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ABSTRACT

Quercus sp. [Oak] has been used in traditional medicine widespread around the word. in Iraq, It has been used
widely as antiseptic after birth by women. The aim of this study was to evaluate the biological activity of the
aqueous and alcoholic crude extracts of the bark of Quercus sp. against two types of bacterial reference strains
Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC 25923 and assay the cytotoxicity of Oak crude
extracts. The primary screening was carried by using well diffusion method. The both extracts [aqueous and
alcoholic] showed a broad-spectrum effect on Gram positive and Gram negative reference strains. While
alcoholic extracts showed the greatest effect, Gram negative were more sensitive than Gram positive. However,
the minimum inhibition concentration was 100 mg/ml for both extracts against both bacterial strains. The two
extracts showed bactericidal effect, the growth of the reference strains was monitored for 7 days and no growth
was observed, except in the 100 mg/ml concentration of the aqueous extract, 2-3 colonies was growing back.
The cytotoxic effect of the extracts was assayed on the red blood cells [RBCs], the result showed no cytotoxicity
in the absence of alcohol. Thus, the bark of Quercus sp. may be used as a source of natural bactericidal agent
safely.
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INTRODUCTION

Many plants which regard as a gift of life, produce natural substances that synthesised to perform versatile
biological function to the plant, those substances could be very beneficial in medicine, especially the products of
medical plants [1]. The use of herbal medicines [alternative medicines], date back to [4000-5000] B.C. About
80% of the world population depend on the plant products to maintain their health and approximately 30% of
prepared medicines are based on plants [2,3]. For many years, the researchers have focused on the antimicrobial
effect of the plants, the extracts of different parts of some plants have been intensively studied, and the
antimicrobial activity for many plants has been proved[4-6] According to the increase in the infectious diseases
that causes the mortality of half the population of the tropical countries, the scientist focused on finding safe,
cheap and available alternatives, 60-90% of the developing countries depending on alternative medicines to cure
their infection disease [7].The overuse of the antibiotics leads to the bacterial multi-resistance, in addition to the
side effects and the toxicity of most antibiotics[8],those reasons prompt to search for natural alternatives [9].
Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis, and Proteus vulgaris are
the most causative agents if human infections [10,11].

The oak [Quercus] genus belongs to the family Fagacae, subfamily Quercoideae, which contains 400 species
widespread in Europe, Asia and America. The bark of these trees has been used in traditional medicine to treat
burns and wounds, used orally for gastrointestinal diseases, since medieval times [12]. The cut and dried bark of
young branches and the lateral shoots of Quercus robur, Quercus petraea and/or Quercus pubescens are
harvested in spring from March to April, saved to use as medicine [13]. The bark Quercus cortex used to treat
the mild diarrhoea, minor inflammation of the oral mucosa or skin, whereas the powder of Q. robur used for
prophylaxis of diarrhoea in cattle, horses, pigs, sheep and chicken [14].

The antibacterial activities of different parts of Quercus species have been studied intensively[15-17].The
mechanisms of the antibiotic activity of many plants still unknown, but most of the antimicrobial activity was
attributed to the active chemical compounds, which known as secondary metabolites, that found in the plant. In
the Quercus the antibacterial activity might be due to presence of tannins in the plant extract [18].
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The aromatic plants are economically important plants that provide the basic raw materials in pharmacology,
food and cosmetic industries [19].

MATERIAL AND METHODS

Plant collection and preservation
The stem bark of Oak [Quercus sp.] was purchased from local markets, saved in dry sacs, then grounded by
pistils to a powder and stored in a dark glass container at room temperature.

Preparation of aqueous extract

200 g of Oak powder was mixed well with 500 ml distilled water in a blender for 15 min, then it was left for one
hour to settle. The mixture was filtered by using centrifuge [80 X for 10 min], followed by filtration by using
Whatman No.1 filter paper. The filtrate was evaporated using rotary evaporator, and the rest of the filtrate was
kept in freezer till used [20].

Preparation of alcoholic extract

100 g of Oak powder was mixed with 500 ml of ethanol [70%] in a magnetic stirrer for 48 hours. The extract
was filtered by using Whatman No.1 filter paper, and the solvent was then removed by using a rotary
evaporator, the residues were kept in freezer till used [20]

Phytochemical Analysis of the Plant Extract

Several qualitative tests for ethanol have been carried out to find out their general chemical composition. 1 gm
of crude extract dissolved with 10 ml of distilled water, filtrated by Whatman No.1 filter paper, then 1 ml of
filtrated crude extract was used for each reagent. Mayer, Dragendorff and Wagner reagent were used to detect
alkaloids, precipitation and Turbidity indicate the positive result. A blue-green coloration on Whatman filter
paper indicated the presence of phenol by using ferric chloride and folin reagent with the vapour of NH4OH.
Turbidity was an indicator of the presence of tannins by using lead acetate 1% reagent. To detect the existence
of saponins, 1 ml of filtrated crude extract was shaken vigorously in test tube, the formation of stable foam was
used as an indicator of the positive result, in addition, formation of the turbidity with mercury chloride reagent
was a confirmation of saponins present. Alcoholic potassium hydroxide reagent was used to detect flavonoids,
yellow precipitation indicated of positive result. Benedict’s reagent was used to detect carbohydrates by mixing
1 ml of reagent with 1 ml of filtrated crude extract, then boiled, red participate indicated the presence of
carbohydrate. Ninhydrin reagent was used to detect free amino group, a violet colour appearance indicated the
positive result.[20-23].

Assay for antibacterial activity
The antibacterial activities of tested extracts were assayed using well diffusion method against Escherichia

colifATCC 25922] and Staphylococcus aureus[ATCC 25923]. 0.1 ml of bacterial suspensions with
concentration 3.0 x 108 CFU/ml [McFarland standard 1]of each of the test bacteria were cultivated on Muller-
Hinton Agar [MHA, Merck] plates, and uniformly spread using L-shape spreader. The cork borer was used to
make 6 mm diameter wells in the cultivated MHA agar, the wells then filled with 0.1 ml of each extract with
concentration of 500 mg /ml. Sterile distilled water and ethanol [70%] were used as controls, petri dishes were
then incubated at 37 °C for 24 hours, and the antibacterial activity was determined by measuring the mean of the
inhibition zone diameters around each well. The experiment was repeated 3 times [24]

The Minimum Inhibitory Concentration [MIC]
The Minimum Inhibitory Concentration [MIC] was determined using well diffusion method as described

previously, by using five concentrations [500, 400, 300, 200, 100 mg/ ml] of both alcoholic and the aqueous
extracts [25].

Cytotoxicity of plant extracts assay
The cytotoxicity of the aqueous and alcoholic extracts was assayed on the human red blood cells [RBCs],

according to [26], the Ringer solution was used to maintain the osmotic pressure of the RBC, 500, 400, 300,
200, 100 mg/ ml of the extracts were added to 1 ml of the RBCs with 19 ml of Ringer solution in serial test
tubes, and the mixtures were monitored every hour for 12 hours.

RESULTS

The phytochemical analysis of ethanol extract of Quercus sp.fruits showed the presence of alkaloids, free amino
group, Glycosides, phenols, saponins and tannins [Table 1].
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Table 1: Phytochemical analysis of the ethanol extracts of Quercus sp.

Plant Compounds
Alkaloid | Flavonoids | Free aminogroup | Glycosides | Phenols Saponins Tannins
s

Quercussp. | + - + + + + +

Primary screening
The result of screening the antimicrobial activity of Oak bark on the Gram positive and negative reference by

using 500 mg/ml of each aqueous and alcoholic extracts, showed a broad spectrum effect on both Gram positive
and Gram negative reference strains, in the Gram positive strain the inhibition zone was 16 mm for the alcoholic
extract and 15 mm for the aqueous extract, whereas on the Gram negative reference strain, using the same
concentration [500 mg/ml] of the aqueous and alcoholic extracts showed 17.5 and 19 mm inhibition zones
respectively.

The minimum inhibition zone [MIC] assay

The minimum inhibition zone results showed that the minimum inhibition concentration for both extracts
[aqueous and alcoholic] was 100 mg/ml, which give 10.5 and 11 mm inhibition zone for the aqueous and
alcoholic extracts respectively on Gram negative strain, and 10.3 and 10.8 mm for the aqueous and alcoholic
extracts respectively on Gram positive strain [Figure 1, table 2].

Figure 1: The figure showed the result of the minimum inhibitory concentration [MIC] for the aqueous and

Al S. aureus

AgE. coli

Al L

alcoholic Oak extracts on Escherichia coli ATCC 25922 and Staphylococcusaureus ATCC 25923, the figure
shows the inhibition zones around the wells in the MHA plates. Ag= aqueous extract, Al= alcoholic extract.

Table 2: Shows the results of the MIC assay, the table shows the diameter of the inhibition zone measured in
mm for both aqueous and alcoholic extracts on Staphylococcus aureus and Escherichia coli reference strains.

Concentration strain 100 mg/ml 200 mg/ml 300 mg/ml 400 mg/ml 500 mg/ml
Aqgueous extracts

Staphylococcus aureus 10.3 mm 11 mm 12.5 mm 14 mm 15 mm
Escherichia coli 10.5 mm 12 mm 13.8 mm 15.9 mm 17.5 mm
Alcoholic extract

Staphylococcus aureus 10.8 mm 12.2 mm 13.5 mm 15 mm 16 mm
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Escherichia coli 11 mm 13 mm 15 mm 17 mm 19 mm

The antimicrobial effect

The two extracts [alcoholic and the aqueous] showed bactericidal effect, the growth of the reference strains was
monitored for 7 days and no growth was observed, except in the 100 mg/ml concentration of the aqueous
extract, 2-3 colonies was growing back.

The cytotoxicity trails

The results of assaying the cytotoxic effect of the extracts on red blood cells [RBCs], showed No lysis for the
RBCs in 100,200,300,400 mg/ml of the aqueous extract, the only lysis was observed in the 500 mg/ml
concentration tube, the RBCs cells where examined under microscope to ensure the rapture of the cells, whereas
the control distil water showed no lysis effect on RBCs [Figure 2A]. Alcoholic extract showed hemolysis of the
RBCs in all concentrations [100, 200, 300, 400 and 500 mg/ml], the same results were observed in the control
[alcohol] tubes.

DISCUSSION

Global prevalence of infectious diseases caused by bacteria is a major public health problem, for years,
scientists were search for any available, low cost, safe to use medicines, many attempts have been made to
synthesis antibiotics which has above features, but the obstacles was always the side effects of any synthesis
compound.

The use of plant was the most abundant way to treat different infections, as anaesthetics, disinfectants or food
preservatives, although, some shows a distinct side effect. However, over the years of study, only a small
number of plants, out of 400,000 plant species on the earth, have been proven to have antimicrobial activity
[27]. The secondary metabolites of plants, including the tannins, flavonoids and alkaloids possess antimicrobial
properties in vitro [28].

The Oak named locally in Iraq as Jaft, and it is prominent used by Iragi women, after soaking or boiling in
water, as antiseptic following birth. Many studies have been revealed the antimicrobial activity of different
parts of Quercus species [12,29-32]. Phytochemical analysis of Quercus sp. extracts showed the presence of
most of the secondary metabolic alkaloids, free amino group, Glycosides, phenols, saponins and tannins, which
agreed with other study[1,33].

In this study, the bark of Oak was extracted in ethanol and distil water, and the crude extracts were applied for
antimicrobial screening on Gram positive and negative reference strains. The result showed that Oak has a
broad spectrum antimicrobial effect on both Gram positive and negative reference strains. The Gram positive
bacteria are less sensitive than gram negative strain, as shown in table 1. The MIC [mg/ml] shows 10.3 mm and
10.5 mm inhibition zone on S. aureus and E. coli respectively for the aqueous extract. The same results were
observed for the alcoholic extract which showed 10.8 and 11 mm inhibition zones on S. aureus and E. coli
respectively. This result was disagreed with most studies on Oakextract which showed that Gram positive
bacteria are more sensitive than Gram negative [12,29,30,32]. However, Puupponen-Pimi& conclude that
different bacterial species exhibit different sensitivities towards phenolic compounds and their study showed
that the phenolic extract of berry appear to have the same effect of our extract which was more effective on
Gram negative than Gram positive bacteria, which support our results [34]. It has been found that that the most
abundant compounds in the oak bark extract were phenolic and flavonoids compounds [35]. In addition,
Deryabin. and Tolmacheva observed that phenolic compounds: 1,2,3-trihydroxybenzene and 4-propyl-1,3-
benzenediol are important Quercus cortex constituent responsible for both antibacterial activity [12].

The activity of phenolic compounds might be due to the fact of the differences in the cell surface components
between Gram positive and negative bacteria,the outer membrane of Gram negative bacteria functions as a
barrier against hydrophobic compounds[36]. Ferreira et al. also stated that the antimicrobial effect of phenolics
may be due to the potential mutagenic activity of these compounds. Stam-mati et al. showed other mechanisms
that might involve in the antimicrobial action of phenolics, which is genotoxicity [37]. Helander et al. [1998]
have studied effect of plant-derived essential oil components on Gram negative bacteria, they found that small
phenolic compounds such as carvacrol and thymol inhibited E. coli and Salmonella, they attributed the
inhibitory effects to the disruptive action of these compounds on the outer membrane. The other antimicrobial
mechanism of the phenolic substances is the decomposition of the membrane of microbes [38]. The phenolic
substances have also an important role to discourage the growth of bacteria through inhibition of the enzymes
responsible for the metamorphosis of the protein [39].

Al-Manhel and Niamah study on the effect of aqueous and alcoholic plant extracts on inhibition of some types
of microbes that causing spoilage of food showed that the alcoholic extract has much more activity on
investigated fungi and bacteria than aqueous extract, they attributed that to the way of the extraction and the
solvent that used in the extraction process both effect the final product of the extraction [40]. Alcoholic
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extraction showed highly percentage of phenolic substances, which is the most active product from Quercus as
shown by Ferreira et al. the phenolic extract also effects on the permeability of the cell membrane [20]. The
superiority of the alcoholic extract than that of the aqueous one might be due to the presence of phenol
compound and the absence of this compound in the aqueous solution.

The cytotoxicity of the ethanolic and aqueous of oak extracts has been assayed in our study, the results showed
that the aqueous extract showed RBCs hemolysis in only high concentration [500 mg/ml] of the extract, whereas
the alcoholic extract showed hemolysis in all concentrations used, in addition to the control [ethanol]. Lang-
Ming Chi and Wen-guey Wu in 1991 found that the leakage of the small cation K* from the cells caused the
hemolysis for the ethanol-treated RBCs due to the disruption in the osmotic pressure , thus, they suggested that
the creation of membrane pores might involve in the defected the cytoskeletal network of ethanol-treated RBC,
this finding support our result [41]

CONCLUSION

The aqueous and alcoholic crude extracts of Quercus sp. [oak] exhibit a brood antimicrobial activity on Gram
positive and negative reference strains with minimum inhibition concentration of 100 mg/ml, with no
cytotoxicity in the absence of alcohol. The locally uses plant [Jaft] can be used safely as disinfectant as it uses
locally.
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