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Introduction 
 

The ability of microorganisms, such as bacteria, viruses, 

fungi, and parasites, to survive and keep growing despite 

the presence of medicines intended to eradicate them is 

known as the antimicrobial resistance. Infections caused 

by antimicrobial-resistant organisms are not only 

difficult to treat, but is also always an increased 

possibility of severe sickness and even death due to 

these infections. Antimicrobial agents come in a 

different forms, such as food preservatives, disinfectants, 

antibiotics, antifungals, and antiviral. Antibiotic is one of 

antimicrobial agents which commonly used to treat 

bacterial infection or diseases. Drug-resistant diseases 

have become a serious and concerning problem due to 

the fast global spread of "superbugs" or bacteria that are 

resistant to the majority of known antimicrobials. The 

World Health Organization (WHO) has recognized 

AMR as one of the top three greatest dangers to public 

health. Methicillin-resistant Staphylococcus aureus 

(MRSA) is recognized example of the first "superbug" 

and is linked with a high mortality rate from 
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Antimicrobial resistance (AMR) has emerged as a major global public health challenge, reducing the 

effectiveness of conventional antimicrobial agents and increasing the risk of treatment failure. The growing 

prevalence of multidrug-resistant (MDR) pathogens, including methicillin-resistant Staphylococcus aureus 

(MRSA), carbapenem-resistant Acinetobacter baumannii, and multidrug-resistant tuberculosis, has intensified 

the search for alternative therapeutic strategies. Medicinal plants have attracted considerable scientific interest 

because they contain diverse bioactive phytochemicals, including alkaloids, flavonoids, tannins, terpenoids, and 

phenolic compounds, with potential antimicrobial properties. This review examines the therapeutic significance 

of medicinal plants, commonly employed extraction techniques, the mechanisms underlying their antimicrobial 

activity, and their potential role in addressing AMR. Conventional extraction methods, such as maceration, 

digestion, decoction, percolation, infusion, and Soxhlet extraction, are discussed alongside modern approaches, 

including microwave-assisted and ultrasound-assisted extraction. Plant-derived compounds may inhibit 

microbial growth through multiple mechanisms, including disruption of cell membranes, interference with 

essential enzymes and nucleic acid processes, inhibition of efflux pumps, modulation of quorum sensing, and 

suppression of biofilm formation. Particular attention is given to the synergistic interactions between plant 

extracts and conventional antibiotics, which may enhance antimicrobial activity and reduce the concentrations 

of antibiotics required to inhibit resistant pathogens. Evidence involving extracts from Psidium guineense, 

Salvia officinalis, Cichorium intybus, and other medicinal plants highlights their potential as adjuncts to existing 

antimicrobial therapies. Nevertheless, further investigations into safety, toxicity, standardization, 

pharmacological activity, and clinical efficacy are essential. Plant extracts therefore represent promising 

candidates for antimicrobial research and the development of complementary strategies against AMR. 
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antimicrobial-resistant infections worldwide. Currently, 

3.5% of active TB cases and 18% of previously treated 

TB cases globally are classified as MDR-TB (multidrug 

resistant tuberculosis), and there is growing worry about 

XDR-TB (extensively drug-resistant tuberculosis) 

among many MDR-TB patients (Md. AbdusSalam et al., 

2023). Resistant bacteria can propagate across 

international borders in numerous methods, including 

direct exposure, the food chain, and environmental 

transfer. AMR microorganisms and antimicrobial 

resistance genes (ARGs) are frequently found in a range 

of sources, including humans, animals, food, plants, and 

the environment. The transmissible mcr-1 gene, which 

provides resistance to the nephrotoxic last-line antibiotic 

colistin, was discovered in Escherichia coli isolates from 

uncooked meat, cattle, and infected people. Pan-drug 

Gram-negative bacilli (GNB) isolates are found more 

often over the world. LA-MRSA, or Staphylococcus 

aureus associated with livestock methicillin, was first 

identified in 2005. Enterococcal infections that are 

resistant to vancomycin may develop resistance to other 

therapeutically essential antibiotics, including 

daptomycin and linezolid. 

 

Carbapenem-resistant Acinetobacter baumannii 

(CRAB). A. baumannii, a Gram-negative bacillus, 

causes infections in hospitals and intensive care units. 

These infections are particularly deadly, roughly 56% of 

persons with bacteremia and/or pneumonia. Natural 

resources such as soil, fruits, and vegetables, as well as 

animal and human skin and neck tissue, may act as 

community reservoirs for A. baumannii. Plant extracts 

have gained significant attention due to their potential 

antimicrobial properties and medicinal value. They 

contain various bioactive compounds, such as alkaloids, 

flavonoids, tannins, and terpenoids. These compounds 

may inhibit the growth of different pathogenic 

microorganisms, including multidrug-resistant (MDR) 

bacteria. The increasing problem of antimicrobial 

resistance (AMR) has encouraged researchers to explore 

plant-based alternatives to conventional antibiotics. 

Therefore, this review focuses on the antimicrobial 

potential of plant extracts, their extraction methods, and 

their role in combating AMR. 

 

Medicine plant and their therapeutic uses 
 

Medicinal plants have been practiced for centuries in 

ethnomedicine (e.g., Ayurveda, Unani, Traditional 

Chinese Medicine, and European Traditional Medicine) 

for the treatment of a variety of diseases. Medicinal 

plants, which are generally considered safer, more 

affordable, and more accessible than synthetic 

medicines, have historically served as useful therapeutic 

agents in ethno medicine. According to the World 

Health Organization (WHO), more than 80% of the 

world’s population still relies on traditional medicines 

obtained from plants to meet their basic medical needs. 

Ayurvedic, Unani, Traditional Chinese medical, and 

European Traditional Medicine are examples of 

traditional medical systems based on plants. Ayurveda is 

an ancient and popular medicinal treatment that is 

mostly performed in India but is also widely used in 

other Southeast Asian nations (Bangladesh, Sri Lanka, 

Nepal, and Pakistan). Over 20, 000 medicinal plant 

species have been identified in India, including 

Azadirachta indica (leaves), Curcuma longa (roots), and 

Momordica charantia (fruits, leaves, Acacia arabica 

(bark), Aframomum angustifolium (seeds). Allium ticed 

in India is commonly used (Prawej Ansari et al., 2025). 

Hippocrates (460-377 BC) invented Unani traditional 

medicine, which was further expanded by Arabian and 

Persian scholars in the middle Ages, and is hence also 

known as "Greco-Arabian" and "Persian" medicine. It 

was later introduced to India and is now widely used in 

many Arab and Asian countries. Unani traditional 

medicine uses medicinal plants such as Acacia arabica 

(bark), Allium sativum (roots), Azadirachta indica (leaf), 

Centella asiatica (leaves), Cinnamomum verum (leaves, 

bark), Curcuma longa (roots), Lantana camara (leaves), 

and Musa paradisiaca (leaves, fruits). Opuntia 

megacantha crude leaf extracts have been demonstrated 

to rescue kidney sodium excretion failure in a 

streptozotocin-induced (STZ) diabetic rat model. 

Ekebergia capensis leaf ethanolic extracts have also been 

shown to effectively reduce hypertension in mouse 

models. Aqueous and ethanolic extracts of Stangeria 

eriopus, Amaranthus dubius, Amaranthus ybridus, 

Asystasia gangetica, Galinsoga parviflora, Justicia flava, 

Oxygonum sinuatum, Physalis viscosa, and Tulbaghia 

violacea have all been demonstrated to have an ACE 

inhibatopry properties. T. violacea exhibited the 

strongest ACE inhibitor activity.  

 

The Botanical Survey of India counts about 15, 000 

plant species in the country, with at least 7, 500 being 

utilized medicinally. Many plants' leaves contain 

therapeutic properties that can be employed as an 

alterative, tonic diuretic, blood purifier, or antiphlogistic. 

They are used to treat chronic eczema, ulcers, 

rheumatism, neurological disorders, lunacy, cholera, 

amenorrhea, piles, and fistulas. Typically, the powder of 
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dried leaves is used with milk to treat mental disabilities 

and increase memory. The fresh juice of the leaves is 

used as an alternative treatment for jaundice, fevers, and 

gonorrhoea (Mohd. Mazid et al., 2012). Harsingar or 

Nite Jasmine is another name for Nyctanthes arbortristis 

(Family: Oleaceae). The stem bark of this plant is used 

to treat internal injuries, diarrhea, and palate ulcers. Its 

roots are used to treat emaciation.  

 

The Queen of Spices, Elettaria cardamomum 

(Zingiberaceae) Cardamom oil assists the digestive 

system and is used in medicine, food preparation, and 

perfumes. Chlorophytum borivilianum is used to treat a 

variety of gynecological problems, diabetes mellitus, 

oligospermia, male impotence, and aging. In India, 

Terminalia bellirica is referred to as Bahera and is a 

member of the Combretaceae family. In Ayurveda, T. 

bellirica is used to treat skin conditions, fever, cough, 

diarrhea, and oral thrush (Poonam Khatri et al., 2016).  

 

Phtochemical Compounds 
 

Phytochemicals are a large and broad collection of plant-

derived secondary metabolites that play important 

ecological roles while also having considerable potential 

for human health uses. The structural diversity of 

phytochemicals, estimated to be over 100, 000 different 

molecules, demonstrates their evolutionary adaptation to 

a wide range of ecological problems. The chemical 

categorization of phytochemicals divides these 

molecules into key categories based on their 

fundamental structures and metabolic routes, while there 

is no universal classification system for phytochemicals. 

Polyphenols, including flavonoids (quercetin, catechins) 

and stilbenes (resveratrol), have powerful antioxidant 

and anti-inflammatory properties, with green tea 

catechins such as EGCG exhibiting specific 

cardioprotective effects via metabolites. Terpenoids are 

chemicals that range from volatile monoterpenes to 

complex carotenoids such as lycopene and exhibit a 

variety of biological functions, including antibacterial 

actions and eyesight support.  

 
Nitrogen-containing alkaloids such as caffeine and 

morphine have significant neurological effects in both 

plants and people, but sulphur-containing substances 

such as glucosinolates release beneficial hydrogen 

sulfide with antioxidant and anti-inflammatory 

characteristics. Sulforaphane, Myricetin, Resveratrol, 

Anthocyanins, Flavonoids, Polyphenols, Hydroxycitric 

acid, Gingerol, Berberine, Asiatic acid are important 

polyphenolic compounds (Lara Popovic et al., 2025).  

 

Many plants, including Petroselinum crispum, 

Matricaria chamomilla, Apium graveolens, Basella 

rubra, Cynara scolymus, Origanum vulgare, and 

Portulaca oleracea, contain the flavonoid apigenin. 

Antibacterial activity against P. aeruginosa, K. 

pneumoniae, Salmonella typhimurium, Enterobacter 

aerogenes, and Proteus mirabilis was discovered. The 

root bark of some Magnoliaceae species, including 

Magnolia officinalis, Magnolia obovata, and Magnolia 

grandiflora, contains honokiol [3, 5-di-(2-propenyl)-1, 1-

biphenyl-2, 2-diol]. Broccoli (Brassica oleracea), apples, 

and strawberries are rich sources of kaempferol [3, 5, 7-

trihydroxy-2-(4-hydroxyphenyl)-4H-1-benzopyran-4-

one].Withania somnifera and other members of the 

Solanaceae family, including Acnistus arborescens, 

contain a naturally occurring steroidal lactone called 

withaferin A (4-β, 27-dihydroxy-1-oxo-5β, 6β-

epoxywitha-2, 24-dienolide) (Ragi Jadimurthy et al., 

2023). Coumarins are phenolic compounds composed of 

fused benzene and a-pyrone rings.  

 

They are well-known for their antithrombotic, anti-

inflammatory, and vasodilatory properties, as well as 

their effectiveness in preventing cold sores caused by 

HSV-1. Saponins are secondary metabolites found in a 

wide variety of plant species. Plant cells retain inactive 

precursors, which are quickly transformed into active 

antibiotics by enzymes during pathogen attack. There are 

three major groups: triterpenoid, steroid, and steroidal 

glycoalkaloid. It showed antifungal action against 

human pathogenic yeasts C. albicans, C. glabrata, and C. 

tropicalis. Alkaloids refer to heterocyclic nitrogen 

molecules. Morphine, derived from the plant poppy 

Papaver somniferum, was the first alkaloid discovered 

for medical use in 1805. An alkaloid, 2-(3, 4-dimethyl-2, 

5-dihydro-1H-pyrrol-2-yl)-1-methylethyl pentanoate, 

derived from the plant Datura metel, shown antifungal 

activity against Aspergillus and Candida species both in 

vitro and in vivo.  

 

The antifungal activity of the main components of oils, 

such as cineole, geranial, carvacrol, thymol, p-cymene, 

and 1, 8-cineole, has been reported. The antifungal 

activities of the essential oil from Agastache rugosa and 

its main component, estragole, when combined with 

ketoconazole were found to have significant synergistic 

effects (Tasleem Arif et al., 2009). 
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Methods of Plant Extracts 
 

The menstruum is another name for the solvent used 

during the extraction of medicinal plants. The type of 

plant, the portion of the plant to be extracted, the kind of 

bioactive chemicals, and the solvent's availability all 

contribute to the choice of solvent. Usually, nonpolar 

solvents like hexane and dichloromethane are used to 

extract nonpolar chemicals, while polar solvents like 

water, methanol, and ethanol are used to extract polar 

compounds. The common solvent used for extraction are 

water, ether, ethanol, methanol, chloroform, ionic liquid. 

Maceration is a method of extraction that involves 

immersing coarsely ground plant material in an 

appropriate solvent for a minimum of three days within a 

sealed container. The mixture is periodically stirred or 

shaken to enhance the extraction process. Ultimately, the 

liquid extract (miscella) is separated from the solid 

residue (marc) through filtration or decantation, and the 

solvent is eliminated by evaporation using either an oven 

or a water bath. Digestion is a method used to extract 

plant secondary metabolites by applying moderate heat, 

typically around 50°C.In this process, the plant material 

is ground into a powder and combined with a suitable 

solvent. The mixture is then heated using a water bath or 

an oven. This technique works best with plant materials 

that dissolve easily in the solvent. Decoction is a process 

where powdered plant material is boiled in a certain 

amount of water for approximately 15 minutes. It is 

often used to extract compounds that are soluble in water 

and can withstand heat. Percolation is another extraction 

method in which a solvent slowly moves through 

moistened, ground plant material placed in a percolator. 

The plant material is left to stand before the solvent is 

added gradually and collected. Afterward, the extract is 

filtered, and the volume is adjusted to the desired level 

using the same solvent (Abdullahi R. Abubakar et al., 

2020). 

 

Infusion is a process where finely ground plant material 

is soaked in a hot or cold solvent for a short time. It is 

effective for extracting bioactive compounds that 

dissolve easily and is used to create fresh extracts. The 

ratio of solvent to plant material typically ranges from 

4:1 to 16:1. Soxhlet extraction is a continuous method of 

hot extraction that uses a Soxhlet apparatus, which 

includes a flask, extraction chamber, siphon tube, and 

condenser. The dried and finely ground plant material is 

placed in a porous thimble. The solvent is heated, turned 

into vapor, condensed, and then repeatedly passed over 

the plant material. The extracted compounds are 

collected in the flask as the solvent is siphoned through. 

This method uses less solvent, does not require repeated 

filtering, and works well with plant materials that can 

withstand heat. However, it is not suitable for 

compounds that are sensitive to heat, and it does not 

allow for continuous shaking. Microwave-Assisted 

Extraction (MAE): This technique employs microwave 

energy to heat plant matter, which helps the solvent 

penetrate more effectively and extract bioactive 

substances. It is effective for extracting flavonoids and 

other phenolic compounds. Polar solvents increase 

extraction efficiency by allowing dipole rotation and 

movement of ions. Benefits include shorter extraction 

time, less solvent usage, and higher yield. However, the 

high temperatures involved can cause damage to heat-

sensitive compounds like tannins and anthocyanins. 

Ultrasound-Assisted Extraction (UAE): This method 

uses high-frequency sound waves, above 20 kHz, to 

disrupt plant cell walls and release secondary 

metabolites. The dried and powdered plant material is 

combined with a suitable solvent and then treated in an 

ultrasonic extractor. Benefits include reduced extraction 

time, lower solvent usage, and improved yield. 

However, it can be challenging to achieve consistent 

results, and too much energy may create free radicals 

that can break down phytochemicals (Chibuye Bitwell et 

al., 2023). 

 

Mechanisms of Plant Extract 
 

Plants have developed extensive innate immune systems 

to defend against microbial attack. Pathogen-associated 

molecular structures that activate coordinated hormonal 

and transcriptional responses have been identified, 

including signaling pathways for salicylic acid, jasmonic 

acid, and ethylene. These processes produce 

antimicrobial proteins as well as a variety of secondary 

metabolites. Metabolites like as phenolics, flavonoids, 

terpenoids, and alkaloids serve as broad-spectrum 

defensive chemicals with several mechanisms of action. 

Plant-derived compounds frequently have 

polypharmacological effects, altering bacterial 

membranes, blocking enzymatic and nucleic acid-based 

processes, generating oxidative stress, interfering with 

quorum sensing, suppressing efflux pumps, and 

attenuating biofilm formation (Sun Sik Kong et al., 

2026). Plants create two types of metabolites: primary 

(necessary for survival) and secondary (reaction to 

environmental interactions).Primary metabolites from 

glycolysis, shikimate pathway, and tricarboxylic acid 

cycle support nutrition and reproduction. Enzymatic 
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activities against primary metabolites play a crucial role 

in producing secondary metabolites that aid plant 

adaptation against bacteria, fungi, insects, and disease. 

Plant-derived chemicals are secondary metabolic 

products found in various sections of the plant, including 

roots, leaves, bark, flowers, and seeds, with diverse 

structures. Plant-derived compounds have been studied 

in the drug industry for decades to improve the 

biological activity of existing antibiotics and as a 

potential source of novel antimicrobial medicines against 

various diseases, including MDR bacteria. Plant 

phytochemicals are classified into four types based on 

their biosynthesis: terpenoids, polyketides, 

phenylpropanoids, and alkaloids (Najwan Jubair et al., 

2021).  

 

Alkaloids are nitrogen compounds that are heterocyclic 

and have a wide variety of chemical configurations. EPI 

activity is present in most alkaloids, which may 

contribute to their antibacterial effects. Berberine, an 

isoquinoline alkaloid found in the roots and stem-bark of 

Berberis species and widely used in traditional medicine, 

is the main active ingredient of Rhizoma coptidis and 

Cortex phellodendri. This material has shown efficacy 

against bacteria, fungi, viruses, and protozoa. DNA 

intercalation, targeting RNA polymerase, gyrase, and 

topoisomerase IV, and preventing cell division are all 

part of berberine's antibacterial action mechanism. 

Numerous bioactive natural substances that are widely 

used in medicine are categorized as phenolic 

compounds. Through a variety of processes, these 

compounds which are bioactive molecules play a 

significant role in boosting antibiotic action against 

resistant microorganisms. Resveratrol is a naturally 

occurring phenolic compound that has demonstrated EPI 

action against many bacteria, including CmeABC EPs of 

Campylobacter jejuni or EPs of M. smegmatis (Bahman 

Khameneh et al., 2019).  

 

Plant Extracts and Antibiotic Synergy 
 

Medicinal plants have been used for ages in traditional 

medical systems to treat bacterial infections. Traditional 

remedies made from medicinal plants are the main 

source of healthcare for almost 80% of the developing 

world's population. According to a United Nations 

Conference on Trade and Development survey, over 

33% of all pharmaceuticals made in developed countries 

are derived from plants, and the World Health 

Organization has identified over 20, 000 species of 

medicinal plants with a wide range of potential 

applications. Also, they are rich in active substances 

with antibacterial properties. Tannins, alkaloids, 

glycosides, terpenoids, steroids, flavonoids, and 

coumarins are some of these bioactive compounds 

(phytochemicals).antibacterial resistance can be 

prevented, decreased, and/or reversed in a number of 

methods, and use medicinal plant extracts with inherent 

antibacterial qualities has been shown to be a rather 

successful strategy. However, the best way to fight 

antibacterial resistance is probably a combinational 

strategy that permits a synergistic interaction between 

traditional antibiotics and plant extracts. There is already 

proof that traditional antibiotics can be improved by 

working in concert with substances produced from 

plants. The effectiveness of β-lactam therapy is 

significantly increased when it is combined with α-

mangostin, which is obtained from mangosteen fruit, or 

with quercetin or kaempferol, which can be found in a 

variety of fruits, vegetables, and cereals (Matthew J. 

Cheesman et al., 2017). 

 

Tiago Gomes Fernandes et al., 2012 studied the synergy 

of Psidium guineense Swartz aqueous leaf extract and 

five antibacterial medicines (meropenem, ciprofloxacin, 

cefoxitin, ampicillin, and amoxicillin/clavulanate) were 

tested against several resistant strains of Staphylococcus 

aureus using the checkerboard technique. The study 

found that combining antimicrobial medications with 

plant leaf extract reduced the minimum inhibitory 

concentration of the antibiotics by eight times, showing 

a synergistic effect against MRSA. OLGICA D. 

STEFANOVI et al., 2012 demonstrated the synergynic 

effect of SALVIA OFFICINALIS and CICHORIUM 

INTYBUS extract with amoxicillin antibiotic against 

MRSA as a result Acetone and ethyl acetate extracts of 

S. officinalis and C. intybus, combined with antibiotics, 

suppressed bacterial growth at lower concentrations. 

Chusri et al., (2014) performed a study to test the 

synergistic potential of plant extract with antimicrobials 

against Acinetobacter baumannii. The researchers 

conducted an in vitro study to compare the efficacy of 17 

medicinal plants from the Apocynaceae family to 

standard antimicrobials against Acinetobacter baumannii 

strains that were resistant to multiple drugs. The study's 

main results were as follows such as When combining a 

mixture of Apocynaceae extracts rifampicin or cefazolin, 

the most significant. Triphala has been demonstrated to 

work synergistically with gentamicin against MDR 

gram-negative bacteria and oxacillin against MRSA. 

Another study indicated that Punica granatum extract 

greatly improves the efficiency of all drugs tested 
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against MRSA. When tested against S. aureus strains, 

antimicrobial medicines and extracts of clove, guava, 

and lemongrass demonstrated a high synergy rate 

(Sageer Abass et al., 2022). 

 

Future Directions and Current Challenges 
 

Plant-based antimicrobials are gaining popularity as 

viable replacements or complimentary treatments to 

traditional antibiotics due to their various bioactive 

components and potential effectiveness against 

multidrug-resistant (MDR) bacteria. However, various 

hurdles limit their clinical applicability, including 

variability in phytochemical composition, extraction 

process differences, a lack of standardization, low 

solubility, and toxicity and safety issues. Additionally, 

most studies have been done in a laboratory setting, and 

more clinical evidence is needed to confirm their 

efficacy and safety in humans. Previous research has 

emphasized the significance of natural products as 

important resources for drug discovery and the creation 

of novel therapeutic medicines (Newman & Cragg et al., 

2020). To determine the therapeutic potential of plant-

based antimicrobials, future research should concentrate 

on discovering active phytochemicals, standardizing 

extraction techniques, assessing toxicity, and carrying 

out well planned clinical studies.  

 

While nanotechnology and sophisticated drug delivery 

methods may improve the stability, solubility, and 

delivery of chemicals produced from plants, combining 

plant extracts with traditional antibiotics may increase 

antibacterial efficacy against resistant bacteria. Natural 

products continue to present significant prospects for the 

development of novel treatment techniques and the 

discovery of new medications (Atanasov et al., 2021). 

Therefore, in order to produce safe, efficient, and 

standardized plant-based antimicrobial agents for the 

treatment of antimicrobial resistance in the future, 

systematic research and scientific validation are crucial. 
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