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World Health Organization (WHO). New cultivation, genomic engineering techniques, and modern approaches
DUH GHYHORSHG WR JHQHUDWH QRYHO QDUURZ VSHFWUXP DQWLPLFL
of several well-studied natural antimicrobials, some unique culture techniques, and current approaches to new
antimicrobial development. It also discusses drivers, mechanisms of antimicrobial resistance (AMR), and strategies
for reducing AMR. A conclusion is made on the fact that natural products are still an important source of novel
DQWLPLFURELDO DJHQWY DQG DUH SDUWLFXODUO\ UHFRPPHQGHG E\ :A
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approaches. KHDOWK EHQH¢{WV )XUWKHUPRUH WKLV UHYLHZ KLJKOLJKWYV LPSRUWLE
chemically and structurally novel antimicrobials from natural products. Promoting cooperation between scientists,
medical professionals, and decision-makers, we may use natural product capabilities fully to counter microbiological
hazards and improve worldwide health results. The application of nanotechnology greatly enhanced the effectiveness
of naturally derived antimicrobials against several microbial diseases.

INTRODUCTION modern treatment for various diseases including antimicrobial

Natural antimicrobial agents (AMAs) can be activity[1].
acquired by plants (herbs) or their byproducts, animal origin, Natural products (NPs) have been used for over 80

bacterial origin, algae, and mushrooms. However, severay€ars and continue to save countless lives annually. Most of the
UHVHDUFK ¢QGLQJV LQGLFDWH WK D antibigticson thr @arketrigy prr derivedfrop WP classes that
crude or derivatives of herbals or plants or their byproducts isZHUH LGHQWL¢(HG RY [23]. K Di&adr iaz&reitQ W X U’
VXSHUODWLYHO\ VLIJQL¢FDQW FRPSD pHlicheglth ardw gtahalissup igtheexngrgenreotaptincrabal
resistance (AMR) and estimated 700,000 deaths annually and
expected to reach 20 million by 205(. Historically, natural
substances have been essential in the discovery and creation of
“C : antimicrobial drugs and alternatives to synthetic medications
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a decline in interest in recent yeg®$ 7KH YDULRXV IBHOHKHWVVGHDO SODFH WR QG QXPHUF
of plant-derived NPs over modern allopathic medications areAllopathic medications can cure a variety of illnesses,
presented in) L J XIULkists of antibacterials are givenTiables including cancer. Nevertheless, due to their exorbitant cost and
1-4 unanticipated, potential AMR and fatal side effects, many people

According to Nathan and Cars (2014), the 1930sare turning back to natural sources like herbal medicines, which
through 1960s were the “golden era” of antibiotic development.have negligible or nonexistent side effe¢igl]. Numerous
Antibiotics were regarded as the “wonder drug” in the middle EHQH¢,;WV RU DGYDQWDJHV RI KHUEDOYV
of the 20" century[7]. In India, almost 20,000 recognized based on diverse evaluations of the literatirfe-33] and
medicinal plants were fourj@—10]. ) L J X2\pie chart displays  are indicated in) L J X1UParticularly in relation to AMR, the
the section on the use of herbal remedies and their component$Ps have long been a valuable source of antibiotics since they
in various medical systems for various therapeutic goals. It idhave special chemical structures and methods of action that
known that microbes that cannot be grown in a typical laboratorycan be favorable over synthetic antibiotics. Their advantage in
VHWWLQJ DFFRXQW IRU + RI-WIK H pharmecakidetizs, FadiRtE lamiFbieavailability is multifarious.

JRU H[DPSOH D QDWXUDOO\ RFFXUULQ.

THE RISK-BENEFIT RATIO OF HERBAL THERAPY Bacillus polymyxa colistin, is potent against Gram-negative
India, which contains more than 17,000 species thatbacteria resistant to many drugs. Still, poor gastrointestinal
KDYH EHHQ LGHQWL¢HG DQG S O Rgsvvpilorkdalls foD @ar&iiterall tr&Eadnant. WhisFempliadizes that
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Figure 1. The various benefits of plant derived natural products over modern allopathic medications.

Table 1.Antimicrobials from plant-by-products.

Byproducts Compound Target organisms References

Green tea waste Tannins L. monocytogenes. aureuskE. coli [34]

Bacillus coagulansShigella flexneri

Pomegranate juice JODYRQRLGV 3KHQUWRSAATZC ¥3EDQapE.QMi [35]
Pomegranate fruit-peels )ODYRQRLGV 3KHQR®ILLEF Monocytogene$§. aureusYersinia [36,37]
enterocolitica P. fluorescens
Almond skin-extracts Phenolics L. monocytogenes and S. aureus [37]
Tomato-seeds Saponins, phenols and E. faecalis B. cereusMicrococcus luteusS. aureusS. [38]
carotenoids epidermidis Candida albicans
Grape pomace JODYDQRLGV VW L CGEadréudBnter8dd¢ti@&niella [39]

Total aerobic mesophilic and
Walnut green-husk Phenols B. cereusS. aureusB. subtilis [40]
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Table 2. Antimicrobials from animal origin.

Antimicrobial compound Chief component Target organisms References
Lactoperoxidase from milk Glycoprotein S. aureus, Salmonella, E. coli, L. monocytogenes and  [34,41]
Y. entericolitica

Ovotransferrin from Egg albumin Glycoprotein Bacillus spp.,MicrococcusE. coliO157:H7 L. [37]
(peptide OTAP-92) monocytogenes. aureus

Chitosan from Exoskeletons from Polycationic E. coli, S. aureus [42]

Crustaceans and arthropods biopolymers

&KLWRVDQ IURP )LVK Polycationic E. coli, S. aureus Pseudomonas spp., E. coli, and L. [42]
biopolymer monocytogenes

Lactoperoxidase from raw milk, saliva Glycoprotein Salmonella, E. coli, S. aureus, L. monocytogenes [43]

Pleurocidin from mucosal tissue, polypeptides L. monocytogenes, E. coli and pathogenic fungi [44]

vegetables

Protamine from salmon Cationic peptides Coliforms, bacteria [45]

Table 3.Antimicrobials from bacterial origin.

Byproducts Origin Target organisms References
Natamycin S. natalensis Fungi [46]
Bulgaricin L. bulgaricus L. monocytogenes, Helicobacter pylori S. aureus, B. subtilis, [47]
Helveticin L. helviticus L. monocytogenes, Clostridium botulinum [47]
Plantaricin L. plantarum E. coli L. monocytogenes, S. aureus, S. typhimurium [48]
Reuterin Lactba. reuteri E. coli, S. aureus, S [48]
Acidophilin L. acidophilus B. cereus, S. aureus B. subtilis, Listeria ivanovii [47]
Nisin Lactococcus Clostridiumspp, L. monocytogenes [49]
lactis
Table 4. Antimicrobials from algae and mushrooms.
Origin Components Target organisms Reference
Brown algae Terpens, hydrocarbons, phenols, aldehydes  S. aureus and B. subtilés [50]
Marine algae Phenols, catechins and carotenoids V. cholerae E. coli, S. aureus, S. [51]
Typhiumurium
Green algae JODYRQRLGYV SKHQROV JO\FRibtioGggy DONDORLGV DQG [52]
saponing&
Red algae Lipophilic (octadecanoic acid and pyrrole-2-  Strains of Pathogenigbrio [53]
carboxylic acid,
pentadecanoic acid)
Macrofungi Grifolin, oudemansin, pleuromutilin and B. cereus, S.aureus, L. monocytogenes, E. [54]
ganomycins, coli

Edible mushroom
Edible mushroom

Edible mushroom

JODYRQRLG SDOPLWLF DFLG BQereuR ®idrbdoctus luusHU JRV W H U R[B5]

flavonoids, phenols, ascorbic acidcarotene, B. subtilis B. cerey$. aeruginosa, E. coli [56]
lycopene

3KHQROV )DWW\ DFLGV F D W WtEU, Mrbcpde @ Havis BDsQBlis, [57]
flavonoids B. cereus

DOWKRXJK VRPH QDWXUDO DQWLEL RfaflamideKrangeHof UsasUNR@irdl ¢hémieddsFaaried/ trbdiuces
bioavailability may be restricted, so different administration make it possible to choose and optimize molecules with fewer
techniques are necessary.

Different natural antibiotics have different toxicity WKDW FDQ E\SDVV HVWDEOLVKHG UHVL\
SUR¢{OHV %HFDXVH RI

negative effects. Natural compounds have uniqgue mechanisms

WKHLU QH S K fofRiddrryicif L Wihibis Q GdeQxyi-B-byRulbsR [ LsFahb¥phate

polymyxins—including colistin—are only used to treat serious reductoisomerase, a critical enzyme in the non-mevalonate
infections when no other treatment works. On the other handroute of isoprenoid biosynthesis that is lacking in humans but
some NPs are less hazardous, which makes them appropriafeund in some bacteria and parasites. This selectivity lowers
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THE PROPORTION OF UTILIZATION OF HERBALS IN VARIOUS
SYSTEMS OF MEDICINE
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Figure 2. Use of herbal remedies and their components in various medical systems.

the risk of cross-resistance with human metabolic pathways
JXUWKHUPRUH QDWXUDO FRPSRXQG
Rl H[LVWLQJ DQWLELRWLFV E\ EORFN
virulence factors, restoring the action of antibiotics that bacterig
have developed resistance to.

ANTIMICROBIAL PRODUCTS FROM ~ RE N
ENVIRONMENTAL SOURCES Exploration of New cultivation SpectiggvXMA

AMA can be acquired from plants (herbs) or |[ il s practices ryy activity,
their byproducts, animal origin, bacterial origin, algae, and
mushroomsSome of these AMA are listed ifables -4 and
the basic cultivation approach for novel antimicrobiglé (B)
and modern developments in antimicrobial discovery from NPS
are shown in) L J X Wanhdb. A great deal of research has been
done recently to identify natural antimicrobials that can halt the
progression of bacteria and fungi in food, thus increasing its
quality and prolongation of shelf-lif&8]. Consequently, there Figure 3. The basic cultivation approach for novel antimicrobials.
has been a hunt for antimicrobials that come from different
natural sources. Numerous studies on plants for AMAs haventibacterial qualities that protect against spoilage and harmful
shown the usefulness of substances in food applications, as Welicroorganisms, among other advantages.

DV WKH _Y DULDEO H v [EBQH-HTEC‘_N' lth@ préserideV H | ¢ FiBjEnks have major classes of chemicals called phenolics/
of hydrophoblc components in essential oils (EOSs), _such 8pFLGV TXLQRQHV VDSRQLQV ADYRQR
phenolic compounds, may be the cause of the antibacteri Ikaloids, and others that exhibit antimicrobial actiViiy].

action of plant extracts. Among the most varied classes of secondary metabolites,
Antimicrobials from plants SKHQROLF FRPSRXQGV H[KLELW VLJQL¢
Since the (—OH) groups of phenols can interact with bacterial cell

The antibacterial activity of these substances varies b o break b bli d ;
according to changes in their structure and chemical makeufpem ranes 1o bréak memprane assemblies and cause Seep ou

[60]. Since ancient times, plant-derived chemicals found in°f the cellular components, and it is believed that these groups
herbs and spices have been utilized as preservatives, tradition3fVe an inhibitory effect. The ~OH group found in phenolic
PHGLFLQHV DQG IRRG ADYRULQJV 7 R¥NPOYHIS RSUCryoif X@s they gntiRasteriab asityiy ¢f hymol
AMA were published60]. In this part, we provide an overview and carvacro[62]. Active groups like —OH encourage electron
of these compounds’ antibacterial activity, largely based ondelocalization, which in turn serves as a proton exchanger and
their structural characteristics. Secondary metabolites havéessens the incline across the bacterial cell’'s cytosolic membrane.

vy [

il

1
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This will lead to the depletion of the ATP pool, the proton motive creative workarounds for this problem is highly encouraged, and
force collapsing, and ultimately cell death. The very last enzymeas this review made clear, one of the promising therapies is the

in the oxidative phosphorylation pathway to trigger ATP synthesisATP synthase inhibitor$3].

LV FDOOHG $73 VIQWKDVH DOVR NQRZQ DV HK$Y3D¢ADFY R) (83 FDQ EH HQKDQ!
the enzyme responsible for synthesizing ATP from its precursorimolecules with varying biochemical capabilities, as well as
ADP and inorganic phosphate (Pi) using electrochemicalby their lipophilic qualities, the potency of functional groups,
energy in the oxidative phosphorylation pathway. The collapse?’ Water solubility, in addition to their chemical makeup. This

of the proton motive force and the depletion of ATP reduce the’r0cess involves the breakdown of membranes by lipophilic
activity of this enzyme, contributing to the antibacterial effects. cheémicals, which inhibit phosphorylation, and translocation of
Additionally, with an ever-rising need for novel antibiotics due Protein electron transpof4,65] Certain antimicrobial plant

to the phenomenon of antibiotic resistance, serious research inﬁ)ompounds are listed ifable 1

Numerous secondary metabolites found in plants,
LQFOXGLQJ ADYRQRLGY DONDORLGV WH

new habitats

Labeling &
reactivity

Unstable
metabolites

Antimicrobials from plants byproducts

shown to possess antibacterial qualities in vitro. The collection

of microorganisms that coexist in and around a plant and work
together to create a microbial ecosystem is known as the plant
microbiome. All types of microbiomes have intimate interactions

with both living and non-living elements of their surroundings.

The antimicrobial chemicals found in medicinal plants may offer

D VXEVWDQWLDO FOLQLFDO EHQH¢W LQ W
strains and may work through different processes than currently
il used antimicrobials to suppress the growth of bacteria, fungus,
viruses, and protozoa. Emetine, quinine, and berberine are still
YHU\ HI(FLHQW WRROV LQ WKH EDWWO'L
Historically, plants have been a good source of anti-infective
PHGLFLQHYVY )RU LQVWDQFH D YDULHW\
negative bacteria can be inhibited by the crude extracts of curry,
ginger, sage, mustard, garlic, cinnamon, and [&&H62]

Figure 4. Modem approaches in the selection of new AMAs from natural $ VLIQL,FDQW QXPEHU RI E\ SURG?

products. I[UXLWY SHHOV VHHGV

SXOSV OHIWI

New habitats New
exploration techniques for
cultivation

Assays for Isolation of

Sample
collection

I

Metagenomic Mining for Stains
studies Genome identification

New habitats Isolation, AMA &
exploration Labeling

AMAs compounds based on
structural elucidation

Figure 5. Schematic representation of modern developments in antibiotic discovery.
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frequently produced throughout the food preparation processPD\ EH HPSOR\HG DV HGLEOH DQWLPLF!
Even though these by-products are usually regarded as wast&to antimicrobial packaginf8].
some studies have shown that the husks, peels, seeds, and Tropical plant food by-products’ antibacterial
kernels are potentially valuable sources of phenolic compoundgproperties are reviewed. Banana peel and coconut root extracts
SRO\SKHQROV WDQQLQV DQG ADYR Qate/ stong drir@iciobiialV ppeRriesU ByXprodRctV aKkdlbids,
bioactive substances with a variety of functions, including phenolics, and saponins exhibit potent antibacterial properties.
antimicrobial activity [66,67] and certain antimicrobial Numerous studies look at the microbiological properties of
plant compounds are listed irable 1. Pomace is a valuable a few secondary metabolites, such as tannins, terpenoids,
by-product that is made up of seeds and stems. It is high imlkaloids, and phenolics, that are typically found in plant-food
SKHQROLF FRPSRXQGV PLQHUDOV SRmIdBIEH QoREvaf, thd IBNYORQMRbGIYS t®Iqo for in by-
QRQ ADYRQRLGV B Ghaslbeewdziidngrateld) products is nearly endless because all of these metabolites have
WKDW HWKDQROLF HIWUDFW RI JU & &ide 8lRP® bfldulbic@isestot attive ehéeaticalsUAR Aravidusly
of Salmonella, Staphylococcus aureasgdEnterobacteriaceae  mentioned, pure chemicals that are isolated from plants are
[39]. often characterized to accurately determine their antibacterial
YJUXLW SHHOVY DQWLEDFWHULD Oa@iutRs HRgs#ardd VorD thél antibadie0dl NuIResQof by-
JRU LQVWDQFH SRPHJUDQDWH [UXLW SSHHCXF WU Y HK DWHR KB QIO UL LIBDG ] W& H. @ L
herbal medicines to treat a variety of illnesses, and it has beeimvestigated the antimicrobial activity of various extracts. The
demonstrated that extracts from pomegranate fruitpeelscanstopl | ¢ FLHQW XWLOL]DWLRQ RI E\ SURGXFW
the growth of several pathogens, liKersinia enterocolitica, is made possible by an accurate understanding of their active-
Bacillus cereus, S. aureuand Listeria monocytogeng$9]. compound composition. However, using by-products is a
However, when it came to Gram-negative bacteria, the extract LJIQL,FDQW SUREOHP 2QO\ D VPDOO Q
ZRUNHG EHWWHU DW D FRQFHQW U D Waxpldaned how thedeDsul@tantesanoii KyGerwrngQ helr active
species andlesswell atthe same concentration a§ainstnella ingredientd38,77].
Typhimuriumand Escherichia coli[70]. Antimicrobial action o ) o
LV GLVSOD\HG E\ ADYRQRLGV WD Q &Mlpigobiasiofppinmaldlidhy DQG DFWLYH
inhibitors found in peel§71]. It has been shown that the peel 6SHFL¢,F SRWHQWLDO DQWLPLFURE
of bergamot, a byproduct of the EOs, is effective against botHisted in Table 2. It has been discovered that the iron-binding
Gram+ve Bacillus subtilis and Gram-negative pathogens likeglycoprotein lactoferrin (Lf) in milk has antibacterial pursuit
E. coliandS. enterica )RU WKH EHUJDPRW HW KaDaip&t @ kdrietydd Baieriel @nd WirdlHnfectidrig]. Lf has
MIC ranged from 0.2 to 0.8 mg/rfu2]. been used as an anti-bacterial activity in the[T846] It has
Quinine antibacterial pursuit agair8t aureusyeast  been claimed that Lf possesses antibacterial endeavors against
(C. albicang, E. coli, andP. aeruginosg73]. Mango kernel  food-borne pathogens such &srnobacterium E. coli, L.
extracts have demonstrated an inclusive range of antibacteriahonocytogenesindKlebsiellaby taking up the microbial iron
activity against several foodborne pathogens. Mango see(B0].

NHUQHO DW SSP VKRZHG DQRLEDFWHChitasam i1 gmeD 6\ sevei@lL Qagnedlly occurring
coli [74]. This antibacterial activity is explained by the presenceantimicrobials that have invited a lot of attention for use in food
of polyphenolicg75]. products. Crustaceans and arthropods naturally contain the

Studies on tomato seed extracts have demonstrategolycationic biopolymer chitosan in their exoskelet{@®§ and
DQWLELRWLF HI{FDF\ DJDLQVW D Y Dcthitadaw deRonst@dad\woHe & mable com@etcial replacement
and fungi B. cereusC. albicans E. faecalis S. aureusand for acid-soluble again§. aureusL. monocytogene8. cereus
Staphylococcugpidermidis)[38]. Like this, husks of fruits as E. coli, S. Typhimurium,and Shigella dysenterie$81,82]
byproducts that can be utilized as a convenient way to obtaifhe enzyme lysozyme is found naturally in both animal milk
naturally occurring bioactive chemicals with antibacterial and avian eggs. It is commonly agreed as safe (GRAS) to add
qualities[40]. It was discovered that almond skin fractions had directly to food. The bacteriolytic enzyme known as white
antibacterial activity in the range (0.25-0.5mg/ml) hostil8to lysozyme from hen eggs is frequently utilized as a protective
aureusandL. monocytogenesegume hulls have the potential IRU PHDW DQG PHDW SURGXF Wtsble® LON
to be a unique natural addition because of their antibacterial42]. It has also been well-documented for its usage as an
activity against pathogenic bacteria and common foodantibacterial in food itemi83].
deterioratior{76]. The antibacterial activity of lysozyme stems

The antibacterial properties of coffee pulp were from its capacity to hydrolyze the beta-1, 4-links between
examined about rancidity and microbiological development.N-acetylglucosamine and N-acetylmuramic acid in the peptide-
Very few investigations into the antibacterial properties of glycan of the cell wall46] with an inhibition (-) of 19.75nm and
coffee byproducts, such as coffee pulp and tea t[@sh 17.37mm, respectively; Lysozyme demonstrated the strongest
These investigations have yielded valuable insights into theantibacterial activity againstSaccharomyces cerevisiae
application of various fruits and vetgble by-products (peels, and Listeria innocua[84]. It has been shown that bioactive
seeds, pulps, and husks) as naturally occurring antimicrobials igubstances originating from milk, such as whey protein and
IRRG )XUWKHUPRUH WKH UHVLGXH J Haghihaveey@iety\ofwses inclodng heingantibaidsip F W R U
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.6 DQG .6 FDVHLQ KDYH EHHQ IRXQA QWD FRDWMUWYQ D@GV DEMFIWH WIRDLF DFW I
peptides[86] againstB. subtilis Diplococcus pneumoniae  VLJQL¢{FDQW UHVHDUFK KDV EHHQ GRQ}
Staphylococcusspecies,Sarcina species, andstreptococcus  the antibacterial activity of mushrooms and algae. Therefore,

pyogene$87]. . . the wide variety of algae and mushroom species may provide a
&LSURAR[DFLQ DQG HQURARI[DF L psBillleHrabePfét Qedv dticritrabldd?]. G X D O
antimicrobials found in the organs of birds. Amoxicillin in Reportedly shown compounds include phenals,

tilapia and chloramphenicol in rui are examples of residualterpenoids, phlorotannins, acrylic acid, steroids, ketones and
DQWLELRWLFV LQ ¢VK $05 FDQ EH EakBRnes, Kwlic RaysiEphide Ant RttyFddiBsEniitD liactericidal
UHVLGXHV LQ PHDW PLON HJJV DQ @opeiiég93% The lMbsBro@ i3 dréviéqueitypuded Bd fddd and
most likely to come into touch with environmental pathogenshave been found to have antibacterial qualii®gg. Recently

are often where AMP are located. As a result, they are presemeported on the potential use of various genus of macro-
in the bone marrow and testes, on the skin, ear, and eye, arfidngi as a potential food supplement and a good resource
on epithelial surfaces such as the tongue, trachea, lung®f natural antibiotics compounds. Extracts from Australian
and gut. The transmission of antibiotic-resistant bacteria tobasidiomycetous macrofungiwere evaluated against both Gram-
humans, immunopathological effects, allergies, mutagenicity,ve (P. aeruginospand Gram+veR. cereusL. monocytogengs
nephropathy  (gentamicin), hepatotoxicity, reproductive bacteria. At 10mg/ml, the ethanol extracts of macro fungus that
abnormalities, bone marrow toxicity (chloramphenicol), and were examined stopped one or more of these infections from
even carcinogenicity are just a few of the adverse effects thagrowing [54]. The existence of certain secondary metabolites
these residues may have. The immune system relies heavily dike volatile compounds, gallic acids (GAs), phenols, free fatty-
antimicrobial proteins. By immediately eliminating infections DFLGV ))$V DQG WKHLU VSLQRIIV RI P>
or impeding their ability to replicate, they help the body for the antibacterial actioj®5].

cIJKW WKHP ,QWHUIHURQV WKH FRPSOH PFhewse of hahdtadtimoldgyitike fEdp&ratian@inatural
proteins, and antimicrobial proteins are the four primary compounds has garnered the attention of numerous researchers

categories of antimicrobial compound2-87] in recent yeard96]. This technology has the potential to
o o enhance antimicrobial stability and prevent the growth of
Antimicrobials of bacterial origin foodborne pathogens in various food systems by being applied

6SHFL;F EDFWHULDO RThhl&I3@n& 0 $diettiy &3 lcdeingl Gr Bpackagifgy]. Many studies have
4. Numerous chemicals with antibacterial action are fabricatedreported on the use of nanotechnology to deliver antimicrobials.
by microbes, particularly lactic acid bacteria (LAB). Among However, because food components are so complex, there has
these, it has been demonstrated that the proteinaceous substanbesn very little research done on nanoparticles as antimicrobials
known as bacteriocins, like nisin, impede the expansion andAMAS). The potential application of liposomal nanoparticles
maturation of other microbial species. Comparably, anotheto augment nisin’s antibacterial activity against3.. aureus
popular broad-spectrum antibacterial agent is reuterin madand monocytogenes was demonstrated and investigated the
from glycerol in some strains &f reuteri Reuterin also works  antibacterial activity of solid lipid nanoparticles loaded with
well against a variety of spoilage and harmful microbes. nisin and free nisif97,98].

More than 50 countries throughout the world utilize Antimicrobials come from bacteria. Antimicrobial
nisin, the only bacteriocin that has been licensed for use asubstances (such as bacteriocin, organic acids, diacetyl, and
an antibacterial. Produced by Lactoccocus lactis, it exhibitshydrogen peroxide) that are effective against pathogenic
HI¢FDF\ DIJDLQVW IRRG DVVRB&INKiIMHG bbaczia aild fEeQuUeltH praddided by LAB. The most often
acts as a bactericide against Gram+ve foodborne pathogens antllized antibacterial agents are isopropyl alcohol, n-propanol,
spoilage bacteria, such & luteus S. aureusandB. cereus  and ethyl alcohol. Although it works as a disinfectant as well,
[89]. It accomplishes this by penetrating the cytoplasmic methanol is rarely utilized due to its severe toxicity. Alcohols
membrane, which results in the loss of membrane potential andave the ability to impede the growth of certain bacteria,
the release of intracellular metabolifés]. including Salmonella Staphylococcus aurepandEscherichia

S5HXWHULQ K\GUR[\SURSLRQ D Cc@iHK St typicdlly@atiemdd-peptided aving an amphiphilic
that demonstrates antibacterial action against a wide range aftructure, AMPs readily bind and interact with the cellular
spoilage and foodborne-pathogens. Reuterin is an excellenmhembranes of bacteria, fungi, viruses, and other pathogens. Both
choice for a food biopreservative due to its high-water solubility, Gram-positive and Gram-negative bacteria can manufacture
resistance to heat, proteolytic and lipolytic enzymes, and stabilitypacterial AMPs, also known as bacteriocins, through ribosome
across a broad pH ranff#0]. Reuterin and nisin together have synthesis in order to eradicate competing organisms. In order to
been shown to have a synergistic effect.omonocytogenes combat the growing antibiotic resistance of different diseases,
and S. aureus Gram+ve §. aureusL. monocytogengsand bacterial AMPs are essential and may even be a substitute for
Gram-ve E. coli, S. Typhimurium EDFWHULD ZHUH VQBHQJ4RFIDQW @ QWLELRWLFV %DFWHULR
reduced in number by reuterin from L. reuteri DPCA8. antibacterial substances that target certain bacterial infections

Algae and mushrooms have been reported to bedue to their limited spectrum of action. The two primary classes
natural sources of bioactive compounds with a wide range obf bacteriocins that are produced by Gram-positive and Gram-
biological activity in recent years. These compounds includleQHJDWLYH EDFWHULD DUH WKHLU FODV
antimicrobial, antioxidant, cytotoxic, antifouling, ant- DFWLRQ WKH EHQH¢{FLDO HIIHFWV WKH\



Unnamet al./ Journal of Applied Pharmaceutical Science 2025;15(07):048-066 055

their drawbacks, and their potential as an antibiotic substitutéThere are various sources for attaining AMR such as Natural

[92-98] UHVLVWDQFH )RU LQVWDQFH JUDP QH.
Penicillin-G, anerobic is not inhibited aminoglycosides, aerobic

ANTIMICROBIALS AND MECHANISM OF organisms not affected by metronidazole and M. Tuberculosis

RESISTANCE is insensitive to tetracyclines. Acquired resistance is developed

Like the phenomena of tolerance observed in higherby a pathogenic organism (which was sensitive earlier) due
organisms, antimicrobial-resistance is the inability of a micro-to the consumption of AMA over a period. This is a serious
organism to respond to an antibiofie9] which persistently  clinical issue that can occur with any bacterium. However, both
presents a noteworthy public health concern concerninghe antibiotic and the microbe have a role in the development
PRUWDOLW\ DQG ¢(¢QDQFLDO ORVV $F W teBisgarsd Bo& bacizivaHIkE btédpkyldsddc, lcMifdi@isEand
health authorities in several nations, including India, to containtubercle bacilli, are infamous for developing resistance quickly
it. It is crucial to recognize the role that it plays. By 2025, AMR (sulfonamides resistance by Gonococci).
alone is predicted to hamper the 10 million population than The AMR may be developed by mutation or gene
cancer and car accidents 700,00 deaths anrjiaiby transfer. Mutation is a spontaneous, random genetic alteration

International bodies, the World Health Organization that is bothtbleand hetiablein microorganisms. A few mutant
(WHO), and various other stakeholders are visualizing thecells exist in every sensitive population of a microorganism, and
global rise in AMR which has been declared an urgent priority,these cells need larger concentrations of AMA to be inhibited.
and numerous European world leaders have outlined theiThese are kept apart and allowed to grow as the AMA destroys
action plans for containing AMR. Real attempts are being madehe sensitive cells. Consequently, when a single antitubercular
to defeat this AMR101]. National Action Plan (NAP) of India medication is administered, for example, it may eventually
for AMR has also been developed to understand that AMR isappear that a sensitive strain has been replaced by a resistant
a complex issue that necessitates a multifaceted approach tme. This phenomenon, known as vertical transfer of resistance,

contain[102,103] is often of lower grade and occurs rather slowly. A mutation
may be developed by a single sté&p €oli and S. cocd or
MECHANISM OF AMR multistep . coca.
A schematic presentation of the mechanism of Gene transfer is called infectious resistance in which

development of AMR is presented ipL J X@J&hd several a resistance gene transferred to another organism is called
pathways for prevention of AMR are also shown )i J X U Horizontal transfer of resistance. This might be caused by

7. Certain AMAs have always caused resistance in somevarious mechanisms such as conjugation, transduction, and
microorganisms as they do not have the target location oWUDQVIRUPDWLRQ +RZHYHU UHVLVWDC
PHWDEROLF SDWKzZD\ WKDW WKH VBHWFID; FG WPXIG WHRDONHLLRDQD VWD | IGIR WNStéphyD | ¢ Q L

Gram-negative bacilli unaffected by Penicillin-G, anerobic is not
inhibited aminoglycosides, aerobic organisms not affected by

Metronidazole and M. Tuberculosis is insensitive to tetracyclines.
Natural

resistance
Sulfonamides
resistance by

Gonococci One-way (neomycin resistant by enterobacteria
Acquired Cross and makes them insensitive to streptomycin) and
resistance resistance Two-way (between clindamycin and

Mechanism erythromycin).

of AMR

Gene Drug tolerant (Staphy.aureus and E.coli).
transfer

~ Drug destroying (beta-lactamases can destroy
penicillin’s, E.coli-Chloramphenicol).

impermeable (aminoglycosides and tetracyclines

» Single step (E.coli and staphy.cocci)

* Multistep (staphy.cocci).

Figure 6. Mechanism development of antimicrobial resistance.
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aureus and E. coli). b) Drug destroying (beta-lactamases isolates of Klebsiella pneumoniag, coli, andA. baumannii

can destroy penicillin'sg. colrChloramphenicol). ¢) Drug as well as over half of all isolates of Pseu. aeruginosa, were
impermeable (several hydrophilic antibiotics require cetain WROHUDQW WR AXRgéR Topha@BoriRQWNHleD Q G
transport mechanisms or enter the bacterial cell throughR Q O\ D E R XWoliandR.laeruginosaxhibited resistance
channels made by proteins known as “porins.” The resistantWR WKH SLSHUDFLOOLQ WD]REDFWDP PF
strains might lose these, e.g., aminoglycosides and tetracycling§ [105].

and d) Cross-resistance (cross-resistance is the development The increasing prevalence of carbapenem-resistant

of resistance to one AMA that transfers resistance to anothebaumanniiled to the frequent usage of colistin as a last-resort
AMA that the organism has not been exposed to). ThisismoreDQWLELRWLF ZKLFK UHDFKHG ,Q ,QC
frequently observed in medications that are related chemicalyULVH LQ FROLVWLQ UHYVLYO¥D3erkeslafti[ FH S\
or mechanistically. This may be one-way (neomycinresistantbyPLFURRUJDQLVPV UHVLVWDQW WR DQW
enterobacteria and makes them insensitive to streptomycin) and some Indian water sources. When residential waste and

two-way (between clindamycin and erythromydi®9,104] KRVSLWDO HIAXHQW ZHUH WKH PDQDJHEF
ZDWHU DORQH DQG KRVSLWDO HIAXHQW

PROBLEM STATEMENT FOR INDIA'S REPORTED separation oE. coli tolerant to 8-gen cephalosporins was 25,

AMR RATE D Q G [107].

AMR containment relies on the interconnection of
humans, animals, and environmental characterigtie@s]. ~ AMR CHALLENGES IN INDIA
Another concern is the paucity of investigated data, which India is called “the world's AMR capital108].
makes it challenging to determine the exact incidence andDisparate newly emerging multi-drug-resistant (MDR)
spread of AMR in India and hinders national comparisons. OutSDWKRJHQV ZKLFK SRVH VLIQL/FDQW
of the 2152 AMR research publications published by Indan FKDOOHQJHYV ,QGLD LV VWLOO ZRUNLQ

LOQVWLWXWHYV FROQFHQWUDWHG Rd@s $eRiBdHug-rEKistantHchrl€yadpathogerk,Qnalaria, and

DQLPDOV RQ WKH HQYLURQPHQWub&iIagsis. ConDitlaiis Uilke\hunge, averefowding, poverty,

Health. The remaining research was focused on novel agentand illiteracy exacerbate the problefh09]. The general

miscellaneous, editorials, and diagnosid3s]. populace is often prevented from obtaining medical advice due
to their restricted access to healthcare and lack of understanding

THE CURRENT SCOPE OF THE AMR CHALLENGES about infectious diseasfki0].

IN INDIA Due to this, antimicrobial drugs are frequently self-

As stated in the “AMR Scenario Report for India, 2017” prescribed without a doctor’s expertise on dosage and length of
XQGHU WKH DXVSLFHV RI WKH , QG L D Qhdarrpy.HBecQuedHad s, perpleHrequgnmyQdo selfRriedication

No prolong or :
careless use Promoting the
of AMAs research on

drivers od AM
Prefer rapidly acting
and selective (narrow-
spectrum) AMAs Improving the
agricultural practices
Prevention with ecological

of AMR friendly manure and
fertilizers

Infection by microbes

that are renowned for
producing resistance Framing
s N

Use regulations on ﬁ'odt;lsf:llﬁzies
combination use of AMAs on
of AMAs antimicrobial
residues with
legislative
punishment

tgulatlon of

Figure7 3RVVLEOH ZD\V IRU SUHYHQWLRQ RI $05 DQG )XWXUH GLUHFWLRQV IRU ,QGLD
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without discussing with a doctor about the correct dose andaureuswhen it is resistant to the biocide benzalkonium chloride.
length of treatment leads to MDR11]. The amount of trash 7KH ELRFLGH PDUNHW H[SHULHQFHG D
produced by these businesses has increased in tandem with teeale between 1992 and 200ZL0]. While data on biocide
growth of the pharmaceutical industry. This trash enters wateusage in India is scarce, it is believed to be substahfi].
bodies and acts as a constant source of AMR in the environment
due to lax oversight and a lack of enforceniénd,112] The = Pharmaceutical wastewater as a source of AMR
utilization of antimicrobial chemicals such as pesticides and &LSURAR[DFLQ OHYHOV ZHUH UHSF
LQVHFWLFLGHYV LQ WKH DJULFXOW XUrg/Oin Yhe viéiewhtel ¥f daddd? We iHdibn \phalQdceufidaiQ W
challenge, notwithstanding the paucity of available data on the; U P1\4].
subject{113].

Municipal wastewater
INDIA'S ENVIRONMENTAL AMR DRIVERS Water bodies in the vicinity are exposed to this

In the risk assessment for AMR, Cheresal. [114] SRWHQWLDOO\ 3$05 ULFK’ PXQLFLSDO :
have demonstrated that although environmental sources ofhe Mutha River in Pune, India, has genes that are resistant
AMR may contribute minimally to developed nations, they to even the most powerful antibiotics. These genes are found
pose a reasonable to elevated hazard in evolving nations gf the sediments close to the city, and they are thought to
Southeast Asia, including India, because of multiple co-factorshave originated from home and municipal sewage waste. The
related to the overall event. The schematic presentation of AMR:oncentration of these genes is thirty times higher than normal

drivers and preventive measurements is shownlid X8U H [125].
The major AMR environmental drivers include the
following: 9.6 Hospital waste

Antimicrobial waste gets generated in substantial
S ~amounts by healthcare facilities and other healthcare facilities,
~ Abuse or prolonged use of antibiotics in India gjther directly from residual or unused pharmaceuticals or
contributes to AMR in a greater extent. In 2010 alone, eachngirectly from patient discharges. It has been reported to
person consumed 10.7 antibiotic unitd5]. The amount of  \hat extent hospital pollutants in India contained traces of
DQWLELRWLFV VROG DW UHWDLO LQFWHEBVEHES EOH EHOVE B RLUmH. Biffenad X RUF
2010[116]. Roughly half of the antibiotics that are taken by heajthcare facilities are the locations with the highest levels
mouth are eliminated by the body intact through urine andyf antibiotic practice, it is expected that these waterways will
feces. Defecating in the open, as has been done for decadesygye the highest concentration of tolerant bacteria and their
India [117], results in the soil and after absorbing antlblotlci/\z/%netic material. Antimicrobial concentrations from hospital

Overuse or abuse of antimicrobial substances

RU WKHLU UHVLGXHV 1HDUO\ RI dtbwaRrDHARREWHR Rerk Mighldrofigh & Gifeét Bacterial
drinking water contaminated with fecg< 8] which means that  gt5ins and cause genotoxic alterati¢ha7] + RI

this environmental factor has a major role in the advancemenjntijotic residues can be successfully removed from hospital

of AMR. ZDVWHZDWHU E\ SURFHVVLQJ LW DSSUR

AMR promoted using antimicrobial in animals according to resear¢h2s].

,QGLD LV D VLIQL,FDQW PDQXID RitohaHAMRRbuREL LPDO JRRGV IRU
the world market, including meat, meat products, and farmed Livestock wasté129], agricultural manure and sludge

< VK 9%\ [119] there is predicted to be a 312 percent 130] heavy metalg123], and aquaculture waste products
increase in this sector. Antimicrobial drugs are frequently[131]_

utilized to boost productivity and prevent illnesses in these
farmed animal§l120]. India is the world’s fourth-largest user of ACTIONS TAKEN TO REDUCE THE AMR
antibiotics for use in animals, behind the US, China, and Brazil
[116]. International efforts
Antibiotic residues have been reported from food To plan and adopt strategies to address AMR in the
DQLPDO SURGXFWV LQ ,QGLD LQFOXGHIOR®@LOKH GBRXMKKIFDNWW SWMKQ 5HJILR
[108,121] )XWXUH UHVHDUFK H[DPLQLQJnWitipl cédiddParicdsVOReHNCE Histdpis\gdthering took place
needed, as there is no data available to characterize thea 2011 in India, Jaipur, where the health ministers of all the
GRPHVWLF SLFWXUH 7KH ,QWHUQ D W paRiQdating ) afoGs—6imzludilg\ IHdiQ@-SvodedDtO lekbrace
Network Standards have set strict restrictions regarding the usghe Jaipur Declaration and implement stringent AMR policies
RI DQWLELRWLFV LQ IRRGI2RIQLPDOV ,ydimglthe WHO’s 2014 Repofii00]. India and the WHO
o o worked collaboratively following the publication of this report.
Biocides’ contribution to AMR A Global Action Plan was launched after the 68th World Health
The fact that biocides and AMA share resistance Assembly resolved to incorporate the idea of One Health into
pathways, which facilitates their co-selection, is another crucialthe battle against AMR. All Member countries, including India,
factor. The co-location of both resistance genes on the plasmid4&8greed to frame their NAPs for AMR by 2017. Notwithstanding
results in an eight-fold increased tolerance to oxacillinSor WKH IDFW WKDW WKH :(+2 LGHQWL¢{HG $0
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Antimicrobial
use in animals
Steps taken to curb AMR
Overuse or
abuse of 1
AMAs Biocides'

contribution National initiatives by

(NAP, NCDC, ICMR, FSSAI)

AMR

vls}:lsltlgvcvlaptzlr dl'lVel:S A International initiatives by
India (SEARO,WHO)
Hospital
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wastewater
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sludge, Heavy metals,
Aquaculture waste products

Figure 8. AMR drivers in India and steps taken to curb AMR.

area for SEARQ100], the Indian Medical Association in 2015 CURRENT RESEARCH AND FUTURE PERSPECTIVES
initiated an awareness driy&32] with the aim of educating OF NATURAL ANTIMICROBIALS

physicians and raising public awarenfsz0]. In current scenarios of research and development,
screening for antimicrobials with broad-spectrum activity often
leadstotoxicandre-isolationissues, and the “Waksman platform
An NAP for the nation was prepared by the Core of traditional phenotypic screening is depicted )i J X3J H
Working Group on AMR, which was established by the Indian Hence, screening needs prolonged cultivations (for isolating
JRYHUQPHQW 7KH 1$3 KDV LGHQWL¢ Hie ¥xebicV Wikhfedy Hdd- re-Sddreddddn¥imptidn  Bcvidy
of which have considered the possibility of AMR occurring in guidance isolation of antimicrobials which cannot be possible
the environment either straight or implicifl¥33,134] Aplan by fast high-throughput screening techniques. Even though
for 5 years also outlines how each strategic priority’s assignedandom investigation occasionally provides some interesting
LOQWHUYHQWLRQV DFWLYLWLHV DQ G rdéilhty Xdi¥genpPoldhert [caksoiid &y bpBptétantbiotic O O
Alist of the accefableamounts of antimicrobial waste in foods Gausemycin A/B against gram+ bacteria. Gausemycins A and
PDGH IURP ¢VK SRXOWU\ DQG DQLPDBafe £l Septidés il Gnidué peifite tH&R&nd several
6DIHW\ DQG 6WDQGDUGYV $XWKRULW\ RBrharkaBid- BrrudtGrél$teatlres, -iXcuting unusual positions
[135]. of D-amino acids, lack of the €abinding Asp-X-Asp-Gly
The Indian Council of Medical Research and the National (DXDG) motif, tyrosine glycosylation with arabinose, presence
Center for Disease Control, respectively, introduced the AMRof 2-amino-4-hydroxy-4-phenylbutyric acid (Ahpb) and
monitoring platforms of Indian health agencies in 2013 and 2014hlorinated kynurenine (CIKyn), N-acylation of the ornithine
to determine the approximate scope of AMR1]. According to side chain. These major components of the peptide antibiotic
the National Health Policy 2017, “pharmacovigilance including family have pronounced activity against Grampositive bacteria
prescription audits inclusive of antibiotic usage - in the hospital[136]. The structure is shown i L J X® Macubactam is
and community” and “a rapid standardization of guidelinesan experimental drug that is part of the diazabicyclooctane
regarding antibiotic use, limiting the use of antibiotics as OTC(DBO) class and is intended to treat infections brought on by
medications, banning or restricting the use of antibiotics as€Enterobacteriaceae that are resistant to carbapenem (CRE).
growth promoters in animal livestock” are among the demandst works in two ways: it directly targets penicillin-binding
made[134]. In India, creative solutions and mass media areprotein 2 (PBP2) in Enterobacteriaceae and inhibits serine
required to address such sociocultural concerns. We suggestthe ODFWDPDVHY FODVVHV $ & DQG VRP
following possible ways for the prevention of AMR and future action has direct antibacterial effects in addition to shielding
directions for India is shown ipL J X7U H FRPSDQLRQ ODFWDP GUXJV IURP GHJU|

Nationwide initiatives

”
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being conducted on nacubactam in conjunction with antibioticsantimicrobials is shown in) L J X U+8VExploring novel
such as meropenem, cefepime, and aztreonam to treat sevdmabitats, and new cultivation techniques (co-cultivaki38—
bacterial infections brought on by MDR organisms, including 141]. In-situ cultivation [142—147] microtechnology{148—
complicated UTls. 150], and a new approach for narrow-spectrum antimicrobials
In this research, we emphasize the key development$151,152] compounds with more selective effect are drawing
that get around the restrictions of phenotype screening botincreasing attention since they enable access to a portion of
methods and outcomes of recent investigations. The newhis mysterious microbiome, changing the paradigm3].
research approach evolves into multidisciplinary research;The iChip technology with diffusion chambers of stainless
schematically with three main divisions such as microbiology, steel and 0.03pum pore size to isolate the new antibiotic non-
chemistry, and molecular biology as shown)in J X4U H ribosomal peptide “teixobactin” from beta-proteobacterium-
Isolating the natural antimicrobials by traditional Eleftheria terrae that binds to lipid 1l and lipid Ill, essential
methods will help in selecting only a small number of existing precursors in cell wall biosynthesis. Teixobactin has notably
diversities [137]. The new cultivation approach for novel prevented the development of observable resistance in

GausemycinA R=H
Gausemycin B R = COCH,CH,NH,»

Figure 9. Structure of Gausemycins.

Figure 10. Structure of Teixobactin.
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infections, which represents a major breakthrough in the FRPSUHKHQVLYH PHWDEROLWH SUR¢O
discovery of antibiotics. Teixobactin-analogue in complex with databases like METLIN and ECMDB, researchers can
Lipid Il in lipid membranes. The structure provides a wealth uncover novel bioactive compounds. Addressing challenges
of information on the pharmacophore and demonstrates thatelated to data complexity and standardization will further
WHL[REDFWLQV EDODQFH VSHFL,{F DABQKIXYKFH WKH GJ ) WRFYHRARWALMDSSUR
a maximal number of targets and minimize the likelihood of Recent research has revealed that proteins in Sydney
UHVLVWDQFH GHYHORSPHQW )XUW Kradd Bystertblodd Xan kilVbatiefaVindadtidndH dril Onipto@eV
the critical sequence of D- and L-amino acids that enables aWKH HI¢{FDF\ Rl VRPH PHGLFLQHV VR
clear-cut separation of hydrophilic and hydrophobic sidechainsDQWLEDFWHULDO PHGLFLQHV GHULYHG
and thereby also provides a molecular rationale why certaircreates fresh opportunities. Researchers are going back over
positions do not tolerate substitutions of hydrophobic residuegast remedies like Lemnian Earth (LE), an old Greek medical
by hydrophilic residues and vice vergat3] () L JL0). The clay. Modern research indicates that LE's mix of particular
potential of phage therapy in combating AMR was highlightedclays and fungus could help gut bacteria, thereby providing
when researchers discovered a bacteriophage from Merm possible basis for modern gut health treatments. Molecular
Creek, Melbourne, that was able to eradicate the superbug'H ([WLQFWLRQ™ 6\QWKHWLF ELRORJ\ I
Klebsiella pneumoniae. have made it possible to rebuild antibacterial compounds from

Microtechnology (microarrays, microencapsulation, extinct organisms. Scientists have created compounds from
PLFURPHFKDQLFDO DQG PLFURAXLG’O()IIy FFiarmaoih® ¥k Nebindert8adsO foH &arplR, which
develop new antimicrobials by reducing time and resourcedhave demonstrated encouraging antibacterial effects and offer
[149,150] The broad-spectrum antimicrobials have severalfresh models for the development of drugs. The production
disadvantages such as stability and bacterial resistanceRl QDQRVWUXFWXUHG VXUIDFHV LQAXH
+HQFH QHZ DSSURDFKHV WR ¢ QG Ln@gdhalismhZ ha® lizéhUnade edster iy WdJuxaof nanostructured
activity antibiotics will avoid these limitations. In the year bactericidal surfaces in bioengineering. Black silicon surfaces

WKH NH\ FRQFHSW RI ¢ QGLQJaw KddterQidalUddtRi%, WsSavidanceldX®y research headed
activity was projected by Brown and WrigHt53] which is by Elena P. lvanova, which mechanically ruptures bacterial
LQVSLUHG E\ WKH H[DPSOH RI )LGD [cRIB ugoh Qona®. G heseJdibRiméicLn@ndbtructures provide
() L JL1). These new approaches direct the study of stain-a new class of mechanoresponsive antibacterial materials by
VSHFL¢(¢F DQG EDFWHULRFLQV D QW LnfirhieklndRtBd. ihysival Rriviba@tetripivchandoi@hstic® WdubhdRiQ
products with narrow-spectrum activity  J2). Thus, the  insect wings. These surfaces could be used in implants and
narrow-spectrum antimicrobials reduce the AMR and sidemedical equipment to lower the risk of infections linked to
effects[154]. ELR¢;OPV

New genomic engineering (genome mining/ The new “transcription-translation in One” (TTP) was
metagenesis) and molecular biological approaches helglescribed recentljl62] and reporter-guided mutation selection
in developing new antimicrobial§36—-161] The modern was created for the novel metaboli{fé$3,164]is shown in
development in antimicrobial discovery is depicted in ()L J14). However, the establishment of receptor stains and
) LJ X W &hw5. The clinically approved novel lipopeptide mechanism-guided isolation is the advanced research for
antibiotics, daptomycin discovered by a metagenomic studythe elucidation of antimicrobials based on the mechanism of
()LA3). 7TKH PHWDERORPLFV JXLGHG L @diop \WbA) AEWLE/RTQe schiedhatikl épielantation of this
a promising frontier in antimicrobial discovery. By leveraging screening strategy is shown jri. J X18.H

Figure11 6WUXFWXUH RI )LGD[RPLFLQ DQG +\JURP\FLQ $
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Al-Powered Screening for Antimicrobial Research LIMITATIONS AND CHALLENGES

Predictive Modeling: By examining chemical Ragistance development
structures and biological data, machine learning algorithms Though new drugs like teixobactin show promise

can forecast the antibacterial activity of natural substancesthere is still reason for worry about resistance development.

expediting the drug discovery process. _ . Reducing this risk depends on constant observation and sensible
Virtual Screening: Al makes it possible to virtually | ;ge.

screen enormous collections of NPs, effectively locating
substances that may be effective against particular infections. Regulatory and ethical considerations

JLOQGLQJ QRYHO $QWLELRWLFV %)\ TreaweRs likeDbddtétioplhag® tBerapy are subject to
intelligence (Al) to sift genomic data, researchers have founcdethical and regulatory issues, especially when it comes to their
novel antibiotics from uncharted microbial sources. application in Western medicine. To overcome these obstacles,

Figure 12 Narrow-spectrum antimicrobials: threoglucin A and tryglusins A and B.

Figure 13. Clinically approved novel lipopeptide antibiotics, daptomycin and taromycins
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Figure 14. Structures of gaudimycins D, E discovered by means of RGMS.

Figure 15. Reporter strain-assisted screening strategy.

thorough clinical studies and standardized procedures must beew antibiotic discovery. Combining several datasets (such as

established. genomics and metabolomics) has been shown to produce new
. . DQG YDOXDEOH LQIRUPDWLRQ )XUWKHL
Translational barriers necessitates advanced instrumentation, processing power, and

Although ancient medicines and proteins derived from technology. It may become feasible to use natural compounds
marine sources exhibit promise in vitro, obstacles includingmade from plants or their byproducts, algae, and mushrooms as
toxicity, bioavailability, and large-scale production must be novel antimicrobials. Utilizing these items may potentially be a
addressed before these discoveries can be turned into clinicalipore cost-effective way to make antimicrobials. Therefore, more

useful treatments. research is required to identify the most effective antibacterial
) _ _ dosages that can be used without needlessly changing any
Data quality and integration sensory qualities. Therefore, developing a more practical

The availability of thorough, high-quality datasets is and effective delivery strategy for these naturally occurring
a prerequisite for the use of Al in drug discovery. Strong dataantibacterial compounds remains essential. Before being used
curation and validation are essential since incomplete or biaseih the healthcare industry, natural AMAs must also be evaluated
data can result in inaccurate predictions. for safety and potential health hazards in order to maximize the
EHQH¢{;WV IRU WKH SDWLHQW

CONCLUSION
The development of antibiotic-resistant microorganisms AUTHOR CONTRIBUTIONS
emphasises how vital it is to create novel antimicrobials. However, All authors made substantial contributions to

the development of new drugs cannot proceed successfully aronception and design, acquisition of data, or analysis and
HI¢FLHQWO\ XQWLO DSSURSULDWH G linkedorefakidn 6f datd) tddk parGitddgeftingshe @rticle@r revikihg/
assessment, we listed the main tactics for addressing the curreintcritically for important intellectual content; agreed to submit
problems with the development of natural antibiotics. The WR WKH FXUUHQW MRXUQDO JDYH ¢(QDC
question, “How do we make antibiotics great again?” cannot bepublished; and agree to be acctalne for all aspects of the
satisfactorily answered by any of these approaches. Additionallywork. All the authors are eligible to be an author as per the
the basic procedure remains unchanged and is essentially similémternational Committee of Medical Journal Editors (ICMJE)
to the traditional phenotypic screening (often referred to as theequirements/guidelines.

“Waksman platform”). Every technique displayed enhances one

or more phases of the traditional discovery paradigm. UsingINANCIAL SUPPORT

these developments could lead to a large increase in the rate of There is no funding to report.
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