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ABSTRACT

 A comparative study of different types of thyme essential oils against Streptococcus 
pyogenes to determine their biochemical and antimicrobial properties along with the bacteriostatic 
and bactericidal effect as it has proven one of the better alternative for the abuse of antibiotics with 
no side effects. The gaseous contact of these oils is an ancient and forgotten methods in the modern 
world and this research is an attempt to resurrect the ancient technique to benefit the mankind as 
the alarming WHO reports suggests that the world is running out of antibiotics due to antibiotic 
abuse causing mutant species. This research was performed on the reflection of WHO reports. The 
biochemical studies of the three thymes reveals the presence of alkaloids, reducing sugar, iodine, 
steroids and phenols which serves as a major factor in combating the respiratory tract illness. The 
antimicrobial properties of different types of thyme essential oils against S. pyogenes to determine 
their bacteriostatic and bactericidal effect was carried out  using  standard microbiological antibiotic 
assay such as Kirby bauer disc diffusion method, Minimum Inhibitory Concentration (MIC) and 
Minimum Bactericidal Concentration (MBC) techniques. The result of this attempt was satisfactory 
especially with the Jordanian thyme essential oil and a survey was conducted over a sample of 500 
participants to determine the awareness of antibiotic abuse with the benefits of thyme essential 
oils. The significantly important biochemical tests were performed to determine the phytochemical 
compounds present in the thyme to understand its antimicrobial mechanism. The observation along 
with results for the work is fully documented statistically for your perusal.

Keywords: Biochemical properties, Antimicrobial susceptibility testing, Thyme Essential oil, 
Respiratory tract pathogens.



221IQUBAL et al., Orient. J. Chem.,  Vol. 36(2), 220-228 (2020)

INTRODUCTION

 Essential oils produced by plants are 
used as an ethical medicine for colds by ancient 
traditional method for respiratory tract infections1-2. 
In the medicinal field, acute and chronic bronchitis 
are treated by inhalation therapy of essential oils. 
Maintenance of ventilation, drainage of the sinuses 
and production of respiratory tract fluid increased 
with inhalation of vapors of essential oils which 
had an anti inflammatory reaction on the trachea 
and it reduces asthma3-6. Essential oils are known 
for their antimicrobial effect which has been tested 
in a lysogeny broth. Standardized evaluation 
of the essential oil vapor was first described by 
Maruzzella et al., & Kienhoiz utilising an inverted 
Petri dish technic7-9. The technic is carried out by 
using a volatile compound which is placed in a cup 
or a paper disc and it is exposed to the inverted 
agar medium which is then inoculated with test 
strains at about a 5mm distance. This technique 
was convenient and had been used by subsequent 
researchers7-11. Under these circumstances, the 
airspaces were too tiny to evaluate the vapor 
concentration of essential oil. Airtight box of one 
litre air capacity for the measurement of vapor 
activity was used12-13. Assessment of cinnamon 
oil versus respiratory tract mycoses have been 
noted. But, no report explaining the vapor effect 
of essential oils versus major bacterial respiratory 
tract pathogens. At room temperature, in opposition 
to antibiotics, essential oils are extremely volatile. 
Due to that, we looked into a potential character 
for these oils to be used as inhalation treatment, 
& therefore we analysed the antimicrobial activity 
of a large variety of them against, Streptococcus 
pyogenes by gaseous contact by Kirby-Bauer 
method and their dilutions were measured using 
Minimum Inhibitory Concentration method with 
Bactericidal effects by Minimum Bactericidal 
Concentration method. The significantly important 
biochemical tests were performed to determine the 
phytochemical compounds present in the thyme to 
understand its antimicrobial mechanism against 
the respiratory pathogens. This work was carried 
out to challenge the efficacy of so many synthetic 
antibiotic against the respiratory pathogens such as 
S. pyogenes which has failed in the treatment  due 

to the abundant use of drugs14-15. There are plenty of 
natural essential oils available in the biosphere and 
one such is thyme essential oils14-16. The major goal 
of this work is to study the  comparative investigation 
of different types of thyme essential oils efficacy 
towards  Streptococcus pyogenes to determine their 
biochemical and antimicrobial properties to evaluate 
the bacteriostatic and bactericidal effect.

MATERIAL AND METHODS

Materials and reagents
 Types of thyme essential oil, throat swab 
sample from a patients, standard microbial strains 
and different types of Hi-Media culture plates used 
and biochemical reagents were procured from 
Sigma-Aldrich chemicals (USA).

Isolation and Purification of Streptococcus 
pyogenes
 The sample from the patient was collected 
employing throat swab technique and was inoculated 
on a sterile blood agar plate by streak plate method 
and incubated for 24 h at room 37oC and visible 
beta-hemolytic colonies were isolated14-15.

 A loopful of colony was taken and Gram's 
stain was performed to observe the Gram-positive 
violet-colored cocci in the form of chains.

 A loopful of culture was mixed with a 
drop of hydrogen peroxide and no bubbles were 
observed which indicated the absence of catalase 
enzyme and is a confirmatory test to differentiate 
the Streptococcus from other cocci.

Thyme essential oil preparation
 Three types of thyme essential oils 
Jordanian, Palestinian and Syrian were prepared 
by dissolving 100 g of each thyme leaves in  
500 mL distilled water and boiled at 100oC for about 
1 h and filtered using filter paper to get the thyme 
extract14,16-19.

Bio-chemical analysis of the thyme extract
 The biochemical properties analysis of 
the thyme extract was determined by the following 
methodologies16,20.
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1) Fehling’s test, 2 mL of Fehling's A and B 
reagents were mixed with the thyme extract 
in a test tube and heated slightly to observe  
brick red color indicating the presence of 
reducing sugar.

2) Iodine test, The presence of iodine in the thyme 
extract was determined by the addition of 2 mL 
of iodine solution to the thyme extract which 
results in the positive purple colored test.

3) Salkowski’s test, The thyme extracts were 
mixed with 2 mL of chloroform along with  
2 mL of concentrated sulphuric acid in a test tube 
and gently shaken to observe a reddish brown 
color which indicates the presence of steroids.                                            

4) Ferric test, Thyme extract was boiled with  
10 mL of water in a test tubes. A few drops 
of ferric chloride was added to the 10 mL of 
heated yeast extract in a test tube to observe 
a blue black coloration which indicates the 
presence of phenol. 

5)  Wagner’s test was performed by treating the 
thyme extracts with Iodine and Potassium 
iodide results in a reddish brown precipitate 
indicates the presence of alkaloids16,17,20.

Antimicrobial Susceptibility Testing 
 The fol lowing three methodologies 
were employed to determine the antimicrobial 
susceptibility testing for the thyme essential oil  
against Streptococcus pyogenes14-15.

Kirby-Bauer method –Disc diffusion method 
 The disk diffusion method (Kirby-Bauer) is 
more suitable for routine testing in a clinical lab where 
a large number of isolates are tested for susceptibility 
to antimicrobial effects14-16. A standardized antibiotic 
disc was prepared and incubated at 37oC soaked 
overnight in the thyme essential oils of each thyme 
respectively and incorporated on Mueller-Hinton 
agar and incubated at 37oC for 24 h to determine the 
drug susceptibility of microorganisms isolated from 
infectious organisms. This method allows the rapid 
determination of the efficacy of the antimicrobial 
properties by measuring the diameter of the zone of 
inhibition that results from diffusion of the agent into 
the medium surrounding the disc. The comparative 
study was performed by incorporating all the three 
essential oil disc in a single Mueller–Hinton agar 
plate by repeating the procedure and results were 
observed and recorded.

Minimum Inhibitory Concentration-Tube dilution 
method (MIC)
 Minimum Inhibitory Concentration (MIC) 
was used16-18 to determine the lowest concentration 
of thyme essential oil to inhibit the visible growth of 
a Streptococcus pyogenes after overnight incubation 
at 37oC in a incubator where a serial dilution of 
the respective thyme essential oil is prepared and 
inoculated with the inoculum The MIC values were 
observed with the last tube with turbidity determining 
the bacteriostatic effect of the respective essential 
oils and were recorded.

Minimum Bactericidal Concentration Method 
(MBC)
 The minimum bactericidal concentration 
(MBC) was performed17-19 to determine the lowest 
concentration of all the three essential oils required for 
the bactericidal effect on Streptococcus pyogenes by 
dividing the blood agar into six portions representing 
each dilution of MIC. The sample from each dilution 
was inoculated on each designated portions for the 
respective dilutions for all the three essential oil MIC 
dilutions separately. The plates were incubated at 
37oC for 24 h to determine the bactericidal activity 
of the respective thyme essential oils against the 
bacterium.

RESULTS AND DISCUSSION

 Table 1, shows the results of the Kirby-
Bauer Disc Diffusion method of the three types of 
thyme essential oils used (Syrian, Jordanian and 
Palestinian) which shows that Jordanian has the 
highest diameter which indicates that this thyme 
will be more effective to use against Streptococcus 
pyogenes among the others16. Fig. 1 shows a bar 
chart of the Kirby-Bauer Disc Diffusion test of the 
three types of thyme essential oils used. All the 
thyme essential oils examined exhibited antibacterial 
activity. Among the three types of thyme essential 
oils used the Jordanian thyme essential oils showed 
the highest activity then comes the Palestinian then 
Syrian thyme essential oils. Fig. 2 shows the pictures 
of the Kirby-Bauer disc diffusion test preformed for 
each thyme individually as well as all of the three 
thymes together in one agar plate, which clearly 
shows that the Jordanian thyme essential oil is the 
most effective and has the best results. 
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 Table 2 shows the Minimum Inhibitory 
Concentration (MIC) of all three thymes with 
concentration that ranges from 1:2, 1:4,1:8, 1:16 1:32 
and 1:64. MIC is defined as the lowest concentration 
of antimicrobial agents that is bacteriostatic meaning 
it prevents the visible growth of bacteria. Turbidity 
usually will show on the MIC test tubes and those 
who don't show turbidity are those concentration that 
is recorded15-16. For Syrian MIC, turbidity showed last 
on test tube with value 1:64 so test tube with value 
1:64 is the one with no turbidity and that is recorded. 
As for Jordanian, no turbidity showed on the test tube 
with value 1:4  and lastly, for Palestinian, no turbidity 
was clear on the test tube with value 1:8. Fig. 3 is 
the MIC.

 This method allows the rapid determination 
of the efficacy of a drug by measuring the diameter 
of the zone of inhibition that results from diffusion 

Fig. 1. Kirby-Bauer disc diffusion bar chart

Fig. 2. Kirby-Bauer disc diffusion taken during the process

of the agent into the medium surrounding the disc.  
Fig. 4, 5 and 6 all show pictures of the MIC for all  
3 types of thyme and those test tubes that does not 
have turbidity. 

Table 2: Minimum Inhibitory Concentration (MIC) 
used for each thyme 

  MIC

  dl/ml Syrian Jordanian Palestinian

   1:2 Turbid Turbid Turbid
   1:4 Turbid No-turbidity Turbid
   1:8 Turbid No-Turbid No-Turbid
  1:16 Turbid No-turbidity No-turbidity
  1:32 Turbid No-turbidity No-turbidity
  1:64 No-turbidity No-Turbid No-Turbid

Fig. 3. Comparative chart of Minimum Inhibitory 
Concentration (MIC) with Minimum Bacterial 

Concentration (MBC) for each thyme 

Fig. 4. Minimum Inhibitory Concentration for Jordanian thyme

Table 1: Kirby-Bauer disc diffusion results 

  Kirby - Bauer  Disc Diffusion 
 Zone of inhibition measurement 
 Syrian Jordanian Palestinian 

S. pyogenes Sample-1 15mm 31mm 21mm
S. pyogenes Sample-2 14mm 30mm 23mm
S. pyogenes Sample-3 16mm 29mm 24mm

Fig. 5. Minimum Inhibitory Concentration for Syrian thyme
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 Table 3, shows the Minimum Bacterial 
Concentration (MBC) of the three types of thyme. 
MBC is the lowest concentration of an antibacterial 
agent required to kill a particular bacterium which 
is determined from the MIC by culturing the agar 
plates that contain the Streptococcus pyogenes. 
Testing the thymes from the MIC with concentration 
that ranges from 1:2, 1:4,1:8, 1:16 1:32 and 1:64 
show that all of the ranges have growth and it is 
illustrated in Figure 7.

 Figure 3 shows that all three types of thyme 
are equal in the Minimum Bacterial Concentration 
16-18 of 1.08.

 Table 4 shows a comparative char t 
of different types of thyme essential oil against 
Streptococcus pyogenes for all tests performed 
(Kirby-Bauer, MBC, MIC). Fig. 9 is a pie chart 

Fig. 6. Minimum Inhibitory Concentration for Palestinian thyme

Table 3: Minimum Bacterial Concentration (MBC) 
used for each thyme 

  MBC values

dl/ml Syrian Jordanian Palestinian

 1:2 Growth Growth Growth
 1:4 Growth  Growth  Growth 
 1:8 Growth Growth Growth
1:16 Growth  Growth  Growth 
1:32 Growth Growth Growth
1:64 Growth  Growth  Growth 

Fig. 7. Minimum Bacterial Concentration for (1) Palestinian 
(2) Jordanian (3) Syrian thymes

of different types of thyme essential oil against 
Streptococcus pyogenes which illustrates that 
Jordanian thyme accounts for 50% compared to 
Palestinians with 33% and Syrian with 17%.

 A questionnaire that was carried out 
among the Saudi Community in the month on 
September that is aimed at understanding whether 
the community is aware and uses thyme essential 
oil against respiratory tract pathogens as well 
as general important questions about antibiotics 
that include; allergy from antibiotic, whether the 
doctor requested any test before administering any 
antibiotics and lastly is they are satisfied with the 
course of antibiotics. Three tables are constructed.

Table 4: Comparative chart of different types of 
thyme Essential oil against Streptococcus pyogenes

Thyme/Test Test No.1  Test No.2 Test No.3 
 Disc Diffusion MIC MBC

Syrian  15mm >1:64 dl/mL >1:64 dl/mL
Jordanian  31mm 1:4 dl/mL >1:64 dl/mL
Palestinian  23mm 1:8 dl/mL >1:64 dl/mL

Fig. 8.  Pie chart of different types of thyme essential oil 
against Streptococcus pyogenes

 Table 5 revolved around the general 
characteristics of the respondent out of (n=500) 
44.4% were males and 55.6% were females. Age 
ranged from 17-65 with mean (Std. deviation) of 6.21. 
33% reported that they occasionally have a sore 
throat which is the highest. 5.8% reported having an 
allergy from antibiotics and 94.2% are not allergic. 
A dreadful 72.2% of respondents reported that the 
doctor did not request doing any test before starting 
an antibiotic course which could be fatal since testing 
before administrating an antibiotic therapy is a key 
factor in administrating the most suitable antibiotic 
and 60.8% reported being satisfied with the course 
of antibiotics administered.  Table 6 revolves around 
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general questions about side effects after antibiotics 
administration, vaccination as well as trying a 
natural remedy for sore throat. It found out that after 
administrating antibiotics 28.4% notices side effects 
like diarrhea while 71.6% did not notice. 75.6% did 
not suffer from sore throat infection after vaccination 
and 24.4% did suffer from sore throat infection. 
69.2% tried or thought of any natural remedy for 
sore throat while 30.8% did not. Table 7 which is the 
last table revolves around general characteristics 
for thyme. Questions include if thyme essential oil 
has been used for treatment of sore throat, if side 
effects are noticed after treatment of sore throat 
with thyme essential oil and lastly preferable thyme 
used. 16.4% of respondent used thyme essential oil 
for treatment of sore throat and 83.6% did not use. 
21.8% found side effects after using thyme essential 
oil for treatment of sore throat and 78.2% did not 
notice any side effects. Other type of thyme is the 
most preferred to be used in general with the highest 
percentage of 31.6% followed by Syrian thyme with 
28.8%, Palestinian thyme with 21.8% and lastly 
Jordanian thyme with 17.8%.

Table 5: General Characteristics (N=500)

Characteristics  Frequency  Percent 
  (No.)  (%)

Gender   
  • Male  222 44.4
  • Female 278 55.6
Age   
  • Range  17-65
  • Mean (Std. Deviation) 6.21
How Often Do You Suffer From
Sore Throat?   
  • Always  19 3.8
  • Often  45 9
  • Sometimes  130 26
  • Occasionally  165 33
  • Rarely  141 28.2

Do You Have An Allergy To Antibiotics?

  • Yes 29 5.8

  • No 471 94.2

Before Starting, The Course of Antibiotics, 

Did The Doctor Requested You To

Do Any Test?  

  • Yes 139 27.8
  • No 361 72.2
Are You Satisfied With The
Course of Antibiotics?  
  • Yes 304 60.8
  • No 196 39.2

Table 6: General Characteristics (N=500)

Do You Find Any Side Effects Like Frequency Percent 
Diarrhea After Administration (No.) (%)
of Antibiotics?

  • Yes 142 28.4
  • No  358 71.6
After Vaccination Did You Suffer
From A Sore Throat Infection?
  • Yes 122 24.4
  • No 378 75.6
Have You Tried or Thought of Any
Natural Remedy For Sore Throat?  
  • Yes 346 69.2
  • No 154 30.8

Table 7: General Characteristics About Thyme (N=500)

Characteristics  Frequency (No.) Percent (%)

Have You Tried Using Thyme
Essential oils For Treatment
of Sore Throat?
  • Yes 82 16.4
  • No 418 83.6
Did You Find Any side Effects
After Using Thyme Essential oils
For Treatment of Sore Throat?  
  • Yes 109 21.8
  • No 391 78.2
What Type Of Thyme Do You
Prefer To Use In General?  
  • Syrian Thyme 144 28.8
  • Jordanian Thyme 89 17.8
  • Palestinian Thyme 109 21.8
  • Other 158 31.6

 Streptococcus pyogenes is one of the most 
common pathogen which cause sore throat and it is 
one of the most difficult infections to be controlled by 
people around the world. The Middle East population 
also suffers from seasonal sore throat infections. 
Many of antimicrobial chemical substances has side 
effects and physicians prescribe antibiotic without 
any microbiological test to the patients. After the 
administration of medication which leads to major 
complaints such as diarrhea, dysentery and also 
eradicates the normal flora within the body. To 
overcome this problem, we thought about ancient 
medications for sore throat in Middle East regions 
which is thyme essential oil. As time traveled its 
usage has vanished and we have attempted to 
resurrect its's application to treat infections.through 
ancient traditional methodology of thyme essential 
oils for the treatment of sore throat which has no 
side effects. Different types of thyme essential oil 
were collected and performed a comparative study 
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of each thyme essential oils over Streptococcus 
pyogenes. Thyme essential oil was extracted by 
boiling and covered to prevent evaporation oil to 
treat sore throat infection effectively. Prepared 
the dose of thyme essential oils using 500 mL of 
distilled water and 100 g of different types of thymes 
at each flask respectively at 100oC about an hour 
and incubated with prepared discs for 24 h covered 
by sterile cotton in the incubator. The results were 
exemplary and found that Jordanian thyme was the 
most effective type over Streptococcus pyogenes 
more than Palestinian and Syrian thymes. As we did 
Kirby Bauer disc diffusion test by soacking the disc 
overnight and culture the Streptococcus pyogenes 
on four Mueller Hinton agar. The fourth plate was a 
comparative study by incorporating all three types of 
thyme essential oil disc in one agar (Fig.1-2). After 24 
h of incubation, the observation and measurement 
of the sensitivity reactions on agars were done. 
Jordanian thyme essential oil had more sensitivity 
by 31mm followed by Palestinian 24mm followed by 
Syrian 16mm. The Minimum Inhibitory Concentration 
for each thyme essential oil was performed and 
observed the values ( Table 2 ) as Jordanian thyme 
essential oil 1:4 and Palestinian 1:8 and Syrian 
1:64 (Fig. 4 to 8). To see the efficacy of thyme 
essential oils on blood agar we did the Minimum 
Bacterial Concentration and all bacterial grow> 1:64 
of all types of thyme essential oils. A survey was 
conducted among a sample of 500 participants to 
check the awareness about the knowledge about 
thyme essential oil benefits against antibiotic abuse 
and its side effects in the Middle East regions  
(Table 5). About 278 (55.6%) female and 222 (44.4%) 
male occasionally of sore throat infection and big 
range of them when they visit to doctor to seek 
medical help, Physicians who didn't perform any 
test before prescribing the antibiotic 361 (72.2%) in 
comparison to 139 (27.8%) Physicians performed  
the test. The majority of people satisfied with the 
course of antibiotic 304 (60.8%) and 196 (39.2%) 
were not. The majority (94.2%)  of participants were 
not aware of medication and side effects. The survey 
about vaccinations we found out 378 (75.6%) didn’t 
suffer from sore throat, while 122 (24.4%) were 
not. A large sample of participants tried out natural 
remedies at home to help them from sore throat 
infection 346 (69.2%) and 154 (30.8%) didn't. A very 
few of people 82 (16.4%) tried the thyme essential 
oils and didn’t have any side effects on it 391(78.2%) 

and we noticed that Syrian thyme had more preferred 
from people that others two types and 158 (31.6 %) 
other than thymes essential oils. Further studies 
may be possible. 

 The biochemical properties of the different 
types of thymes used for the study were qualitatively 
analyzed by using respective versatile biochemical 
tests and the results observed were interpreted. 
The biochemical studies of the three thymes reveals 
the presence of alkaloids, reducing sugar, iodine, 
steroids and phenols which serves as a major factor 
in combating the respiratory tract illness.

Table 8: Biochemical test results of each thyme extract

Biochemical test Syrian Jordanian Palestinian
 thyme thyme thyme

Fehling’s Test + + +
Iodine Test + + +
Salkowski’s Test + + +
Ferric Test + + +
Wagner’s Test + + +

 The Fehling’s test  showed the appearance 
of brick red color in al the three thyme extracts 
indicating the presence of reducing sugar while 
the Iodine Test showed the positive purple color 
indicating the presence of Iodine. A reddish brown 
color indicating the presence of steroids was 
Salkowski’s test. The blue black coloration which 
indicating  the presence of phenol was determined by 
Ferric test and the presence of alkaloids in the thyme 
extract was determined by Wagner’s Test where 
reddish brown precipitate indicates the presence of 
alkaloids. All the three thyme extracts shown positive 
test results with the performed biochemical tests. 
The results observed were recorded and tabulated 
(Table 7). The presence of phenol in all the thyme 
extracts indicates its antimicrobial property. The 
phenolic compound present in the thyme is the 
major factor in inhibiting the growth of the bacteria 
by means of cellular lysis which result in the leakage 
of all the cellular components of the organism along 
with its virulence factors. The destruction of these 
types of cellular compounds was performed by the 
presence of phenols resulting in the disfunctioning 
of the bacterium. Thus, inhibiting the growth of 
the bacterium which helps in the decrease of the 
bacterial load and aborting the infection threshold 
limit. The biochemical compounds present in the 
thyme were released through essential oil when 
the thyme is boiled and when consumed they 
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were released in the form of gaseous substances 
entering the respiratory system. These biochemical 
substances when released in the gaseous form into 
the respiratory system plays a potentially significant 
role in eliminating the pathogens. 

CONCLUSION

 The lack of awareness among people about 
the lack of natural remedies for any infections with 
zero side effects had proved to be a boost for the 
pharmaceutical company to boom their industry. 
However, essential oils such as thyme proved to 
be an effective alternative therapy for the abuse of 
antibiotics. The WHO reports suggest that our time 
with antibiotics is running out as there are mutant 
species were reported due to antibiotic abuse. The 

essential oil extracts from different thyme suggests 
that this components can be an alternate in the 
phytopharmaceutical industries to treat different 
types of infections mor effectively than the available 
antibiotics17-20. This work is a reflection of such factors 
to save the mankind and will be continued in the 
future with more relevant research work.
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