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Abstract

Streptococcus (S) pyogenes one of the major Gram-positive pathogens responsible for upper respiratory tract and
nosocomial infections. This is a Gram Positive, aerobic, no motile, and non-spore-forming ubiquitous bacteria. The
present study was conducted to evaluate the in vitro antibacterial activity of ethanol and aqueous extract of peppermint
and garlic against 29 isolates of S. pyogenes recovered from the throat sample of patientsin Swat KPK-Pakistan. These
isolates were purified to identify the target bacterial isolates by gram staining and biochemical tests. The Agar dilution
and well method was applied for the antibacterial activity of garlic and peppermint extracts. All of the subject isolates
were exposed to different concentrations of peppermint. MIC of aqua extract of peppermint was 250puL/mL and ethanol
extract was 100puL/mL. The zone size was 29mm and 36mm respectively. So the ethanol extract of peppermint was
found to be more effective as compared to the aqueous extract. On the other hand, Garlic has shown equal effectiveness
of water and ethanol extraction with MIC value of all is 50uL/mL and zone of inhibition was 38mm. Ciprofloxacin
antibiotic disk was used as reference standard.
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1. Introduction

Group A streptococci are major bacterial pathogens responsible for sore throat. They are Gram Positive non motile, non
spore forming cocci. They are part of human oral cavity normal flora [1]. The Streptococcus pyogenes is frequently
reported pathogen in human of all age groups [2]. It is easily transferred from person to person through respiratory
droplet while breathing, sneezing and talking. This infection is not so serious or complicated and resolves in five days
with simple antibiotic treatment [3]. However, throat infections may cause complications particularly in children, old
age and immune compromised persons. Major complications are pneumonia, kidney inflammation, rheumatic fever and
meningitis [4]. In complicated bacterial infections, patients have complained of bleeding in salvia, Joint swelling and
difficulty in breathing. In this situation patients are advised to take antibiotics [5]. However, home remedies likegargle
with salt water, honey and lemon etc are also helpful to ease the condition and reduces the duration of infection [6]. In
South Asia region home remedies have a rich tradition especially in remote areas. Lemon and ginger teas with honey
are very popular and effective for treatment of upper respiratory infections [7-8]. Additionally, lemon and mint, apricot
leaf, and anise teas, ginger balm, cumin water are in use for children and infant treatment [9]. The peppermint extract
and oil is considered one of the very effective COVID 19 related upper respiratory tract infections and its complications
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[10]. Similarly, garlic is also effective against oral pathogens and considered an effective ingredient of mouth wash
solutions [11].

Peppermint is a member of the mint (Mentha) family. Its botanical name is Mentha piperita L. It is regularly cultivated
in Pakistan and considered as cash crop due to distinct test and aroma [12]. Since 1696 it is being used as a medicine in
various forms for common cold, cough, inflammation of the mouth and throat, sinus infections, and other respiratory
infections. Peppermint oil and its menthol components are in use as an inhalant for upper respiratory tract infections
[13] Itis reported that peppermint oil and Plant extract are effective against Gram positive and Gram negative bacteria,
viruses and fungi. The effective antibacterial ingredients are presents in whole leafs, leaf extracts and water of whole
plants including roots- The main chemical compounds present in mint are limonene, cineole, menthone, menthofuran,
isomenthone, menthyl acetate, isopulegol, menthol, pulegone and carvone [14] Moreover, it is also suggested that oil
from root and leaf have different chemical compositions [15]. Due to its uses the essential oil of peppermint are
frequently traded around the world and it is considered as subject for food and pharmaceutical industries in developing
and developed countries [16].

Like peppermint garlic (Allium sativum) is also one of the broad spectrum antimicrobial agents. Its organosulfur
compounds are highly effective against viruses, fungi and bacteria [17]. The garlic is in use as a medicinal plant since
ancient time (3000 B. C) [18]. The group (Allium) vegetables are consist upon 850 different species and commonly used
all over the world [19] The garlic is one of the highly important products ranks second to onion in Allium species . It
increases the shelf life of food items by reducing microbial growth as well as protects the consumers from infectious
agents [20]- Normally, garlic is considered good for high blood pressure, high levels of cholesterol or other fats in the
blood, and hardening of the arteries. It is also helpful against common cold and osteoarthritis. Organosulfur (e. g., allicin
and alliin) and flavonoid (e. g., quercetin) compounds are responsible for immunomodulatoryeffects of this healthy
spice [20]. It is reported that peoples using it as daily,have less severe symptoms of cold and other respiratory tract
infections [21]. It is in use for the treatment of upper respiratory tract infections particularly for infants [22]. Garlic is
also an effective treatment option against multidrug resistant pathogens of E. coli and methicillin resistant S. aureus
[23]. In a recent study it is reported that 10 mg/mL of garlic is effective against clinical and environment pathogens of
S. aureus and E. coli. Additionally, it has also been reported that 2. 5% mouth wash solution of garlic is very effective
against streptococci and other oral pathogens [24]. Similarly, garlic and peppermint extract also an effective treatment
for oral cavity and its uses reduces the microbial load of saliva [25] On the basis of these observations this study was
designed to analyze the effect of garlic and peppermint as treatment option for upper respiratory tract infections. The
focus of the study is Group A streptococci.

2. Material and methods

2.1. Sample collection and Isolation of Group Astreptococci

This cross sectional study was carried out in Mingora, KPK-Pakistan. Samples were collected from tonsillar area and
posterior pharyngeal wall with sterile cotton swabs from patients of pharyngitis/tonsillitis of all age groups. All samples
were identified in two different laboratories (Ameerk Clinical Laboratory and Anwar Clinical Laboratory). The cotton
swabs were processed for the isolation of group A streptococci within 30 minutes of collection and cultured on 5%
sheep blood agar plate. The plates were incubated at 37°C for 24 hrs. The hemolysis on blood agar indicated the
presumptive presence of group A streptococci. The colony morphology, gram staining, catalase test and bacitracin
sensitivity (0. 04 units/disc) procedures was applied for further confirmation of bacteria. The confirmed pure cultures
were preserved in tryptone soya broth with 20% glycerol at - 20 °C until further analysis.

2.2. Preparation of Ethanol Extract of Garlic and Peppermint

The fresh peppermint and garlic (Allium sativum) were purchased from local market and authenticated by department
of Pharmacognosy. The fresh peppermint was washed with distilled water kept at room temperature in shade to avoid
volatility of plant materials and maintain original color. The plants were air dried and crashed in sterile mortar-pestle
for preparation of fine powder of peppermint. The powder was stored at cool dry place until next use. The 1 kg of dried
material was transferred into a round bottom flask and refluxed with ethanol for 2 x 3 hrs [26].

The 250 gram garlic (Allium sativum) was peeled off and washed with de-ionized distilled water. The 100 g of cleaned
garlic was re-washed in 95% ethanol and crashed in sterile mortar-pestle and sieved through double layer of sterile fine
mesh cloth to make 100% extract. The filtrate was placed in a water bath at 40-50°C for 24 hrs to evaporate the ethanol.
The thick paste of garlic was considered as 100% concentrated extract and stored at 4°C. The extract was further diluted
in de-ionized distilled water. The ethanolic extract was prepared following same procedure with the exception of
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solvent which was 95% ethanolic instead of sterilized distilled water. Antibacterial sensitivity testing using disc
diffusion method Filter paper disc of 5mm diameter using whatman no. 1 filter paper was prepared and sterilized. The
10-pL of the Garlic and peppermint extract was aseptically transferred to each disc.

2.3. The Stock Solution

The 50 mg dried mass of garlic and peppermint extract was re-dissolved at room temperature in 100 mL of ethanol to
prepare a stock solution at a concentration of 500 pg/mL. Further, 1 mL of stock solution of each extract was dissolved
in 100 mL to prepare a solution of 5 ug/mL and all the experiments were conducted within this range (5-500 pg/mL).

2.4. Preparation of standard inoculums

The subject isolates of S. pyogenes were inoculated into Muller Hinton broth (MHB) supplemented with 5% de-fibrinated
sheep blood and incubated at 35 °C for 18 hrs. The growth was adjusted according to 0. 5 Macfarland standards (3.
0 x 108 CFU/mL) in fresh MHB.

2.5. Agar Diffusion Method

Antibacterial activity of ethanol extract of garlic and peppermint was conducted as described in Clinical and Laboratory
Standard Guidelines (CLSI) [28-29]. Briefly, 500 uL (~108 CFU/mL) of subject culture of S. pyogenes was seeded on MH
agar containing 5% defibrinated sheep blood. After 15 minutes 7 mm wells were made on agar plate with sterile tube.
The wells were filled with 15 pL ethanol extract of garlic and peppermint. The ciprofloxacin antibiotic disk was also
placed on agar surface as control. The plates were placed at 4°C for 1 hr and incubated at 35 °C for 24 hrs. The
antibacterial activity was evaluated by measuring the width of the zone of inhibition (clear) of growth against. The zone
around antibiotic disk was used as reference.

2.6. Minimum inhibitory concentration (MIC)

MIC was determined by the broth twofold macro dilution method in Muller Hinton brothsupplemented with 5%
defibrinated sheep blood for bacterial strains according to a modification of the procedures reported earlier (Mazzanti
etal., 2000; NCCLS, 2000). MIC was defined as the lowest concentration of garlic and peppermint extractsthat allows
no more than 20% growth of the bacteria, which is seen as the decreased number of colonies after removing the loop
with 10 pL of each dilution on MHA and incubation at 37 + 1 °C for 24hrs

2.7. Antibiotic Sensitivity Assay

Briefly, 500 uL (~108 CFU/mL) of subject culture of S. pyogenes was seeded on MH agar containing 5% defibrinated
sheep blood. The antibiotic discs of Penicillin,Co-amoxiclav and Ciprofloxacin were used as standard for antibiotic
sensitivity assay. The discs of antibiotics were placed on agar surface with help of sterile forceps and incubated at 35°C
for 24 hrs. The antibacterial activity was evaluated by measuring the width of the zone of inhibition [27-28].

3. Results

A total of 53 swabs collected from different patients have shown the presence of bacterial colonies on nutrient agar,
MacConkey's agar, and blood agar plates. These isolates were purified to identify the target bacterial strains. In the first
step, Gram staining was applied to differentiate between Gram-positive and Gram-negative strains. The Gram-positive
cocci in chains were then segregated and purified for confirmation. Out of the 76 isolates, 54 were identified as Gram-
positive cocci. Further testing revealed that 42 were catalase-negative cocci in chains, while 22 were catalase-positive.
All 42 catalase-negative isolates were found to be beta-hemolytic onbloodd agar and non-motile, and were subsequently
classified as S. pyogenes. However, the sensitivity profile of these pathogens revealed that the majority were resistant
to ciprofloxacin, with 25 out of 29 isolates (86%) showing resistance. Additionally, seven ciprofloxacin-resistant isolates
of S. pyogenes were recovered from female patients, while 19 S. pyogenes strains recovered from male patients were
resistant to ciprofloxacin. In contrast, penicillin and co-amoxiclav (amoxicillin with clavulanic acid) were highly effective
against all S. pyogenes isolates used in the present study. All of these isolates were found to be sensitive to penicillin
and co-amoxiclav, with no considerable difference in zone size between ciprofloxacin-resistant and ciprofloxacin-
sensitive strains. Results are presented in table 1.

3.1. Antibacterial effect of Peppermint

The entire subject isolates were exposed to different concentration of two types of peppermint extracts i. e. aqueous
extract and phenolic extract. The sensitivity assay showed a wide difference in efficacy of both of these extract against
subject isolates of S. pyogenes. The ethanol extract of peppermint was found to be more effective as compare to aqueous
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extract. Majority of the isolates were inhibited at 100uL/mL. Opposing to this, minimum inhibitory concentration of
aqueous extract was 250uL/mL. In addition to this 3 isolates were even more resistant and tolerate 250uL/mL and
inhibited at 500uL/mL. The results have shown that 4 isolates of S. pyogeneswere sensitive to 250uL/mL of aqueous
extract of peppermint. Further analyses of the results have indicated that 4 isolates of S. pyogeneswere resistant to 100
uL/mL of ethanol extract of peppermint and inhibited at 200uL/mL (Results are presented in table-1). The zone size of
aqueous and phenolic extract of peppermint were 29mm and 36mm respectively (Presented in Fig 1)

3.2. Antibacterial effect of Garlic

The subject isolates of S. pyogenes were exposed to different concentration of aqueous and ethanol extract of garlic. The
result showed garlic was highly effective against the entire subject isolates recovered from throat of different patients.
The sensitivity assay indicated that 50uL/mL was effective dose to inhibit the growth of S. pyogenes. (Results are
presented in table-1) Furthermore, the aqueous extract and ethanol extract showed identical inhibitory effect against
the subject pathogens of S. pyogenes. The disc diffusion assay reveled clearance zone size around garlic disc was 38mm.
(Presented in Fig 1). Therefore; these pathogens were categorized as sensitive to garlic extract.
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Figure 1 Some representative pictures showing zone of inhibition of Peppermint and Garlic extract effect on isolates
of S. pyogenes

Table 1 MICs of Garlic and Peppermint extracts and antibiotics sensitivity profile (zone size)

S# |Gander|Age |Peppermint Garlic Antibiotic Sensitivity
Aqua Ethanol Aqua Ethanol Penicillin | co- Ciprofloxacin
extract extract extract extract amoxiclav

21 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 20 mm (S) |24 mm (s) 9 mm (R)
43 |250 pg/mL 100 pg/mL 50 pg/mL |50 pg/mL 27 mm (S) |26 mm (s) 6 mm (R)
51 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 22 mm (S) |26 mm (s) 6 mm (R)
23 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 25 mm (S) |23 mm (s) 8 mm (R)
29 |250 ug/mL |100 pg/mL 50 pg/mL |50 pg/mL 25 mm (S) |25 mm (s) 11 mm (R)
21 (250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 26 mm (S) |25 mm (s) 13 mm (R)

N W |N |-
TR |E|HIEIR
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7 |M 42 250 pg/mL 100 pg/mL 50 pg/mL |50 pg/mL 29 mm (S) |27 mm (s) 4 mm (R)
8 |M 56 [250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 22 mm (S) |22 mm (s) 4 mm (R)
9 |F 29 |500 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 24 mm (S) |27 mm (s) 3 mm (R)
10 |M 25 250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 25 mm (S) |26 mm (s) 6 mm (R)
11 |F 33 {100 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 25 mm (S) |27 mm (s) 7 mm (R)
12 |M 28 |250 pg/mL |200 pg/mL 50 pg/mL |50 pg/mL 25 mm (S) |23 mm (s) 7 mm (R)
13 |M 12 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 24 mm (S) |24 mm (s) 9 mm (R)
14 |M 49 |250 pg/mL 100 pg/mL 50 pg/mL |50 pg/mL 20 mm (S) |24 mm (s) 4 mm (R)
15 |M 11 |500 pg/mL |200 pg/mL 50 pg/mL |50 pg/mL 22 mm (S)|22 mm (s) 4 mm (R)
16 |M 16 |500 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 22 mm (S) |22 mm (s) 18 mm (s)
17. |F 27 250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 20 mm (S) |23 mm (s) 21 mm (s)
18 |M 12 {250 pg/mL |100 pg/mL 50 pyg/mL |50 pg/mL 20 mm (S) |25 mm (s) 9 mm (R)
20. |F 56 [250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 23 mm (S) |25 mm (s) 18 mm (s)
21. |M 8 [250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 24 mm (S) |25 mm (s) 17 mm (s)
22. |M 33 100 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 23 mm (S) |22 mm (s) 9 mm (R)
23. |F 6 |100 pg/mL 100 pg/mL 50 pg/mL |50 pg/mL 23 mm (S) |25 mm (s) 9 mm (R)
24. |F 27 (100 pg/mL 100 pg/mL 50 pg/mL |50 pg/mL 26 mm (S) |26 mm (s) 6 mm (R)
25. |F 42 250 pg/mL 100 pg/mL 50 pg/mL |50 pg/mL 27 mm (S) |26 mm (s) 4 mm (R)
26. |F 21 (250 pg/mL |200 pg/mL 50 pg/mL |50 pg/mL 21 mm (S) |26 mm (s) 12 mm (R)
27. |F 23 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 20 mm (S) |24 mm (s) 12 mm (R)
28. |M 45 |250 pg/mL 100 pg/mL 50 pg/mL |50 pg/mL 20 mm (S) |24 mm (s) 19 mm (s)
29. |F 36 |500 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 26 mm (S) |25 mm (s) 10 mm (R)
30. |F 32 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 28 mm (S) |23 mm (s) 10 mm (R)
31. |[M 23 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 25mm (S) |25 mm (s) 11 mm (R)
32 |M 22 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 26 mm (S) |26 mm (s) 10 mm (R)
33. |M 7 1250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 29 mm (S) |27 mm (s) 4 mm (R)
34. |F 54 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 22 mm (S) |22 mm (s) 5 mm (R)
35. M 14 |500 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 24 mm (S) |27 mm (s) 5 mm (R)
36. |M 25 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 25mm (S) |26 mm (s) 6 mm (R)
37. |M 31 100 pg/mL 100 pg/mL 50 pg/mL |50 pg/mL 25mm (S) |27 mm (s) 7 mm (R)
38. |F 27 |250 pg/mL |200 pg/mL 50 pg/mL |50 pg/mL 25mm (S) |23 mm (s) 7 mm (R)
39. |F 62 |250 pg/mL 100 pg/mL 50 pg/mL |50 pg/mL 24 mm (S) |24 mm (s) 9 mm (R)
40. |\M 47 250 pg/mL 100 pg/mL 50 pg/mL |50 pg/mL 20 mm (S) |24 mm (s) 4 mm (R)
41. |M 19 |500 pg/mL |200 pg/mL 50 pg/mL |50 pg/mL 21 mm (S) |20 mm (s) 5 mm (R)
42. |\M 70 {500 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 22 mm (S) |20 mm (s) 18 mm (s)
43. |F 21 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 20 mm (S) |23 mm (s) 21 mm (s)
44. |\M 22 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 20 mm (S) |25 mm (s) 9 mm (R)
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45. |M 56 [250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 23 mm (S) |25 mm (s) 18 mm (s)
46. |\M 18 |250 pg/mL [100 pg/mL 50 pg/mL |50 pg/mL 24 mm (S) |25 mm (s) 17 mm (s)
47. |\M 43 |100 pg/mL [100 pg/mL 50 pg/mL |50 pg/mL 23 mm (S) |22 mm (s) 9 mm (R)
48. |F 44 1100 pg/mL [100 pg/mL 50 pg/mL |50 pg/mL 23 mm (S) |25 mm (s) 9 mm (R)
48. |F 27 1100 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 26 mm (S) |26 mm (s) 6 mm (R)
49. |F 22 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 27 mm (S) |26 mm (s) 4 mm (R)
50. |F 69 |250 pg/mL |200 pg/mL 50 pg/mL |50 pg/mL 21 mm (S) |26 mm (s) 12 mm (R)
51. |M 23 |250 pg/mL 100 pg/mL 50 pg/mL |50 pg/mL 22 mm (S) |24 mm (s) 11 mm (R)
52. |F 45 |250 pg/mL 100 pg/mL 50 pg/mL |50 pg/mL 20 mm (S) |24 mm (s) 19 mm (s)
53. |[M 26 |500 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 26 mm (S) |25 mm (s) 10 mm (R)
54. |F 31 |250 pg/mL |100 pg/mL 50 pg/mL |50 pg/mL 27 mm (S) |23 mm (s) 9 mm (R)

4. Discussion

The present study was conducted on throat borne isolate of group a streptococcus particularly S. pyogenes collected
from patients of Mingora Swat. This is a ubiquitous gram-positive (cocci) pathogen capable to cause a wide range of
infection in human. ;30]In the present study and literature survey it was noticed that children and old age population are
major target of this pathogen. However, adult population is also affected and infected by this pathogen. It may cause
minor, acute and self resolving infection like pharyngitis as well as life threatening infections as necrotizing fasciitis
[29].

In present study two of the commonly used food additives Garlic and Peppermint were applied against S. pyogenes. The
results indicated that both of these were highly effective against throat borne isolates of S. pyogenes. But the comparative
analysis of both of these compounds reveled that garlic is more effective against S. pyogenes. The results indicated that
mean minimum inhibitory concentration for the garlic extract is lesser than that of the mint’s. This is also supported by
previous studies and suggested that garlic is a fairly strong natural antibacterial [30]. The active ingredient in garlic is
allicin, which interferes with lipid synthesis and RNA production in bacteria. Allicin inhibits growth and leads to the
death of bacteria [31]. While, the ethanol extract of peppermint was more effective as compare to aqueous extract
against subject isolates of S. pyogenes. This highest antibacterial activity of peppermint extract is might be due to
solubility of the active substances in organic solvents. This finding is in accordance with previous research published. It
is mentioned that the organic (ethanol, methanol, ethyl acetate, chloroform, hexane and petroleum ether) extracts of
the leaves were found to possess strong antibacterial activity against a range of pathogenic bacteria [32]. This finding
suggested that peppermint different ingredients some of these are water soluble and some are soluble in organic
solvents. Also these compounds have different antibacterial effect [32].

On the other hand, Garlic has shown equal effectiveness with water and ethanol extraction. This could be the reason for
more efficacy of garlic as compare to peppermint. The active ingredients of Garlic are soluble in water as well as in
ethanol. The other possibility is garlic contain high quantity of antibacterial agents that are very effective against the
pathogens [33]. The susceptibility has been tested as minimum inhibitory concentration and zone of inhibition. The
garlic extract showed that all of these isolates have almost similar response e. g. MIC of all is 50uL.,/mL and zone size
was 38mm. By these results it was confirmed that all of the S. pyogenes isolates recovered from the throat of different
patients were highly sensitive to garlic.

As compare to garlic, MIC of aqua extract of peppermint was 250uL/mL and ethanol extract was 100pL/mL. The zone
size was 29mm and 36mm. This indicates that S. pyogenes are also sensitive to peppermint extract. The antibacterial
activity of these compounds may be affected by cell wall composition bacteria as well as solvents. The cell walls of Gram
positive bacteria contain <2% lipid [34]. Therefore, it has been assumed that water soluble compounds easily penetrate
inside cell wall and damage the bacterial growth. Whereas, hydrophobic compounds may not penetrate cell wall as easy
as water soluble. Consequently, these compounds from Peppermint leaves are less effective as compare to garlic extract.
The results suggested that S. aureus was susceptible to hydrophilic compounds and E. coli was susceptible to
hydrophobic compounds. This is due to presence of outer membrane in E. coli and presence of low lipid contents in cell
wall of S. aureus. [35]. The water solubility of active antibacterial ingredients of garlic and peppermint make them
potential candidate to use as synergistic partner of different antibiotics. Interestingly, up till now there is no report of
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Garlic or Peppermint resistant bacteria from any part the world. Therefore, this compound could be potential alternates
of antibiotics. In vitro studies have suggested that allicin can inhibit the proliferation of both bacteria and fungi or kill
cells outright, including antibiotic-resistant. A recent study further explored its mode of action and suggested that it
targets and inhibit DNA gyrase activity by oxidization of sub unit A [35-36].

The Peppermint mainly inhibits microbial growth due the presence of compounds such as l-menthol, menthone,
menthyl acetate, and limonene. These compounds are reported to damage the membrane of bacteria. Therefore, it is
highly active against Gram positive bacteria e. g. S. pyogenes. The Gram negative bacteria like E. coli have outer
membrane that prevent the entrance of these compounds to cell membrane and protect it from toxic effect [37].
Whereas, Gram positive bacteria do not have outer membrane and these compounds have easy access to cell membrane.
This is the reason that these Gram positive bacteria are easy target for Peppermint and Garlic [40]. On the basis of our
research results and literature survey on antibacterial activity of Garlic and Peppermint it has been noticed that these
medicinal plants have great potential to use as an alternate to antibiotics.

5. Conclusion

In the present study total of 29 isolates of S. pyogenes were recovered from the throat sample of patients. All of these
isolates were sensitive to amoxicillin and the majority was resistant to ciprofloxacin. The garlic and peppermint were
found to be highly effective against all of these isolates of S. pyogenes. However, the ethanol extract of peppermint was
more effective than compared water extract. The Garlic extract (ethanol and water) was equally effective against these
pathogens recovered from throat swabs. The Ethanol extract of Peppermint was found to Kkill subject isolates of S.
pyogenes within 30 minutes. The aqueous extract was achieved similar results in 140 minutes and it require high dose
as well. Compare to this the ethanol and aqueous extract were equally effective and cleared the complete growth of S.
pyogenes within 15 minutes. The S. pyogenes is one of the major pathogens responsible for throat infections in the Swat
region of the KPK province of Pakistan. The present research has suggested that this pathogen infects almost everyone
in all age groups of the male and female populations. Moreover, due to the prevalence of multidrug-resistant, it is very
difficult to control this infection. Therefore, the natural compound could be the best available option to control and
prevent the spread of multidrug resistant pathogens. This study has proved that garlic and peppermint are the best
examples of this. However, the results of the present study confirmed that garlic and peppermint are very effective
against a wide range of isolates of S. pyogenes recovered from throat samples of patients in Swat.
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