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ABSTRACT
This study was conducted to evaluate antimicrobial activity of alcoholic gel on malodor-producing bacterial flora which were clinically isolated 
from foot and axilla of individuals at various age groups. This work was performed during the period from April 2012 to July 2012. One hundred 
and sixteen swabs from foot and axilla -of male and female- were collected at Al-Muqdadiyah General Hospital, Diyala. The control group 
included 60 swabs were collected from apparently healthy individuals. The swabs of foot and axilla were inoculated onto suitable culture media 
and, then bacterial cells were identified based on morphological and biochemical characteristics. After application of alcoholic gel (mL/L), foot 
and axillary swabs were re-taken again and inoculated every (2,4,6,10) hours in order to identify the time point at which the gel shows its highest 
antibacterial activity. Our data showed that staphylococcus epidermidis was the primarily isolated bacteria followed by Corynebacterium spp. 
From the total samples, the number of bacteria isolated from axilla were as following; Staphylococcus epidermidis 77 (46%), Corynebacterium spp 
50 (30%), Staphylococcus aureus 37 (22%). From foot region, the isolated bacterial cells were S.epidermis 9 (39%), corynebacterium spp 8 (34%), 
and S.aureus 6 (26%). In addition, we reported that alcoholic gel had an inhibitory effect against isolated bacteria only during the first 2 hours of 
treatment. However, bacterial cells were capable to re-grow multiply and produce malodor after the 2 hours-treatment are ended. Comparing to 
several deodorants, alcoholic gel is highly recommended as safe and suitable treatment of choice for body malodors.
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INTRODUCTION
Sweating, the natural physiological phenomenon, works as regulator of 
our body temperature by releasing amounts of sweat controlled by the 
nervous system. This phenomenon is affected by the type of climate (hot 
weather), patient's physical status (exercise, anger, fear), pathological 
conditions accompanied with fever, or even, eating spicy foods (1). The 
“sweating system” composed of about 3 millions functional units called  
the sweat glands. At the foot, there are about 500000 glands and the 
others, 2500000, are distributed at three regions; the lips, teats and the 
skin of genital organs. At the crowded area, secretion and smelling of 
sweat upsets a lot of individuals who wearing non-cotton clothes that 
prevent natural evaporation of sweat (2).

Naturally, body smell of foot and axilla comes from biochemical 
reactions of bacterial flora, especially  spp with Corynebacterium
sweat's fatty substances and proteins (3). Several people are used to 
apply deodorants which are not enough to reduce sweat secretion 
itself. Some others are using aluminum-containing antiperspirants 
which block the sweat gland duct and ceases sweat secretion. 
However, many recent studies refer to the possibility of having cancer 
or aluminum poisoning due to using such antiperspirants (4).   

Poisoning with aluminum and it's harmful effect on mental activities 
are still a controversial issue while not a single scientific report has 
proved to have cancer because of using  aluminum preparations (5). 
 
The medical, social, and economic impacts of sweating secretion and 
its malodor should attract the attention of scientists to find ideal 
alternatives for controlling such phenomenon. Few studies have been 
published about this topic. Therefore, the current work comes to shed 
the light on the following; (i) detection of bacterial normal flora of foot 
and axilla and bacterial causes of malodor, (ii) sensitivity of isolated 
bacteria to alcoholic gel in order to find a safe substances as 
antiperspirants instead of using synthetic chemicals.

MATERIALS AND METHODS
This study included collection of 116 foot and axilla swabs from 
individuals (56 male, 60 female) having malodor sweating at Al-
Muqdadiyah General Hospital, Diyala. After swabs were taken, they  
inoculated directly on blood agar, manitol salt agar and tellurite agar. 
This study included a control group, 60 swabs were taken from 
apparently healthy individuals. Blood agar and manitol agar plates 

were incubated aerobically at 37°C for 24-48 hr while tellurite plates 
were kept at same conditions for 48-72 hr (6). After applied of 2 ml of  
alcoholic gel  and left for 30 sec to dry, foot and axillary swabs (1mL/L)
were re-taken again and inoculated every (2,4,6,10) onto same above 
mentioned culture media and at same conditions. Bacterial cells were 
identified according to (7,8,9) based on the morphological and 
biochemical features.

RESULTS AND DISCUSSION
1-Samples collection
In this study, 116 samples were collected from healthy people undergo 
from foot and axilla malodor; 105 from axilla and 11 from foot. The 
axilla and foot samples were divided according to genders who were 
17-60 years old. (see table 1 and 2)

Table 1: The number of axilla swabs according to genders

Table 2: The number of foot swabs according to genders

2-Bacterial diagnosis
Our data showed that S. epidermidis was the most common isolated 
bacteria (from axilla 46.95% and from foot 39.13%) compared to 
Corynebacterium spp 30.49%, 34.78% and S. aureus 22.56%, 26.09% 
of the total samples from foot and axillary regions, respectively (see 
table 3 and 4).

Table 3: Bacterial species isolated from axilla region
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Gender Number of samples Percentages (%)
Male 50 47.6
Female 55 52.4
Total 105 100%

Gender Number of samples Percentages (%)
Male 6 54.55
Female 5 45.45
Total 114 100%

Bacterial species Number and percentages of isolation

 S. epidermidis 77 (46.95%)

Corynebacteriums pp 50 (30.49%)

S. aureus 37 (22.56%)

Total 164 (100%)
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Table 4: Bacterial species isolated from foot region

Corynebacterium spp are Gram-positive and aerobic club-shaped 
bacilli. Their colonies are black-to-gray colonies, able to reduce 
tellurite to tellurium on Tellurite agar. Corynebacterium spp are 
catalase positive, oxidase negative. In addition, several biochemical 
tests were performed to confirm Corynebacterium identification (7,9). 
Staphylococcus is Gram-positive cocci, catalase positive, and 
mannitol fermented bacteria (10). 

Our data was in agreement with study of (3) who found that the most 
predominant isolated bacteria from axilla was Staphylococcus spp and 
Corynebacterium spp which are often existed together and contributed 
to the malodor of axilla. The more bacterial numbers there, the more 
aromatic is produced. Our results were closed to the data of the work 
conducted by (11), who referred to the presence of these bacterial 
species as a “commensals” colonizing the skin of axilla. 

Taylor et al. (2003) indicated that staphylococcal and then aerobic 
coryneform species are the most predominant microflora that reside at 
axilary region and responsible for malodor. Staphylococcal spp are 
responsible for biotransformation of glycerol and lactic acid to the 
short-chain volatile fatty acids C2 (acetic acid) and C3 (propionic 
acid). In addition, Staphylococci at axilary area play a role in 
converting leucine, a branched amino acids, to short-chain strong 
odorous volatile fatty acids , such as isovalerate which increase the 
unpleasant smell of axilla (3). 

Recently, several articles have been published about medical 
importance of Corynebacterium spp as the main cause of the smell of 
armpit and foot (12,13). It was noticed that skin and internal organs are 
frequently suspected to Corynebacterium spp infections especially, 
when medical devices such as intravascular cathrters and artificial 
valves are uti l ized (12).  Study of (13) mentioned that 
immunesuppressed and old individual are mostly exposed to 
Corynebacterium spp infections, such as pitted keratolysis (14). 
Corynebacterium spp, which cause undesirable smell of foot, was 
isolated from same individuals had malodor in axilla region (11) 
indicated that skin is a natural inhabitants of this microorganism. 

3- Factors effecting antimicrobial activity of alcoholic gel
a- Shaving of axilla area 
Table 5: Shaving effect on alcoholic gel activity and number of 
bacterial colonies per plate.

A significant difference at P ≤ 0.05 was identified in the number of 
bacterial colonies between people who shaved their axilla region 
compared to whom did not shave. After 2 hr of application alcoholic 
gel on axillary area, the number of bacteria of shaved skin was lower 
than the bacterial counts of non-shaved (see table 5). 

The odor-causing bacteria grow in humid and warm places. The huge 
number of bacterial cell in non-shaved area is associated with the 
availability of nutrients such as, corticosteroids and fatty acids, which 
are secreted from the axillary glands and aggregated on the hair. This 
explanation was confirmed by (14) who referred to the relationship 
between the number of glands and malodor production. A larger 
number of endothelial glands are existed, a stronger unpleasant odor is 
produced. Regarding to the types of glands, the study of (15) indicated 
that the extracellular glands are capable of producing higher level of 
sweat in comparison to the endocrine glands. The crucial point of the 
odor formation is the long time of sweat sticking on the hair and skin of 
axilla which enhances bacterial growing and proliferation (16). 

After application of alcoholic gel, there were no significant differences 
identified at P ≤ 0.05 in the number of bacterial colonies between the 
shaved and non-shaved groups. The author thinks that existing of 
bacterial cells is related to sweat production but not presence of hair. 

Our findings were correlated with (17) who found no significant 
differences in odor production between the shaved and non-shaved 
groups.

b-Using of deodorants 
Table 6: Effect of deodorants on the activity of alcoholic gel and the 
number bacterial colonies 

A significant difference at P ≤ 0.05 in number of bacterial colonies was   
noticed between people who used deodorants before alcoholic gel 
treatment and whom did not (see table 6). Our data were closed 
findings of (18) who evaluated antibacterial activity of deodorants. 
The authors concluded that all types of tested deodorants contributed 
in reducing the pH of the skin, and inhibiting bacterial growth at a high 
rate, but temporarily. Bacterial cells were re-growing and multiplying 
a after certain period of time based on; brand and concentration of 
deodorants, in addition to the level of sweating (18).

After alcoholic gel application, The colonies of isolated bacteria were 
counted at certain time points (2, 4, 5 and 10 hr) in order to determine 
the time point at which gel could show its higher activity. The best time 
was 2 hr after gel application, at which bacterial colonies were highly 
reduced. The active substances of the gel are destroying cell wall and 
plasma membrane of bacteria, and eventually, eliminated 99.99% of 
the microorganisms (19, 20). However the bacterial cells begin to 
reactivate and reproduce after 10 hr when gel activity is expired. 

c-Effect of age
Table 7: Effect of age group and alcoholic gel activity on number of 
bacterial colonies

In regard age groups, this study included people between 20-60 years 
old. A higher number of bacterial colonies was reported at age group 
21-30 years, the adolescent age. While a lower number was reported at 
age >40 years old (see table 7). This results were closed to the findings 
of (21) who stated that the malodor of axilla changes when individuals 
become elderly at which the components of sweat and the activity of 
the glands are changed. The unpleasant herbal smell of elderly people 
is due to formation of N-Nomenal which is produced due to the 
breakdown of unsaturated fatty acids by Corynebacterium (21).

d- Effect of foot washing
Table 8: Effect of foot washing on alcoholic gel activity and 
number of bacterial colonies

A significant difference was reported at P ≤ 0.05 in number of bacterial 
colonies between individuals who wash their foot before alcoholic gel 
treatment and whom did not (see table 8). Washing of foot plays a key 
role in inhibition of bacterial cells growth and then preventing foot 
malodor. In our study, we found that the effect of alcoholic gel was 
obvious in washed-foot group compared to non-washed foot. Our 
finding was in agreement with (22) who referred to importance of the 
personal health care to avoid unpleasant odor of human body.

Bacterial species Number and percentages of isolation
 S. epidermidis  9 (39.13%)

Corynebacteriumspp 8 (34.78%) 

S. aureus 6 (26.09%

Total 23 (100%)

Shaving of 
axilla

No. of colonies 
before treatment

No. of colonies 
after 2 hr treatment

No. of colonies 
after 4 hr treatment

Yes 137.96 2.71 46.10

No 190.83 3.89 29.45
LSD Value 28.66* NS NS

Using of 
Deodorants

No. of colonies 
before alcoholic 
gel treatment

No. of colonies 
after 2 hr of 
alcoholic gel 
treatment

No. of colonies after 
4hr of alcoholic gel 
treatment

Yes 123.10 3.33 14.58
NO 201.10 3.63 44.66

LSD Value 40.75* NS 25.78*

Age 
groups

No. of colonies 
before alcoholic 

gel treatment

No. of colonies 
after 2 hr alcoholic 

gel treatment

No. of colonies 
after 4 hr alcoholic 

gel treatment

≤20 176.19 3.33 26.74

21-30 210.77 5.57 48.80

31-40 159.25 0.00 54.83

>40 123.20 0.00 29.00

LSD Value 47.73* NS NS

Foot 
washing

No. of colonies 
before alcoholic 

gel treatment

No. of 
colonies 
after 2 hr 

alcoholic gel 
treatment

No. of 
colonies 
after 4hr 

alcoholic gel 
treatment

No. of 
colonies 
after 4hr 

alcoholic gel 
treatment

Yes 72.33 0.00 0.00 32.00

No 496.14 141.30 434.25 423.40

LSDValue 56.33* 45.61* 67.44* 71.82*
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Before and after alcoholic gel application, the colonies of isolated 
bacteria were also counted at certain time points (2, 4, 5,10 hr). The 
number of colonies in the washed-foot group was less than that of the 
non-washed foot For axillary swabs, it was observed that the bacterial 
count was reduced after 1-2 hr and re-grow again, during the next 8 hrs 
(figure 1). The antimicrobial effect of alcoholic gel at foot region was 
less effective than at axilla (2) as a result of the prolonged use of shoes 
with the socks, leading to increase sweating and reduce the effect of gel 
(2).

Figure 1: The number of isolated bacteria before and after using 
Alcoholic gel

e- Job and home residency 
This work included collection of foot and axilla swabs from 
individuals who have different jobs, living at urban and rural areas. 
Corynebacterium spp was isolated from all above mentioned groups 
with no significant differences at P ≤ 0.05 in bacterial counts among 
them. While a significant difference was identified in bacterial colony 
numbers isolated from urban and rural groups (table 9). 

Data of this study confirmed that there is no one specific reason for 
malodor production rather than many factors participate to do so. 
These factors could be genetic, personal health care, hormonal or 
pathological status, taking specific medicine or even psychological 
condition (23). However, bacterial growth and malodor production 
depend on sweat quantity and compositions; fatty acids and steroids. 

Table 9: Effect of the gender, the residence and the job on alcoholic 
gel activity on bacterial cells count

Secretion of sweat could be hereditary type in origin. It has been found 
that ABCC11 gene, which is vertically transferred from parents to 
offspring, is responsible for the type and composition of sweat 
secretions (24). Furthermore, bacterial growth and hormonal 
secretions play an important role in changing composition of sweat, 
especially in women (at menopause or teenage age). It has been 
reported that bacterial growth was faster in teenagers compared to 
adults because of their hormonal secretions in addition to the stress 
effort by teenage individuals. In a study conducted by (25), the authors 
performed a psychiatric test , Trier Social Stress Test (TSST), by 
putting 20 of adolescents under stress coditions. The study concluded 
that psychological stress is increasing sweat production and the smell 
is stronger in males than females.

f- Bacterial species
The antibacterial activity of alcoholic gel on bacterial counts was 

evaluated. We found that gel has a strong inhibitory action against 
Corynebacterium spp. All of bacterial cells were inhibited after 2 hr of 
gel application (table 10). While S. epidermidis and S. aureus were 
capable to grow and multiply after 2hr of gel application. 
Staphylococcal resistance to gel is due their possession of several 
virulence factors enhancing antimicrobial resistance (26). 

Table 10: Inhibitory effect of alcoholic gel on isolated bacteria and 
their colonies numbers before and after gel application (axillary 
swabs)

Figure 2: Microbial growth curve of bacteria isolated from axilla. After 
2 hr, the bacterial counts were significantly reduced. Re-growth and 
multiplication of bacterial cells occurred again because of losing 
antimicrobial activity after 2 hr.

4-Determination of minimum inhibitory concentration (MIC) of 
alcoholic gel 
In our study, we performed well diffusion test in order to evaluate 
antimicrobial activity of alcoholic gel against S. epidermidis and 
Corynebacterium spp. Our data showed that 5% was the MIC that 
prevented bacterial growth. Using of alcoholic gel as alternative 
treatment was mentioned in several studies such as (27) who suggested 
using of plant extract, usinic acid, which had a bactericidal effect on 
Corynebacterium spp. without irritating the skin tissue. Moreover, 
(28) reported that extract of castor, zincricinoleate, had antimicrobial 
effect against Corynebacterium Xerosis , the causative agent of 
unpleasant odor of body.

In addition to being a disincentive, alcoholic gel is a skin protective 
and moisturizing agent. It has been used as a hand sanitizer at home or 
hospitals and used in pharmaceutical and personal healthcare 
industries. In addition, it does not damage clothing because of its quick 
evaporation without leaving white or yellow spots on clothing (29, 20). 
In comparison to gel, deodorants have several disadvantages 
including; (i) leaving white or yellow spots in the clothes, (ii) 
poisoning with its components such as, aluminum,(ii) participating in 
dangerous diseases such as Alzheimer's disease and breast cancer (30) 
(iii) their use is prohibited for individuals who had renal dysfunction 
(31). 
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