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ABSTRACT
Background: Garlic is a medicinal plant with anti-inflammatory, antimicrobial and immune-boosting properties. The aim of the 
present study was to assess and compare the effect of garlic extracts with those of chlorhexidine gluconate and de-ionized water 
against viability counts of Streptococci and Mutans Streptococci.
Materials and Methods: The effect of different concentrations of garlic extracts (water and ethanol) on growth and viability counts 
of Mutans Streptococci in comparison to 0.2% chlorhexidine gluconate and de-ionized water were evaluated through a series of in 
vitro experiments. Water garlic extract (10%), were tested in comparison to chlorhexidine (0.2 %) and de-ionized water, regarding 
the effect on viability counts of salivary Mutans Streptococci and Streptococci, among a group of volunteers.
Results In vitro experiments; Statistically non significant reduction in the viable counts was recorded when garlic extracts (water 
and ethanol) were used at concentration 5%, while at higher concentrations both types of garlic extracts showed statistically signif-
icant reduction in the counts of Mutans Streptococci (P<0.05). 

Rinsing with any one of these agents resulted in a slight decrease in the salivary counts of bacteria, while chlorhexidine showed 
a sharp reduction in the counts of bacteria which was highly significant (P<0.001). For Mutans Streptococci, a highly significant 
differences were found between the three mouth rinses (P<0.001) in the counts of bacteria in the following time points (after 30 
minute, after one hour and after two hours of rinsing). Within these times chlorhexidine was shown to be the most effective in 
reducing the counts of these bacteria followed by water garlic extract.
Conclusion: Garlic extract was effective against Mutans Streptococci when tested both in vitro and in vivo.
Key words: Garlic extracts, chlorhexidine, Streptococci, Mutans Streptococci.

INTRODUCTION
Dental caries can be reduced by eliminating es-

tablished Mutans Streptococci population from the 
oral cavity through mechanical plaque control (tooth 
brushing and inter dental cleaning), increasing the 
acid–resistance of teeth through effective use of fluo-
rides and control of the carbohydrate composition of 
the diet (1- 3).

 Recently, there has been a dramatic increase in 
the use of plant products and herbs like Siwak, green 
and black tea, and Myrtus communis (4 - 7). Garlic 
(Allium Sativum) is one of these herbs which have 
been used for a wide variety of diseases and health 
conditions like periodontal diseases and dental car-
ies (8, 9). However, there is a lack of studies regarding 
its specificity against cariogenic bacteria especially 
Streptococci which may prove its potency against this 
bacteria. The aim of the present study was to assess 
and compare the effect of garlic extracts with those of 
chlorhexidine gluconate and de-ionized water against 
the viability counts of Streptococci and Mutans Strep-
tococci.

MATERIALS AND METHODS 
This study was conducted in the laboratory of 

College of Dentistry/ University of Baghdad. Garlic 

was extracted by two methods which were: 
1. Water Garlic Extract: This was prepared accord-

ing to the method described by Tsao et al,(10). A 200 
gm was taken and sliced then homogenized in 200 
ml of sterile de-ionized water in a blender at high 
speed for two minutes; garlic was kept in a large 
bottle which was sealed with aluminum foil for two 
hours at room temperature. The extract was filtrat-
ed using Whatman No. one filter paper, then left to 
dry at 40°C in hot air oven for evaporation of water. 
A thick paste was obtained this was kept in small 
bottles in refrigerated conditions until use. 

2. Ethanol Garlic Extract: It was prepared accord-
ing to the method described by Onyeagba et al, 
(11), about 200 gm of garlic was taken and soaked 
in one liter of 99% ethanol in a large bottle sealed 
with foil and allowed to stand for 72 hour then this 
was filtrated by Whatman filter paper No. one. The 
extract then left to dry at 40°C in hot air oven, then 
the extracted paste was kept in a small bottle in the 
refrigerator until use. 

 
Isolation of Mutans Streptococci: stimulated sal-

ivary samples were collected from five healthy look-
ing dental student aged 22- 23 years for isolation of 
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bacteria, collection of saliva from voluntaries were 
performed under standardized condition. Samples 
were homogenized by vortex mixer for two minutes, 
and then ten- fold dilution was performed by transfer-
ring 0.1 ml of saliva to 0.9 ml of phosphate buffer sa-
line (pH 7.0). From dilution 10-3 of salivary samples 
0.1 was taken and spread in duplicate on the Mitis 
Salivarius Bacitracin agar media, the plates were in-
cubated an aerobically using a gas pack or candle for 
48 hour at 37°C then aerobically for 24 hr. at room 
temperature (12). 
Experiment One: 
Sensitivities of Mutans Streptococci to Different 
Concentrations of Garlic Extracts, Chlorhexidine 
and Deionized Water, In Vitro. 

 Different concentrations of water and ethanol 
garlic extracts in addition to chlorhexidine gluconate 
(0.2%) were used in this experiment, they were as fol-
low: 
Water garlic extract 5%,10%,15%,20%,25%,30%,35
%,40%,45%,50%. 
Ethanol garlic extract 5%,10%,15%,20%,25%,30%,3
5%,40%,45%,50%. 

A volume of 25 ml of Mueller Hinton Agar was 
poured into sterile glass petri dishes, left at room tem-
perature for 24 hour. To each plate 0.1 ml of Mutans 
Streptococci inoculums was spread, left for 20 min-
ute at room temperature then wells of equal size and 
depth were prepared about, each well was filled with 
0.2 ml of the test agent. Plates were left at room tem-
perature for one hour then incubated an aerobically 
for 24 hr. at 37°C; zone of inhibition was measured 
across the diameter of each well. 
Experiment Two:
Effects of Garlic Extracts, Chlorhexidine, and 
Deionized Water on Viability Counts of Mutans 
Streptococci, In Vitro. 

 Different concentrations of garlic extracts were 
prepared. Brain Heart Infusion broth (pH 7.0) were 
prepared and distributed in test tubes by 8.9 ml in 
each one. One ml of the test agent was added to each 
tube. After that 0.1 ml of bacterial inoculums was 
added to both study and control tubes. From the con-
trol tube 0.1 ml was transferred to 0.9 ml of sterile 
Phosphate Buffer Saline (pH 7.0) and a ten–fold di-
lution was performed. From dilutions 10-3, 0.1ml was 
taken and spread in duplicate on MSB agar plates, the 
plates then incubated an aerobically at 37°C for 48 hr. 
Then colony forming unit per milliliter (colony form-
ing unit/ml) was counted, this value was considered 
as the initial count of bacteria. Study and control were 
incubated aerobically at 37ºC for 24 hr. From each 

tube of the control and study 0.1 ml was transferred to 
0.9 ml of PBS and a ten fold dilution was performed. 
From dilutions 10-3, 0.1 ml was taken and spread in 
duplicate on Mitis Salivarius Bacitracin agar plates, 
the plates then incubated anaerobically at 37°C for 24 
hr. The colony–forming unit per milliliter was count-
ed (colony forming unit/ ml) for all the plates. 

Experiment Three:
Effects of Water Garlic Extract, Chlorhexidine 
and De-ionized Water on Salivary Counts of Strep-
tococci and Mutans Streptococci, In Vivo. 

The effects of these agents were tested on the 
saliva of a group of volunteers, the volunteers partic-
ipated in this experiment were 18 subject, they were 
divided into three groups six in each one. The first 
group was the experimental group that used water 
garlic extract as a mouth rinse (10%), while the sec-
ond group was the control positive group rinsing with 
chlorhexidine gluconate (0.2%), the last group which 
was the control negative rinsed with de-ionized wa-
ter. All the volunteer participated in this experiment 
were healthy looking with no medical history, did not 
receive any antimicrobial agents during the last two 
weeks prior to the study, not wearing any fixed or re-
movable prosthesis or orthodontic appliance, the age 
range was 25-30 years. The procedure was conducted 
at 9.00 a.m. which was at least two hours following 
their breakfast, the volunteers were asked to suspend 
their usual oral hygiene practice at the day of exper-
iment (13). 
Procedure: Each volunteer was given a piece of Ara-
bic gum (0.5gm) and asked to chew it for one minute 
only, then stimulated saliva was collected in sterilized 
screw capped bottles (14). After one minute, each vol-
unteer was asked to rinse with 10 ml of test agent for 
one minute then expectorate. Stimulated saliva were 
recollected in the following points: after one minute 
of rinsing, 30 min, one hour, and, two hours during 
this time, the volunteers were asked not to eat or drink 
anything except water, pH and flow rate for each sal-
ivary sample was tested. Salivary samples were dis-
persed for two minutes by vortex mixer, then 0.1 ml 
of saliva transferred to 0.9 ml of sterile Phosphate 
Buffer Saline (pH 7.0), and ten-fold dilutions were 
performed. From the dilution 10-3, 0.1 ml was taken 
and spread in duplicate on Mitis Salivarius Bacitracin 
agar plates, these plates were incubated an aerobical-
ly for 48 hr. at 37ºC then aerobically for 24 hr. at room 
temperature, colonies were counted by colony count-
er. The number of colonies was expressed as colo-
ny–forming units multiplied by the dilution factor per 
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milliliter of saliva (colony forming unit/ml). 
 Statistical analysis performed using SPSS for 

calculation of the statistical parameters, mean and 
standard deviation. Student’s t–test applied for cal-
culating the significance of differences between the 
different variables, accepted at 0.05. 

RESULTS
Sensitivities of Mutans Streptococci to Different 
Concentration of Garlic Extract (Water and Etha-
nol), Chlorhexidine gluconate and De-ionized Wa-
ter, In Vitro.

 A highly significant difference was shown be-
tween Chlorhexidine gluconate and different con-
centrations of water garlic extract (Table1), as the 
sensitivity of Mutans Streptococci was higher to ch-
lorhexidine compared to different concentrations of 
water garlic extract (P <0.001). On comparison of ch-
lorhexidine to different concentrations of ethanol gar-
lic extract, a highly significant difference was shown 
at concentrations 5%, 10%, 15% at (P <0.001), at 
these concentrations sensitivities of Mutans Strepto-
cocci to ethanol garlic extract was lower than that of 
chlorhexidine, while at concentrations 25%, and 30% 
no significant difference in sensitivities between the 
two agents was found. As the concentration of ethanol 
garlic extract was increased the sensitivity of bacteria 
to this agent became more compared to chlorhexidine 
and at concentrations 35%, 40%, 45%, 50% the dif-
ference was highly significant, (Table 2 ).
Effect of Garlic Extracts (Water and Ethanol), Ch-
lorhexidine gluconate and De-ionized Water on Vi-
ability Count of Mutans Streptococci, In Vitro 

 The counts of bacteria after 24hr. were compared 
with that after the application of different agents, re-
sults showed that there was no significant reduction 
in the counts of bacteria at concentration of 5% water 
garlic extract and 5% ethanol garlic extract, the same 
result was shown for de-ionized water. A significant 
reduction in the counts of bacteria at concentrations 
10% and 15% of water garlic extract (P<0.05) was 
also seen, the same result was illustrated for ethanol 
garlic extract at conc. 10% and 15%, concerning ch-
lorhexidine gluconate there was a highly significant 
reduction in the counts of bacteria in comparison to 
the control after 24hr. (Table 3 ).
 Effects of Garlic Extract, Chlorhexidine gluco-
nate and Deionized Water on the Viability Counts 
of Salivary Streptococci and Mutans Streptococci, 
In Vivo 
Salivary Streptococci:

Mean counts of bacteria estimated before and 

after rinsing with 10% garlic water extract, chlorhex-
idine gluconate, and de-ionized water at each time 
interval is seen in (Figure 1), there was a slight reduc-
tion in the mean counts of bacteria after one minute of 
rinsing with water garlic extract or chlorhexidine, in 
contrast de-ionized water showed a slight increased in 
the counts of bacteria. After 30 min. a slight reduction 
in the counts of bacteria was illustrated by de-ionized 
water and water garlic extract which tended to in-
crease gradually after one hour, until reached to the 
baseline after two hours. For chlorhexidine there was 
a marked decrease in the counts of bacteria after 30 
min. which continued after one hr. then the counts of 
bacteria were gradually increased but still lower than 
the baseline. (Table 4) illustrates values of standard 
deviations of the mean counts of bacteria. 
Mutans Streptococci: Mean counts of bacteria esti-
mated before and after rinsing with 10% garlic wa-
ter extract, chlorhexidine gluconate, and de-ionized 
water at each time interval is seen in (Figure 2). For 
de-ionized water there was a slight reduction in the 
counts of bacteria immediately after rinsing, which 
continued after 30 minute, then the counts of bacte-
ria raised after one hour, then showed a slight reduc-
tion which continued for two hours and remained less 
than that of the baseline. Immediately after rinsing 
with water garlic extract or chlorhexidine gluconate 
a slight reduction in the counts of bacteria was seen 
followed by sharp reduction after 30 minutes, then 
the count was gradually increased for the following 
time points but remained less than that of the base-
line. The greatest reduction was shown by chlorhexi-
dine gluconate followed by garlic extract; de-ionized 
water showed the highest bacterial counts. (Table 5) 
illustrates values of standard deviations of the mean 
counts of bacteria.

DISCUSSION
Sensitivities of Mutans Streptococci to different 

concentrations of garlic extracts in comparison to ch-
lorhexidine gluconate (0.2%) and de-ionized water 
was tested using Agar Well Technique. For water gar-
lic extract a minimum concentration needed to pro-
duce inhibition zone was 10%, while for ethanol gar-
lic extract a lower concentration was needed to inhibit 
the growth of bacteria which was (5%). Processed 
garlic contains a variety of oil and water soluble sul-
fur compounds for which many biological activities 
of garlic attributed (15); in this study variation in the 
amount and types of these antimicrobial compounds 
present in the two types of garlic extracts may explain 
the variation in the sensitivity of bacteria. The zone 
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of inhibition was found to increase as the concentra-
tion of garlic extracts was increase for both types with 
highly significant differences between most of these 
concentration, for ethanol garlic extract, zones of in-
hibition were much higher than that of water garlic 
extract of the same concentration, this may be relat-
ed to that the active chemical constituents that might 
have the ability to dissolve better in ethanol than in 
water, as will be discussed later.

 Sensitivities of Mutans Streptococci to chlorhex-
idine was tested and compared to garlic extracts (wa-
ter and ethanol), these bacteria were more sensitive 
to chlorhexidine gluconate compared to both types of 
garlic extracts. It is well known that chlorhexidine is 
an effective agent especially against Mutans Strepto-
cocci the mode of action of chlorhexidine on these 
bacteria varies with its concentration, more specific 
effects have been observed with lower (bacteriostatic) 
concentrations which is based on disturbance of bac-
terial cell functions, enzymes and cell receptors (16). 
As the concentration increased, ethanol garlic extract 
was much more effective than chlorhexidine in this 
study, this may be difficult to explain, and one can as-
sume that Mutans Streptococci are more sensitive to 
ethanol garlic extract at high concentrations than ch-
lorhexidine or the permeability of bacterial cell wall 
by ethanol garlic extract with these concentrations 
might be better than chlorhexidine. 

 The effect of garlic extracts (water and ethanol), 
chlorhexidine gluconate, and de-ionized water on the 

viability counts of Mutans Streptococci in vitro were 
tested, a significant reduction in the counts of these 
bacteria was shown at concentration of 10% and 15% 
for both types of garlic extracts compared to the con-
trol after 24 hour. Mechanisms where by garlic ex-
tract inhibit growth of bacteria especially against Mu-
tans Streptococci are still unclear, most explanations 
concerning the antibacterial effect of garlic in general 
related the inhibitory effect of the main antimicro-
bial constituent of garlic which has been identified 
as the oxygenated sulfur compound, thio-2-propene 
-1-sulfinic acid S–allyl ester referred to as allicin, it 
was shown that this compound react very rapidly with 
free thiol groups via thiol-disulphide exchange, there-
fore, it is thought that the main mechanism of action 
of allicin against bacteria is through interaction with 
thiol containing enzymes including cysteine proteas-
es and alcohol dehydrogenises (17, 18). 

The effect of de-ionized water and chlorhexi-
dine on the viability counts of Mutans Streptococci 
were tested separately, results showed that there was 
no significant difference in the counts of bacteria for 
de-ionized water compared to the control after 24 
hour, this could be explained by the complete resis-
tant of these bacteria to de-ionized water, where as 
chlorhexidine showed highly significant reduction in 
the counts of bacteria in comparison to the control 
after 24 hour and garlic extracts. It is well known that 
chlorhexidine is a potent antibacterial agent particu-
larly against Mutans Streptococci (19, 20).

Table1: Statistical Test between Chlorhexidine and Concentrations of Water Garlic Extract.

Concentration of
Garlic Water Extract t-test P-Value Description

5% - - -
10% 24.42 0.000 HS
15% 21.08 0.000 HS
20% 18.58 0.000 HS
25% 20.01 0.000 HS
30% 18.22 0.000 HS
35% 16.98 0.000 HS
40% 14.03 0.000 HS
45% 8.00 0.000 HS
50% 7.28 0.000 HS

Table 2: Statistical Test between Chlorhexidine and Concentration of Ethanol Garlic Extract.

Concentration of 
Garlic Ethanol Extract t-test P-Value Description

5% 24.36 0.000 HS
10% 13.40 0.000 HS
15% 8.68 0.000 HS
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Concentration of 
Garlic Ethanol Extract t-test P-Value Description

20% 3.38 0.003 S
25% 1.58 0.133 NS
30% 0.70 0.494 NS
35% 4.91 0.000 HS
40% 5.52 0.000 HS
45% 8.91 0.000 HS
50% 10.68 0.000 HS

Considering in vitro data obtained in the present 
garlic extract has been shown to be effective against 
Streptococci and Mutans Streptococci. Further stud-
ies are needed regarding the effect of garlic extracts 
on other cariogenic determinants of Mutans Strepto-
cocci such as adherence and ability to form extracel-
lular polysaccharide, also future studies are needed 
concerning the effect of garlic extracts on other types 
of cariogenic bacteria as lactobacilli and Actinomy-
ces.

The effectiveness of water garlic extract (10%) 
on salivary Streptococci and Mutans Streptococci 
was tested among a group of volunteers, in compari-
son to chlorhexidine gluconate and de-ionized water. 
A slight reduction in the counts of Streptococci re-
corded for garlic extract, while a sharp reduction in 
mutans streptococcal counts was noticed, this was in 

coincidence with Groppo et al (21) who showed that 
garlic mouth rinse had antimicrobial activity against 
Mutans Streptococci, but not against other oral mi-
croorganisms, this may give an indication for spec-
ificity of garlic extract on Mutans Streptococci. The 
presence of resistant strains of oral Streptococci to 
this agent probably might explain its ineffectiveness 
against Streptococcal bacteria. The result of the pres-
ent study showed the effectiveness of garlic especially 
against Mutans Streptococci, although it was less than 
chlorhexidine gluconate, but it can be use as effective 
anti caries agent, however, many problems should 
be solved before such strategy can be accomplished 
which associated with reducing the strong odor of 
garlic and eliminating of burning sensation that could 
occur during or following rinsing.

Table 3: Statistical Test between Different Concentration of Garlic Extracts (Water, Ethanol), Chlorhexidine, and 
De-ionized Water in Comparison with the Counts of Mutans Streptococci after 24 hour.

Agents Count of bacteria 
after 24 hr. ×103 Description

Water garlic extract 5% 0.113 0.913 NS

Water garlic extract 10% 2.355 0.046 S

Water garlic extract 15% 3.927 0.004 S

Ethanol garlic extract 5% 2.304 0.05 NS

Ethanol garlic extract 10% 4.047 0.004 S

Ethanol garlic extract 15% 5.293 0.001 S

Chlorhexidine 0.2% 19.45 0.000 HS

De-ionized water 0.257 0.804 NS

Table 4: Values of Standard Deviation of Mean Count Streptococci by Time Points.

Time
Garlic water extract CHX DW

SD SD SD

Baseline 45.806 76.033 83.250

 One min. 72.644 76.904 85.854

30 min. 77.017 67.036 77.787
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Time
Garlic water extract CHX DW

SD SD SD

One hr. 91.821 59.642 91.934

Two hr. 56.266 64.272 106.432

Table 5: Values of Standard Deviation of Mean Counts Mutans Streptococci by Time Points.

Time
Garlic water extract CHX DW

SD SD SD
Baseline 71.306 54.302 72.496
One min. 65.879 79.792 55.029
30 min. 54.160 47.744 82.250
One hr. 56.337 16.363 87.113
Two hr. 85.490 46.908 87.618

Figure 1: Mean Counts of Salivary Streptococci ×103 of Volunteers Before and After Rinsing With 10% Garlic Water 
Extract, Chlorhexidine Gluconate, and De-ionized Water at Different Time Points.

Figure 2: Mean Counts of Salivary Mutans Streptococci ×103 of Volunteers Before and After Rinsing With 
Garlic Water Extract, Chlorhexidine Gluconate, and Deionized Water at Different Time Points. 
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