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ABSTRACT. In Algeria, several medicinal plants from different family have been used as traditional 

medicines, where they are prepared as decoctions, and some are eaten as salads. Two medicinal plants were 

screened namely: Eucalyptus globulus L. and Trigonella foenum-greacum L. belongs to the family 

Myrtaceae and Fabaceae respectively; for evaluation of free radical scavenging and antibacterial activities 

of the aqueous extract (EGAE, TFAE) of the leaves and seeds of sample plants. Antioxidant activity was 

assessed using the DPPH test. Moreover, the antibacterial effect of extracts was evaluated according to the 

agar disk diffusion method against three bacterial strains. Quantitative estimation of total polyphenols, 

flavonoid showed that the extracts were rich in these compounds (280.63 µg EAG/mg of extract; 37.28 µg 

EQ/mg of the extract); (272.64±0.09 µg EAG/mg of the extract; 95.85±0.007 µg EQ/mg of the extract) 

respectively, with a yield of 8.63% and 55.24%, respectively. Furthermore, the extracts showed a very 

strong anti-radical activity against the radical DPPH even greater than that of BHT (IC50=18.9±1.5 µg/ml; 

3.4±0.3 µg/ml, respectively against BHT: IC50=5.7±1.2 µg/ml). The results revealed that extracts showed 

antibacterial activity against Gram-positive bacteria of varying degrees, whereas there is no obvious effect 

on Gram-negative bacteria. In conclusion, the aqueous extract of these plants has excellent antioxidant 

activity and a strong antibacterial effect; these plants may also be subjected to the isolation of therapeutic 

antimicrobials and further pharmacological assessment. 

Keywords: Antibacterial effect, Antioxidant activity, Eucalyptus globulus L., Polyphenols, Trigonella 

foenum-greacum L. 

INTRODUCTION 

Oxidative stress is characterized as a profound imbalance between the oxidative 

systems and the antioxidant capacities of the organism. This imbalance is the result of 

either an exaggerated development of oxidizing agents or alteration in the defense system 

[1, 2]. Free radicals such as superoxide anion (O2), hydroxyl radical (OH), and hydrogen 

peroxide (H2O2) are recognized at moderate concentrations for their various physiological 

functions, ranging from transduction of signal cell to pathogen defense. However, they 

can be reacted with several molecules, such as protein and lipids at important quantities, 
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leading to the appearance of multiple chronic diseases such as cancer, inflammation, 

atherosclerosis, and diabetes [3, 4]. 

Epidemiological studies indicate that the intake of fruit and vegetables could reduce 

the conditions associated with chronic diseases [3]. Besides, several screening studies 

have been invested in the search for new antioxidant molecules from plant extracts to 

enhance the antioxidant defense system [5]. For example, various studies focus on the 

extraction of natural antioxidants from medicinal plants that can replace synthetic 

additives that could be carcinogenic and even toxic to the consumer [6]. 

Another emergence is resistance to antibiotics, as a result of the massive and 

sometimes abusive use of antibiotics. This led to strong consumer demand for new 

antibiotics against pathogenic germs and encouraged scientists to use phytotherapy, 

intending to have molecules with antioxidant properties and antimicrobials [7, 8]. 

Eucalyptus globules L (family of Myrtaceae) is one of such plant which is aromatic 

and medicinal plants. It is a tree of 30 to 35 m, up to 100 m [9]. Its trunk consists of bark 

with a dark base, rough, high, smooth, grayish, and has erect branches [10]. Eucalyptus 

contains several biologically active compounds such as essential oils (Terpene oxides: 

1,8-cineole; monoterpenes: alpha-pinene, limonene, gamma-terpinene, paracymene; 

sesquiterpenes: aromadendrene; sesquiterpenols: globulol), flavonoids, phenol acids, and 

tannins. Eucalyptol or 1,8 cineole is the majority compound with a concentration of 70 to 

85% [11, 12]. 

Trigonella foenum-graecum L (Fenugreek) is an annual plant of the Fabaceae family, 

can reach 50 cm high, has an erect stem, branching, leaves petiolate, alternate, three-

compound oval toothed leaflets [13]. The flowers are axillary, solitary or in pairs, of type 

papilionaceous, pale yellow to light purple triangular in shape (hence the name 

Trigonella). Fenugreek seed is rich in protein (20 to 30%), amino acids such as 4-

hydroxyisoleucine (0.1 to 0.3% by weight of the dry drug), carbohydrates (20 to 45%) 

mainly mucilaginous fibers, and lipids (7 to 10%). It contains sterols (cholesterol, 

sitosterol, etc.), sapogenins (0.1-2.2%), trigonelline (methylbetaine, 0.37%), phosphorus, 

calcium, iron, β-carotene and an essential oil (around 0.015%) but also with volatile 

constituents (sesquiterpenes, lactones, etc.) [14]. 

This investigation aimed to determine the content of polyphenols and flavonoids in 

plants’ aqueous extracts and to examine the suitability of the proposed method of testing 

natural antioxidants and antimicrobials.   

MATERIALS AND METHODS 

Plant material 

The leaves of the "Eucalyptus globulus"(Kalytous) and the seeds of "Trigonella 

feonum-graecum" (El-helba) were collected at the end of April and the beginning of May, 

2014 in the region of Ras-El-Oued in Setif. The plant parts were cleaned, dried in the dark 

in a well-ventilated place, then crushed and stored in the dark until use. 

Microorganisms 

The bacteria studied were selected for their high frequency of contaminating foodstuffs 

and for their pathogenicity. They were provided to us by the laboratory of Microbiology, 

University of Msila. Algeria. They are maintained by subculturing on nutrient agar 

favorable to their growth for 24 h at 37 °C. Two Gram-positive bacteria: Staphylococcus 

aureus ATCC 6536, Bacillus subtilis ATCC 6633 and one Gram-negative bacteria: 

Escherichia coli ATCC 8739 were tested. 
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Preparation of the extract 

The extraction is carried out according to [15]. 50g of the powder from the leaves or 

seeds of the studied plants are macerated in 500 ml of distilled water. The mixture is kept 

under stirring and decoction for 10 min at 100 C°. The solution obtained was filtered 

through wattman paper, and then dried at 40 C°, to obtain two extracts (EGAE and TFAE) 

which will be stored until use. The yield is expressed as a percentage of the mass of the 

extract relative to the mass of the dry plant, using the following formula: 

Yield%=M extract /M sample×100 

Yield%: The extraction yield. 

M extract: Mass of the resulting dry extract in grams. 

M sample: Mass of plant material to be treated in grams. 

Determination of total polyphenols 

The method is based on the oxidation of phenolic compounds by the reagent Folin 

Ciocalteu, which is a mixture of complexes of phosphotungestic acid and 

phosphoomolybdic acid of yellow color. This oxidation leads to the formation of a new 

blue molybdenum-tungesten complex which absorbs at 765 nm, the intensity of which is 

proportional to the amount of polyphenols present [16]. Briefly, 100 μl of the extract is 

mixed with 500 μl of the Folin-Ciocalteu reagent (10%), after 04 min, 400 μl of sodium 

carbonate (7.5%) is added, the whole is incubated at laboratory temperature for 1h30 min 

then the absorbance was measured at 765 nm. the concentration of total polyphenols is 

expressed in µg of Gallic acid equivalent per milligram of extract (µg EAG/mg of 

extract). 

Determination of total flavonoids 

Flavonoids gave yellowish complexes in the presence of aluminum chloride, due to 

the free hydroxyl groups. Thus the yellow color obtained is proportional to the  quantity 

of flavonoids in the extract[17]. Briefly, 1ml of aluminum trichloride (2% AlCl3) is added 

to 1ml of the sample containing different concentrations. The mixture is left to react for 

10 min at room temperature. The absorbance was measured at 430 nm. The concentration 

of total flavonoids is expressed in µg of Quercetin equivalent per milligram of extract µg 

EQ/mg of extract). 

DPPH free radical scvenging test 

The experimental protocol used is that of [18], with slight modifications. The DPPH 

solution is prepared by dissolving 4 mg of DPPH in 100 ml of methanol. The results are 

expressed as a percentage of inhibition (The half maximal inhibitory concentration: IC50) 

of the DPPH radical. The Value IC50 is defined as being the concentration of the substrate 

which causes the loss of 50% of the activity of the DPPH. This percentage is calculated 

according to the following formula: 

IC50%=(A0-A/A0)⸼ 100 

Where: A0: Absorbance of the DPPH• solution without the sample (negative 

control); 

A: Absorbance of the DPPH• solution in the presence of the sample. 
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Antibacterial activity 

In the nutrient broth, the microorganism was activated by inoculating a loopful of the 

bacteria strain, a few well-isolated and perfectly identical colonies are scraped using a 

sealed Pasteur pipette. Then, 10 ml of sterile physiological water is discharged and the 

bacterial suspension was homogenized; its opacity must be equivalent to 0.5 Mc Ferland 

which corresponds to 108 CFU/ml (Colony Forming Units), then diluted to obtain an 

inoculum of 106 CFU/ml [19]. 

 The antimicrobial activity of the extracts was evaluated by the agar disk diffusion 

method [20]. The disks were impregnated with the extract (50, 75, and 100 mg/ml) for 

EGAE and (200, 600, and 900 mg/ml) for TFAE and a disk contains DMSO or Distilled 

water as a negative control placed in the center of each plate. The medium poured into 

Petri dishes are inoculated by swabbing from a bacterial suspension of 106 CFU/ml. A 

volume corresponding to 10 μl of the extracts was introduced onto the disks (6 mm). In 

parallel, controls are used to verify the growth of the different strains; this operation is 

repeated 3 times. The plates were incubated at 37 °C/24 h. The microbial growth is 

assessed by measuring the diameters of the zone of inhibition (mm) that form around the 

disks. 

Three synthetic antibiotics namely: Gentamicin, Ampicillin, Oxacillin were used by 

the agar diffusion method to detect the sensitivity of the bacterial strains  

RESULTS AND DISCUSSION 

Extraction 

The preparation of plant extracts was carried out by water as it is a polar solvent. Su 

et al. [21] reported that the yield of aqueous extractions increases with temperature. This 

can explain by the fact that water at high temperature disrupts of cells facilitating the 

penetration of the solvent and the solubilization of molecules [22]. Heat can, however, 

lead to the degradation of thermolabile molecules [23], which is why the decoction was 

carried out for a reduced time. The yield of this extraction is expressed as a percentage of 

the mass of extract relative to the mass of dry Eucalyptus globulus, it is of value (8.63%) 

in this study (Table 1). These results are superior to those of [24] Raho et al (2008) which 

were 1.2%, and from Pal Singh et al. (2012) [25]  which was 1.8% for fresh leave. In a 

study carried out by [26], the results showed that the methanolic extract of Trigonella 

foenum-greacum L. has a low yield of 25.89% compared to our aqueous extract of 

55.24%, The difference between the two extracts is due to the extraction techniques used, 

which are completely different and the chemical composition which differs from one 

extract to another. Furthermore, this difference in yield is linked to harsh climatic 

conditions (high temperature, solar exposure, drought, salinity) [15]. 

Many authors have noticed that dry plants give a better yield than fresh plants. Zrira 

et al. [27] reported that the leaves of E. globulus yielded better dry (4.29%) than fresh 

(3.91%). So there is a relationship between the yield and the freshness of the plant used 

for extraction 

Determination of total polyphenols and total flavonoids  

The choice to assay this family of bioactive chemicals are justified by their antioxidant 

and antimicrobial effects [28]. Our results revealed that the aqueous extracts are rich in 

polyphenols and flavonoids. The results were shown in Table 1. 
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Table 1:Yield, Total polyphenolflavonoids contents of the extract 

Extract Yield % Content of flavonoids 

(µg EQ/mg of extract) 

Content of polyphenols  

(µg EAG/mg of Extract) 

EGAE 8.63 37.28±0.19 280.63±0.11 

TFAE 55.24 95.85±0.007 272.64±0.09 

 

Zin et al. (2006) [29] reported that polyphenols are present in different parts of the 

plant studied but with varying levels from one part to another. The content was noted for 

the leaves of E. globulus (432.63 ± 4.59 µg EAG/mg dw). In our study, the leaf extraction 

rate was almost half that of the other study. This can be explained by the solvent as it is 

one of the parameters that can affect the extraction of polyphenols [30]. Studies of 

Spignon et al (2007) [31] showed that aqueous solvents give better extraction yields than 

absolute solvents. The acetone-water system is one of the most widely used systems for 

the extraction of polyphenols because on the one hand, it allows to extraction of 

considerable contents of polyphenols compared to water [30]. 

According to the results obtained, the flavonoids are present in the aerial part of the 

plant in a significant way as for the determination of total polyphenols, the leaves revealed 

content of (37.28±0.19 µg EQ/mgE). Our results are superior to those obtained by [32, 

33], who reported that the leaf extract has a low content (1.16±0.03 mg EQ/g EB) which 

corresponds to a level of 31% of total flavonoids. 

The quantitative assay of aqueous extract gave a very high content of total polyphenols 

and flavonoids compared to the methanolic extract of Trigonella foenum-greacum L with 

a recorded value of 5.75±0.002 mg/g of extract) and 607±3.6 µg/g of extract) respectively 

[26]. 

This large difference could be explained by the region in which the plant is grown, the 

dosage method, the sensitivity, and purity of the reagents used as well as the harvest 

period [27]. 

 

DPPH free radical scvenginging test  

The anti-free radical activity of the extracts was evaluated by the DPPH test, this one 

is often used for the speed of the results as it is used for the screening of the molecules 

endowed with antioxidant activities present in the extracts of the plants [34].Table 2 

shows IC50 of different extracts 

 

Table 2:The IC50 values of aqueous extracts and BHT. 

Extract IC50 (µg/ml) BHT 

EGAE 18.9±1.5 5.7±1.2 

TFAE 3.4± 0.3  

 

The results of the anti-free radical action of the extracts showed an IC50 of the order of 

(18.9 ± 1.5 µg / ml) for EGAE and (3.4 ± 0.3 µg / ml) for TFAE. EGAE is less active 

than BHT (5.7 ± 1.2 µg/ml) but the strong activity is exerted by TFAE. These results 

suggest that the extracts contain free radical scavengers acting as primary antioxidants. 
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The action of these antioxidants is believed to be due to their ability to donate hydrogen 

atoms or electrons mainly derived from the A-ring hydroxyl of flavonoids [4]. 

Mishra et al (2010)[35] showed that the extract of E. globulus has an IC50 of 

(0.057mg/mL) and those of Pal Singh et al (2012) [25] which was (0.136 mg/mL) for the 

leaves. Antioxidant power results can be influenced not only by chemical composition 

but also by test conditions (reaction temperature, antioxidant/DPPH ratio, type of solvent, 

pH, sample concentration) [36, 37, 38]. 

The IC50 of TFAE (3.4 ± 0.3µg/ml) is lower when compared to the methanolic extract 

obtained by [39], which had a value of 68.96μg / ml (0.068 mg / ml). So the aqueous 

extract is richer in polyphenols than methanolic extract and its ability to scavenge DPPH 

radicals is higher. This shows that there is a correlation between the content of 

polyphenols and the antioxidant activity of the extracts. 

The biological mechanisms of polyphenolic compounds have been attributed to their 

antioxidant properties through several possible mechanisms, such as their ability to 

scavenge free radicals, break down free radical chain reactions, directly reducing 

peroxides, and stimulate enzymatic activities of the antioxidant defense [40]. Unlike BHT 

(a pure radical), the extract is not made up of a single molecule but of several dozen 

compounds at varying concentrations. Strong antioxidant activity is indicated by a low 

IC50 value. This activity is determined by a decrease in the absorbance produced by the 

anti-free radical substances [41]. 

 

Antibacterial activity 

The antibacterial activity of extracts is tested against three bacterial strains by the disk 

diffusion method. The results were shown in Figure 1 and Table 3. 

 

 

Fig. 1: Growth inhibition zone of the three bacteria towards two different extracts 

EGAE and TFAE respectively. 
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The diameters of the zone of inhibition are determined around the disks containing the 

extracts tested at different concentrations. These measurements were interpreted 

according to [42, with the following categories (+++): IZ >20 mm as high activity, (++): 

10 mm >IZ >20 mm as moderate activity and (+): IZ<10 mm as low activity [20]. 

These results showed that the extracts are active on two strains studied Gram + with 

an inhibition diameter varying between (19 to 23 mm for EGAE and 25 to 29.5mm for 

TFAE) for Staphylococcus aureus, (16.5 to 21.5mm for EGAE and 26 to 28.5mm for 

TFAE) for Bacillus subtilis, there is, therefore, a dose-effect relationship. However, no 

effect on the Gram- strains. Interpretations are made regarding the antimicrobial activity 

rating scale given by[ 43]. From this scale, we can classify the bacteria from the most 

sensitive to the most resistant as follows: S. aureus>B. subtilis>E. coli. These results 

agree with those of [24] on the sensitivity of S. aureus to the extract of E. globulus leaves.  

Table 3: The antimicrobial activity ofEGAE and TFAE. 

 Diameter of the zone of inhibition 

Extract(C) S. aureus B. subtilis E. coli 

EGAE 

50 mg/ml 

75 mg/ml 

100 mg/ml 

TFAE 

200mg/ml 

600mg/ml 

900mg/ml 

 

19 

20.5 

23 

 

25 

 

28 

 

29.5 

 

16.5 

19.5 

21.5 

 

26 

 

28 

 

28.5 

 

- 

- 

- 

 

- 

 

- 

 

- 

Gentamicin (GEN) 16 22 16 

Oxacillin (OX) - - - 

Ampicillin (AM) 14 14 - 

 

Using the agar diffusion method, we determined the antibiotics inhibited visible 

growth of the bacteria investigated under the same conditions as the extract. The results 

of the zone of inhibition were shown and Table 3. 

Comparative analysis of the effects of EGAE, TFAE extracts, and antibiotics revealed: 

Resistance of the three strains to Oxacillin, and E. Coli against Ampicillin. The sensitivity 

of the bacteria studied to Gentamicin with diameters of the zones of inhibition between 

16 and 23mm. A significant difference between the effect of extracts and antibiotics on 

the same strain of bacteria. The similarity of antibacterial action of Gentamicin and leaf 

extract on B. subtilis between 18 and 22mm. The sensitivity of S. aureurs to extracts and 

Ampicillin, which can be explained by the fact that the extracts had the same mode of 

action as Ampicillin on Gram+ bacteria. Further study by [ 44] showed a similar 

sensitivity to Gentamycin for E. coli could be due to the same mode of action of 

Gentamycin on Gram- bacteria. 
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The study of Mawahib et al (2015) [45], showed that E.coli, B.subtilus, S.aureus 

strains sensitive to Gentamicin (17mm, 25mm, 17mm) and to Ampicillin (20mm, 20mm, 

11mm), respectively.  

The variation in the antimicrobial activity of antibacterial agents could be explained 

by structural differences between bacteria. DMSO is used for dissolving the extract, it has 

been tested as a solvent, the results showed that the solvent was suitable and had no effect 

on the normal growth of microbial strains. Because of the results obtained for the 

antibiogram and taking into account the concentrations of the antibiotic disks, the 

inhibitory power of E. globulus on Staphylococcus aureus and Bacillus subtilis are very 

satisfactory compared to Gentamicin. This is interpreted by the fact that plants produce a 

huge variety of small antibiotic molecules having a broad spectrum of structures such as 

flavonoids and polyphenols. However, most of these small molecules have low antibiotic 

activity compared to common antibiotics produced by bacteria. 

CONCLUSION 

The evaluation of medicinal plants for their biological activities has increased 

considerably in the World. This shows that the molecules isolated from plants’ medicinal 

products are certainly of interest to be used as an alternative therapy or as a model for the 

synthesis of new substances. 

The estimation of the anti-free radical potential of the extract by the DPPH test showed 

that the phenolic compounds from the plant studied were exhibited an effective 

antioxidant activity. The results also indicate that the extracts had antimicrobial activity 

on strains: Gram- and Gram+ tested while Gram-negative strains show resistance.  

Following these results, it would therefore be interesting to extend the range of tests 

antioxidants and antimicrobials as well as the isolation and characterization of active 

compounds in the extracts to identify the different molecules responsible for the different 

biological activities of these plants. 
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