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Abstract 

This study investigated the synergistic antibacterial potentials of Ocimum gratissimum (O. 
gratissimum) leaf acetone extract, honey, and ciprofloxacin against some multiple antibiotic-resistant 
bacteria. Multiple antibiotic-resistant bacterial isolates from stool samples of diarrhea patients and their 
typed cultures were subjected to inhibitory assay by mixtures of extract and honey, extract and 
ciprofloxacin, honey and ciprofloxacin, and extract, honey and ciprofloxacin using tube dilution method. 
Killing rate and mechanisms of action of the mixtures on the susceptible pathogens were determined. The 
multiple antibiotic resistance indices of the test organisms (MARI) ranged from 0.7 to 1.0. Extract, honey, 
and ciprofloxacin mixture at ratio 1:1:1 exerted the lowest minimum inhibitory concentration on E. coli, 
P. aeruginosa ATCC 10145, E. coli ATCC 25922, and S. typhi ATCC 14028 at 1.56×10-3 mg/mL 
compared with ciprofloxacin (3.13×10-3 mg/mL). Highest potassium, sodium, and protein leakage was 
induced by extract and honey mixture (97.4 cmol/g) in E. coli, extract, honey, and ciprofloxacin mixture 
(65.2 cmol/g) in B. cereus, and extract, honey, and ciprofloxacin mixture (21.6 mg/mL) in B. cereus, 
respectively. Extract, honey, and ciprofloxacin mixture exerted highest killing rate on B. cereus after 24 h 
(1.3×101 cfu/mL). These findings revealed a high synergistic antibacterial potential of O. gratissimum 
leaf acetone extract, honey, and ciprofloxacin against multiple drug-resistant bacteria, thus, implying their 
potential use in diarrhea treatment. 
 
Keywords: Synergism, Antibacterial, Ocimum gratissimum L., Honey, Ciprofloxacin 
 
 
Introduction 

Antibacterial agents are chemical substances produced by living organisms or plants that can kill or 
inhibit the growth of bacteria [1]. The use of antibacterial agents, especially antibiotics, in the treatment 
of diarrhea has led to a discussion about the use of antibiotics in human medicine, due to the development 
of resistance to antibiotics in bacteria [2]. Therefore, it is very essential to monitor the resistance pattern 
of antibiotics in human pathogens. Since there has been increase in the number of multiple drug-resistant 
strains of bacteria causing diarrhea, and this has attracted public health concern, it is important to 
investigate the potential of combination therapy [2,3]. 

Although plant products have been reported as alternative antibacterial agents in the treatment of 
multiple drug-resistant bacterial infections, there is a need for a combination of antibacterial agents to 
enhance the efficiency and improve the effectiveness of antibacterial therapy [3]. A combination of 2 or 
more antibacterial agents may result in synergism, additive, indifference, or antagonism. Greater 
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antibacterial activity can be achieved when 2 drugs are combined. When there is synergism, microbial 
inhibition is achieved at lower concentration than when used alone [2]. 

Ocimum gratissimum L. belongs to a group of plants known as spices in the family of Lamiaceae. It 
is commonly found in the tropical areas of Africa and India [3]. In Nigeria, it can be found on the 
savannah and in coastal areas. Because of its sweet scent and pleasant aroma, it is commonly called 
“scent leaf” in Nigeria [4]. In Nigerian communities, the plant is traditionally used in the treatment of 
gastrointestinal infections such as diarrhea and dysentery [5]. It is also used in the treatment of skin 
infections, wounds, ulcers, headaches, insect bites, nasal bleeding, measles, and diabetes [6]. O. 
gratissimum has been reported to be active against several species of bacteria due to its possession of 
phytochemicals such as phenol, flavonoid, alkaloid, steroid, saponin, and tannin [6]. 

Honey is a natural food of very high nutritive value which is obtained when the nectar and sweet 
deposits from plants are gathered and stored in the honeycombs of honeybees [7]. Honey is well 
recognized for its antibacterial activity, which was first reported in 1892. Honey has been used for the 
treatment of wound infection, respiratory ailment, gastrointestinal disorder, and other various diseases [8]. 
Honey has been reported to have inhibitory properties against many species of bacteria, such as 
Escherichia coli, Shigella dysentriae, Staphylococcus aureus, Bacillus cereus, and Salmonella spp [9]. 

The synergistic antibacterial activities of mixtures of O. gratissimum leaf extracts with other plants 
and O. gratissimum leaf extracts with antibiotics have been documented in earlier studies [5,10,11]. The 
mixtures of honey and antibiotics have been reported for synergistic effects against species of bacteria 
[12]. However, little or no study has revealed the antibacterial properties of a combination of O. 
gratissimum and honey. Therefore, this study aims to investigate the synergistic antibacterial potentials of 
mixtures of O. gratissimum leaf acetone extract, honey, and ciprofloxacin against some multiple 
antibiotic-resistant bacteria isolated from the stool samples of diarrhea patients in Ondo State, Nigeria. 
 
Materials and methods 

Ethical approval 
The ethical approval to carry out this study was issued by Ondo State Health Research Ethics 

Committee, Ministry of Health, Ondo state, Nigeria. 
 

Collection of plant material 
The O. gratissimum leaves were collected from Falegbe farm, Akure, Ondo State, Nigeria. It was 

authenticated by Mr. Adejobi from the Department of Crop, Soil and Pest Management, School of 
Agriculture and Agricultural Technology, Federal University of Technology Akure, (FUTA) Ondo State, 
Nigeria. 
 

Collection of honey samples 
The honey used for this study was purchased from Nectar Honey Farm. The honey was collected 

into sterile containers and transported to the Microbiology Laboratory, FUTA. 
 

Collection of stool samples 
A total of 60 stool samples were collected from diarrhea patients attending specialist hospitals in 

Akure, Ondo State, Nigeria. Non-diarrhea patients were excluded. These samples were collected into 
sterile universal bottles and transported to the Microbiology Laboratory, FUTA. 
 

Isolation of bacteria 
Bacteria were isolated from the stool samples and identified using the method described by 

Abhishek et al. [13]. The agar used included: Nutrient Agar, MacConkey Agar, and Salmonella Shigella 
Agar. All media were prepared according to the manufacturer’s specification. Culture media, diluents, 
and water were sterilized in autoclave at 121 ºC for 15 min, while glass wares were sterilized using an 
oven at 160 ºC for 2 h [13]. 
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Collection of typed cultures 
Typed bacteria that correlated with clinical bacterial isolates were collected from the Federal 

Institute of Industrial Research Oshodi (FIIRO), Lagos State, Nigeria. The bacterial isolates were: E. coli 
ATCC 25922, P. aeruginosa ATCC 10145, S. aureus NTCC 6571, and S. typhi ATCC 10145. 
 

Extraction of plant material 
100 g of the grounded leaves was weighed and soaked in 1,000 mL of the extraction solvent 

(acetone) for 72 h at room temperature and stirred occasionally in order to obtain the extract. The residue 
was filtered using Muslin cloth to obtain the filtrate, and then was further purified by filtration through 
Whatman No 1 filter paper under aseptic conditions. The filtrate was evaporated to dryness using a rotary 
evaporator, and then stored in a refrigerator at 4 ºC until required for use [14]. 
 

Phytochemical screening 
The extract and honey were screened for alkaloids, tannin, saponin, phlobatannin, steroid, 

flavonoid, terpenoid, and cardiac glycoside, and the quantity of the constituents was determined using the 
method described by Ladipo et al. [14]. 
 

Standardization of inoculum 
A standard inoculum from a 24 h culture was prepared by suspension in a nutrient broth and 

adjustment with sterile normal saline until the turbidity matched a 0.5 MacFarland [15]. 
 

Antibiotic susceptibility assay 
The Kirby-Bauer disc diffusion method was used to determine the effect of standard antibiotics on 

the bacterial isolates, as described by Willey et al. [1]. Clinical Laboratory Standardization Institute [16] 
was used to determine the resistant strains of the isolated bacteria, and the multiple antibiotic resistant 
index was calculated using the formula: a/b; where a = number of antibiotics that showed resistance to the 
bacterial isolates and b = total number of antibiotics used. 

 
Screening for antibacterial activity 
The antibacterial activities of extract and honey were evaluated using the agar well diffusion 

method, as described by Ubafie and Ejale [15]. The prepared Muller Hinton agar plates were swabbed 
with suspension of the bacterial isolates using sterile swab sticks. The extract was reconstituted using 
Dimethyl sulfoxide (DMSO) to obtain the concentration of the extract (mg/mL). Wells of approximately 
6 mm in diameter were made on the surfaces of the already streaked Petri dishes using a sterile cork 
borer. Wells were filled with 0.1 mL of the extract, honey, ciprofloxacin, and sterile distilled water using 
a micro pipette. Ciprofloxacin served as the standard positive control, while distilled water was used as 
the negative control. The extract was tested at 100 mg/mL while honey was tested at 200 mg/mL. The 
plates were incubated at 37 ºC for 24 h. The zones of inhibition were measured. 

 
Determination of minimum inhibitory concentration (MIC) 
The minimum inhibitory concentration (MIC) of the extract, honey, ciprofloxacin, and their 

mixtures was determined using the broth dilution method, as described by Willey et al. [1]. The MIC was 
determined at varying concentrations. The concentrations were: 200, 100, 50, 25, 12.5, 6.25, 3.125, 0.50, 
0.25, 0.125, 0.0625, 0.0313, and 0.0156 mg/mL. The tubes were examined for visible growth, and the 
lowest concentration that was able to inhibit the growth of bacteria when compared with the control was 
noted as the MIC. 

 
Screening for synergistic activity 
Screening for synergistic antibacterial activity was carried out using the tube dilution method, as 

described by Omoya and Ajayi [2]. The same concentration and volume of extract and honey, extract and 
ciprofloxacin, honey and ciprofloxacin, and extract, honey and ciprofloxacin was introduced into tubes 

Walailak J Sci & Tech 2021; 18(9): 9192 
 

3 of 15 



Antibacterial Potentials of Ocimum gratissimum, Honey and Ciprofloxacin Oluwatoyosi Ezekiel OLAWALE et al. 
http://wjst.wu.ac.th 

containing the test organisms. The minimum inhibitory concentrations of the combinations was noted. 
The activity was conducted to show synergism, additive, antagonism, or indifference. 
 

Calculation of fractional inhibitory concentration (FIC) 
The FIC of the 4 combinations was determined using the standard checkerboard method, as 

described by Omoya and Ajayi [2]. The FIC was calculated using the equation: FIC = MIC of 
combined/MIC of single, ∑FIC = FIC of A + FIC of B. 

Synergism is defined as FIC ≤ 0.5, additive as FIC > 0.5 and ≤ 1, indifference as FIC > 1 and ≤ 2, 
and antagonism is defined as FIC > 2. 

 
Determination of sodium and potassium leakage 
Half a milliliter each of the standardized pre-cultured bacterial isolates that were susceptible to the 

synergistic combinations was added to 4.5 mL of the prepared concentration (100 mg/mL) of each of the 
4 combinations, and then incubated for 18 h. The solution was centrifuged at 7,000 rpm, and the 
supernatant was analyzed using a flame photometer at 589 and 766 nm for sodium and potassium ion 
leakage, respectively. The sodium and potassium ion leakage was determined using the method described 
by Akinyemi and Ogundare [17] with slight modification. 

Calculation:  
Sodium ion (Na+) (centimole/gram) = absorbance/230×100 
Potassium ion (K+) (centimole/gram) = absorbance/390×100 
 

Determination of killing rate of bacterial isolates 
The rate of killing of the bacteria that were susceptible to synergistic combinations was determined 

using the method of Akinyemi and Ogundare [17]. Five mL of the standardized broth culture was 
introduced into the minimum inhibitory concentrations of each of the mixtures. The suspension was 
mixed and then plated using the pour plate method at 0, 2, 4, 6, and 24 h. The plates were incubated at 37 
ºC for 24 h, after which observation was made for microbial growth. The numbers of colonies were 
counted using a digital colony counter. 

 
Data analysis 
Data were analyzed by subjecting to Analysis of Variance (ANOVA), and the means were separated 

using Duncan’s multiple range test at a 95 % level of significance (p ≤ 0.05). 
 
Results and discussion 

Bacteria isolated from stool samples 
Bacteria isolated in this study were identified as E. coli, Salmonella spp, S. aureus, S. dysentriae, B. 

cereus, and P. aeruginosa. The multiple antibiotic resistant indices of the isolated bacteria ranged from 
0.7 to 1.0 (Figure 1). The multiple antibiotic resistance indices (MARI) observed for the bacterial isolates 
in this study revealed a trend of resistance of the bacteria to conventional drugs. Similar results were 
observed by Onuoha [18], with MARI > 0.2 observed in B. cereus, S. aureus, E. coli, and Salmonella spp. 
Onuoha [18] reported that indiscriminate use of antibiotics may favor the emergence of resistant strains of 
bacteria. 

 
Qualitative and quantitative phytochemical constituents 
The phytochemical screening of O. gratissimum leaf acetone extract and honey revealed the 

presence of saponin, steroid, flavonoid, and cardiac glycoside. However, O. gratissimum leaf acetone 
extract also revealed the presence of tannin, terpenoid, and phenol, which are absent in honey (Table 1). 
Saponin had the highest phytochemical constituents in O. gratissimum leaf acetone extract (42.50±0.32 
mg/g), while cardiac glycoside had the highest in honey with 6.98±0.03 mg/g (Table 2). This is in line 
with the reports of Nwankwo et al. [8] and Ladipo et al. [14], that O. gratissimum leaf extracts and honey 
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contain the above phytochemicals. The flavonoid obtained in the plant extract and honey is believed to act 
by binding with soluble proteins and the bacterial cell wall, thereby disrupting their membrane integrity 
[19]. 

 

 
Figure 1 Multiple antibiotic resistant indices of bacterial isolates. 
 
 
Table 1 Qualitative phytochemical screening of O. gratissimum leaf acetone extract and honey. 

Constituent Acetone Extract Honey 
Saponin + + 
Tannin + - 
Steroids + + 
Terpenoids + - 
Flavonoids + + 
Alkaloids - - 
Phlebotannin - - 
Phenol + - 
Cardiac Glycoside 
Keller kiliani Test + + 
Salkwoski Test - - 
Lieberman Test + + 
Keys: + = present, - = absent. 
 
Table 2 Quantitative phytochemical screening of O. gratissimum leaf acetone extract and honey (mg/g). 

Constituent Acetone extract Honey 
Saponin 42.50±0.32e 1.00±0.27b 
Tannin 1.29±0.01d 0.00±0.00a 
Steroids 9.02±0.02f 1.07±0.05b 
Terpenoids 28.29±0.03d 0.00±0.00a 
Flavonoids 2.62±0.02d 0.42±0.01a 
Phenol 21.38±0.06d 0.00±0.00a 
Cardiac glycoside 17.43±0.03f 6.98±0.03d 
Values are represented as mean ± standard error (n = 2) with the same superscript across the row are not 
significantly different (p < 0.05). 
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Antibacterial activity of O. gratissimum leaf acetone extract and honey against bacterial 
isolates 

Acetone extract at 100 mg/mL displayed the highest zone of inhibition on E. coli (26.67±0.33 mm). 
Also, the highest zone of inhibition by honey was observed in S. aureus and P. aeruginosa (14.67±0.33 
mm), but resistance to honey was recorded in S. dysentriae (Table 3). The results of the antibacterial 
activities of O. gratissimum leaf extracts and honey showed that the plant possesses more potent 
antibacterial activity than honey. This agreed with the previous studies of Amadi et al. [20], Amengialue 
et al. [4], Odebisi-Omokanye et al. [19], and Ubafie and Ejale [15], that extracts of O. gratissimum have 
higher antibacterial potentials against enteric bacteria. This may be attributed to additional secondary 
metabolites such as tannin, terpenoid, and phenol present in O. gratissimum leaf extracts, but which were 
found to be absent in honey used in this study.  

 
Comparative minimum inhibitory concentrations of O. gratissimum leaf acetone extract, 

honey, and ciprofloxacin against bacterial isolates 
The acetone extract displayed the lowest MIC on S. typhi ATCC 14028 at 6.25 mg/mL, and the 

lowest MIC of honey was observed on E. coli and S. typhi ATCC 14028 at 50 mg/mL. Mixture of O. 
gratissimum leaf acetone extract, honey, and ciprofloxacin at ratio 1:1:1 had the lowest microbial 
inhibition factor on all the bacterial isolates. The lowest MIC of the combination was observed on E. coli, 
P. aeruginosa ATCC 10145, E. coli ATCC 25922, and S. typhi ATCC 14028 at 1.56×10-3 mg/mL 
compared to ciprofloxacin (3.13×10-3 mg/mL) (Table 4). The minimum inhibitory concentration 
observed for the plant extract and honey revealed that plant extracts inhibited the growth of the selected 
bacteria at lower concentration than honey. This finding agreed with the work of Odebisi-Omokanye et 
al. [19], that extracts of O. gratissimum leaf exhibit lower MIC on enteric pathogens. This indicates that 
the phytoconstituents present in the plant have higher therapeutic potentials compared to honey. The 
lowest MIC was recorded in the combination of O. gratissimum leaf acetone extract, honey, and 
ciprofloxacin at 1:1:1. This may be attributed to the combined effect of the antibacterial properties present 
in the antimicrobial agents [5]. 

 
Fractional inhibitory concentration index of mixtures of O. gratissimum leaf acetone extract, 

honey, and ciprofloxacin 
The fractional inhibitory concentration index (FICindex) of the 4 different combinations used ranged 

from 0.125 to 2.0 (Tables 5 - 8). E. coli, Salmonella spp, B. cereus, P. aeruginosa ATCC 10145, and E. 
coli ATCC 25922 displayed synergistic reactions to the combination of extract and honey with sum of 
FIC (∑FIC) of 0.188, 0.188, 0.313, 0.156, and 0.156 respectively (Table 5). Synergistic reaction was also 
observed in combination of extract, honey, and ciprofloxacin against E. coli, B. cereus, P. aeruginosa 
ATCC 10145, E. coli ATCC 25922, S. aureus NTCC 6571, and S. typhi ATCC 14028 with ∑FIC of 0.5 
(Table 8). There was no synergistic reaction in the mixture of extract and honey (Table 7). Mixtures of 
O. gratissimum leaf acetone extract, honey, and ciprofloxacin; O. gratissimum leaf acetone extract and 
ciprofloxacin; and O. gratissimum leaf acetone extract and honey displayed synergistic interactions on the 
screened bacteria. This agreed with the studies of Nweze and Eze [21] and Nwankwo et al. [5], who 
reported synergistic reactions in the combinations of O. gratissimum leaf extracts and ciprofloxacin and 
O. gratissimum leaf extracts and Garcinia kola, respectively. Nwankwo et al. [5] reported that the 
synergistic reaction could be attributed to the combined effect of the phytochemicals present in O. 
gratissimum leaf acetone extract and honey. In other words, phytochemicals of the plant when combined 
with antibiotics may cause increase in the biological activity potential of the plant. Bioactive components 
are believed to disturb the permeability of the cytoplasmic membrane of bacteria and, thereby, facilitate 
the entry of antimicrobial agents [22]. The combination of honey and ciprofloxacin did not show 
synergistic interaction on the isolated bacteria. This is not in line with the works of Liu et al. [12], which 
reported synergistic interaction in the mixture of honey and antibiotics. The non-synergistic effect 
displayed by the honey and antibiotics mixture may be explained in terms of the MIC of honey compared 
with antibiotics, leading to difficulty in the reduction of the honey dosage required for synergistic effects. 
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Table 3 Antibacterial activity of O. gratissimum leaf acetone extract and honey against bacterial isolates 
(mm). 

Isolate Acetone extract Honey 
S. aureus 15.33±0.33b 14.67±0.33b 
B. cereus 19.00±0.58d 10.67±0.33b 
S. typhi 17.33±0.33d 10.33±0.33b 
S. dysentriae 21.00±0.58c 0.00±0.00a 
E. coli 26.67±0.33d 11.67±0.33b 
P. aeruginosa 17.67±0.88d 14.67±0.33c 
P. aeruginosa ATCC 10145 12.33±0.33c 15.00±0.00d 
E. coli ATCC 25922 21.00±0.00c 14.33±0.33b 
S. aureus NTCC 6571 11.00±0.00b 14.67±0.33c 
S. typhi ATCC 1402 21.33±0.66c 15.33±0.33b 

Values are represented as mean ± standard error (n = 3) with the same superscript across the row are not 
significantly different (p < 0.05). 
 
 
Table 4 Comparative minimum inhibitory concentrations (mg/mL) of O. gratissimum leaf acetone 
extract, honey, and ciprofloxacin against bacterial isolates. 

Isolates A B C A + B A + C B + C A + B + C 
Staphylococcus 
aureus 

25 100 6.25×10-3 12.5 6.25×10-3 6.25×10-3 1.25×10-2 

Bacillus cereus 50 100 6.25×10-3 6.25 6.25×10-3 6.25×10-3 3.13×10-3 
Salmonella spp 50 100 6.25×10-3 6.25 6.25×10-3 6.25×10-3 6.25×10-3 
Shigella dysentriae 12.5 R 6.25×10-3 12.5 6.25×10-3 6.25×10-3 1.25×10-2 
Escherichia coli 12.5 50 6.25×10-3 3.125 3.13×10-3 6.25×10-3 1.56×10-3 
Pseudomonas 
aeruginosa 

12.5 200 6.25×10-3 25 6.25×10-3 6.25×10-3 6.25×10-3 

Pseudomonas 
aeruginosa ATCC 
10145 

25 100 3.13×10-3 3.125 1.56×10-3 6.25×10-3 1.56×10-3 

Escherichia coli 
ATCC 25922 

25 100 3.13×10-3 3.125 1.56×10-3 6.25×10-3 1.56×10-3 

Staphylococcus 
aureus NTCC 6571 

25 100 6.25×10-3 12.5 6.25×10-3 6.25×10-3 3.13×10-3 

Salmonella typhi 
ATCC 14028 

6.25 50 3.13×10-3 3.125 1.56×10-3 6.25×10-3 1.56×10-3 

Keys: A = O. gratissimum leaf acetone extract, B = Honey, and C = Ciprofloxacin and R = Resistance. 
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Table 5 Fractional inhibitory concentration index of combined O. gratissimum leaf acetone extract and 
honey against bacterial isolates. 

Isolates FIC
E
 FIC

H
 ∑FIC Remark 

S. aureus 0.500 0.125 0.625 Additive 
B. cereus 0.125 0.063 0.188 Synergistic 
Salmonella spp 0.125 0.063 0.188 Synergistic 
S. dysentriae 1.000 0.000 1.000 Additive 
E. coli 0.250 0.063 0.313 Synergistic 
P. aeruginosa 1.000 0.125 1.013 Additive 
P. aeruginosa ATCC 10145 0.125 0.031 0.156 Synergistic 
E. coli ATCC 25922 0.125 0.031 0.156 Synergistic 
S. aureus NTCC 6571 0.500 0.125 0.625 Additive 
S. typhi ATCC 14028 0.500 0.063 0.563 Additive 
 
 
Table 6 Fractional inhibitory concentration index of combined O. gratissimum leaf acetone extract and 
ciprofloxacin against bacterial isolates. 

Isolates FIC
E
 FIC

A
 ∑FIC Remark 

S. aureus 0.000 1.000 1.000 Additive 
B. cereus 0.000 1.000 1.000 Additive 
Salmonella spp 0.000 1.000 1.000 Additive 
S. dysentriae 0.000 1.000 1.000 Additive 
E. coli 0.000 0.500 0.500 Synergistic 
P. aeruginosa 0.000 1.000 1.000 Additive 
P. aeruginosa ATCC 10145 0.000 0.500 0.500 Synergistic 
E. coli ATCC 25922 0.000 0.500 0.500 Synergistic 
S. aureus NTCC 6571 0.000 1.000 1.000 Additive 
S. typhi ATCC 14028 0.000 0.500 0.500 Synergistic 
 
 
Table 7 Fractional inhibitory concentration index of combined honey and ciprofloxacin against bacteria 
isolated from stool samples and their typed cultures. 

Isolates FIC
H
 FIC

A
 ∑FIC Remark 

S. aureus 0.000 1.000 1.000 Additive 
B. cereus 0.000 1.000 1.000 Additive 
Salmonella spp 0.000 1.000 1.000 Additive 
S. dysentriae 0.000 1.000 1.000 Additive 
E. coli 0.000 1.000 1.000 Additive 
P. aeruginosa 0.000 1.000 1.000 Additive 
P. aeruginosa ATCC 10145 0.000 1.000 1.000 Additive 
E. coli ATCC 25922 0.000 1.000 1.000 Additive 
S. aureus NTCC 6571 0.000 1.000 1.000 Additive 
S. typhi ATCC 14028 0.000 1.000 1.000 Additive 
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Table 8 Fractional inhibitory concentration index of combined O. gratissimum leaf acetone extract, 
honey, and ciprofloxacin against bacterial isolates. 

Isolates FIC
E
 FIC

H
 FIC

A
 ∑FIC Remark 

S. aureus 0.000 0.000 2.000 2.000 Indifference 
B. cereus 0.000 0.000 0.500 0.500 Synergistic 
Salmonella spp 0.000 0.000 1.000 1.000 Additive 
S. dysentriae 0.000 0.000 2.000 2.000 Indifference 
E. coli 0.000 0.000 0.500 0.500 Synergistic 
P. aeruginosa 0.000 0.000 1.000 1.000 Additive 
P. aeruginosa ATCC 10145 0.000 0.000 0.500 0.500 Synergistic 
E. coli ATCC 25922 0.000 0.000 0.500 0.500 Synergistic 
S. aureus NTCC 6571 0.000 0.000 0.500 0.500 Synergistic 
S. typhi ATCC 14028 0.000 0.000 0.500 0.500 Synergistic 

Keys: FIC = Fractional inhibitory concentration, E = O. gratissimum leaf acetone extract, H = honey,      
A = ciprofloxacin, ∑ = sum. 

 
 

Protein leakage of bacterial isolates by mixtures of O. gratissimum leaf acetone extract, honey 
and ciprofloxacin 

Protein leakage of bacteria which showed synergistic reaction to mixtures of extract and honey, 
extract and ciprofloxacin, and extract, honey, and ciprofloxacin is presented in Figures 2(a) to 2(c). The 
highest protein leakage was observed in E. coli ATCC 25922 by O. gratissimum leaf acetone extract, 
honey, and ciprofloxacin mixture at 21.6 mg/mL (Figure 2(c)). Both Gram positive and Gram negative 
bacteria leaked protein into the growing medium in variable values. Despite the complexity of the cell 
composition of Gram negative bacteria, the highest protein molecules were leaked from the cell wall of 
Gram negative bacteria compared to Gram positive bacteria. This opposes the works of Oladunmoye et 
al. [23], that Gram positive bacteria leaked higher protein values than Gram negative bacteria. This may 
be due to variation in the concentrations of active compounds present in the mixtures of extract, honey, 
and ciprofloxacin, extract and ciprofloxacin, and extract and honey [24]. The presence of certain 
biomolecules in a certain mixture may increase antimicrobial efficacy and, consequently, induce higher 
protein leakage [22]. 

 
Amount of sodium and potassium ions (cmol/g) released by bacterial isolates 
O. gratissimum leaf acetone extract and honey combination induced the highest potassium leakage 

in E. coli with 97.4 cmol/g, while the highest sodium leakage was observed in B. cereus by the 
combination of O. gratissimum leaf acetone extract, honey, and ciprofloxacin at 65.2 cmol/g (Table 9). 
The mixtures of extract, honey, and ciprofloxacin, extract and ciprofloxacin, and extract and honey 
exerted antibacterial effects through the release of sodium and potassium ions from the membrane of the 
assayed bacteria. This is at equivalence with the findings of Akinyemi and Ogundare [3], that extracts of 
Anthocleista djalonensis induced antibacterial effects through the leakage of intracellular materials, which 
is evident in its membrane-damaging action. Oladunmoye et al. [23] also submitted that ethanol extract of 
Cassia occidentalis had lytic effects on pathogenic microorganisms, as intracellular ions were leaked 
from their cells. Sodium and potassium ions have been known to affect the osmotic balance in the cell, 
and their leakage might cause cell lysis, which may eventually lead to the death of the cell. The release of 
these ions must have been a complex series of events taking place in the cell following the uptake of 
bioactive compounds from the mixtures and the immobility of the lipid membrane [1]. 
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Figure 2 (a) = Protein leakage of bacterial isolates by mixture of O. gratissimum leaf acetone extract and 
ciprofloxacin; (b) = Protein leakage of bacterial isolates by mixture of O. gratissimum leaf acetone extract 
and honey; (c) = Protein leakage of bacterial isolates by mixture of O. gratissimum leaf acetone extract, 
honey and ciprofloxacin; Control = Bradford reagent without organism. 
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Killing rate of bacterial isolates by mixtures of O. gratissimum leaf acetone extract, honey, and 
ciprofloxacin 

The killing rate of B. cereus, Salmonella spp, E. coli, and all the typed cultures is presented in 
Figures 3(a) to 3(g). The highest killing rate was observed in B. cereus at 24 h of exposure to O. 
gratissimum leaf acetone extract, honey, and ciprofloxacin mixture with 1.3×101 cfu/mL (Figure 3(a)). 
The inhibitory effect of the synergistic mixtures revealed reduction in the number of bacteria present at 
each hour with increase in the time of exposure of the bacteria to the mixtures (1.3×101 cfu/mL). 
However, there was no bactericidal effect exhibited by the mixtures at MIC. This corresponds with the 
result of Akinyemi and Ogundare [17], where they reported the killing rate of tested organisms at 50 
mg/mL of extracts of Anthocleista djalonensis. This may be because, at MICs, the mixtures were not able 
to completely disrupt the cell wall of the screened bacteria [25]. 
 
 
Table 9 Amount of sodium and potassium ions (cmol/g) released by bacterial isolates. 

Isolate Extract + Ciprofloxacin Extract + Honey Extract + Honey + 
Ciprofloxacin 

Na+ K+ Na+ K+ Na+ K+ 
B. cereus ND ND 48 74.4 65.2 74.4 

Salmonella spp ND ND 48 72 ND ND 

E. coli 26.1 72 35 97.4 35 69.2 
S. aureus NTCC 6571 ND ND ND ND 22 72 

E. coli ATCC 25922 17.4 69 39 74.4 17.4 74.4 

P. aeruginosa ATCC 10145 26.1 74.4 52.2 77 26 72 

S. typhi ATCC 14028 22 74.4 ND ND 35 72 

Control 4.35 13 8.7 23 8.5 23 

Keys: ND = Not determined, Na+ = Sodium ion, K+ = Potassium ion, control = broth + mixture. 
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                (g) 

Figure 3 (a) = Killing rate of B. cereus by combined honey, ciprofloxacin, and O. gratissimum leaf 
acetone extract; (b) = Killing rate of Salmonella spp by combined honey and O. gratissimum leaf acetone 
extract; (c) = Killing rate of E. coli by combined honey, ciprofloxacin, and O. gratissimum leaf acetone 
extract; (d) = Killing rate of P. aeruginosa ATCC 10145 by combined honey, ciprofloxacin, and O. 
gratissimum leaf acetone extract; (e) = Killing rate of E. coli ATCC 25922 by combined honey, 
ciprofloxacin, and O. gratissimum leaf acetone extract; (f) = Killing rate of S. aureus NTCC 6571 by 
combined honey, ciprofloxacin, and O. gratissimum leaf acetone extract; (g) = Killing rate of S. typhi 
ATCC 14028 by combined honey, ciprofloxacin, and O. gratissimum leaf acetone extract. Keys: A = 
acetone leaf acetone extract, B = honey, C = ciprofloxacin, Negative control = untreated organism. 
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Conclusions 

The information provided in this study is on the synergistic antibacterial potentials of O. 
gratissimum leaf acetone extract, honey, and ciprofloxacin on multiple drug-resistant bacteria isolated 
from the stool samples of diarrhea patients. These findings have revealed a high potential antibacterial 
activity of O. gratissimum leaf acetone extract, honey, and ciprofloxacin on multiple drug-resistant 
bacteria. Of note is the synergistic effect of O. gratissimum leaf acetone extract, honey, and ciprofloxacin, 
which showed highest antibacterial activity on the tested bacteria, thus implying its potential for use in 
diarrhea treatment. 
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