
    

Al-Nahrain Journal of Science  
ANJS, Vol.24 (4), December, 2021, pp. 59-67 

 

59 
 

Survey of Antagonistic Action and the Mechanism of these Actions that 

Terpens, Phenols and their Derivatives Possess Against  

Different Pathogenic Agents 
 

Ali Muayyed Najem 
 

Biology Department, College of Science, Baghdad University, Baghdad-Iraq 

 

Article’s Information Abstract 

Received: 

24.05.2021 

Accepted: 

28.08.2021 

Published: 

31-12-2021 

Folk medicine or herbal treatment has been used for centuries by different 

ancient civilizations against various ailment agents, herbal medicine has been 

dragged attention by researchers in different medical branches focusing on 

therapeutically characteristic features of each plant against different pathogenic 

agents responsible for most devastating and terrifying diseases, in addition to 

thorough investigation for the phytochemical compounds in each plant 

responsible for its potent against pathogens. Thus, this study highlights on two 

major groups of secondary metabolic compounds: terpens, phenols and their 

derivatives as antimicrobial agents against different bacterial and fungal strains 

especially drug resistant bacteria which responsible for the infectivity of 

treatments of most infectious diseases. Furthermore, mechanisms of actions of 

these secondary metabolites are reviewed as the causative factors responsible for 

the antimicrobial activity of plants and the promising results which have been 

achieved in multiply these activities by making combination between these 

natural products and chemical drugs. 
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1. Introduction 
The grand achievement in medicine was overcoming 

pathogens life threating by discovering the penicillin and 

that was the dawn of a new era of fighting back the causes 

of unseen enemy responsible for catastrophic deceases 

along the history of mankind, despite this triumph over 

decades pathogens had been developed different types of 

mechanisms against drugs which have become life threating 

dilemma making large pharmaceutical companies in great 

risk of losing the race against unstopping and rapid drug 

resistant pathogens development [1]. Many resistance 

means had been developed by bacteria against antibiotics: 

(1) changing of antibiotic protein target, (2) degrading the 

antibiotics by production different enzymes for such 

purpose, (3) modification in permeability of cell wall, (4) 

expelling of drug by using pump system [2,3]. Folk 

medicine have been used worldwide by vast majority of 

people with health problems in aid of traditional healers 

whom used herbal treatment with effective results against 

different diseases, thus plant extracts have been suggested 

by many researchers to treat many diseases and overcome 

defense or resistance mechanisms pathogens have been 

developed against drugs or using a combination between 

natural extract from plants and chemical drugs [4]. Some of 

these phytochemicals are used by plants as defense means 

against herbivorous or invaders [5]. Terpenes and phenols 

in addition to their derivatives are the most common 

effective antimicrobial and mechanisms of action of these 

phytochemicals against pathogens will be overviewed. 

 

2. Terpenes and Their Derivatives 
Terpenes are polymers of single monomer called isoprene 

unit (C5H8), these hydrocarbon compounds are synthesized 

by certain pathways: Methylerythritol Phosphate (MEP) 

and the mevalonate pathway from Acetyl CoA precursor. 

Terpens differ in numbers and most common terpens are 

monoterpenes and sesquiterpenes while diterpenes and 

triterpenes are less commonly found [6]. P-Cymene, 

limonene, carene, and pinene are examples of terpene 

compounds while linalool, menthol, carvacrol, thymol, and 

geraniol are examples of terpenoids, modification of 

functional group of terpens results in many derivatives 

called terpenoids, therefore the bioactivity of terpenoids 

against pathogens differs according to distinctions in their 

functional group [7].  

 

2.1 Antimicrobial activity of Terpenes and 

Terpenoids 
Vast group of terpenoids have been discovered more than 

40,000 varieties, these phytochemicals exhibit encouraging 

antimicrobial potentiality [8]. The enormous numbers of 

terpenoid varieties depending on distinctions in numbers of 

isoprene units were sub grouped into eight major classes: 

(sesterpenoids, monoterpenoids, sesquiterpenoids, 
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diterpenoids, tetrapenoids, triterpenoids, hemiterpenoids, 

and polyterpenoids) [9]. Griffin et al. [7] studied role of 

most terpenoids in the inhibition of two metabolic pathways 

in microbes responsible for their survive includes: oxygen 

uptake and oxidative phosphorylation. Oxygen is required 

for energy production for growth of aerobic microbes and 

reducing in oxygen concentrations causes reducing of 

respiration rate leads to limitation in bacterial growth rates 

[10]. Oxidative phosphorylation in the microbe could be 

inhibited due to terpene interaction causes alteration in 

cellular respiration [11]. Carbonylation of terpenoids causes 

exponentially elevation in bacteriostatic activity and the 

distinction between bacteriostatic and bactericidal activity 

could be summarized as the bacteriostatic agent causes 

limitation or stopping of microbial growth, meanwhile 

bactericidal causes elimination of microbes. Due to their 

solubility in water terpenoids showed highly antiseptic 

property. Hydroxyl group of terpene and its lipophilicity are 

two important factors responsible for its antibacterial 

activity [11]. Treatment of skin infection, studies showed 

that terpenes effects the lipodial intermembrane and polar 

transmembrane pathways by affecting on both lipophilic 

tails and polar head groups of intermembrane lipid [12]. 

 

2.2 Monoterpenes and their derivatives 
Monoterpenes consist from two isoprenes and reported by 

[7] that these compounds exhibit inhibitory effects against 

both Gram-positive and Gram-negative bacteria, carvacrol, 

thymol, menthol, and geraniol are examples for 

monoterpenes. [13] Reported that geraniol increased 

susceptibility of the Gram-negative multi-drug resistant 

(MDR) Enterobacter aerogenes by becoming a potent 

efflux pump inhibitor.[14] studied inhibitory effect of three 

monoterpenes thymol, menthol and linalyl acetate against S. 

aureus and E. coli. Cytotoxicity, antialgal and antimalarial 

are promising inhibitory characteristics possess by 

halogenated monoterpenes, while monocyclic 

monoterpenes showed insecticidal and antifungal effects 

[15].  

Early 1979, [16] studied 13 monoterpenes for their 

antifungal activity which exhibited inhibitory effect against 

14 fungi and these mnoterpenes included in the study were: 

α-pinene, (+)-β-pinene, (+)-limonene, ρ-cymene, (±)-

linalool, β-myrcene, terpinene, α-phellandrene, terpinolene, 

((+)-terpinen-4-ol, γ-terpinene, 1,8-cineole,α-terpinoel. 

Other monoterpenes compounds (thymol, carvacrol and 

eugenol) were exhibited highly antibacterial activity [17]. 

Another twenty one monoterpenes (thymol, d-3-carene, (−)-

thujone,carvacrol methyl ester, cis/trans citral, eugenol, α-

pinene geraniol, Geranyl acetate, cis-hex-3-en-1-ol, α-

terpinene, (2)-linalool, menthone, nerol, R(+)limonene, β-

pinene, (+)sabinene,, terpinen-4-ol, α-terpineole, carvacrol, 

borneol) these compounds were highly active against 25 

bacterial strains [18]. carvacrol were reported to inhibit 

biofilm development of S.aureus and S. typhimurium [19]. 

[20] found that monoterpenes linalool from essential oil 

extracted from lavender showed significant antibacterial 

activity against K. pneumoniae, and the mechanism of 

action of linalool against the bacteria was membrane 

distruption.  

Antimicrobial properties were found that monoterpene 

ketones exhibited [21]. However, alcoholic monoterpenes 

showed bactericidal activity rather than bacteriostatic 

activity. [21] studied that alcoholic monoterpenes: linalool, 

α-terpineol, terpinen-4-ol, and 1, 8-cineole showed 

significant fungicidal activity and "suggested alcohol 

moieties as determinants of antifungal activity". According 

to negative responses myrcene (acyclic monoterpenes) 

showed against certain fungi, deducing from this result that 

cyclic monoterpenes could be responsible for such activity 

[22]. Antimicrobial activity of monoterpenes aldehydes 

could be explained due to its carbon double bonds which 

create strong electronegativity. In 1989 Thompson tested 

antiviral potentiality of nine monoterpenes (1, 8-cineole, γ-

terpinene, citral, ρ-cymene, terpinen-4-ol, α-terpineol, α-

terpinene, α-pinene and α-terpinene) against Herpes 

simplex virus type 1 (HSV-1) and revealed a significant 

positive response against the virus, [23] experimented effect 

of 1, 8-cineole, thujone, camphor, borneol, bornyl acetate, 

and isoborneol against HSV-1 which came out with 

significant antiviral potent. In addition to considerable 

antiviral activity of the pre mentioned monoterpenes thymol 

and carvacrol showed remarkable activity against 

Cucumber mosaic virus (CMV) and Tobacco mosaic virus 

(TMV) [24].  

 

2.3 Sesquiterpenes and their derivatives 
Sesquiterpenes is comprised from three isoprene units, anti-

inflammatory activity of sesquiterpene lactones especially 

those containing an alpha-methylene-gamma-lactone 

moiety revealed an inhibitory potentiality of chronic 

adjuvant-induced arthritis and carrageenan-induced edema 

in rodents, the mode of their action could be explained by 

their impact on human polymorphonuclear neutrophils by 

uncoupling oxidative phosphorylation, in addition to 

increase cyclic adenosine monophosphate levels of rat 

neutrophils and inhibition of the activity of lysosomal 

enzymes in both rat and mouse liver [25]. 9 β-dibenzoyloxy-

dihydro-β-agarofuran had been recorded for its inhibitory 

activity against Bacillus spp. [26] acyclic sesquiterpene 

(farnesol) revealed moderate anti biofilm activity against 

Streptococcus sobrinus and Streptococcus mutans, [27]. 

Furthermore farnesol showed antibacterial and antibiofilm 

effect against S. epidermidis and S. aureus [28]. Without 

any change in the microbial flora a combination of farnesol 

and xylitol showed significant impact against atopic 

dermatitis caused by S. aureus, in addition to the 

combination inhibitory effect against S. aureus biofilm 

production [29]. Another combination of farnesol with 

doxycycline, sulfamethoxazole-trimethoprim, amoxicillin 

and ceftazidime showed inhibitory effect against B. 

pseudomallei [30]. Results revealed that xanthorrhizol 

reduced most of the adherence ability of Staphylococcus 

mutans cell [31], also inhibited Mycobacterium smegmatis 
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growth [32]. Incorporation of sesquiterpenes into antibiotics 

have been shown enhancement in the antibiotic activity 

against MRSA and Gram-negative bacteria [33]. Another 

combination between sesquiterpenes and a set of 

antibiotics: erythromycin, vancomycin, penicillin and 

tetracycline reported increasing in the inhibition zone 

against MDR strains of S. aureus [34].  

 

2.4 Diterpenes and their derivatives 
Diterpene is comprised from four isoprene units and 

responsible for many bioactivities such as plant growth and 

development since gibberellic acid (GA3) is a tetracyclic 

diterpene [35]. Minimum inhibitory concentration (MIC) of 

60 terpenoids have been experimented against S. aureus, P. 

aeruginosa, C. albicans and E. coli, mechanism of action of 

those terpenoids were determined after sub grouped into 

five groups, low solubility in water seemed to be the reason 

of their antimicrobial inactivity while hydrogen bond was 

responsible for the positive antimicrobial potentiality [36]. 

Furthermore, [36] suggested that inhibition of oxygen 

uptake and oxidative phosphorylation as main fundamental 

bioactive processes to sustain energy production in 

microbial cells was the reason behind the bioactivity or the 

antimicrobial activity of diterpenes. [37] reported 

significant antimicrobial activities of two diterpenes 

derivatives (ent-pimarane and ent-kaurane) against dental 

caries pathogens. However, the diterpenoid salvipisone 

reported that this compound possessed antibiofilm potent 

and prevented adherence of S. aureus and S. epidermidis 

cells [38].  

In addition to sesquiterpenes, significant results have 

been optimistically revealed that incorporation of diterpenes 

into antibiotics enhanced the antibacterial activity against 

drug-resistant bacteria (MRSA), for instance, an 

enhancement in the antibacterial activity of several 

antibiotics such as linezolid, daptomycin, oxacillin and 

tetracycline against MRSA after a combination with 

clerodane diterpenoid 16αhydroxycleroda-3, 13 (14)-Z-

dien-15, 16-olide (CD) extracted from leaves of Polyathia 

longifolia [39]. Moreover, [39] was also tested the same 

MRSA isolates against CD combined with another 

antibiotics such as: ofloxacin, norfloxacin and ciprofloxacin 

and against CD apart, the results showed highly 

antibacterial activity represented by reversing resistance of 

MRSA isolates and the mechanism of action in vivo could 

be explained that genes expression coding for efflux pumps 

were remarkably modulated in MRSA cells treated with CD 

alone and in combination with antibiotics bacterial cells 

depending on the qRT-PCR analysis. Results of time-kill 

assay recorded that the MIC of CD and norfloxacin 

combination was half of the MIC of CD and norfloxacin 

apart, undoubtedly such promising outcomes will increase 

the scientific interest for further experiments to pave the 

way to overcome the rapidly drug resistance development 

but this breakthrough results offered by CD became a 

bottleneck because of sourcing to obtain CD [40]. 

Diterpenoids salvipisone and aethiopinone extracted 

from Salvia sclarea root was test against S. epidermidis, 

Enterococcus faecalis and S. aureus for their antibacterial 

and antibiofilm activity revealed positive effect against the 

bacterial strains, in addition to pre mentioned test another 

experiment was conducted to assess the synergistic effect of 

a combination from the two diterpenoids (salvipisone and 

aethiopinone) with antibiotics included oxacillin, 

vancomycin, and linezolid, the antimicrobial impact of the 

combination was tested against Methicillin resistant 

Staphylococcus epidermidis (MRSE) and MRSA, the 

combination showed either bacteriostatic or bactericidal 

activity against MRSA and MRSE in a remarkable result 

represented by reducing 50% of the antibiotics dose when 

diterpenoids were used in the combination [41].  

 

2.5 Triterpenes and their derivatives 
Triterpenes is comprised from six isoprene units. It was 

reported that Oleanic acid (OA) which is a triterpene with 

significant potentiality against Mycobacterium 

tuberculosis, same study recorded in the light of the results 

that combination between OA with ethambutol, rifampicin 

and isoniazide showed promising synergistic effects against 

multidrug-resistant bacteria (MDR) with reducing MIC 

from 128-16 fold to 32-4 fold, and from 128 to 16 fold, 

respectively [42]. 

Two triterpenoids OA and bonianic acid were extracted 

from Radermachera boniana. Both compounds showed 

antibacterial activity against M. tuberculosis. Furthermore, 

a synergism between ergosterol peroxide and ursolic acid 

(UA) combination between those two triterpenoids showed 

also positive effect against M. tuberculosis [43]. Another 

study was conducted to test the antibacterial activity of OA 

and UA which was isolated from Miconia ligustroides, 

those two triterpenoids showed bactericidal effect against 

(Streptococcus pneumoniae, S. choleraesuis, Vibrio 

cholera, B. cereus and K. pneumoniae), MIC value of UA 

against B. cereus was 20 µg/mL and OA showed MIC value 

of 80 µg/mL against B. cereus and S. pneumoniae [44]. In 

2013, Another study was carried out to evaluate 

antibacterial and anti-biofilm of OA and UA which reported 

active against planktonic cariogenic microorganism [45]. In 

2015, a study tested combinatory effects of UA and xylitol 

against Streptococcus mutans and S. sobrinus which 

showed antibacterial and anti-biofilm activity [46]. 

Moreover, without affecting toxin secretion both OA and 

UA showed inhibitory effect against Listeria 

monocytogenes and its biofilm production capacity, and 

affected the virulence of this bacterium [47].  

A combination of OA with gentamicin and kanamycin 

exhibited outstanding antibacterial activity against 

Acinetobacter baumannii but not with other classes such as 

chloramphenicol, rifampicin, ampicillin, tetracycline and 

norfloxacin [40]. Amyrin, betulinic acid, and 

betulinaldehyde are triterpenoids extracted from of 

Callicarpa farinose bark showed significal antibacterial 

against to exhibit potent antimicrobial activity against 
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MRSA and methicillin-susceptible (MSSA) with MICs 

ranging from 2 to 512 µg/mL [48]. 

Mechanism of action of triterpenoids still not fully 

comprehended. However, phytochemicals mechanism of 

action has been reported that these compounds aim either 

permeability of bacterial cell membrane, inhibition some of 

bacterial virulence factors for instance: enzymes and toxins, 

in addition to suppressing biofilm production and bacterial 

cell adherence, also another mode of action include 

modulation of bacterial efflux pump [42]. For instance, 

mechanism of action of carvacrol had been reported 

responsible for alteration of fatty acid compositions, 

meanwhile other reports recorded that thymol and carvacrol 

caused disruption of the cytoplasmic membrane and 

disintegration of the outer membrane of Gram-negative 

bacteria [49].  

 

3. Phenols 

3.1 Simple Phenols and Phenolic acids 
Simple phenols and phenolic acids structures range from a 

simple phenol ring with a single substitution (e.g.; cinnamic 

and caffeic acids) to multiple substitutions and 

hydroxylations. Studies referred to correlations between 

toxicity of phenols and the hydroxylation degree, more 

oxidized structure of the metabolic compound seems to 

possess it more inhibitory potent [50]. A study by [51] 

deduced that inhibiting of enzymes is the mechanism of 

phenols action and manifested that this mechanism is taken 

place when these phenolic compounds react with sulfhydryl 

groups on the proteins. 

 

3.2 Polyphenols 
Biological activity of polyphenols could be determined by 

the amount of the absorbed polyphenol without any 

chemically changes. Without absorption of polyphenols by 

gastrointestinal system, these compounds could have a great 

influence on the intestinal microbiota and resulted from that 

a two important consequences: (1) Modification of these 

compounds into their active forms, (2) alternations in the 

composition of the intestinal microbiota, leading to 

flourishing the beneficial bacteria and inhibiting pathogenic 

bacteria, for this reason polyphenols considered to have a 

major influence on the human health [52]. These secondary 

metabolic compounds subdivided into several bioactive 

groups. 

 

3.3 Quinones 
Quinone is comprised from an aromatic ring with two 

ketone substitutions. Antimicrobial activity of Quinone due 

to two major means: (1) their ability to prevent the effect of 

free radicles as antioxidants by electron donation to the free 

radicles and reducing their reactivity comes from their 

ability to donate free radicals. (2) inactivation of microbial 

enzymes due to their ability to interact with amino acids in 

proteins, therefore, mechanism of action of quinones could 

be summarized by attacking surface adhesion, enzymes of 

cell membrane and polypeptide of cell wall. Besides 

substrates required by the microorganisms could be 

detained by quinones [50]. 

A study was conducted to evaluate both methanolic and 

hexane extracts of Nigella sativa antibacterial activity 

against Streptococcus mitis, S. mutans and S. aureus, 

inhibition zone ranged between 15-30 mm, and ranged 

between 0-22 mm for methanolic and hexane extracts 

respectively, the study referred the antibacterial potent of 

both extracts due to prescence of each of the following 

compounds: dithymoquinone, thymoquinone and 

thymohydroquinones [53]. However, another study 

reported antibacterial activity of Lebanese Annona 

squamosa L. aqueous and methanolic extracts against P. 

aeruginosa, S. aureus, S. epidermidis, E. coli and E. 

faecalis, time kill assay of the extracts against the pre 

mentioned strains manifested that MIC and MBC were 50 

mg/ml and 100 mg/ml respectively [54]. 

 

3.4 Flavonoids, Flavones and Flavonols 
Flavonoids are highly antioxidant water miscible natural 

secondary metabolic compounds presence vastly in 

different plant parts comprise from hydroxylated aromatic 

ring linked to C3–C6 unit. Flavones comprise from one 

aromatic ring with only one ketone substitution, flavonol 

results from hydroxylation of flavones. These compounds 

are produced in plants as defense mechanism against 

invaders such as microrganisms, thus their antimicrobial 

potentiality could be clearly deduced [50]. Also [50] 

concluded that the antimicrobial mechanisms of these 

secondary metabolic compounds due to the tendacy of these 

compounds to interact with extracellular and soluble 

proteins forming irreversible complexes in addition to 

bacterial cell wall. 

Chloroform extraction of Phoenix dactylifera (date 

palm) against imipenem-resistant P. aeruginosa (IRP) 

administered strong antibacterial with MIC which was 0.05 

mg/ml and MBC was 2 mg/ml. In addition to scanning by 

electron microscopy, the study determined the active 

compounds as flavonoid glycosides, including apigenin, 

quercetin, 1 hr. needed to eradicate biofilm produced by 12 

(IRP) isolates using only 5% chloroform extract, results 

appeared using SEM that cell wall of P. aeruginosa after 30 

min. of applying flavonoids started to deform and 

deformation of the cell wall completely occurred after 1 hr.; 

thus the study suggested that deformation of the cell wall by 

forming pores is the mechanism of action of flavonoids 

[55]. Two extracts of Thyme leaves (Thymus vulgaris) and 

myrrh exudates (Boswellia carterii) were screened for their 

phytochemicals which were chlorgenic, rosmarinic and 

caffeic acid, carnosol, and flavonoids, the two extracts were 

tested against Legionella pneumophila, B. cereus and S. 

aureus in addition to Aspergillus flavus and Fusarium 

oxysporum, time kill assay showed that MICs ranged 

between 2-4% (v/v) [56]. 

Methanolic extraction of Olive leaves (O. europaea) and 

arugula seeds (Eruca sativa) were experimented against S. 

aureus and B. cereus. MICs for olive and arugula extracts 
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were 80 and 60 μg/ml, respectively against S. aureus, 40 

and 20 μg/ml against B. cereus, analysis for phytochemicals 

confirmed of flavonoids presence in the extracts [57]. 

Alcoholic extraction of Rosmarinus officinalis, 

Eucalyptus globulus, Lawsonia inermis, Zingiber officinale 

and Azadirachta indica (neem) were carried out and tested 

to assess antibacterial activity against P. aeruginosa, 

Shigella dysenteriae, E. coli and K. pneumoniae (Gram-

negative bacteria) and Micrococcus roseus, B. subtilis 

and S. aureus (Gram-positive bacteria), 8-29 mm were the 

ranges of diameters of inhibition zones against Gram-

negative bacteria and 5-18 mm were the ranges of diameters 

of inhibition zones against Gram-positive, phytochemical 

screening of these plants extracts showed presence of 

anthocyanins, saponins, steroids, flavonoids and tannins 

[58].  

Several solvents were used to extract Yemeni lawsonia 

inermis leaves the solvents were: water, acetone, methanol, 

and ethanol. Phytochemical analysis showed presence of 

tannins, quinones and flavonoids in addition to alkaloids. 

Acetone extracts. The highest antibacterial activity as 

reported of acetone extract according to diameters of 

inhibition zones 36, 17, 30, 34, and 24 mm against B. 

subtilis, E. coli, Listeria monocytogenes, Kocuria 

rhizophila, and S. epidermidis, respectively, while aqueous 

extract showed merely or no antibacterial activity [59].  

 

3.5 Tannins 
Tannins are subdivided into two groups: condensed tannins 

which is more abundant and hydrolysable tannins and gallic 

acid considered the basis of hydrolysable tannins and this 

type of tannins is a polymer of flavonoids monomers and 

could be named proanthocyanidins [50]. polymerization 

and oxidation of tannins determine their biological activity 

[60]. Mechanism of action of tannins against pathogens 

could be explained due to (1) complexes they form with 

proteins and even polysaccharide by covalent and non-

covalent interactions. (2) Evidence of binding cell walls of 

ruminal bacteria, inhibiting growth and protease activity, in 

addition to changing morphology of the germ tubes of 

Crinipellis perniciosa by low concentrations of tannins 

[50].  

Antifungal activity of Conocarpus erectus crude 

alcoholic extract was evaluated in comparison to purified 

tannins, tannins showed higher potentiality against three 

fungal isolates: Penicillium chrysogenum, Saccharomyces 

cerevisiae and A. niger, while the crude extract showed 

activity against S. cerevisiae only [61]. Aquoeous and 

ethanolic extracts of Olea sp. growing in the Albaha region 

in Saudi Arabia were tested against: P. aeruginosa, E. coli, 

S. pyogenes, Salmonella sp. and S. aureus, ethanolic extract 

demonstrated the higher antibacterial and phytochemical 

screening of Olea sp. showed high concentration of tannins 

as well as flavonoids, steroids, terpenoids, and coumarins 

[62]. Zingiber officinale and Curcuma longa were extracted 

by methanol and water and experimented for their 

antibacterial activity against: S. aureus, S. pyogenes, P. 

aeruginosa and E. coli, Aqueous and methanolic extracts of 

Curcuma longa illustrated higher antibacterial activity than 

both extracts of Z. officinale depending on the diameters of 

inhibition zones, tannins is presence in the extracts of the 

two plants according to phytochemical screening [63]. 

Punica granatum peel was extracted by methanol to 

evaluate its antibacterial activity against: Vibrio cholera, E. 

coli, Salmonella spp.and Listeria monocytogenes, results 

showed activity against the tested strains, while 

phytochemical analysis indicate presence of tannins, gallic 

acid and ellagic acid [60]. 22 polyphenols were tested for 

their antibacterial activity against several strains of Gram-

positive and Gram-negative bacteria, some of these phenols 

such as pyrogallol-based compounds were more active than 

the others for instance resorcinol and catechol [64]. 

However, a direct proportion was reported between 

increasing of antimicrobial activity or toxicity of phenols 

and hydroxylation of such compounds [65]. Moreover, 

interaction with sulfhydryl groups in microbial enzymes 

responsible for the inhibition of these enzymes and that 

could be explained mechanism of action of simple phenols 

[66]. Antibacterial activity of phenolic acid (caffeic acid) 

was assesses against S. aureus and Escherichia coli in 

comparing to ampicillin, caffeic acid showed higher MIC 

than that ampicillin achieved [67]. Another study conducted 

to evaluate antibacterial activity of gallic acid against 

Campylobacter coli which demonstrated bactericidal 

activity with 61.5-125 μg/ml MIC [68]. Furthermore, a 

study was carried out to compare between antibacterial 

activity of gallic acid and ferulic acid against P. aeruginosa, 

E. coli, S. aureus and Listeria monocytogenes, depending 

on MIC readings ferulic acid was more potent against the 

bacterial strains than gallic acid, this study also reported that 

"Gallic acid and ferulic acid affect the bacterial cell wall of 

S. aureus, E. coli, and P. aeruginosa, producing local 

damage and leakage of cellular materials" [69]. Potentilla 

fruticosa extract was analyzed for its phytochemical 

contents and it was found rich in ferulic acid, ellagic acid, 

hyperoside, (+)-catechin, caffeic acid and rutin, the extract 

showed highest antimicrobial activity against Gram-

negative bacterium P. aeruginosa, and a yeast Candida 

albicans [70]. [71] studied synergistic effect of polyphenols 

in a Cistus salviifolius extract, a combination of flavonoids 

and ellagitannins in certain ratio showed positive effect 

against S. aureus. Another study showed that inhibitory 

effect of synergism between isoquercitrin and gallic acid 

was 10-fold higher than their effect apart [72]. 

Extract of Mangifera indica seeds was active against 

MRSA, the extract analyzed for its phytochemicals which 

appeared containing: pentagalloylglucopyranose, gallic 

acid and methyl gallate [73]. Antibacterial activity of 

several phenolic compounds against S. aureus was assayed 

and MICs was 21 μg/ml of octyl gallate, 103 μg/ml of 

hydroquinone and 413 μg/ml of both carvacrol and thymol 

[74]. 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5628517/#ref47
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3.6 Polyphenols mechanism of action  
Various mode of actions are considered responsible for 

inhibitory effect of polyphenols against pathogens, 

inhibition of microbial enzymes by oxidized compounds is 

among these modes either by interaction with sulfide 

functional group of proteins or through nonspecific proteins 

[75]. A quite contradiction has been established about 

whether polyphenol with a hydroxyl group is more toxic or 

more active against pathogens or not, [76] reported that 

highly oxidized polyphenols are more active against 

microbes than less oxidized, while [77] showed that 

flavonoids without hydroxyl group at their β-rings are more 

affective against microbes by causing more membrane 

disruption. In addition to the pre mentioned means of 

actions, some phenolic compounds as quinones act as stable 

free radicles bind with microbial proteins irreversibly 

causing lose their functions, or inactivating enzymatic 

activity by different means either by binding to cell wall 

proteins and interacting with substrates make them 

unavailable to the microbes or making complexes with 

metal irons [50]. 

 

4. Conclusion 
Secondary metabolic compounds produced by all plants 

including terpens and phenols play various roles in 

persistence of plants mostly as defense mechanisms against 

predators, however different ancient civilizations, even 

modern cultures and ethnics depend thoroughly in their 

therapeutical strategies on traditional or herbal remedies, 

during last century till day many studies had been conducted 

to magnify the essence role of terpens, phenols and their 

derivatives in various medical, biotechnical and industrial 

lines in order to cope the accelerating challenges confront 

the humanity. 
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