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Abstract
Kazakhstan’s rich botanical landscape harbors a treasure trove of medicinal knowledge and practices, deeply rooted in its terrain and cultural heritage. This 
review explores the diverse flora of Kazakhstan, highlighting the country’s vibrant phytobiota and the significant role of traditional healing methods within 
Kazakh society. Despite the abundant botanical resources, there remains a lack of comprehensive understanding regarding the biochemical composition 
of most plants, as well as a scarcity of information about the synthesis regulation of biologically active compounds. Moreover, the absence of sufficient 
pharmaceutical infrastructures exacerbates the underutilization of Kazakhstan’s diverse plant life as a source of valuable bioactive compounds. Among 
the various plant families, Asteraceae, Apiaceae and Rosaceae are extensively studied, with research focusing on the antimicrobial and phytochemical 
properties of select species. This exploration underscores the potential of these plant families in medicine and phytochemistry, highlighting the need for 
further research to unlock their therapeutic treasures. Overall, this review emphasizes the importance of bridging traditional knowledge with contemporary 
scientific research to fully utilize Kazakhstan’s botanical resources for medicinal purposes and beyond.
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INTRODUCTION
Research on Kazakhstan’s available resources unveils a 
treasure trove of diverse medicinal knowledge and practices 
deeply embedded within the Kazakh terrain1. This repository 
encompasses a broad spectrum of medical expertise and 
ideologies that have flourished and evolved within the Kazakh 
society across centuries, representing an intricate mosaic of 
traditional healing methods. Passed down through successive 
generations, these healing practices have been meticulously 
preserved, serving as an integral component of Kazakh 
folk medicine, thus safeguarding age-old wisdom for the 
enlightenment of future generations2.

In recent years, there has been a notable surge in the use and 
exploration of drugs and dietary supplements derived from 
plants. Ethnopharmacologists, botanists, microbiologists, and 
natural-products chemists are actively searching the globe 
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for phytochemicals and potential drug candidates to combat 
infectious diseases. While a significant portion of existing 
pharmaceuticals, ranging from 25% to 50%, are plant-derived, 
none are currently utilized as antimicrobials3. Traditional 
healers have historically relied on plants for preventing or 
treating infectious ailments, prompting Western medicine 
to seek to replicate their successes. Plants contain a diverse 
array of secondary metabolites, including tannins, terpenoids, 
alkaloids, and flavonoids, which laboratory studies have shown 
to possess antimicrobial properties4.

In the realm of flora, Kazakhstan’s botanical landscape stands 
as a testament to remarkable diversity, housing an impressive 
array of approximately 6,400 higher vascular plant species, 
alongside around 5,000 fungi, 486 lichens, over 2,000 algae, and 
roughly 500 bryophytes. This botanical opulence, estimated at 
14,500 to 15,500 taxa, vividly underscores the country’s vibrant 
phytobiota. This rich botanical tapestry, however, transcends 
mere biodiversity; it harbors practical significance, with over 
1,000 plant species identified by Aralbai possessing medicinal 
properties5. While more than 500 introduced, cultivated, and 
imported plant species contribute to Kazakhstan’s botanical 
wealth, historical practices—especially during the Soviet era—
have significantly depleted this resource, notably affecting 
medicinal plants, with an estimated 80% of plant resources 
extensively harvested6. The botanical landscape of Kazakhstan 
unfolds a rich tapestry of plant species, with distinct families 
playing a pivotal role in contributing to the country’s floral 
diversity. Among these families, Asteraceae takes the lead 
with an impressive array of 196 species, followed closely by 
Apiaceae, boasting 89 unique species7. Despite the prominence 
of these families in medicinal contexts, it is intriguing to note 
that research focusing on the resource potential of medicinal 
species within Asteraceae and Apiaceae has been limited. This 
underscores the untapped reservoir of knowledge regarding 
the therapeutic properties and applications of numerous plant 
species within these families.

Within the broader spectrum of medicinal herbs, a staggering 
648 species contribute to the rich herbal heritage of 
Kazakhstan. However, the knowledge about their resource 
potential remains largely unexplored. A mere 88 out of the 
648 medicinal herb species have undergone the meticulous 
process of raw material inventory, representing a mere 3.6% 
of the plants within the seven leading families. This disparity 
highlights a significant gap in understanding the full scope of 
medicinal properties present in these diverse plant species6. 
Further exploration of a subset of widely distributed plant 
species in Kazakhstan has revealed that some species are 
not only recognized for their medicinal potential but have 
also found applications in official medicine6,7. These species, 
belonging to the Asteraceae, Rosaceae, Lamiaceae, Fabaceae, 
Ranunculaceae, Apiaceae, and Brassicaceae families families, 
provide a glimpse into the therapeutic richness of Kazakhstan’s 
natural flora8. The pharmacological applications of these family 
species highlight the valuable contributions of these families 
to the field of medicine, laying a foundation for potential 
therapeutic interventions and drug discovery9. Kazakhstan’s 
botanical wealth, as represented by these families, is not 

only vast in terms of species diversity but also holds immense 
potential for medicinal applications. The limited exploration of 
the resource potential within these families emphasizes the 
need for more extensive and focused research efforts to unveil 
the therapeutic treasures hidden within Kazakhstan’s botanical 
landscape.

Despite the abundance of botanical resources, there is 
still a lack of comprehensive understanding regarding the 
biochemical composition of most plants, along with a 
scarcity of information about the synthesis regulation of 
biologically active compounds10. Additionally, the absence of 
sufficient pharmaceutical infrastructures designed to harness 
these biologically active substances worsens the situation. 
Consequently, the vast potential of Kazakhstan’s diverse plant 
life as a source of valuable bioactive compounds remains 
largely untapped due to these knowledge gaps and inadequate 
pharmaceutical development frameworks11.

Among the various plant families, Asteraceae and Apiaceae are 
extensively studied. In Kazakhstan, as in many other countries, 
research on plant species belonging to these families is more 
prevalent compared to other plant families. For instance, the 
species in genera such as Artemisia, Echinacea, Centaurea, 
Baccharis, and Calendula (belonging to the Asteraceae family) 
have shown antimicrobial activity12. These species are often 
used in ethnomedicine to treat infections, inflammation, 
and parasites. The essential oils and crude extracts from 
these plants have been identified as the effective parts or 
components with antimicrobial properties, with a particular 
focus on essential oils. Similarly, the species in genera such as 
Aegopodium, Ferula, and Ledebouriella (belonging to Apiaceae) 
are also known for their antimicrobial properties13-15. Studies 
have shown that these plants have the potential to be used as 
natural alternatives to synthetic antimicrobial agents. Further 
research is ongoing to explore the full range of therapeutic 
benefits and potential applications of these plant species in the 
field of medicine.

In this review, we focused on antimicrobial and phytochemical 
studies conducted on plant species belonging to the Asteraceae, 
Apiaceae and Rosaceae families. This exploration sheds light 
on the intricate relationship between these plant families, 
emphasizing their potential in the realms of both medicine 
and phytochemistry. As we delve deeper into the findings of 
these studies, a compelling narrative emerges, underscoring 
the multifaceted nature of these plants and their significant 
contributions to antimicrobial research. Furthermore, the 
aim was to examine antibiotic resistance historically and 
gather contemporary insights from scientific literature on the 
potential of medicinal plants as an alternative strategy. The 
antimicrobial studies conducted on the selected plant species 
have unraveled a diverse array of properties, showcasing their 
efficacy against various pathogens. The nuanced interactions 
between these plants and microorganisms provide valuable 
insights into potential therapeutic applications. Notably, the 
outcomes of these studies contribute to the ongoing efforts 
to combat microbial infections, especially in the context of 
the rising challenges posed by antibiotic resistance. Moreover, 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/


www.pharmacypractice.org (eISSN: 1886-3655 ISSN: 1885-642X)
© the Authors

Baiken B, Amankeldi S, Irina R, Gul B, Erik Sh., Zere T, Assya B, Zhanar N, Roza S, Kulniyazova G,  Kapassov S, Aknur T, Gulnaz S, 
Zhanserik S. Unlocking the potential: Exploring antimicrobial properties in Asteraceae, Apiaceae, and Rosaceae plant species from 
Kazakhstan. Pharmacy Practice. 2025 Oct-Dec;23(4):3279.

https://doi.org/10.18549/PharmPract.2025.4.3279

3

contributing to a holistic approach to health and wellness 
deeply rooted in nature’s remedies6,17.

Abu Raihan al-Biruni (973-1048) and Abu Ali ibn Sina, also 
known as Avicenna (980-1037), were renowned polymaths 
whose work greatly influenced the development of medical 
knowledge during the Islamic Golden Age18,19. Both scholars 
extensively studied traditional medicinal practices and 
documented their findings, which laid the groundwork for 
integrating empirical observations and scientific principles 
into medicine. Their seminal works, such as al-Biruni’s “Kitab 
al-Saydalah” (“Book of Medicaments”) and Avicenna’s “The 
Canon of Medicine,” meticulously recorded medicinal plants 
and investigated their potential antimicrobial properties, 
recognizing their effectiveness in treating various illnesses. 
Through their meticulous observations and writings, al-Biruni 
and Avicenna provided valuable insights into the antimicrobial 
properties of numerous plant species, significantly advancing 
the early understanding and use of natural remedies in 
disease management. For example, Avicenna’s “The Canon of 
Medicine” includes a dedicated volume on medicinal plants, 
detailing around 1500 therapeutic remedies and cataloging 
almost 800 distinct varieties of medicinal vascular plants19.

During the 15th century AD, Oteyboydak Tleukabyl, a prominent 
Kazakh healer, authored the manuscript “Shipagerlik Bayan”, 
often translated as “The Healer’s Testament”. This seminal 
work outlines the core principles of Traditional Kazakh 
Medicine (TKM), combining empirical knowledge with cultural 
and spiritual healing practices. The text includes detailed 
descriptions of medicinal herbs, anatomy, pathology, immune 
responses, and dietary recommendations. Recognized as a 
foundational document, Shipagerlik Bayan reflects the holistic 
approach to health and disease in Kazakh medical tradition. 
Through practical experimentation and research conducted in 
the steppe laboratory, he developed a total of 1108 different 
types of remedies, including 858 from medicinal plants, 318 
from animal organs, and approximately 60 from metallic 
sources. As a medical practitioner, his contributions were 
crucial in shaping ancient Kazakh folk medicine, which relied on 
collective knowledge acquired over generations. His profound 
understanding led to the categorization of Kazakh medicinal 
plants into distinct groups—fortifying, refreshing, warming, 
and laxative—each tailored for specific medical purposes. 
These systematic classifications formed the foundation of 
Kazakh traditional medicine, with plant species methodically 
utilized to treat a wide array of health conditions prevalent 
in Kazakh society. For example, fortifying plants were used 
to enhance vitality and strengthen the body, while refreshing 
plants invigorated and rejuvenated. Warming plants alleviated 
symptoms of cold-related illnesses, and laxative plants 
addressed gastrointestinal issues and facilitated digestion. 
Tleukabyl’s meticulous understanding of these plant species 
and their therapeutic properties allowed for their targeted 
application in treating various ailments, including respiratory 
conditions like bronchitis and bronchial asthma, chronic 
rheumatoid arthritis, stomach-related discomforts such as 
high acidity and diarrhea, as well as more critical conditions 
like hemostasis, metrorrhagia, and venomous snake bites. His 

complementing the antimicrobial investigations, our focus 
extended to the phytochemical composition of these plant 
species. By scrutinizing the intricate chemical profiles of 
Asteraceae, Apiaceae and Rosaceae members, we aimed to 
unravel the compounds responsible for their antimicrobial 
efficacy. Phytochemical analyses reveal a rich tapestry of 
secondary metabolites, including phenolic compounds, 
alkaloids, flavonoids, and terpenoids, each playing a unique 
role in enhancing the plants’ antimicrobial properties.

Furthermore, our review emphasizes the need for a holistic 
understanding of these plant families, encompassing not 
only their antimicrobial potential but also their broader 
applications in traditional medicine, agriculture, and 
biodiversity conservation. By bridging the gap between 
traditional knowledge and contemporary scientific research, 
we pave the way for a more comprehensive utilization of these 
botanical resources. Moving forward, this review sets the stage 
for future research endeavors. It prompts the exploration of 
lesser-known plant species within Asteraceae and Apiaceae 
encouraging researchers to uncover hidden antimicrobial 
treasures. Additionally, the integration of advanced analytical 
techniques, such as metabolomics and bioinformatics, 
promises to unveil novel bioactive compounds and intricate 
biochemical pathways, further enhancing our understanding of 
these plants’ antimicrobial prowess.

METHODS
Ethnobotanical, phytochemical, pharmacological, and clinical 
information spanning from 2000 to 2023 was gathered from 
a variety of sources, including online journals, magazines, and 
books published in English, Arabic, and Persian. To compile 
this data, electronic databases such as Google, Google 
Scholar, PubMed, Science Direct, Researchgate, and other 
online collections were extensively utilized. For efficient 
retrieval, specific keywords like MIC, antimicrobial, Asteraceae, 
Apiaceae, and Rosaceae plant extract were employed 
on the aforementioned search engines. The manuscript 
comprehensively discusses the utilization of these keywords 
in exploring pharmacological and ethnomedicinal aspects, 
providing a holistic overview of the gathered information.

A brief history of the application of plant species in central 
Asia

The evolution of Kazakh Folk Medicine showcases a dynamic 
journey marked by transitions and flourishing advancements 
across successive centuries (Figure 1). Kazakh traditional 
medicine boasts a rich heritage of employing medicinal 
plants to combat infectious diseases16. Throughout history, 
Kazakh healers have relied on a diverse array of indigenous 
flora known for their antimicrobial properties. Plants like 
Artemisia spp., thyme, and sage have been traditionally used 
to address infections due to their potent antimicrobial and 
antiseptic qualities. With a profound understanding of these 
botanical remedies, passed down through generations, Kazakh 
traditional medicine continues to harness the healing power of 
these medicinal plants in treating various infectious diseases, 
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contributions highlighted the effective use of natural resources 
in managing diverse health conditions, demonstrating the 
potency and versatility of Kazakh medicinal flora16. During the 
XV-XVIII centuries, Kazakh folk medicine experienced a vibrant 
evolution, embracing shamanistic elements deeply ingrained 
in healing practices. References to this period are found in 
historical records and explorations by scholars like Chokan 
Valikhanov (“Traces of shamanism among the Kirghiz”). 
Shamanistic rituals, spirit communication, and herbal remedies 
became integral to Kazakh healing traditions, emphasizing 
holistic approaches to ailments. This fusion, documented 
in Kazakh oral history, demonstrates the synergy between 
spiritual beliefs and pragmatic health remedies. The enduring 
influence of shamanism in Kazakh folk medicine during this 
era reflects a profound connection between spiritualism and 
healing practices20.

In contrast to other medical systems within Central Asia, such 
as the Persian-influenced traditions observed in Uzbekistan 
or the Tibetan-rooted practices prevalent in the Kyrgyz and 
Tajik regions, Kazakh traditional medicine is distinguished 

by its synthesis of nomadic lifestyles, steppe ecology, and 
shamanistic practices. Whereas systems like Unani-Tibb 
prioritized the establishment of written pharmacopoeias and 
urban clinical environments, the evolution of Kazakh healing 
occurred within mobile contexts, emphasizing the importance 
of oral knowledge transmission, indigenous flora, and spiritual 
healing facilitated by baksys (shamans). The categorization of 
plants based on their therapeutic properties (e.g., fortifying, 
warming) and the employment of steppe-specific herbs such 
as zhusan (Artemisia) illustrate a distinctive, environmentally 
adapted approach to medicinal practices14,16,20.

In the early 20th century, the field of botany focused on the 
practical applications of plants, their compounds, and derived 
products was termed “economic botany”. In the Soviet 
Union, this practical aspect of botany underwent analysis, 
systematization, and the setting of future research goals. During 
the 1930s to 1950s, efforts were made to search for and identify 
plants with useful characteristics in Kazakhstan. Kazakhstan 
boasts a natural flora exceeding 6,000 plant species. The exact 
count of medicinal plant species in Kazakhstan remains fluid, 

Figure 1. Evolution of Kazakh Folk Medicine: transition and flourishing across centuries6,17,18,19.
 

Figure 1. Evolution of Kazakh  
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with the list growing annually. Over 150 plant species have 
been utilized in both official and traditional medicine to treat a 
variety of ailments21.

Impact of Pathogens on Human History and the Ongoing 
Battle Against Antibiotic Resistance

Pathogenic bacteria have had a profound impact on human 
demography and culture through various illnesses, epidemics, 
and pandemics. Despite the documentation of numerous 
historical outbreaks, many of the agents responsible for 
these events remain unknown. It is crucial to recognize the 
collaborative role of both viral and bacterial pathogens in 
causing these occurrences, a fact that is frequently overlooked. 
For instance, during the 1918 influenza pandemic (Spanish flu), 
initial reports attributed fatalities to viral pneumonia. However, 
further investigation revealed that most victims died from 
subsequent bacterial pneumonia22,23.

Major civilizations throughout history, such as ancient Egypt, 
Mesopotamia, Rome, China, India, and Islamic civilizations, 
have all faced large-scale epidemics. However, identifying the 
precise microorganism responsible for these ancient outbreaks 
poses a significant challenge24-27. One of the most infamous 
pandemics in history, the bubonic plague or Black Death, was 
caused by the bacterium Yersinia pestis and transmitted by 
fleas. This devastating plague swept through Europe between 
1346 and 1353, leading to the deaths of an estimated 40% of 
the continent’s population28. Globally, fatalities from the Black 
Death are estimated to have ranged from 50 million to 200 
million people29. Another significant disease, syphilis, caused by 
the bacterium Treponema pallidum, emerged in Europe around 
1494 and led to approximately 5 million deaths30. Furthermore, 
the cholera pandemic that began in 1817 resulted in hundreds 
of thousands of deaths across Asia, Africa, and Europe before 
subsiding in 182331.

Antibiotics, hailed as the “magic bullets” against bacterial 
infections, represent one of the most transformative medical 
breakthroughs of the twentieth century. Their introduction 
revolutionized the treatment of bacterial diseases, saving 
millions of lives and significantly reducing the morbidity and 
mortality associated with bacterial infections. Before the 
discovery of antibiotics, bacterial infections such as pneumonia, 
tuberculosis, and sepsis were often fatal32. The first antibiotic, 
penicillin, was discovered by Alexander Fleming in 1928, and 
its widespread use during World War II marked the beginning 
of the antibiotic era33. Since then, numerous antibiotics have 
been developed, each with its own spectrum of activity and 
mechanism of action. However, the misuse and overuse of 
antibiotics have led to the emergence of antibiotic-resistant 
bacteria, posing a significant threat to global public health. 
The rise of antibiotic resistance highlights the importance of 
judicious antibiotic use, antimicrobial stewardship programs, 
and the development of new antibiotics to combat the evolving 
threat of bacterial infections34. Despite these challenges, 
antibiotics remain indispensable tools in modern medicine, 
continuing to play a vital role in the fight against bacterial 
diseases.

Consequently, plant species are increasingly recognized as 
promising sources of antibiotics, offering a natural alternative 
to synthetic drugs. Many plant-derived compounds have shown 
antibacterial properties, making them potential candidates for 
the development of new antibiotics35. Traditional medicine 
systems, such as Ayurveda, Traditional Chinese Medicine, and 
Indigenous medicinal practices, have long relied on plant-based 
remedies for treating bacterial infections36,37. These natural 
remedies often contain bioactive compounds that can inhibit 
the growth of bacteria or disrupt their cellular processes. 
Harnessing the antibiotic potential of plant species not only 
offers a sustainable approach to combating bacterial infections 
but also highlights the importance of preserving biodiversity 
for medicinal purposes. Continued research into plant-derived 
antibiotics could lead to the discovery of novel drugs that 
are effective against antibiotic-resistant bacteria, helping to 
address the growing threat of antimicrobial resistance.

Understanding antibiotic resistance: mechanisms, challenges, 
and solutions

In the early stages, many antimicrobial medications, such 
as penicillin, were derived from natural sources like fungi 
or bacteria38 For example, vancomycin, teicoplanin, and 
daptomycin, which impede cell wall formation, originate 
from Amycolatopsis orientalis, Actinoplanes teichomyceticus, 
and Streptomyces roseosporus, respectively39-41. Other drugs, 
like streptomycin, erythromycin, and gentamicin, which 
inhibit protein synthesis, are sourced from microorganisms 
such as Streptomyces griseus, Streptomyces erythreus, and 
Micromonospora sp42,43. Colistin and polymyxin B, which 
disrupt cytoplasmic membrane permeability, are isolated from 
Bacillus colistinus and Bacillus polymyxa44. Lastly, carbapenem 
and cephalosporin drugs, which inhibit cell wall synthesis, 
are derived from Streptomyces cattleya and Cephalosporium 
acremonium, respectively45.46. The excessive use of synthetic 
antibiotics has been linked to significant side effects and poses 
risks to microorganisms involved in biogeochemical cycling. 
Furthermore, the potential lethality associated with antibiotic-
resistant bacteria is comparable to that of viral epidemics 
or pandemics47. For example, the COVID-19 pandemic was 
reported to pose a significant risk to hospitalized patients 
and immunocompromised individuals, leading to a higher 
incidence of secondary infections, often caused by antibiotic-
resistant bacteria48.

Antibiotic resistance is driven by two main factors: bacterial 
adaptability and human influence. Bacteria, being among the 
most successful microorganisms on Earth, have demonstrated 
remarkable adaptability over billions of years. Recently, 
bacterial cells have shown the ability to develop various 
resistance mechanisms, leading to the emergence of multidrug-
resistant pathogens or superbugs. These mechanisms include 
mutation, plasmid-mediated resistance, biofilm formation, 
quorum-sensing, outer membrane permeability modification, 
efflux pumps, reduced uptake, inactivation of antibiotics by 
bacterial enzymes, and alteration of the antibiotic target. On 
the human side, antibiotic consumption patterns, misuse, 
overuse, patient demands, and behaviors regarding antibiotics 
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acts as a barrier to antibiotics, which can modify their outer 
membrane to enhance resistance. Bacteria use efflux pumps 
to remove antibiotics from the cell, reducing membrane 
permeability. They also produce enzymes that deactivate 
antibiotics, rendering them ineffective. Additionally, bacteria 
can alter the antibiotic’s target site, evading its effects by 
preventing the antibiotic from binding to its receptor or 
inducing mutation-induced changes to the target site, resulting 
in reduced sensitivity to the drug28,46,49.

Patterns of antibiotic consumption, along with the misuse 
and overuse of antibiotics, patient demands, and human 
behaviors related to antibiotics, are widely recognized as major 
contributors to the problem of antibiotic misuse and overuse. 
Self-medication is the most common cause of human pathogen 
resistance to antibiotics, with 20% of human antibiotic usage 
occurring in hospitals and 80% in communities. Up to 50% of 
community usage is considered unnecessary and unjustified. 
The prevalence of nosocomial infections and antibiotic 
misuse are significant public health concerns, as antibiotics 
are frequently used in hospitals for surgical procedures and 
nosocomial infections, which affect approximately 15–20% of 
hospitalized patients53.

Unfortunately, humans extensively use antibiotics in food 
animals to promote growth and prevent illness. Multiple 
studies have shown that antibiotic resistance resulting from 
antibiotic use in food animals has a negative impact on human 
health and the development of resistant bacteria54. A similar 
situation occurs in aquaculture, where the widespread use 
of antibiotics in large quantities in fish food raises concerns 
about the presence of residual antibiotics in fish flesh 
and fish products. Furthermore, antibiotic residues from 
pharmaceutical companies and the accumulation of large 
amounts of discarded antibiotics in the environment pose 
serious environmental risks, as the global antibiotic market 
consumes between 100,000 and 200,000 tons annually55,56. 
Antibiotic residues in the environment can have various 
negative ecological consequences. Climate change may also 
contribute to the risk of pathogen spread, as changing climatic 
conditions can alter the distribution and density of organisms, 
leading to new interactions and increased chances of emerging 
infectious diseases57. Therefore, human behavior in the 
mass production of antibiotics, the deposition of residues in 
nature, and the misuse of antibiotics in medicine, veterinary 
medicine, and agriculture have all significantly contributed to 
the emergence of antibiotic-resistant bacteria.

Harnessing the therapeutic potential of medicinal plants

Traditional medicinal plants have been used for treatments 
long before the establishment of Western medicine and the 
emergence of modern science and technology58. Compounds 
derived from plants were the basis of antimicrobial drugs 
before the antibiotic era. There are believed to be between 
250,000 and 500,000 plant species (Angiosperms) on Earth, 
with only a small fraction (less than 10%) being consumed by 
humans and other animals, while many are used for medicinal 
purposes59.60.

contribute significantly to the issue of antibiotic resistance. 
Understanding these molecular mechanisms of antibiotic 
resistance is crucial for discovering new antibacterial drugs and 
developing effective approaches28,49.

Bacteria, among the most successful microorganisms on 
Earth, exhibit remarkable adaptability and resilience in diverse 
environments, a trait that has enabled their persistence on 
the Earth’s surface for over 2 billion years50. To combat the 
rising threat of multidrug-resistant pathogens or superbugs, 
understanding the molecular mechanisms of antibiotic 
resistance is essential for discovering novel antibacterial 
drugs and developing effective treatment approaches. Recent 
studies have highlighted the ability of bacterial cells to develop 
a range of resistance mechanisms. The convergence of these 
mechanisms can lead to the emergence of multidrug-resistant 
pathogens, posing significant challenges to healthcare systems 
worldwide. Addressing this challenge requires a comprehensive 
understanding of the mechanisms underlying antibiotic 
resistance. Mutation, for example, can lead to spontaneous 
alterations in the DNA sequence of a gene, affecting the trait 
it codes for. Even a single base-pair change can alter the 
expression of one or more amino acids, modifying the enzyme 
or cell structure and resulting in resistance to the targeted 
antibiotic51.

Additionally, plasmid-mediated resistance plays a crucial 
role in the spread of antibiotic resistance genes. Plasmids, 
capable of being transferred between bacteria of the same 
or different species via conjugation, often carry numerous 
antibiotic resistance genes. This phenomenon, known as 
multidrug-resistant plasmids, severely limits treatment options 
for infections caused by Gram-negative bacteria. Moreover, 
biofilm formation represents another significant mechanism of 
antibiotic resistance. Bacteria that adhere to damaged tissue 
or medical devices often encase themselves in a matrix of 
polysaccharides and peptides, forming a slimy coating known as 
a biofilm. The resistance of biofilms to antibiotics is attributed 
to complex multicellular mechanisms. Lastly, quorum sensing, 
a bacterial communication strategy dependent on population 
density, regulates various activities, including antibiotic 
resistance. This process has been observed in the development 
of resistance in Pseudomonas aeruginosa when it moves to a 
new niche and is exposed to antibiotics28,46.

Bacteria can develop resistance to antibacterial medication 
through various mechanisms. Changes in the DNA sequence 
of a gene can occur spontaneously, affecting the expression of 
amino acids and altering the enzyme or cell structure, leading 
to resistance. Antibiotic resistance genes carried on plasmids 
can spread among bacteria through conjugation, contributing 
to the dissemination of multidrug-resistant bacteria52. Bacteria 
can also create biofilms, protective layers that provide 
resistance to antibiotics through complex multicellular 
mechanisms. Another mechanism is quorum sensing, a 
bacterial communication strategy based on population density, 
which regulates the expression of genes involved in antibiotic 
resistance. The outer membrane of Gram-negative bacteria 
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Despite a temporary decline during the Industrial Revolution, 
popular interest in medicinal plants persists globally. The World 
Health Organization (WHO) reports a significant and increasing 
global trend in the use of herbal medicines and phytonutrients 
to address various health concerns within different national 
healthcare systems. While plants remain the primary source 
of healthcare for 80% of individuals in developing countries, 
herbal remedies have gained acceptance in developed nations, 
where complementary and alternative medicines have become 
mainstream60,61. In response to the widespread emergence of 
antibiotic-resistant bacteria, there has been a growing focus 
on investigating and applying naturally derived compounds 
from medicinal plants. This has garnered substantial attention 
among researchers.

Plant-derived antibacterial agents and unraveling their 
mechanisms of action

Following the confirmation of the antibacterial efficacy of 
numerous medicinal plants through scientific studies, the 
subsequent stage in utilizing these plant compounds as natural 
antibacterial agents involves understanding their mechanisms 
of action. Generally, the antibacterial attributes of medicinal 
plants are believed to stem from two primary mechanisms: 
chemically interfering with the synthesis or function of 
crucial bacterial components, and/or circumventing typical 
antibacterial resistance mechanisms. This mechanism is 
consistent with well-established antibacterial medicinal plants. 
Plants may restore the body’s physiological balance to enhance 
resistance to pathogens, a concept absent in antibiotic 
treatment. In contrast to modern medicine, which often 
modifies and synthesizes drugs as single bioactive compounds 
to target specific disorders or infections, traditional medicine 
typically involves synergism, offering multiple targets against 
specific diseases. Medicinal plants such as garlic (Allium 
sativum), ginger (Zingiber officinale), green tea (Camellia 
sinensis), St. John’s wort (Hypericum perforatum), black 
cumin (Nigella sativa), licorice (Glycyrrhiza glabra), Mongolian 
milkvetch (Astragalus membranaceus), and purple coneflower 
(Echinacea spp.) have a long history of efficacy against 
microbial diseases. These plants also possess immune-boosting 
properties and can potentially combat bacterial pathogens if 
thoroughly researched and effectively utilized62,63.

Antimicrobial activities of Asteraceae, Apiaceae, and 
Rosaceae species

Kazakhstan’s geographical location, situated between Siberia 
and the Central Asian deserts, and bordered by the Caspian Sea 
and the towering peaks of the Tien-Shan mountains, gives the 
country a diverse range of natural landscapes. These include 
forest-steppes, steppes, arid foothills, small hills, high mountain 
ranges, deserts’ plateaus, salt marshes, sand massifs, lakes, 
rivers, streams, and wetlands, primarily found in lowland areas. 
This variety supports a rich biological diversity and various 
ecosystems. Kazakhstan’s territory was divided into 29 main 
floristic provinces and several subprovinces with distinct flora. 
Despite mountain ecosystems covering only 7% of the country, 
each mountain system (such as the Altai, Tarbagatai, Dzhungar 
Alatau, Northern and Western Tien-Shan, Chu-Ili mountains, 

Zailiyiski Alatau, and Karatau) represents a separate floristic 
province. This is due to their location, development character, 
geo-botanical integrity, and the presence of different natural 
zones based on altitude, known as “belt-forming” groups 
of vegetation types specific to certain altitudinal strips on 
mountain profiles. For example, the Altai region is characterized 
by a flora typically found in Siberia and not elsewhere in 
Central Asia8. Nonetheless, certain plant species are present in 
all seven mountain systems of Kazakhstan and are commonly 
found across a wide range of floristic provinces. For instance, 
11 plant species from the Asteraceae family, 16 plant species of 
Apiaceae, and 11 Rosaceae species have been reported to be 
distributed in all seven mountain systems of Kazakhstan1,6,7,8. 
Certain plant species have shown a wide-ranging antibacterial 
activity against human pathogens.

Antimicrobial activities of Asteraceae

The Asteraceae family, commonly known as the aster, daisy, or 
sunflower family, comprises a vast array of plant species with 
diverse biological activities. Among these, the investigation 
of antibacterial properties and Minimum Inhibitory 
Concentrations (MIC) has gained significant attention. This 
essay aims to provide a comprehensive exploration of the 
antibacterial activity of various Asteraceae plant species 
against different microorganisms, focusing on their MIC 
values. Asteraceae is one of the largest and most diverse plant 
families, encompassing a wide range of genera and species64. 
Many members of this family have been traditionally used for 
medicinal purposes due to their rich phytochemical content. 
The antibacterial properties of Asteraceae plants have become 
a subject of scientific interest, driven by the urgent need 
for novel and effective antimicrobial agents. For instance, 
Achillea millefolium L., commonly known as yarrow, is a well-
known member of the Asteraceae family and the antibacterial 
activity of Achillea millefolium L. has been investigated against 
various microorganisms, including S. epidermicis, S. aureus, 
B. cereus, E. faecalis, and E. coli. The MIC values reported for 
this plant against these strains demonstrate its potential as 
an antimicrobial agent. The efficacy of Achillea millefolium 
L. against both gram-positive and gram-negative bacteria 
suggests a broad-spectrum antibacterial activity65.

Achillea asiatica Sergо and Achillea setacea are additional 
members of the Asteraceae family that have exhibited 
antibacterial properties66,67. The former demonstrated 
activity against S. Aureus, C. Albicans, and P. aeruginosa, with 
MIC values ranging from 27 to 29.1, 15.7 to 34.8, and 0.05, 
respectively66. On the other hand, Achillea setacea displayed 
antibacterial activity against E. faecalis with an MIC of 62.567. 

Antennaria dioica, a member of the Asteraceae family, 
exhibited antibacterial activity against various fungal strains, 
including Aspergillus flavus, Aspergillus niger, Candida albicans, 
Candida parapsilosis, and Penicillium fumiculosum, with MIC 
values ranging from 31.25 to 62.5. Similarly, Artemisia annua 
demonstrated antibacterial activity against S. Aureus with 
an MIC of 0.125. Moreover, Artemisia vulgaris L., commonly 
known as mugwort, has been studied for its antibacterial 
activity against S. aureus, B. subtilis, and E. coli. The MIC 
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values reported for different strains indicate varying degrees 
of effectiveness, showcasing the complexity of the interactions 
between plant compounds and microbial species. These 
findings underscore the need for further research to elucidate 
the mechanisms behind the antibacterial effects of Asteraceae 
plants69.

Artemisia sieversiana displayed antibacterial activity against 
Erwinia carotovora, Pseudomonas corrugate, Pseudomonas 
syringae, and Xanthomonas vesicatoria, with MIC values ranging 
from 5.31 to >42.572. Additionally, Artemisia santolinifolia 
exhibited antibacterial activity against S. aethiopis, S. aureus, 

and S. epidermidis strains, with MIC values ranging from 5.0 to 
216.59. These results highlight Asteraceae plants’ potential in 
combating gram-negative and gram-positive bacterial strains73.

Overall, the Asteraceae family presents a rich source of plant 
species with diverse antibacterial activities against various 
microorganisms. The reported MIC values indicate the potency 
of these plants in inhibiting the growth of bacterial and fungal 
strains (Table 1). The wide spectrum of activity observed 
in different Asteraceae species underscores the potential 
for developing novel antibacterial agents. However, further 
research is essential to identify and isolate the active compounds 

Table 1. Antibacterial activity and minimum inhibitory concentrations (MIC) of various plant species of Asteraceae against different microorganisms

Extracted plant species Microorganism The value of activity, MIC (µg/ml) Main antimicrobial compounds  Reference(s)

Achillea millefolium L.

Staphylococcus epidermicis 12.6

casticin, apigenin, thymol, carvacrol [65]

Staphylococcus aureus 15.4

Bacillus cereus 29.2

Enterococcus faecalis 63.8

Escherichia coli 22.8

Achillea asiatica Sergо

Staphylococcus aureus 27 to 29.1
camphor, caryophyllene oxide, 
1,8-cineole, camphene, β-pinene, 
germacrene

[66] Candida albicans      15.7 to 34.8

 Pseudomonas aeruginosa 0.05

Achillea setacea Enterococcus faecalis 62.5 camphor, 1,8-cineole, α-terpineol  [67]

Ajania fruticulosa Candida albicans 20 myrcene, 1,8-cineole, and pinene [68]

Antennaria dioica

Aspergillus flavus 62.5

luteolin, kaempferol, apigenin [69]

Aspergillus niger 62.5

Candida albicans 31.25

Candida parapsilosis 31.25

Penicillium fumiculosum  

Artemisia annua L. Staphylococcus aureus 0.125 camphor, β-caryophyllene [70]

Artemisia vulgaris L.

Staphylococcus aureus 6.568 ± 1.033, 
eucalyptol , sabinene , endo-Borneol 
, 2,7-Dimethyl-2,6-octadien-4-ol , and 
10-epi-γ-Eudesmol .

[71]
 Bacillus subtills, 5.971 ± 1.033, 

Escherichia coli 97 7.164 ± 0.0 

Escherichia coli 57 5.375 ± 0.0

Artemisia sieversiana Erwinia carotovora 21.2

absinthin, epiashantin, tricin [72]
Willd. Pseudomonas corrugate 21.2

  Pseudomonas syringae 5.31

  Xanthomonas vesicatoria > 42.5

Artemisia santolinifolia

Salvia aethiopis 216.59

̶ [73]Staphylococcus aureus 10

Staphylococcus epidermicis 5

Artemisia pauciflora

Streptococcus pneumoniae 64

̶ [74]

Klebsiella pneumoniae 72

Streptococcus pyogenes 98

Bacillus subtilis 50

Staphylococcus aureus 25

Pseudomonas aeruginosa 10

Artemisia juncea Staphylococcus aureus 285.694 ± 0.002 ̶ [75]
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Escherichia coli, and Pseudomonas aeruginosa. The reported 
MIC values range from 1.24 to 2.04 µg/ml, highlighting its 
potential against both Gram-positive and Gram-negative 
bacteria79. Moreover, Angelica sylvestris demonstrates 
antimicrobial activity against a spectrum of bacterial strains, 
including Enterobacteria aerogenes, Enterococcus species, 
Escherichia coli, Citrobacter freundii, and Lactobacillus 
plantarum. The consistent MIC values of 1.80 and 6.30 µg/ml 
suggest potential therapeutic applications against a diverse 
range of bacteria, showcasing its broad-spectrum antimicrobial 
potential81,82. Other plant species provide evidence of their 
wide-ranging antibacterial activity against human pathogens 
(Table 2)83-96.

Antimicrobial activities of Rosaceae species

The Rosaceae family comprises numerous plant species that 
are widely distributed and have economic and medicinal 
significance. Phytochemical analysis has revealed that the 
effective and nutritional components of these plants mainly 
include 61 flavonoids, 83 triterpenes, 75 tannins, 10 phenolic 
acids, 10 polysaccharides, eight fatty acids, eight organic 
acids, 15 carotenes, and two vitamins. As such, flavonoids, 
triterpenes, and tannins are identified as the principal active 
components of this genus. Modern pharmacological studies 
have further validated that the Rosaceae genus exhibits a 
diverse range of bioactivities and nutritional benefits, including 
antineoplastic and anti-cancer properties, anti-inflammatory 
effects, liver protection, antioxidant properties, blood sugar 
regulation, nervous system protection, and cardiovascular 
protection97. Besides their diverse uses, many plants 
belonging to the Rosaceae family have been found to possess 
antimicrobial properties. This essay will provide an overview 
of the antimicrobial activities of Rosaceae species, focusing on 
their therapeutic potential against various microorganisms98. 
Several studies have reported the antibacterial activities of 
various selected Rosaceae species against both Gram-positive 
and Gram-negative bacteria (Table 3)99-111. 

Strong Antimicrobial Phytoconstituents of Asteraceae, 
Apiaceae, and Rosaceae species

Although synthetic antimicrobial agents are widely approved 
in many countries, researchers continue to be drawn to the 
potential of medicinal plant-derived natural compounds. These 
compounds offer a vast resource for discovering new bioactive 
substances that can combat resistant microorganisms. 
Chemicals derived from medicinal plants represent a diverse 
group of compounds naturally found in plants. They have the 
ability to enhance the clinical efficacy of older antibiotics, 
potentially overcoming issues of resistance. Therefore, it is 
important to consider plant species from families such as 
Asteraceae, Apiaceae, and Rosaceae, among others, when 
searching for new antimicrobial agents. These plant families 
have been historically rich sources of bioactive compounds 
with antimicrobial properties. Their exploration could lead 
to the discovery of novel antimicrobial agents to address the 
challenges posed by resistant microorganisms112.

Bioactive plant extracts often consist of complex mixtures 

responsible for these effects and understand the underlying 
mechanisms. The findings discussed in this essay contribute to 
the growing body of knowledge on the antibacterial properties 
of Asteraceae plants, paving the way for future applications in 
the field of antimicrobial drug discovery.

The main antimicrobial compounds found in selected species 
of Asteraceae, such as casticin, apigenin, thymol, carvacrol, 
camphor, caryophyllene oxide, 1,8-cineole, camphene, 
β-pinene, germacrene, α-terpineol, myrcene, luteolin, 
kaempferol, eucalyptol, sabinene, endo-borneol, 2,7-dimethyl-
2,6-octadien-4-ol, 10-epi-γ-eudesmol, absinthin, epiashantin, 
and tricin, have been reported to exhibit antimicrobial activity 
against a variety of human pathogens. These pathogens include 
Staphylococcus epidermidis, Staphylococcus aureus, Bacillus 
cereus, Enterococcus faecalis, Escherichia coli, Candida albicans, 
Pseudomonas aeruginosa, Aspergillus flavus, Aspergillus niger, 
Candida parapsilosis, Penicillium fumiculosum, Bacillus subtilis, 
Erwinia carotovora, Pseudomonas corrugate, Pseudomonas 
syringae, and Xanthomonas vesicatoria. These compounds 
may act synergistically to combat microorganisms by targeting 
different aspects of microbial growth and survival, such as cell 
wall synthesis, membrane integrity, protein synthesis, and 
enzyme activity, leading to more effective antimicrobial activity 
compared to individual compounds.

Antimicrobial activities of Apiaceae

The Apiaceae family, also known as the carrot or parsley family, 
encompasses a diverse group of plants with notable culinary and 
medicinal significance. Recent scientific interest has focused 
on unraveling the antimicrobial properties of various Apiaceae 
species, recognizing their potential in combating microbial 
infections. In this essay, we delve into the antimicrobial activity 
of selected Apiaceae plant species, shedding light on their 
individual properties and highlighting their promising roles in 
the realm of medicine76. For example, Aegopodium alpestre has 
been investigated for its antimicrobial activity. Studies indicate 
inhibitory effects against Escherichia coli, with reported 
MIC values of 3,100 and 3,200 µg/ml. While the potency of 
Aegopodium alpestre is moderate, further research is needed 
to identify specific bioactive compounds responsible for these 
effects and to explore potential applications in microbial 
control77. Moreover, Aegopodium podagraria, or ground elder, 
stands out for its antimicrobial activity against Bacillus subtilis. 
The reported MIC values range from 1,250 to 5,000 µg/ml, 
suggesting variability in the inhibitory potential. Unravelling the 
compounds responsible for this variability and understanding 
their mechanisms of action could provide valuable insights 
into harnessing the full antimicrobial potential of Aegopodium 
podagraria78.

Angelica decurrens, a member of the Apiaceae family, exhibits 
antimicrobial activity against both Escherichia coli and Bacillus 
subtilis, with MIC values of 14.9 and 14.0 µg/ml, respectively. 
This dual effectiveness against Gram-negative and Gram-
positive bacteria positions Angelica decurrens as a potential 
candidate for further exploration in developing broad-spectrum 
antimicrobial agents. Angelica palustris, or marsh angelica, 
displays antimicrobial activity against Staphylococcus aureus, 
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Table 2. Antibacterial activity and minimum inhibitory concentrations (MIC) of various plant species of Apiaceae against different microorganisms

Name of plant species Antibacterial MIC (µg/ml)
main antimicrobial 

Reference(s)
compounds  

Aegopodium alpestre
Escherichia coli 3.1

β-caryophyllene [77]
Aerogenic bacterium 3.2

Aegopodium podagraria Bacillus subtilis 1.25 – 5.00 quercetin, kaempferol, apigenin, caffeic 
acid, chlorogenic acid, [78]

Angelica decurrens
Escherichia coli 14.9

ligustilide, ferulic acid, coumarins [79]
Bacillus subtilis 14

Angelica palustris

Staphylococcus aureus 1.24

̶ [80]Escherichia coli 1.75

Pseudonomas aeruginosa 2.04

Angelica sylvestris

Enterobacteria aerogenes 1.8

̶ [81,82]

Enterococcus durans 1.8

Enterococcus faecalis 1.8

Enterococcus faecium 1.8

Escherichia coli 6.3

Citrobacter freundii 6.3

Lactobacillus plantarum 6.3

Bulpeurum bicuale Helm

Iron bacteria 275.2

̶ [83]Purple sulfur bacteria 296.9

Methanobacteriae 118.7

Bulpeurum longifolium L subsp 
aureum

Escherichia coli >256.00
̶ [84]

Aerogenic bacterium 5

Bulpeurum multinerve

Staphylococcus aureus 15.9

limonene [85]Fusarium oxysporum 16.9

Aspergillus niger 13.4

Carun carvi

Genera Clavibacter 10.33

carvone, limonene, carvacrol, thymol [86]

Curtobacterium 11.23

Rhodococcus 9.83

Erwinia 7.32

Xanthomonas 11.03

Ralstonia 0.83

Agrobacterium 0.76

Cenolophium denudatum

Staphylococcus aureus

27.5 – 265.00 apiole, β-phellandrene, γ-terpinene: [87]

Enterococcus faecalis

Acinetobacter boumannii

Serratiamarcescens

Klebsiella pneumoniae

Pseudomonas aeruginosa

Conioselinum tataricum

Staphylococcus aureus

26.50 – 30.10 γ-terpinene, β-phellandrene, apiole [88]
Escherichia coli

Aspergillus niger

Candida albicans
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Eryngium planum L.

Escherichia coli 22.5

γ-terpinene, β-phellandrene, apiole [89,90]Staphylococcus aureus 27.5

Candida albicans 17.8

Ferula foetida Bunge

Staphylococcus aureus 175

̶ [91,92]

Staphylococcus epidermidis 125

Bacillus subtilis 100

Escherichia coli 100

Klebsiella pneumoniae 105

Pseudomonas aeruginosa 100

Heracleum dissectum
Staphylococcus aureus 27.7

̶ [93,94]
Staphylococcus epidermidis 27.5

Heracleum sibiricum Candida albicans 0.50 – 16.00 bergapten, pimpinellin, isopimpinellin, 
xanthotoxin  and imperatorin [95]

Peucedanum morisonii

Pseudomonas aeruginosa 12.7

peucedanin  [96] Staphylococcus aureus 12.9

Salmonella typhimurium 11.6

Table 3. Antibacterial activity and minimum inhibitory concentrations (MIC) of various plant species of Rosaceae against different microorganisms

Extracted plant species Microorganism The value of activity, MIC (µg/ml) Solvent/fraction Reference(s)

Agrimonia pilosa

Staphylococcus aureus 62.5

limonene [99-101]

Bacillus subtilis 0.625

Klebsiella pneumoniae, 175

Pseudomonas aeruginosa, 175

Ralstonia solanacearum 175

Сomarum palustre L.

Staphylococcus aureus 1.56

̶ [102]Bacillus subtilis 1.56

Pseudomonas aeruginosa 1.56

Crataegus chlorocarpa Staphylococcus aureus 1.25 ̶ [103]

Cotoneaster melanocarpus
Staphylococcus aureus, 0.195

̶ [104]
Candida albicans 0.391

Crataegus sanguine Bacillus cereus 100 ̶ [105]

Filipendula ulmaria

Escherichia coli, 156

̶ [106]
Enterococcus faecalis, 156

P. cyclopium, 250

 F. oxysporum, 500

Geum rivale L.

Staphylococcus aureus, 15.6
ellagic acid, caffeoyl-
hexoside malate, ellagic 
acid pentoside

[107]Escherichia coli, 31.2

Staphylococcus aureus 27.17

Rubus caesius L.

Clostridium bifermentans 1.61
quercetin, apigenin, 
kaempferol, rutin [108]Clostridium sporogenes 1.62

Enterococcus faecalis 1.61

P. chrysantha

S.epidermidis 48

̶ [109]
Bacillus cereus 14

Bacillus subtilis 55

Escherichia coli 60
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Shigella flexaneriae 64

Shigella boydii 25

  28

Silaum silaus

Staphylococcus aureus 100

̶ [110]

Staphylococcus epidermidis 200

Escherichia coli 150

Enterobacter cloacae 200

Klebsiella pneumoniae 300

Pseudomonas aeruginosa 230

Candida albicans 350

Candida tropicalis 600

Candida glabrata 600

Spiraea chamaedryfolia Helicobacter pylori 100 ̶ [111]

for its highly effective antimalarial constituent artemisinin, 
is cited in the WHO Monographs as well as the Chinese 
Pharmacopoeia134. Similarly, Filipendula ulmaria is recorded 
for its anti-inflammatory attributes and is officially endorsed 
in European herbal medicinal practices135. In the realm of 
cardiovascular treatment, various species of Crataegus are 
acknowledged in the European Pharmacopoeia for their 
therapeutic applications concerning cardiac conditions136. 
These recognitions illustrate the correspondence between 
traditional Kazakh methodologies and universally accepted 
medicinal criteria, thereby accentuating the pharmacological 
significance of the region’s ethnobotanical legacy. 

Exploring the Antibacterial Potential of Asteraceae, Apiaceae, 
and Rosaceae Plant Species: Importance and Challenges

The exploration of antibacterial properties in plant species 
from the Asteraceae, Apiaceae, and Rosaceae families is of 
significant importance due to their rich medicinal potential. 
These plant families have been historically renowned for their 
diverse array of bioactive compounds, making them promising 
sources for the development of new antimicrobials. However, 
the complexity and variability of plant extracts present several 
challenges in this endeavor112.

One of the major challenges is the translation of in vitro studies 
to in vivo experiments and human clinical trials. While in vitro 
studies provide initial insights into the antimicrobial potential 
of plant extracts, further research is essential to understand 
their exact mechanisms and potential as alternative or 
supplementary treatments for microbial diseases. Additionally, 
only plant extracts with low or moderate Minimum Inhibitory 
Concentration (MIC) values should be prioritized for further 
investigation, ensuring their efficacy against microbes123.

Another challenge lies in the standardized extraction methods 
and in vitro testing procedures. Standardization is crucial to 
ensure systematic research and proper interpretation of results. 
Furthermore, the identification of bioactive compounds within 
complex plant extracts and their synergistic effects poses a 
significant challenge. Plant compounds often require complex 

of ingredients, and their combined action can produce a 
more potent effect. These compounds can impact microbial 
cells in various ways, with their primary target often being 
the cytoplasmic membrane. They can alter the membrane’s 
structure, integrity, permeability, or functionality, leading 
to disruptions in essential cellular processes113. Additionally, 
plant extracts have been proposed to contain inhibitors of 
efflux pumps (EP), which are protein complexes responsible for 
removing toxic substances from microbial cells. By inhibiting 
EP, plant extracts may prevent the removal of antimicrobial 
compounds from the cell, leading to increased effectiveness 
against microbes. This synergistic action and multi-target 
effects make plant extracts attractive candidates for combating 
microbial infections, especially in the context of increasing 
antibiotic resistance. Understanding the mechanisms by 
which these plant compounds act on microbial cells is crucial 
for developing new strategies to combat resistant pathogens. 
Further research is needed to elucidate the specific compounds 
responsible for these effects and to optimize their use in 
antimicrobial therapy. Additionally, exploring the potential 
interactions between different compounds within plant 
extracts could provide valuable insights into their synergistic 
effects and enhance their therapeutic potential114.

Despite the wide variety of these compounds, they can be 
categorized into several main groups based on their chemical 
structures, composition, biosynthetic pathway, or solubility. 
These groups include alkaloids, terpenoids, and polyphenols. 
The mechanisms of action and antimicrobial activity of the 
most significant compounds from these chemical groups are 
discussed below and summarized in the following sections 
[Table 4].

Numerous herbal remedies emphasized within Kazakh 
traditional medicine are concurrently acknowledged in 
formal pharmacopoeias and international herbal databases, 
thereby affirming their substantiated therapeutic efficacy. 
For example, A. millefolium is incorporated in the European 
Pharmacopoeia for its application in alleviating minor spasms 
and treating superficial injuries133. Artemisia annua, recognized 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/


www.pharmacypractice.org (eISSN: 1886-3655 ISSN: 1885-642X)
© the Authors

Baiken B, Amankeldi S, Irina R, Gul B, Erik Sh., Zere T, Assya B, Zhanar N, Roza S, Kulniyazova G,  Kapassov S, Aknur T, Gulnaz S, 
Zhanserik S. Unlocking the potential: Exploring antimicrobial properties in Asteraceae, Apiaceae, and Rosaceae plant species from 
Kazakhstan. Pharmacy Practice. 2025 Oct-Dec;23(4):3279.

https://doi.org/10.18549/PharmPract.2025.4.3279

13

Table 4. Potent Antimicrobial Compounds from Asteraceae, Apiaceae, and Rosaceae Plant Species: Recent Findings

Chemical class 
of plant-based 
compounds

Compound Chemical structure Active against Concentration Mechanism of action 

Alkoloids

Piperine Staphylococcus aureus 100 μg/mL Inhibits efflux pumps 
[115]

Lysergol Escherichia coli ̶ Inhibits efflux pumps 
[116]

Evocarpine Mycobacterium 
tuberculosis 5 μg/mL Inhibits efflux pumps 

[117]
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Berberine Escherichia coli
Candida albicans 4 mM

Inhibitor of cell 
division,
Inhibitor of protein 
and DNA synthesis 
[118]

Tomatidine Listeria, Bacillus and 
Staphylococcus spp ̶ ATP synthase 

inhibitor [119, 120]

Chanoclavine Escherichia coli ̶ Inhibits efflux pumps 
[121]
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Phenolic 
substances

Kaempferol Candida albicans 125 μg/mL Inhibits efflux pumps 
[122]

Resveratrol
Mycobacterium 
smegmatis, 
Campylobacter jejuni

0.064, 0.313 
mg/mL

Inhibits efflux pumps 
[123, 124]

Myricetin Mycobacterium 
smegmatis 32 μg/mL Inhibits efflux pumps 

[125]
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Kaempferol 
rhamnoside Staphylococcus aureus 1.56 μg/mL Inhibits efflux pumps 

[126]

Chrysosplene-
tin Staphylococcus aureus 6.25 μg/mL Inhibits efflux pumps 

[127]

Quercetin Staphylococcus aureus 75 μg/mL Inhibits efflux pumps 
[128]

Biochanin A Staphylococcus aureus 10 μg/mL Inhibits efflux pumps 
[129]
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Naringenin Enterococcus faecalis 256 μg/mL Inhibits efflux pumps 
[130]

Coumarins

Aegelinol

Salmonella enterica 
serovar Typhi, 
Enterobacter 
aerogenes, 
Enterobacter cloacae, 
Staphylococcus aureus

16 μg/mL Inhibitor of DNA 
gyrase [131]

Novobiocin

Salmonella enterica 
serovar Typhi, 
Enterobacter 
aerogenes, 
Enterobacter cloacae, 
Staphylococcus aureus

̶ Inhibitor of DNA 
gyrase [132]
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Osthole

Salmonella enterica 
serovar Typhi, 
Enterobacter 
aerogenes, 
Enterobacter cloacae, 
Staphylococcus aureus

32 μg/mL Inhibitor of DNA 
gyrase [132]

Agasyllin

Salmonella enterica 
serovar Typhi, 
Enterobacter 
aerogenes, 
Enterobacter cloacae, 
Staphylococcus aureus

155 μg/mL Inhibitor of DNA 
gyrase [132]

Terpenes

Farnesol Staphylococcus aureus 20 μg/mL Disruption of cell 
membrane [132]

Nerolidol Staphylococcus aureus 40 μg/mL Disruption of cell 
membrane [132]

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/


www.pharmacypractice.org (eISSN: 1886-3655 ISSN: 1885-642X)
© the Authors

Baiken B, Amankeldi S, Irina R, Gul B, Erik Sh., Zere T, Assya B, Zhanar N, Roza S, Kulniyazova G,  Kapassov S, Aknur T, Gulnaz S, 
Zhanserik S. Unlocking the potential: Exploring antimicrobial properties in Asteraceae, Apiaceae, and Rosaceae plant species from 
Kazakhstan. Pharmacy Practice. 2025 Oct-Dec;23(4):3279.

https://doi.org/10.18549/PharmPract.2025.4.3279

19

of properties, showcasing their efficacy against various 
pathogens. The nuanced interactions between these plants 
and microorganisms provide valuable insights into potential 
therapeutic applications, especially in the context of combating 
antibiotic resistance. Phytochemical analyses reveal a rich 
tapestry of secondary metabolites, each playing a unique role 
in enhancing antimicrobial properties.

The review concludes by emphasizing the need for a holistic 
understanding of these plant families, encompassing not only 
their antimicrobial potential but also broader applications 
in traditional medicine, agriculture, and biodiversity 
conservation. Bridging the gap between traditional knowledge 
and contemporary research sets the stage for comprehensive 
utilization of botanical resources. The integration of advanced 
analytical techniques promises to unveil novel bioactive 
compounds, enhancing our understanding of these plants’ 
antimicrobial prowess and contributing to ongoing research in 
natural product discovery. As we navigate the complexities of 
plant-microbe interactions, this review serves as a catalyst for 
future investigations, contributing to the evolving landscape of 
antimicrobial research and the discovery of natural products.
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combinations to enhance their activity, and identifying these 
synergistic or antagonistic effects is critical for the development 
of effective antimicrobials112.

To address these challenges, advanced analytical techniques 
such as metabolomics are being increasingly utilized to 
identify and characterize bioactive compounds in plant 
extracts. These techniques can help predict and correlate 
the metabolomic profile of extracts with their bioactivity, 
aiding in the development of new antimicrobials. Additionally, 
emerging technologies like nanotechnology and bio-adhesive 
materials show promise in enhancing the effectiveness of plant 
antimicrobial compounds114.

Despite these challenges, the demand for new antimicrobials 
from traditional medicinal plants remains high. With the 
rising threat of antimicrobial resistance, the development 
of effective, affordable, and safe antimicrobials from plant 
sources is crucial. Overcoming the challenges associated with 
exploring the antibacterial potential of plant species from the 
Asteraceae, Apiaceae, and Rosaceae families could lead to the 
discovery of novel antimicrobials, addressing the urgent need 
for new therapeutic options.

CONCLUSION

The prominence of families like Asteraceae, Rosaceae, 
Lamiaceae, Fabaceae, Ranunculaceae, Apiaceae, and 
Brassicaceae in medicinal contexts highlights their potential 
contributions to official medicine. Despite their significance, 
research focusing on the resource potential of medicinal 
species within these families is limited, indicating an untapped 
reservoir of therapeutic knowledge. While 648 medicinal herb 
species contribute to Kazakhstan’s herbal heritage, only a 
fraction has undergone rigorous investigation, emphasizing a 
critical gap in understanding the full scope of their medicinal 
properties.

The review’s focus on antimicrobial and phytochemical 
studies involving some plant species from Asteraceae, 
Apiaceae, and Rosaceae families unravels a diverse array 
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