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 Background: Mortality rate of pediatric stage is one of the indicators for measuring the 

health status of nation it could be various reasons but septicemia continues to be the 
major cause of mortality and morbidity all over the world, incidence varies from 

country to country but it much higher in developing countries. Objective: 

Microbiological, hematological and chemical investigations were done on children with 
acute infection and healthy control. Results: Antimicrobial of clove, cinnamon, lemon, 

coconut, peppermint, lavender and rosemary oils were evaluated in vitro by an agar 

well diffusion assay. The most commonly isolated microorganisms were 
Staphylococcus aureus Staphylococcus epidermidis, Enterococcus faecials, Klebsiella 

pneumoniae, Escherichia coli, Pseudomonas aeruginosa, Enterobacter, aerogenes, 

Acinetobacter bumannii, and Candida spp. Infection in male children was 51.2% and in 

female children was 48.8%. It could be concluded that gram positive cocci were the 

most common infections in children with septicemia. Clove oil revealed the best 

antimicrobial activity against isolated microorganisms than other used oils (Cinnamon, 
Lemon, Coconut, Peppermint, Lavender and Rosemary). Clove oil could be used as 

alternative drug to control the microbial infections rather than antibiotics to avoid their 

side effects. Also, combination therapy between two antibiotics or antifungals or 
between clove oil and antibiotic or antifungal gave good result against microbial 

infection. Conclusion: Among all investigated oils, Clove gave the best antimicrobial 

activity and could be used as alternative therapy either alone or in combination with 
other conventional antimicrobial drugs.  

 

INTRODUCTION 

 

Infection is the invasion of host body tissues by disease-causing organisms, their multiplication, and the 

reaction of host tissues to these organisms and the toxins produce Infectious diseases. Infections are caused by 

infectious agents such as viruses, viroid's, and prions, microorganisms such as bacteria and fungi, nematodes 

such as roundworms and pinworms, arthropods such as ticks, mites, fleas, and lice, and other macro parasites 

such as tapeworms (Signore, A and A.W. Glaudemans, 2011). Mortality rate of pediatric age is one of the 

indicators for measuring the health status of nation, there could be various reasons for mortality but septicemia 

continues to be a major cause of mortality and morbidity worldwide incidence varies from country to country 

but it's much higher in developing countries.  

Septicemia can be defined as a serious and even life – threatening infection of the blood. Usually it is 

caused by bacterial infection but fungi and other organisms also causes thus widespread infection of the blood 

stream “Bacteremia” is another term that denotes the presence of bacteria in the bloodstream. The most 

common areas of infection that lead to septicemia include abdomen, lungs, urinary tract, bone (Osteomyelitis), 

central nervous system (meningitis) and heart (endocarditis) and other tissue, septicemia can be more accurately 
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defined as a systemic inflammatory response syndrome (SIRS) resulting from infection (Enrione, M.A., K.R. 

Powell, 2007) The diversity of organisms causing sepsis varies from region to another and changes over time 

even in the same place (Ghotaslou, R., et al., 2007; Shrestha, S., et al., 2010). This is attributed to the changing 

pattern of antibiotic use and changes in lifestyle (Klein, J and J. Remington, 2000). 

When children septicemia is suspected treatment should be initiated immediately because of children 

relative immune suppression. Begin antibiotics as soon as diagnostic test are performed there are many 

antibiotic used antibiotic like Amoxicillin, Azithromycin, Clindamycin, Gentamicin Clavulanic acid 

Cefotaxime, Amikacin, Rifambin. But antibiotic resistance is now a global problem reports of multi resistant 

bacteria causing children septicemia in developing countries are increasing particularly in intensive care unit, so 

the treatment of infections caused by resistant bacterial pathogens mainly relies on the therapeutic modalities 

development of new antimicrobial agent and use of combination of available antibiotics. 

 

Development of new antimicrobial therapy: 

like addition of Natural compound to antibiotic, researches are continues for safe and effective 

antimicrobial agent with which to treat a wide variety of bacterial infection this need has been brightened 

recently by the emergence of many antimicrobial resistance organism.The natural compound consider good 

therapeutic antimicrobial agent because have a wide spectrum of activity and are not likely to encounter 

resistance to their therapeutic effect (Kamatou, G.P.P., et al., 2006). The plant kingdom is a treasure house of 

potential drugs and in the recent years there has been an increasing awareness about the importance of 

medicinal plant .Drugs from plants are easily available, less expensive, safe, and efficient and rarely have side 

effects (Al-Juraifani, A.A., 2011). 

This study focused on laboratory diagnosis of opportunistic microbial infections that infect children and 

neonate, essential oils of seven plants (Syzygium aromaticum, Cinnamomum zeylanicum, Mentha piperita L., 

Rosmarinus officinalis L., Coccus nucifera, L. angustifolia, Citrus limon) were investigated for their 

antibacterial and antifungal activities against some pathogenic bacteria and candida and Studying the effect of 

combination therapy between antibiotics and other alternative method. 

 

MATERIALS AND METHODS 

 

Blood sample were taken from neonates intensive care unit (NICU), pediatric hospitals of Tanta University, 

faculty of Medicine and specialized pediatric hospital of Cairo University, faculty of Medicine, Egypt. And then 

transferred to Bacteriology and Mycology lab, Botany Department, Faculty of Science, Tanta University, and 

Samples were divided into:  

1- Group I: include 27 children (from preschool age). 

2- Group II: include 16 neonates from (3day to 1 month). 

3- Group III: include 27 healthy neonate and children. 

 

Sampling: 

Three milliliters of peripheral venous blood samples were collected from each investigated neonate and 

children as three fractions: 

 

• The first blood fraction (1 ml) was collected in a tube containing ethylene diamine tetracetic acid (EDTA) 

as an anticoagulant for complete blood count (CBC). 

• The second blood fraction (2 ml) was obtained under aseptic conditions for blood  

Cultures. The skin site was cleansed with70% Ethyl alcohol and iodine (1%) followed by 70% ethyl 

alcohol again. Two mili-liter blood samples were withdrawn and injected in aerobic bottles containing nutrient 

broth media. 

 

Isolation and identification of microorganisms: 

1. Isolation and identification of S.aureus, S.epidermidis and Enterococcus faecalis: 

The samples were inoculated into nutrient agar media; 0.5% Peptone, 0.3% beef extract, 1.5% agar, and 

0.5% NaCl (APHA., 1920), blood agar; 0.5% Peptone, 0.3% beef extract/yeast extract, 1.5% agar, 0.5% NaCl, 

and 5% sheep blood (Bulloch, W., 1938) and Macconkey; peptone 17 g, proteose peptone 3 g, lactose 10 g, bile 

salts 1.5 g, sodium chloride 5 g, neutral red 0.03 g, crystal violet 0.001 g, and agar 13.5 g, incubated at 37°C for 

24 hours (MacConkey, A., 1905).  and then incubated at 37°C for 24 hours, isolated bacteria were investigated 

by microscope after gram stain, the gram positive cocci were subjected for growth dependent assay using 

Mannitol salt agar (MSA); Protease peptone 10 g, beef extract 1 g, D-mannitol 10.0 g, sodium chloride 75 g, 

phenol red 0.025 g and agar 15 g. All components were weighed and dissolved in 1000 ml distilled water 

(Murry, P.R., 2007). 
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2. Isolation and identification of E. coli, K. pneumonia, A.bumannii, E.aerogenes and P. aeruginosa: 

The samples were inoculated into nutrient agar media; 0.5% peptone, 0.3% beef extract, 1.5% agar, and 

0.5% NaCl (APHA., 1920), blood agar; 0.5% Peptone, 0.3% beef extract/yeast extract, 1.5% agar, 0.5% NaCl, 

and 5% sheep blood [9]and MacConkey; peptone 17 g, proteose peptone 3 g, lactose 10 g, bile salts 1.5 g, 

sodium chloride 5 g, neutral red 0.03 g, crystal violet 0.001 g, and agar 13.5 g, incubated at 37°C for 24 hours 

(MacConkey, A., 1905). And then incubated at 37°C for 24 hours, isolated bacteria were investigated by 

microscope after gram stain, the gram negative bacilli were subjected for growth dependent assay using EMB 

agar; Peptic digest of animal tissue 10.000 g, dipotassium phosphate 2.000 g, lactose 5.000 g, sucrose 5.000 g, 

eosin-Y 0.400 g, methylene blue 0.065 g, and agar 13.500 g, dissolve 28 g incubated at 37°C for 24 hours 

(Levine, M., 1918).  

 

3. Isolation and identification of Candida: 

The samples were inoculated to nutrient agar media, blood agar and then incubated at 28°C for 2 days, and 

then microscopic examination is done indicating yeast. It was subjected for growth dependent assay using 

sabouraud dextrose agar medium (dextrose 40 g, mycological, peptone 10 g, and agar 15 g) incubated 28°C for 

2 days. The identification was confirmed by cultivation into chromagar candida (peptone 10.2 g, chromogenic 

mix 22 g, chloramphenicol 0.5 g, and agar 15 g) incubated 28°C for 2 days (Odds, F.C. and R. Bernaerts, 1994; 

Difco Manual, 1974). 

 

4. Molecular identification for multidrug resistant by 16SrRNA and 18SrRNA.: 

The multidrug resistant isolates were subjected to molecular identification by 16S RNA and 18S RNA for 

complete identification (Aman, R.I., et al., 1995).  

 

Antimicrobial activity of some essential oils against the common isolated pathogenic microorganisms by agar 

well diffusion method: 

In the present study seven essential plant oils (cinnamon oil, clove oil, lemon oil, mint oil, lavender oil, 

rosemary oil and coconut oil) were purchased from Ever line for essential oil and tested for their antimicrobial 

activities against different common microorganisms (S.aureus, S.epidermidis, E.faecalis, E.coli, K.pneumoniae 

A.bumannii, E.aerogenes, P. aeruginosa and Candida; 1 x 10⁶ CFU /ml) by the agar diffusion technique (Perez, 

C., M. Pauil and P. Bazevque, 1990). The tested oils were dissolved in dimethyl sulfoxide (DMSO) to prepare 

stock solution of (50%). Well of 6 millimeter diameter was cut from the agar using a sterile cork-borer, and 

50μl of oil were poured into the wells. Control test was also performed containing 50μl DMSO, and found 

inactive in culture medium. Three replicates were made for each test. All plates were incubated at 37oC for 24 h. 

Then the average diameters of the inhibition zones (mm) were measured. 

 

Determination of minimum inhibitory concentrations of some essential oils against the isolated pathogenic 

microorganisms: 

Each essential oil was serial diluted by DMSO to give concentrations 50% (1:2), 25% (1:4), 12.5% (1:8), 

6.25% (1:16), 3.12% (1:32), Then every dilution for each oil tested against different common microorganisms 

(S.aureus, S.epidermidis, E.faecalis, E.coli, K.pneumoniae, A.bumannii, E.aerogenes, P. aeruginosa and 

Candida  ) to obtain minimum inhibitory concentrations (MICs). Then the MICs were determined (Andrews, 

J.M., 2001). 

 

Antibacterial sensitivity test against the common isolated pathogenic microorganisms by agar disc diffusion 

method: 

Fifteen antibiotics were used (Imipenem, Rifampin, Gentamicin, Amikacin, Cefoperazone, Ceftriaxone, 

Trimethoprim, Levofloxacin, Befloxacin, Erythromycin, Athromycin, Amoxicillin, Oxacillin, Ampicillin 

/Sulbactam, Linzolid). Standard procedure for the disk diffusion susceptibility test called the Kirby-Bauer disk 

diffusion test (Bauer, A.W., et al., 1966) was used.  

 

Antifungal sensitivity test against the common isolated pathogenic microorganisms by agar disc diffusion 

method: 

Six anti-fungal were used (Amphotericin, Fluconazole, Itraconazol, Ketoconazole, Metronidazole, 

Nystatin) Standard procedure for the disk diffusion susceptibility test called the Kirby-Bauer disk diffusion test 

(Bauer, A.W., et al., 1966) was used.  

 

Effect of clove oil on S.aureus and Clavispora  lusitaniae under Scanning electron microscope: 

Scanning electron microscope was applied to detect the effect of clove oil on S.aureus and C.lusitaniae at 

concentration 500µg/ml compared with control using scanning electron microscope (Model JEOL, JSM-5200 

LV), SEM Unit in Faculty of Medicine, Tanta University. 



    

99                                                                        Nanis G. Allam et al, 2017 

Australian Journal of Basic and Applied Sciences, 11(9) June 2017, Pages: 96-104 

 

Results:  

Biochemical identification of isolated microorganisms from blood sample:   

1. Identification of S.aureus: 

It appear with white-yellow color on nutrient agar, beta and alpha hemolysis on blood agar, yellow colour 

on mannitol salt agar and gave positive result with coagulase, catalase and Dnase agar test. 

 

2. Identification of S.epidermidis: 

It appear with white-gray color on nutrient agar, non-hemolytic on blood agar, white colonies on mannitol 

salt agar, gave positive result catalase test and negative result with coagulase and Dnase agar test  

 

3. Identification of E.faecalis: 

It appear as white –yellow color on nutrient agar, pink colonies on macconky, beta hemolysis on blood 

agar, gave negative result with catalase, coagulase, methyl red, idol and positive result with nitrate test 

production.  

 

4. Identification of E.coli: 

The results revealed presence of E. coli as pink color colony on macconkey agar media, white color on both 

nutrient agar and blood agar and finally as green metallic sheen on eosin methylene blue agar. 

 

5. Identification of K. pneumonia: 

It appear as mucoid  pink color colony on macconkey agar media, white color on both nutrient agar and 

blood agar and finally as mucoid purple colonies without metallic sheen on eosin methylene blue agar. 

 

6. Identification of E.aerogenes: 

It appears as pink color colony on macconkey agar media, white color on both nutrient agar and blood agar 

and finally as pink colonies without metallic sheen on eosin methylene blue agar. 

 

7. Identification of A.bumannii: 

Isolated bacteria were investigated by microscope after gram stain; the gram negative coccobacilli appear 

as pink color colony on macconkey agar media, white –yellow on nutrient agar and white colonies on blood 

agar, gave negative result with methyl red, nitrate production, and positive catalase test. 

 

8. Identification of P. aeruginosa:  

It appears with green color on both nutrient agar and cetrimide agar but colorless in macconkey agar. 

 

9. Identification of Candida: 

The results revealed presence of C. albicans as white color on nutrient agar, blood agar and sabouraud 

dextrose agar but as green color on chromagar Candida. 

 

Molecular identification of the selected multi-drug resistant bacterial and fungal isolates: 

Among the tested isolated bacteria, isolate number 3, 16 from gram positive cocci and isolate number 22 

from gram negative bacilli recorded the highest multi drug resistance. The three isolates were subjected to 

molecular identification by using 16S RNA which revealed that isolate number 3 recorded a similarity of 99% 

with Staphylococcus aureus strain NBRC 100910, isolate numder1 6 revealed a similarity of 98% with 

Staphylococcus epidermidis strain NBRC 100911 and isolate number 22 revealed a similarity of 98% to 

Klebsiella pneumoniae strain  ozaenae  ATCC11296. 

Among the tested isolated candida, isolate number 2 recorded the highest multi drug resistance. The isolate 

was subjected to molecular identification by using 18S RNA which revealed a similarity of 99% with 

Clavispora lusitaniae isolate FSMP-Y8 26S. 

 

Antibiotic sensitivity test against the common isolated pathogenic microorganisms:  

 
Table 1: Antibiotic resistance percentage of the tested bacterial isolates 

Antibiotic Class Antibiotics Concentration μg/disk 
potency 

Resistant isolates 

No. % 

Ansamycins Rifampin (RA) 5 22 66 

Aminoglycosides Gentamicin (GM) 15 22 66 

Amikacin (AK) 30 7 21 

Carbapenems Imipenem (Imp) 30 9 27 

Cephalosporins 
 

Cefoperazone(CEP) 75 21 63 

Ceftriaxone (CRO) 30 22 66 

Folate pathway inhibitors Trimethoprim (Stx) 30 25 75 
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Fluoroquinolones Levofloxacin (lev) 5 8 27 

Befloxacin (PEF) 5 17 51 

Macrolide Erythromycin (Ery) 15 29 60 

Athromycin (Ath) 15 22 66 

Penicillins 

 

Amoxicillin (A) 10 32 96 

Oxacillin(OXA) 10 29 87 

Beta-lactam inhibitor Ampicillin /Sulbactam (SAM) 10 20 60 

Oxazolidinone Linzolid (LZD) 30 22 66 

 

The result as illustrated in Table (1) showed screening of the efficacy of the fifteen tested antibiotics 

against Thirty three isolates. The highest resistance of all bacterial isolates was recorded to Amoxicillin (96%), 

Erythromycin (60%) and Oxacillin was (87%). On the other hand, the lowest resistant was recorded to 

Amikacin (21%), Levofloxacin (24%) and Imipenem (27%).  

 

Antifungal sensitivity test against the common isolated pathogenic candida: 

 
Table 2: Antifungal resistance percentage of the tested yeast isolates 

Resistant isolates Concentration µg/disk Antifungal drug 

% No 

10 1 50 Amphotericin B (AP) 

70 7 25 Fluconazole (FLC) 

90 9 30 Itraconazol (IT) 

70 7 10 Ketoconazole (KT) 

100 10 5 Metronidazole (MT) 

0 0 100 i.u Nystatin (NS) 

 

The result as illustrated in Table (2) showed screening of the efficacy of the six tested antifungal agents 

against ten isolates. The highest resistance of all candida isolate was recorded to Metronidazole (100%); 

Itraconazole was (90%). On the other hand, the lowest resistant was recorded by Nystatin (0%), Amphotericin 

(10%). 

 

Antimicrobial activity of some essential oils against the isolated microorganisms: 

This test was performed to determine the antimicrobial activity of some essential oils (Clove oil,  

Cinnamon oil, Mint oil, Lemon oil, Lavender oil, Coconut oil, Rosemary oil) against common isolated 

pathogenic microorganisms (S.aureus, S.epidermidis, E.Faecalis, E.coli, K. pneumonia, E.aerogenes, 

A.bumannii, P. aeruginosa and Candida). The clove oil showed highly antibacterial and antifungal activity 

against Gram positive, Gram negative and Candida regarding to standard antibiotic or anti-fungal.  

 

 
 

Fig. 1: Antibacterial activity of different oils  and standered antibiotic against gram positive bacteria 

      

The result as illustrated in fig (1) revealed that Imipenem and clove oil gave the higher antibacterial activity 

against gram positive isolates than other investigated oils. The result also showed that lavender oil gave the 

lower activity. 

 

0

5

10

15

20

25

30

m
e

an
 v

al
u

e
 o

f 
in

h
ib

it
io

n
 

zo
n

e
s(

m
m

)



    

101                                                                        Nanis G. Allam et al, 2017 

Australian Journal of Basic and Applied Sciences, 11(9) June 2017, Pages: 96-104 

 

 
 

Fig. 2: Antibacterial activity of different oils and standered antibiotics against gram negative bacteria 

   

The result as illustrated in Fig (2) revealed that clove oil gave the higher antibacterial activity against gram 

negative isolates than Amikacin and other investigated oils 

 

 
 

Fig. 3: Antifungal activity of different oils and standered antifungal against isolated candida 

 

The result as illustrated in Fig (3) revealed that Clove oil gave the higher antifungal activity against candida 

isolates than Nystatin and other investigated oils. 

 

Determination of minimum inhibitory concentrations of different essential oils against common isolated 

microorganisms: 

The results in table 3 showed the minimum inhibitory concentrations of Clove oil,  Cinnamon oil, Mint oil, 

Lemon oil, Lavender oil, Coconut oil, Rosemary oil against isolates S.aureus, S.epidermidis, E.Faecalis, E.coli, 

K. pneumonia, E.aerogenes, A.bumannii, C. lusitaniae  and C.albicans.  

   
Table 3: Minimum inhibitory concentrations of different essential oils against isolated microorganisms 

Tested 
microorganisms 

Clove Lemon Mint Cinnamon Coconut Rosemary Lavender 

S.aureus 1:16(6.25%) 1:8(12.5%) 1:4(25%) 1:8(12.5%) 1:8(12.5%) 1:16(6.25%) 1:4(25%) 

S.epidermidis 1:8(12.5%) 1:4(25%) 1:4(25%) 1:8(12.5%) 1:2(50%) 1:16(6.25% 1:4(25%) 

E.faecalis 1:2(50%) Resistant Resistant 1:4(25%) Resistant 1:4(25%) Resistant 

E.coli 1:8(12.5%) 1:4(25%) 1:2(50%) 1:2(50%) 1:4(25%) 1:2(50%) 1:8(12.5%) 

K. pneumonia 1:8(12.5%) 1:32(3.12%) 1:2(50%) 1:2(50%) 1:8(12.5%) 1:16(6.25% 1:16(6.25%) 

E.aerogenes 1:8(12.5%) Resistant Resistant Resistant 1:4(25%) 1:4(25%) Resistant 

P.aerognosa 100% Resistant Resistant Resistant Resistant Resistant Resistant 

A.bumannii 100% Resistant Resistant Resistant Resistant Resistant Resistant 

C.albicans 1:16(6.25%) 1:32(3.12%) 1:16(6.25%) 1:8(12.5%) 100% Resistant 1:16(6.25%) 

C.lusitaniae 1:2(50%) 1:32(3.12%) 1:16(6.25%) 1:16(6.25%) 1:16(6.25%) Resistant 1:8(12.5%) 

 

Scanning electron photograph: 

The treatment of S.aureus and C.lusitaniae with 500µg/ml of Clove oil revealed morphological distortion 

in cells, lysis of cell wall component and rupture of cells as showed in fig (4,5,6,7). 
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A B  

Fig. 4: scanning electron photograph of C.lusitaniae show normal cell (A) and normal candida cell in stage of 

budding 

C D  

Fig. 5: scanning electron photograph of C.lusitaniae treated with clove 5ooµg/ml show complete lysis to cell 

wall(c) and distortion to the cell (D) 

 

E  F  

Fig. 6: scanning electron photograph of S.aureus show normal cell (E) and normal component of the cell (F) 

 

G H  

 

Fig. 7: scanning electron photograph of S.aureus   treated with clove 5ooµg/ml show different cells shape and 

complete lysis to one of them(G)and distortion to the cells and rupture to the cell wall(H). 
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Synergistic activity: 

In this experiment two therapeutic modals were used to develop new antimicrobial agent via combination 

of antimicrobial agents. The result in table (4) showed that the combination between imipenem and levofloxacin 

against S.aureus, between Clove oil and Imipenem against S.epidermidis and between Clove oil and Nystatin 

against C.lusitaniae gave the best results. 

 
Table 4: Different antimicrobial therapy against common isolated multidrug resistant microorganisms 

Clove/IMP IMP/LEV 
10/50mcg 

Clove LEV 
50 mcg 

IMP 
10 mcg 

Isolated Microorganism 

Inhibition Zones (mm) 

24 ± 0.6 25 ± 0.6 24.6 ± 0.6 0.0 ± 0.0 0.0 ± 0.0 S. aureus 

40 ± 0.16 30 ± 0.3 20.3 ± 0.5 0.0 ± 0.0 15 ± 0.3 S. epidermidis 

Candida 

Clove/NS NS/MT 

100U/5mcg 

Clove MT 

5 mcg 

NS 

100 U/disc 
 

 

35 ± 0.1 22 ± 0.3 30 ± 0.6 0.0 ± 0.0 20 ± 0.0   C.lusitaniae 

 

Discussion: 

Septicemia can be defined as a serious and even life threatening infection of the blood. Usually it is caused 

by bacterial infection, fungal and other organisms also cause thus wide spread infection of the blood stream. 

Septicemia continues to be a major cause of mortality and morbidity around the world varies from country to 

country but it's much higher in developing countries.        

In the present study, the obtained results indicated the presence of microbial infections in childern and 

neonates. The most commonly noticed infections were caused by S.aureus, S.epidermidis, E.faecalis, 

K.pneumonia, E.aerogenes, A.bumannii, E. coli, P.aeruginosa and C.lusitaniae. The present study also showed 

that the gram positive cocci were the most common infection in infants and neonates it represent 46.51% from 

total infection while gram negative bacteria represent 30.23% and candida infection represent 23.5% from total 

infection.  

In the present work, the obtained results indicated that clove oil was the best antimicrobial oil from the 

other used oils (Cinnamon oil, Mint oil, Lemon oil, Lavender oil, Coconut oil, Rosemary oil) against different 

microorganisms (S.aureus, S.epidermidis, E.faecalis, K. pneumonia, E.aerogenes, A.bumannii, E.coli, 

 

P.aeruginosa and Candida):  

Bud Oil of Clove has natural behavior and the main properties include antioxidant, insecticidal, antifungal 

and antibacterial properties. By tradition, it has been used in food preservation as flavoring and antimicrobial 

sub-stance (18). It has a very major role in spice trade and is highly appreciated for their therapeutic properties. 

Cloves are an excellent source of manganese. They are also a very good source of dietary fiber, vitamin C, 

vitamin K, and Ω-3 fatty acids and a good source of magnesium and calcium. Cloves consist of a significant 

amount of proteins, iron, carbohydrates, calcium, phosphorus, potassium, sodium and hydrochloric acid. They 

are also rich in vitamins A and C, manganese, and dietary fiber (19) 

The most important constituent of clove is the phenyl-propene eugenol due to which it has strong 

characteristic aroma. Major parts of clove consist of eugenol comprises 70 to 90 % and remaining 15% consist 

of dry weight (20). Molds, yeast and bacterial growth could be inhibited by the application of clove essential oil 

(21). Micro-organisms like Alternaria sp., Aspergillus sp., Canninghamella sp., Lactobacillus sp. Fusarium sp., 

Clostridium sp., Mucor sp., Salmonella sp. Penicillium sp. Bacillus sp. could be repressed by using clove 

essential oil (22). The cloves are anti-mutagenic, anti-inflammatory, antioxidant, antiulcerogenic, 

antithrombotic and anti-parasitic. The essential oil extracted from the dried flower buds of clove are used for 

acne, warts, scars and parasites (23, 24). 

In the present work, the obtained results indicated that Clove oil could be used as alternative drug to control 

the microbial infections rather than antibiotics to avoid their side effects, Also combination therapy between 

two antibiotics or antifungals or between clove oil and antibiotic or antifungal gave good result against 

microbial infection. 

In agreement with the previously mentioned results (25) studies showed the combination therapy as high 

level acquired resistance to conventional antibiotics is frequent, it is reasonable to use combination therapy in 

order to achieve bactericidal synergism. One strategy employed to overcome these resistance mechanisms is the 

use of combination therapy. The combination can be of different plant extracts or plant extracts with standard 

antibiotics or antibiotics with some chemicals. Such combinations i.e. association of antibiotics with plant 

extracts against resistant bacteria will have different mechanisms of action and it may lead to new choices for 

the treatment of infectious diseases. 
In the same context, (26) investigated in-vitro synergistic effects of different spices and herbs (Rosmarinus 

officinalis, Coriandrum sativum, Micromeria fruticosa L., Cumium cyminum, Mentha piperita) with 
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Gentamicin, Cephalothin, Ceftriaxone and Nystatin against 13 microbial species. This study suggested that 
essential oils of tested spices and herbs could protect some bacterial strains and the combination of plant extract 
with antibiotics further reduced drug resistance. The synergistic effects obtained could lead to new choices for 
the treatment of infectious diseases. 
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