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INTRODUCTION 

In recent years, there is a big concern about the emerge 

of antibiotic resistance among bacteria.
[1,3] 

Resistance to 

antibiotics used over decades for the treatment of 

bacterial infections resulted from different ways 

including adaptation of the pathogen to extensively used 

agents.
[4,6]

 The antibiotic-resistant bacteria can colonize 

various sites in the animal or human body causing many 

types of infections for which non-therapeutic agents are 

available, and therefore, there is greater potential for 

prevention and/or treatment failure. In this context, there 

is growing interest in the discovery of novel antibiotics 

with new mechanisms of action.  

 

Plants produce amazing diversity of low molecular 

weight compounds known as secondary metabolites 

which considered the first line of defense where they 

have antimicrobial actions against viruses, bacteria, and 

fungi,
[7,9] 

 

especially bioactive phytochemicals compounds 

containing phenolic ring as caffeic acid (CA) and gallic 

acid (GA), their chemical structure is shown in figure 

(1). 

 

 
Fig. 1: Chemical structure of GA. 

 

The current study is targeted to assess the antimicrobial 

efficacy and antibacterial mechanism of action of caffeic 

and gallic acids against the common pathogenic gram-

negative strains, Escherichia (E.) coli, Klebsiella (K.) 

pneumoniae and Pseudomonas (P.) aeruginosa as well 

as Staphylococcus (S.) aureus as instance of gram-

positive bacteria aiming to discover a new generation of 

antibiotic agents against the clinical drug resistant 

pathogens. 

 

1. MATERIAL AND METHODS 

1.1 Bacterial cultures and chemical reagents 

In the current study, four strains were tested: E. coli 

(ATCC, 25922), K. pneumoniae (ATCC, 4352), P. 

aeruginosa (ATCC, 7221) and S. aureus (ATCC, 

25923). Before use, all strains were streaked onto Muller 

Hinton (MH, Himedia, Mumbai) agar plates, incubated 

overnight, and inoculated into MH broth with agitation 

(150 rpm) at 37
o
C for 14 hrs. The phenolic acids: caffeic 

acid and gallic acid were purchased from Sigma-Aldrich, 

USA. 
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ABSTRACT 

There has been growing concern about the emergence and spread of antibiotic-resistant bacteria worldwide, so it is 

important to explore alternative effective antimicrobial compounds. This work was designed to evaluate the 

antibacterial activities of gallic and caffeic acids against gram-positive and gram-negative bacteria with the 

attempt to elucidate their mode of action through estimation of various bacterial physiological indices as minimum 

inhibitory concentration (MIC), minimum bactericidal concentration (MBC), releasing of intracellular potassium 

ions (K+) and membrane permeabilization. The results show that both acids inhibited the growth of both types of 

bacteria with various degrees and their effect on gram-negative bacteria was greater than that on gram positive. 

Moreover, caffeic acid had an antibacterial effect more potent than Gallic acid. The current study emphasizes the 

potential use of caffeic and gallic acids as a good source of new antibacterial products, particularly against gram-

negative strains. 
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1.2 Determination of Minimum inhibitory 

concentration (MIC) 

The antibacterial activity of polyphenols was determined 

using MIC assay by applying microdilution method 

according to the instructions of CLSI.
[10] 

Briefly, the 

bacterial cells were picked in the exponential phase of 

growth, and the bacterial densities were adjusted to be 

1x10
6
 cells/mL. Phenolic acids (CA and GA) were 

dissolved in 5% DMSO (dimethyl sulfoxide, Merck, 

Darmstadt, Germany) and transferred to sterile 96-well 

microplate wells (Orange Scientific, Belgium) to get a 

twofold serial dilution ranging from 0.156 to 10 mg/mL. 

The plates were incubated at 37
o
C for 24 hrs. Bacterial 

growth was evaluated by adding 10 µL of 0.01% 

resazurin sodium salt (Sigma-Aldrich, USA) to each 

well. The lowest concentration of phenolic acids that had 

no visible growth was reported as MIC. The assay was 

conducted in triplicate. 

 

1.3 Determination of Minimum Bactericidal 

concentration (MBC) 

The estimation of MBC was performed according to the 

method designated by Clinical and Laboratory Standards 

Institute and the European Committee on Antimicrobial 

Susceptibility Testing (EUCAST).
[11] 

Accordingly, 10 µL 

of each well without visible growth was picked and 

inoculated onto MH agar plates. MBC values were 

defined as the lowest concentration of phenolic acids at 

which 99% of tested bacteria were killed. 

 

1.4 Crystal Violet Uptake Assay 

Alteration of membrane permeability was determined by 

crystal violet assay according to Devi et al.
[12] 

with minor 

modification. Tested bacteria were adjusted to the 

concentration of 5 x 10
5
 CFU/mL, then centrifuged using 

4500xg for 5 min at 4°C. Bacterial pellets were washed 

twice and resuspended in phosphate buffer saline (PBS) 

solutions with pH 7.4. For treatment reaction, 1xMIC of 

tested phenolic acid was added to each bacterial 

suspension and incubated at 37°C for 2 hrs. Bacterial 

suspensions without phenolic acids were considered as 

negative control. After incubation, the samples were 

centrifuged at 9300xg for 5 min at 4°C and the pellet was 

resuspended again in the PBS solution with 5 μg/mL of 

Crystal Violet (Merck, USA). Subsequently, the samples 

were incubated for 10 min at 37°C and centrifuged at 

13,400xg for 15 min. Spectrophotometric measurements 

of all samples using optical density (OD) 590 nm at 0, 4 

and 8 h intervals were applied. The OD reading of 

Crystal violet (CV) stock solution was assumed as 100% 

excluded, Crystal violet uptake by the sample cells. The 

percentage of Crystal violate uptake was calculated 

according to the following formula: 

  

% CV uptake =100 - [(OD590 of the sample/OD590 

value of CV solution) x 100]. 

 

1.5 Determination of intracellular K+ efflux 

The intracellular K
+ 

efflux was evaluated from the tested 

microorganisms using atomic absorption 

spectrophotometry according to the method conducted 

previously.
[13]

 In brief, the tested bacterial cells were 

subjected to culture and incubation at 37
o
C for 14 hrs. 

The obtained cells were washed three times and 

resuspended in PBS with pH 7.2 at a concentration 1x10
7
 

CFU/mL. One milliliter of the previous suspensions was 

pipetted and incubated with MIC of each tested phenolic 

acid at 37
o
C for 30 minutes. Then, the suspensions were 

centrifuged, and the amount of released K
+
 was 

determined in the supernatants. Bacterial strains were 

suspended in PBS and used as control. 

 

1.6 Nucleotide leakage 

The potential effect of phenolic acids causing nucleotide 

leakage was evaluated according to the previously 

mentioned method.
[14]

 with some modifications. The 

overnight cultures of the bacterial strains at 37
o
C were 

washed and resuspended in 10 mM phosphate buffer 

saline (PBS) at pH 7.4, reaching the final concentration 

of 1×10
7
 CFU/mL. Strains were incubated with the tested 

phenolic acids at the density of MIC for different time 

periods: 4, 8, 12, 16, 20 and 24 hrs; the strains were 

incubated with 10 mM PBS (pH 7.4) and used as control. 

The bacterial cells were removed from the mixtures via 

filtration through 0.22 µm pore size filter. The 

absorbance of the filtrates was detected at OD 260 nm 

using spectrophotometry at room temperature (25°C). 

 

1.7 Detection of DNA fragmentation  

Bacterial DNAs were isolated following the protocol of 

DNeasy Blood & Tissue kit (Qiagen, Hilden, Germany, 

69504). The bacterial cells were harvested, and the 

pellets placed in 1.5 mL tube, suspended, and vortexed in 

180 µL of buffer ALT then 20 µL proteinase K was 

added. Overnight incubation was done in a hot block at 

55 
o
C. Next, the mixture was vortexed and 200 µL buffer 

AL was added and mixed by vortex. The tube was 

incubated in heat block at 70 
o
C for 10 minutes and 200 

µL absolute ethanol was added and the entire volume 

was transferred onto spin column with successive 

addition of 500 µL of buffer AW1, 500ul of buffer AW2 

and 200 µL buffer AE, in each step the volume was 

centrifuged at 8000 rpm for 1 minute and flow-through 

was discarded. Ten micrograms of isolated DNA per lane 

were mixed after heating to 68 
o
C with the same volume 

of a worm 1% low melting-point agarose solution. 

Samples were loaded in the agarose slots and allowed to 

harden. Next, running buffer was overlaid. 

Electrophoresis was carried out in a 1% agarose gradient 

gel at 100 V for 3 hrs. DNA was visualized by ethidium 

bromide staining under ultra-violet lamp.
[15] 

 

1.8 Detection of morphological alteration in the cell 

membrane 

The pathological changes and damage that occurred in 

the bacterial cells were investigated by using TEM 

following the method established previously.
[16]

 Bacterial 

strains were cultured in MHB up to the exponential 

phase and then treated with tested phenolic acids at 

1xMIC and incubated for 90 minutes at 37
o
C. The 
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bacterial broth was centrifuged, and the bacterial pellets 

were treated according the previous work.
[17] 

Succinctly, 

the growing bacterial cells were harvested and fixed in 

glutaraldehyde (2.5% in 0.1 M PBS) at 4
o
C for two hrs. 

Subsequent, the bacterial cells were washed and fixed in 

osmium tetroxide (1% M PBS at pH 7.2). The bacterial 

cells were dehydrated after washing twice, infiltered and 

finally, embedded in Spur`s stain. The prepared bacterial 

cells were cut to ultrathin sections and mounted on 

copper grids and examined with the electron microscope 

under standard operating conditions. 

2. RESULTS 

2.1 Inhibitory and bactericidal concentration of 

phenolic acids 

The MIC is the lowest concentration (mg/mL) that 

inhibits visible bacterial growth while the MBC is the 

lowest concentration that kill the bacteria. The MIC, 

MBC and MBC/MIC ratios for GA and CA used against 

the four bacterial strains are illustrated in table (1). The 

ratio had narrow range between 1 and 1.5 for all the 

tested bacteria. 

 

Table 1: The minimum inhibitory and bactericidal concentrations of phenolic acids on different bacterial 

strains.  

Tested bacteria 
Gram 

+/- 

Phenolic acids 

(GA) (CA) 

MIC 

(mg/mL) 

MBC 

(mg/mL) 
MBC/MIC 

MIC 

(mg/mL) 

MBC 

(mg/mL) 
MBC/MIC 

S. aureus + 1.925 2.250 1.29 1.850 2.0 1 

E. coli - 1.500 1.500 1 1.0 1.500 1.5 

K. pneumoniae - 1.650 1.850 1.14 1.5 1.50 1.33 

P. aeruginosa - 0.500 0.500 1 0.250 0.250 1 

  

2.2 The effect of phenolic acids on K+ ion leakage 

from tested bacterial cells 

As shown in table 2, the concentration of the K
+
 ions 

that had released from the tested bacteria, S. aureus, E. 

coli, K. pneumoniae and P. aeruginosa treated with 

1xMIC by GA after 30 minutes incubation was 0.35, 

0.40, 0.65 and 0.82 µg/ml, respectively, while the 

amount of K
+
 ions leakage concentration when treated 

with CA at the same incubation time were 0.38, 0.51, 

0.77 and 0.91 µg/ml, respectively. 

 

Table 2: The concentration of K
+
 ions after 30 minutes incubation of tested bacteria with MIC concentration of 

GA and CA.  

 K
+
 ions concentration (µg/ml) 

 S. aureus E. coli K. pneumoniae P. aeruginosa 

Control 0.33±0.01 0.24±0.00 0.39±0.00 0.41±0.01 

 (GA) 0.35±0.01 0.40±0.00 0.65±0.00 0.82±0.01 

 (CA) 0.38±0.00 0.51±0.02 0.77±0.00 0.91±0.00 

The mean ±SD for 5 replicates is shown. 

 

2.3 Effect of isolated antibacterial compounds on 

nucleotide leakage 

The extent of nucleic acids leakage from the tested 

bacterial cells done after exposure to 1xMIC by GA and 

CA was recorded as absorbance values. According to the 

results observed in figure (2, A and B), treatment of 

tested gram-negative bacteria and partially the S. aureus 

with 1xMIC of GA and CA had produced steady leakage 

of intracellular nucleotide content with time. Both acids 

showed substantial release of cellular material of all 

tested bacteria. Treatment with GA yield OD values 

0.352, 0.504, 0.548 and 0.604 nm while CA treatment 

gave OD values 0.500, 0.740, 0.820 and 0.670 nm with 

S. aureus, P. aeruginosa, E. coli and K. pneumoniae, 

respectively. 

 
Fig. 2: The effect of GA (A) and CA (B) on 260 nm absorbing materials leakage from tested bacteria () E. coli, 

() P. aeruginosa, (▲) K. pneumoniae, (×) S. aureus and (ӿ) control. 
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2.4 Effect of phenolic acids treatment on bacterial 

membrane permeability 

The effect of phenolic acids treatment on the 

permeability of bacterial cells to crystal violet was 

investigated. The crystal violet dye uptake was evaluated 

by quantifying the remaining amount in the supernatant. 

The crystal violet uptake of the control untreated 

bacterial cells has not exceeded 5% of the input; but it 

increased dramatically in case of S. aureus in a time 

reliant matter, reaching 36% and 65% uptake after 4hrs 

and 8h of GA treatment respectively (figure 3, A). The 

same trend was observed when CA was used wherein the 

uptake reached 40% and 73%, after 4h and 8h of CA 

treatment, respectively. Regarding Gram negative 

bacteria, E. coli, K. pneumoniae and P. aeruginosa, there 

was a significant increase in the dye uptake with time 

(figure 3, A), where the percentage was 13, 30 and 8, 18 

and 11, 24 after 4h and 8h of treatment with GA, 

respectively. Concerning CA (figure 3, B) the percentage 

of the dye uptake by E. coli, K. pneumoniae and P. 

aeruginosa was 14.5, 33 and 10, 21 and 13, 27, 

respectively. The increase in dye uptake in case of gram-

negative bacteria was lower when compared with that of 

S. aureus. 

  

 
Fig. 3: Effect of GA (A) and CA (B) treatment on DNA fragmentation. A = GA, B = CA, and C = control. 1 = E. 

coli, 2 = K. pneumoniae, P. aeruginosa and 4 = S. aureus. 

 

2.5 Effect of phenolic acids treatment on genomic 

DNA of the bacteria 

The tested bacterial cells were exposed to phenolic acids 

to verify if GA and CA could induce DNA 

fragmentation, hence, apoptosis occurred. All treated and 

untreated bacterial cells were subjected to DNA 

fragmentation assay by agarose gel electrophoresis 

(figure 4). The result revealed that all tested bacterial 

cells showed apoptotic DNA fragmentation profiles 

when incubated with GA (figure 4, A) and CA (figure 4, 

B). On the other hand, no fragmentation was detected in 

negative controls represented by untreated bacterial cells. 

 

 
Fig. 4: Effect of GA (A) and CA (B) treatment on crystal violet uptake by tested Gram (+) and Gram (-) bacteria 

at particular time intervals. 

 

2.6 Phenolic acids causing morphological changes. 

The transmission electron micrographs examination of 

cells from the exponential phase of growth of tested 

bacteria in the presence of GA or CA are presented in 

figure (5). The morphology of control cells seemed 

normal with intact peptidoglycan and cytoplasmic 

membranes layers. While GA treated bacterial cells 

displayed only some disruption to both peptidoglycan 

and cytoplasmic membrane (Fig. 5: B, C), CA treated 

ones showed clear damage resulting in leakage of 

intracellular materials and overall morphological changes 

(Fig. 5: E, F). 

 

https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-016-0814-4#Fig5
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-016-0814-4#Fig5
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-016-0814-4#Fig5
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Fig. (5): Effect of phenolic acids on the ultrastructure of S. aureus and gram-negative bacteria as demonstrated 

by TEM. (A) Control S. aureus (D) Control gram-negative bacteria from exponential growth phase. (B, C) S. 

aureus treated with GA and CA. (E, F) gram negative bacteria treated with GA and CA, respectively. 

 

DISCUSSION 

The emergence and incidence of drug resistance of 

human pathogenic and opportunistic bacteria extensively 

documented in the recent years, are causing troubles for 

treatment and infection control.
[18-21] 

Therefore, serious 

attempts were made to find new and efficient 

antimicrobial agents. Bioactive compounds extracted 

from plants are excellent candidates for antibiotics 

chemotherapy.
[22-25] 

Antimicrobial activities of GA and 

CA, (hydroxybenzoic acid and hydroxycinnamic acid) 

can exhibit various mechanism of action, namely 

permeabilization of cytoplasmic membrane, enzyme 

inhibition, nonspecific interactions with the proteins 

and/or inhibition of nucleic acids synthesis of both gram-

negative and gram-positive bacteria.
[26] 

 

 

In the current study, the activity and mechanism of 

phenolic acids action against four selected bacterial 

strains, commonly infect human and animals, E. coli, K. 

pneumoniae, P. aeruginosa and S. aureus were 

investigated. In this respect, morphological changes and 

different bacterial physiological properties were studied 

as MIC, MBC, crystal violet uptake and releasing of 

intracellular K
+
 ions. 

 

Both phenolic acids (GA and CA) have powerful and 

effective antibacterial activity against Gram negative 

strains, E. coli, K. pneumoniae and P. aeruginosa while 

they have less potent activity against Gram-positive S. 

aureus as shown in table (1). P. aeruginosa was more 

susceptible to both GA and CA with MIC at 0.500 

mg/mL and 0.250 mg/mL, respectively. The gram-

positive bacterium (S. aureus) was less sensitive to both 

phenolic acids with MIC of 1.925 mg/mL for GA and 

1.850 mg/mL for CA. Previous studies showed different 

results, a study recorded MIC against E. coli strains was 

0.490 mg/mL for GA and 0.160 mg/mL for CA.
[27] 

In 

another study, MIC of 0.533 mg/mL for GA against P. 

aeruginosa and S. aureus has been reported.
[28] 

In a third 

study the MIC result was 0.200 mg/mL with GA for five 

strains of P. aeruginosa including clinical isolates. In 

another study, the MIC of CA obtained for Gram 

negative and Gram-positive bacteria was 0.8 and 1.0 

mg/mL, respectively.
[29] 

The difference in our MIC of 

GA and CA values with those observed in the previous 

studies may be contributed to the difference and 

discrepancy in methods for determination of antibacterial 

action combined with the use of different bacterial 

species and strains. Moreover, it is well known that no 

strain can represent the behavior of a species.
[30]

 

 

Based on that most reports of research work in the field 

of natural products and extracts consider MIC values 

over 1000 μg/mL has little relevance for clinical 

application,
[31]

 the results obtained with CA against S. 

aureus (1 mg/mL), E. coli (1 mg/mL) and P. aeruginosa 

(0.250 mg/mL) are considered relevant while those of 

GA revealed were only relevant regarding P. aeruginosa 

(0.5 mg/mL). In this context, the active principles 

derived from phytochemicals are organized as 

antimicrobials depending on the susceptibility tests that 

yield inhibitory concentration within the range of 0.1–1 

mg/mL and these chemicals could be classified therefore 

as antimicrobial.
[32,33] 

 

Concerning the MBC, CA appears to be more effective 

than GA particularly against P. aeruginosa with 0.25 

mg/mL and 0.500 mg/mL, respectively. On the other 

hand, S. aureus with both phenolic acids (GA, 2.25 

mg/mL; CA, 2.0 mg/mL) were the most resistant bacteria 



Yasser et al.                                                                    European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com         │        Vol 8, Issue 6, 2021.          │         ISO 9001:2015 Certified Journal         │ 578 

while the MBC regarding E. coli and K. pneumoniae was 

nearly the same with concentration around 1.5 mg/ml of 

both phenolic acids. The values of MBC obtained in our 

study are in accordance with those recorded in the other 

previous studies. The MBC of GA was more than 3.2 

mg/mL when tested against methicillin-resistant S. 

aureus strains.
[34,35]

 In another study, the MBC of 

phenolic acid fractions against S. aureus, E. coli, P. 

aeruginosa, and was 5.4 mg/mL, 4.86 mg/mL and 3.78 

mg/mL, respectively.
[36]

 

 

The current study shows that the values of MBC and 

MIC of CA for the tested bacteria were lower than those 

of GA. This result is in accordance with those of other 

authors2.
[23,37,39]

 Regarding the concerned ratio of MBC 

to MIC, bacteriostatic action was determined as 

MBC/MIC ratio >4, while bactericidal effect was 

verified as MBC/MIC ≤4
36

. Based on that, both phenolic 

acids exhibited bactericidal activity against all the four 

pathogens tested. The MIC/MBC values obtained are in 

the range of those described in other studies.
[23,36,40,44]

  

 

The main reactivity difference between the bacteria by 

tested phenolic acids may be attributed to the type of 

microorganisms and its cell membrane structure and 

composition.
[33] 

as increasing the cell wall thickness of 

the gram-positive bacteria and the presence of the outer 

cell membrane in the gram-negative species only where 

the path through it is reliant mainly on the chemical 

nature of the antimicrobial product and is controlled by 

the hydrophilic channels, known as porins (pore-forming 

proteins) which normally prevent the entry of 

hydrophobic substances. The outer membrane can be 

permeabilized by phenolic acids that disintegrate the 

lipopolysaccharides (LPS) layer.
[14,43,45] 

leading to release 

of LPS and increasing the permeability of cytoplasmic 

adenosine triphosphate (ATP).
[45]

 On the other hand, 

peptidoglycan is considered the major component of the 

cell wall of gram-positive bacteria being responsible for 

maintaining the integrity of the cell. Hence, any related 

damage either through mutations, internal or external 

stresses will lead to cell lysis.
[41,46]

 Depending on the 

results of the referred studies, we can explain the higher 

sensitivity of gram-negative bacteria to GA and CA than 

S. aureus.
[47]

 

 

Efficacy of any antibacterial compound depends on its 

ability to penetrate or disrupt the bacterial plasma 

membrane. In our study, phenolic acids disrupted the 

membrane of all tested bacteria through membrane 

disintegration and generation of reactive oxygen species 

(ROS) resulting in release of cellular contents thus 

showing indices of bacterial cell damage, pore formation 

and most likely cell lysis.
[48] 

as established basing on the 

absorbance values measured at 260 nm. As seen in figure 

(4, B), treatment of S. aureus with phenolic acids caused 

a less leakage of intracellular components including 

nucleic acids mainly the DNA compared to a high 

leakage from the treated gram-negative bacteria. 

 

Uptake of the crystal violet (CV) dye had been used to 

study the effect of tested phenolic acids on the bacterial 

outer membrane permeability. Permeabilization was 

detected in uptake of CV, a stain poorly penetrates the 

intact outer bacterial membrane, therefore, it rapidly 

accesses and enter the bacteria when its membrane 

suffering from any defect or damage.
[49] 

The obtained 

results demonstrate that phenolic acids have a bad effect 

on the integrity of the bacterial membranes, depending 

on the time of exposure, represented in stunning uptake 

of crystal violet in S. aureus were reaching over 60% and 

70% after 8h when the bacteria incubated with GA and 

CA, respectively (figure 2, A and B) when compared to 

the effect at zero time. Concerning gram negative 

bacteria, they followed the same trend in increasing the 

crystal violet uptake with increasing the time of 

exposure. However, this increase was far lower 

compared to S. aureus. This displays that phenolic acids 

boosted crystal violet uptake which means that there was 

an increasing level of outer membrane leakage, so altered 

the membrane permeability in a manner renders the 

bacterial cells hyperpermeable to solutes and, hence 

causing the bacterial death. This result may explain the 

higher bactericidal activity of tested phenolic acids 

against gram-negative bacteria than those of gram-

positive. 

  

It is well known that the cytoplasmic membrane is the 

barrier between extracellular and intracellular medium. 

The intracellular cytoplasm is rich in K
+
, therefore, its 

leakage has been used as primary indicator for gross 

and/or irreversible membranolytic effects in bacteria.
[50] 

Phenolic acids cross the cell membrane by passive 

diffusion due to their lipophilic property. Dependent on 

their concentration, they produce structural cell 

membrane deformities in targeted bacteria (figure 5). 

TEM examination revealed degeneration of the treated 

bacterial cell membranes, conceivably causing protein 

denaturation and K
+
 efflux because of cytoplasm 

acidification leading to irreversible changes leading to 

bacterial cell death.
[51] 

 

 

Based on all obtained results we can conclude that GA 

and CA have antimicrobial activities through several 

mechanisms of action. These phenolic acids led to 

significant irreversible degeneration in the bacterial cell 

membranes, cytoplasmic acidification causing protein 

denaturation and K
+
 ions leakage, the species, 

composition and structure of the bacterial cell membrane 

play an essential and important role in the antibacterial 

susceptibility.
[49] 

Finally, phenolic acids can be 

considered as new active products qualified to combat 

the bacterial resistance problem and can be represented 

as members of what is named resistance-modifying 

agents (RMAs) that act as a gorgeous strategy to 

diminish the spread of drug resistance bacteria where it 

could modify the well-established antibiotics and render 

them more active against resistant bacteria, in addition, 

they are less in pricey and toxicity than new discovered 

antibiotic drugs. 
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