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ABSTRACT: Today, the increased use of antibiotics leads to the incidence of resistant 
strains. We are faced with lack of new antimicrobial drugs that have fewer side effects 
than antibiotic. Plants are the main source of secondary metabolites, which can use as 
natural antimicrobial agents. 
In current study, rosemary and thyme were used to determine their chemical 
composition, phenolic compounds profile (by HPLC) and evaluate the antimicrobial 
effects against some pathogenic bacteria. Ethanol and acetone extracts of rosemary and 
thyme leaves (with concentrations of 50, 100, 200 and 400 mg/ml) were prepared, and 
antibacterial activities were tested by disc diffusion method on strains of Gram-positive 
bacteria: Staphylococcus aureus, Bacillus cereus and Streptococcus pyogenes. Gram-
negative bacteria: Escherichia coli, Salmonella typhi and Shigella species. 
The results showed that all the concentrations of ethanolic and acetone rosemary 
extracts showed the highest level inhibitory zone diameters against Escherichia coli and 
Bacillus cereus, respectively. While the same extracts recorded the lowest level 
inhibitory zone against Staphylococcus aureus for both extracts. Similarly, all 
concentrations of the ethanolic and acetone thyme extracts showed the highest level 
inhibitory zone diameters against Escherichia coli and Salmonella typhi respectively, 
while the same extracts recorded the lowest level inhibitory zone diameters against 
Bacillus cereus and Escherichia coli, respectively. 
we can recommend the use of both Thyme and Rosemary as natural antimicrobials 
agents against food spoilage bacteria to overcome the phenomenon of antibiotics 
resistance, which represents a serious challenge to humans. 

Key words: Thyme, rosemary, pathogenic bacteria, phenolic compounds (HPL). 
 

INTRODUCTION 
Foodborne diseases are caused by 

agents that enter the body through the 
ingestion of food. Food can transmit 
disease from person to person, as well as 
serve as a growth medium for bacteria 
that can cause food poisoning. In 
industrialized countries, the percentage 
of the population suffering from 
foodborne diseases each year has been 
reported to be up to 30% (WHO, 2007).             

An antibiotic was originally defined as 
a substance produced by one 

microorganism, which inhibited the 
growth of other microorganisms. In 2013, 
the Centers for Disease Control (CDC) in 
the USA asserted that humanity is now in 
the “post-antibioticera” (Centers for 
Disease Control, 2013). Antimicrobial 
resistance (AMR) within a wide range of 
infectious agents is growing public 
health threat of broad concern to 
countries and multiple sectors. Bacterial 
drug resistance is a world problem, a 
high number of bacterial species have 
become resistant to anti-bacterial drugs 
(Garau, 1994).  The primary cause of 

29 

https://mjab.journals.ekb.eg/?fbclid=IwAR0Fy0g-l9CgdA1cKhNLyLsiVpQY3oLog7O2L_bauSwehUJPTQhDFlwi_IY
https://mjab.journals.ekb.eg/?fbclid=IwAR0Fy0g-l9CgdA1cKhNLyLsiVpQY3oLog7O2L_bauSwehUJPTQhDFlwi_IY


 
 
 
 
 
W. S. Abd El Kader, et al., 

antibiotic resistance is genetic mutation 
in bacteria (Laxminarayan, 2003).  

Several medicinal plants have been 
recognized as valuable resources of 
natural antimicrobial compounds as an 
alternative that can potentially be 
effective in the treatment of these 
problematic bacterial infections (Iwu et 
al., 1999). According to the World Health 
Organization (WHO), medicinal plants 
would be the best source to obtain a 
variety of drugs (WHO, 2002). Plants are 
rich in a wide variety of secondary 
metabolites such as tannins, alkaloids, 
phenolic compounds, and falvonoids, 
which have been found to have 
antimicrobial properties (Djeussi et al., 
2013). At present, nearly 30% or more of 
the modern pharmacological drugs are 
derived directly or indirectly from plants 
and their extracts (Jabeen et al., 2007; 
Banso, 2009; Ahameethunisa and 
Hopper, 2010; and Murugesan et al., 
2011). 

Herbs and spices have most of the 
antimicrobials derived from plants 
(Tajkarimi et al., 2010; Cueva et al., 2010; 
Negi, 2012). These compounds have 
different structural configurations, 
having different antimicrobial actions 
against foodborne pathogens (Savoia, 
2012).  

Rosemary extracts have been used in 
food preservation, because they prevent 
oxidation and microbial contamination 
(Djenane et al., 2002; Nieto et al., 2010; 
Nieto et al., 2012). EFSA (European Food 
Safety Authority) has reviewed the safety 
of rosemary extracts (Aguilar et al., 2008). 
Thyme extracts showed high efficiency 
as natural antimicrobial against several 
food related bacteria (Boruga et al., 2014; 
Manconi et al., 2018). The aim of this 
study is to determine the chemical 
composition together with the 
antimicrobial properties of rosemary and 
thyme extracts, cultivated in Egypt, in 
order to identify new natural 

antimicrobials sources with applications 
in the pharmaceutical and food industry. 
 
MATERIALS AND METHODS 
Materials: 
Plant samples: 

The fresh leaves of rosemary 
(Rosmarinus officinalis) and thyme 
(Thymus vulgaris) plants were obtained 
from the Agriculture Research Center in 
Giza, Egypt. Plants samples were washed 
and air-dried for 24 hours, then dried at 
50◦C. The dried samples were grinded 
into fine powder and kept in a sterile air-
tight container. 
 
Bacterial strains:  

Microbial strains were obtained from 
plant disease department, Agricultural 
Research Center, Ministry of Agriculture, 
Giza, Egypt. Gram-positive bacteria: 
Staphylococcus aureus, Bacillus cereus 
and Streptococcus pyogenes. Gram-
negative bacteria: Escherichia coli, 
Salmonella typhi and Shigella species.   
 
Culture, Media, Antibiotic and 
Chemicals: 

 Muller Hinton Agar (MHA), 
Gentamycin (30 μg/disc), ethanol 95%, 
acetone 80 %, Folin-Ciocalteu reagent, 
sodium carbonate (Na2CO3), gallic acid 
and catechol, aluminum chloride (AlCl3) 
were purchased from Diamond Company, 
Cairo, Egypt. While, HPLC chemicals and 
standards were purchased from Sigma.   
 
Methods 
Preparation of plant extracts: 

The dried plant material of each plant 
species was grounded into fine powder 
to pass 100 mm sieve. 200 grams of each 
plant powder were separately soaked in 
1000 ml of ethanol 95% and acetone with 
stirring for 48 h, filtered through double 
layers of muslin, centrifuged at 9000 rpm 
for 10 min and finally filtered again 
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through Whatman filter paper No. (1) to  
attain a clear filtrate. The filtrates were 
evaporated and dried at 40°C under 
reduced pressure using rotatory vacuum 
evaporator. Finally, the extract was 
collected and stored in refrigerator at 4°C 
(Gauthami et al., 2015). 
 
Determination of total phenolics 
amounts in different extracts:                   

The amounts of total phenolics in the 
studies extracts were determined with 
the Folin-Ciocalteu reagent. Gallic acid 
was used as a standard and the total 
phenolics were expressed as mg gallic 
acid equivalents (GAE)/g dry weigh. 0.5 
ml of each sample and standard were 
introduced into test tubes and mixed with 
2.5 ml of a 10 fold dilute Folin-Ciocalteu 
reagent and 2 ml of 7.5% sodium 
carbonate. The tubes were covered 
tightly and allowed to stand for 30 min at 
room temperature before the absorbance 
which was read at 760 nm 
spectrometrically1T (Kim et al., 2003). 
 
Determination of total flavonoids 
amounts in different extracts:      

The total flavonoids contents were 
determined using the method reported by 
Dewanto et al., (2002). Briefly, an aliquot 
of 250 µl of each extract or a standard 
solution was mixed with 1.25 ml of 
deionized water followed by 75 µl of a 5% 
NaNO2 solution. After 6 min, 150 µl of 
10% AlCl3 .6H2O solution was added to 
each mixture. After 5 min, 0.5 ml of 1M 
NaOH was added, and the total volume 
was adjusted to 3.0 ml with deionized 
water. Catechin was used as a standard 
using absorbance at 510 enm for the 
measuring, which was corrected using a 
blank, the results were expressed as mg 
of catechin equivalents (CE)/g dry weight. 
 

Quantitative analysis of phenolic 
compounds by HPLC: 

HPLC analysis was analyzed at the 
Department of Food sciences, Faculty of 

Agriculture, Cairo University. Phenolic 
compounds were fractionated and 
determined by HPLC according to the 
method of Goupy et al., (1999), by using 
HPLC Hewiletpckared (series 1050) 
equipped with auto-sampler injection, 
solvent degasser, Ultravilot (UV) detector 
set at 280nm and quaternary HP pump 
(series 1050). Hewlett Packard using a 
column Alltima C18, 5mm (150 
mm×4.6mm Allech). The column 
temperature was maintained at 35P

o
PC. 

Gradient separation was carried out with 
methanol and acetonitrile as a mobile 
phase at flow rate of 1 ml/ min. Standards 
were dissolved in a mobile phase and 
injected into HPLC. Retention time and 
peak area were used to calculate 
phenolic compounds concentration by 
the data of Hewllet packared software. 
 
Disc diffusion method: 

The antimicrobial activity was 
determined by the paper disc diffusion 
method using Mueller-Hinton agar plates 
(MHA) according to Baur et al., (1966). 
Discs of about 6mm diameter were made 
from Whatman’s No.1 filter paper using a 
paper puncher. Batches of 100 discs 
were transferred into Bijou bottles and 
sterilized in the oven at 121oC for 15 
minutes. Stock solution (400mg/ml) of the 
plant extract was prepared. Serial 
doubling dilution was carried out by 
adding 1ml of dimethylsulphoxide 
(DMSO) at each serial dilution. Four 
concentrations were prepared from the 
stock solution such that each disc 
absorbed 0.01ml which was equivalent to 
50 mg  / ml, 100 mg  / ml, 200 mg  / ml and 
400 mg  / ml respectively. The different 
concentrations of extracts (50,100,200 
and 400 mg  / ml) were loaded on the 6 mm 
sterile individual discs. The loaded discs 
were placed on the surface of medium 
and the compound was allowed to diffuse 
for 5 min and the plates were kept for 
incubation at 37P

o
PC for 24 h, at the end of 

incubation, inhibition zones formed 
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around the disc were measured with 
transparent ruler in millimeter. 
 
Statistical analysis  

The data were subjected to statistical 
analysis using the SPSS (Software 
version no.20). Differences between 
extracts were tested by one-way analysis 
of variance (ANOVA). Probability value 
for the statistical test was 0.5%. Also, 
Duncan test were used in order to 
compare the differences of the inhibition 
zones between control group with plants 
extracts (Turker et al., 2009) 
 
Results 
Total phenolics and total flavonoids 
contents in different plant extracts 

Data in Fig. (1) showed that ethanolic 
extracts had the higher total phenolics 
content and total flavonoids content 
compared with acetone extracts in all 
both rosemary and thyme. Total 

phenolics content in ethanolic and 
acetone extracts of rosemary were 42.3 
and 39.1 mg /100g, respectively, while 
total flavonoids content in the same 
extracts were 19.3 and 11.3 mg /100g, 
respectively. On the other hand, total 
phenolics content in thyme extracts has 
been ranged from 43.2 to 59.1 mg /100g, 
while total flavonoids content has been 
ranged from 19.8 to 20.4 mg /100g. 
 
HPLC fractionation of ethanolic 
extracts in rosemary and thyme 
leaves  

In rosemary extract nine compounds 
were detected, while in thyme extract 
twelve compounds were detected (Table 
1). The major phenolic compound in 
rosemary extract was salicylic acid 
(831.21mg/kg), while P- Hydroxy benzoic 
acid recorded the highest concentration 
(96.14mg/kg) in thyme extract. 

 

 
 

Fig. 1. Total phenolics and total flavonoids contents in different plant extracts. 
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Table (1): HPLC analysis of phenolic compounds in rosemary and thyme ethanolic 
extracts. 

 Phenolic compound (mg/Kg) Rosemary  Thyme 
Gallic acid ND 1.60 
Catechol  ND 43.64 

P-Hydroxy benzoic acid 195.01 96.14 
Caffeine ND ND 

Vanillic acid  25.36 ND 
Caffeic acid ND 10.52 

Syringic acid 24.80 17.82 
Vanillin ND 6.10 

P-Coumaric acid ND 5.63 
Ferulic acid 149.22 4.05 
Ellagic acid 232.63 28.93 

Benzoic acid 302.70 45.36 
O-Coumaric acid 354.70 3.76 

Salicylic acid 831.21 ND 
Cinnamic acid 110.95 82.41 

ND = Non detected 
 

Antibacterial effect of rosemary and 
thyme extracts against some food 
related bacteria 
1- Ethanolic extract 

The results in Fig. (2) showed that in 
all concentrations (50, 100, 200 and 400 
mg/ml) of rosemary ethanolic extract 
exhibited the highest level inhibitory 
zone diameters (10.2, 14.3, 19.2 and 24 
mm, respectively) against Escherichia 
Coli, while the same extracts recorded 
the lowest level inhibitory zone diameters 
(5.3, 8.6, 11 and 15.3 mm, respectively) 
against Staphylococcus aureus. 
Similarly, all concentrations (50, 100, 200 
and 400 mg/ml) of thyme ethanolic 
extract exhibited the highest level 
inhibitory zone diameters (9.5, 13.1, 19.2 
and 24.1 mm, respectively) against 
Escherichia coli, while the same extracts 
recorded the lowest level inhibitory zone 
diameters (4.3, 8.4, 13.1 and 17.1 mm, 
respectively) against Bacillus cereus.  

2- Acetone extract 
The results in Fig. (3) showed that in 

all concentrations (50, 100, 200 and 400 
mg/ml) of rosemary acetone extract 
exhibited the highest level inhibitory 
zone diameters (10.0, 13.4, 17.3 and 22.1 
mm, respectively) against Bacillus 
cereus, while the same extracts recorded 
the lowest level inhibitory zone diameters 
(5.1, 7.4, 10.2 and 14.2 mm) against 
Staphylococcus aureus. On the other 
hand, acetone extracts of thyme (50, 100, 
200 and 400 mg/ml) exhibited the highest 
level inhibitory zone diameters (10, 14.2, 
19.1 and 24.2 mm, respectively) against 
Salmonella typhi, while the same extracts 
recorded the lowest level inhibitory zone 
diameters (4.9, 8.2, 11.3 and 16.3 mm) 
against Escherichia coli. 

 
Discussion  

Researchers have consistently 
reported the need to search for bacterial 
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antibiotic resistance modifying agents 
that could positively alter the efficacy of 
one or more clinically relevant antibiotics 
to inhibit resistant pathogenic bacteria 
(Diniz-Silva et al., 2017). In contrast, plant 
extracts are less likely to generate 
antimicrobial resistance owing to the 
wide variety of their active compounds, 
therefore they could reverse the 
antibiotic resistance and minimize the 
exposure of humans to resistant bacteria 
(Gupta and Birdi, 2017).           

Dietary polyphenols present structural 
features of phenolics and constitute one 

of the most numerous and widely 
distributed group of natural compounds 
in the plant kingdom (Abbas et al., 2017). 
So far, over 8000 phenolic structures 
have been recognized, and more than a 
half of which have been identified as 
flavonoids (Oliver et al., 2016). 

The results of the current study 
indicate that the different extracts 
(Ethanol and acetone) of the rosemary 
and thyme contain large quantities of 
total phenolics and total flavonoids 
(Fig.1).  

 

 
R= Ethanolic extract of rosemary, T= Ethanolic extract of thyme.   
Fig. 2. Inhibition zone diameter of rosemary and thyme ethanolic extracts against some 

food related bacteria 
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RA= Acetone extract of rosemary, TA= Acetone extract of thyme.   
Fig. 3. Inhibition zone diameter of rosemary and thyme (acetone extracts) against some 

food related bacteria 

Overall, polyphenols are a highly 
diverse group of compounds with several 
subgroups that may widely differ in their 
stability, bioavailability, and 
physiological functions (Tsao, 2010). 
Polyphenols may exhibit an important 
antimicrobial activity, the mechanisms of 
which have not been completely 
recognized yet (Tomadoni et al., 2016). 
The known mechanisms include the 
capability for modifying cell membranes 
permeability, the changes in several 
intracellular functions caused by the 
phenolics to enzymes binding or by the 
loss of the cell wall integrity due to 

various interactions with the cell 
membrane (Bouarab-Chibane et al., 
2019). 

From the above came the idea of 
using rosemary and thyme extracts as 
natural antimicrobials that cause food 
spoilage and those that cause some 
diseases to humans, because these 
plants contain many secondary 
metabolites, that are effective in 
eliminating harmful microorganisms.  

Several studies have reported plant 
extracts rich in polyphenols to be 
capable of inhibiting the growth of 
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spoilage bacteria and fungi and have 
suggested their utility in the food 
industry (Daglia, 2012; Tehranifar et al., 
2011; Tomadoni et al., 2016). It is also 
believed that individual phytochemicals 
do not work as effectively as 
heterogeneous extracts (Seow et al., 
2014). This is important, since concerns 
have been raised about the growing 
number of foodborne outbreaks caused 
by pathogens associated with the high 
rate of antibiotic resistance (Alejo-Armijo 
et al., 2018).  

Results of published literature also 
indicate that the main mechanism 
underlying the antibacterial effects of 
polyphenols potentially involve damage 
to the bacterial membrane, with changes 
in permeability and to bind with bacterial 
cell walls and prevent cell division and 
growth (Cowan, 1999; El Sohaimy, 2014). 

For example, Gram-negative bacteria 
were reported to be resistant toward 
many antibacterial substances, due to 
the hydrophilic surface of their outer 
membrane and associated enzymes in 
the periplasmic space, which are capable 
of breaking down many molecules 
introduced from outside (Gao et al.,1999; 
Shan et al., 2007). However, the results of 
this study revealed that the tested Gram-
negative pathogens (Escherichia coli, 
Salmonella typhi and Shigell Species) 
have varying degrees of antimicrobial 
susceptibility against natural phenolics. 
Some authors have suggested that the 
loss of structural integrity and the ability 
of the membrane to act as a permeability 
barrier was due to the damage to the cell 
wall and cytoplasmic membrane (Cueva 
et al., 2010; Shan et al., 2007). The 
distortion of the cell physical structure 
could expand and destabilize the 
membrane and increase membrane 
fluidity, which results in increased 
permeability (Gyawali and Ibrahim, 2014) 
and leakage of various vital intracellular 
constituents, such as ions, ATP, nucleic 

acids, and amino acids (Lambert et al., 
2001; Shan et al., 2007). It should be 
noted that the phenolic compounds 
might bind to the cell surface and then 
penetrate to the target sites, possibly the 
phospholipid bilayer of the cytoplasmic 
membrane and membrane-bound 
enzymes (Gyawali and Ibrahim, 2014). 
 
Conclusion 

The results of the current study 
showed that the ethanol and acetone 
extracts of rosemary and thyme plants 
contain good amounts of total phenolics 
and total flavonoids. These extracts also 
showed a significant effect against 
bacterial strains that cause food spoilage 
as well as pathogenic to humans used in 
the experiment, which indicates the 
possibility of using these extracts as 
natural anti-bacterial agents in the face of 
the increasing trend of bacteria to resist 
antibiotics. 
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 المیكروبات لمستخلصات الزعتر وإكلیل الجبل في مكافحة  تقییم التأثیر المضد لنمو
 بعض أنواع البكتریا الموجودة في الأغذیة

 

 ،)2(، خالد مأمون طه)2(صقر العزیز عليبد ع ،)1(ولید صلاح عبد القادر
 )2(مدحت مصطفي أبوزید

 الصحة والسكان  ارةز و  )1(
 جامعة المنوفیة  –كلیة الزراعة  –قسم الكیمیاء الحیویة  )2(

 الملخص العربى 

قصًا في ن نحن نواجهبالاضافه الى ذلك سلالات مقاومة.  متزاید للمضادات الحیویة إلى ظهور نمویؤدي الاستخدام ال
النباتات (الأعشاب والتوابل والفواكه  من المضادات الحیویة.روبات التي لها آثار جانبیة أقل دویة الجدیدة المضادة للمیكالأ

 مضادات المیكروبات.ك لبعض النواتج الثانویه التى یمكن استخدامها والخضروات والبذور والأوراق) هي المصدر الرئیسي
المركبات  لها، وما تحتویة من التركیب الكیمیائي تخدام إكلیل الجبل والزعتر للتعرف علىاسسة التجریبیة ، تم في هذه الدرا

وتقییم التأثیرات المضادة للمیكروبات على بعض    (HPLC)الفینولیة عن طریق الكروماتوغرافیا السائلة عالیة الأداء
 200و  100و  50نول والأسیتون من أوراق هذه النباتات بتركیزات تم تحضیر مستخلصات الإیثاوقد البكتریا الممرضة. 

) على سلالات البكتیریا موجبة diffusion-Disk، وتم تقییم الأنشطة المضادة للبكتیریا بطریقة ( مجم / مل 400و 
البكتیریا سالبة   ,Streptococcus pyogeneand  Bacillus cereus Staphylococcus aureus الجرام:

  Escherichia coli, Salmonella typhi and Shigella species جرام:ال
 ضد تثبیط أعلى مستوىأعطت كلیل الجبل لإ  الإیثانول والأسیتون لنتائج أن جمیع تراكیز مستخلصاتأظهرت اوقد 

Escherichia coli and Bacillus cereus.على التوالي 
لكلا المستخلصین. وبالمثل   Staphylococcus aureus ضدتثبیط  أقل مستوىبینما سجلت نفس المستخلصات 

 Escherichia coli and  ضد تثبیطلزعتر أقصى ل الإیثانول والأسیتون تظهرت جمیع تراكیز مستخلصاأ
Salmonella typhi  ضد تثبیطعلى التوالي، بینما سجلت نفس المستخلصات أقل Bacillus cereus and 
Escherichia coli وباتالمیكر  لنمو طبیعیة كمضادات الجبل واكلیل الزعتر من كلا باستخدام نوصي لذا  .على التوالي 

 .البشري الجنس أمام خطیرا تحدیا تمثل والتي الحیویة للمضادات البكتریا مقاومة ظاهرة علي للتغلب الأغذیة في
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