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ABSTRACT 
 

Antibiotics are natural or synthetic substances used to inhibit or kill susceptible microorganisms. 
Due to the increase rate of bacterial resistance to antibiotics, there is the need to venture in other 
methods involving the coalescence effect of antibiotics and other substances such as cinnamon and 
alum to effectively eradicate these pathogenic organisms using less concentrated conventional 
antibiotics. The minimum inhibitory concentration (MIC) and the minimum bactericidal concentration 
(MBC) of the selected antimicrobial agents were determined using the broth dilution method, 
following standards and procedures set by the national council of clinical laboratory standards 
(NCCLS). The synergistic potentials of all the antimicrobics used were analyzed by the 
checkerboard assay. The MIC values of 25, 0.25, 0.75,25mg/ml were obtained for cinnamon 
extracts, gentamicin, penicillin G, and aq. Alum respectively against S. aureus. For E. coli 
O157H:H7, the MIC values of cinnamon extracts, gentamicin, penicillin G, and aq. Alum were 12.5, 
0.25, 0.75 and 25mg/ml respectively,s while the MIC values of cinnamon extracts alum and 
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fluconazole for C. albicans were 12.5, 25 and 0.05mg/ml respectively. There is a reduction in the 
MIC values for the various combinations against the same clinical microbes. All the antimicrobics 
used in this study inhibited the growth of the clinical microbes. All the microbes used in this study 
inhibited the tested microbes in dose dependent manner. The combinations of these agents 
resulted in reduction in MIC and MBC values, with an additive, indifference, and antagonistic effects 
using checkerboard assay which resulted to a fractional inhibitory concentration index which ranged 
from 0.56 to 7.9. Therefore, application of cinnamon, alum, and their combinations with 
conventional antibiotics can be used as treatment measure against infections caused by S. aureus, 
E. coli O157H:H7, and C. albicans. 
 

 
Keywords: Alum; cinnamon extracts; fractional inhibitory concentration index; minimum bactericidal 

concentration; synergistic effects. 

 
1. INTRODUCTION 
 
Antimicrobial agents are substance that are used 
to suppress the growth of microorganisms while 
antibiotics are natural or synthetic agents that are 
used to inhibit or kill microorganisms [1]. 
Antibiotics having the ability to kill microbes are 
known as Bactericidal agents, whereas those 
therapeutic agents having the ability to 
inhibit/stop the growth and proliferation of 
microorganisms are known as Bacteriostatic 
agents [2]. The misuse and overuse of antibiotics 
in recent years has increased the number of 
microbes that are resistant to antibiotics which is 
a major challenge to clinicians and public health 
practitioners [3]. The world health organization 
(WHO) has compiled a list of multidrug resistant 
microbes with a call for urgent discovery of new 
therapeutic agents Miethke et al. [4]. Initially the 
synthesis of antimicrobial agent was mainly 
based on single natural substance which was 
obtained from several sources such as 
trees/plants, animal, and microorganisms (fungi 
and bacteria) [5]. 
 
Cinnamon powder is a spice obtained from the 
bark of the tree Cinnamomum zeylanicum. It is 
used as a preservative due its antimicrobial 
properties. Cinnamon is mostly found in 
countries such as China, Sri Lanka Indonesia, 
and India [6]. cinnamaldehyde and eugonol are 
the two major antimicrobial compounds found in 
cinnamon resulting to its antimicrobial activity 
against a variety of Gram negative and Gram-
positive bacteria as well as fungi. 
Cinnamaldehyde which is one of the major 
bioactive molecules in cinnamon is 
electronegative in nature and can interfere with 
cellular biological processes, especially the 
nitrogen containing compounds including the 
nucleic acids and proteins [7]. Also, cinnamon 
and its essential oil (EO) has been shown to 
inhibit bacterial growth  through the following 

mechanisms: ATPase, Biofilm formation 
membrane porin, anti-quorum sensing effects, 
cell division inhibitions, and alterations of the cell 
membrane, these mechanisms could cause the 
reduction in susceptibility of bacteria to 
antibiotics, decreasing the dose of antibiotic 
necessary for the effective treatment, hence a 
decrease in the toxic side effect of the drug EL 
Atki et al. [8], Nabavi et al. [7]. However, there is 
an increased keen interest in using active 
compound from organic and inorganic material 
as source of active ingredient for the synthesis of 
antimicrobial agents. cinnamon tree has shown a 
promising source of natural active compound 
necessary for the synthesis of new antimicrobial 
drugs [9]. This is due to the fact that many 
studied have been devoted on it, and it has been 
shown that cinnamon and its derivatives have a 
strong antimicrobial effect on microbes [10]. 
Furthermore, it has also been shown that the 
combine effect of cinnamon and antibiotic 
produces a better and increased antimicrobial 
effect on tested clinical microbes.  
 
Alum is an inorganic compound formed from 
natural substances, Alum is generally known as 
a hydrated double salt of aluminum with general 
formulae XAl(SO4)2.12H2O. Alum can exist in 
nature as pure and impure form [5]. Alum is a 
compound formed from the combination of two or 
more separate elements, there are various types 
of alum for example potash alum is a 
combination of potassium, aluminum, Sulphur, 
and oxygen, also known as potassium aluminum 
sulphate [11]. It is used as antisepsis and as 
astringent in several food preparatory and 
preserving processes/procedures as well as 
water purification [12]. Alum can also be used in 
the following ways: acts as mordant (binder)            
use in dyeing, fixation of dye to cotton, as well as 
other fabrics, as fire extinguisher, as                
astringent in medicine, and adjuvant in vaccine 
production. The antimicrobial effect of                     
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alum has been reported and documented 
[13,12]. 
 
Also, its medical benefits as immune enhancer, 
used as adjuvant in vaccine production such as 
hepatitis A & B (Bestoon, 2012),[12]. Often times 
a single antimicrobial agent is not sufficient to 
effectively eradicate an infectious agent, 
therefore in order to achieve the desired 
antimicrobial affect, a combination of drugs or 
agents is used to produce the desired 
antimicrobial effect not obtained with a single 
antimicrobial agent [12]. Finally, there is a limited 
research report on the coalescence of cinnamon, 
and antibiotics which shows a strong synergistic 
effect against several clinical microbes [8], Umar 
et al. 2017) However, to the best of my 
knowledge there is no available research data 
about the combine antimicrobial effect of 
cinnamon, antibiotics, and Alum against 
Staphylococcus aureus, E. coli O157H:H7 and 
Candida albicans. Hence the aim of this research 
is to investigate the possible synergistic 
antimicrobial effects of cinnamon, antibiotic 
(gentamicin and penicillin G) and Alum against 
Staphylococcus aureus, E. coli 0157H:H7 and 
Candida albicans. 
 

2. MATERIALS AND METHODS 
 
2.1 Experimental Design 
 
Crude cinnamon bark extracts (aqueous and 
ethanolic) of the plant Cinnamomum zeylanicum 
were prepared in a Soxhlet assembly using hot 
extraction method. Analytical grade alum was 
purchased from the chemical store with the 
required standard concentration and was diluted 
serially using distilled water as solvent. The 
antimicrobials (antifungal and antibiotics) - 
Gentamicin, Penicillin G and Fluconazole were 
purchased from the pharmaceutical store. The 
antimicrobials (crude aqueous and ethanolic 
cinnamon bark extracts, aqueous alum, 
Gentamicin, Penicillin G, and Fluconazole) were 
then screened, and their antimicrobial activity 
were evaluated using Broth dilution assay to 
determine the Minimum inhibitory concentration 
(MIC[mg/ml]), minimum microcidal 
(bactericidal/fungicidal) concentration [mg/ml] 
against selected clinical microbes ( S. aureus = 
Gram positive, E. coli O157H:H7 = Gram 
negative, C albicans = fungi). The MIC values 
obtained were used to calculate the fractional 
inhibitory concentration index (FICI) of the 
antimicrobial agents, which were subsequently 
used to classify the antimicrobial effects                    

as synergistic, additive, indifference or 
antagonistic. 
 

2.2 Preparation and Extraction of 
Cinnamon (Cinnamomun Zeylanicum) 
Bark 

 
About 300 grams of Cinnamomun zeylanicum 
was purchased from the Mile 3 market, Port 
Harcourt, Nigeria. After sterilization of the 
blender by autoclaving at 121OC for 15 minutes, 
allowed to cool, and thereafter used to grind the 
Cinnamomun zeylanicum bark into powder form, 
100 grams of the powdered Cinnamomun 
zeylanicum was weighed out and was used for 
ethanol extraction while another 100 grams was 
used for the aqueous extraction. The extraction 
was performed using the Soxhlet extractor at the 
ratio of 50 mg: to 1mL, that is 2000 mL of ethanol 
was used for 100grams (100,000mg) of the 
Cinnamomun zeylanicum powder. Furthermore, 
ethanol available in the extract was removed/ 
eliminated by the use of rotary evaporator, 
leaving a sediment of crude extract with a 
concentration of 50mg/ml. the crude extract was 
then stored at an appropriate temperature until it 
was used on the selected clinical isolates. The 
same procedures and method were used for the 
aqueous extraction. same volume of solvent and 
mass of Cinnamomun zeylanicum but in place of 
ethanol, distilled water was used. 

 
2.3 Preparation of Aqueous Alum 
 
Analytical grade alum was purchased from the 
chemical store, manufactured by Vicker’s 
Laboratories LTD. Bunley in Wharfedale west 
Yorkshire England. 5000mg was dissolved in 
50ml of distilled water to produce an initial 
concentration of 100 mg /ml. This concentration 
was further diluted serially. The serially diluted 
alum with varying concentrations was tested on 
the selected clinical isolates to ascertain the 
antimicrobial properties of alum on the selected 
pathogens. 
 

2.4 Sources of Selected Clinical Microbes 
 

The Microorganism used this study were S. 
aureus = Gram positive, E. coli O157H:H7 = 
Gram negative, C albicans= fungi) obtained from 
different site of the body of an infected patient. S. 
aureus isolated from topical wound infection, E. 
coli O157H:H7 was isolated from stool sample, 
and C albicans was isolated from oral thrush 
patent. These clinical isolates were procured 
from the University of Port Harcourt Teaching 
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Hospital (UPTH). The Selected Clinical Microbes 
were cultured on different media where colonial 
morphology were used to confirm the identity of 
the microorganisms. 
 

2.5 Culturing of E. coli O157H:H7 
 
Escherichia coli serotype O157H:7H was 
inoculated on sorbitol MacConkey agar prepared 
accurately according to the manufacturer’s s 
instruction. Sorbitol MacConkey agar used is a 
selective, differential media which was used for 
the detection and differentiation of the 
Escherichia coli serotype O157H:7H from other 
strains of Escherichia coli. The media was 
autoclaved at 121OC for 15 minutes, and was 
poured on a sterile petri dishes, allowed to 
solidify. The plates were dried and the organisms 
was inoculated by streak plate method. The 
inoculated plates were incubated at 37OC   for 24 
hours. The growth of colorless colonies was an 
indication of Escherichia coli serotype 
O157H:H7. However, other strains of Escherichia 
coli other than O157H:H7 were pink                     
colonies growth due to the ability to ferment 
sorbitol. The media inhibits the growth of other 
Gram-positive bacteria such as Staphylococcus 
aureus. 
 

2.6 Culturing of Candida albicans 
 
Sabouraud Dextrose agar was used for the 
growth and maintenance of the pathogenic fungi 
Candida albicans using the cultural morphology 
and color. The Sabouraud dextrose agar was 
prepared according to the manufacturer’s 
instructions, incorporated in the agar was 50mg 
of chloramphenicol and 5mg of gentamicin to 
inhibit bacteria growth. The media was 
autoclaved at 121OC for 15 minutes and was 
poured on a sterile petri dishes then allowed to 
cool at room temperature. The organisms were 
inoculated by streak plate method and was 
incubated for 24 hours at 37OC. the result 
showed creamy pasty colonies with good growth 
for Candida albicans, and there was no growth 
for Escherichia coli and Staphylococcus aureus. 
Other morphological and biochemical 
investigations was performed to confirmed the 
identity of the fungi. 
 

2.7 Determination of Minimal Inhibitory 
Concentration 

 
Mueller Hinton broth was prepared according to 
the manufacturer’s instruction, it was autoclaved 
at 121OC for 15 minutes, and 0.5ml each of the 

sterilized broth was pipette into different test 
tubes. Exactly 0.5ml of the antimicrobial agent 
was added to the broth in the first test tube, the 
pipette was discarded, with a fresh pipette, the 
content of the first test tube was mixed 
thoroughly and 0.5ml was transferred into the 
second test tube containing 0.5ml of the sterile 
broth, again the pipette was discarded and a 
fresh pipette was used to mixed the content of 
the second test tube, and 0.5 ml was transferred 
to the third test tube; the dilution process was  
continued  throughout the test tube number. 
However, the antimicrobial agent was not added 
to the test tubes labelled positive growth control 
and the sterility control. After the content of the 
last test tube was mixed, 0.5 ml was removed 
from the tube and was discarded. So that the 
content of all the test tube be uniformed, that is, 
0.5ml in all test tubes. 
 
From a plate culture of the clinical isolates a 
suspension of the organism was prepared in 5ml 
of normal saline which is equivalent to 0.5 
MarFarland standard. With the aid of a sterile 
pipette 0.1ml of the microbe in broth was 
transferred to 9.9ml of normal saline. With a 
fresh pipette the content of the test tube was 
mixed, and 0.1ml of the inoculum were 
transferred to the test tubes containing the 
antibiotics, and to the test tube labelled growth 
control; however, none was added to the test 
tube labelled sterility control. The test tubes were 
mixed by gently shaking the test tubes. The 
tubes were incubated at 37OC for a duration of 1 
8-24 hours. After the said duration elapsed, the 
tubes with the lowest concentration of the 
microbial agent with no visible growth was 
considered. And the concentration of the tube 
was reported as the minimal inhibitory 
concentration of the antimicrobial agent, as there 
was visible growth on the positive growth control 
tube and no growth on the sterility control tube. 
The various concentrations of antimicrobial 
agents used were Cinnamon extracts (50, 25, 
12.5, 6.25 and 3.13mg/ml), Alum (100, 50, 25, 
12.5, 6.25 and 3.13mg/ml), Gentamicin (0.25, 
0.13, 0.06 and 0.03mg/ml), Penicillin G (1.50, 
0.75, 0.37 and 0.19) and fluconazole (0.2, 0.1, 
0.05, 0.025 and 0.013mg/ml). 
 

2.8 Determination of Minimal Bactericidal 
Concentration 

 
The minimal lethal concentration was determined 
by the transfer of sample from the tubes with no 
visible growth from the test tube of the minimal 
inhibitory concentration test onto a sterile agar 
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medium on Petri dishes by streak plate method, 
and thereafter incubated for 24- 48 hours at 
37OC. the lowest concentration or the highest 
dilution of antimicrobial agent that do not show 
any visible growth on the agar plate was 
considered the minimal bactericidal 
concentration.  
 

2.9 Evaluation of Interaction Between the 
Antimicrobials 

 
This checkerboard assay was used to evaluate 
the interactions between cinnamon extracts, 
antibiotics, and alum. The procedure was 
performed according to the methods conducted 
by Moody et al., 2003 with modifications AL ALK 
et al., 2019. Briefly, six concentrations of alum, 
and five concentrations of each cinnamon 
extracts were prepared in a sterilized tube by 
serial dilutions. Subsequently, Alum at 
decreasing concentrations going from 100mg/ml 
through 3.13mg/ml were added introduced 
horizontally into the tubes. In the same manner 
the cinnamon extracts at decreasing 
concentrations starting from 50mg/ml through 
3.13mg/ml were introduced vertically. The final 
volume in each tube was 8ml, comprising of 1ml 
of each alum and cinnamon extracts, as well as 
6ml of Mueller Hinton (MH) media consisting of 
106CFU/ml of the selected clinical microbe 
suspension. The tubes were incubated at 37OC 
for 24 hours. The analysis of the consortiums 
were obtained by calculating the FICI (AL ALK et 
al. 2019); [5]. The same methods and 
procedures were repeated by combining Alum or 
Cinnamon extracts with different concentrations 
of Gentamicin(0.25, 0.13, 0.06, and 0.03mg/ml), 
Penicillin G (1.50, 0.75, 0.37, 0.19) and 
fluconazole ( 0.2, 0.1, 0.05, 0.025, 0.013mg/ml), 
against S. aureus, E. coli O157H:H7, C albicans. 
The fractional inhibitory concentration was 
calculated using the following formula. 
 

FICI = FICA + FICB 

 

= A/MICA + B/MICB 

 
Where A and B are the minimal inhibitory 
concentration of antimicrobial A and B combined 
in the same tube, whereas MICA and MICB were 
the minimal inhibitory concentration of each of 
the two antimicrobial agents respectively. The 
value of the fractional inhibitory concentration 
index was used to classify the interaction 
between the two antimicrobial agents combined 
together using the following statements as 
guideline [14]. 

1. The two antimicrobial agents have a 
synergistic effect when the fractional 
inhibitory concentration index is less than 
0.5 (FICI≤0.5) 

2. When the value of the fractional inhibitory 
concentration index is between 0.5 and 1, 
the two antimicrobial agents have an 
additive effect. 

3. The two antimicrobial agents have an 
indifferent effect when the fractional 
inhibitory concentration index is greater 
than 1 and less than 4 (1<FICI>4) 

4. The combination of two antimicrobial 
agents was considered antagonistic when 
the fractional inhibitory concentration index 
is greater than 4 (FICI ≥ 4 

 

3. RESULTS 
 

3.1 Minimum Inhibitory Concentration 
MIC  

 
The MIC values of the crude cinnamon extracts 
for S. aureus were 25mg/ml, 0.25mg/ml for 
gentamicin, 25mg/ml for Aqueous Alum and 
0.19mg/ml for Penicillin G. The lowest MIC value 
was with Penicillin G against S. aureus 
(0.19mg/ml), and the highest MIC value for S. 
aureus were 25mg/ml with cinnamon extracts 
and Aqueous Alum. For E. coli O157H:H7, the 
MIC values ranged from 0.25 to 25mg/ml for all 
the antimicrobial agents used, with the lowest 
MIC value of 0.25mg/ml for gentamicin and the 
highest MIC value of 25mg/ml with Aqueous 
Alum and cinnamon extracts. The recorded MIC 
value of the antimicrobial agents against Candida 
albicans was between 0.05 and 25mg/ml, 
Fluconazole showed the lowest MIC value of 
0.05mg/ml and the highest was 12.5mg/ml with 
Aqueous Alum for the uncombined antimicrobial 
agents. The combinations of these antimicrobial 
agents resulted in a lower MIC values when 
compared to the individual antimicrobial agents. 
 

3.2 Combinations of the Various 
Antimicrobials 

 
The result of the various combinations with exact 
concentrations, showed a reduction in MICs and 
MBCs values compared to individual 
antimicrobial agents. The MIC of Gentamicin 
against S. aureus and E. coli O157H:H7 was 
0.25mg/ml, but in combination with Penicillin G 
decreased to 0.08mg/ml against E. coli 
O157H:H7, and 0.13mg/ml against S. aureus 
Table 4. The MIC of Gentamicin against S. 
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aureus was 0.25mg/ml, but in combination with 
aqueous cinnamon extracts decreased to 
0.08mg/ml. The MIC of Aqueous cinnamon 
extracts alone were 25mg/ml against S.                 
aureus and E. coli O157H:H7, but in combination 
with Gentamicin reduced to 12.5mg/ml                     
Table 6. The MIC of ethanolic cinnamon extracts 
alone were 12mg/ml against C. albicans                        

and E. coli O157H:H7, but in combination                 
with Aqueous Alum reduced to 6.25mg/ml 
against C. albicans table 8. The                            
various alterations in MICs values as a result of 
different consortiums of cinnamon extracts, 
antibiotics and alum against S. aureus, E. coli 
O157H:H7 and C. albicans are shown in                  
Table 4-8. 

 

 100 50 25 12.5 6.25 3.13 Alum mg/ml 

50 — — — — — —  

25 — — — — — —  
 

12.5 — — — — — — MIC of 
cinnamon 

6.25 — — — — + + + 

3.13 — — — + + + + 

Cinnamon 
extracts 
mg/ml 

  MIC of 
alum 

 
        

   

 

Fig. 1. Evaluation of the interactions between different concentrations of ethanolic cinnamon 
extracts and aqueous alum against Candida albicans using the checker board assay. * + = 

microbial growth, — = no microbial growth,           = positive control,              = sterility control. 
 

Table 1. MIC and MBC values of different concentrations of aqueous and ethanolic 
Cinnamomun zeylanicum extracts on S. aureus, E. coli O157H:H7, and C. albicans 

 

Antimicrobial Agent 
  

Organisms                           MIC and MBC values mg/ml  
MIC MBC 

Aqueous Extract S. aureus 25 50 
 E. coli O157H:H7 12.5 25 
C. albicans 12.5 12.5 

Ethanolic Extract S. aureus 25 50 
 E. coli O157H:H7 12.5 25 
C. albicans 12.5 12.5 

 

Table 2. MIC and MBC values of different concentrations of gentamicin, penicillin G, and 
fluconazole Against S. aureus, E. coli O157H:H7, and C. albicans 

 

Antimicrobial Agent Organisms                   MIC and MBC values mg/ml   
MIC MBC 

Gentamicin S. aureus 0.25 0.5 
E. coli O157H:H7 0.25 0.5 

Penicillin G S. aureus 0.19 0.37 
E. coli O157H:H7 0.75 1.5 

Fluconazole 
   
C. albicans 0.05 0.1 

 

Table 3. MIC and MBC values of different concentrations of Alum on S. aureus, E. coli 
O157H:H7, and C. albicans 

 

antimicrobial agent Organisms                        MIC and MBC values mg/ml   
MIC MBC 

Alum S. aureus            25 50 
E. coli O157H:H7 25  50 
C. albicans 25  12.5 
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Table 4. MIC and MBC values of different combinations and concentrations of gentamicin, 
penicillin G, and fluconazole on S. aureus, E. coli O157H:H7, and C. albicans 

 

Antimicrobial Agent Organisms                                      MIC and MBC values mg/ml   
MIC MBC 

Gentamicin  
+   
Penicillin G 

S. aureus 0.13+0.75 0.25+1.15 
E. coli O157H:H7 0.08+0.37 0.13+0.75 
C. albicans - - 

Gentamicin  
+   
Fluconazole 

S. aureus 0.13+0.10 0.25+0.20 

E. coli O157H:H7 0.13+0.10 0.25+0.20 
C. albicans 0.08+0.05 0.13+0.10 

Penicillin G  
+ 
 Fluconazole 

S. aureus 0.75+0.10 1.50+0.20 
E. coli O157H:H7 0.75+0.10 1.50+0.20 
C. albicans 0.37+0.05 0.75+0.10 

 
Table 5. MIC and MBC values of different combinations and concentrations of gentamicin, 

penicillin G, fluconazole and aqueous Alum on S. aureus, E. coli O157H:H7, and C. albicans 
 

Antimicrobial Agent Organisms                              MIC and MBC values mg/ml   
MIC MBC 

Gentamicin 
 +   
Alum 

S. aureus 0.08+25 0.13+50 
E. coli O157H:H7 0.08+25 0.13+50 
C. albicans 0.13+50 0.25+100 

Penicillin G 
 +   
Alum 

S. aureus 0.37+25 0.75+50 
E. coli O157H:H7 0.37+25 0.75+50 
C. albicans 0.75+50 1.50+100 

Fluconazole 
 +  
Alum 

S. aureus 0.10+50 0.20+100 
E. coli O157H:H7 0.10+50 0.20+100 
C. albicans 0.05+25 0.10+50 

 
Table 6. MIC and MBC values of different combinations and concentrations of gentamicin, 

penicillin G, fluconazole and aqueous extract of Cinnamomun zeylanicum on S. aureus, E. coli 
O157H:H7, and C. albicans 

 

Antimicrobial Agent Organisms                          MIC and MBC values mg/ml   
MIC MBC 

Gentamicin 
 + 
Aqueous Cinnamon Extract 

S. aureus 0.08+12.5 0.13+25 
E. coli O157H:H7 0.08+12.5 0.13+25 
C. albicans 0.13+25 0.25+50 

Penicillin G  
+  
Aqueous Cinnamon Extract 

S. aureus 0.19+6.25 0.37+12.5 
E. coli O157H:H7 0.37+12.5 0.75+25 
C. albicans 0.75+25 1.50+50 

Fluconazole 
 + 
Aqueous Cinnamon Extract 

S. aureus 0.75+25 1.50+50 
E. coli O157H:H7 0.75+25 1.50+50 
C. albicans 0.37+12.5 0.75+25 

 

3.3 Minimum Bactericidal Concentration 
(mg/ml) 

 
The highest dilution of antimicrobial agent that 
yielded no antimicrobial growth as evidence of 
absent turbidity on the broth. The range of MBC 
in this investigation was 0.1 to 50mg/ml for all the 
antimicrobial agents conducted alone. The 
lowest MBC value of 0.1mg/ml was for 
Fluconazole against C. albicans, and the       

highest (50mg/ml) for S. aureus with cinnamon 
extracts. 
 

3.4 Fractional Inhibitory Concentration 
Index (FICI) 

 
Fractional inhibitory concentration index is the 
sum of the fractional inhibitory concentration 
FICs of each drug tested when used in 
combination. FIC is calculated by dividing each 
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drug’s MIC in combination by each drug’s MIC 
when used alone. The fractional inhibitory 
concentration index showed a ranged of 0.56 to 
7.9. gentamicin + penicillin G showed a FICI of 
0.56 as the lowest with E. coli O157H:H7, and 
the highest FICI was 7.9 with a combination of 
Fluconazole + aqueous cinnamon extract against 
C. albicans. The result for this present study 
showed additive effect (0.5<FICI>1) Indifferent 
effect(1<FICI>4), and antagonistic effect 
(FICI≥4). This present study has also shown that 

combination of cinnamon extracts antibiotics 
(gentamicin, and penicillin G) and Aqueous Alum 
resulted in an additive, indifferent and antagonist 
effects against S. aureus, E. coli O157H:H7, and 
C. albicans. 
 

4. DISCUSSIONS 
 

The MIC and the MBC values of the aqueous 
and ethanolic cinnamon extracts was greater 
against S. aureus 25mg/ml and 50mg/ml 

 

Table 7. MIC and MBC values of different combinations and concentrations of gentamicin, 
penicillin G, fluconazole and ethanolic extract of Cinnamomun zeylanicum on S. aureus, E. coli 

O157H:H7, and C. albicans 
 

Antimicrobial Agent Organisms                         MIC and MBC values mg/ml   
MIC MBC 

Gentamicin  
+  
Ethanolic Cinnamon Extract 

S. aureus 0.06+12.5 0.13+25 
E. coli O157H:H7 0.06+12.5 0.13+25 
C. albicans 0.13+25 0.25+50 

Penicillin G  
+ 
Ethanolic Cinnamon Extract 

S. aureus 0.19+6.25 0.37+12.5 
E. coli O157H:H7 0.37+12.5 0.75+25 
C. albicans 0.75+25 0.20+50 

Fluconazole  
+ 
Ethanolic Cinnamon Extract 

S. aureus 0.10+25 0.20+50 
E. coli O157H:H7 0.05+12 0.10+25 
C. albicans 0.03+6.25 0.05+12.5 

 

Table 8. MIC and MBC values of different combinations and concentrations of aqueous alum, 
aqueous and ethanolic extract of Cinnamomun zeylanicum on S. aureus, E. coli O157H:H7, and 

C. albicans 
 

Antimicrobial Agent Organisms                              MIC and MBC values mg/ml   
MIC MBC 

Ethanolic Cinnamon Extract  
+ 
Alum 

S. aureus 25+50 50+100 
E. coli O157H:H7 12.5+25 25+50 
C. albicans 6.25+12.5 12.5+25 

Aqueous Cinnamon Extract 
 + 
Alum 

S. aureus 25+50 50+100 
E. coli O157H:H7 12.5+25 25+50 
C. albicans 6.25+12.5 12.5+25 

 

Table 9. Fractional inhibitory concentration index (FICI) of various combinations of gentamicin, 
penicillin and fluconazole against S. aureus, E. coli O157H:H7, and C. albicans 

 

Antimicrobial Agent Organisms FICA FIC B FICI S, A, I, AN 

Gentamicin  
+ 
Penicillin G  

S. aureus 0.52 0.5 1.02 I 
E. coli O157H:H7 0.3 0.2 0.56 A 
C. albicans - - - NT 

Gentamicin  
+ 
Fluconazole 

S. aureus 0.52 - 0.52 NT 
E. coli O157H:H7 0.52 - 0.52 NT 
C. albicans - 1 1.00 NT 

Penicillin G  
+ 
Fluconazole 

S. aureus 0.5 - 0.5 NT 
E. coli O157H:H7 1 - 1.0 NT 
C. albicans - 1 1.0 NT 

Key: FICA = Fractional inhibitory concentration of drug A, FICB= Fractional inhibitory concentration of drug B, 
A=Additive, S=Synergistic, I = indifference, AN = antagonistic, FICI= Fractional inhibitory concentration index 
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respectively, and the lowest was with C. albicans 
at 12.5mg/ml, when the same concentrations of 
antimicrobial agents were applied. Aqueous and 
ethanolic cinnamon extracts were more active 
against C. albicans with lower MIC value than S. 
aureus. different organisms have different MIC 
value when cinnamon was used as an 

antimicrobial agent. This is in accordance with 
EL Atki et al. [8] which showed that the cinnamon 
essential oil (EO) resulted to a lower MIC values 
ranging from 19.53ug/ml to 4.4ug/ml. Also, 
Raeisi et al. 2015 showed that the MIC value of 
cinnamon essential oil against E. coli and S 
aureus was 2500ug/ml. 

 

Table 10. Fractional inhibitory concentration index (FICI) of various combinations of 
gentamicin, penicillin, fluconazole and ethanolic cinnamon extract against S. aureus, E. coli 

O157H:H7, and C. albicans 
 

Antimicrobial Agent Organisms FICA FICB FICI A, S, I, AN 

Gentamicin + 
Ethanolic Cinnamon 
Extract 

S. aureus 0.24 0.48 0.72 A 
E. coli O157H:H7 0.24 0.96 1.2 I 
C. albicans - 1 1.0 NT 

Penicillin G + 
Ethanolic Cinnamon 
Extract 

S. aureus 1 0.25 1.25 I 
E. coli O157H:H7 0.493333 0.96 1.453333 I 
C. albicans - 2 2.0 NT 

Fluconazole + 
Ethanolic Cinnamon 
Extract 

S. aureus - 1 1.0 NT 
E. coli O157H:H7 - 0.96 0.96 NT 
C. albicans 0.6 0.5 1.1 I 

Key: FICA = Fractional inhibitory concentration of drug A, FICB= Fractional inhibitory concentration of drug B, 
A=Additive, S=Synergistic, I = indifference, AN = antagonistic, FICI= Fractional inhibitory concentration index 

 

Table 11. Fractional inhibitory concentration index (FICI) of various combinations of 
gentamicin, penicillin, fluconazole and Aqueous Alum against S. aureus, E. coli O157H:H7, and 

C. albicans 
 

Antimicrobial 
Agent  

 
Organisms FICA FICB FICI S, A, I 

Gentamicin + 
Alum 

S. aureus 0.32 0.5 0.82 A 
E. coli O157H:H7 0.32 0.5 0.82 A 
C. albicans - 2 2.13 NT 

Penicillin g + 
Alum 

S. aureus 1.947368 0.5 2.44 I 
E. coli O157H:H7 0.493333 0.5 0.99 A 
C. albicans - 2 2.0 NT 

Fluconazole+ 
Alum 

S. aureus - 1 1.1 NT 
E. coli O157H:H7 - 1 1.1 NT 
C. albicans 0.05 1 1.05 I 

Key: FICA = Fractional inhibitory concentration of drug A, FICB= Fractional inhibitory concentration of drug B, 
A=Additive, S=Synergistic, I = indifference, AN = antagonistic, FICI= Fractional inhibitory concentration index 

 

Table 12. Fractional inhibitory concentration index (FICI) of various combinations of 
gentamicin, penicillin, fluconazole and Aqueous cinnamon extract against S. aureus, E. coli 

O157H:H7, and C. albicans 
 

Antimicrobial Agent Organisms FICA FICB FICI S, A, IAN 

Gentamicin + 
Aq. Cinnamon Extract 

S. aureus 0.32 0.5 0.82 A 
E. coli O157H:H7 0.32 1 1.32 I 
C. albicans - 2 2.0 NT 

Penicillin G + 
Aq Cinnamon Extract 

S. aureus 1 0.25 1.25 I 
E. coli O157H:H7 0.49 1 1.49 I 
C. albicans - 2 2.0 I 

Fluconazole + 
Aq. Cinnamon Extract 

S. aureus - 0.5 0.5 NT 
E. coli O157H:H7 - 0.5 0.5 NT 
C. albicans 7.4 0.5 7.9 AN 

Key: FICA = Fractional inhibitory concentration of drug A, FICB= Fractional inhibitory concentration of drug B, 
A=Additive, S=Synergistic, I = indifference, AN = antagonistic, FICI= Fractional inhibitory concentration index 
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Table 13. Fractional inhibitory concentration index (FICI) of various combinations of ethanolic 
cinnamon extract, Alum, and Aqueous cinnamon extract against S. aureus, E. coli O157H:H7, 

and C. albicans 
 

Antimicrobial Agent  
 

Organisms FICA FICB FICI S, A, I 

AQ. Cinnamon Extract 
+ 
Alum 

S. aureus 1 1 2 I 
E.coli O157H:H7 1 0.5 1.5 I 
C. albicans 0.5 0.5 1 A 

Eth. Cinnamon Extract 
+ 
Alum 

S. aureus 1 1 2 I 
E.coli O157H:H7 1 0.5 1.5 I 
C. albicans 0.5 0.5 1 A 

Key: FICA = Fractional inhibitory concentration of drug A, FICB= Fractional inhibitory concentration of drug B, 
A=Additive, S=Synergistic, I = indifference, AN = antagonistic, FICI= Fractional inhibitory concentration index 

 
when gentamicin was tested on S. aureus and E. 
coli O157H:H7 it resulted to an MIC and MBC 
values of 0.25mg/ml and 0.50mg/ml respectively. 
While Penicillin G against S. aureus and E. coli 
O157H:H7 resulted to an MICs of 0.19mg/ml and 
0.75mg/ml and MBCs of 0.37mg/ml and 
1.50mg/ml respectively. Fluconazole against C. 
albicans resulted to an MIC and MBC of 
0.05mg/ml and 0.1ng/ml respectively. Hence the 
study conducted by Jaccobs et al., 1998; 
Dilnessa, 2019; Glajzner et al., 2022 showed that 
the MIC and methicillin susceptible 
Staphylococcus aureus are between 0.06-
128ug/ml, and the MIC of methicillin resistant 
Staphylococcus aureus for penicillin G is 
between 32-128ug/ml. The MIC of gentamicin 
methicillin susceptible Staphylococcus aureus 
are between 0.06-16ug/ml, and between 0.06-
64ug/ml for methicillin resistant Staphylococcus 
aureus. susceptible S. aureus to penicillin G, also 
means that it is susceptible to other beta lactam 
antibiotics. Furthermore, a study conducted by 
Gomes et al.,2019 showed an MIC value 
between 0.4 -24ug/ml for penicillin G against all 
strains of S. aureus. A study conducted by sabee 
et al. 2020 showed that the MIC of gentamicin 
against S. aureus is 0.02mg/ml, same MIC with 
E. coli. Landman et al. [15] also showed that 
MIC(90)  of gentamicin was 32mg/L against most 
isolates of E coli. 
 
 Aqueous Alum was active against the three 
selected clinical isolates used the MICs of 
aqueous alum against S. aureus and E. coli 
O157H:H7 and C. albicans were 25mg/ml, 
25mg/ml and 12.5mg/ml respectively, and the 
MBCs aqueous alum against S. aureus and E. 
coli O157H:H7 and C. albicans were 50mg/ml, 
50mg/ml and 25mg/ml respectively this showed 
that the MIC and MBC of alum was low against 
C. albicans compared to S. aureus, this is in 
accordance with a study conducted by Ali , 2018 
revealed that the MIC and MBC of Aqueous 

Alum against S. aureus was 20%, the MIC of 
alum against E. coli was 10% while the MBC was 
20%. The same study by Ali, [5]; Lee et al. [16], 
also revealed that the MIC and MBC of aqueous 
Alum against C. albicans was 10%. The MIC of 
alum against E. coli was reported to be 10mg/ml 
[17]. Ahmed, 2011 Showed that Alum has 
different MIC value for different pathogens, and 
that the MIC value of alum against Proteus 
mirabilis was 0.8g//ml. 
 

4.1 Interactions Between the 
Antimicrobials  

 
The combination of penicillin G, gentamicin, and 
fluconazole resulted in the additive and 
indifferent effects with a FICI ranging from 0.56 
to 1.02, lowest FICI of 0.56 was with gentamicin 
and penicillin G against E. coli O157H:H7 and 
the highest FICI was 1.37 with the combination of 
penicillin G and gentamicin against E. coli 
O157H:H7. 
 

For the combination of ethanolic cinnamon 
extracts with gentamicin, penicillin G and 
Fluconazole, there was an additive and 
indifferent effects against the tested clinical 
isolates with a FICI ranging from 0.72 to 1.45, the 
lowest FICI of 0.72 obtained from the 
combination of gentamicin + ethanolic cinnamon 
extracts against S aureus, and the highest FICI 
of 1.45 obtained from the combination of 
Penicillin G + Ethanolic cinnamon extracts 
against E. coli O157H:H7. Reports from 
Utchariyakiat et al. [18], Yap et al. [19] & 
Mahadlet et al. [20], showed that combinations of 
Cinnamomum zeylanicum and antibiotics 
expresses additive and synergistic effects 
against a variety of microorganisms. This is in 
confirmation with the study conducted by Guerra 
et al. 2012, that a combination of Cinnamomun 
zeylanicum with antibiotics shows an additive 
effect. 
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The combinations aqueous Alum Gentamicin 
Penicillin G and fluconazole tested on the 
selected clinical isolates resulted to both additive 
and indifferent effects with a FICI between 0.82 
to 2.44. fluconazole + aqueous Alum resulted in 
an indifferent effect against C. albicans with a 
FICI of 1.05 while the combination of gentamicin 
+ aqueous Alum and combinations of Penicillin G 
+ aqueous Alum produced both additive and 
indifferent effects against S. aureus, E. coli 
O157H:H7.. For the combination aqueous 
cinnamon extracts with Gentamicin, Penicillin G, 
and fluconazole against S. aureus, E. coli 
O157H:H7, and C. albicans produced an 
additive, indifferent, and antagonistic effects with 
a FICI ranging from 0.82 to 7.9. The combination 
of fluconazole + aqueous cinnamon extracts 
resulted to an antagonistic effect against C. 
albicans with FICI of 7.9. Furthermore, the 
combinations aqueous Alum, with Ethanolic 
Aqueous cinnamon extracts produced an 
additive and indifferent effects against the three 
tested clinical isolates used in this study, with a 
FICI ranging from 1 to 2. The combinations 
produced an additive effect against C. albicans 
and indifferent effects against S. aureus and E. 
coli O157H:H7. EL Atki et al. [8] showed that the 
combination of cinnamon essential oil (EO) with 
streptomycin resulted in an additive effect 
against strains of E coli and S. aureus with FICI 
of 1.0 to 0.75 respectively. The same study also 
revealed that the coalescence effects of 
cinnamon EO+Ampicillin resulted in an indifferent 
effect against E. coli with a FICI of 1.2. this 
showed that the combination of cinnamon 
extracts and different conventional antibiotics 
produced different effects ranging from 
synergistic to indifferent effects depending on the 
organism and antibiotics used. Mahadlek et al. 
[20], also showed that the combination of 
cinnamon EO + Ciprofloxacin resulted to an 
additive effect against S. aureus using the 
checkerboard assay. Furthermore, Lu et al. [21]; 
Utchariyakiat et al. [18] revealed that the 
combination of cinnamon EO + Clove displayed 
both additive and indifferent effects against a 
variety of bacteria; both clinical and foodborne 
bacteria. 
 

5. CONCLUSION 
 

This research study showed that all the 
antimicrobial agents used were effective against 
the selected clinical isolates. The combination of 
these antimicrobial agents showed a reduction in 
the minimal inhibitory concentration against the 
tested microorganisms. The various 

combinations showed additive, indifferent and 
antagonistic effects when analyzed using the 
checkerboard assay. 
 
The various antimicrobial combinations can be 
used as alternative therapeutic medicine for 
topical and internal applications for the treatment 
of infections caused by S. aureus, E coli 
O157H:H7, and Candida albicans. These 
combinations could reduce the minimal effective 
dose of the antimicrobial agents, thereby 
decreasing their potential side effect and 
treatment cost. 
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