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Background:Overuseandmisuseofconventionalantimicrobialshasledtonewstrains
ofmicrobeswithincreasinglevelsofresistance,thusposingatopthreattothepublic’s
healthandapriorityacrosstheglobe.AccordingtotheNationalInstituteforHealthand
CareExcellence(NICE),antimicrobialresistant(AMR)infectionscause700000deaths
worldwideperannum [1].TheestimatedeconomicoutputlossasaresultofAMRis1%
ofgrossdomesticproductperyearrisingto5%fordevelopingcountiesby2050[2].The
additionalcosttohealthsystemsisapproximatelyUS$1400[3]perpatientasaresultof
prolongedhospitalstaysandtheneedformoreexpensiveandintensivecare.Food
sectorisalsoaffectedduetothisdevelopingantimicrobialresistance.Recently,thereis
growingconcernoverthepossibilityofantimicrobialresistancetransmissionviafood-
bornepathogens.Developmentofnew active,alternativedrugtherapieswouldreduce
ourrelianceonconventionalantibioticsthatinduceresistanceinpathogens.Inpast
decades,foodindustryhasmadeuseofvariedchemicalstoinhibitthegrowthof
differentfood-borne microorganisms[4].Thistriggered the food deterioration that
furthermayhaveadetrimentaleffectonthesensoryandorganolepticcharacteristicsof
some foods.To reduce the effectofchemicalprocessing and preservation,bio-
preservativeshavebeendeveloped[5].

Whataretheconcerns?Todate,bacteriocins,producedbydiversebacteria,haveshown
apositiveoutcomeasantimicrobialsubstituteswhichhavebeensuccessfullyusedas:(i)
bio-preservative;(ii)anti-biofilm agents;and (iii)alternatives to the conventional
antibiotics,tominimizetheriskofemergenceofresistantmicroorganisms.However,
therearestillseverallimitationsincludinguncontrolledinteractionsofbacteriocinswith
variousfoodcomponents,itsproteolyticdegradationandelectrostaticrepulsionthat
challengetheuseofthesebacteriocinsasfoodbio-preservatives.Inthelastyears,
severalstudies on bacteriocins have demonstrated thatthe optimization oftheir
combinationswithotherantimicrobialagents,andthehurdletechnologyapproach,could
providesolutionstosomeofthechallenges[6].Inrecentera,theuseofnanotechnology
isa potentialapproachtoovercometheselimitationsandtomaximizetheuseof
thesepeptides,nano-formulationsareoneofthemostpromisingavenues.

Theproblem:Inmodernfarmingpractice(aquaculture,livestockandcropproduction),
antimicrobialsarewidelyadministeredfortherapyassuchthesearemassadministered
viafeedorwater.Insomecountriesupto80% oftotalantibioticconsumptionis
administeredtoanimalswhicharenotcompletelyabsorbedinthegutandexcretedout
withwastematterthatisusedtoproducemanure.Thismanureisusedtofertilizesoil
resultingintransferofantibioticresistantgenes(ARGs)toagriculturalsoilecosystem
andthenontoplants[7].Thelargestreservoirsofantibiotic-resistantbacteria(ARB)
includefish,foodanimalsandvegetables[8].Furthermore,differentantimicrobialsare
foodpreservativeswhichpreventfoodspoilagebysuppressingthegrowthoffood
pathogensandthusaccelerateAMRspreadwithinandalongthefoodchain.



TheWHOestimatesthat1in10peoplefallillfrom eatingcontaminated/spoiledfood
with420000globaldeathsperyear[9,10]. Resistanceofsignificantlyconcerning
foodborne bacteria such as Campylobacter,L.monocytogenes and Salmonella to
variousconventionalantibiotics.Inparticularthereareinsufficientdrugstotargetthe
WHO’s priority Gram-negative pathogens, ESKAPE (Enterococcus faecium,
Staphylococcusaureus,Klebsiellapneumoniae,Acinetobacterbaumannii,Pseudomonas
aeruginosaandEnterobacterspp.)[11].

Theneed:Thereis,therefore,animminentnecessitytoprolongthelifespanofcurrent
antimicrobialsoralternativestoconventionalantibioticsandcontroltheexposureof
animals,crop,foodandhumanstoantimicrobialsinordertoremainaheadoftheAMR
curve.Onewayofreducing exposureisthrough efficientand targeted deliveryof
antimicrobialstominimallyprocessedfood.

StateoftheArt:Antimicrobialcompoundssuchasbacteriocincanbehighlysensitiveto
theproductionprocessand/orstorageconditions.Thereby,theantimicrobialefficacyof
bacteriocinmaybereducedbecauseofundesirableinteractionswithfoodcomponents
andthus,largeantimicrobialconcentrationsareoftenrequired.Inrecentera,theuseof
nanotechnologyisapotentialapproach to overcometheselimitations(to improve
stabilitythatpreventsproteolyticdegradation,dispersity,bioavailabilityofhydrophobic
bacteriocinsandfunctionalityofbacteriocin,bacteriocindosereductionwhichmay
extendtheapplicationofnaturalbacteriocininfoods)andtomaximizetheuseofthese
peptides,nano-formulationsareoneofthemostpromisingavenues[12].Theintegration
ofnanotechnologyandbiotechnologyopensthedoortofutureperspectivestosolvethe
problemsbelongingtoarangeofbiologicalproducts[13].Nano-formulationisanew
fieldthathasagrowingroleinfoodindustryforsafetymeasures.Differentnano-
formulationtechnologieshavebeenfavoredbyrecentinvestigationstoenhancethe
operationsofnaturalantimicrobialsubstances,forbetterfoodfunctionalityandquality.
Thishasbeenachievedthroughthedesignofnano-encapsulatingandnano-laminate
deliverymechanismsthathelpinpreservingsensoryandorganolepticattributesoffood
[14].Previousstudiesreportedthemetalnanoparticlesofgold,silver,zinc,copperto
solvetheproblem ofantimicrobialresistance[15].However,nanoparticlesmadefrom
metalsandinorganicsourceshadlimitationslikelowratesofclearance,littlescopefor
surface modification and enhanced toxicity effects [16].Nano-carriers based on
syntheticpolymerslikePLA andPLGA alsoexhibitedlimitationslikeaggregationof
proteinaceousbiomoleculesencapsulatedintheirinteriorcore[17].Further,liposomes
had poordrug encapsulationefficiency,low stabilityand highratesofreleasefor
biomolecules[18].

Havetheconcernsbeenaddressedeffectively?Nanotechnologymayovercomethis
problem byencapsulationofantimicrobialsintocarbohydratecoatedplantbasedprotein
nanoparticles,enhancing theirefficacyand stabilitywith specific targeting due to
presenceofpolysaccharidesonto thesurfaceofproteinsto combatantimicrobial
resistanceinfood-bornepathogens.Theuseofpolysaccharidesinproteinnanoparticles
can be an alternative forthe controlled release ofantimicrobials [19].Protein
nanocompositesamalgamatetheadvantagesofnano-sizedstructureswithfavorable
characteristics of biomolecules. Proteins are biocompatible,biodegradable and
abundantinnature.Theamphiphilicnatureandsurface-activepropertiesconferproteins
theirfunctionalattributes,makingthem ofgreatimportanceforthefoodindustryasthey
canbeappliedintodifferentproductsasemulsifiers,foamingorgellingagents[20].



Basedonlowercosts,healthandreligious,moralorenvironmentalconcernsrelatedto
theconsumptionofanimal-basedingredients,Consumertrendstowardsplant-based
foodsandproteiningredients[21].Therefore,nano-formulatedbacteriocinencapsulated
plant-based protein-polysaccharide conjugates could be a biodegradable and eco-
friendlysolutionto tacklethischallenge.However,duringextraction,processingor
storage,proteinscanundergopartialorcompletedenaturationthatcaneventuallyaffect
theirintendedpurposeandfunctionality.Thedifferentcharacteristicsofproteins,such
astheirfunctional,surfaceandrheologicalproperties,willdirectlyimpactonthesensory
characteristicsoffoodproducts,suchastexture,aroma,flavorandappearance[22].
Nano-conjugationofproteinswillimprovethefunctionalpropertiescomparedtothose
ofthenativeprotein.Thesolubilityandotherfunctionalpropertiesofplantproteinshave
beensubsequentlyimprovedthroughtheconjugationwithcarbohydrates[23].

Protein-carbohydrateconjugatescanincreasethethermalstability,andimproved
solubility,foaming,gellingandemulsifyingproperties,relativetotheproteinalone[24].
Theseimprovementswillbroadentheuseofproteinstoproductsthatrequiresevere
processing conditions (broader pH range,higher temperatures) and to the
developmentoftailored protein-carbohydrateconjugatesforspecificuses.The
impactofconjugationonthenutritionalqualityoftheproteins,aswellasotheruses
inthefoodandpharmaceuticalsectors,suchasantimicrobial,antioxidantandnano-
encapsulationofcompoundsfordelivery.A veryfew reportsonencapsulationof
antimicrobials into carbohydrate coated protein nanoparticles, for improved
capabilitiesinthefoodandnutritionfieldfortheirapplicationindeliverysystems,
packaging,foodsafetyandsecurityhasbeenreported[25,26].Conjugationwith
protein–polysaccharide nanocomposite willenhance the antimicrobialactivityof
bacteriocinsand,willalsoprotectthem from proteolyticdegradationandextend
shelflifeoffoodproduct.

Whichantimicrobialsarecurrentlydeemedeffective?Unlikefreebacteriocins,nano-
conjugatedbacteriocinsshowedbetterstabilityandawiderrangeofantimicrobialaction.
Ultimately,nanotechnologicalapproachesprovideanattractiveoptionforantimicrobial
peptidestobedevelopedonanindustrialscale.Nisinisthemostpopularamphiphilic
Bacteriocin/antimicrobialpeptide,approvedbytheFDA,whichhasbeenusedinthefood
sectorforextendingshelf-lifeandimprovingfoodsafety[27].Nisinhasbeenused
commonlyinthefoodindustryasanantibacterialagentagainstseveralfood-borne
Gram-positive strains such as Staphylococcus aureus,Listeria monocytogenes,
Leuconostoc,C.botulinum and C.sporogenes.The widespread use ofnisin with
different nanoconjugates for bio-preservative applications has also led to the
developmentofnew packagingtechniqueswithimprovedantimicrobialspectrum [28].
Nisinhasbeenusedasbio-preservativesinvariousfoods,theyareactiveagainsta
rangeoffoodpathogenicandspoilagebacteriaduetotheiractiverangeofpHvalues
andresistancetohightemperatures.Nisinisclassifiedasaclass-I-abacteriocin,also
calledlantibioticandisthemostcommerciallyimportantandcharacterizedbacteriocin.
PediocinisaclassII-abacteriocinthatisproducedbyPediococcusspp.Pediocinhas
beenshowntobemoreeffectivethannisinagainstsomefood-bornepathogenssuchas
L.monocytogenes,S.aureus,Pseudomonas and E.coli[29].Lacticin is a two-
componentlantibioticisolatedfrom anIrishkefirgrainusedformakingbuttermilk.
Lacticinexhibitsantimicrobialactivityagainstawiderangeoffood-bornepathogensand
foodspoilagebacteriainadditiontootherlacticacidbacteria(LAB)[30].



Futuristicscope:Microbialinfectionsareverycommon(therearemorethan1million
cases peryear)in India one ofthe majorcomplications leading to antimicrobial
resistance.Antimicrobialresistancetransmissionviafood-bornepathogensisamajor
concernallovertheworld.ThegovernmentofIndiaisverymuchawareofitandrealizes
thatmicrobialinfectionsareenvironmentalaswellasdevelopmentissue.TheIndian
PublicHealthAuthoritiesreleasedtheirNationalActionPlanonAntimicrobialResistance
in2018atWorldHealthAssemblyinGenevainMay.TheNationalActionPlanon
AntimicrobialResistance covers a wide range ofthemes and factors thatdrive
antimicrobialresistanceandclearlyoutlinesallthechallengesthatneedtobetackled.
Therefore,governmentisfullycommitted to managethisissueso thatcountryis
protectedfrom itsadverseeffectsandthegrowthpathremainsstable.Asetbackisthat
theinteractionmechanismsoccurringinbacteriocin nanoconjugatesresponsible
forstraininhibitionisnotfullyunderstoodasyet.Researchinthisfieldisinearlystageand
itisanticipatedthatprogresscanbemadeinthenearfuture.Torealizethetruepotential
ofbacteriocin-nanoconjugatesfortheirapplicationinfoodpreservation,thereisaneedfor
understanding the interaction mechanisms between different bacteriocins and
nanoconjugatesandfurther,bacteriocincapsulatednanoconjugateinteractionwithpathogen
cellwall.Weareprettyhopefulthatthecarriedscientificeffortsinfuturewillsurelyhelpto
develop safe and effective bacteriocin nanoconjugate approach for food bio-
preservationandfoodsafetyapplicationwhichwillinturnreducetheantimicrobial
resistanceproblem whichhastobesolvedassoonaspossibleto savemankind.
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