006). 

 
Legend:       sialidase from A. nicotianae,      from O. paurometabola,      from V. cholerae 

Figure 2. Inhibition effects of quinic and gallic acid on three bacterial sialidases  

To our knowledge, the results we obtained are the first to describe the direct inhibitory effect 

of quinic acid on bacterial sialidase. It is known for its significantly suppressive effect on 

influenza A and PPR virus sialidases (Gattani et al., 2020). Gallic acid is found in gallnuts, 

sumac, witch hazel, tea leaves, oak bark, and other plants (Haslam and Cai, 1994). They 
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represent a large family of plant secondary metabolites which is found in gallnuts, sumac, witch 

hazel, tea leaves, oak bark, and other plants. Gallic acid has antioxidant, antifungal, 

antimicrobial, and anticancer activities (Haslam and Cai, 1994; Rosas et al., 2019). 

The monoterpenes thymol and thymoquinone have a similar strong effect, but with two of 

the sialidases. When tested in concentration 2.5 mg/mL, thymol has practically 100% inhibitory 

effect on only one of the enzymes - that of O129, and thymoquinone - on the enzyme of O129 

and V13 (Figure 3). Thymol is a monoterpenoid phenol that is contained in thyme and other 

plants such as Ocimum gratissimum L., Origanum L., Carum copticum L., different species of 

the genus Satureja L., Oliveria decumbens Vent, etc., and has strong antiseptic properties. 

Thymol has shown an inhibitory effect on biofilms in vitro (Escobar et al., 2020). Both thymol 

and thyme essential oil were proved to have antibiofilm, antifungal, antileishmanial, antiviral, 

and anticancer properties (Kowalczyk et al., 2020). Thymoquinone is found in many plants of 

the Lamiaceae family, such as Origanum, Monarda, Satureja, Thymus, but in a particularly 

high concentration was found in Nigella sativa (Farkhondeh et al., 2017). However, it belongs 

to the group of substances that interfere with many qualitative reactions, as it reacts non-

specifically with a large number of substances of interest (Baell, 2016), therefore, the results of 

this trial should be interpreted with caution.  

 
Legend:       sialidase from A. nicotianae,      from O. paurometabola,      from V. cholerae 

Figure 3. Inhibition effects of thymol and thymoquinone on three bacterial sialidases. 

The tested substances from the flavonol group inhibit the three sialidases to varying degrees. 

Catechin, at the highest tested concentration (2.5 mg/mL) displays strong suppressing activity 

- from 49 to 73% for all three enzymes (Figure 4). Some catechins were proved to interact with 

influenza neuraminidase. Moreover, these compounds bind to a site different from that to which 

known inhibitors like zanamivir and oseltamivir bind, in the vicinity of a structurally conserved 

cavity adjacent to residue 430 that has been suggested to be a secondary sialic acid binding site, 

thereby overcoming mutations limiting influenza therapy (Mueller and Downard, 2015). In 

addition to influenza virus neuraminidase, epigallocatechin-3-gallate successfully suppresses 

Clostridium perfringens neuraminidase (Li et al., 2011; Kim et al., 2013). Catechins are a class 

of flavonoids, secondary metabolites in plants distributed in a variety of foods and herbs 

including tea, apples, persimmons, cacaos, grapes, and berries and is known for its anticancer, 

anti-obesity, antidiabetic, anticardiovascular, anti-infectious, hepatoprotective, and 

neuroprotective properties (Isemura, 2019). Regarding the bacterial sialidases tested by us, no 

significant inhibition of enzyme activity by quercetin was observed. Quercetin has a variety of 

pharmacological properties including anti-SARS-CoV-2, antioxidant, anticancer, antiaging, 

antiviral, and anti-inflammatory activities (Wang et al., 2022). A recent study revealed that O-

methylated quercetin derivatives from the aerial parts of Siegebeckia pubescens have inhibitory 

effect on bacterial sialidase (Son et al., 2023). According to Sadati et al. (2019), quercetin and 

catechin, along with other flavonoids such as naringenin, luteolin, hispidulin, vitexin, chrysin 

and kaempferol may effectively block the sialidase active site. 
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Legend:       sialidase from A. nicotianae,      from O. paurometabola,      from V. cholerae 

Figure 4. Inhibition effects of catechin and quercetin on three bacterial sialidases. 

A recent study on influenza virus NA revealed that the presence of a glycosylation group 

greatly reduces NA inhibition (Chon, 2012). In our study, the glycosylated flavonol rutin had 

the best inhibitory effect only on sialidase from O129 – 49% inhibition (Figure 5). Studies that 

have tested this flavonol for inhibition of viral sialidases report its action as moderate to weak 

(Liu et al., 2008, Mercader and Pomilio, 2010). Rutin is widespread in plants, such as passion 

flower, buckwheat, tea, and apple. It has a number of pharmacological activities, including 

anticarcinogenic, antioxidant, antiviral, vasoprotective and hepatoprotective activities 

(Ganeshpurkar and Saluja, 2017). There is no evidence of suppressive effect of rutin on 

bacterial sialidases in the literature till now. This compound is described to exhibit a significant 

inhibitory effect on α-amylase and α-glucosidase - enzymes with a related mechanism of action 

to that of sialidase (Dubey et al., 2017).  

In contrast to rutin, for two of the sialidases, produced by O129 and V13, the inhibitory 

effect of the plant flavonol fisetin was comparable and even higher than that of quinic and gallic 

acids, 96 and 100%, respectively. As could be seen in Figure 5, fisetin significantly decreases 

the effectiveness (about 96%) of O129 and V13 sialidases even at the lowest tested 

concentration (0.5 mg/mL). Further studies are required to establish the minimum concentration 

of fisetin that has significant inhibitory effect on these enzymes. Fisetin is present in several 

fruits and vegetables including strawberries, apples, persimmons, onions and has antioxidant, 

anti-inflammatory and anticancer activity (Sahu et al., 2014). There are no data in the available 

literature regarding inhibitory activity of fisetin towards sialidase. 

 
Legend:       sialidase from A. nicotianae,      from O. paurometabola,      from V. cholerae 

Figure 5. Inhibition effects of rutin and fisetin on tree bacterial sialidases. 
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4. CONCLUSION 

Inhibition of bacterial sialidase activity is a practical approach for the treatment of different 

microbial infections. In our study, quinic and gallic acids, close to the compounds from which 

oseltamivir is produced, were tested and found to significantly suppress all the three enzymes 

examined. Fisetin is of interest for additional research due to its strong inhibition of V. cholerae 

and O. paurometabola sialidases, even at the lowest concentration tested. The specific effect 

that most of the tested substances gave on each of the enzymes indicates that specific inhibitors 

for individual bacterial sialidases can be sought among such natural products. Future studies on 

the still poor explored kinetics of bacterial sialidases inhibition by pure phenolic and flavonoid 

compounds will provide useful information on their potential application as antibacterial and 

therapeutic substances of natural origin. Our findings prove that the tested substances are able 

to inhibit enzymes that represent factors of pathogenicity. 
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Abstract: Cyanobacteria are important natural sources of biomolecules and active 

compounds with promising biological activities against a wide range of microbial 

pathogens. The study aimed to evaluate the chemical composition and antibacterial 

activities of colony-forming cyanobacteria, Desmonostoc muscorum. Proximate 

analysis showed that D. muscorum biomass possesses high concentration of 

carbohydrates (35.50 ± 0.12%), protein (20.19 ± 0.03%), and ash (16.90 ± 0.02%). 

The elemental composition of D. muscorum biomass is in a decreasing order of 

Ca > Mn > Mg > K > Na > Fe> Zn > Cr > Pb > Cu > Cd. Also, D. muscorum 

extract exhibited potent antibacterial activities against Staphylococcus 

saprophyticus, Methicillin-Resistant Staphylococcus aureus, and Listeria 

monocytogenes with MIC values of 125 μg/mL, 125 μg/mL, and 250 μg/mL, 

respectively. The current study documents the promising use of D. muscorum as 

good sources of microelements and compounds which can be harness for food and 

medical applications. 

1. INTRODUCTION 

An increasing number of reported cases of disease (caused by drug-resistant microorganisms) 

causes a significant risk to public health. Among microbial pathogens, viruses and bacteria 

cause 37– 70% of diseases while protozoa, fungi and helminths cause 10–30% of diseases, 

resulting in several deaths per year (Hirata et al., 1996; Ganesan et al., 2017). Recently, 

bacterial infections are becoming resistant to several antibiotics causing a foremost worldwide 

healthcare problem. For instance, Staphylococcus aureus, a pathogenic bacterial strain 

responsible for several human infections, has gained resistance to majority of clinically 

important antibiotics. Clinicians reported cases of hospital acquired (nosocomial) drug resistant 

strains of S. aureus, which also contains resistance to a wide array of antibiotics (Kumar et al., 

2010). Thus, there is a high demand to continuously discover novel bioactive compounds. 

Regardless of all the efforts to synthesize chemically active compounds, natural environmental 

samples are still the best source of new compounds (Hirata et al., 1996 Kumar et al., 2010; 

Salehghamari & Najafi, 2016; Żymańczyk-Duda et. al., 2022). 
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Microorganisms are considered one of the significant sources of bioactive compounds with 

strong antimicrobial activity over a wide array of bacterial pathogens. In general, 

microorganisms produce biologically active molecules that are non-essential for their growth 

but beneficial in defense mechanism (Ganesan et al., 2017; Senhorinho et al., 2018; 

Żymańczyk-Duda et. al., 2022). Cyanobacteria are source of several active substances that have 

diverse applications and clinical effects in human medicine. In fact, several naturally derived 

antibiotics were extracted from this group of bacteria. In addition, cyanobacteria are efficient 

photosynthetic microorganisms that collect sunlight and convert it to useful biomass (majority 

of which is carbohydrate, protein, and lipids) which can be harnessed for food and industrial 

application (Tibbets et al., 2015 Little et al., 2021; Żymańczyk-Duda et. al., 2022). These 

organisms are found in several ecological habitats such as water, soil, lake, and other marine 

environment. Different types of cyanobacteria are recognized for generating both internal and 

external compounds that possess a wide range of biological activities against bacteria, fungi, 

and other viruses. The production of these antimicrobial agents is influenced significantly by 

factors such as the temperature and pH during incubation, the duration of incubation, the 

components of the medium, and the intensity of light (Orhan et al., 2003; Katircioglu et al., 

2005). Although cyanobacteria have been the subject of extensive research for bioactive 

compound screening by medical companies for almost 50-60 years, only a minimal portion of 

the cyanobacterial taxa has been reported (Orhan et al., 2003; Shaieb et al., 2014 Salehghamari 

& Najafi, 2016; Senhorinho et al., 2018). Cyanobacteria such as Microcoleous lacustris are 

being used as good source of abietane diterpenes with potent antibacterial activities against S. 

aureus, S. epidermidis, Salmonella typhi, Vibrio cholerae, Bacillus cereus, Bacillus subtilis, 

Escherichia coli, and Klebsiella pneumonia. (Cock & Cheesman, 2023). In addition, 

Fischerella ambigua, Anabaena basta, Nostoc commune, and Spirulina platensis produce 

medically important compounds such as ambiguine isonitriles, bastadin, comnostins A-E, and 

calcium spirulan which are being used to treat infection caused by Bacillus anthracis and 

Mycobacterium tuberculosis (Katircioglu et al., 2005; Cock & Cheesman, 2023). Despite these 

advancements, further investigations are essential to identify and evaluate the therapeutic 

potential of several bioactive compounds derived from cyanobacteria. Antimicrobial substances 

from cyanobacteria need more research that will target the safety of these compounds in 

antimicrobial chemotherapy, given that certain cyanobacterial species produce environmental 

toxins (Orhan et al., 2003; Little et al., 2021; Cock & Cheesman, 2023). Nevertheless, many of 

these compounds display relatively low toxicity, making them promising candidates for drug 

development. Notably, some heterocyclic and linear peptides, as well as depsipeptides, have 

exhibited potent activity and favorable safety profiles, prompting their development as 

antimicrobial chemotherapies (Katircioglu et al., 2005; Żymańczyk-Duda et. al., 2022; Cock & 

Cheesman, 2023). 

Desmonostoc muscorum is a colony-forming, filamentous nitrogen-fixing cyanobacterium 

capable of exhibiting wide array of physiological growth properties and cell life cycle 

(developmental stages) alternatives. This cyanobacterium is currently being studied for medical 

application due to its potent antibacterial and antioxidant properties (El-Sheekh, et al., 2006; 

Yasin et al., 2019). However, studies on the biological activities of this cyanobacterium are still 

limited, particularly the chemical and elemental composition as well as the antimicrobial 

properties of the cyanobacteria. Thus, the study aimed to evaluate the chemical composition 

and antibacterial activities of Desmonostoc muscorum BIOTECH 4087 isolated from rice 

paddies in Laguna, Philippines.  

2. MATERIAL and METHODS 

2.1. Microalgal Culture and Mass Production 

The pure culture of cyanobacterium, Desmonostoc muscorum BIOTECH 4087 was obtained 

from the Philippine National Collection of Microorganisms (PNCM), National Institute of 

Molecular Biology and Biotechnology (BIOTECH), University of the Philippines Los Baños 
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(UPLB) (Figure 1). Briefly, 100 mL of Desmonostoc muscorum culture was grown into three 1 

L flasks containing BG 11 medium (Arguelles, 2022; Arguelles, 2023). The culture media used 

in this study was sterilized using autoclave at 15 psi for 15 min. Mass production of D. 

muscorum was done for 24 days under 12:12 light condition (light intensity = 120 μmol photons 

m-2 s-1) and kept at 23 ± 2 °C. The culture set up was bubbled continuously with filtered air 

from an air pump (gas velocity = 300 mL min-1). The biomass of D. muscorum was collected 

using centrifugation (10,000 rpm for 10 min). The collected biomass was freeze-dried via Virtis 

Freeze mobile 25 SL lyophilizer to generate dried cyanobacterial biomass (Arguelles, 2023). 

 
Figure 1. Desmonostoc muscorum BIOTECH 4087 in cultured flask (a) and a photomicrograph of the 
heterocystous filaments (b). 

2.2. Cyanobacterial Extract Preparation  

The algal extract was prepared by subjecting 1 gram of freezed-dried biomass of D. muscorum 

in 20 mL of methanol placed in an ultrasonic bath with continuous stirring for 1 hr. The 

extraction mixtures were centrifuged for 10 min at 12,000 rpm with a temperature set at 4 °C. 

Following extraction, the crude algal extracts underwent a decolorization process employing 

activated charcoal bleaching to remove pigments in the extract. Briefly, 1 mg/mL of activated 

charcoal powder was applied to the crude extract. Following the addition of activated charcoal 

and vortexing for 1 minute, the mixture underwent centrifugation for 5 minutes at 2,000 g, and 

the resulting supernatant was filtered through a polytetrafluoroethylene (PTFE) (0.22 μm) 

membrane. The cyanobacterial extracts were further concentrated via a rotary evaporator and 

were kept at 4°C (refrigerated condition) before use in the different antibacterial assays (Tzima 

et al., 2020; Arguelles, 2022; Arguelles, 2023). 

2.3. Proximate Analysis 

2.3.1. Moisture content 

Approximately 5 grams of D. muscorum biomass were measured into an evaporating dish. The 

cyanobacteria were then placed in an oven, maintained at 105 oC for a minimum of 5 hours. 

Subsequently, the sample was transferred to a desiccator to cool at room temperature before 

being weighed. The sample was subjected to heating in the oven for another 30 minutes, 

followed by cooling and reweighing. This process was repeated until successive weighings did 

not deviate by more than 0.001 gram (Arguelles et al., 2019; Arguelles, 2023). 

2.3.2. Fat content (Soxhlet method) 

Approximately 1 gram of D. muscorum biomass was measured into a filter paper thimble and 

subjected to drying in an oven for a duration of 2 hours. The treated biomass of D. muscorum 

was then transferred into an extractor, utilizing a pre-weighed Soxhlet flask, and extracted with 

ether for 16 hours. After extraction, the sample was extracted from the solvent, and the solvent 

was recovered. The Soxhlet flask containing the lipid was subsequently dried on a hot plate for 

5 minutes, or until the solvent had evaporated, then allowed to cool before being weighed 

(Arguelles, 2023). Crude fat was calculated as follows:  
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𝐿𝑖𝑝𝑖𝑑 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 (%) =  (
𝑊𝑒𝑖𝑔ℎ𝑡𝑙𝑖𝑝𝑖𝑑

𝑊𝑒𝑖𝑔ℎ𝑡𝑠𝑎𝑚𝑝𝑙𝑒
) ×  100 

2.3.3. Ash content 

The biomass of D. muscorum underwent ignition in a muffled furnace at 550 oC for 2 hours. 

Subsequently, it was allowed to cool to 50oC before being transferred to a desiccator. After 

reaching room temperature, the sample was weighed, and then subjected to repeated ignition at 

30-minute intervals until no further weight loss was observed. The calculation of ash content 

proceeded as follows: 

𝐴𝑠ℎ 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 (%) =  (
𝑊𝑒𝑖𝑔ℎ𝑡𝑎𝑠ℎ

𝑊𝑒𝑖𝑔ℎ𝑡𝑠𝑎𝑚𝑝𝑙𝑒
) ×  100 

 
2.3.4. Crude protein (Kjeldahl) method  

Protein content was determined using Kjeldahl method, which involves analyzing the total 

nitrogen present and then multiplying this value by a specific factor appropriate for the sample 

type. The protein content was expressed as grams per 100 grams of the edible portion 

(Arguelles, 2023). 

2.3.5. Crude fiber content (Weende method) 

Approximately 0.3 grams of fat-free D. muscorum biomass were weighed out in a 500 mL 

Erlenmeyer flask. To this, 200 mL of H2SO4 under boiling conditions was added. The flask, 

attached to a condenser, was heated for 30 minutes, with regular rotation to ensure thorough 

contact of samples with the solution. After this duration, the mixture was promptly filtered 

through a linen cloth in a stemless funnel and washed immediately with hot distilled water until 

the washings were no longer acidic. The residue remaining on the cloth was rinsed back into 

the Erlenmeyer flask using 200 mL of boiling NaOH. The flask, again attached to a condenser, 

was boiled for another 30 min. The residue was then filtered once more through cloth in a 

funnel, washed with sterile distilled water, and quantitatively transferred back to the flask. The 

residue was filtered through a gooch crucible lined with a thin layer of asbestos. The contents 

and crucible were dried at 110oC to achieve constant weight and ignited at 600oC until 

carbonaceous matter has been consumed. The weight loss incurred during this process was 

recorded as crude fiber (Arguelles et al., 2019; Arguelles, 2023). 

2.3.6. Carbohydrate content  

Carbohydrate concentration was calculated by subtracting the total of crude fat, ash, moisture, 

crude fiber, and crude protein from 100. Zero value was assigned to carbohydrates if the sum 

of fat, water, protein, and ash is more than 100 (Arguelles, 2023). 

%𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒 = 100 − (%𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 + %𝑃𝑟𝑜𝑡𝑒𝑖𝑛 + %𝐹𝑎𝑡 + %𝐴𝑠ℎ) 

2.4. Elemental Composition Analysis 

Desmonostoc muscorum biomass was treated to dry ashing to determine the elemental 

composition following the standard methods (Arguelles, 2023). Initially, 1 g of D. muscorum 

biomass was dried using a muffle furnace for 5 h set at 550 °C. The drying of the algal biomass 

was repeated until a whitish or gray residue was obtained. The remaining residue was further 

dissolved in 10 mL HCl and by heating slowly the reaction mixture. The solution was shortly 

put to a hot plate (temperature set at 100 °C) for the remaining ash to dissolve. The collected 

solution was then filtered using a filter paper (Whatman) and kept in a small flask. Detection 

and quantification of magnesium, iron, cadmium, sodium, calcium, lead, manganese, 

potassium, zinc, chromium, and copper were done using an atomic absorption 

spectrophotometer Perkin Elmer AAnalyst 400 (Arguelles, 2022; Arguelles, 2023). 
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2.5. Disk Diffusion Assay 

Three Gram-positive bacteria (Listeria monocytogenes BIOTECH 1958, Methicillin-Resistant 

Staphylococcus aureus BIOTECH 10378, and Staphylococcus saprophyticus BIOTECH 1802) 

and one Gram-negative bacteria (Pseudomonas aeruginosa BIOTECH 1824) were tested 

against D. muscorum crude extract using paper disc assay (Elfita et al., 2019; Arguelles, 2022). 

Bacterial test pathogens were initially cultured in Luria Bertani broth medium and kept for 24 

hours at 35 °C under shaking condition. Briefly, 25 mL of Mueller-Hilton agar (MHA) was 

poured in petri plates. A sterile swab was dipped into the inoculum tube (cell density was 

adjusted to equal turbidity of 0.5 McFarlands) and inoculated into the surface of dried MH agar 

plate. The swab was streaked three times in the entire surface of MHA agar.  Three paper discs 

were placed on the agar surface. One paper disc was dipped in D. muscorum extract while the 

other two paper were dipped in 1000 ppm tetracycline (positive control) and methanol (negative 

control). Each plate was kept for 18 hours at 35°C. Inhibition zones were measured for the 

control antibiotic as well as D. muscorum extract and were expressed as percentage activity. 

Biocidal activity of D. muscorum extract was graded as strong (inhibition zone ≥ 70%), 

moderate (inhibition zone is 50-70%), or weak (inhibition zone < 50%).  

Antibacterial Activity (%) =  
A

B
  x 100 

Where: A = clear zone of D. muscorum extract (mm) and B = clear zone of antibiotic (mm). 

2.6. Microtiter Plate Dillution Assay  

Microtiter plate dillution assay was used to know the minimum bactericidal activity (MBC) and 

minimum inhibitory concentration (MIC) of D. muscorum extract against bacterial pathogens 

that tested positive in the disk diffusion assay (Arguelles, 2022; Arguelles, 2023). Initially, 100 

μl of each culture of bacteria were mixed with D. muscorum extract (100 μl) at varying dilutions 

(7.8125 μg/mL – 1000 μg/mL) in a 96- well microtiter plate. The experimental set-up was set 

aside for 12 hours at 35°C. The MIC of D. muscorum extract is the lowest extract concentration 

that exhibited inhibition of bacterial growth after 12 hours incubation period. MBC of D. 

muscorum extract was assessed by placing a loopful of the test sample (MIC experimental wells 

that showed no visible growth of bacteria) into newly prepared TSA (tryptic soy agar). The 

experimental plates were kept for 24 hours at 35°C and were examined for growth of bacteria 

(colony formation) for each dilution subculturing. Absence of bacterial growth would indicate 

that the cyanobacterial extract was bactericidal to the test organism at that particular dilution. 

2.7. Statistical Analysis 

The data obtained from the chemical analyses and antibacterial assays are given as means ± 

standard deviations of three replicates and was computed using MS Office Excel 2019. 

3. RESULTS and DISCUSSION 

3.1. Proximate Analysis 

Cyanobacteria are important sources of macromolecules like proteins, fiber, carbohydrates, and 

lipids which are important for food and pharmaceutical applications (Tibbets et al., 2015; Li et 

al., 2018; Arguelles, 2021; Martinez et al., 2021). The proximate composition of D. muscorum 

is shown in Table 1. Among the macromolecules, carbohydrates and proteins gained the highest 

concentration with an average value of 35.50 ± 0.12% and 20.19 ± 0.03%, respectively. The 

observed protein and carbohydrate concentration of D. muscorum in this study are within the 

reported range of Nostoc and Desmonostoc species from previous studies (Li et al., 2018; 

Martinez et al., 2021). Desmonostoc species are known to produce carbohydrates 

(heterofucans) such as glucuronic acid and galacturonic acid. The accumulation of 

carbohydrates in cyanobacteria is a product of the photosynthetic response of these organisms 

towards nutrient rich conditions wherein carbohydrate content ranges from 10-65% of the total 

wet weight of the algal biomass (Li et al., 2018; Arguelles, 2021). The protein content of D. 
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muscorum is comparable to several microalgae reported by Tibbets et al., (2015) such as 

Nannochloropsis granulata (17.9%), Acutodesmus dimorphus (28.9%), Porphyridium 

aerugineum (31.6%), Neochloris oleoabundans (30.1%), and Phaeodactylum tricornutum 

(39.6%). Generally, cyanobacterial species (such as Desmonostoc sp.) produce low amounts of 

lipid since several species of cyanobacteria possess <15% lipid of its total dry weight (Tibbets 

et al., 2015 Li et al., 2018; Martinez et al., 2021). In this study, low lipid content was observed 

in D. muscorum which is similar to that of N. commune and Tetraselmis chuii with lipid content 

of 0.26 ± 0.02% and 12.3%, respectively (Tibbets et al., 2015; Martinez et al., 2021). Crude 

fiber shows the amount of indigestible component (insoluble and soluble fibers) of the algae. 

On the other hand, ash content reflects the amount of micronutrients present in the sample. The 

crude fiber and ash content of D. muscorum is 7.14 ± 0.13% and 16.90 ± 0.02%, respectively. 

The amount of crude fiber and ash observed in D. muscorum was comparable to those obtained 

from previously reported species of microalgae such as Acutodesmus dimorphus, Chroococcus 

minutus, Chlorella minitussima, Spirulina sp., and Botryococcus braunii (Tibbets et al., 2015; 

Arguelles, 2021; Arguelles, 2022; Arguelles, 2023). Several factors affect the chemical 

composition of algal biomass such as growth condition and strain differences. Therefore, 

differences in proximate composition of D. muscorum, in contrast to other microalgal species, 

were observed in this study. In general, the chemical composition of D. muscorum are 

considered good sources of proteins, minerals, and carbohydrates. The high amount of these 

macromolecules shows the potential use of this cyanobacterial strain as functional ingredient 

for food and industrial application.  

Table 1. Proximate analysis composition of Desmonostoc muscorum. 

Proximate composition Percent composition (%) 

Ash Content  16.90 ± 0.02  

Moisture Content 5.12 ± 0.01 

Carbohydrate  35.50 ± 0.12  

Crude Fiber  7.14 ± 0.13  

Crude Fat 5.15 ± 0.10 

Crude Protein 20.19 ± 0.03 

3.2. Elemental Composition Analysis  

Cyanobacteria are regarded as rich alternative source of microelements that can be harness for 

food and agricultural application. These microelements are important for growth and is a 

product of the overall metabolism of the algal cells (Arguelles, 2018). In this study, ash 

(minerals and other microelements) generated from complete combustion of algal biomass 

contains significant amounts of elemental nutrients, such as calcium, magnesium, potassium, 

and sodium as well as other trace metals present at different concentrations. The mineral 

composition and their average concentration in D. muscorum are shown in Table 2. The mineral 

distribution present in D. muscorum biomass was observed to be in reducing order of  Ca > Mn 

> Mg > K > Na > Fe> Zn > Cr > Pb > Cu > Cd. 

Calcium (19245.16 ±7.21ppm) is the most abundant mineral in cyanobacterial biomass, 

followed by manganese (6372.24 ± 2.45 ppm), magnesium (5733.52 ±117 ppm), and potassium 

(2723 ± 0.34 ppm). Desmonostoc muscorum has higher concentration of these minerals as 

compared to that reported to Nostoc commune with estimated concentration of 21151 ± 833 

ppm, 125.98 ± 1.97 ppm, 1959.0 ± 36 ppm, and 1002 ± 2.0 ppm for calcium, manganese, 

magnesium, and potassium, respectively (Martinez et al., 2021). On the other hand, D. 

muscorum showed comparable concentration of trace elements like zinc (23.78 ± 0.42 ppm), 

copper (1.27 ± 0.22 ppm), cadmium (0.47 ± 0.32 ppm), lead (1.71 ± 0.64 ppm), chromium (1.94 

± 0.14 ppm), and iron (576.49 ± 0.97 ppm) to that obtained for N. commune with estimated 
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concentration of 22.09±0.27 ppm, 11.88±0.69 ppm, 0.36±0.00 ppm, 3.59±0.05 ppm, 3.77±0.00 

ppm, and 4202±37.0 ppm for each trace elements, respectively (Martinez et al., 2021). In the 

Philippines, limited information is documented on the elemental analysis of microalgal biomass 

as compared to those reported for macroalgae (seaweeds) (Arguelles & Sapin, 2022). 

Cyanobacterial biomass generally contains a much lower concentration of inorganic elements 

(ash) as compared to seaweeds (Tibbets et al., 2015; Martinez et al., 2021). Variation in 

elemental composition concentration among diverse species of cyanobacteria is common and 

may be attributed to strain differences as well as culture conditions (like varying light intensity, 

salinity, and temperature) where the organism was grown (Arguelles, 2022).  

Table 2. Concentrations and composition of micro and macro-elements of Desmonostoc muscorum. 

Cyanobacteria 
Elemental Parameter* (in ppm) 

Ca Mg Na Mn K 

Desmonostoc 
muscorum 

19245.16 ±7.21 5733.52 ±117 1995 ±106  6372.24 ±2.45 2723 ±0.34 

 

Cyanobacteria 
Elemental Parameter* (in ppm) 

Fe Zn Cu Pb Cr Cd 

Desmonostoc 
muscorum 

576.49 ±0.97 23.78 ±0.42 1.27 ±0.22 1.71 ±0.64 1.94 ±0.14 0.47 ±0.32 

* All experimental data are given as mean ± standard deviation (n = 3) 

3.3. Antibacterial Activity  

Cyanobacteria has been identified to contain promising natural products such as antibiotics and 

other bioactive substances (Salehghamari & Najafi, 2016; Little et al., 2021). These groups of 

microorganisms are unexplored and thus serve as a rich pool for the isolation of active 

compounds (like alkaloids, phenolic compounds, pigments, fatty acids, and terpenoids) that 

may be of industrial and human importance.  Desmonostoc muscorum was used to assess its 

biocidal activity against some medically important bacterial pathogens using the paper disc 

assay. The occurrence of zones of inhibition was indicative of the culture’s ability to produce 

antibacterial substances. Results of the assay showed that D. muscorum possess antibacterial 

activities by exhibiting zones of inhibition (Table 3 and Figure 2).  

Table 3. Antibacterial activities of Desmonostoc muscorum extract. 

Sample 

Antibacterial Activitya 

Gram-positive bacteria Gram-negative bacteria 

Listeria 

monocytogenes 

BIOTECH 1958 

Staphylococcus 

saprophyticus 
BIOTECH 1802 

Methicillin-Resistant 

Staphylococcus aureus 
BIOTECH 10378 

Pseudomonas 

aeruginosa  
BIOTECH 1824 

Desmonostoc 
muscorum 
BIOTECH 

4087 

8.57 ± 0.1 
(52.58**) 

13.7 ± 0.7 
(88.20***) 

15.7 ± 0.2 
(94.05***) 

- 
 

Tetracyclineb 16.3 ± 0.3 15.53 ± 0.3 16.69 ± 0.2 19.7 ± 0.1 

Note: aAntibacterial activity percentage (%) of algal extracts in contrast to tetracycline: inhibition zone (mm) of algal extract/ 

inhibition zone (mm) of antibiotic (tetracycline): *** strong inhibition (≥ 70%), **moderate inhibition (50-70%), and *weak 

inhibition (< 50%) against bacterial pathogen. bpositive control (antibiotic). (-) no zone of inhibition.  

The cyanobacteria exhibited inhibition zones of 13.7 ± 0.7 mm, 8.57 ± 0.1 mm, and 15.7 ± 0.2 

mm against Staphylococcus saprophyticus, Listeria monocytogenes, and Methicillin-Resistant 

Staphylococcus aureus (MRSA), respectively. The algal extract showed strong inhibition 

against medically important Staphylococcus species (S. saprophyticus and MRSA) and 

moderate inhibition against L. monocytogenes. On the other hand, D. muscorum extract showed 
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no antibacterial activity against Pseudomonas aeruginosa. The zones of inhibition of  D. 

muscorum extract against Methicillin-Resistant Staphylococcus aureus (MRSA) is more potent 

than that obtained for N. commune (zone of inhibition = 0.9 mm), Nostoc linkia (zone of 

inhibition = 0.9 mm), and Acutodesmus dimorphus (zone of inhibition = 15.1 ± 0.3 mm) but is 

less effective to other algae such as Oscillatoria princeps (zone of inhibition = 18.8 mm) 

(Shaieb et al., 2014; Yalcin et al., 2022; Arguelles 2023). 

 

Figure 2. Inhibition zones exhibited by Desmonostoc muscorum methanol extract against (a) 
Methicillin-Resistant Staphylococcus aureus and (b) Staphylococcus saprophyticus. (-C) 
methanol/negative control, (+C) tetracycline/positive control, (Ex) extract. 

The findings of the paper disk assay for D. muscorum extract were further validated by 

determining the MIC and MBC values of the cyanobacterial extract using microtiter plate 

dilution assay (Table 4). Results of the assay showed potent antibacterial activities against S. 

saprophyticus and Methicillin-Resistant S. aureus (MRSA) both with MIC and MBC values of 

125 μg/mL and 250 μg/mL, respectively. Additionally, MIC (250 μg/mL) and MBC (500 

μg/mL) values against L. monocytogenes showed less potent activity as compared to other 

tested bacterial pathogens. The antagonistic activity of D. muscorum extract against L. 

monocytogenes is more potent as compared to Moorea producens which exhibited MIC value 

of >500 μg/mL (Dussault et al., 2016). In addition, D. muscorum extract showed similar 

antibacterial activity against S. saprophyticus (MIC = 125 μg/mL and MBC = 250 μg/mL) to 

that of Nostoc commune (Martinez et al., 2021). However, N. commune did not show biocidal 

activity against L. monocytegenes whereas D. muscorum exhibited potent antibacterial activity. 

El-Sheekh, et al., (2006) revealed that D. muscorum was able to exhibit zones of inhibition 

against a broad spectrum of bacteria like S. aureus, Escherichia coli, Salmonella typhi, and 

Bacillus cereus. These activities are said to be caused by substances such as phenolic 

compounds, polyketides, amides, fatty acids (palmitoleic and linoleic acids), terpenes (β-

ionone, neophytadiene), alkaloids and peptides that are naturally present in the organism. 

Table 4. MIC and MBC of Desmonostoc muscorum extract. 

Bacterial Pathogens 
MIC values 
(μg/mL) 

MBC values 
(μg/mL) 

Listeria monocytogenes  
BIOTECH 1958 

250 500 

Staphylococcus saprophyticus  
BIOTECH 1802 

125 250 

Methicillin-Resistant Staphylococcus aureus 
BIOTECH 10378 

125 250 

Pseudomonas aeruginosa 
BIOTECH 1824 

>1000.00 ND 

*ND = None Detected; MIC= Minimum Inhibitory Concentration; MBC= Minimum Bactericidal Concentration 
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Desmonostoc muscorum extract is considered more effective in inhibiting Gram-positive 

bacterial pathogens as compared to Pseudomonas aeruginosa. Gram-negative bacterial species 

are characterized to have thin cell wall (with peptidoglycan) and outer membrane (with 

specialized proteins and lipopolysaccharides). These cellular structures act as protective barrier 

against potent antibiotics making Gram-negative bacteria more stable than Gram-positive 

bacterial strain (Preisitsch et al., 2015). In addition, the production of antimicrobial agents in 

cyanobacterial extract is also influenced by important factors during cultivation condition such 

as components of the growth medium, light intensity, temperature, and pH (Orhan et al., 2003; 

Katircioglu et al., 2005). Thus, it is possible that varying growth conditions of D. muscorum 

can lead to different patterns of antibacterial activities which can be a subject of future studies 

using this cyanobacterium. The study documented the potent antibacterial activities of D. 

muscurom against clinically important bacterial pathogens. To date, this study documents for 

the first time the antibacterial activities of D. muscorum extract against L. monocytogenes and 

Methicillin-resistant S. aureus (MRSA). The methanol extract of D. muscurom contains 

bioactive compounds causing these biological activities. Thus, additional studies that will target 

the isolation and identification of these compounds is recommended to further elucidate the 

biocidal activity of the extract.   

4. CONCLUSION 

In conclusion, the study documented that Desmonostoc muscorum possesses high concentration 

of important biomolecules such as carbohydrates, proteins, and microelements. In addition, D. 

muscorum can be utilize as potent source of antibiotics against clinically important bacterial 

pathogens. It is recommended that further experimental investigations should be done focusing 

on isolating and identifying the bioactive compounds in D. muscorum extract. Additionally, 

performing in vivo toxicity assays is important to substantiate the safety and efficacy of the D. 

muscorum extract for potential medical use. Further studies on the antibacterial diversity of this 

cyanobacterium are also recommended to assess the practicality of scaling up the production of 

D. muscorum for applications in the food and pharmaceutical industries. 
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Abstract: Cadmium (Cd) is one of the heavy metals that cause environmental 

pollution and biochemical changes in plants grown in contaminated soils. In plants, 

sodium nitroprusside is used as a nitric oxide (NO) release agent. In this research, 

a glasshouse pot experiment was conducted to examine the effect of exogenous NO 

on the essential oil composition of the savory plant, Satureja hortensis, under the 

Cd stress. For this, the plants were treated by different levels of Cd concentration 

including 0 (control), 75, 100, and 150 µM in the contaminated soil. Plants were 

also foliar sprayed with concentrations of 0 (control), 50, 100, and 200 µM NO. 

The results indicated that carvacrol was the main compound in all examined 

essential oils. Also, there were significant differences among the essential 

compounds under treatments of Cd and NO. Moreover, the differences among 

minor constituents were not significant in most of treatments. In apposite, carvacrol 

(approximately 60% of total volume) showed a significant difference than the 

others. The results indicated the role of exogenous agents on the changes of 

essential oil constituents in S. hortensis. 

1. INTRODUCTION 

One of the major environmental concerns is the contamination of soils by heavy metals, which 

have severe negative effects on production and safety of plants. Cd is one of the common 

pollutants which have toxic effects on all living organisms (Benavides et al., 2005). Cd 

interferes with functionally active ions on enzyme sites when inhibits many key enzymes 

involved in various metabolic pathways including secondary metabolism (Andresen & Küpper, 

2013). In the presence of polyphenolic compounds, Satureja hortensis L. essential oil has 

antioxidant, antimicrobial, antiparasitic, pesticidal, anti-inflammatory, antinociceptive, 

hepatoprotective, and anticancer effects (Fierascu et al., 2018). Plant secondary metabolism can 

seriously affect the quality and efficacy of valuable natural products such as essential oils 

derived from medicinal plants (Azizollahi et al., 2019). Cd toxicity induces production of 

reactive oxygen species (ROS) at the cellular level and impairs redox homeostasis (Asopa et 

al., 2017). During normal plant growth, ROS molecules are produced and detoxified in balance 

due to metabolic processes. Abiotic stresses such as heavy metal toxicity disturb the balance 
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between ROS production and removal which causes membrane peroxidation, enzyme 

inhibition, as well as DNA, RNA, and protein damage (Anjitha et al., 2021). In response to 

stressful metal concentrations, plants employ various defense strategies to detoxify ROS 

(Haider et al., 2021). Plants can accumulate secondary metabolites when metal-induced 

biosynthesis pathways are activated. Plants synthesize them when they undergo physiological 

changes that require primary metabolism (Bali et al., 2020). Although plants are sessile 

organisms and have no immune system, they have adopted various defense strategies including 

a wide range of secondary metabolites to overcome environmental stresses (Anjitha et al., 

2021). In plants, the secondary metabolites fall into three categories based on their biosynthesis 

pathways. These include terpenes, phenolic compounds, and nitrogen-containing compounds 

(Ashraf et al., 2018).   

NO (Nitric oxide) is a gaseous molecule. It had variable effects on different organisms’ strata 

and animals' neurotransmitters. NO also has significant importance in plant signaling which 

regulates the growth of plants and development processes such as germination, formation of 

roots, movement of stomata, maturation, and plant defense (Azizi et al., 2021; Kumar & Ohri, 

2023). Essential oils are natural products with economic potential that are formed mostly of 

terpenes (Asadi et al., 2018, 2021). These compounds play a key role in human activities 

including medical treatment and industrial manufacturing. There are extensive studies on 

essential oils as natural products; but the effects of environment on their production and 

composition are poorly understood (Ribeiro et al., 2019).  

The summer savory, Satureja hortensis, (Figure 1) is one of more than 30 species of plants 

in the family Lamiaceae that grow in the Eastern Mediterranean (Şahin et al., 2003). It is an old 

plant that has been used for vegetable, medicinal, and aromatic purposes (Mohtashami et al., 

2018). Essential oil of summer savory is used in the food (conservation and beverage) and 

pharmaceutical industries (Mihajilov-Krstev et al., 2009). It is applied in Türkiye for curing 

high blood pressure and as an antispasmodic agent against upper respiratory tract problems and 

inflammations of reproductive system (Selvi et al., 2022). Its essential oil contains higher 

carvacrol and thymol contents that display strong antimicrobial impacts (Mohtashami et al., 

2021; Azizi & Asadi, 2024). Carvacrol has many biological effects: it is antiseptic, anti-

inflammatory, deworming, antioxidant, analgesic, antifungal, and antibacterial as well as yeast 

inhibitor (Fierascu et al., 2018). 

 

Figure 1. Above-ground parts of S. hortensis. 

The other compounds also have similar importance. Changes in the secondary metabolites of 

medicinal plants treated with chemical compounds are very important. Accordingly, the present 

research was designed. We have investigated the constituents of S. hortensis under Cd and NO 

treatments, which are important from different aspects. 
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2. MATERIAL and METHODS 

2.1. Plant Material and Experimental Designs  

A factorial plot experiment was conducted in the form of a completely randomized design 

(CRD) with three replications in the greenhouse of the Faculty of Agriculture and Natural 

Resources, University of Mohaghegh Ardabili, Ardabil, Iran. The main aim was to investigate 

the response of NO foliar spraying on the content of essential oil in S. hortensis under Cd stress. 

CdCl2 and sodium nitroprusside (NO) were obtained from Merck (Darmstadt, Germany). Soil 

pollution with different concentrations of CdCl2 solution (0, 75, 100, and 150 mM) is 

considered as Cd stress under field capacity moisture. The soils were exposed to wet/dry cycles 

for 4 months to prove close to natural conditions and long-term contamination.  

Savory seeds were purchased from Tehran Agricultural Research Station and sterilized with 

sodium hypochlorite; then, rinsed with the deionized water. The seeds were planted in the 

contaminated soil. After emergence of the seedling stage, foliar spraying of NO solution was 

done in four concentrations (0, 50, 100, and 200 μM), under three replications. Spraying was 

performed in three stages (final amount of 200 ccs for each pot) and every two weeks. The first 

spraying was done after appearance of two true leaves in the seedling stage (Azizi et al., 2021). 

2.2. Essential Oil Isolation 

The aerial parts of the savory plant, which contained the most essential oil, were separated from 

each sample and dried at room temperature (about 25°C) under shade. Then, were powdered by 

an electric mill and 50 grams of each sample were added to 500 ml of the distilled water. Their 

essential oils were isolated by a Clevenger apparatus at the temperature of 100 °C. The water 

of essential oils was deleted by Na2So4 and the pure essential oils stored at 4 °C in sealed brown 

vials until the chemical analysis (Asadi et al., 2018, 2019).  

2.3. Chemical Analysis of The Isolated Essential Oils 

To determine the quantitative and qualitative components of the essential oils, we used the 

Agilent Technologies 7890B (manufactured in the USA) gas chromatography with an HP-5MS 

column, length 30 m, diameter 0.25 mm, and film thickness 0.25 mm. Temperature program 

held at 350 °C. The ranges were determined by using mass data, Kovats index, and retention 

time. Each essential oil constituent was detected based on patterns of range refraction compared 

to two standard libraries (Adams, 2001). 

2.4. Statistical Analysis 

In the present research, three replicates were considered for all treatments. Then, the data were 

examined for normality status. Finally, the normal data were analyzed by one-way ANOVA 

and their means were compared by Tukeys' test at probability level p<0.05 by using SPSS 

(version 22) software. 

3. RESULTS  

3.1. Cd Treatments with 0 µM of NO 

The effects of Cd concentrations (0, 75, 100, and 150 µM) with 0 µM of NO on S. 

hortensis essential oil are shown in Table 1. In all of them, carvacrol was the main constituent. 

Under 0 µM×0 µM (Cd×NO) treatment, the differences among most of the compounds were 

not significant (F 17, 36= 8.93). About 75 µM×0 µM (Cd×NO) treatment, carene and limonene 

were not available in the essential oil structure (F 17, 36= 14.55). About 100 µM×0 µM (Cd×NO) 

treatment, carene showed the lowest percentage, and limonene with thymyl acetate were not 

available (F 17, 36= 17.06). Finally, under 150 µM×0 µM (Cd×NO) treatment, majority of 

differences were significant when carene had the lowest percentage in the essential oil (F 17, 36= 

27.93). 
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Table 1. Effects of different Cd concentrations with 0 µM of NO on S. hortensis essential oil. 
 

Compound 
Cadmium × Nitric Oxide 

0 µM × 0 µM 75 µM × 0 µM 100 µM × 0 µM 150 µM × 0 µM 

α-Pinene 1.02 ± 0.11 e 1.06 ± 0.12 efg 1.36 ± 0.05 ef 1.27 ± 0.04 de 

α-Terpinene 4.51 ± 0.10 d 4.45 ± 0.11 d 5.19 ± 0.15 d 5.57 ± 0.07 d 

α-Thujene 1.40 ± 0.15 e 1.26 ± 0.08 e 1.67 ± 0.23 e 1.46 ± 0.03 e 

ß-Bisabolene 0.11 ± 0.11 e 0.23 ± 0.11 gh 0.31 ± 0.19 f 0.30 ± 0.05 g 

ß-Myrcene 1.42 ± 0.06 e 1.20 ± 0.06 ef 1.72 ± 0.14 e 1.31 ± 0.14 de 

ß-Pinene 0.40 ± 0.03 e 0.41 ± 0.03 fgh 0.59 ± 0.02 ef 0.43 ± 0.07 efg 

γ-Terpinene 20.22 ± 0.75 b 19.20 ± 0.23 b 22.28 ± 0.37 b 23.42 ± 0.29 b 

Benzene 7.53 ± 0.46 c 6.07 ± 0.58 c 7.38 ± 0.83 c 8.37 ± 0.32 c 

Camphene 0.22 ± 0.07 e 0.04 ± 0.02 h 0.07 ± 0.03 f 0.07 ± 0.02 g 

Carvacrol 59.34 ± 0.57 a 63.92 ± 0.36 a 57.02 ± 0.49 a 55.04 ± 0.65 a 

Carene 0.06 ± 0.06 e 0.00 ± 0.00 h 0.03 ± 0.03 f 0.03 ± 0.03 g 

Caryophyllene 0.39 ± 0.03 e 0.23 ± 0.11 gh 0.30 ± 0.07 f 0.14 ± 0.07 g 

Cyclohexen 0.89 ± 0.39 e 0.14 ± 0.03 h 0.04 ± 0.04 f 0.22 ± 0.11 g 

Limonene 0.00 ± 0.00 e 0.00 ± 0.00 h 0.00 ± 0.00 f 0.56 ± 0.40 efg 

Octatriene 0.03 ± 0.03 e 0.06 ± 0.03 h 0.08 ± 0.04 f 0.09 ± 0.04 g 

Phellandrene 0.52 ± 0.12 e 0.36 ± 0.02 fgh 0.39 ± 0.02 f 0.43 ± 0.02 efg 

Sabinene 0.09 ± 0.05 e 0.11 ± 0.05 h 0.08 ± 0.04 f 0.17 ± 0.08 g 

Thymyl acetate 0.42 ± 0.21 e 0.03 ± 0.03 h 0.00 ± 0.00 f 0.13 ± 0.08 g 

The values in each column with different letters show significant differences (Tukey's test, p<0.05). 

3.2. Cd Treatments with 50 µM of NO 

Cd treatments (0, 75, 100, and 150 µM) with 50 µM of NO on the essential oil of S. 

hortensis were investigated (Table 2). Among all of them, carvacrol was the main constituent. 

Under 0 µM×50 µM (Cd×NO), carvacrol and limonene had the highest and lowest percentages 

on total (F 17, 36= 22.58). Under 75 µM×50 µM (Cd×NO) treatment, carvacrol had the highest 

percentage while camphene and carene showed the lowest percentages (F 17, 36= 23.58). 

Moreover, about 100 µM×50 µM (Cd×NO) treatment, most of the differences among 

compounds were significant (F 17, 36= 4.12). Finally, by treatment of 150 µM×50 µM (Cd×NO), 

carvacrol and γ-terpinene showed higher percentages compared to the others, respectively (F 

17, 36= 18.79).  

Table 2. Effects of different Cd concentrations with 50 µM of NO on S. hortensis essential oil. 

Compound 
Cadmium × Nitric Oxide 

0 µM × 50 µM 75 µM × 50 µM 100 µM × 50 µM 150 µM × 50 µM 

α-Pinene 0.85 ± 0.16 df 1.30 ± 0.03 d 1.20 ± 0.14 def 1.23 ± 0.04  e 

α-Terpinene 4.42 ± 0.10 c 4.67 ± 0.09 c 5.23 ± 0.23 d 5.59 ± 0.32 c 

α-Thujene 1.29 ± 0.11 d 1.60 ± 0.10 d 1.88 ± 0.19 e 1.66 ± 0.04 de 

ß-Bisabolene 0.24 ± 0.08 e 0.20 ± 0.08 d 0.19 ± 0.11 g 0.30 ± 0.08 fg 

ß-Myrcene 1.36 ± 0.01 d 1.27 ± 0.06 d 1.79 ± 0.34 de 1.75 ± 0.02 d 

ß-Pinene 0.43 ± 0.02 df 0.40 ± 0.05 d 0.64 ± 0.06 fg 0.58 ± 0.05 f 

γ-Terpinene 0.43 ± 0.03 b 20.51 ± 0.65 b 25.17 ± 0.22 b 23.21 ± 0.18 b 

Benzene 4.89 ± 0.15 c 4.58 ± 0.78 c 6.50 ± 0.75 c 5.64 ± 0.15 c 

Camphene 0.10 ± 0.01 e 0.03 ± 0.01d 0.07 ± 0.05 g 0.12 ± 0.02 fg 

Carvacrol 62.52 ± 0.35 a 63.64 ± 0.83 a 56.73 ± 0.41 a 57.02 ± 0.14 a 

Carene 0.02 ± 0.02 e 0.03 ± 0.03 d 0.03 ± 0.03 g 0.05 ± 0.05 fg 

Caryophyllene 0.12 ± 0.13 e 0.37 ± 0.03 d 0.42 ± 0.08 g 0.25 ± 0.06 fg 

Cyclohexen 1.26 ± 0.14 d 0.19 ± 0.01 d 0.63 ± 0.24 fg 0.21 ± 0.07 fg 

Limonene 0.00 ± 0.00 e 0.07 ± 0.07 d 0.37 ± 0.22 g 0.18 ± 0.12 fg 

Octatriene 0.03 ± 0.03 e 0.13 ± 0.06 d 0.14 ± 0.08 g 0.00 ± 0.00 g 

Phellandrene 0.43 ± 0.06 e 0.36 ± 0.04 d 0.44 ± 0.06 g 0.43 ± 0.04 fg 

Sabinene 0.09 ± 0.06 e 0.20 ± 0.10 d 0.40 ± 0.27 g 0.16 ± 0.02 fg 

Thymyl acetate 0.11 ± 0.11 df 0.07 ± 0.07 d 0.05 ± 0.05 g 0.03 ± 0.03 fg 

The values in each column with different letters show significant differences (Tukey's test, p<0.05). 
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3.3. Cd Treatments with 100 µM of NO 

The effects of Cd concentrations (0, 75, 100, and 150 µM) with 100 µM of NO on S. 

hortensis essential oil are shown in Table 3. Among all of the investigated essential oils, 

carvacrol was a major constituent. About the treatment of 0 µM×100 µM (Cd×NO), carvacrol 

and octatriene showed the highest and lowest percentages compared to the others (F 17, 36= 5.47). 

Moreover, under 75 µM×100 µM (Cd×NO) treatment, most of differences among constituents 

were not significant (F 17, 36= 5.95). On 100 µM×100 µM (Cd×NO) treatment, carvacrol and γ-

terpinene showed higher percentages than the others (F 17, 36= 5.12). Finally, by treatment of 

150 µM×100 µM (Cd×NO), carvacrol had the highest while octatriene showed the lowest 

percentages compared to the other compounds (F 17, 36= 10.22).  

Table 3. Effects of different Cd concentrations with 100 µM of NO on S. hortensis essential oil. 

Compound 
Cadmium × Nitric Oxide 

0 µM × 100 µM 75 µM × 100 µM 100 µM × 100 µM 150 µM × 100 µM 

α-Pinene 0.79 ± 0.06 e 1.32 ± 0.12 e 1.27 ± 0.13 ef 0.90 ± 0.11 fg 

α-Terpinene 4.60 ± 0.11 c 4.43 ± 0.06 c 5.84 ± 0.23 c 6.53 ± 0.14 c 

α-Thujene 1.43 ± 0.14 e 1.35 ± 0.09 e 1.37 ± 0.08 ef 1.74 ± 0.09 e 

ß-Bisabolene 0.20 ± 0.10 e 0.38 ± 0.07 e 0.56 ± 0.24 e 0.35 ± 0.05 fg 

ß-Myrcene 1.31 ± 0.14 e 1.34 ± 0.06 e 2.29 ± 0.22 e 1.85 ± 0.19 e 

ß-Pinene 0.52 ± 0.03 e 0.47 ± 0.05 e 0.46 ± 0.03 e 0.72 ± 0.02 fg 

γ-Terpinene 21.42 ± 0.51 b 21.50 ± 0.73 b 22.49 ± 0.44 b 24.08 ± 0.12 b 

Benzene 3.30 ± 0.32 d 3.27 ± 0.31 d 4.12 ± 0.45 d 2.85 ± 0.29 d 

Camphene 0.05 ± 0.03 e 0.10 ± 0.01 e 0.12 ± 0.00 e 0.18 ± 0.06 fg 

Carvacrol 63.94 ± 0.77 a 62.69 ± 0.83 a 58.58 ± 0.93 a 57.28 ± 0.28 a 

Carene 0.27 ± 0.04  e 0.07 ± 0.04 e 0.10 ± 0.05 e 0.18 ± 0.12 fg 

Caryophyllene 0.15 ± 0.07 e 0.31 ± 0.08 e 0.37 ± 0.00 e 0.31 ± 0.02 fg 

Cyclohexen 0.26 ± 0.13 e 0.15 ± 0.05 e 0.05 ± 0.05 e 0.15 ± 0.00 fg 

Limonene 0.34 ± 0.20 e 0.83 ± 0.16 e 0.66 ± 0.35 e 0.93 ± 0.46 f 

Octatriene 0.07 ± 0.04 e 0.16 ± 0.04 e 0.10 ± 0.05 e 0.04 ± 0.04 g 

Phellandrene 0.46  ± 0.05 e 0.50  ± 0.09 e 0.43  ± 0.03 e 0.45  ± 0.06 fg 

Sabinene 0.21  ± 0.07 e 0.29  ± 0.08 e 0.31 ± 0.13 e 0.26 ± 0.04 fg 

Thymyl acetate 0.20  ± 0.12 e 0.00 ± 0.00 e 0.15 ± 0.10 e 0.24 ± 0.12 fg 

The values in each column with different letters show significant differences (Tukey's test, p<0.05). 

3.4. Cd Treatments with 200 µM of NO 

Cd treatments (0, 75, 100, and 150 µM) with 200 µM of NO on the essential oil of S. 

hortensis were investigated (Table 4). Among all of them, carvacrol was the main constituent. 

On 0 µM×200 µM (Cd×NO) treatment, carvacrol and carene showed the highest and lowest 

percentages (F 17, 36= 16.74). Under treatment of 75 µM×200 µM (Cd×NO), both compounds 

(carvacrol and carene) showed similar positions (F 17, 36= 6.06). Furthermore, on the treatment 

of 100 µM×200 µM (Cd×NO), differences among most of compounds were not significant (F 

17, 36= 16.44). Finally, in the treatment of 150 µM×200 µM (Cd×NO), carvacrol had the highest 

while limonene showed the lowest percentage than the others (F 17, 36= 10.40).  
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Table 4. Effects of different Cd concentrations with 200 µM of NO on S. hortensis essential oil. 

Compound 
Cadmium × Nitric Oxide 

0 µM × 200 µM 75 µM × 200 µM 100 µM × 200 µM 150 µM × 200 µM 

α-Pinene  0.86 ± 0.05 ef  1.44 ± 0.72 d  1.46 ± 0.06 ef  1.25 ± 0.11 ef 

α-Terpinene  4.49± 0.10 c  5.23 ± 0.27 c  5.48 ± 0.29 c  5.99 ± 0.20 c 

α-Thujene  1.53 ± 0.27 fg  1.57 ± 0.07 d  2.11 ± 0.31 de  1.72 ± 0.07 de 

ß-Bisabolene  0.35 ± 0.04 fg  0.47 ± 0.08 d  0.47 ± 0.12 fg  0.35 ± 0.12 g 

ß-Myrcene  1.29 ± 0.08 de  1.52 ± 0.22 d  2.68 ± 0.32 g  1.96 ± 0.06 e 

ß-Pinene  0.46 ± 0.10 fg  0.45 ± 0.08 d  0.71 ± 0.03 fg  0.78 ± 0.08 fg 

γ-Terpinene  19.32 ± 0.15 b  22.03 ± 0.53 b  22.97 ± 0.51 b  24.41 ± 0.44 b 

Benzene  2.92 ± 0.36 d  4.60 ± 0.89 c  4.00 ± 0.15 d  4.26 ± 0.24 d 

Camphene  0.11 ± 0.02 g  0.10 ± 0.02 d  0.16 ± 0.01 g  0.16 ± 0.05 g 

Carvacrol 65.96 ± 0.08 a 59.32 ± 0.42 a 55.31 ± 0.36 a 57.20 ± 0.26 a 

Carene  0.09 ± 0.09 g  0.06 ± 0.06 d  0.22 ± 0.06  g  0.08 ± 0.08 g 

Caryophyllene  0.32 ± 0.02 fg  0.32 ± 0.05 d  0.39 ± 0.02 fg  0.34 ± 0.04 g 

Cyclohexen  0.17 ± 0.04 fg  0.17 ± 0.02 d  0.21 ± 0.12 g  0.19 ± 0.10 g 

Limonene  0.71 ± 0.20 fgh  0.26 ± 0.26 d  1.12 ± 0.33 fg  0.00 ± 0.00 g 

Octatriene  0.10 ± 0.01 g  0.17 ± 0.04 d  0.19 ± 0.04 g  0.07 ± 0.03 g 

Phellandrene  0.44 ± 0.07 fg  0.60 ± 0.10 d  0.59 ± 0.05 fg  0.50 ± 0.01 g 

Sabinene  0.21 ± 0.07 fg  0.40 ± 0.15 d  0.44 ± 0.16 fg  0.09 ± 0.04 g 

Thymyl acetate  0.19 ± 0.10 fg  0.14 ± 0.07 d  0.10 ± 0.10 g  0.19 ± 0.09 g 

The values in each column with different letters show significant differences (Tukey's test, p<0.05). 

4. DISCUSSION 

Regarding the effects of NO and heavy metals on secondary metabolites, limited studies have 

been conducted. NO in plants is absorbed endogenously, by the surrounding atmosphere and 

soil. The quality of this gaseous composition differs depending on fluctuations in plant and 

environment. Proper plant growth, vegetative development, and reproduction require hormonal 

activity with an antioxidant network, as well as maintaining the concentration of active oxygen 

and nitrogen species on certain ranges. Plants often face abiotic stress conditions such as 

nutrient deficiency, salinity, drought, high UV radiation, extreme temperatures, and heavy 

metal stress which can affect growth processes and lead to their growth limitation. The ability 

of plants to respond and survive under environmental stress involves sensing and signaling 

events which NO becomes a critical component when mediates hormonal actions, interacts with 

reactive oxygen species, modulates gene expression, and activity of proteins (Simontacchi et 

al., 2015). 

Tripathi et al., (2017) evaluated the effect of NO (100 μM) on the stress of nano ZnO in 

wheat plants. In their study, NO declined accumulation of zinc in vascular tissues and led to a 

decrease in oxidative stress in wheat plants. Also, the supply of NO led to regulation of 

antioxidants (ascorbate-glutathione) and non-antioxidant enzymes (ascorbate and glutathione). 

In this way, the stress of nano ZnO in wheat plants was reduced. Akladious and Mohamed 

(2017) studied the effects of NO (20 μM) on the mitigation of Zn toxicity in sunflower plants. 

Their study showed that treatment of NO increased the content of ascorbic acid glutathione and 

antioxidant enzymes. NO supply increased sunflower oil quality due to the enhancement of 

unsaturated fatty acid contents. Prieto et al., (2007) studied the essential oil of Origanum 

vulgare L. and Satureja montana L. under peroxynitrite and concluded that there was a 

significant difference with decreasing 3-nitrotyrosine. Also, production of compounds was 

inhibited by peroxynitrite induced with malondialdehyde. Furthermore, thymol and carvacrol 

inhibited the formation of nitrotyrosine and reduced malondialdehyde. Additionally, p-cymene 

and γ-terpinene were inactive in both assessments. Their results indicated that thymol and 

carvacrol had main roles in the prevention of toxic product formation in O. vulgare. The type 

of treatment applied and plant species in the present study were different from our study. These 
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parameters are among the main factors affecting plant secondary metabolites, which should be 

given special attention. 

The effects of salt stress on the biochemical parameters of S. hortensis were evaluated by 

Najafi and Khavari-Nejad (2010). They found that the main constituents were carvacrol and γ-

terpinene in the control plants. Under NaCl treatment, with concentration increasing, carvacrol 

increased when γ-terpinene reduced. In all treated plants by NaCl, growth parameters were 

negatively reduced. Finally, with salinity increasing, carvacrol increased which is useful in 

medicinal applications. Despite differences in the type of treatment applied, the dominant 

composition in the species (carvacrol) was the same, this constituent has a lot of differences 

with the others, and its dominance did not lost with the applied changes. Vafa et al., (2015) 

studied the effects of Nano Zinc and Humic acid on S. hortensis and found that the highest 

essential oil content was gained under N4. Also, its minimum content was observed under 

treatment by N4H4. Said-Al Ah et al., (2016) evaluated the effect of N and P on the composition 

of essential oil from S. montana when found that carvacrol was major. The other important 

compounds were p-cymene, γ-terpinene, linalool, thymol, and β-Caryophyllene. The highest 

percentage of carvacrol was recorded from plants harvested at 2nd cut and fertilized by 50 

kgN+30 kg P/fed. They concluded that essential oil constituents are affected by N and F under 

the first and second cuts. In the study, we did not examine the effects of fertilizer treatments on 

the essential oil of this medicinal plant; but, this case can be considered as a new field of study 

about the secondary metabolites in this plant. The effect of methanolic extracts integration 

from Tanacetum parthenium (L.) and S. Montana on antioxidant capacity and NO was 

evaluated by Bahramnezhad et al., (2021). They concluded that the combination led to a 

significant increase in total antioxidant activity compared to the control. Also, in the grease test, 

their combination significantly reduced NO production compared to the control group. The 

results of their studies were in agreement with our results, which showed a clear effect of NO 

treatment on the changes of various compounds in plants.  

Regarding heavy metals, Mumivand et al., (2011) studied the essential oil content from S. 

hortensis under calcium carbonate and N applications and found that interaction of N and 

CaCO3 was significant in the essential oil contents. GC-MS results showed that compositions 

of S. hortensis such as carvacrol, γ-terpinene, and β-bisabolene did not change with the 

compound application. Karimi et al., (2013) evaluated Cd accumulation in S. hortensis when 

reported that arsenic, cadmium, and mercury were observed in roots rather than shoots in 

artichoke and savory. Artichoke had higher uptake from metalloids and heavy metals, a factor 

of bioaccumulation, and translocation efficiencies from root to shoot than savory. Accordingly, 

artichokes had a greater accumulating capacity. Moreover, phytoextraction of metals by 

artichoke can be applied to clean the soils from contamination by heavy metals. Different heavy 

metals have variable effects on plant secondary compounds and this has been proven in different 

studies. Naturally, this case should be considered by researchers in the soils contaminated with 

these metals. In another study, the effect of organic fertilizers on the essential oil composition 

of S. hortensis was studied by Esmaielpour et al., (2018). They reported that the highest and 

lowest contents from its essential oil were in plants under vermicompost 30% and unwashed 

spent mushroom compost, respectively. Also, its main constituents were carvacrol and γ-

terpinene. The highest level of those was observed in plants grown on substrates containing 

40% and 20% washed spent mushrooms, respectively. In our studies, the role of organic 

fertilizers was not investigated; however, this is a new aspect that should be considered. 

Although, despite the application of different treatments, the main composition of the essential 

oil from this medicinal plant did not change, this confirms our results.  

Azizollahi et al., (2019) evaluated Cd accumulation in S. hortensis and reported that its main 

constituent was carvacrol, which showed quality under treatment by this heavy metal. S. 

hortensis can also be considered an invaluable alternative crop for mildly Cd-contaminated 

soils. Besides, because of the high potential from Cd accumulation in the roots, S. hortensis can 
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be a suitable tool for phytostabilization purposes. Finally, Memari-Tabrizi et al., (2021) 

investigated foliar application of silicon nanoparticles to mitigate Cd stress on essential oil 

constituents from S. hortensis and reported the main of them were carvacrol, γ-terpinene, p-

cymene, and thymol with changes in their concentrations under Cd and Si-NPs. Azizi & Asadi 

(2024) studied the effect of selenium on essential oil of S. hortensis under the cadmium stress 

and concluded that carvacrol being major constituent in most of analyses. Furthermore differences 

among minor constituents in most of the treatments were not significant which is in direction with this 

study.  

5. CONCLUSION 

This study indicated that NO treatment has obvious effects on S. hortensis essential oil 

compounds under Cd stress conditions, although the major constituent was not changed due to 

its high difference with the others. In this way, carvacrol (approximately 60% of total volume) 

showed a significant difference than the others. These studies recommend improving the 

biological position of S. hortensis under Cd stress. For this, the authors of this article encourage 

other researchers to examine the essential oils under the treatment of various agents. They hope 

that it will be possible to determine the conditions in which the highest amount of these 

compounds with the highest percentage can be isolated. 
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Abstract: The consumption of traditional medicinal herbs has gained popularity 

as a viable alternative approach for addressing microbial infections or infectious 

structures. In this study, Verbascum detersile, Verbascum eskisehirensis, and 

Verbascum gypsicola endemic species belonging to the Scrophulariaceae family, 

spreading in Eskişehir and its surroundings, were collected from natural habitats 

and evaluated in terms of antimicrobial and antibiofilm activities. In biological 

activity studies, different concentrations of three plant extracts showed various 

antimicrobial and antibiofilm activities on selected standard microorganism 

cultures (Staphylococcus aureus ATCC 29213, Staphylococcus epidermidis ATCC 

14990, Pseudomonas aeruginosa ATCC 27853, Candida albicans ATCC 90028, 

and Candida krusei ATCC 6258). It was observed that the selected three endemic 

Verbascum extracts had a minimum inhibitory and minimum biofilm eradication 

concentration value of 1250 μg/mL. 

1. INTRODUCTION 

Antimicrobial and antibiofilm agents are the compounds employed to inhibit the growth of 

bacteria or induce their elimination, while concurrently destroying the biofilm structure they 

form on various surfaces. Nevertheless, the efficacy of pharmaceuticals in terms of their 

antimicrobial or antibiofilm capabilities is constrained by the presence of resistant 

microorganisms. There is an urgent need for the development of novel, biologically active 

substances that are both environmentally friendly and devoid of toxicity to effectively combat 

diseases and minimize their negative consequences. The structures in question are known as 

microbial biofilms, which provide a conducive environment for microorganisms to thrive 

within a sophisticated matrix (Sánchez et al., 2016). Biofilm formation is considered a 

significant pathogenicity component in microorganisms. Plants have been widely recognized 

as highly promising bioactive agents.  In contemporary times, there has been a notable increase 

in the focus on the bioactivities exhibited by plants, which have the potential to provide 

protection against infections or act as preventive measures. 

The genus Verbascum L. (mullein) is one of the medicinal plants belonging to the family of 

Scrophulariaceae commonly known as “Sığırkuyruğu”. The family of Scrophulariaceae is one 

of the largest plant families in dicotyledonous angiosperms with 200 genera (Gökmen, 2021). 
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Verbascum genus exists predominantly in Europe, North America, and West and Central Asia 

(especially Anatolia). The Verbascum genus is represented in the world with nearly 360 species 

(Hunt, 2009). In Türkiye, the Verbascum genus consists of approximately 255 species, 200 of 

which are endemic (about 80% endemism rate), and it has 130 additional hybrid species. The 

genus exhibits a notably high endemism ratio of 80%, as seen by the presence of 196 species 

that are native to certain regions (Duman et al., 2020). Verbascum species are a popular herb 

with medicinal uses. In traditional Turkish folk medicine, these medicinal plants are used in the 

treatment of expectorant, stomachache, stomach ulcer, diabetes, hemorrhoid, rheumatism, and 

urinary tract infection (Kargıoğlu et al., 2008; Mükemre et al., 2015). It has been reported that 

they are used for respiratory disorders, expectorants, stomach tonic, dyspepsia, diarrhea, 

diuretics, snake bites, blood clotting of women after childbirth, wound disinfection, and 

sedative in Iran (Ghorbani, 2005; Mohamadi et al., 2015). In addition, the Herbal Medicinal 

Products Committee (HMPC) reported that Mullein flowers (Verbascum phlomoides, 

Verbascum thapsus, and Verbascum densiflorum) can be used to soothe the throat in colds and 

dry coughs (EMA, 2021). In some studies, Verbascum has been found to have an antiviral 

(Escobar et al., 2012), antimicrobial (Senatore et al., 2007), enzyme inhibitory activities 

(Georgiev et al., 2011), and wound healing properties (Süntar et al., 2010). The medicinal 

benefits of Verbascum species are attributed to their biologically active components, including 

phenylethanoids, flavonoids, glycosides, neolignan, monoterpene glycosides, and saponins. 

(Küçük et al., 2016). 

In Türkiye, Verbascum detersile Boisse & Heldr., Verbascum gypsicola Vural & Aydoğdu 

and Verbascum eskisehirensis Karavel., Ocak & Ekici are known as "Zinemit", "Mermer 

Sığırkuyruğu" and "Eski Sığırkuyruğu" respectively (Karavelioğulları et al., 2012). Verbascum 

detersile is in the VU category and has been reported to have a high risk of extinction. 

Verbascum gypsicola and Verbascum eskisehirensis species are in the CR category according 

to IUCN criteria and are reported as highly endangered. In this research, these three endemic 

species were evaluated for their antimicrobial and antibiofilm properties. These species are 

endemic to the Anatolia region. V. detersile is a biennial herb with yellow flowers. This plant 

prefers Pinus forests and rocks from sea level up to 300 m altitude and generally grows in 

Antalya (Saltan et al., 2011). V. gypsicola has been documented in three specific locations 

inside Ankara, where it thrives in very soil conditions (Vural et al., 1993). Additionally, it has 

been observed in a single locality in Eskişehir (Öztürk et al., 2018). V. eskisehirensis is a 

biennial herb that exclusively thrives in specific regions, including Eskişehir, Sivrihisar, 

Karacaören, and the Mountain of Arayit. According to Karavelioğulları et al. (2009), this 

specific plant exhibits a preference for limestone rocks and scree places. This study, therefore, 

aims to investigate the potential antimicrobial and antibiofilm activities of these three distinct 

endemic species of Verbascum.  

2. MATERIAL and METHODS 

2.1. Preparation of Plant Extracts 

The aerial parts (above-ground parts) of Verbascum species were gathered and subsequently 

brought to the laboratory. Table 1 presents the geographical data about three distinct species. 

The collected plants were identified by Prof. Dr. Sevim Küçük (Anadolu University, Faculty of 

Pharmacy, Department of Pharmaceutical Botany, 26470, Tepebaşı, Eskişehir). The plant 

materials, which had been dried and ground into a powder, were accurately weighed and 

subjected to extraction using a 70% ethanol solution. This process was carried out in appropriate 

glass flasks. The extracts were incubated in a water bath set to room temperature with 

continuous agitation, and the resulting filtrates were collected by replacing the solvent every 24 

hours. The procedure was sustained for three consecutive days. The extracts obtained were 

concentrated using a rotary evaporator and subsequently subjected to lyophilization. The 

desiccated extracts were stored at a temperature of +4°C following the processes of evaporation 

and lyophilization (Öztürk et al., 2019).  
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Table 1. Locations of the collected Verbascum species 

Verbascum Species Locations 

V. detersile Boiss. & Heldr. B3 Eskişehir: Alpu-Gölalan yolu, 768 m., 39°45’39.09- 

30°58’22.00, 05.07.2019 (ESSE 15614) 

V. gypsicola Vural & Aydoğdu B4 Ankara: Beypazarı: Çayırhan-Beypazarı, 2 km, jipsli step, 503 

m., 40°11’89.23- 31°63’89.53, 2.07.2019 (ESSE 15615)  

V. eskisehirensis Karavel., Ocak & 

Ekici 

B3 Eskişehir: Sivrihisar: Sivrihisar-Kaymaz, 1100 m., 39°26’ 

57.73- 31°31’ 57.18, 01.06.2019 (ESSE 15616) 

2.2. Determination of Antimicrobial Activity  

2.2.1. Well diffusion test 

In the test standard pathogenic microorganisms were used; Staphylococcus aureus ATCC 29213, 

Staphylococcus epidermidis ATCC 14990, Pseudomonas aeruginosa ATCC 27853, Candida 

albicans ATCC 90028 and Candida. krusei ATCC 6258. The microorganism strains were 

prepared on appropriate media Mueller Hinton Agar (MHA) for bacteria and Saboroud 

Dextrose Agar (SDA) for yeasts. The number of microorganisms per milliliter was adjusted to 

1x108 cfu/mL according to the McFarland 0.5 standard. 100 µL of microorganism cultures were 

inoculated into suitable solid media with a Drigalski spatula. 6 mm wells were made on the 

medium and 25 µL of V1 (V. detersile), V2 (V. eskisehirensis), and V3 (V. gypsicola) was added 

to the wells. The plates were then incubated at 37 °C for 24 hours (Ferraro, 2000). The 

experiment was repeated 3 times, and the results were averaged. 

2.2.2. Broth microdilution method 

The broth microdilution method, according to the guidelines set by the Clinical and Laboratory 

Standards Institute (CLSI), was employed to determine the minimum inhibitory concentration 

(MIC) of three plant extracts (CLSI, 2002; CLSI, 2012). MIC values were determined in 96-

well plates for concentrations of 5000-39.0625 μg/mL of plant extracts V1 (V. detersile), V2 

(V. eskisehirensis), V3 (V. gypsicola). Fresh cultures of microorganisms were prepared 

overnight on suitable media, such as MHA for bacteria and SDA for yeasts. The pathogenic 

microorganisms used in this study were the same as in well diffusion method. These 

microorganisms were prepared following the McFarland 0.5 standard, and the concentration of 

microorganism colonies per milliliter was adjusted to 1x108. Plant extracts were diluted in a 

96-well plate and 100 μL of pathogenic microorganisms were added to them. The plates were 

incubated at 37 °C for 24 hours. The standard antibiotics (Ketoconazole, Chloramphenicol) 0.4-

1000 μg/mL were used as a positive control group. As the negative control group, MHB and 

SDB medium, as well as growth control groups for microorganisms, were transferred to a 96-

well plate in 2 parallels. After incubation, 20 µL of resazurin dye was added to the wells and 

incubated for 4 hours. After 4 hours, the results were analyzed based on the observed alterations 

in the wells' coloration, which spanned from a blue-green hue to a pink shade. The experiment 

was replicated three times, and the results were subsequently averaged. 

2.3. Determination of Antibiofilm Activity 

The antibiofilm activity of microorganisms was determined by the Minimum Eradication 

Concentration (MBEC) method (Cruz, Shah & Tammela, 2018). Biofilm-forming pathogenic 

microorganisms (S. aureus ATCC 29213, S. epidermidis ATCC 14990, P. aeruginosa ATCC 

27853) were prepared according to McFarland 0.5 standard and the number of microorganisms 

per milliliter was adjusted to 1x108 cfu/mL. 200 µL of microorganism cultures were transferred 

to wells of 96-well plates and incubated at 37 °C for 48 hours to the formation of biofilms. After 

incubation, the suspensions (200 µL) in the wells were withdrawn and the wells were washed 

2 times with 0.9% NaCl solution. The concentrations (5000, 2500, 1250, 625, 312.5 μg/mL) of 

the plant (V1 (V.detersile), V2 (V. eskisehirensis), V3 (V. gypsicola)) extracts were obtained by 

macrodilution in MHB medium for bacteria and SDB for yeasts. Subsequently, 100 µL of plant 
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extracts were individually introduced into the wells, followed by incubation of the plate at a 

temperature of 37 °C for 24 hours. Following the incubation period, a volume of 20 μL of 

resazurin dye was introduced into the wells and subsequently incubated at a temperature of 37 

°C for 3 hours. Following the designated waiting period, the outcomes were assessed based on 

the observed alterations in the wells' coloration, which might vary from a blue (or green) hue 

to a pink shade. MBEC values (without living cells in blue (green) color) were determined at 

different concentrations according to the microorganisms. The experiment was repeated three 

times, and the results were subsequently averaged. 

3. FINDINGS 

3.1. Well Diffusion Test 

In the good diffusion test, it was observed that 156.25 μg/mL concentrations of the three 

Verbascum extracts did not show any antimicrobial effect against C. albicans and C.krusei yeast 

cells. All the Verbascum extracts showed antimicrobial activity against S. aureus, S. epidermis, 

and P.aeruginosa bacteria strains. V. eskisehirensis and V. detersile extracts demonstrated 

moderate antimicrobial activity when compared with amoxicillin, especially against S. aureus 

and P.aeruginosa. In addition to these results, V. gypsicola extracts showed strong 

antimicrobial activity with a 10 mm zone inhibition diameter as amoxicillin. The values of the 

zone diameters in (mm) of the extracts against the standard pathogenic microorganisms are 

given in Table 2. 

Table 2. Values of the zone diameters (mm) formed in the well Diffusion results (V1: V. detersile, V2: 

V. eskisehirensis, V3: V. gypsicola) 

Plant Extract Codes – 

Standard Tests 

Microorganisms 

S. aureus S. epidermidis P. aeruginosa C. albicans C. krusei 

V1 

(156.25 μg/mL) 

4+1 4+1 6+1 -* -* 

V2 

(156.25 μg/mL) 

10+1 6+1 6+1 -* -* 

V3 

(156.25 μg/mL) 

2+1 2+1 10+1 -* -* 

Amoxicillin  

(30 μg/mL) 

4+1 32+1 10+1 - ** - ** 

Ketokonazol  

(1 mg/mL) 

- ** - ** - ** 14+1 30+1 

* Insufficient-Low Concentration, ** Ineffective 

3.2. Broth Microdilution Method 

MIC values of plant extracts are given in Table 3. According to the test result, three plant 

extracts showed antimicrobial activity with different concentration values. The MIC values 

were in the range of 312.5 to 1250 μg/ml. The most prominent effect was achieved for V. 

gypsicola extract against S. aureus and C. krusei. All extracts demonstrated strong antifungal 

activity on C. krusei when compared with ketoconazole.  

Table 3. MIC Values (μg/mL)  

Plant Extract Codes – 

Standard Tests 

Microorganisms 

S. aureus S. epidermidis P. aeruginosa C. albicans C. krusei 

V1 1250 1250 625 1250 312.5 

V2 1250 1250 625 1250 156.25 

V3 625 1250 625 1250 312.5 

Chloramphenicol 31.25 31.25 62.5 -** -** 

Ketoconazole -** -** -** 500 500 
** Ineffective 
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3.3. Determination of Antibiofilm Activity 

Antibiofilm activity was determined by MBEC, and the results are given in Table 4. The MBEC 

values were in the range of 625 to 2500 μg/ml. As a result of the antibiofilm test, the biofilm 

structure of S. aureus was more sensitive to V. eskisehirensis and V. detersile extracts at the 

625 μg/mL concentration. S. epidermidis is a prevalent pathogen with the primary pathogenic 

factor of creating cohesive biofilms (Knobloch et al., 2001). Because of this property, all 

Verbascum extracts demonstrated weak antibiofilm activity against S. epidermidis at the 

concentration of 2500 μg/mL.  

Table 4. MBEC Values (μg/mL). 

Plant Extract Codes – Standard 

Tests Microorganisms 
S. aureus S. epidermidis P. aeruginosa 

V1 625 2500 1250 

V2 625 2500 1250 

V3 1250 2500 1250 

4. DISCUSSION and CONCLUSION 

Certain plants belonging to the genus Verbascum have been employed for numerous millennia 

in the treatment of both internal and exterior illnesses. In the relevant literature, it has been 

reported that Verbascum species have various antimicrobial activities. In some studies, it was 

observed that Verbascum spp. was especially effective against Gram-positive and Gram-

negative bacteria but did not show antifungal activity against Candida yeasts (Khafagi, 2002). 

In another study, it was commented that some Verbascum species showed antibacterial activity 

only against Gram-positive bacteria and were ineffective against Gram-negative bacteria and 

yeasts (Dülger et al., 2002). Amirnia et al. (2011) studied the possible antimicrobial activity of 

alcoholic and aqueous extracts of flowers of V. speciosum. Antimicrobial tests were performed 

by using the disc diffusion method, which included the B. subtilis, B. cereus, and E. coli bacteria 

strains. The extracts exhibited concentration-dependent inhibitory effects on bacterial strains. 

Additionally, results showed that ethanolic extract exhibited more potent activity on bacterial 

strains. Amirnia et al. (2011) reported that the highest level of activity was detected against B. 

cereus, followed by B. subtilis. Additionally, it was found that E. coli exhibited the highest level 

of resistance among the strains tested. Unlike these studies, both antibacterial and antifungal 

activities were observed in Verbascum species used within the scope of the research.  According 

to the data reported by Saltan et al. (2011), chloroform and methanol extracts of Verbascum 

detersile showed antibacterial activity at MIC concentrations in the range of 7.5-150 mg/mL. 

The species on which V. detersile was most effective were E. coli ATCC 25922, P. aeroginosa 

ATCC 15442, Streptococcus salivarius RSHE 606, and these results were reported as 7.5 

mg/mL for chloroform extract and 9.3 mg/mL for methanol extract, respectively. Öztürk et al. 

(2019) studied V. eskisehirensis methanol extract and stated that it has moderate antibacterial 

activity thanks to its flavonoid content. This is due to the verbascoside and luteolin substances 

in the flavonoid content. When the data obtained as a result of antimicrobial tests in this study 

were evaluated, antifungal activity was observed only as a result of the microdilution method. 

The reason for this is that the microdilution method is more sensitive than the well diffusion 

method and plant extracts were tested at different concentrations in the microdilution method. 

In the article published by Ocak et al. (2020), contrary to the result obtained in this study, it 

was reported that the methanol extract of V. gysicola applied by the good diffusion method had 

antifungal activity on Candida albicans. When the MIC results were evaluated, it was observed 

that the three plant species showed both antibacterial and antifungal activity at concentrations 

close to each other. In the publication of Grigorov et al. (2023), the antibacterial activity results 

obtained from the ethanol extract obtained from the flowers of V. niveum species are similar to 

the results obtained in this study. In addition to antibacterial results, antifungal values obtained 
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against yeasts are also similar. In the study of Göse and Hacıoğlu Doğru (2019), it was reported 

that ethanol extracts obtained from V. pinnatifidum have antibiofilm activities, especially 

against the biofilm structure formed by Gram-positive bacteria. This activity was proven for 

the first time in this study at concentrations of 2.5-10 μg/ml of the plant. In another study, Göse 

and Hacıoğlu Doğru (2021) reported that V. pinnatifidum and V. antinori extracts showed an 

inhibition activity on the biofilm structure of B. subtilis ATCC 6633 by 92.18% and 91.19%, 

respectively. Bacterial biofilms possess significant pathogenicity attributes owing to their 

notable resistance capabilities against chemotherapeutic agents (Grant & Hung, 2013). 

Bacterial biofilm formation could be controlled by a communication mechanism named quorum 

sensing.  Hence, our study hypothesized that Verbascum extracts can suppress the quorum-

sensing mechanism. In this study, different concentrations of the three Verbascum extracts 

showed various antimicrobial and antibiofilm activities on selected standard cultures of 

microorganisms. The diversity of the results of biological activity studies with Verbascum 

species is directly related to the locality where the plants were collected, ecological conditions, 

seasonal changes, and differences in extraction processes. 
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Abstract: Eleutherococcus trifoliatus is a popular medicinal species used in Asian 

folk medicine with many uses in treating human diseases. Scientific research on 

this plant has been limited, but some scientific publications have described this 

herb's anti-inflammatory, antibacterial, antioxidant, and anti-cancer activities. 

Although it is a frequently used part of traditional medicine, current scientific 

evidence on the biological activities of E. trifoliatus stem bark is still lacking. By 

performing chemical reactions, free radical scavenging experiments, toxicity 

experiments on brine shrimp, and cytotoxicity tests using MTT dye, the study has 

shown the diversity in the metabolic composition of E. trifoliatus stem bark as well 

as the antioxidant capacity and safety of the total extract. The anticancer effect of 

the total extract was investigated and indicated the dramatical ability to inhibit the 

cell growth of liver cancer HCC-J5 cells (IC50 = 19.35 ± 4.89 µg/mL), lung cancer 

cells A549 (IC50 = 5.34 ± 1.62 µg/mL) and gastric cancer cells AGS (IC50 = 0.22 

± 0.20 µg/mL); the selectivity in effects was also observed. The chloroform 

fraction had the most potential to be further exploited in the direction of inhibiting 

cancer cells. 

1. INTRODUCTION 

Eleutherococcus trifoliatus (L.) S.Y. Hu (synonym:Acanthopanax trifoliatus (L.) Voss.) is a 

small tree with medium-high (below 7 meters), robust branching, and thorning (Loi, 2004). 

Leaves are triangular in shape, like duck feet, with staggered distribution, and leaf veins with 

spines (Loi, 2004). Flowers develop at the tip of the branch with more than 3 crowns. Berried 

fruits are in a flat sphere shape, in black, harboring 2 seeds. Essential oils can be extracted from 

the whole plant with fragrance (Loi, 2004). This plant is mainly distributed in areas of Asia 

such as Korea, China, Far East Russia, Vietnam, and Japan. This plant has been discovered in 

Vietnam in Cao Bang, Lao Cai, Lang Son, Lai Chau, Son La, Hoa Binh, Thanh Hoa, Nghe An, 

Quang Nam, Quang Ngai, and Kom Tum. This plant is exploited in folk medicine as a medicinal 

herb to treat human diseases (Huyen et al., 2006; Loi, 2004). Traditional herbalists believe that 

the root bark and stem bark are the most pharmacologically practical parts of E. trifoliatus and 
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should be harvested in the summer (Huyen et al., 2006; Loi, 2004). The medicinal powder has 

a bitter taste and is used in treating bone and joint diseases, inflammation, and erectile 

dysfunction (Loi, 2004; Thu & Tuan, 2013). In modern medicine, this medicinal herb is used 

for sedation, anti-inflammation, and dilation of blood vessel walls, thereby lowering blood 

pressure and stopping coughing and expectoration (Loi, 2004; Thu & Tuan, 2013). 

Despite its widespread application, scientific research on E. trifoliatus has still been quite 

vague, preventing the exploitation of this plant in modern medicine. Thus far, scientific 

evidence has shown several bio-activities of  E. trifoliatus, such as the antioxidant effect 

(Sithisarn & Jarikasem, 2009); anti-inflammatory on RAW264.7 cells and BALB/c mice (Chen 

et al., 2021; Chien et al., 2015; Thu & Tuan, 2013); antibacterial impact tested on Salmonella, 

Escherichia coli, Staphylococcus aureus, Staphylococcus albicans, and Micrococcus luteus 

(Chen et al., 2021); analgesic effects were observed on rats (Chen et al., 2021); hemostatic 

effects evaluated on New Zealand white rabbits (Chen et al., 2021); type 2 diabetic treatment 

investigated on C57BL/6 mice (Lin et al., 2023). E. trifoliatus's antitumor studies have also 

been conducted on PC-3, SF-268, MCF-7, HepG2, and NCI-H460 cells; several toxicity 

pathways have been described (Li et al., 2016; H.-C. Wang et al., 2014; H. Q. Wang et al., 

2014). However, research on the herb's stem bark has been still lacking. This work aimed to 

demystify the anti-proliferation of the E. trifoliatus stem bark total and fractional extracts on 

lung carcinoma, gastric adenocarcinoma, and hepatocellular carcinoma cells, and describe the 

ingredient background and antioxidant capacity of E. trifoliatus stem bark. 

2. MATERIAL and METHODS 

2.1. Extract Preparation 

2.1.1. Plant sample and extraction 

Eleutherococcus trifoliatus stem bark was derived from An Giang Province, Vietnam, with 

voucher 2021NCBG-AG01. The sample was dried after double washing with distilled water. 

The dried sample was ground into a fine powder and macerated with absolute methanol at 1:3 

(weight/volume). After five days of maceration with the filtrate collection every 24 hours, the 

total stem bark extract (abbreviated as ET) was obtained by solvent removal. For the fractional 

extraction, the crude extract was dissolved with chloroform to obtain the chloroform fraction. 

The insoluble extract was further dissolved with ethyl acetate to obtain ethyl acetate fraction. 

The procedure continued with methanol and water. The results were 4 different fractions dried 

using the Soxhlet system, including chloroform (extract abbreviated as ETC), ethyl acetate 

(extract abbreviated as ETE), methanol (extract abbreviated as ETM), and water (extract 

abbreviated as ETW)  extracts. The droughty total and fractional extracts were weighted and 

dissolved with DMSO (Dimethyl sulfoxide, Sigma-Aldrich, USA) to achieve the stock solution 

of 400 µg/mL for crude extract and 100 µg/mL for fractional extracts. 

2.1.2. Phytochemical screening 

In order to optimize the detection of plant compounds, medicinal powders were soxhleted with 

three solvents of different polarities as described by Ciulei (Ciulei, 1993). A mass of 30 grams 

of the herbal was wrapped with filter paper and extracted using the Soxhlet system with diethyl 

ether, ethanol, and water, respectively. The chemical reactions were performed for 

phytochemicals detection. 

2.2. Antioxidant Effect of Total Extract 

The free radical scavenging capacity of the ET was determined by performing the DPPH (2 2-

diphenyl-1-picrylhydrazyl, Sigma-Aldrich, USA) and ABTS (2,2′-Azinobis-(3-

Ethylbenzthiazolin-6-Sulfonic Acid), Sigma-Aldrich, USA) assays. Active ABTS solution was 

formed by the reaction of 2.6 mM  ABTS with 7.4 mM potassium peroxydisulfate [K2S2O8] 

(Sigma-Aldrich, USA) for 16 hours in the dark. The active ABTS solution was adjusted with 

methanol to achieve the final solution with an absorbance of 1.00 ± 0.02 at 734 nm. The extract 
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at different concentrations was reacted to DPPH (with a ratio of 1:1) and active ABTS (with a 

ratio of 1:5). After a 30-minute incubation; the mixtures measured the absorbance at 517 nm 

and 734 nm for DPPH assay and at 734 nm for ABTS. Nonlinear regressions computed the 

EC50 (half maximal effective concentration) values of the ET on DPPH and ABTS radicals. 

2.3. Toxicity on Brine Shrimp 

Brine shrimp cysts (Artemia nauplii) were hatched in an incubator with continuous light and 

aeration. A volume of 2 mL saline containing thirty individual shrimps was divided into 

separate cups. The ET extract at different concentrations ranging from 0 to 100 µg/mL was 

supplemented into larvae cups. The DMSO equivalent to the amount added in the most 

concentrated treatment was set as a negative control. After 24 hours of treatment, the dead 

shrimps, which showed no movement for at least 10 seconds, were counted and computed for 

the survival proportion (Santos Filipe et al., 2022). 

2.4. Cytotoxicity Evaluation 

2.4.1. Cell lines and cell culturing 

Lung carcinoma cells A549 (ATCC, USA), gastric adenocarcinoma AGS (ATCC, USA), and 

hepatocellular carcinoma HCC-J5 (Cell Culture Center of the National Taiwan University, 

Taipei, Taiwan) were used to investigate the anticancer impact of Eleutherococcus trifoliatus 

stem bark extracts. The non-cancerous cells, fibroblast BJ (ATCC, USA), were used as control. 

Cells were cultured in Roswell Park Memorial Institute (RPMI, Thermo Scientific, USA) 1640 

Medium, added 10% Fetal Bovine Serum (FBS, Sigma-Aldrich, USA) and 1% Penicillin-

streptomycin (Sigma-Aldrich, USA). As 80% of the culture surface was occupied by cells, the 

cells were sub-cultured with the initial density of 105 cells/mL. 

2.4.2. Cytotoxicity assay 

Cells were seeded at 105 cells/mL density into 96-well plates. After 24 hours, the medium 

harboring the extract at different concentrations with homologous volumes was added to each 

well. The treatment was conducted for 72 hours. The cell viability was calculated by MTT ((3-

(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide), Sigma-Aldrich, USA) reagent; 

the crystal dissolution solution was measured the absorbance at 490 nm. Nonlinear regression 

indicated the half-maximal inhibitory concentration (IC50) values of the extracts on tested cells. 

2.4.3. Selective index 

The selective index of the ET was indicated by dividing the IC50 value of the ET on BJ cells by 

the one on cancer cells. 

2.5. Data Computation 

Data collection occurred at least three independent times. Documents were analyzed using 

Excel 365 (Microsoft, USA) and GraphPad Prism version 9.0.0 (GraphPad Software, USA). 

Nonlinear regression was performed according to the model Y=100/(1+10^((LogIC50-

X)*HillSlope))) to deduce the IC50 and EC50 values. Comparative statements were determined 

from the results of ANOVA one-way analysis combined with the Tukey post-hoc test and 

Student T-test with an Alpha significance level of 5%. The symbol notes (*), (**), (***), and (****) 

stood for the p-value below 0.033, 0.0021, 0.0002, and 0.0001, respectively. 

3. FINDINGS 

3.1. Phytochemical Description 

The chemical reactions exhibited the presence of polyphenol, flavonoid, alkaloid, saponin, 

anthocyanin, reducing sugar, cardiac glycoside, and steroid compounds (Table 1).  
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Table 1. Screening for phytochemicals in E. trifoliatus stem bark. 

Compounds Reactions 
Extracts 

Diethyl ether Ethanol Water  

Alkaloid 

(Jha et al., 2012) 

Mayer + + + 

Wagner +  + + 

Flavonoid 

(Ly et al., 2019) 

Alkalize with 10% NaOH + + - 

Acidified with concentrated 

H2SO4 
+ + - 

Steroid 

(Nath et al., 1946) 
Liebermann – Burchard  + + 

Polyphenol 

(MacWillliam & Wenn, 1972) 
Reducing FeCl3  + + 

Anthocyanin 

(Ly et al., 2019) 

Reddening induced by HCl 

10% 

Cyanotion induced bt 

NaOH 10% 

 - - 

Saponin 

(Edeoga, 2005) 
Foam formation   + 

Cardiac glycoside 

(Mujeeb et al., 2014) 
Keller‐Kiliani  + - 

Reducing sugar 

(Ayoola et al., 2008) 
Fehling   + 

Organic acid 

(Thi et al., 2023) 
Na2CO3  - - 

Polyuronid 

(Thi et al., 2023) 
Flocculation  - - 

Presence (+); absence (-); empty cells stand for no need for detection. 

3.2. Antioxidant Effect of The Total Extract 

As shown in Figure 1, the radical scavenging ability of the ET was described. The EC50 

(µg/mL) values were demystified at 339.50 ± 48.60 and 138.10 ± 24.70 for DPPH and ABTS. 

The t-test one-tail result showed the effect of the ET on ABTS was greater than on DPPH, P-

value < 0.0379. The vitamin C at the concentration of 50 µg/mL illustrated to scavenge 87.14 

± 0.24 % DPPH and 99.66 ± 0.60  ABTS; the effect of 100 µg/mL one was 89.94 ± 0.24 % and 

100 ± 0.02 % for DPPH and ABTS. 

 

Figure 1. The free radical scavenging of the E. trifoliatus stem bark total extract evaluated by DPPH 

and ABTS assays. 
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3.2. Toxicity on Brine Shrimp 

The ET extract showed no negative impact on the vital of Artemia nauplii after 24 hours of 

treatment, p-value = 0.2127 (Figure 2). There were no statistical differences between the 

experiment with DMSO and negative control, p-value = 0.1854. 

Figure 2. The toxic impact of E. trifoliatus stem bark total extract on brine shrimp. 

3.4. Anticancer Effect of the ET on Selective Cancer Cells 

The anticancer effect of ET results were shown in Figure 3. The influence was illustrated in a 

dose-dependent manner (Figure 3A). Non-linear regression analysis determined the IC50 values 

of ET on hepatocellular carcinoma (HCC-J5), lung carcinoma (A549), and gastric 

adenocarcinoma (AGS) at 19.35 ± 4.89 µg/mL, 5.34 ± 1.62 µg/mL, and 0.22 ± 0.20 µg/mL, 

respectively. The impact of ET on the three cell lines was statistically significant, p-value < 

0.0001. The lethality of ET was recorded strongest on AGS and weakest on HCC-J5 (Figure 

3B). 

 

Figure 3. The cytotoxic effect of E. trifoliatus stem bark total extract on evaluated cancer cells (A), and 

the IC values of the impact (B). 

3.5. ET Retards the Growth of Fibroblast 

The impact of ET on BJ cells was depicted in Figure 4A. The IC50 of the extract on the fibroblast 

was calculated at 21.33 ± 6.97 µg/mL. Based on the IC50 values, the SI values were computed 

at 1.10 ± 0.28, 3.99 ± 1.21, and 95.39 ± 31.17 for HCC-J5, A549, and AGS. There is a 

statistically significant difference in the selectivity of ET's effects on AGS cells compared to 

HCC-J5 (p-value = 0.0017) and A549 (p-value = 0.0019). 
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Figure 4. The inhibitory of E. trifoliatus stem bark total extract on fibroblast (A), and the selective 

index in anticancer capacity of the extract (B). 

3.6. The Anticancer Effect of E. trifoliatus Fractions 

The inhibitory of four fractional extracts of E. trifoliatus stem bark was illustrated in Figure 5. 

The impact was observed to be in a dose-dependent manner. The IC50 values of the fraction on 

tested cells are shown in Figure 6. 

 

Figure 5. The cytotoxic impact of the fractional extract of E. trifoliatus stem bark on HCC-J5 (A), 

A549 (B), and AGS (C). 

The expressed the IC50 values on HCC-J5, A549, and AGS were  2.22 ± 0.84 µg/mL, 7.10 ± 

1.13 µg/mL, and 0.08 ± 0.50 µg/mL for chloroform fraction; 23.92 ± 5.56 µg/mL, 22.84 ± 5.94 

µg/mL, and 6.71 ± 1.65 µg/mL for ethyl acetate fraction; 5.84 ± 1.35 µg/mL, 12.21 ± 2.03 

µg/mL, and 1.28 ± 1.00 µg/mL for methanol fraction; 75.62 ± 10.61 µg/mL, 48.01 ± 7.07 

µg/mL, and 34.69 ± 11.88 µg/mL for aqueous fraction. The effects of chloroform and methanol 
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fractions were the most effective on the three cell lines tested when compared with water and 

ethyl acetate fractions, p-value < 0.0001.  

Figure 6. The IC50 values of the fractional extracts on evaluated cancer cells. 

4. DISCUSSION and CONCLUSION 

E. trifoliatus stem bark has been widely used in folk remedies in Asia; however, scientific 

information about this medicinal herb has not been fully described (Wiart, 2007). The presence 

of secondary metabolites is an important sign in predicting the bio-activity of plant extracts 

(Baumli et al., 2023). Investigations on the phytochemical composition of E. trifoliatus stem 

bark have been still limited. The diversity in ingredients of the stem bark was described as 

suitable with previous reports. Some studies showed an abundance of phenolic compounds 

(0.65 ± 0.06 mg/g), flavonoids (0.60 ± 0.06 mg/g), and saponin (23-30 mg/g) in this plant (Chen 

et al., 2021; Dedvisitsakul & Watla-Iad, 2022). Due to its aromatic scent, many previous studies 

have focused on analyzing its terpene-derived compounds, such as α-pinene, sabinene, 

terpinen-4-ol, β-pinene, and p-cymene (Muselli et al., 1999; Phuong et al., 2006). In the leaves, 

various vitamins were found, including vitamin A (428.47 ± 3.00 μg/100g), vitamin B1 (0.41 

± 0.01 μg/100g), vitamin B2 (0.17±0.00 μg/100g), vitamin C (11.95±0.86 μg/100g) 

(Ganogpichayagrai & Suksaard, 2020). The antioxidant bioactive of the ET could be predicted 

due to the presence of relevant secondary compounds. 

In this study, the capacity to trap free radicals reflected the antioxidant ability of the ET 

extract. As the ET concentration increased, the rate of free radicals collected increased. The 

antioxidant impact of the E. trifoliatus leaf extract was recorded by using oxygen radical 

absorbance capacity (9057.29 ± 43.08 µmol) and ferric reducing antioxidant power (1230.88 ± 

19.51 µmol), and the whole plant effect on DPPH free radical scavenging activity was 0.93 ± 

0.09 mg L-ascorbic acid equivalent per gram extract (Dedvisitsakul & Watla-Iad, 2022; 

Ganogpichayagrai & Suksaard, 2020). The ET extract was considered to have a weak 

antioxidant effect, because the EC50 values were greater than 100 µg/mL (Blois, 1958). Radical 

neutralization has been reported to come from electron donation by natural compounds such as 

phenolic compounds (Lobo et al., 2010). Various scientific evidence has proven the relationship 

between antioxidants and their bio-effect (Kancheva & Kasaikina, 2013). The presence of 

secondary metabolites and antioxidant capacity gave predictions about the activities of this 

plant. 

The safety of plant extracts has an impact on their application (Ferraz et al., 2022). For the 

purpose of toxicity determination, the brine shrimp lethality assay, which is widely used for the 

preliminary cytotoxicity assay of plant extract, was conducted (Harwig & Scott, 1971). The 

lethality of the ET was unremarkable on A. nauplii viability; the DMSO was also ineffective on 

larvae. The survival rate of shrimp in experiments always remained above 95%, and there was 
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no statistically significant difference in the impact of ET concentrations on larval vitality. The 

median lethal dose (LD50) value  was considered to be greater than the value of 100 µg/mL 

which was classified as non-active for the crude extract, for it was not demystified during the 

evaluation (Muhammed et al., 2021; Rieser et al., 1996). In the report elsewhere, the protective 

ability of E. trifoliatus extract investigated on the liver of rats with liquor overdose showed that 

the extract could induce liver cell degeneration (Li et al., 2021).  The low toxicity facilitates ET 

extract in medical applications.  

Notably, the ability of E. trifoliatus to inhibit cancer cell growth has been investigated. The 

results illustrated that the inhibition of cell proliferation by ET was in a dose-dependent manner. 

In the concentration of 50 µg/mL, the ET retarded around 75% of cell proliferation in all cell 

lines. The non-linear regression indicated the IC50 values of ET on HCC-J5, A549, and AGS 

were lower than the value of 20 µg/mL creating a boundary to classify the strong effective plant 

extract in cytotoxicity, in which, the effect on AGS was weighed in as excellent cytotoxic for a 

total extract (Indrayanto et al., 2021). The impact of ET on AGS was more effective than the 

other two cell lines. Thus far, several studies have investigated the effects of this plant extract 

on cancer. PC-3 cells were observed to be inhibited under the leaf extract via interruption of the 

NF-kB, Erk1/2, Akt pathway (H. Q. Wang et al., 2014). E. trifoliatus-derived terpenoids was 

determined as SF-268, MCF-7, HepG2 and NCI-H460 anti-growth elements (Li et al., 2016). 

Taiwanin E isolated from E. trifoliatus was demonstrated as a pRB inhibitor in MCF-7 

treatment (H.-C. Wang et al., 2014). Moreover, the lethality impact of the ET was also 

investigated on fibroblast BJ with the IC50 of 21.33 ± 6.97 µg/mL leading to the classification 

of the effect as moderate cytotoxic. By dividing the IC50 value of ET on BJ cells by the test 

cancer cells, the SI values were indicated. The selectivity of an extract with an SI value less 

than one should be considered against its use as an herbal drug (Indrayanto et al., 2021; 

Nogueira & Rosário, 2010). Therefore, the selectivity in the effect of ET on HCC-J5 (SI = 1.10 

± 0.28) was considered unexploitable. On the contrary, the SI values of ET on A549 and AGS 

exhibited the potential to exploit this medicinal plant as a source of raw materials for future 

treatment research. The effect of ET on A549 (SI = 3.99 ± 1.21) was classified as a prospective 

anti-cancer, while the impact on ASG (SI = 95.39 ± 31.17) was elected as a highly potential 

herb (Indrayanto et al., 2021; Peña-Morán et al., 2016; Weerapreeyakul et al., 2012). The 

cytotoxic influence of E. trifoliatus stem bark extract on liver cancer, lung cancer, and stomach 

cancer was discussed for the first time in this study.  

Chloroform and methanol fractions were recorded to be more cytotoxic than ethyl acetate 

and aqueous fractions. The inhibition induced by ETC was astounding with the IC50 on three 

cell lines under 10 µg/mL; the effect on AGS was most substantial with IC50 = 0.0782 + 0.50 

µg/mL. The impact of ETM was also classified as a potential extract with strong cytotoxic; the 

ETM's IC50 was below 10 µg/mL for the one on HCC-J5 and below 2 µg/mL for AGS. The 

effects of the fractionated extracts were observed to be divided into two groups when compared 

with the effects of the total extract, including those with better inhibitory activity and those with 

poorer inhibitory activity. Compared to the ET, the anti-proliferated effect of ETM and ETC 

increased on HCC-J5; the effect of ETC augmented on AGS. The chloroform extract fraction 

was also shown to be effective in cytotoxicity observed in some previous studies compared to 

other fractions (Einafshar et al., 2024; Li et al., 2015; Zhang et al., 2020). It could be concluded 

that chloroform was the effective solvent for extracting the compounds inducing cytotoxicity, 

and more in-depth studies are needed to be carried out to clarify it. 

In conclusion, E. trifoliatus stem bark extract expressed a weak antioxidant effect, but the 

cytotoxic impact was remarkable. The inhibited impact was first recorded on lung carcinoma 

cells A549, gastric adenocarcinoma cells AGS, and hepatocellular carcinoma cells HCC-J5. 

Additionally, the tremendously selective impact of the extract was on AGS that needed to be 

further researched. The safety of the total extract was proven via toxicity assay. The effect was 

more powerful in chloroform fractionalization. 
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Abstract: The present study investigates the chemical constituents and antioxidant 

potential of essential oils extracted from Ficus elastica. The essential oils were 

obtained through steam distillation and were subjected to gas chromatography-

mass spectrometry (GC-MS) analysis to determine their constituents representing 

100% of the total peak areas. The analysis revealed the presence of 34 compounds. 

Among these compounds, Caryophyllene was found to be the major constituent, 

accounting for 50.57% of the total percentage area. Among other identified major 

compounds include γ-Muurolene (8.19%), camphene (5.69%), Heptacosane 

(2.61%), and Heneicosane (2.60%). Furthermore, the antioxidant potential of Ficus 

elastica essential oil was evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

and hydrogen peroxide radical scavenging methods. The results indicated that F. 

elastica’s essential oil exhibited significant radical scavenging activity when 

compared to the standard antioxidant, Ascorbic acid. For the highest concentration 

tested (10 μL/mL), the DPPH scavenging inhibition percentage was 45.26% for F. 

elastica and 90.40% for Ascorbic acid. Similarly, the hydrogen peroxide 

scavenging activity at 10 μL/mL was found to be 74.90% for F. elastica and 

90.12% for Ascorbic acid. Additionally, the essential oils demonstrated high radical 

scavenging and chelating activity. The quantitative DPPH and hydrogen peroxide 

assays indicate the potent antioxidant activity of F. elastica essential oil, making it 

a promising candidate for further biological and chemical analysis. The isolation 

of therapeutically active compounds from these essential oils can be pursued, 

considering their potential role in the management and treatment of various 

diseases. 

1. INTRODUCTION 

A nexus between humans, ill-health, and folk medicine cannot be traced from recent times 

because man has been battling with various forms of diseases and illnesses since his origin 

(Danjuma & Darda’u, 2013). As generations pass and humans suffer from illnesses, the search 

for remedies to these diseases propels the development of traditional knowledge of medicines, 

remedies, and norms that are cheaper and have lesser side effects, hence popular among the 

people (Zain et al., 2013). Resources from plants have gained a wide range of applications in 

various industrial setups for the production of several useful products for the benefit of 
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humankind such as perfume, food and dietary supplements, cosmetics, pharmaceutical drugs, 

etc. (Chika et al., 2022). Essential oils (EOs) and bioactive compounds from plants, herbs, fruit 

waste, and enzymes of fruits or biomaterials are potential crop protection agents. They are 

largely composed of bioactive secondary metabolites like monoterpenes, esters, sesquiterpenes, 

phenols, aldehydes, oxides, and ketones that are synthesized both internally and externally by 

plants (Dassanayake et al., 2021). Essential oils, also called volatile odoriferous oils, are 

aromatic oily liquids extracted from different parts of plants such as leaves, peels, barks, 

flowers, buds, seeds, etc. (Lubna et al., 2020). Among all methods of producing essential oils, 

the steam distillation method has been widely used, especially for commercial-scale production 

(Burt, 2004). EOs have been widely used as food flavors because of their antibacterial, 

antifungal, antioxidant, antiseptic, anti-inflammatory, anti-carcinogenic, and antimutagenic 

properties (Basavegowda & Baek, 2021). Essential oils found in many different plants, 

especially aromatic plants, vary in odor and flavor, which are governed by the types and amount 

of constituents present in oils (Phakawat & Soottawat, 2014). Numerous essential oils with 

antioxidant properties must be mentioned here since their use as natural antioxidants is a field 

of real interest, especially in food science and medicine (Tit & Bungau, 2023). Although many 

antioxidants are available, most antioxidant formulations contain as BHA (Butylated 

hydroxyanisole) and BHT (Butylated hydroxytoluene), which are synthetic in nature. In recent 

years, consumers and food manufacturers have opted for products with "all-natural" labels. The 

area of natural antioxidants developed enormously in the past decade mainly because of the 

increasing limitations on the use of synthetic antioxidants and enhanced public awareness of 

health issues (Nanditha & Prabhasankar, 2009). The addition of EOs to edible products, either 

by direct mixing or in active packaging and edible coatings, may represent a valid alternative 

to prevent autooxidation and prolong the shelf life of food (Amorati et al., 2013; Alparslan, 

2018). 

Oxidative stress is a problem in human beings since it not only makes our body cells age but 

also causes diseases such as cancer that are difficult to treat. One of the ways to make the body 

healthier is to stop the aging process. This can be done using certain chemicals and metals to 

prevent oxidation or mop up free radicals from the body, known as antioxidants (Musa, 2008). 

Reactive oxygen species (ROS) are highly reactive molecules that may lead to tissue damage 

via several different cellular molecular pathways (Ginting et al., 2020). Globally, the use of 

antioxidants as preservatives has been instrumental in improving the quality and extending the 

shelf life of muscle foods, especially during processing and storage. A low dietary intake of 

antioxidant, vitamins, and minerals is responsible for the rise in the incidence of cardiovascular 

diseases and cancer cases (Salehi et al., 2018). 

Plants are a rich source of phytochemicals with medicinal properties, rendering them useful 

for the industrial production of pharmaceuticals and nutraceuticals (Hasnain et al., 2022). Many 

supplements, nutricosmetics, and cosmetics are based on botanical ingredients, many of which 

have a long history of use in traditional or folk medicine (Michalak, 2022). Increasing the 

antioxidant intake can prevent diseases and lower health problems (Saikat et al., 2010). 

Research is increasingly showing that antioxidant-rich foods and herbs reap health benefits 

(Saikat et al., 2010, Mayo Clinic, 2023). 

F. elastica, commonly known as the rubber tree, is an important medicinal plant belonging 

to the Moraceae family. F. elastica plants have been widely planted throughout Asia and 

possess pharmacological properties such as antioxidant, anti-inflammatory, and anticancer. 

Ficus species are reported to be very rich in flavonoids, essential oils, anthocyanins, tannins, 

and other phenolic constituents (Ginting et al., 2020). F. elastica (Moraceae) is a widely spread 

evergreen tree up to 30 m tall. The leaves are 7-20 cm long, with smooth edges and blunt pointed 

tips. The leaves are about a foot long and are thick with a deep green color. The plant is known 

locally as the "India rubber tree" (Hari et al., 2011). Three species (F. religiosa, F. elastica, F. 

benjamina) display multiple common attributes: high distribution and abundance in local 

forests, relevant roles in forest ecology, high tolerance and adaptability to stress conditions, 
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growth in several types of environments (Solis et al., 2015). Nigeria's forests are replete with 

over 45 different species of Ficus. Some of them are Ficus goliath, Ficus capensis, Ficus 

ingens, Ficus glomosa, Ficus lecardi, and Ficus elastica. They can be found in the savanna, 

rainforest, rivers, and streams (Odunbaku et al., 2008). Some Ficus species are cultivated for 

their edible fruits (Ficus sycomorus Linn.), while others provide shade and function as 

ornamental plants (Amgad et al., 2015). 

Ficus elastica is used to cure skin infections, allergies, anemia, neurodegenerative disorders 

and hepatic problems, and also used as a diuretic agent (Iqbal et al., 2018). This research 

investigation aims to study the chemical composition and antioxidant potential of essential oils 

extracted from the leaves of Ficus elastica. This involves analyzing the constituents of the 

essential oils using gas chromatography-mass spectrometry (GC-MS) and evaluating their 

antioxidant activity using DPPH and hydrogen peroxide radical scavenging methods to 

determine the potential therapeutic benefits of the essential oils and assess their suitability for 

further biological and chemical analysis for the management and treatment of various diseases. 

2. MATERIAL and METHODS 

2.1. Sample Collection 

Ficus elastica belongs to the family Moraceae and was collected from the bush area of Sukur 

Settlement, Madagali Local Government Area of Adamawa State, Nigeria. Random leaf 

samples were collected from different trees in the same location into the sack with appropriate 

labeling and stored in an ice cooler until being transported to the laboratory for extraction and 

further analysis (Biswas et al., 2013). 

2.2. Sample Preparation 

The sample of the Plant was properly washed and allowed to dry for 30 minutes in the 

laboratory. The leaves were then cut into tiny slices to increase the surface area for contact with 

solvent during extraction process (Ibrahim et al., 2021). 

2.3. Extraction of The Essential Oil 

1 kg of leaves of Ficus elastica sample collected were washed with distilled water and subjected 

to extraction to avoid loss of some essential oils as a result of the drying process, and using a 

modified type of steam distillation apparatus (in which the receiver end of the condenser pass-

through another vessel containing ice). The time taken for the isolation of the oil is 2½ hours 

(Runde et al., 2015). The process was repeated for each plant’s batch until a total mass of 2.6 

kg was used for extraction. The sample collected was subjected to steam distillation using the 

Clevenger-like apparatus according to the British Pharmacopoeia (BP) method (British 

Pharmacopoeia, 2020). The time taken for the isolation of the essential oil is 2½ hours.  

2.4. GC-MS Analysis of Essential Oil 

Essential oil extracted from the leaves of Ficus elastica was analyzed for its chemical 

constituents by gas chromatography coupled with mass spectrometry (GC-MS). Agilent 

19091S-433 Gas Chromatography-Mass Spectrometry System, operating at a pressure of 

11.649 psi equipped with a split-splitless injector, was used. Helium was used as a carrier gas 

at the flow rate of 1 mL/min. The columns used were HP-5MS, capillary column (30 m × 250 

µm × 0.25 µm), stationary phase: 5% phenyl methyl silox. The initial temperature was 

programmed at 60°C for 0.5 min then 10°C/min to 300°C for 3 min followed by a constant 

temperature at 310°C for 22.5 min. Sample (0.2 μL) was injected into the column programmed 

at 310°C and the resolution of components was attained. Identification of components was 

performed by matching their retention indices and mass spectra with those obtained from the 

NIST library (Iqbal et al., 2018). The spectrum from the GC-MS is shown in Figure 1. 
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Figure 1. GC-MS Spectrum of essential oil extracted from Ficus elastica. 

2.5. Determination of Antioxidant Activity of Essential Oils  

2.5.1. Free radical scavenging activity 

DPPH has been widely used for the measurement of the free radical scavenging ability of 

antioxidants. This method is based on the reduction of an alcoholic DPPH solution in the 

presence of a hydrogen-donating antioxidant (Fatiha & Abdelkader, 2019). The DPPH assay 

was performed using a standard method with minor modification. The hydrogen atom or 

electron-donating abilities of the compounds were measured from the bleaching of the purple 

colored methanol solution of 2,2-diphenyl-1-picryl hydrazyl (DPPH). This spectrophotometric 

assay uses the stable free radical, DPPH as a reagent. One thousand microliters of diverse 

concentrations (2.5 μL/mL) of the essential oil in ethanol were added to 4 mL of 0.004 % 

methanol solution of DPPH. After a 30 min incubation period at room temperature, the 

absorbance was read against a blank at 517 nm and compared to the standard antioxidants, 

Ascorbic acid (vitamin C). The DPPH radical scavenging effect was calculated as inhibition of 

percentage (I %) using the following formula (Burits & Bucar, 2000). 
 

𝐼 % =
absorbance of Blank − absorbance of sample

absorbance of Blank
 𝑥 100 

 
Where, A is blank is the absorbance of the control reaction (containing all reagents except 

the test compound) and A (sample) is the absorbance of the test compound. The values of 

inhibition were calculated for various concentrations of the extract. Tests were conceded out in 

triplicate. 

2.5.2. Hydrogen peroxide scavenging activity 

The ability of the extract to scavenge hydrogen peroxide was determined according to the 

method with modification. A solution of hydrogen peroxide (40 mM) was prepared in 

phosphate buffer (ρH = 7.4). Extracts (2.5-25 μg/mL) in methanol were added to a H2O2 

solution (0.6 mL, 40 mM). The absorbance value of the reaction mixture was recorded at 230 

nm. The blank solution contained the phosphate buffer without H2O2 (Ebrahimzadeh et al., 

2010).  The percentage of H2O2 scavenging was calculated as: 
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𝐻2𝑂2Scavenging effect (%) =
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 𝑥 100 

Where A (control) is the absorbance of the control, and A (sample) is the absorbance in the 

presence of the sample or standards. 

3. RESULTS and DISCUSSION 

3.1. Percentage Yield of The Essential Oil from Ficus elastica 

2.58264 kg of Ficus elastica fresh leaves were subjected to steam distillation for the extraction 

of essential oil components from the plants. The percentage yield was obtained by using the 

relation 

%𝑌𝑖𝑒𝑙𝑑 =
Weight of ail (WO)

Weight of plant (WP)
 𝑥 100 

 
The results obtained showed Ficus elastica has a percentage yield of 0.09 % as shown in 

Table 1. 

Table 1. Percentage yield of essential oil of Ficus elastica (FE) leaves. 

Plant 
Plant Part 

Used 
Weight of Plant Weight of Oil Appearance 

% Yield (WO/WP) x 

100 

FE Fresh leaves 2.58264 kg 2.38 g Colorless 0.09 

3.2. Chemical Components of Essential Oil of The Plant 

The GC-MS analysis of the essential oil of Ficus elastica leaves revealed the presence of 34 

compounds, which constituted 100% of the total percentage composition. These compounds 

were listed in order of their retention indexes. The most abundant component was 

caryophyllene, which is a natural bicyclic sesquiterpene compound accounting for 50.57% of 

the essential oil. Other components of the essential oil of Ficus elastica were γ-Muurolene 

(8.18%), camphene (5.69%), and heneicosane, 11-decyl- (4.57%) as shown in Table 2. 

However, this result was not consistent with the outcome of Iqbal et al. (2018) study, which 

revealed that the essential oil of aerial roots of Ficus elastica contained compounds such as 

Benzene, [1-propyldecyl], benzene, benzene, [1-ethylundecyl], propanamide, N,N-dodecyl-3-

phenyl, benzene, [1-methyldodecyl], diethyl phthalate, octadecane, 3-ethyl-5-[2-ethylbutyl], 

and cyclopropane butanoic acid. The difference in composition may be the result of various 

factors, including the part of the plant used, weather, vegetation, and geographical location 

(Battaloğlu & Yağız, 2017). Maimuna et al. (2016) reported that Ficus thonningii's leaves' 

essential oil contained 2, 6, 10, 15-tetramethyl-heptadecane (42.42%), 9-methyl-nonadecane 

(17.62%), eicosane (16.17%), and methylsalicylate (10.58%), which is different from the 

essential oil composition of Ficus elastica. Likewise, Dangarembizi et al. (2014) reported that 

Ficus thonningii's essential oil contained 18.8 % of 6, 10, 14 trimethyl-2-pentadecanone, 14.7% 

of phytol, 7.6% of acorenone, and 6.3% of β-gurjunene. Similarly, Emmanuel et al., (2016) 

revealed that Ficus mucoso contained α-phellandrene (13.0%), p-cymene (11.3%), germacrene 

D (10.5%), β-caryophyllene (9.7%), 1, 8-cineole (9.5%), and α-copaene (8.7%), which shared 

some similar composition with Ficus elastica in this study. 

Adebayo et al. (2015) reported that the essential oil composition of Ficus benghalensis 

comprised sesquiterpenes such as α-cadinol (25.1%), germacrene-D-4-ol (14.9%), γ-cadinene 

(11.8%), and α-muurolene (9.6%), which differ from the result obtained from this research, 

except for α-muurolene present in Ficus benghalensis but was detected in F. elastica as γ-

muurolene. Sherifat et al. (2007) reported that Treculia africana's (Moraceae) essential oil 

isolated by hydrodistillation and characterized by means of GC-MS contained α-pinene, 

myrtenal, limonene, camphene, and n-hexanoic acid, which share some common constituents 

with the findings in this work. 
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Ogunwande et al. (2011) reported the major essential oil composition of Ficus elastica Roxb. 

ex Hornem as 6,10,14-trimethyl-2-pentadecanone (25.9%), geranyl acetone (9.9%), 

heneicosene (8.4%), 1,8-cineole (8.2%), pentadecanal (6.1%), caryophyllene-oxide (4.2%), 

(E)-β-ionone (3.9%), and heptadecane (3.3%), which partially agreed with the findings of this 

research study. 

In a separate study, Radulović et al. (2016) reported trans-Phytol as the predominant 

component, constituting 71.2% and 65.4% of the essential oil in fresh and dried leaves, 

respectively, of Morus nigra (Moraceae). Within the same investigation, Morus alba 

(Moraceae) fresh leaves showed the presence of trans-Phytol (61.6%) and Pentacosane (8.2%), 

while the dried leaves contained nonacosane (12.4%), Hentriacontane (12.4%), Pentacosane 

(10.9%), and Geranyl acetone (9.8%) as the primary essential oil components. Interestingly, 

our research findings do not align with these results. 

Table 2. GC-MS essential oil analysis of leaves of Ficus elastica. 

S/N Constituents Mol. Formula RT (Min.) Area (%) 

1 α-Pinene C10H16 3.360 0.77 

2 γ-Terpinene C10H16 3.716 0.38 

3 α-Phellandrene C10H16 3.973 0.10 

4 3-Carene C10H16 4.200 0.86 

5 Cyclohexene, 1-methyl-4-(1-methylethylidene)- C10H16 4.821 2.28 

6 Cyclohexene, 4-methyl-3-(1-methylethylidene)- C10H16 5.411 1.18 

7 2-Carene C10H16 5.525 1.51 

8 Methyl m-tolyl carbinol C9H12O 5.858 0.20 

9 
Cyclohexene, 4-ethenyl-4-methyl-3-(1-

methylethenyl)-1-(1-methylethyl)- 
C15H24 6.062 0.42 

10 Copaene C15H24 6.251 1.07 

11 

1H-Cyclopropa[a]naphthalene, 1a, 2, 

3,5,6,7,7a,7b-octahydro-1,1,7,7a-tetramethyl-, 

[1aR-(1aα,7α,7aα,7bα)]- 

C15H24 6.319 1.19 

12 Caryophyllene C15H24 6.531 50.57 

13 γ-Muurolene C15H24 7.038 8.19 

14 Aromandendrene C15H24 8.529 0.14 

15 Z-8-Methyl-9-tetradecen-1-ol acetate C17H32O2 8.673 0.11 

16 1,2-15,16-Diepoxyhexadecane C16H30O2 9.037 0.68 

17 5β,6β-Epoxy-7α-bromocholestan-3beta-ol C27H45BrO2 9.097 0.19 

18 1,3-Pentadiene, (E)- C5H8 9.354 3.42 

19 Camphene C10H16 9.597 5.69 

20 Stearic acid hydrazide C18H38N2O 10.437 0.52 

21 Tricosane C23H48 10.861 0.59 

22 Tricosane, 2-methyl- C24H50 11.254 1.03 

23 Docosane, 5-butyl- C26H54 11.633 1.96 

24 Nonadecane C19H40 11.633 1.97 

25 Hentriacontane C31H64 12.011 2.41 

26 Heptacosane C27H56 12.374 2.61 

27 Heneicosane, 11-decyl- C31H64 12.738 2.60 

28 Batilol C21H44O3 13.389 0.57 

29 Heptadecane C17H36 13.601 2.21 

30 Tetracosane, 3-ethyl- C26H54 14.108 1.46 

31 Eicosane C20H42 14.698 1.61 

32 Hexadecane, 1-chloro- C16H33Cl 15.394 0.99 

33 5-Octadecene, (E)- C18H36 16.219 0.44 

34 Octadecane, 1-(ethenyloxy)- C20H40O 17.196 0.08 

 Total  100 
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Contrary to our study, Arsyad et al. (2023) outlined the composition of Ficus elastica leaf 

oil, revealing the presence of 1,8-cineole (8.2%), heneicosene (8.4%), geranyl acetone (9.9%), 

and 6,10,14-trimethyl-2-pentadecanone (25.9%). Additionally, Orhan et al. (2016) highlighted 

the essential oil components of Maclura pomifera (Moraceae), noting that Phytol dominated 

with percentages of 61.5%, 51.4%, and 69.3% for female leaves, male leaves, and fruits, 

respectively. Battaloğlu & Yağız (2017) further contributed to this knowledge by reporting 

Dodecanal (9.05%), Eugenol (8.36%), α-humulene (7.84%), and Octadecane (5.28%) as the 

major components in the essential oil of Maclura pomifera. 

In a recent study by Cipriano et al. (2021), the predominant essential oil compounds in 

Euomgenia uniflora L. genotypes were revealed, indicating two major groups: Sesquiterpene 

hydrocarbons (26.05%) and Oxygenated sesquiterpenes (40.90%). 

3.3. DPPH Radical Scavenging Activity for Essential Oil of Ficus elastica and Ascorbic 

Acid 

In Table 3, the essential oil of the plant's leaves demonstrated concentration dependent 

antioxidant potential and comparable to standard Ascorbic acid, as determined by the DPPH 

scavenging assay method. At the lowest concentration (2.5 μL/mL), the percentage inhibitions 

were 41.31% and 52.56% for Ficus elastica and Ascorbic acid, respectively. At the highest 

concentration (10 μL/mL), these values were 45.26% and 90.40%. Figure 2 illustrates the 

comparison of essential oil activities against the two test reagents. The plant's essential oil 

exhibited effective scavenging abilities against DPPH in a concentration-dependent manner. 

The antioxidant activity of Ficus elastica aligns with the findings of Iqbal et al. (2018), 

indicating that the essential oil's antioxidant activity of aerial roots is concentration-dependent. 

The hydrogen donation removes the odd electron responsible for radical reactivity, as 

mentioned by Ahmed et al. (2017). Yong et al. (2019) reported the antioxidant activity (EC50 

μg/mL) of Maclura Tricuspidata Fruit Steam Distilled Essential Oil, which demonstrated 

superior properties over synthetic antioxidants BHT and BHA in DPPH (17,065.22 ± 146.27), 

ABTS (1921.81 ± 49.45), and FRAP (10,638.56 ± 223.33) assays. 

Eugenia uniflora L., belonging to the same phylum Tracheophyta as Ficus elastica, showed 

positive antioxidant activity (176.66 to 867.57 μM Trolox Equivalent Antioxidant Capacity) in 

research by Cipriano et al. (2021). Similarly, Salvia officinalis essential oil, of the same class 

Magnoliopsida as Ficus elastica, exhibited antioxidant capacity of 33.61 % and 84.50 % in 

DPPH and ABTS analyses, respectively (Mot et al., 2022). In a study by Ozkan et al. (2010) 

on Salvia pisidica, a plant sharing the same phylum and class taxonomic classification with 

Ficus elastica, essential oils from wild and cultivated forms demonstrated higher reducing 

power activity (EC50 100.99 and 96.87 μg/mL) and β-Carotene/linoleic acid radical scavenging 

activity (EC50 63.20 and 72.65 μg/mL) than the values of BHT and Ascorbic acid used as 

standards. Moreover, not much research has been conducted on the antioxidant activity of 

essential oil of the Ficus elastica specie and the Ficus family. 

Table 3. Result for percentage inhibition of DPPH by the essential oils and ascorbic acid at 517 nm. 

Concentration (μL/mL) Ficus elastica (%) Ascorbic Acid (%) 

2.5 41.31 52.56 

5.0 41.56 65.26 

7.5 44.18 79.06 

10.0 45.26 90.40 
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Figure 2. DPPH scavenging activity (%) of Ficus elastica essential oils against ascorbic acid. 

3.4. Hydrogen Peroxide Radical Scavenging Activity for Essential Oil of Ficus elastica and 

Ascorbic Acid 

Table 4 shows that the essential oil of the leaves of these plants demonstrates significant 

antioxidant potential when compared to the standard Ascorbic acid, as determined by the 

peroxide scavenging assay method. The percentage inhibitions were 51.92 % and 79.13 % at 

the lowest concentration (2.5 μL/mL) and 74.90 % and 90.12 % at the highest concentration 

(10 μL/mL) for Ficus elastica and Ascorbic acid, respectively. Figure 3 illustrates the 

comparison of essential oil activities against the two test reagents. 

When comparing the results obtained in this study with the research conducted by Ojah et 

al. (2021) it aligns with their findings on the antioxidant activity of the essential oil of 

Calophyllum inophyllum Linn, belonging to the same class Magnoliopsida as Ficus elastica. 

Their study on hydrogen peroxide scavenging assay revealed a concentration-dependent 

percentage inhibition of the standard used in this study (Ojah et al., 2021). 

Plumeria alba, belonging to the phylum Tracheophyta and class Magnoliopsida like Ficus 

elastica, was investigated by Mamattah et al. (2023), revealed that the antioxidant activities of 

the plant's leaves and flower essential oil against hydrogen peroxide exceeded the standard 

antioxidants used. The IC50 values were 370.5 and 476.0 μg/mL respectively for the flower 

and leaf parts against the activity of Ascorbic acid (5.30 μg/mL) and Gallic acid (9.08 μg/mL). 

In comparing the antioxidant activity of the essential oil of plant leaves against the two test 

reagents, Ficus elastica demonstrated higher hydrogen peroxide radical scavenging efficiency 

than DPPH radicals, possibly attributed to differences in mechanisms. In both DPPH and 

hydrogen peroxide assays, the scavenging action may be attributed to the hydrogen-donating 

ability, as the role of an antioxidant is to eliminate free radicals. No prior research has explored 

the antioxidant activity of the essential oil of the plant against hydrogen peroxide, serving as a 

reference for related literature. 

Table 4. Result for percentage inhibition of hydrogen peroxide by the essential oils and Ascorbic acid 

at 230 nm. 

Concentration (μL/mL) Ficus elastica (%) Ascorbic acid (%) 

2.5 51.92 79.13 

5.0 65.00 86.59 

7.5 80.65 88.71 

10.0 74.90 90.12 
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Figure 3. Hydrogen peroxide scavenging activity (%) of Ficus elastica essential oils against ascorbic 

acid. 

5. CONCLUSION 

Plant essential oils are increasingly utilized in the food industry as natural antioxidant and 

preservative agents, contributing to enhanced consumer well-being and the prolonged shelf life 

of consumable food products. 

The antioxidant activity of Ficus elastica essential oil was examined through DPPH and 

hydrogen peroxide methods, demonstrating comparable efficacy to standard Ascorbic acid. 

Quantitative analysis using DPPH and hydrogen peroxide assays revealed potent antioxidant 

activity within the plant's essential oil, positioning it as a promising candidate for both 

biological and chemical analyses. Furthermore, the oil could be explored for the isolation of 

therapeutically active compounds. This robust antioxidant activity suggests potential 

applications in the management and treatment of various diseases. The findings of this study 

support the consideration of Ficus elastica essential oil as an alternative source of antioxidants. 
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Abstract: In order to control schistosomiasis, a strategy involves eliminating the 

intermediate host responsible for its transmission. Plant-derived molluscicides have 

been extensively researched as a cost-effective approach to combat this disease, 

seeking alternative solutions to synthetic molluscicides. The study aimed to analyze 

the phytoconstituents and assess the molluscicidal impact of ethanolic extracts on 

adult Bulinus truncatus snails. Dried plant materials were ground into powder, and 

then extracted using ethanol 96%. Preliminary phytochemical screening was 

carried out using standard procedures. In vitro molluscicidal activity was evaluated 

for the three plants extracts in different concentrations (125, 250, 500 and 1000 

ppm). Every  5 adult snails were placed in a plastic cup containing a specific amount 

of dechlorinated water with plant sample. Control negative was prepared by placing 

the snails in dechlorinated water only, the numbers of survived and dead snails were 

recorded after 24 and 48 hours. The Lethal dose and Standard deviation were 

calculated. The phytochemical screening revealed the presence of different 

chemical constituents in the three plants samples. The result showed that all the 

plants extracts possessed molluscicidal activity against B. truncatus snails. The A. 

indica leaf extract was the most effective with LD50 of 74.32544 ppm. From the 

findings of this study, Molluscicide of plant origin could be useful against the 

common snail species in Sudan; therefore, the selected plants can play a big role in 

community based schistosomiasis control. 

1. INTRODUCTION 

Schistosomiasis, also known as Bilharzia, is a health condition often linked to poverty that 

results in prolonged illness. This disease is contracted when individuals come into contact with 

freshwater contaminated by the larval stages (cercariae) of parasitic blood flukes known as 

Schistosomes (Thétiot‐Laurent et al., 2013). The adult worms, too small to be visible to the 

naked eye, inhabit the veins that drain the urinary tract and intestines. Globally, Schistosomiasis 
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impacts nearly 240 million individuals, with over 700 million people residing in areas where 

the disease is prevalent. 

This infection is most prevalent in tropical and sub-tropical regions, particularly among 

impoverished communities that lack access to clean drinking water and proper sanitation 

(Karunamoorthi et al., 2018). Urogenital schistosomiasis is caused by Schistosoma 

haematobium, while intestinal schistosomiasis is attributed to S. guineensis, S. intercalatum, S. 

mansoni, S. japonicum, and S. mekongi. Schistosomiasis significantly impacts global health, 

leading to severe morbidity in millions of individuals worldwide (Sulieman et al., 2017). 

Present in Sudan since ancient times, schistosomiasis has become widespread, endemic, and a 

major public health concern in most Sudanese states (Amin & Abubaker, 2017). 

During recent years, the rise in immigration and travel from regions with a high risk of 

schistosomiasis has resulted in an uptick in imported cases of the disease (Mohamed, 2012). 

The initial instance of the disease in Sudan was documented by Balfour, who discovered that 

approximately 17% of children attending a primary school in Khartoum were afflicted with 

urinary schistosomiasis (Hajissa et al., 2019). Currently, schistosomiasis is prevalent 

throughout all states in Sudan. Its distribution and prevalence have been increasing due to the 

ongoing expansion of water resource development and the growing movement of the population 

(Ahmed, 2006; Satti et al., 2022; Mamoun et al., 2016). Since ancient times, people have looked 

to nature for remedies to treat their illnesses. The use of medicinal plants initially started at an 

instinctual level, as there was limited knowledge about the causes of diseases and which plants 

could be used as treatments. Everything was based on experiential knowledge (Ndubisi & 

Ikechukwu Anthony, 2021; Elbasheir et al., 2020). It is estimated that over 50% of current 

drugs have originated from plants in some capacity. In rural areas, plant-based molluscicides 

provide an environmentally friendly solution for disease control (Ke et al., 2019; Mtemeli et 

al., 2021). 

Therefore, the use of plant molluscicides for snail control continues to be one of the preferred 

methods for managing schistosomiasis. The social, economic, and health impacts of 

schistosomiasis should not be underestimated (Rinaldo et al., 2021). The productivity of rural 

residents is significantly reduced as they suffer from weakness and lethargy caused by the 

disease. The high cost and environmental consequences associated with current molluscicides 

have led to the idea of exploring plants for their natural molluscicidal properties (WHO,1994). 

This approach aims to find a more affordable and sustainable alternative to synthetic products, 

making molluscicidal agents more accessible to impoverished communities for treating their 

water sources. Plant-based molluscicides are environmentally friendly and can be utilized by 

individuals in rural areas to combat diseases (Qian & Zhou, 2021). Nigella sativa L.belongs to 

the family Ranunculaceae. N. sativa seeds have medicinal properties that make them effective 

in treating worms and skin eruptions. The oil derived from these seeds is also used externally as 

an antiseptic and local anesthetic (Islam et al., 2019). The volatile oil of N. sativa showed the 

highest activity level against both miracidia and cercariae (Abo-Zeid & Shohayeb, 2015). 

Azadirachta indica A.Juss. belongs to family Meliaceae. A. indica was found to have 

molluscicidal effect against B. pfeifferi. Crude extract from the plant caused the death of the 

snails at different concentrations (Mwonga et al., 2015). Khaya senegalensis (Desr.) A. Juss. 

belongs to family Meliaceae, it has been traditionally employed in ethnomedicine to address a 

range of health issues, including rheumatoid arthritis, diarrhoea, cough, emetic, emmenagogue, 

anti-malarial, jaundice, microbial infections, autoimmune inflammatory diseases, and cancer 

treatment (Adamu et al., 2022). The present work reports the phytochemical composition and 

molluscicidal activity of ethanolic extracts of N. sativa, A. indica and K. senegalensis on B. 

truncatus snails. 
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2. MATERIAL and METHODS 

2.1. Preparation and Extraction of Plant materials 

Nigella sativa seeds were obtained from a local market in Khartoum state, A. indica leaves were 

harvested from the University of Medical Sciences and technology yard and K. senegalensis bark 

was collected directly from the field from western Sudan. The three samples were 

taxonomically identified and authenticated at the herbarium of the Medicinal and Aromatic 

Plants and Traditional Medicine Research Institute (MAPTMRI), Khartoum -Sudan. The three 

samples were cleaned, dried, and then they were ground into coarse powder. About 100g of 

each sample were weighed and extracted with 96% ethanol; the samples were filtered and 

vacuum concentrated by rotatory evaporator. 

2.2. Phytochemical Screening 

Preliminary phytochemical screening was performed using standard procedures (Evans, 2002), 

the various extracts were tested for alkaloids, flavonoids, sterols, triterpenes, tannins, saponins, 

cardiac glycosides, coumarins, anthraquinones, reducing sugars and lignin’s. 

2.3. Snails Collection and Preparation 

A total of 250 adult snails of the species B. truncatus were collected from Alfityhab area in East 

Nile District, Khartoum-Sudan, using a clean bucket with natural water from the snails’ habitat. 

The snails were kept in a wide bucket filled with dechlorinated water in a cool place ready for 

examination. An experimental in vitro study was conducted at the Laboratory of 

Pharmacognosy Department, Faculty of Pharmacy, University of Medical Sciences and 

Technology. 

2.4. Bioassay 

The molluscicidal efficacy test was carried out according to the method described by Ayi et al 

(2019) with some modifications. Every 5 adult snails of the same size were introduced in a 

plastic cup containing different concentrations of each plant extract (125, 250, 500 and 1000 

ppm). Each experiment was repeated in triplicates. Control negative was prepared by placing 

the snails in 50 ml dechlorinated water only. Snails were exposed to the extracts at room 

temperature, and then the number of survived and dead snails was recorded after 24 and 48 

hours. Death of the snails was determined by lack of movement and discoloration of the shell. 

After 24 hours and 48 hours, the percentage of dead snails and LD50 values for each extract 

were calculated , mortality was recorded and all values were expressed as Mean ± SD. 

3. RESULTS 

3.1. Quantity of Extracts 

Different plant samples were extracted with ethanol 96% and percentage yield was calculated. 

The highest extractive yield was given by K. senegalensis bark (16.98%) followed by N. sativa 

(12.3%) while A. indica leaves showed the lowest extractive yield (4.19%). 

3.2. Qualitative Phytochemical Screening of Plant Extracts 

Phytochemical screening of the crude plant extracts of N. sativa, K. senegalensis and A. indica 

revealed differences in the constituents. N. sativa seeds ethanolic extract was found to contain 

alkaloids, Flavonoids, triterpenes, tannins, Anthraquinones and carbohydrates, while Sterols, 

saponins, coumarins, cardiac glycosides, reducing sugars and lignin were not detected. On the 

other hand, the ethanolic extract of the bark of K. senegalensis contained alkaloids, triterpenes, 

tannins, saponins, cardiac glycosides and reducing sugars, but flavonoids, sterols and 

anthraquinones were not detected. The leaf extract of A. indica revealed presence of sterols, 

tannins and glycosides only while the other compounds were not detected. The results are 

showed in Table 1. 
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Table 1. Phytochemical screening of Nigella sativa, Azadirachta indica and Khaya senegalensis 

extracts. 

Test 
Sample 

N.sativa K. senegalensis A. indica 

Alkaloids +ve +ve -ve 

Flavonoids +ve +ve -ve 

Sterols -ve -ve +ve 

Triterpenes +ve +ve -ve 

Tannins +ve +ve +ve 

Saponins -ve +ve -ve 

Coumarins -ve +ve -ve 

Cardiac Glycosides -ve -ve -ve 

Reducing sugars -ve +ve -ve 

Anthraquinones +ve -ve -ve 

Lignin -ve -ve -ve 

Carbohydrates -ve +ve -ve 

*Key: (+ve) Detected; (-ve) Not detected 

3.3. Molluscicidal Activity of The Crude Extracts 

The impact of the tested extracts on B. truncatus snails was assessed by tallying the deceased 

snails. All crude ethanolic extracts displayed a significantly increased in snail mortality at 

various concentrations. The findings indicated that mortality is dependent on time; furthermore, 

higher concentrations of the extract led to a significant rise in the mortality rate. 

3.3.1. Nigella sativa 

Molluscicidal activity of N. sativa seed extract is presented in Table 2 and Figure 1. The 

concentrations 1000 ppm and 500 ppm showed a high mortality percentage of 66.67% ± 0.00% 

in day 1 and 100% in day 2 with an average mortality of 83.33% ± 23.57%.  

 

Figure 1. Mortality percentage of Nigella sativa seed extract. 
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Table 2. Molluscicidal effect of Nigella sativa seeds extract on Bulinus truncatus snails. 

Concentration (ppm) 
Mortality % 

After 24 hours After 48 hours Mortality average% 

1000 66.67±0.00 100±0.00 83.33±23.57 

500 66.67±0.00 100±0.00 83.33±23.57 

250 50±23.57 66.667±0.00 58.33±11.78 

125 33.33±0.00 50±23.57 41.66±11.78 

Control -ve (Water) 0 ±0.00 0±0.00 0 ±0.00 

3.3.2. Azadirachta indica 

A. indica leaf extract showed higher toxicity in day 2 with complete death of snails at 

concentrations 1000 and 500 ppm. The concentration 1000 ppm showed the highest mortality 

percentage of 91.67 %±11.78%, followed by 500 ppm and 250 ppm with 75%±11.78%, while 

the lowest concentration (125 ppm) gave the lowest average mortality percentage. The result is 

shown in Table 3 and Figure 2. 

Table 3. Molluscicidal effect of Azadirachta indica leaf extract on Bulinus truncatus snails. 

Concentration (ppm) 
Mortality % 

After 24 hours After 48 hours Mortality average% 

1000 83.33±23.57 100±0.00 91.67±11.78 

500 66.67±0.00 100±0.00 75±11.78 

250 66.667±47.14 83.333±23.57 75±11.78 

125 50±70.71 66.66±47.14 58.33±11.78 

Control -ve (Water) 0 ±0.00 0±000 0 ±0.00 

 

 
Figure 2. Mortality percentage of Azadirachta indica leaf extract. 

3.3.3. Khaya senegalensis 

The K.senegalensis achieved the highest mortality level between the three extracts. The results 

showed in Table 4 and Figure 3. The mortality percentage of the snails was found to be 94.44% 

± 7.85% at concentration 1000 ppm, followed by 83.3% ± 7.85 at 500 and 250 ppm respectively. 
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Table 4. Molluscicidal effect of Khaya senegalensis bark extract. 

Concentration (ppm) 
Mortality % 

After 24 hours After 48 hours Mortality average% 

1000 88.89±19.24 100±0.00 94.44±7.85 

500 77.78±19.24 88.89±19.24 83.333±7.85 

250 77.78±19.24 88.89±19.24 83.33±7.85 

125 44.44±19.24 55.56±19.24 50±7.85 

Control -ve (Water) 0 ±0.00 0±0.00 0 ±0.00 

 

 
Figure 3. Mortality percentage of Khaya senegalensis bark extract. 

3.3.4. Determination of lethality dose 

LD50 of the extracts was determined to measure the dose that killed 50% of the target organisms 

within the treatment period. From the present results in this study, the concentrations of plant 

extracts needed to kill 50%, 90% and 99% of snails were calculated. Among the extracts used 

on adult snails, A. indica leaf extract was the most effective and highly toxic with LD50 of  74.32 

ppm. It confirmed that low concentrations were needed to achieve significant death of the snails 

and that is what makes the extract suitable for use as molluscicide. The results are presented in 

Table 5. 

Table 5. Lethality doses of Nigella sativa, Azadirachta indica and Khaya senegalensis extracts. 

Extract 
Lethal Doses (ppm) 

LD50 LD90 LD99 

N. sativa 176.77 933.10 1356.60 

A. indica 74.32 901.25 1580.10 

K. senegalensis 111.36 587.77 854.60 

4. DISCUSSION and CONCLUSION 

Schistosomiasis continues to pose a significant threat to populations in various parts of the 

world, particularly in developing countries, where it persists as a major health issue (Verjee, 

2019). The search for plants with molluscicidal properties has been intensified, as shown by 

extensive screening and the overall improved methods and techniques (Barua et al., 2021). The 
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importance of understanding the mode of action of plant molluscicides has been stressed by 

various investigations (Barua et al., 2021), in hope that less toxic, cheaper, available, that could 

be used in control of snail intermediate host. In this study, the screening of N. sativa seed extract, 

A. indica leaf extract and K. senegalensis bark extract for molluscicidal potency was carried out. 

The results showed that all extracts possessed molluscicidal properties against the B. truncatus 

snails. Ethanolic leaf extract of A. indica had a stronger molluscicidal activity compared to the 

other two extracts. This could be attributed to secondary metabolites detected in the 

phytochemical screening of the extract such as; sterols, tannins and cardiac glycosides. 

Secondary metabolites in plants are responsible for exhibiting molluscicidal action. Previous 

researches on plants with molluscicidal properties has focused primarily on two significant 

secondary metabolites; tannins and saponins. These compounds were considered to be the main 

toxic substances affecting snails. The exact mechanism of tannins' effect is still not fully 

understood, but it is believed that they can bind with digestive enzymes and proteins. 

Eventually, after hydrolysis, tannins can transform into toxic substances within the digestive 

tract (El-Seedi et al., 2022). 

On the other hand, saponins cause cell lysis in mollusks, leading to the release of lymph and 

ultimately resulting in their demise (Quintero Santos et al., 2022; Piyasena & Qader, 2022). K. 

senegalensis molluscicidal activity may be due to the presence of flavonoids and terpenoids 

that were reported in other studies to correlate with the molluscicidal activity (Noorshilawati et 

al., 2020). In addition to the effect of the tannins and saponins that was previously explained. 

In a previous study, several bioactive phytochemical constituents that have specific 

physiological effects have been documented, including alkaloids, flavonoids, tannins, 

terpenoids, saponins, and phenolic compounds (Nigam et al., 2020). Most of these 

phytochemicals were found in the selected plants. The target site of saponins includes muscle, 

hemolymph, intestine and hepatopancreas (stomach poison) of freshwater snails. Other previous 

studies have indicated that flavonoids and saponins can hinder the breathing process, potentially 

by impeding the diffusion of oxygen through the gills of golden apple snails. This obstruction 

is believed to be caused by the secretion of mucus (Abdullah et al., 2017). In another study, 

alkaloids are highly toxic against vectors of Schistosomiasis (Ke et al., 2017); cardiac glycosides 

also proved to have good molluscicidal effect (Dai et al., 2011; Kashyap et al., 2019).  

Utilizing the potential of medicinal plants as natural molluscicides presents a promising 

alternative to synthetic chemical agents, offering environmentally friendly solutions for 

controlling mollusk populations and mitigating their adverse effects on human activities. From 

the observations in the present study, the three plants possessed molluscicidal activity against 

B. truncatus adult snails. Hence, it is the most suitable option for biological applications, 

providing a potentially simple, readily available, inexpensive, and environmentally safe 

molluscicidal agent of plant origin for controlling human schistosomiasis in Sudan. Plant-based 

molluscicides could serve as alternatives to costly synthetic products, enhancing the 

accessibility of treatment for water collections in impoverished communities. Further research 

is needed to extract and identify the active components of these plant extracts. 
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Abstract: In this study, the oils of Abelmoschus esculentus, Peganum harmala, and 

Aquilaria agallocha grown in different regions of Muğla, Türkiye were obtained 

using the cold pressing and maceration techniques. The oils were analyzed using 

Gas Chromatography-Mass Spectrometry (GC-MS) to determine their fatty acid 

compositions. Thirty-seven fatty acids were detected. Palmitic acid (C16:0), linoleic 

acid (C18:2), and oleic acid (C18:1 cis-9) were the major components in all oils. 

Additionally, the anti-diabetic activity of the oils was screened against α-amylase 

and α-glycosidase, which are the related enzymes to diabetes mellitus. Promising 

results regarding anti-diabetic activity for Aquilaria agallocha oils were obtained. 

1. INTRODUCTION 

The prevalence of type 2 diabetes is rapidly increasing worldwide. There is a consensus among 

researchers and relevant organizations that lifestyle and dietary factors play a role in the 

development of the disease. Numerous research data suggest that an increase in saturated and 

trans fats in the diet increases the risk of coronary heart disease and adversely affects glucose 

and insulin metabolism, thereby increasing the risk of type 2 diabetes (Baysal, 2011).  

Fats are composed of saturated and either monounsaturated or polyunsaturated fatty acids. 

(Lopez et al., 2011). Omega-3 and Omega-6 fatty acids are polyunsaturated fatty acids, both 

metabolically generating numerous long-chain fatty acids that support various physiological 

and developmental processes in the body. As they are not synthesized again in humans, they 
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must be obtained through diet. Primary dietary sources include plant seeds, nuts, fish oils, and 

other seafood. Several studies have demonstrated that omega fatty acids are potent molecules 

that can reduce the risk of cardiovascular diseases and possess anti-cancer, hypolipidemic, anti-

inflammatory, and anti-diabetic activities. Omega-6 fatty acids have several health benefits, and 

when balanced with omega-3 as a dietary supplement, they play a significant role in preventing 

degenerative diseases and other inflammatory disorders (Gazem et al., 2014). 

Okra (Abelmoschus esculentus L. Moench) is a crucial vegetable plant. Okra is a popular 

plant recognized to have various health benefits, including anti-diabetic properties (Dubey & 

Mishra, 2017). Regarding fatty acids, okra seed oil has been reported to be rich in palmitic, 

oleic, and linoleic acids (Jarret et al., 2011). Syrian rue (Peganum harmala) has been 

traditionally and commonly used for medicinal purposes since ancient times. P. harmala is 

reported to have hypoglycemic and cytoprotective effects (Komeili et al., 2016). Udi hindi 

(Aquilaria agallocha), an important medicinal plant, is one of the most grown species in the 

Thymelaeaceae family. It is a rare plant on Earth due to its medicinal properties. The plant has 

various pharmacological activities such as antinociceptive, antimicrobial, laxative, antioxidant, 

sedative, anti-hyperglycemic, thrombolytic, anti-diabetic, ulcer protective, anti-cancer, anti-

diarrheal, and hepatoprotective activities (Alam et al., 2015). Every part of the plant possesses 

beneficial properties that can serve humanity. Researchers have investigated the anti-diabetic 

effect of methanol, water, and hexane leaf extracts of A. agallocha on streptozocin-induced 

diabetic rats. The findings suggest that A. agallocha leaves have promising potential as an anti-

diabetic agent (Pranakhon et al., 2011). 

The medicinal use of vegetable oils in areas such as health and nutrition is under 

consideration. Throughout history, it is known that many vegetable oils have been utilized for 

medical purposes in both written and traditional practices. Diabetes, a recognized chronic 

disease known to contribute to the onset of various illnesses, lacks a significant therapeutic 

agent for treating the condition. This situation not only diminishes the quality of life for 

individuals with diabetes but also exposes them to the concern of developing a new ailment 

stemming from diabetes. In this context, this study aims to investigate the anti-diabetic activity 

of the seed oils of A. esculentus and P. harmala with A. agallocha maceration oil, despite the 

known medicinal properties of these plant species, which are cultivated in the Muğla province 

and its regions. 

2. MATERIAL and METHODS 

2.1. Chemicals 

All standards used in the study were obtained from Sigma-Aldrich. Other reagents were of 

analytical-grade purity and were purchased from Merck. Water was purified using a Millipore 

Milli-Q system involving reverse osmosis, ion exchange, and filtration steps. 

2.2. Preparation of Oils  

As a part of the research, A. esculentus and P. harmala seeds, A. agallocha cortex were 

collected from the Muğla-Marmaris and Köyceğiz regions in the year 2023 during their 

maturation period. The seeds were dried in a plant dryer. Fixed oils of A. esculentus (Aeo) and 

P. harmala (Pho) seeds were obtained by passing each seed through an NF 80 cold press 

machine (Karaerler, Türkiye). The obtained fixed oils were separated from the pulp by filtering. 

The sterilized oils obtained were stored in the dark at +4°C before use. A. agallocha oil (Aao) 

was obtained by the maceration technique in olive oil. Seeds visuals of Abelmoschus esculentus 

L. Moench (a), Peganum harmala (b), and Aquilaria agallocha (c) are given Figure 1. 
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Figure 1. Seeds of Abelmoschus esculentus (a), Peganum harmala (b), and Aquilaria agallocha (c) 

2.3. Determination of Fatty Acid Content by GC/MS 

An Agilent 7890A GC-5975C MSD was used to determine the fatty acid content of each oil 

(AOCS 2007). Fatty acid analyses were conducted in accordance with the literature, with 

modifications to the method described by Kivrak (2020). Sample specimens, each containing 

100 mg of oil, were mixed with 10 mL of n-hexane and 100 µL of 2 N methanolic potassium 

hydroxide (Kivrak et al., 2020). 

The samples were centrifuged at 4000 rpm for 10 min, and the upper layer was transferred to a 

new tube. Afterward, it was filtered using a single-use 0.20 μm (Macherey-Nagel Chromafil 

Extra PTFE-20/25 LC) filter disc. Fatty acid methyl esters were analyzed by gas 

chromatography-mass spectrometry (GC/MS) using an Agilent 7890 GC 5975C inert MSD 

(Agilent Technologies, Wilmington, DE, USA). 

GC/MS analyses were performed using a multi-mode inlet (MMI) (280°C), equipped with a 

DB-1 capillary column (30 m x 0.25 mm; 0.25 μm), and coupled with an Agilent 5975C using 

an Agilent 7890 Gas Chromatography. The Mass Spectrometer (MSD) operated in electron 

impact (EI) mode at 70 eV. The transfer line temperature was set at 280°C, and the carrier gas 

was helium (2.1 mL/min), while the oven temperature was held at 110°C for 1 min. It was then 

raised at a rate of 3°C/min to 290°C and maintained for 39 min. The injected volume was 5 µL 

with a split ratio 40:1. Compound identification was performed by comparing retention times 

(RT) and mass spectra with the NIST 2008 and Wiley 2008 libraries. Compound percentages 

were calculated based on peak areas obtained from the MS data. 

2.3. Anti-diabetic Activity Assay 

2.3.1. Determining α-amylase inhibitory activity 

α-Amylase inhibitory activity of Aeo, Pho, and Aao was tested spectroscopically with slight 

modifications to the method presented by Quan et al. (2019). In brief, 25 µL of sample solution 

at different concentrations and 50 µL of α-amylase solution (0.1 U/mL) in a phosphate buffer 

(prepared with 6 mM NaCl at a pH of 6.9, 20 mM phosphate buffer) were mixed in a 96-well 

microplate. The mixture was pre-incubated for 10 min at 37°C. After pre-incubation, 50 µL of 

starch solution (0.05%) was added and incubated for 10 minutes at 37 °C. The reaction was 

stopped by adding 25 µL of HCl (0.1 M), and then 100 µL of Lugol solution was added for 

monitoring. A 96-well microplate reader was used to measure the absorbance at 565 nm. 

2.3.2. Determining α-glucosidase inhibitory activity 

α-Glucosidase inhibitory activity of Aeo, Pho, and Aao was determined using a spectroscopic 

method with slight modifications (Kim et al., 2000). In short, 50 µL of phosphate buffer (at pH 

6.9; 10 mM), 25 µL of PNPG (p-nitrophenyl-α-D-glucopyranoside) in a phosphate buffer (at 

pH 6.9; 10 mM), 10 µL of the sample solution, and 25 µL of α-glucosidase (0.1 U/mL) in a 

phosphate buffer (at pH 6.0; 10 mM) were mixed in a 96-well microplate. After 20 min of 

a b c 
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incubation at 37 °C, 90 µL of sodium carbonate (100 mM) was added to each well to stop the 

enzymatic reaction. The absorbance was recorded at 400 nm using a 96-well microplate reader. 

2.4. Statistical Analysis 

The data of all biological activities, however, were given as average of three parallel 

measurements, respectively. All biological activity assays were carried out at four different 

concentrations, and the results were presented as IC50 values. Data were recorded as mean ± 

SEM (standard error of the mean) p<0.01. 

3. RESULTS 

3.1. Fatty Acid Compositions  

Comparison of fatty acid composition (FAME) results of Aeo, Pho, and Aao are given in Table 

1. In the fatty acid content of Aeo, a total of 16 fatty acids have been identified, with linoleic 

acid (41.03%), palmitic acid (27.96%), and oleic acid (20.58%) as major components. It has 

been determined to contain 34.44% saturated fatty acids, 24.53% monounsaturated fatty acids, 

and 41.03% polyunsaturated fatty acids. Omega 6 with linoleic acid (41.03%); omega 7 with 

palmitoleic acid (0.55%) and cis-10 heptadecenoic acid (0.31%); omega 9 with oleic acid 

(20.58%), elaidic acid (1.35%), cis-10-nonadecenoic acid (1.58%), and ricinoleic acid (0.16%) 

were included. 

In the content of Pho, a total of 18 fatty acids have been identified, with linoleic acid 

(57.15%), oleic acid (25.16%), and palmitic acid (7.58%) as major components. It has been 

determined that 14.62% are saturated fatty acids, 28.23% are monounsaturated fatty acids, and 

57.15% are polyunsaturated fatty acids. Omega 6 with linoleic acid (57.15%), omega 7 with 

palmitoleic acid (0.19%) and cis-10 heptadecenoic acid (0.11%), omega 9 with hypogeic acid 

(0.09%), oleic acid (25.16%), elaidic acid (2.05%), cis-10-nonadecenoic acid (0.16%), and 

gondoic acid (0.47%) were founded. 

In the fatty acid content of Aao, a total of 12 fatty acids have been identified, with oleic acid 

(64.44%), linoleic acid (14.21%), and palmitic acid (12.18%) being the major components. It 

has been determined to contain 16.65% saturated fatty acids, 69.14% monounsaturated fatty 

acids, and 14.21% polyunsaturated fatty acids. Omega 6 with linoleic acid (14.21%), omega 7 

with palmitoleic acid (0.64%) and cis-10 heptadecenoic acid (0.17%), omega 9 with hypogeic 

acid (0.12%), oleic acid (64.44%), elaidic acid (2.93%), and gondoic acid (0.43%) were 

included. 

3.2. Anti-diabetic Activity  

A comparison of the anti-diabetes activity results of Aeo, Pho, and Aao is given in Table 2. 

According to the anti-diabetic activity, in the α-amylase inhibition assay, the IC50 values of 

three oils were less than 50 µg/mL. Pho (IC50: 15.36 ± 0.52 µg/mL) and Aao (IC50: 7.38 ± 0.47 

µg/mL) were found to be more active than acarbose (IC50: 23.40 ± 0.26 µg/mL), which is the 

positive standard of the test. In the α-glucosidase inhibition test, all tested oils showed greater 

activity than acarbose (IC50: 304.36 ± 1.97 µg/mL). Among them, the most active oil, Aao 

(IC50: 60.40 ± 2.38 µg/mL), was five times more effective than acarbose, while Pho (IC50: 

170.29 ± 2.14 µg/mL) exhibited approximately two times better activity than acarbose. 
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Table 1. Comparison of fatty acid composition (FAME) results of A. esculentus (Aeo) and P. harmala (Pho) seed oils with A. agallocha (Aao) maceration oil. 

GC-MS Fatty Acid Compositions 

Peak RT (min) Fatty acid (IUPAC Name) Special Name Lipid Profile Aeo (%) Pho (%) Aao (%) 

1 16.361 Tetradecanoic acid Myristic acid C14:0 0.21 0.10 - 

2 19.683 Pentadecanoic acid Pentadecylic acid C15:0 0.02 0.83 - 

3 21.936 7-Hexadecenoic acid Hypogeic acid C16:1 - 0.09 0.12 

4 22.091 (9Z)-9-Hexadecenoic acid Palmitoleic acid C16:1 0.55 0.19 0.64 

5 23.018 Hexadecanoic acid Palmitic acid C16:0 27.96 7.58 12.18 

6 25.228 cis-10 Heptadecenoic acid cis-10 Heptadecenoic acid C17:1 0.31 0.11 0.17 

7 26.169 Heptadecanoic acid Margaric acid C17:0 0.16 0.10 0.10 

8 28.216 (9Z, 12Z)-Octadeca-9,12-dienoic acid Linoleic acid C18:2 41.03 57.15 14.21 

9 28.472 (9Z)-Octadec-9-enoic acid Oleic acid C18:1 cis-9 20.58 25.16 64.44 

10 28.562 (9E)-Octadec-9-enoic acid Elaidic acid C18:1 trans-9 1.35 2.05 2.94 

11 29.314 Octadecanoic acid Stearic acid C18:0 4.89 3.90 3.62 

12 30.177 cis-10-Nonadecenoic acid cis-10-Nonadecenoic acid C19:1 1.58 0.16 0.40 

13 33.411 12-Hydroxy-9-Octadecenoic acid Ricinoleic acid C18:1 0.16 - - 

14 34.202 cis-11-Eicosenoic acid Gondoic acid C20:1 cis-9 - 0.47 0.43 

15 35.138 Eicosanoic acid Arachidic acid C20:0 0.70 1.08 0.63 

16 37.910 Heneicosanoic acid Heneicosylic acid C21:0 - 0.04 - 

17 40.576 Docosanoic acid Behenic acid C22:0 0.33 0.69 0.12 

18 43.148 Tricosanoic acid Tricosylic acid C23:0 0.04 0.12 - 

19 45.632 Tetracosanoic acid Lignoceric acid C24:0 0.13 0.18 - 

  Total amount of saturated fatty acids   34.44 14.62 16.65 

  Total amount of monosaturated fatty acids   24.53 28.23 69.14 

  Total amount of polyunsaturated fatty acids   41.03 57.15 14.21 
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Table 2. Comparison of anti-diabetic activity results of A. esculentus (Aeo), P. harmala (Pho), and A. 

agallocha (Aao) oils. 

Sample 
IC50 (µg/mL) 

α-Amylase inhibitory assay α-Glucosidase inhibitory assay 

Aeo 36.19 ± 1.03 194.33 ± 1.89 

Pho 15.36 ± 0.52 170.29 ± 2.14 

Aao 7.38 ± 0.47 60.40 ± 2.38 

Acarbose* 23.40 ± 0.26 304.36 ± 1.97 

* Values expressed herein are mean ± SEM of three parallel measurements (p<0.05).  

* Reference compounds. 

4. DISCUSSION and CONCLUSION 

In this study, the oils from the seeds of A. esculentus and P. harmala grown in different regions 

of Muğla province were obtained by the cold-pressing technique, while A. agallocha oil was 

prepared by the maceration technique. The oils were analyzed by Gas Chromatography-Mass 

Spectrometry (GC/MS) to determine their fatty acid compositions. Fatty acids were screened, 

and it was determined that palmitic acid (C16:0), linoleic acid (C18:2), and oleic acid (C18:1 cis-9) 

were the major components in all three species. Based on the fatty acid content of internal 

pharmaceuticals containing oils and externally used oils, preparations suitable for different skin 

types can be formulated. Oils containing saturated fats are suitable for sensitive skins, those 

with omega 3 are recommended for acne-prone and blemished skins, omega 5-containing oils 

are utilized for lightening spots and anti-aging, omega 6 containing oils are beneficial for 

combination skins, and omega 9-containing oils, owing to their ability to penetrate dry skin, 

can be included in the formulation of cosmetic and aromatherapy preparations. In this context, 

considering the fatty acid content of the oils analyzed, three oils contain saturated fats. Thus, 

oils with high omega 6 content, like Aeo and Pho, are suitable for combination skin types, while 

Aao, containing high levels of omega 9, is considered suitable for preparations intended for dry 

skin. Aeo, the values of linoleic acid range from 23.6% to 50.65%, while palmitic acid varies 

between 10.3% and 36.35% (Jarret, et al., 2011). In Pho, a total of 17 fatty acid components 

have been identified, with linoleic acid being the highest at 61.46% (Kaya & Akbas, 2023). It 

has been found that among the three types of oils, Aao exhibited superior inhibition against 

both α-amylase and α-glucosidase compared to acarbose. Aleissa et al. (2022) reported that the 

mucilage and extract of A. esculentus, traditionally used in the treatment of type 1 diabetes in 

Traditional Chinese Medicine, demonstrated a significantly advantageous diabetic effect when 

a single dose of STZ was administered into the peritoneum of Wistar rats compared to okra 

seed crude extract. The A. esculentus extract exhibits anti-diabetic activity, contributing to a 

general decrease in blood sugar levels. Based on the activity results, they reported that a solid 

oral formulation could be developed using okra mucilage crude extract and aqueous seed extract 

obtained from okra as a pharmaceutical excipient (Aleissa et al., 2022). The ethanolic extract 

of P. harmala seeds clearly demonstrated a significant reduction in blood sugar levels at doses 

of 150 and 250 mg/kg in both normal and diabetic rats (Singh et al., 2008). They explained that 

the ethanolic extract of A. agallocha flowers effectively inhibited both α-amylase and α-

glucosidase enzymes in vitro in a dose-dependent manner (Rajagopal et al., 2016). The most 

reactive regions in fatty acids are the carboxyl group and double bonds (Scrimgeour et al., 

2005). This may be because Pho (85.38% unsaturated fatty acids) and Aao (83.35% unsaturated 

fatty acids) inhibit both enzymes in their anti-diabetes inhibition activity. Aao holds promising 

potential as a natural resource for addressing one of today's most significant issues, type-2 

diabetes. 
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Abstract: In this study, phenolic and non-phenolic metabolites in different parts of 

A. viridis (from the Turkish Republic of Northern Cyprus) were characterized with 

reversed-phase high-performance liquid chromatography (RP-HPLC) with diode 

array detector and high-performance liquid chromatography (HPLC), respectively. 

In total, approximately twenty-five phenolic compounds including quercetin, 

chrysin, t-Ferulic acid, and sinapic acid as the most abundant secondary 

metabolites were identified. On the other hand, four organic acids as non-phenolic 

compounds quantitatively predominant were identified for the first time in A. 

viridis extracts. The seed and flower extract showed strong ferric-reducing 

capacity, radical scavenging activity for DPPH˙, phosphomolybdenum assay, metal 

chelating, and α-amylase inhibition activity by in vitro assays. Our results suggest 

that A. viridis widely used in the human diet in Cyprus is a source of numerous 

metabolites showing antioxidant and antibacterial potential. 

1. INTRODUCTION 

Leafy vegetables have been essential in completing both human and animal diets. Vegetables 

that can be eaten are living examples of the body's nutritious components. They are declared to 

possess bioactive substances that are physiologically active toward pathogens that lead to 

diseases (Iqbal et al., 2012; Ahmed et al., 2013; Sunday et al., 2021). 

The vegetable Amaranthus viridis, often known as "Lindo otu" in Turkish Republic of 

Northern Cyprus and a member of the Amaranthaceae family, is used for medicinal purposes. 

It is spread over the world's warmer regions. This plant is thought to have originated in Asia; 

however, it is occasionally referred to as a global weed that can be found in temperate, tropical, 

and subtropical regions (Asia, Africa, America, Australia, and Europe) of the world (Khan et 

al., 2011; Iqbal et al., 2012; Ahmed et al., 2013; Pulipati et al., 2014; Reyad-ul-Ferdous et al., 

2015; Sarker & Oba, 2019; Sunday et al., 2021). The plant is a rising, short-lived perennial or 
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annual herb that can reach heights of 1 m. It has alternating leaves with petioles that can reach 

a size of 10 cm. The hairless leaves of A. viridis have a dark green top surface and a light green 

bottom surface. Below 1 mm long, the subglobose fruits are small. The wrinkled, indehiscent, 

or erratically ruptured sepals are mature. The seeds are 1 mm long, glossy, and dark brown to 

black. The stem is cylindrical, light green, and has an unpleasant smell. It grows up and is 

herbaceous. The root's shape is cylindrical, has a strong smell, and is whitish. It has horizontal 

downward growth and rootlets. Stem and root feature fibrous fracture and a smooth texture 

(Khan et al., 2011; Pulipati et al., 2014; Reyad-ul-Ferdous et al., 2015; Sunday et al., 2021). It 

is gathered in the summer season. It is grown on fallow land, roadsides, and farming fields in 

Bangladesh (Sarker & Oba, 2019), but it grows healthier and more abundant in fertilized and 

irrigated agricultural land in Northern Cyprus. Due to its flavor, it is a highly very popular green 

leafy vegetable. Local communities harvest it and use its stem, leaf, flower, and seed for their 

diet. Broad bean - Lindo, cowpea - Lindo mixture can be boiled or fried with egg and consumed 

as a meal. 

Both the leaves, the seeds, and the stems are very nourishing. Minerals such as phosphorus, 

iron, calcium, magnesium, zinc, copper, manganese, vitamin A, vitamin C (ascorbic acid), 

vitamin B2 (riboflavin), vitamin B1 (thiamin), fiber content, protein, and amino acids such as 

cystine, arginine, isoleucine, methionine, tryptophan, histidine, leucine, phenylalanine, 

tyrosine, lysine, valine, and threonine are among the nutrients found in the leaves. Protein and 

lipids are present in the seeds. Hence, A. viridis attracted a lot of attention due to its excellent 

nutritional content (Pulipati et al., 2014; Sarker & Oba, 2019). 

In addition to these, it is a superb and exceptional source of antioxidant phytochemicals like 

flavonoids, phenolics, β-carotene, and antioxidant leaf pigments like betalain, β-xanthin, and 

β-cyanin, as well as a source of other pigments like chlorophylls, anthocyanin, and carotenoids. 

It was crucial for the food industry because the majority of these chemicals are natural 

antioxidants that detoxify reactive oxygen species (ROS) in the human body. Significant free 

radical-scavenging activity is possessed by the betalain, β-xanthin, β-cyanin, amaranthine, and 

carotenoid pigments. It is very adaptable to many abiotic conditions, including salinity and 

drought (Iqbal et al., 2012; Ahmed et al., 2013; Torres et al., 2018; Sarker & Oba, 2019; Chen 

et al., 2022). 

Products obtained from A. viridis are known to have crucial pharmacological activities. It is 

believed that the leaves are useful for both cleaning and decreasing tissue swelling. A. viridis 

has antipyretic and analgesic qualities. Therefore, in conventional medicine, it is used to relieve 

fever and pain. Additionally, this plant has been used to treat ulcers, intestinal bleeding, 

diarrhea, dysentery, and excessive menstrual flow. The tea prepared from its leaves is used to 

treat these issues. The plant's seeds have been used to alleviate gastrointestinal issues and 

decrease labour pain. The plant's leaves are used to treat eczema, burns, wounds, boils, 

psoriasis, and rashes. The leaves, flowers, and fruits of A. viridis perform as a laxative, 

antileprotic, and anti-inflammatory urinary tract agent, diuretic, antiemetic, antirheumatic, 

appetite enhancer, respiratory and asthma treatment, ophthalmiatrics, as well as a vermifuge in 

venereal disorders. They also help to lower cholesterol and excessive blood sugar levels. 

Moreover, A. viridis is utilized for its antidiabetic, antioxidant, hepatoprotective, anti-

nociceptive, anti-phytopathogenic, and anthelmintic properties. Other medical uses include 

those for diaphoretic, galactagogues, gonorrhea, earaches, hemorrhoids, bronchitis, and snake 

venom antidotes. This plant also has ribosome-inactivating protein, ß-carotene, and antiviral 

capabilities in addition to antiproliferative and antifungal qualities. These purported antipyretic 

and analgesic effects, however, are not sufficiently supported by scientific research (Ahmed et 

al., 2013; Pulipati et al., 2014; Reyad-ul-Ferdous et al., 2015; Olarewaju et al., 2018; Datta et 

al., 2019; Sarker & Oba 2019; Sunday et al., 2021; Naeem et al., 2022; Zaware et al., 2022). 



Sümengen-Özdenefe et al.,                                                                              Int. J. Sec. Metabolite, Vol. 11, No. 3, (2024) pp. 592-603 

594 

Since there haven't been any studies on A. viridis in Türkiye or Northern Cyprus this study 

is special and valuable. Hence, the goal of this study is to explore the A. viridis methanolic 

extract’s antioxidant, antibacterial, and antidiabetic characteristics.  

2. MATERIAL and METHODS 

2.1. Gathering and Preparing Plant Material 

A. viridis stems, leaves, seeds, and flowers were gathered in July 2022 from Northern Cyprus' 

Kyrenia region (35°20´35´´N 33°17´09´´E 23 m). The plant was identified via Pl@ntNet. The 

overall wet weight of the samples was 640 grams. They were then gently split into small pieces 

and dried for six hours in a 50°C oven. The samples weighed 160 grams in total dry weight. 

For the analysis, the powdered dried samples were kept in a refrigerator at +4 °C. 

2.2. Extraction of Samples 

For 1 hour at room temperature, 80% of methanol (1:10 [w/v]) was used to extract the different 

parts of A. viridis on a magnetic stirrer. After that, the Whatman No. 4 paper was used to filter 

the extract. For biological and chemical investigations, the extracts were stored in a refrigerator 

at +4 °C. 

2.3. Analyses of Antioxidant Activity  

2.3.1. DPPH˙ (1,1-diphenyl-2-picrylhydrazyl) radical scavenging capacity 

Blois (1958), Ucan Turkmen & Mercimek Takci, (2018) stated that the free radical scavenger 

method relies on the ability of samples to transfer electrons or protons to render the DPPH 

reagent colorless. 100 µL of the extract was dissolved in 3.9 mL of DPPH˙ reagent (0.025 g/L 

in methanol) generated in methanol (0.1 mM). To enable the chemical reaction, this mixture 

was placed in the dark at room temperature for 30 minutes. The mixture's absorbance was 

measured spectrophotometrically at 517 nm after incubation (Biochrom, Libra S60, B, 

England). In terms of Trolox equivalent (mg TE/g), DPPH˙ scavenging activity was measured 

against a methanol blank. 

2.3.2. FRAP (Ferric reducing antioxidant power) 

The ability of antioxidant compounds in the extract to reduce Fe3+ to Fe2+ was evaluated in this 

analysis (Oyaizu, 1986). When FeCl3 was added to the reaction mixture, the Prussian blue color 

that resulted was tested for absorbance. The extract (1 mL) was mixed with 2.5 mL of 1% 

potassium K3Fe(CN)6 and 2.5 mL of 0.2 M sodium phosphate buffer (pH 6.6). For 20 minutes, 

this mixture was incubated at 50 °C. 10% trichloroacetic acid (TCA) was added to stop the 

activity, and the mixture was centrifuged for 10 minutes at 2500 rpm. To 2.5 mL of supernatant, 

an equal volume of distilled water and 0.5 mL of FeCl3 (0.1%) were added. At 700 nm, the 

mixture's absorbance was recorded (Biochrom, Libra S60, B, England). The extract’s reducing 

capacity was defined in Trolox equivalents (µg TE/g). 

2.3.3. Performance of metal chelating activity (MCA) 

Dinis et al., (1994) devised a technique to appraise the extract's Fe2+ chelating potential. This 

method's base is the conflict between the extract's metal-binding molecules and ferrozine (a 

potent iron-chelating agent). Compounds that have a high metal ion binding capacity hinder the 

red ferrozine/Fe2+ complex formation. 100 µL of 2 mM FeCl2, 3.7 mL of distilled water, and 1 

mL of extract were combined. 200 µL of 5 mM ferrozine was added to the reaction after it had 

been incubated at room temperature for 30 minutes. The mixture was then agitated for 10 

minutes. The absorbance of the mixture was obtained at 562 nm (Biochrom, Libra S60, B, 

England). Chelating activity as a percent of inhibition (%) was determined using the formula 

below. 

% chelating activity = (1–(Asample/Acontrol)) x 100 
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2.3.4. Phosphomolybdenum technique 

The phosphomolybdenum technique was used to determine the total antioxidant capacity 

(TAC) (Zengin et al., 2014). 3 mL of a reactive solution containing 4 mM ammonium 

molybdate, 28 mM sodium phosphate, and 0.6 M sulfuric acid were promptly added to 300 µL 

of extract. After 90 minutes of incubation at 95 °C, the absorbance was measured at 695 nm 

(Biochrom, Libra S60, B, England). The total antioxidant capacity was referred to using Trolox 

equivalents (µg/TE g). At least three times each analysis was performed. 

2.4. Total Phenolic (TPC) and Total Flavonoid Content (TFC) 

The Folin-Ciocalteu colorimetric procedure was applied to determine the total phenolic content 

(TPC). Total phenolic content was expressed as gallic acid equivalents (mg GAE)/g (Stanković, 

2011). By using the Sharma and Vig method, the total flavonoid content was calculated. Total 

flavonoid content was expressed as mg of routine equivalent (mg RE)/g (Sharma & Vig, 2013). 

2.5. Antibacterial Activity 

The extract's antibacterial activity was assessed on Mueller Hinton Agar (MHA) using the 

approved technique, which adhered to the Kirby-Bauer disc diffusion method, according to 

Clinical Laboratory Standard Institute (CLSI) recommendations. (CLSI, 2012; Owusu et al., 

2021). Turbidity was set to the McFarland standard reference range of 0.5 for the overnight 

bacterial cultures. 10 µL of each microbial suspension was added to MHA with a pipette and 

then uniformly applied to the surface with a wooden cotton applicator stick. Placed apart from 

one another were the sterile blank discs that had been impregnated with 20 μL of the extract. 

After inoculation, Petri plates were incubated at 37°C for 12 to 24 hours. The inhibition zones 

surrounding the discs were subsequently measured. Methicillin (M; 5 µg/disc) for 

Staphylococcus aureus ATCC 25923, and Erythromycin (E; 15 µg/disc) for Salmonella 

typhimurium ATCC 14028 and Escherichia coli ATCC 25922 were the positive controls. As a 

negative control, methanol was utilized. 

2.6. Assay of α-Amylase Inhibition 

The mixture consisted of 1 mL of extract, 1 mL of 20 mM sodium phosphate buffer (pH: 6.9), 

and 1 mL of 1% w/v starch solution, which was incubated at 37°C for 5 min. The reaction was 

then started by adding the α-amylase solution (1 mL) to this mixture. After incubation for 30 

min., the reaction was terminated with 1 mL of color reagent (96 mM 3,5-dinitrosalicylic acid 

solution, 2 M NaOH, and 5.31 M sodium potassium tartrate solution). The absorbance of this 

mixture boiled for 5 minutes, at 540 nm was measured (Biochrom, Libra S60, B, England) 

(Başyiğit et al., 2020). All analyses were repeated three times. 

2.7. Phenolic Content 

Phenolic components were extracted by adding 100 mL of methanol to approximately 25 g of 

plant and mixing with extraction solvent (methanol/chloroform/water; 7:2:1) in magnetic 

stirrers at room temperature. This process was repeated three times. The Whatman filter paper 

was used to filter the obtained extracts and the filtrates were collected. Then, the solvent was 

removed at 60 °C in a Buchi, R300 model evaporator. The residues formed at the bottom of the 

volumetric flask were dissolved in methanol (Zhang et al., 2018).  

The reversed-phase high-performance liquid chromatography analysis (Agilent, 1260 

Infinity RP-HPLC, USA) was performed to determine the chromatograms of each standard 

phenolic chemical compound in the extract. The separation of phenolic components was 

performed on a C18 reverse phase (110 Å, 5 µm, 4.6 x 250 mm, ACE Generix) HPLC column. 

In the separation process, 10 µl injection volume, mobile phase A (0.1% phosphoric acid-water 

solution) and B (100% acetonitrile) gradient system, oven temperature 30ºC, and DAD (diode 

array detector) detector were used (Gupta et al., 2012). The data analysis was done using 

Agilent Lab Advisor software the phenolic compounds were defined by comparing them with 
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the standards of each identified compound using retention time. The data obtained are expressed 

as (mg/kg) dry weight. The analyzes were repeated three times. 

2.8. Organic Acid Content 

The extraction of organic acids was carried out by the method described by Gallardo-Guerrero 

et al., (2010). Approximately 1 g of the samples was homogenized in 25 mL deionized 

water/methanol (7/3, v/v) using a high-speed shredder (IKA, T18 model). The mixture was held 

in a water bath at 80°C for 30 min. Then, this extract was centrifuged at 10.000 rpm for 10 

minutes at 4°C. The supernatant was filtrated through a 0.45 µm filter and transferred into a 

vial and 20 µL was used for the analysis. 

Organic acid analysis was performed by an HPLC (Shimadzu brand, Prominence Modular 

LC20A model) according to Zong et al., (2016). Separation was done using a Rezex brand, 

model of ROA-Organic Acid H+ (8%), LC Column 300 x 7.8 mm at 50°C with a UV detector 

set at 210 nm. The mobile phase was 0.01 N H2SO4 at a flow rate of 0.7 mL/min using isocratic 

flow. The quantification of organic acids was calculated according to the authentic standards 

and expressed as mg/kg dry weight. All analyses were performed in triplicate. 

3. RESULTS 

Table 1 presents the results of the methanol extracts of A. viridis for total phenolic and flavonoid 

content, antioxidant activities, and α-amylase inhibition activity. The TPC values of stem, leaf, 

and seed-flower extracts were calculated as 0.329, 0.665, and 0.516 mg GAE/g, respectively. 

TFC values of stem, leaf, and seed-flower extracts were calculated as 0.012, 0024, and 0.024 

mg RE/g, respectively. DPPH˙ radical scavenging activity of extracts was evaluated by 

comparing it with the standard antioxidant activity of Trolox equivalent (mg TE/g). DPPH˙ of 

stem, leaf, and seed-flower extracts was determined as 67, 78, and 82%, respectively (0.43, 

0.50, and 0.53 mg TE/g). FRAP results of stem, leaf, and seed-flower extracts were calculated 

as 23.98, 26.07, and 32.56 µg TE/g, respectively. Metal chelating activity results of stem, leaf, 

and seed-flower extracts were calculated as 63, 27, and 62%, respectively. 

Phosphomolybdenum assay results of stem, leaf, and seed-flower extracts were calculated as 

191, 210, and 127 µg TE/g, respectively. α-amylase activities of stem and leaf extracts were 

not detected. On the other hand, α-amylase activities of seed-flower extracts were determined 

as 2%. The antibacterial efficacy of extracts from A. viridis against all tested microorganisms 

is shown in Table 2. 

Table 1. The total phenolic, total flavonoid content, antioxidant, and antidiabetic activities of A. viridis 

methanol extracts. 

 Stem extract Leaf extract Seed and flower extract 

Total phenolic content  

(mg GAE/g) 
0.329±0.002 0.665±0.014 0.516±0.007 

Total flavonoid content  

(mg RE/g) 
0.012±0.0003 0.024±0.0007 0.024±0.0003 

DPPH  

(%/mg TE/g) 

67±0.022% 

0.43±0.022 mg TE/g 

78±0.002% 

0.50±0.002 mg TE/g 

82±0.005% 

0.53±0.005 mg TE/g 

Ferric reducing capacity  

(µg TE/g) 
23.98±0.066 26.07±2.068 32.56±1.155 

Metal (Fe2+) chelating activity 

(%) 
63±0.012 27±0.0005 62±0.006 

Phosphomolybdenum (Total 

antioxidant capacity)  

(µg TE/g) 

191±0.529 210±4.696 127±1.257 

α-amylase activity  

(%) 
ND ND 2±0.025 

Values are mean ± Standard deviation (SD) of three replicate analyses. ND: Not detected.  
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Table 2. Diameter of the inhibition zone (mm) of A. viridis extracts. 

 
A. viridis 

stem extract 

A. viridis 

leaf extract 

A. viridis seed 

and flower 

extract 

Positive 

Control 

Negative 

Control  

Staphylococcus aureus 

ATCC 25923 
- - - 

- 

(Methicillin) 
- 

Salmonella 

typhimurium ATCC 

14028 

- - - 
18 

(Tetracycline) 
- 

Escherichia coli 

ATCC 25922 
- - - 

18 

(Tetracycline) 
- 

(-) represents a no-inhibition zone against microorganisms. 

Table 3 displays the identified compounds with their retention times and the amount (mg/kg) 

of the phenolic content of the methanol extracts of A. viridis by reversed-phase high-

performance liquid chromatography. In RP-HPLC, twenty-five, twenty-four, and twenty-one 

compounds were identified for stem, leaf, and seed and flower extracts, respectively. The most 

abundant compounds in stem extract were quercetin (125.05 mg/kg) and chrysin (112.45 

mg/kg). Moreover, the most abundant compounds in leaf extract were catechine hydrate 

(608.24 mg/kg), t-Ferulic acid (344.8 mg/kg), sinapic acid (233.6 mg/kg), and quercetin (167.2 

mg/kg). On the other hand, the most abundant compounds in seed and flower extract were 

catechine hydrate (674.25 mg/kg), catechine (547.63 mg/kg), t-Ferulic acid (337.7 mg/kg), and 

sinapic acid (269.13 mg/kg). Apart from these compounds, all compounds found in different 

amounts are listed in Table 3.  

Table 3. The retention time (min) (R.T.) and amount (mg/kg) of the phenolic content of A. viridis 

methanol extracts. 

Compound 

Stem extract Leaf extract Seed and flower extract 

R.T. 

(min) 

Amount 

mg/kg 

R.T. 

(min) 

Amount 

mg/kg 

R.T. 

(min) 

Amount 

mg/kg 

Chlorogenic acid 6.119 - 6.114 10.64 6.147 13.37 

Catechine 6.479 60.75 6.469 54.64 6.668 547.63 

Catechine hydrate 6.479 73.6 6.469 608.24 6.668 674.25 

Caffeic acid 9.285 9.85 9.657 48.64 9.687 27.37 

Vanillic acid 9.843 8.71 9.657 60.08 9.687 33.77 

Gentisic acid 10.419 - 10.204 32.24 10.419 - 

4-hydroxy benzoic acid 13.776 10.45 13.758 6 13.738 0 

Vanillin 16.470 17.95 16.547 21.2 16.453 12.17 

p-Coumaric acid 17.727 25.85 17.713 9.92 17.309 - 

Rutin 19.409 - 19.075 0 19.483 15.6 

Sinapic acid 20.048 58.7 20.055 233.6 20.090 269.13 

t-Ferulic acid 20.669 32.6 20.055 344.8 20.090 337.7 

Hyperoside 20.669 44.6 20.757 64.8 20.944 - 

Isoquercitrin 21.764 14.95 21.796 24.8 21.900 14 

Hdroxy cinnamic acid 23.274 17.85 23.686 8.8 23.378 - 

Naringin 27.697 9.65 27.716 34.96 27.498 - 

o-Coumaric acid 28.462 22.6 28.688 27.44 28.477 20.57 

Protocatechuic acid ethyl ester 29.951 7.95 30.165 16.8 30.152 10.51 

Rosmarinic acid 30.393 6.2 30.165 8 30.152 5.49 

Salicylic acid 31.526 3.55 31.961 27.04 31.960 13.66 

Resveratrol 32.436 6.47 32.478 14.4 32.475 2.80 

Baicalin 32.802 16.8 32.478 3.52 32.475 6.29 
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Oleuropein 34.787 - 34.787 - 34.787 - 

Quercetin 34.966 125.05 34.965 167.2 34.971 71.2 

t-Cinamic acid 35.759 - 35.759 - 35.771 31.6 

Naringenin 36.313 12.1 36.312 - 36.413 2.29 

Hesperidin 36.850 2.89 36.759 - 36.593 8.40 

6-hydroxy flavone 38.113 6.95 37.944 - 37.944 - 

Chrysin 39.357 112.45 39.278 30.64 39.502 10.86 

Curcumin 39.973 - 39.973 - 39.973 - 

Flavones 40.909 2.2 40.909 17.6 40.770 - 

 

Table 4 exhibits the identified compounds with their retention times and the amount (mg/kg) 

of the organic acid of A. viridis methanol extracts by reversed-phase high-performance liquid 

chromatography. In HPLC, 3 compounds were identified for all extracts: Succinic acid 

(28112.65 mg/kg), malic acid (12513.75 mg/kg), and shikimic acid (269. mg/kg) were present 

in stem extract. Additionally, leaf and seed-flower extracts contained shikimic acid (837.2 and 

291.58 mg/kg), succinic acid (72992.48 and 30212.26 mg/kg), and formic acid (3943.84 and 

2727.23 mg/kg).  

Table 4. The retention time (min) (R.T.) and amount (mg/kg) of organic acid of A. viridis methanol 

extracts. 

Compound 

Stem extract Leaf extract Seed and flower extract 

R.T. 

(min) 

Amount 

mg/kg 

R.T. 

(min) 

Amount 

mg/kg 

R.T. 

(min) 

Amount 

mg/kg 

Malic acid 10.622 12513.75 10.541 - 10.541 - 

Shikimic acid 12.835 269.3 12.860 837.2 12.864 291.58 

Succinic acid 12.835 28112.65 12.860 72992.48 12.864 30212.26 

Formic acid 14.501 - 14.913 3943.84 14.914 2727.23 

4. DISCUSSION and CONCLUSION 

The secondary metabolites have anti-inflammatory, antioxidant, immune system stimulation, 

detoxification enzyme modulation, steroid metabolism, antiviral, anticancer, and antibacterial 

activities as natural compounds in plants. Table 1 shows the antioxidant activity and total 

phytochemical contents of methanol extracts of different parts of A. viridis. Leaf extract showed 

a high level of total phenolics (0.665±0.014 mg GAE/g) and had pronounced levels of radical 

scavenging (78±0.002%), and ferric reducing (26.07±2.068 µg TE/g) antioxidant activities. 

Despite the highest DPPH scavenging (82±0.005%) and ferric reducing (32.56±1.155 µg TE/g) 

capacities, seed and flower extracts had a lower total phenolic content (0.516±0.007 mg GAE/g) 

than that of leaf extract. The stem, seed, and flower extracts showed good metal-binding 

potential in the presence of ferrozine (Table 2), % values were 63±0.012 and 62±0.006, 

respectively. These results indicated that the methanolic extracts belonging to different parts of 

A. viridis contained a strong antioxidant capacity, and their efficacy was comparable with the 

literature studies.  

Some previous studies reported that the high phenolic constituents in A. viridis contribute to 

antioxidant activity (Datta et al., 2019; Sarker & Oba, 2019; Sunday et al., 2021)  and this was 

the case in this study. The superior levels of antioxidant activities of the leaf, seed, and flower 

extracts with high phenolic content partly confirmed this hypothesis. Pulipati et al., (2014) 

found that the extracts prepared from the seeds of A. viridis had the highest DPPH antioxidant 

activity, which is consistent with our findings. Similarly, Abdel-alim et al., (2023) declared the 

high DPPH (123±8.9 mg VCE/g DW) and FRAP (1.5±0.04  mM FE2+ equivalent/g DW) 

antioxidant values of A. viridis ethanolic extract. Our results were similar  with the observation 

of Popoola, (2022) and Sarker & Oba, (2020) that A. viridis seed extracts included radical 

scavenging agents reacting directly to DPPH. Kumari et al., (2018) also indicated similar 



Sümengen-Özdenefe et al.,                                                                              Int. J. Sec. Metabolite, Vol. 11, No. 3, (2024) pp. 592-603 

599 

antioxidant results for A. viridis extracts, showing that the high DPPH scavenging potential 

ranged from 53.31±1.08% to 65.2±1.41%. Datta et al., (2019) reported that the DPPH 

(13.126±0.263%), FRAP (1.553±0.004 TE, mg/g DE) and MCA (22.359±0.491%) capacities 

of A. viridis extracts were quite lower than those of our antioxidant results.  

The antioxidant activity of plant foods is now widely acknowledged to be primarily sourced 

from phenolics. Thus, it is crucial to ascertain the extract’s phenolic content. The TP and TF 

contents of methanolic extracts for A. viridis different parts are of the order: for stem 

0.329±0.002 mg GAE/g and 0.012±0.0003 mg RE/g, for leaf 0.665±0.014 mg GAE/g and 

0.024±0.0007 mg RE/g, and for seed and flower 0.516±0.007 mg GAE/g and 0.024±0.0003 mg 

RE/g. These values were higher than the reported levels of green Amaranth leaves (ranging 

from 11.24±00.5 to 20.13±0.04 GAE μg/g) (Sarker et al., 2020). In another study, the total 

phenolic contents of the A. viridis extracts, especially the leaf extract correlated to its high 

antioxidant activity with 57.25 mg GAE/g (Swarnakumari et al., 2021). Similarly, Popoola, 

(2022) noted that the amount of total phenolic and flavonoid compounds found in the raw 

extract from the seed parts of A. viridis were 107.9±1.04 mg TA/g and 24.1±0.89 mg RE/g, 

respectively. The other stated total phenolic contents (TPC) for the methanolic extracts of the 

leaves A. viridis ranged from 40.26±0.27, 43.24±0.32, and 46.72±0.22 GAE μg/g (Sarker & 

Oba, 2019). The presence, absence, and formation of available phenolic constituents in A. 

viridis vary depending on environmental and genetic factors.  

One Gram-positive and two Gram-negative bacterial strains were tested for the antibacterial 

activity of the A. viridis methanol extracts. The antibacterial activity of the extract could not be 

observed against the tested microorganisms. However, literature studies pointed out that the 

variety of microorganisms in which A. viridis extracts show antimicrobial activity was quite 

much (Akbar et al., 2018; Rose et al., 2021; Zahir et al., 2021).  

A promising therapeutic approach for the management and treatment of chronic health 

disorders including diabetes and obesity is the inhibition of digestive enzymes like α-amylase. 

Therefore, the α-amylase activity of extracts was examined. A. viridis seed-flower methanol 

extracts exhibited α-amylase inhibitory activity of 2±0.025%. Oluwagunwa et al., (2021) 

reported a strong α-amylase inhibition activity (68.45%) in the aqueous leaf extract of A. viridis 

in contrast with our data. Similarly, Mareshvaran et al., (2020) noted the high inhibitory 

capacity (73.85%) of the α-amylase enzyme of A. viridis dichloromethane extract. The findings 

of earlier investigations demonstrated that A. viridis extracts exhibit α-amylase inhibitory 

activity.  

Plants include a large number of phenolic compounds and flavonoids, which have biological 

properties like antidiabetic (e.g., chlorogenic acid, caffeic acid, and rutin), antimicrobial (e.g., 

ferulic acid, and sinapic acid), anti-inflammatory (e.g., vanillic acid, ferulic acid, and quercetin), 

antioxidant (e.g., sinapic acid, p-coumaric acid, and quercetin), antianxiety (e.g., sinapic acid), 

antihistamine (quercetin) and anticarcinogenic (e.g., p-coumaric acid, chlorogenic acid, ferulic 

acid, sinapic acid, quercetin, and rutin) (Sadia et al., 2016; Datta et al., 2019;). The commonly 

identified components of A. viridis are flavonoids, cyanogenic glycosides, saponins, tannin, and 

phlobatannins (Iqbal et al., 2012). Table 3 presents the qualitative results of phytochemicals in 

different parts of A. viridis.  

The dominant phenolic compounds of the A. viridis extract were catechine, catechine 

hydrate, and sinapic acid, followed by quercetin. Sarker and Oba (2020), similar to our phenolic 

content varying amounts depending on the plant parts, identified salicylic acid, gentisic acid, 

vanillic acid, chlorogenic acid, ferulic acid, t-cinnamic acid, quercetin, p-coumaric acid, caffeic 

acid, rutin, sinapic acid, naringenin, and catechin by using HPLC. A study conducted by Abdel-

alim et al., (2023) expressed the presence of rutin, quercetin,  and naringin as major phenolics 

in the stem and leaves of A. viridis. Kumari et al., (2018) and Zaware et al., (2022) reported 

identifying chlorogenic acid and ferulic acid in A. viridis extract.  
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The phytochemical results from the current study express that the methanolic extracts of 

stem, leaf, and seed-flower of A. viridis included pharmacologically active compounds having 

varied biological potential. Especially, the most popular among the biologically active 

compounds in the chemical composition of plants are organic acids. In this study, the efficiency 

of this method for the extraction of organic acids from A. viridis was evaluated for the first time. 

The potential bioactive organic acid profile of A. viridis was determined in scientific reports 

using different extraction methodologies (Javed et al., 2018). Javed et al., (2018) reported the 

different organic acid components (citric, malic, fumaric, oxalic, and glutamic acids) of A. 

viridis root exudates in contrast with our data. 

The current study reported the phenolic and non-phenolic profiles, antioxidant activity, 

antibacterial activity, and antidiabetic properties of extracts obtained from different parts of A. 

viridis (Cyprus). The metabolic profile of the extracts obtained from different parts of A. viridis 

was determined by RP-HPLC and nearly thirty-one phenolic compounds were characterized. 

Contents varying depending on plant parts, two compounds, catechin, and sinapic acid were at 

the highest level in the phenolic metabolites. Organic acids, non-phenolic compounds, were 

quantitatively predominant, opposite phenolics. This indicates that the ripening of plant parts is 

a complex mechanism affecting the quantitative profile of phytochemicals. The phenolic and 

non-phenolic metabolites identified in A. viridis extracts were the source of strong biological 

activity, in particular phosphomolybdenum activity, metal chelating activity, free radical 

scavenging capacity, ferric reducing antioxidant power, antibacterial activity, and anti-diabetic 

impact performed in vitro models. Our results highlighted the potential of A. viridis as a source 

of antioxidant phytochemical contents that need more scientific information to explain the 

molecular mechanisms in biological activities through in vivo studies. 
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