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ABSTRACT: Acne is a cutaneous pleomorphic disorder of the pilosebaceous 

unit involving abnormalities in sebum production and is characterized by both 

inflammatory (papules, pustules and nodules) and noninflammatory (comedones, 

open and closed) lesions. A lot of factor viz; hormone, increased sebum 

production  and diet causes Acne vulgaris but bacteria are the chief causal 

organism in which  Propionibacterium acnes and Staphylococcus epidermidis 

are considered as the major skin bacteria that cause the formation of acne. The 

present study was conducted to evaluate the in vitro antimicrobial activities of 

Psidium guajava L. leaves essential oil against Propionibacterium acnes and 

Staphylococcus epidermidis. Extraction of essential oil was carried out using 

Clevenger’s Apparatus. Antibacterial activities of essential oil of leaves were 

investigated using broth micro dilution methods recommended by CLSI. The 

results showed that Guava leaves oils more effectively inhibit the growth of 

P.acnes (MIC: 0.321, IC50:0.309 mg/ml) as compared to S. epidermidis (MIC: 

0.486, IC50:0.416 mg/ml). The readings were compared by standard drug 

tetracycline. 

INTRODUCTION: Acne is one of the most 

common skin conditions which affect about 85 % 

of population some point of time in life 
1
. It affects 

the areas of the body that have high concentrations 

of sebaceous gland such as the face, back and trunk 
2
. The pathogenesis of Acne vulgaris is 

multifactorial, including increased sebum 

production, comedogenesis, proliferation of 

bacteria and inflammation 
3
. The normal bacterial 

flora of the skin includes Propionibacterium acnes, 

Staphylococcus epidermidis and S. aureus which 

proliferate during puberty and often are involved in 

the development of acne 
4
.    
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P. acnes, anaerobic bacteria play an important role 

not only in the process of inflammation but also in 

the formation of comedones while S. epidermidis 

and S. aureus, aerobic bacteria that usually 

involved in superficial infections of the sebaceous 

gland 
5
. Anaerobic bacteria contribute to the 

inflammatory nature of acne by inducing 

monocytes to secrete pro-inflammatory cytokines 

including interleukin (IL)-1b, IL-8, and tumor 

necrosis factor (TNF)-a 
6
. 

It is pronounced in puberty during adolescence and 

is positively related to sebaceous gland function, 

particularly in teenagers 
7,

 
8
, which androgenically 

stimulate higher sebum secretion 
9
. The secreted 

sebum normally contains a mixture of lipids, 

squalene, wax and cholesterol both in free and in 

ester forms and triglycerides that naturally provide 

a skin barrier function 
10

.  
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However, the resultant abnormalities in sebaceous 

gland because of hormonal effects alter sebum 

composition and linoleic acid content 
11

.  

Thus, the skin barrier is impaired and colonization 

of normal flora is promoted. For many years 

antibiotics have been used for the treatment of 

acne. However, resistance to antibiotics has 

increased and in a multifactorial manner, which 

includes the bacteria-antibiotic relationship, the 

type of antibacterial and the characteristics of the 

host, among others. To overcome the problem of 

resistance to antibiotics, medicinal plants have been 

studied extensively as alternative treatments 
12

. 

Natural treatment is cheap, claimed to be safe and 

having less side effect 
13, 14

. It is also suitable raw 

material for production of new synthetic agents. 

Psidium guajava L. (Guava), belonging to family 

Myrtaceae is a traditionally used plant because of 

its nutrition value and anti-inflammatory property 
15

. It is rich source of Vitamin C and antioxidants 

which is beneficial for skin. Various parts of the 

plant are found to possess many pharmacological 

properties in which leaves contain essential oil with 

the main components being alfa pinene, beta-

pinene, limonene, menthol 
16, 17

, flavonoids and 

saponins combined with oleanolic acid 
18 

helpful
 
in 

treatment of acne. In present study antibacterial 

property of P.guajava L. leaves oil is used against 

treatment of both anaerobic and aerobic bacteria 

viz P.acnes and S.epidermidis. 

MATERIALS AND METHODS: 
Test Pathogens: A culture of the test organisms, 

Propionibacterium acnes (MTCC 1951) and 

Staphylococcus epidermidis (MTCC 435) were 

procured from Microbial Type Culture Collection, 

Chandigarh, India and media was procured from 

Hi-Media. The culture of anaerobic bacteria was 

maintained on anaerobic blood agar medium 

supplemented with sheep blood. Anaerobic 

environment was given to the bacterial culture by 

the Anaxomate advance instrument after which the 

culture was incubated for 48 hours at 37°C in CO2 

incubator to provide optimum temperature for 

bacteria growth (Fig. 1). The culture of aerobic 

bacteria was maintained on Nutrient Agar and put 

in BOD incubator for their proper growth.  

  
FIG. 1: A- CULTURE OF P.ACNES   B- CULTURE OF S.EPIDERMIDIS 

Extraction of Essential Oil: The leaves of 

Psidium guajava L. were collected from local area 

of Allahabad, washed thoroughly with tap water 

and then continuous flow of distilled water. 

Further, guava leaves were dried in shade to 

maintain their active constituents. Consequentially 

the leaves (200g) were cut into small pieces and 

placed into flasks (5L) with normal tap water  

(1.5L). Through steam distillation continuous 

extraction of oil was done using Clevenger’s 

apparatus 
19

. The water and oil mixture were 

separated by drying with anhydrous sodium 

sulphate (Na2SO4) and then filtered. The extracted 

oil was stored in refrigerator freezer at 4
o
C. 
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FIG. 2: A- DRIED LEAVES OF P.GUAJAVA L. B-CLEVENGER APPARATUS, USED FOR EXTRACTION OF OIL 

BY HYDRO DISTILLATION, C- PSIDIUM GUAJAVA L. LEAVES ESSENTIAL OIL  

 

Antibacterial assay: The susceptibility of the P. 

acnes and S. epidermidis was assayed against P. 

guajava L. leaves oil using broth micro dilution 

method recommended by the Clinical and 

Laboratory Standards Institute (CLSI)
 20

. Freshly 

prepared Muller Hinton Broth (MHB) medium was 

used for the assay. Stock solutions of essential oil 

of 50 mg/ml was prepared in 950 mg/ml of 

Dimethyl Sulfoxide (DMSO) and homogenized by 

using vortex for 4-5 min 
21

. Bacterial inocula 

suspension was prepared as per 0.5 McFarland 

standards. Tetracycline, as a standard drug was also 

subjected to antibacterial assay. The experiment 

was performed according to CLSI guidelines in flat 

bottom sterile 96-well micro-titre plates, cultured 

overnight. Initial dispensing of 100 μl medium 

(MHB) was followed by the addition of 90 μl and 

80 μl of MHB in columns 3 and 4 respectively. 

Further, 10 μl and 20 μl of drugs (P. guajava L. 

leaves essential oil) were added in each well of 

columns 3(sample control) and 4(dilution well) 

respectively. Following this, serial dilution was 

done from 4
th

 column wells (2.5mg/ml) to 11th
 

column wells (0.02mg/ml) and after dilution, was 

discarded from the last column. 

 
FIG. 3: PICTORIAL REPRESENTATION OF 96 WELL PLATES IN CLSI RECOMMENDED BROTH MICRO 

DILUTION TECHNIQUE 

After the serial dilution, 100 μl of bacterial 

inoculum was added in each well of column 4 to 

column 12, so as to maintain final volume of 200 

μl. Column 1 contained media and formaldehyde to 

serve as negative control. Column 12 was taken as 

the positive control (O. D. Control), which contains  

100μl medium and 100μl inocula (Fig. 3). This 

experimented 96 well plate of anaerobic bacteria 

incubated in CO2 incubator (Galaxy 170 S New 

Brunswick, USA) for 48 hours and aerobic 

bacterium 96 well plates were placed in BOD 

incubator for 24 hours. 
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Determination of Minimum Inhibitory 

Concentrations (MICs) and IC50: The MICs and 

IC50 were obtained by measuring absorbance using 

spectrophotometer. For herbal oil, the MIC was 

determined as the lowest drug concentration 

showing absence of growth visually or 80% growth 

inhibition compared with the growth in the drug-

free well. IC50 defined as the drug concentration 

that produces 50 % of growth inhibition compared 

to the growth in the drug-free well. Comparative 

inhibition percent of bacterium inoculum in media 

treated with herbal oil was calculated by using the 

following formula. 

% Inhibition =   (O.D. Control - O.D. treatment)/ 

O.D. control) × 100 
22

. 

RESULTS AND DISCUSSION: Psidium guajava 

L. (Guava) is a phytotherapic plant used in folk 

medicine that is believed to have active 

components that help to treat and manage various 

diseases 
23, 24, 25

.  The many parts of the plant have 

been used in traditional medicine to manage 

conditions like malaria, gastroenteritis, wounds, 

inflamed gums and a number of other conditions 
26, 

27
.  

In present study, antibacterial effects of the leaves 

of P.guajava L. essential oil were evaluated against 

P.acnes and S. epidermidis bacteria. The efficiency 

of antibacterial activity was quantitatively assessed 

with reference to the MICs as well as IC50 (mg/ml) 

values through 96 well micro-titer plate (CLSI 

recommended broth micro dilution method). Guava 

leaves essential oil were more effective against 

anaerobic bacteria (MIC: 0.321, IC50:0.309) as 

compared to aerobic bacteria (MIC: 0.486, 

IC50:0.416). This quantitative value were compared 

by control (tetracycline) reading against P.acnes 

(MIC: 0.028, IC50: 0.013) and S. epidermidis (MIC: 

0.159, IC50:0.106) in Table 1. 

TABLE 1: TABLE SHOWING MIC AND IC50 VALUE OF P.GUAJAVA L. LEAVES AND SYNTHETIC DRUG 

AGAINST P.ACNES AND S.EPIDERMIDIS 

Testing against pathogen 

(Bacteria) 

Drugs 

P. guajava L. Tetracycline (Control) 

IC50 (mg/ml) MIC (mg/ml) IC50 (mg/ml) MIC (mg/ml) 

P. acnes 0.309 0.321 0.013 0.028 

S. epidermidis 0.416 0.486 0.106 0.159 

The whole plant of Psidium guajava L. consists of 

various pharmacological activity and rich in 

various active constituent such as tannin, 

flavonoids, phenols, triterpins, saponins, 

carotenoids, lectin, fibers, fatty acid, ascorbic acid, 

limonine, lysine, aspartic acid, polyphenols and 

terpins. Leaves of Guava is rich in flavonoids 

especially quercetin which is mainly responsible 

for antibacterial activity. It is also well known 

antioxidant, with antimicrobial properties 
28

. 

Essential oils are natural composite mixtures of 

terpenic and non-terpenic compounds. Commonly 

monoterpenes and sesquiterpenes as well as their 

oxygenated derivatives are the major constituents. 

These are secondary metabolites which have 

antibacterial property 
29

. Major compounds of 

essential oil of guava leaves are alpha-pinene 

(monoterpene). Alpha-pinene which is found in the 

oils of many species of coniferous trees, shows  

antimicrobial activity against wide range of 

bacteria and fungi 
30

 and it decreases sebum 

production by reducing the size of sebaceous 

glands thus controlling the spread of acne 
31

. It 

might cross the cell membranes, thus penetrating 

into the interior of the cell and interacting with 

intracellular sites critical for antibacterial activity 
32

. Additionally leaves contain L-ascorbic acid, i.e. 

main citrus acid that combat acnes.  

The citric acid exfoliates the skin which is proved 

to be significant stage in treating acne.
 
Using anti-

inflammatory agents may also be helpful in 

reducing the inflammatory process in the acne 

lesions. Psidium guajava leaves were found to 

contain anti-inflammatory activity, by decreasing 

serum chemokines such as interleukin-8,eosinophil 

cationic protein 
33

 and having antioxidant activity 
34

. 
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4-P Fit: y = (A - D)/( 1 + (x/C)^B ) + D: A B C D R^2

S.epidermidis (Group#2: Concentration vs %inhibiti... -7.23 6.89 0.76 82.3 0.974

P.acnes (Group#3: Concentration vs %inhibition) 6.65 44 0.309 94.6 0.981
__________

Curve Fit Option - Fixed Weight Value

 
FIG. 4: GRAPH SHOWING ANTIBACTERIAL ACTIVITY OF P. GUAJAVA L.OIL (MIC AND IC50) AGAINST P. 

ACNES (BLUE LINE) AND S.EPIDERMIDIS (BLACK LINE) AT 24 HOURS  

 

Concentration

0.01 0.1 1 10

-50

0

50

100

Antibacterial activity of Synthetic drug

4-P Fit: y = (A - D)/( 1 + (x/C)^B ) + D: A B C D R^2

Plot#1 (Group#1: Concentration vs %inhibition) 10.3 40.1 1.28 94 0.323

Plot#4 (group#4: Concentration vs %inhibition) -37.4 2.66 0.143 73.9 0.792
__________

Curve Fit Option - Fixed Weight Value

 
FIG. 5: GRAPH SHOWING ANTIBACTERIAL ACTIVITY OF STANDARD DRUG, TETRACYCLINE (MIC AND 

IC50) AGAINST P. ACNES (GREEN LINE) AND S. EPIDERMIDIS (RED LINE) AT 24 HOURS  

CONCLUSION: Although there are numerous 

drug therapies for the treatment of acne (topical, 

systemic retinoid, antibiotics, and keratolytics), the 

foremost challenge is the growing concerns of 

rising antibiotic resistance and dermal toxicities 

with existing medications. It is praise those natural 

remedies as an alternative against acne over these 

synthetic drugs. These developing natural therapies 

cover naturally derived drugs from active plant 

extracts, essential oils, and phytomolecules which 

are discussed in the above paragraph. Essential oil 

of P. guajava L. contains terpenoids, voletile oil, 

glycosides and Flavonoids; later one is the most 

important constituent responsible for anti-

inflammatory activity beneficial in treatment of 

acne. Overall, herbal medicine has much to offer to 

improve our ability to deal with the complex issues 

of acne presents. 
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