
Cotrtents lists available at

Applied Food Research

journal homepageLLJT \ II:I\

Response surface methodology in postharrest and food technology
research: A bibliometric assessment

Sathiyaraj Sivaji , Suriyakala Gunasekaraa , Rattapon Saengrayap ' , Pramod Mahajan
Tatiya Trongsati&ul , Di Wu ,, Kayeen Vadalkan , Suchada Sukrong ,

Saowapa Chaiwong " -,

" $.l],,ol oJ Nto-hn sq. Ma. Fah unns Ua a1i4. chinl{ Roi s71oo, Ttvilold
t cdtn oJ Ltc.1!as. i^ DNA EarDdtn! oJ Tlsi NdXituI PL^n, ta,Erntutu oJ zhffirogBy ond Ptstuatn ol Bobny, fad' ot Photlno.arr,.al scitud,
c.hnob,lgkon utul68 , D@tl* to33o, ?7tuilni.l

' hqtud Agi-reh b6lsrpn R@h Grdp, M@ Foh Lldu Uni@iq, chid!€ Aai 57M, Thail@d
d Dqonndt ol sft6,s I't66 Engin@ing, Iabniz hsti!.lt 16 AgXllnlral hgi@brr d,,A BituononV (ATB). 14469 Poid@t a@y
' s.hool E Poltw Bt si@i"E, sno@ Univ$iry oJ re,,nolog' Not-hd Rdftharinla 3oo@, Thdilanl
t cow. ol Agtialn@ o!d. BiotEhbbgy, ZtujianE Univ.rrit!, Hawrl@u 310..58, Chia
. A,ala b4tud M"ti.o1 R.l!fth Dpnaq Antda l,L*i,!E ol M"di.ai S.ida, ntitu, rzal4 68O55s, lndi4

ARTICLE INTO ABSTRACT

Qualiq

shdf life

Thir bibliometric study revealed research trends in the dobal usase of r€sponlc surface methodoLosy (Rsxvl) ir
pdtiarv€st and food techooloS]', focusing on optimizinS ftuit and veSerable qnality, storaSe, ard shelf Iife Data
w€re ntriev€d ftom the Scopus databa!€ covedng tle years 2015 to 2024. A total of 2157 relEvatrr publicatioDs
w€8e irduded. Thc BiblioB€rrix R-pickige ard vosview6 w€re us€d to nnal]Ize publicatior patterEs, author
oetlvo!},s, .ourtr, collabor.tio/rs, crrd tlrcrmtic arulysis. Tlrc rEsults iAdicated a si8rificarrt iacre-rse h publi-
cations, wit-h u aanual grcst! rate of 9.16% ard a peal of 319 i.D 2024. Documert aaalFii idertifed the BGt
iDrpactfirl studie! iD thi! field, with toFcit€d artide3 focusinS on spray drying, pectin e!.tractior\ oad pheoolic
€rcaFulatiorl" IDdia recorded the !ro6t publicatioDs, while the highest Dumber of inteoational cdlat'omtions
wns betweer tne Uoited States and China- TheBatic a.Ealysis r€vealed the kelarod! ioptiEization , 'stora8e,
.nd 'stef-life" as the rnajor them€s ddvinS r€Ee-arch itr this field. This biblioEetric atr.lysi, provid€s atr ov€rvierv
of the c1lrreot state of RSM iI th€.e productive !€6e-arch area6 ard sqte6t6 futurE opporturitie6 for imo!,ntion
ald colaboratio! to r€du.E tood lo6s ird waste &tdle ircaEasirg agriculture a-[d food srstaiaabilit -.

l. Introduction variatioD is hBh atrd accumcy is importatrt, such as in tlp postharvest
phase of dre agricultural brlsiDess.

Reducios food lo6s atd food wastg follouiDs the Ulited Natiotrs
Sustoioable Developareot Goal (SDG) 12.3, focuses on halviag global
food lo.ss ond wa6te by 2030 ( . ). The Food and
Agriculture Orgadzation has estimated that on€..third o, all food for
hirnla.a consumptios is either lost or &?sted, amourti.oS to 1.3 billioo
toEs each yerr ( ). Food lo3s unrally occurs be.
tween the harvest and retail statei, typically due to a lack of propet
postharvest hardlitrg (esPecially with pedshable coururoditiec such as

Iiuit6 atrd veaetabler) ( ). Food waste, oE lhe olher haDd,

ts?ically occurs at the retail a.od clAsunEr lelels, where food is wasted
due ro or'er-purclusinS, poor ctoragq a.od poor food hr.dliug. our leas

eOF tvt

Rerpoose suface methodotoSy (RsM), 6rst iaEodrrced by Box aod
Wilsoo io 1951, coarp.iser a set of Eatheoratical .urd statistiod tech-
dques lhat can be apptied to arodel and optitrize proce6ses with trul-
tiple variables ( ). RSM idertifies optimal conditions
usint the fewest erperinreBtal runs, r,hidr often saves time arld re-
souces ( ). ExperiDr€ota.l desiSns stlch as CetrEal CoDr-

posite Desi8D (CCD), Bor-BehDketr De$i8! (BBD), atrd Doet ert Desi$
allow RSM to structue experimentJ efficiendy ( ;

) using secoud-order polyDomial models that
eqlaiD syst€[r b€halior aDd ideotift optiaml pata.Dreters

). This is partidlarly advaDtageous where aatural
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of "postharvest a.trd food' deootes trat theie are complaneDtary dlal-
lenges that hid iSht the inportatrce of reducing 16 thoughout the

etrtire food stpply chain-
Research i.D posdErvest scieDc€ ald tedmoloty foqrseJ oo

iorprovitrg rtorage dryitr& ald packaSiry systeols to deceaJe upstr€am

food toss. Ia this rqard, RsM has beeD extensively applied to optimize
gtoratc possibilities, drliDg teduologies, aad pcckaghg methods
( ) to xriti8ate euzp&tic LIuwuilrt, urrrobial
ptoliferatio!, dcrtructiyc textural chalgca, trroishu. lo$, and loss o[
trutdtioD to maxiDize the shelf life aod quality of pedshable corlolod-
itier ( : ; ). RSM has bee! applied to
optiuize a variety of postharvest teatlreot5, iodudiag chouical,
physical, aod biocootrol Eeatne[ts, to maiDtaitr p&duct posdla-rve3t

qu. ity, lrrilrhrize spr-ri\e, rrld exteud D-rarketatrle life (
., ; ,. ,:. i ). Pairiry RSM widr

oew and existint prcservatioD m€$rcdr such as oatroelc4psulatioo,
edible c.atiDtr, bio-ptesereotives, aad sDrart packagitrS has yielded
ftlrtller opportutrities for miti8atitrS portha.rvest loss atrd eDhancint food

"rfty 
( ).

RSM is a.D iDportant pan of food scie4€e and techtroloty. allol ,itrt
researchers atrd technologisG to hvesti8ate different processing pa-

m.Dreters at oDce to etrhaoce product quality, safety, fuoctioDalit!', aad
a<'ceptance by colnuners ( ). It is applied to
optiDrize fomrulatio[s ia firnctioaal foods, fotificatioo sBateties, fla!'or
enlla.trceorelt, textute lrodjficatioo, ald shelf-life extension
( ). RSM also provides a stuctl,Ied experidertal
desitD, which reduces the total nuErber of e4)eriEretrtr atrd easure6 trat
Are r8ults arc repeatable. It ca[ also add value by optiDriziDs the
exh:actioD of bioactive coopourdr ftotrl undeotilized atdcultual
by-pxoducB and crops, prcnotio8 the co!\'etsiotr of surplus produce

bto valuable ilgredierts ( ). Thus, RSM cao effec-

tively and suslaimbly fuprove food quality, rcduc.e waste, aDd rr(rease
the potential of a$icrdtural resorrces.

Biblio etric a.oolysir is a 
','steDatic 

approadr that helps mderstand
the enrergeice atrd sitlidcance of RSM in pocdrarvest ard food systelx
tedEoloty. lt combiftf the quantitative atrd qualitative evaluation of
scholarly outpnts atrd the itrtellecfta.l stnrcture of spe<i6c res€arch
areas, a.llowing visualizatio! of research trajectories, productive arr-

thors, iDlluential literature, collaborative tretivorkr, and emer8int
theE6 ( ; ). BiblioDetric ttudies provide a
quantitative stnrmary of the researdr output of a! area ttuough
aofltlziflg publicatioD r*ults, citatiotr analysis, co-^uthorship aoalysis,

ald keyrvord c@acrutEoce amlysis. The dissenriDatioo of RsM itr
aSriculturaf and foo<t research has gom substaatially; however, a

si$iEcant tap remaias itr comprcheosive biblionetric studies on RSM

applicatioos iD postlrarvest and food tedrDolo$/. A bibljometric atralysiB

wo[ld ha!'e great lalll€ for dre staateSic developDent, publicatiotr
ideDtificatioD, ard ftrtll{e researdr.

Bibliometric shrdies rclated to posrtnrvest research trrve included
agri-food traceobility ( ), trah stomge ald packadry
tec*rnologies ( r ..;. . ), Artificial
Itrtellitetrce (Al)€eoerated posthafl'est inrprDverEBts (

), and halal food ( ). AIso, bibliomeaic
studies io food sci€nce and safety also itrduded sirdie, on treads ia food
qrmlity trvmateDEtrt ( ), AI appfcntions in precision
agicu.ltur€ aod agri-food traceability ( ), impacts of
dilrate chatrge otr atriculhue and food productiotr ( ),
atrd tedEiques io food waste ( : ). Preliotrs studies itr
food technoloty utrde$coted the biblioEretric a.traly6i6 of RSM for aany
applicatioDs, zuch ar optimizatioo of carotenoid aod pectitr extraction
usitrg RSM ( ; ), Drea-

surenent of RSM with observational data ( : : ), and the
application of RSM to the biogos process (. ).
Th6e studies have orade si8lIifrcant cotrEibutioDs to tlEir rcap€ctirc
fields, but oooe have speciEcaly add.ressed the role of RsM in opti-
miziag postharvest a.trd food teclDoloty. This abseoce undeEcores the
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need for a focued bibliooreEic aultsis of RSM iD these areas. A tar-

Seted itrle6tigatiotr would offer valuabte imights irto food pr€6€rvatioD,
quality improvemenL and sustaiDable pmctices io posthowest man-
ageDetrt arear that renEin rmdereq ored in the exirtin8 liteaature.

This study conducted a co$prchensive biblioaretric analysis of the
exirtinS lite@ture on the applications of RSM iD posdla ve't a.od food
tedmolo&r. This oralysis raced the deYelop$eot over tiEe usiag

uotablc coutributiolr, pri ulry iDstitlrtious, iutenatioual collabor.t-
tiom, a-nd orhcr prooriDcot sludies to idctrdfy patterns, 8aps, and pro-
spectile pathways to steer futher advances in the doDaia. The oulc.otrre

of this study ca! assist researcheJs, policyEalels, ad itrdurtrr- stake-

holders ia temu of kaowled8e cleatio!, iocreasiry reserrdl visibility,
and de!_elopitrt collaborati!'e fiameworks to rcduce posthafl'est lo6ses

arrd eDlurnce Slobal food s€,.urity.

2. Materials and methods

2.7. Datu sources aiil couectiott

A biblionetic aDalysis of re6earch treDds worldwide tlnt tsed RSM

for postharvest and food teclrtrologli aieas was condtrcted on March 15,
2025, specifically focusiot otr fruit ard ve8etable quality, storatg a.od

sh€lf life. Dnta were obtained ftDnr Scopus, accepted as the nrcst widely
used database of peer-leviewed literature acloss mtdtiple frelds of sci-
eace. The search was coEducted utrd€r the TITIE-AB$KEY with the
followitrt Eeardr terBs:

CRSM" oR Respolse surface Methodology') AND C fruil' OR
'\'eSetables" OR quality OR -sheft-life'OR shelf life OR storage )

The seardr focused oo articler, rerierv6, books, ard book dupters
published in Engtish from 20l 5 to 2024. This plDvided dre most relei.ant
reseaich pubtications for the bibliometric a-nalysis (

; ). The subject area was r€sbicted to a8ricul-
tu!'al a.Dd biolo8ical sciac€s to aid in data reliabiliry. A lratrrlal
cross-vedficatioo piocess was then eEplo'ed to elhriaate duplicate
recordr and irrelevant studies atrd achieve a fiDalized. hiSh-S"dity
dataset for the biblioartric aoalysis.

2.2. Data e.xtraction

To eusule a eliable aDd refiDed datase! ody te6eaEh ft lly
coDr.Eitt€d to the applicotiotr of RSM itr posthar$est aad food teduol-
o6ie5 was considered for bit liooletlic relel a[ce. Two inrporta[t dletrres
were prioriti zed.

1. optiuizatiotr of f.uit ard i'czetable storaSe atrd shelf life usinS P.sM.

2, Quality improYenreDt atrd tedDological adl'aoc€metrts itr food prc-
c!5sitr8 nsint RSM.

A tota.l of 3208 publicatiotr were origi,I,lly ideotiid, wi$! 2157
eliSible for rcrielv at the screeaiut sta6e ( ). PublicatioDs tl|at did
trot focus oD posttrarvBt applicatiotu or those lackiBt trr€thodological
relevaDce to RSM were excluded.

2.3. Bibion@tic orulysis

This study cotrducted bibliometric aralyses utilizitrt the BiblioDretri!
R?ackate (version 4.3.2), atr op€tr-source software for quatrtitati\'e
research in bibliometrics. Bjbljometrir was developed b, Arja and

cuccunrllo ( ), prosranuEd h R laquaSE, and

includes an er<teosive rarte oI tools for statistical aoalysis a-od scieoce

orapping. Biblioshiny, a weEbased int€rfac€ for bibliometric a.oa.lysis to
help users with limited codirt ktrowledSe. Biblioshioy allows users to
irnpolt biblir€.aphic daLr ftulrr larye scietrtific databaes $rch as Ss4rtls
aad Web of Scierce in difftEat fonmtt (Bibt€.q CsV, and PlaiD Texo-
Biblioshiny also allows users to for a mot€ riSorous

a
1.
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aralysis. In this 6tudy, Bi
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data ftom Scopus iD CSV format for the itritial explontory analysis.
This research also used vosviewer (versiotr 1.6.20), available as

opeo-source software. vosviewer, specific software for SeDeratiag a[d
visualizing bibliometric tretworks, was developed by V{tr Eck ald
Walhra! ( ) and lrsed to ceate tretwork vi-
sualizatiotrs to explore liok3 betwecn the variou biblioD€Eic units $rdr
as jottoals, papers, citatioos, audrors, and courtries. The network vi-
sualizltiors ploduced by Vosvie$'er itrduded circular lode nrnpr for
each aDabtica.l rmil wih rodes of differeet sizes reprseotitrt the
varriDs re-lative importaDce of the a.oa.lltical udts- Lioes coDDecting the
Dodes rcptesetrt re-lationships between the diffsellt aDalytical udts,
while the thicl@eas of the contrectint liaes rq)res€trts the streDsth of
these lelatio.rhips. The nodes were aIrc lgouped into dusteis bdicated
by c:olors that rqg8e6ted collabomdoD pattems or themfltic links within
biblionEtric dataretg. Netwol* visualizatiols pro\,ide dre retrder widr an

rlderstanditrt of teads iD sci€otific collaboratioD and the cotrteDt ard
themes HiDd key research ouquts.

.\ppu .! Food R6arh s (2o2s) ,0141

3. Results

3.1. An overview of RSM research perfotiton e stotisti.s in Fxthonat
ond food tPrhnolog

illustrates the RSM rBearch ouQut itr pGthrrv€st a.od food
tedmology drat has shosl si6ri6cas.t 6ro${h over tlrc part decade.
Betweer 2015 axd 2024, 2157 deuDeDts were puLlidred a.:f(xs 339
sourEcs, dcnronstratin8 an annual 8rowth ratE of 9.16 .,6. Thc ayeraSe

doctrneot ate was 4.79 y€ars, itrdicatiDA that mo6t studies w€re rela-
ti!'ely receflt. The research hrs also gaioed stong acadeadc etrgag€ot€o!
with atr averaSe of 17.34 citatiou pe! docunrelt and 84,472 refercoces
dted a6oss these publicatioos. L! terDs of researdt cotrrelt, 8507
ke,words ard 5194 nudDr kepvords rvere idortiEd relL.ctirrg dre
diverse thenratic areas covqed by RSM applicatioos io postharvest a.trd

food research. Authorship analysls levealed that 7342 authors coatib-
uted to this ierearch, with ody 34 sioale-author€d docunetrE. Ille ca
authoEhip mte was 4.81 authors per documeog iodicatiry a hiSh
level of collaboratioo, while 20.82 % of 6rc publications i.o\.olved iD-
ternatioDal co-authorship, flEgestitrg substalrtial tlobal rcaearrn
eotageDetrr io thi6 6eld. Most docrmreats were researdr artide6 (2 129 ),
followed by reviews (1a) and book drapters (10), indicatinS Srat this
6eld is prirn ily driven by experimestal iesmrch and methodological

Progess.

3.2. General pbliration trends

RSM research outsut Eetrds itr posthar:i'est a.ad food tedmology
iudicate an i[cteasin8 tru'trber of published artides flom 2O15 to 2024,
raDgiry ftotrr 145 iD 2015 to 319 in 2024. This incEase rvas due to the
utilizatiotr of RSM itr posthaJvest food techDiques, with a dfastic growrtt
ia publicatious frcm 206 to 254 betweeD 2020 aDd 2021. The hitheft
Du.trrber of docurretrts was published itr 2024, iDdicatiat the expa.odiot
ilrportarce of RsM optiorizatiotr in the fields of postharvest and food
tedlnoloay ( ).

3.3- Solbce ona|l,/si:

As shown in , the bibliometric a&lysis determircd 2157
docuoreDts published in 339 joumals. Anrotrg these, the top I 0 souces
ac.outrted for a sitdicant proportioo of the researdr on RSM applied to
porthaiest and food tedmoloSy. The Journal of Food Processiry atrd
Prcservatio[ ted with 160 artides, followed by the Joulal of Food
scietrce aad TedEoloSy (129 artides) aDd LWf (1 22 artides). o dter key
contibutors iDduded foods (1O8), Food Cheanstry (106), Jounal of
Food Me{rureoreot ard chamctedzatiotr (102), Jouml of Food hocess
Eryineeritrg (80), Industial Crcps and Prcducts (55), Food Scieoce atrd
Nutritioo (49), aad Jourflal of Food Scietrcc (39). Th€sejouruals, pub-
lished by leading academic publjsh€rs such as Wiley (4), Esevier (3),

Spriryer (2), a[d MDPI (l) focus ou r.arious aspects offood presenatio&
processing techoiques, food saIeq, aDd quality. Tlre Pteseoce of oPeo-

aeess featutes in several jouma.ls inqeases the exposue, read and
o!'erall accessitility of researrh to the pubtic and the global scieatific
aoDrtrnrnity.

3.4. D$l,ne,tt anolls*

Documen t analysi s is a po$,erful tool for snderstardiDt how reseath
evolves and which shdie6 $hape a fietd. Amllziot published r€search
helps to uDc'over the most i.ofluential wo* nsioS RSM i! Sle po66rar! e3t

a.od food techooloSy 6e-lds. The ,Do6t cited artide was a review dr.1t

explored trends id the splny dryis8 of liuitand !' etablejtdces (

). The 364 citation6 and an average of ove lo citatiors Pct
year rcsoaatd with rscalch oo drying techaology and prc<6 opti-
nrizaiotr- This was dosely followed by a examiortrt tbe

peel usiug

I

E
c
p

-j

Documents ldentitied by koyword scarchlrom
Scopus database (n= ! 5.134)

KE\4/r'ORDS: (RSM oR Response surface
methodology)AND (Frurt OR Vegetables OR

QuatityOR Sheltttfe OR Shcll tifc OR Storase)

Time span 12015 20241. n='t1,2O0

Subjoct area (Agricutturat and Biological
Sciences): n=3.B35

a 
- 

Document type (A(icte, Revrew. Book Chap;;t
I
l

' LanEuagc (EngLish): n=3.2O8

Dupiicate and ifielevant docLlntents exctuded

Documents related to food: n=1.271
(Articte n=1,248. Review n=16,

Book Chaprer n- 07)
D@uments rel.aled to postharvest n=886

{Articte n=881. Review n=02. Book Chaprer n=03)

Total number of documents inctuded in
bibtlometric ane{ysis n=2,157

Fit. 1. sel.ctio! piocr66 for tne biblioE€dic a-oa.lFis of Rsft,t itr pctharv€st
a.Dd food tec!rclo$.
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Table I
Top 10 Jou-rnals prblishinS les.aJth oD RSM in pethaw€st lnd food tecbnology
fro[l 2Ol5 to 2024.

Publi6hd Anicle op@

Appli.l rood a6c@h s (2025) 101,,61

from papaya seeds, pectin rerovery ftour hanana and passioo fndt p€els,

a.trd stabilizatioD of althocyanios iu food prtxlucts. Eadr study de[ro!t-
strated stronS citatioo p€rfornutrce rastint froDr 187 to 233 total ci-
tatioos, Eflectitrt the gowitrt inportsuce ofcombining RSM with 8t€etr
teclEologies aod furctional food developn€nt ( . ).

3.5. Auttor @tdlysis

3.5.1- Top a!&ots by prblicalions

The oumber of atthors cotrtributiDs to researdr itr this field was
7342, reflectint a broad and diverse scholarty conmrunity. The majority
(ao.7 ryo) w€re single-publication authorg each coltribr*iog oaly ooe
pap€r. This findina swtested lhat, while maly researdrers eogaged
with the topic, a snEller corE group drove the research actilitr. ODly

1416 authors publidrcd orore than oDe docuuent aDd a! e!'en sxsrller
rubset (135) produeed Erore Ala.E fr!-epublications, higl 4ttiaga higt y
cooceotr'ated troup of prolific contributor$.

AmoEt the leading cotrtributors, Li J, Li Y, aad Sinth A wete tlle most
productivg each witfi 2l publicalions, followed dosely by Liu Y, (20

papers) atrd Wart Y a.d Arary Y, each with I 9 publieations. Wang J and
Wary Z cotrtributed 18 documeae apire, white Chaltraborty S, Chea J,

ord Kulrar V coEpleted the top tier with 17 publicatiols each. The
publicatiotr couots of these top audrrs, offut a sD{pdlot of the trrost
pro[fic authon i.o the doonin as shor,tn ia

3.5.2. Top aufiors by citations
. iU('trates dle aralysio of tolal ci tatiol .uurtB drat p$vided

nranindid inrithts into thc acadcoric iaflrcace of individua.l rt-
searche8 in the 6eld. The top 10 citntions arE Iisted in

riS. 2. Rc.aarch FforBarc. statistio otr RSt\4 in po.tharvcrt ard food technoloty usiry Eibli6hiry

:0li :016 :l)i- :trlS :0lo :0:(r :(,:l :C':: :O:,r :(!:l
Yerr

ftt 3. Anaual sci€ t6c Foductid of RsM in pctharv.Bt atrd food technology itr tle last d€.adc or thc Scopu. databasc.

Joumal of Sood Pl!<6iog

Jolmd ofrood Scid..

LWT

sprio8o

li.lDPl

sFiotrr

Qr c/7 !6) in
2024

Qr (86 %) ir
2021
Is r (96 .6) in
2024
'I'lE I (99 %) i!
2021
Trq I (94 *) i!
?o24

Q1 (80 !6) in
m24

l@

129

\22

lqi

l06

t02

ao

55

39

No

No

No

Jom.l of P@d Pre6

Joud of lood scioc.

drcvia

Q2 (72 %) ir
2A21

Tiq I (92 %) in
2,21
Qr Oo c6l ir
2024

Q2 C/3 e6) in
N:24

ultrasoud-assisted heatiot ( ), which eamed 328 ci-
tations, showint a strong itrterest in sustaiDable atrd efficient extractioD
rnethods. A paper on phe[olic extraction and encapfflation techniq(es
was tlird widr 237 citatious ( ). TIlc lelrniui t
top-cited publicatioos covered a rante of topics iadudi[t oil exu_actiotr
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T.Irh 3
Top I O prolinc authoN in terms of number of publications, citatioDs, and h-index
iD the 6eld of RsM i! p6tharv6t aod food lechrology.

clDtributors, eamiD8 435 a.trd 433 citations, resp€ctively, hrtely
throuth resealch on extractior optimization a-od posdrrr('est techtrolo-
gie6. Cheu J (41 9) and Cao Y (392) rouded out the top teD. These hiShly
cited authors have helped shape cufielt rerearh diectioff and
cotrtitrue to iDJluenc€ advances iD poslhar'vest and food techaolo8]r.

3.5.3. Top aud]ots b)/ h-inder
The real in+act of a.tr autho! can be ela.luated by tttei! h-itrdex

because aulhor ptoductivity is oot always lhked to the iopact of their
publicatious. Ltr this shrdy, the overall author h-iodex, considercd al
relevaot artides published by the author. Specific esrphasis as Eiveo to
artides erdusi!'ely app€arin8 itr the sample, furth€r idetrtiiiDg those
with th€ greatert idluerce itr each case ( ).
Based on dre h-hder a valuable oretric reflecti{8 the productivity aad
consistmt impact of a r€search€r, the top 10 authors iD this sttdy
deBousu'ated a strotr8 scholady ples€oce itr posth$r'est ard food
teclmoloty research usitrt BSM. Ladiry the list were Chetr J, Pradhan
RC, Watrt J, and WaDg X each with an h-indq of 11, indicatitr8 that they

authored at least 1 1 pap€rs that rcc€ived I I or more citatiotrs withiD this
dataseL This level of perfomunce hiStrlighted th& sustaioed contri-
butiotrs to atrd influence in tl€ held. Following closely werc Ferreira
ICFR, Li Y, Liu Y, WanE Z, and ZtJ,ang Y all with an h-itrdex of 10.

RouDdiog uut dle top 10 was li J widr a,r h-iudot (f 9, and alo alroug
the most prolifc authors ilr tems of publication cou.ot. SeverEl other
authors sudl as SiiSh A, Want Y, a.trd Zhao L also had a local tFindex of
9. However, for the purpo.se of this a&llBi$, otrly ore rcpre6etrtoive
froD this Srorp was itrduded to DraiDtaiD darit, iD ideatiryinS the top
10 authors bas€d otr the
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the broad inpact of lheir recearch. Clo6e behiod was Xu Y lvith 571
citations, followed by Barros L (552), highliShthg their sroog presence

in stud.ies related to frmctiooa-l foods and DaturEl antioxidalts. Bafieirc
MF md Prieto MA $fio studied sustriaable food proctssiry and
aMlltical t€choiques rcceived 468 citatio$, tying for the fornh posi-

tion and indicatitrt consistent scholarly eDgaSenrert. Shishir MR,
recogaized for ieseardr otr sprcy drriry cnd juice porvders, clso rn:tde o
si8trificatrt inpact wifi 463 citatioDs. Watrt Z and Watr8 W wete key q
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3.6. Most relzvatt alfliations

. , p.edetrts a bibtiometdc atra.lysis dlat identiEed the rop 10 af-
filiatioas cortributiag the trrost !o RSM E6€arch i! poslharve$t alrd food
tedEolosy. The btaDlic Azad Udvef,sity was the lrost prodtrtire
itrstitution wifi 115 published paperr. Other leadbS cotrtributoE
iacluded Udversiti Putra Malaysic (95), Putrjab ASricultual Uaiversity
(89), Tezpu Uuiversig* (8O), arrd NarjiuE AEri.rlh& Uuivtriity (78),
Thc Udvsrity of Novi Sad (71), Natioaal Institute ofTcchnology (53),

North$reft A aad F Uaive6iry (63), llstituto Politecoi.o De Bm8aoea
(55), atrd JiaDgs! Uai!'ersity (54) also played sitEi6caot roles in
adlancitrg researdr io this field. The substa.otial publicatioo outputs
from these iNtitutions higt iShted their active eogatemetrt iD post-

llaflr5t aod food-ldated rrseardr utilizil8 RSIU, deno stratu8 rlre

$onin8 hrporta.trce of optimizatiotr tedltriqrres io aSriontural ard food
tedDol%y research. lnteresdotl),, six of the top 10 iDstitutions lv€re iD

China otrd Iodio, iadicatiDt thot these coutrties had a sEoDt itrterett in
RsM i.o postharvest ard food tedmol )'.

3.7. coto&'f @t*sis

As showr i! , the dobal ladscape of RsM researdr itr post-

hari'est aad food stridies, bar€d o[ *re comesponding author countries,

revealed aotable I%ioDal disparities. I-odia had the hithert oumber of
publicatioas (391) folow€d by ChiDa (3.18), Imn (152), Tu*€y (t2B),
and Brazil (100) iodicatiry siStrificaot scieotifrc oqQut from Asia and
south America. Additional costibutors itrcluded Malaysia (65), spain
(62), Thailand (61), Niteda (53), and Mexico (45).

b tetms of collabotation patterDs, singlecolrtrtry p[blicatious {SCP)
dominated across all nations, with India exhibiting the highest number
(364), foUoleed by Chitra (291) and Iran (130). Mrdtiplecoutry pul>
lications (MCP), irdicati!8 itrtematioDal collabomtioD, wete arost
proEine in chha (57) fo[owed by Iran (22), Malaysia atrd spaiD (20

each), and Thailad (f9). Notably. Iodia vitrile haviag the hidEst
overill outPu! showed liDrited iatertratiooal collaboratioo, !\ith only 27
MCPS out of 391.

3.8. Co-atd&rdtip fietwo* dlmlysis

The co-authorstrip alalysis invok'ed exanridtrt a.od eva.luatiag
collaborative relatiotrships bettveel researchers by anal,yzirt pattems of
ceouthorship itr amde ic publications ( . ). Ihe
followinS rection pEsrnts the stre!8th of collaboratiotr throuth
coauthoaship by authors and coutrtries.

lrllnric,\/il(l l'rlr\crirr\
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3.8.1. Co-outhonhip by attlwr
The ftrll couting method w6 applied ir Vosviewer to calculate cro-

authorships- A midmutrl of 1 0 documeDts and 10 citatiors was set as the
thrcshol4 out of 7328 authors. From this, 43 authors mel the thf€drold,
aad the top 10 authors with the $eatest total litrk ste$gdr w€r€ select€d
for visualizatioa. pres€nts a network map of these ccauthorships.
Among the selected authors, War18, X lod Zha{8, Y shorved the hi8hest
totrl liuk strellgdr oi 12, widr War& X tuvirt 15 pubticatioos aud 347
citatiois, aad Zhr-o& Y havid8 19 ptblicatioDs and 346 citatiors. Thcy
were followed by Lir! x, Li'.r" Y, atrd Won& Y eaci wifi a total titrk
stretrSth of I 1, itrdicatint strotr8 collaboratir€ activity withitr this author
duster. Notably, Wao8, Z had 18 publicatiotrs atrd the hiShest cjtatioo
couDt at 4S5, hiSl ightiDs the scholarly impact de6pite an equal total
link stlerSdr of ll Li, Y ard Zlxu€, L showed arodcrijrtc collaboratio[
levels, while Wang, J and Warg, L also coatritruted sigaificardy with
consisteot publlcatioD a.trd dtatiotr records. The virttallzatiotr rcvealed
tfiree aitr du6ters of co-authorship as the red-cluster, 8r€ea du.ster, a.nd

bhe d stei su8gestitr8 active coll,aboratioD network amotrt leaditrS
researchers ia the fields of postban'est a.od food techDolosy re-lated to
RSM.

3.8.2. Co-authorship by comtry
The cGauthor$hip network amont cormtries engaged ir publishing

rerearch otr RSM i-tr postharvert and food tedEology is illurtrated itr
( A). the aMfysis inrolved 102 eo!trtries. A oridaruar threshold
was set to include couDtries with at lea6t one documeat aod at least zero
citations. This resulted in dle itrchrsiotr of a.ll countriec, whidr were
hrrdleJ divided into 1.5 cluste$ bas€d on their collaboratiotr liokaSes. As

shown in B, a secondary analysis was cooductd focuaiog otr 6e
top 10 couDtries to hiShlisht the orost inllueotial coDttibutors based otr
total IiDk streDgh. These couotries were distributed aooss thr€e distitrct
dusters, itrdicati.DS regional ald collabontive gmupings. The Uaited
states emerged as ttre Elost ceDtml trode in dre oetwo*, exhibitiry the
hiShert totat li sheryth of 45, rellectiEt its sEoDg aad wide{pr€ad
iaterDatiooal paitreiships. China followed with a total liDk stretrgtr of
36, uDderscoritrt its sigaiicaat role in global collaboratioa as well as

being the top cotrtiibutor in tern1s of p[blicatioDs a.trd citatioas. SpaiD

ranked third wi$ a total litrk saretrtdl of 31, hi8h.liShtiag its actii€
etrgageEeot itr cross-cou.otry rcsearch. Iadia, although leading ia
documetrt coutrg r€corded a total litrk strengtlr of 27, showitrt solid but
pdoErily reEional €dlabomtioo thaD Blazil. saudi Ambia aad Turkey
h-ad total li* streaSths of 25 aod 21, respectively itrdicatiDt Siowins
re6earch ties withitr thei duster. han aDd Portugal also had total lilk
stoetrtths of 21, rellectitrt a nodemte but trotable presence in the global
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tretworlc Brazil, widr 19, and Ma.laysia, with the lowest atrro!8 the top
teD at 14 showed etlerging btlt less dense intemational co-atttholship
patterns tha! the other countries. The total link stren8tfi I'alues
reve<rled publication votunre and also rhe depth of iDtematioDnl
etrgageDetrt, crucial for lEowledge exdlatrge aDd collaborative i!no-
ration in dle field of REM applicatiors itr po.tharvest cld food
tedDology.

3.9. Co-occunalce onabtsit

3.9. 1. Keytord onalysis
Kelvord alalysis is a ft.uda,rrcotal pr(Jc€ss i[ biblionretric stodies

be.ause this idcntiics thc rDo6t uscd ternrs a.od coDccpls in a disciplioc
or thernatic arEa. By anallzing the co.occurrence of keywordq the re.
lationrhips betwe@ various topica catr be 8lealed by trackiDt treods aEd

shifts iD scieEtific discourse. KeFvords enpress the research prioritie.
and iater€sts of a disciplimry_ set, &'trile iD a scieotific study co-occffri[8
keywords rEflect how frequendy terms appear to8ether or oert to each
other, indicatirt the connection between different topics or methodol-
oses ( ). In biblioaletic studies, keyii,ords are

Epically selected frotrl the tide/abshact of a publicatioo (.

). A lariety of tedlrliquer, approachec, and !'irualizatioD wetre

applied to *te drooeo keywords iodudhg duste, nrethods .!d Detlvork
risualizatioo to erelore ttre re-latiooships anDng thelr and identi!
pattemE dt6lers, atrd ttr€rnes- The h€queDcy of ke,word Gulretrces
and their relatioNhips wirh other keJ'\vords ca! pmvide a sslse of the
$ajor thenres in a rcsearch field, as r,vell as tlte Drost inrpoiraat areas of
emphssis or importance, and also pmvide insight iDto eftf8itr8 research

frotrts ( ).
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A

n_

Jtazl

tran

china

t0rke!,

VOSviewor

B

ufiied at.rres .rlin.1

for keywotds occurrint more than 10 times usint the full countiDg
method- Out of the 11,476 ke,ryolds, 566 met the lrhiElrtrr ttEe.hold,
with the top 1O0 trrost ftequeDdy used ke,'rvords select€d for visualiza-
tion. These keywords were 8rouped ilrto four clustq!: Chrster 1 (rcd)
coatehed 38lieywordE Ourter 2 (greetr) itrduded 37 keywords, Cluster
3 (blue) had 23 key-wodr, ard Chnte!:4 (ye[ow) cotrtaioed 2 kefwords.
RsM had the highest Dumber of occlrrretrces (1201) ald the strotrge5t
total litrk s&Erglir (5943), highlightiat its ceoual role ir the co-
rxcurretrce lretlvorl! widr shoqg coonectiolrs acuss rDultiple clusters,
pa-rticdady those irvolving s:rface properties, extradior tedrniqu€s,
and altioxidalt activity.

The rcd durtel strroruding RSM atrd term8 sudr as _chesistry, '

''atrtioxidaDt actility, "platrt €xtracts, aDd "polypheaols" cu&aested

that the priDary focur in tbe literah.ue was dre cheotcal analysis of food
products, nlaidy plaat e\hacts alrd coDporr.Dds with bioactive activity.
This suatested drat RsM was used to facilitate additiotral studies to
optinrize the extractiotr of bioactive compoundg (sucl as pol,?hetrols) to

e.

develop furctional foods. OwiDS to the importalce of polypheDols in
hurrao healti (especialy itr the prevertiotr of chrooic disa$es) (

), future studies usiDg RSM to nExinize the ertactiotr a,rd
pr€servatioD of pollpheaols offer treat poGrtial for tra.DdatiDS the
tnowledte &itred iDto better quality atrd safer food Foduct$.

The treen dust€r with artides related to food scieoc€ coaEioitrS the
temrs -food processiDg," dryiag," "physicodemica-t properties," ard
''seDsory alalysis' illusts'ated tlle use of RSM to iEprole food quality
while optiuriziug proce$ir8 ,Iethods. This chster drowed how RsM
col d be applied to better urderrtatrd the impact of differeDt processiDg

methods otr the physical ,.Dd dlemical composition of foods such as

moisture, proteiDs, atrd eDzymes. This 6tudy also erylored hora a+ects
of traditioml procrssiag uethods enhaaced the frmctional properties of
food. As socieq b€coDre nrore focused oo healrhy eatinS, novel r€seaEtt
on food products to enkrnce uutritioa and semory properties (flavor,
textrEe, a.trd color) is b€conritr8 urorc appealitrt ( ).

The blre cluster such as solvent er:ftction,
OF

oi ,)a'a
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rit. 7. (A) Co-authorship of all country networks; (B) Co-autborship of tle top t€[ coudry netwo*s.
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fig. 8. Thematic dut€rs of the top lm author keF'ord co.oc.l,rrence Detworlc relrted to RSM in po6tharvest ,nd food techrolosy
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'\rlh'asouDd-atsiEted extactio!," aad'lui<rowave-assisted e.rEactio!'
indicating that exn'action oethcrds were the maitr focus of RSM appli-
catioos. The blue durter eEphasized solvent tJrPe, exEactiotr efficieDcy,
aad the rccovery of bioactiires. BSM wa6 Eore fieq{eDdy ured to opti-
nrize €xtcactiotr Drethods for bioaair,-e coarpouud yidd, especiauy
pob?herok atrd flavoooids, while cotr6€ftia8 tleryy a.od liEitiog sol-
veDt use. Thir duster iDdicad that reseorh efiorts should be directed
towatd newtr, trore sultainable, arld tleryJr'dncieilt exlfac0ql nleth-
odolo8ica dirEcdy tElaH to trlc tcnets of gr€.x drcnristry and surtain-
able food productiotr.

The yellow cluster, drcuth srall, coDtabed the h{ro texms "8as

dEonatography" ad "trrasr +ecEoscopy." These tems hid ighted the
poteDtial of aMlltical Eethods usiDS adEtrc€d i$oaEneDts io po61-

lurrr-eat ard fq)d ltf,eardl Both rrledr(,ds are Ireqk tly utilizcd nlorg-
side RSM to optimize colrditions for accrately measuing food
coEpooeots, iodlcatinS tiElt lmportant tl3les h posthanest food safety
and quality.

3.1o. Tlw1raric nu?

preseots ir tt\ellatic 0rap derived rtorrr dre bibliooEtric aualysis
drat offers a coopr€treorive visual rprBertation of research thenes
within postharvest and fffd technology, specifically fo:usint on RsM.

Theoatic evohtioD was presented as supplementary Fit. 1, providing
additional edde,lce for the thematic tr1ap ideutified in our 6tudt. This
nlap cateSorized fiemes based otr the two key dimemions as ceuuality,
reflectiag a thene s relevalce or importance to the broader field, aDd

deDsity, iDdicatiDg the level ol developDre[t oI illterDal cohesiotr withitr
the theore. The nrap r,,ms divided itrto foul quadrants as ruotor theDre6,

Diche trenres, emergitrg or dediniDt thernes, aDd basic themes each

providiEg insitht iDto the status atrd trajectory of differetrt rea&lri
areas ( ).

Itr the nrotor thenes quadraot topics srch as shelf life storaSe, asd
optiuizatiotr were ideatified, idicati4 their stoog developmeot aud
hi8h telel'afte in the field. The basic theDres quadrart itrduded fo\rn-
datiooal but utrd€!:devdoped topics such as Rslrl, optinrization, exau-
sior, aatioxida-ot, ultrasoundrssrsted exEactioo, phelolic coDpounds,
texhre, colo(, atrd se$ory ev-aluation. These thelues w€re ceDtral to tlre
field and represeated its core areas of study. The nidre themes q{adralt
featured topics s-uch as desirability fructior, ostrrotic dehydrauoD, water
loss, flnd rapeseed meal. The6e are well{eveloped but less cetrtral,
reflecting specialized ald possibly isolated research arpas. ID tlt€
eroergitrS or declidng thenres quadmat, temrs such as bread, theolqgy,
andrccyadtr, aDd respoDse surface appeared. These th@res were char-

acterized by low developDreut ald rele!'atrce itr the ctu.relt litemtuE
ladscape, sipaliry either oasceit areal of tesearr:h ot d€clininS
iote,rest.

3. 11. Ttu@-field onalysis

The threefield plot displays the telatiotrships between dted refer-
€oc.e6 (cR), audprs (AU), and keyword6 (KW) io RsM-related research.

The gray tines hdicate the courectiotr betweetr the.e tfuee fields or
diEersiotrs, atrd the rEctaogl€s provide a rouSh iadicatioa (based on
their rclative size) of the number of docunents associated with €ach

rccrtaryle. The Eiddle 6eld (AU) is tlre c-eutral6eld of the plo! shoning
the nrost active autiroE and their coDnectioD6 to reJeFnces, as well ar
their thsnatic keywords- The rrost active authd is Li Y, a.loDg with Bnks

to tlleD€s of respotr,e tudace methodology, surfoce ptoperties, and

fruib. s€cotrd is watrt Y with liolc to cotrtributiotrs wilh theores of
optinnzatioo, aatioiidatrts, and odractioo. Oth€f, a€tilt cooaibutors

iadude Li J, Liu Y, Chahaborty S, Siryh A, Witrg J, atrd cheo J. The

autlpr 6eld (AU) s{rows oredlodolodcal works predoufDate, btt dre

Dost ftequetrt kel,words 3how thnt RSM wa3 centlal to thencs or arcas

with fruits, atrtioxidants, and food FocessitrS optimizatioD (SuPIrl6'

mentary Fig. 2).
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3.12. Factoriol a olysis (Topt datdrogran)

The detrdrogram displays the hierarchica.l dusteritrS of kel,'words ir
studieo usitra RSM related to postharvest and food t€sealch studies. The
first hierardtical duster iocludea keywords about Droisture cont€o! pH,
texttre, surface properties, and proximate compositioa. This duster
itrdicater interest itr product qualit, pammeters for RSIrI optimizatioo.
Tlte srrc'oud hierardic-al cluster lill-s keywords n:dardirt antioxidarls,
phcDolic coDtert, cr(tractioD, and ph,'tochemicals. Thk secotrd linkr to
studies ainred at oraxiolizitrg bioactive conrpounds a.trd outritional
quality, which fits the dreDE of the durter itr the dedro8ram. A dritd
hierardrica.l cluster was noted drat induded ke,.words aelated to food
scieDcq optiDizatiotr, RSM, and statistical models. This duster focused
oa lrethod<rlog.iol arrd process-b:rsed agplicatious o, RSM. Otller lier-
archical dusters liok ley!/ords to areas of plant extract, ess€otial oils,
shelf llfe, and bioactive compourds- These dust€rs suttest slgdficart
focus otr oatural source6 and furctioDal food develop ent itr stirdies
usitrt RSM (Supplem€ntEry FiS. 3),

4. Discussion

4.1. Biblio v-n'X analysk

The resultr of this aDalysis tmderlined the Srowins sit fica.oce of
RSM iD postharve.st and food tedDolosy to mitiga& global challenges
such as food secudty atrd $rstahability and m.lxiarize lesourte opti-
Drizatioo. Over the past decade, RSM has proved a.E iodispe$able tool
for iarFovitr8 preservatioa techDiques, exteldir8 shelf life, edunciog
p.oduct quality, and aridnizhg food wa6te. The biblioAetric dara re
flected thee treuds.

Frcm a total of 2157 RsM-related publicatioas a&lyze4 1271 were
focused on food tedrtrolog]a, with 886 specifics to posdBrvest researdr.

This distribution iodicated that ablost 60 9/o of *le ouput was food-
related, v.ith a sitDificant atrd Srowitrg eDphasis otr posthargest appli-
catioos. The saont rcprcsentatiotr of postharyest studies suSSested tlrat
res€arch€rs aE now increasinSly levercginS RSM to tackle issues sucfi as

storatc stability, dpe{iug coatrol drrd uutricut r.ete{tio& whidl arE

critica.l aspects of reduciog postharvest losses aDd effuritrt drat food
reache6 cotrsuners itr optitrutl cooditioD. These fiodiots hitt ithted the
widespread adoptioa of RSM and its el,olvitrg role itr developint sus-

tainable atrd efficietrt food systerns.

The nreber of RsM-related papers itrcreased steadily fiorn 145 ir
2015 to 319 itr 2024. The most dranratic itrcrease was b€hveen 2020 atrd

2021, resrdtiDs from the Slobal focus otr food safety atrd preservatioo
due to the CoVID-19 pandemic ( )- The gmdual
iDsease over the decade war attributable to the earier atrd Eorc
accessible use of RSM owiDS to ad1'a[cemetrts in statisticsl and

coEputational prl)8mms ( ). The receDt emer8eDc! of AI
aod Machine LearEiEt (ML.) offers eltircly oelr directions for predictive
Drodeliog and process optinizatiorl inte$ated with RSM ( .

).
A docudeat alalysis of the trrost sa.lieDt, hiSh-iDrpact pap€rs

induded the extractioo of bioactive compoutrds (e.8., pheoofics, pectins,

flavonoids, and oils) usirt treen practices 3uch as ultasouDd and
microwavFassisred evraction ( i

; ) as the core research focus areas. Iaterest
in lhe previourly nentioned spray-dryiDt optinrization and eapecially in

F€serviDS uuttitiotr indicated the betrefits of RSM for food presewation

and the developnetrt of fttrctioml foods. RSM shows versatility for
differetrt mw Draterials atrd applicatiotrs itrdtdioS ba.Datra p€els, paPaya

seeds. atrd passkm fruit Peels ( ;

;).
Arr a thorsltp arralysis re\.&rled ol,er 7300 coutributors, iodi@tint a

highly collaborative rcscarch cnvirr:lnmdrt. A sntaller dunrbcr of prolifc
we-re sitnificaDt
of studies dEy

.otrtribulng authoE sllc-h

player6 who sbap€d the
as Li

I

tte.r---l,



s. sr'-rri d oI

published. Ferreira arrd Xu had a high nurber of citatious (651 aud 571,
respectively) er.ea though (lrey published fewer paper6. The h-iodex
valtres of Cheu J, Pradhan RC, aDd Watr't J iadicated dre coatributiotr of
coasiderable aDroutrts of acadeorically inpacdrd research over a lotrg
period, rather than trlef,e trunrbets of published articles (

).
PFserts the keFrord co-occurTeoce netirolk cna.tysis, rlhidr

slxds light ox dre dp,rx tic recardr du]iers. The rEd dustEr fe:tt(ll:ed

temrs such as "antioxidrnt actit'ity," "plaat crdacts," and "polypheaols,''
higt iShting the focus otr optiDrizitrs exaactiotr techdques to develop
fimctioml foods with relatilely "safe' R,sM &ethods to elgineer tro!'el
bioactive coorpourd extmctiotrs ( ). The SreeD duster
ple6€nted tems such as "food processind,' 'dryiDg, ard "sensory anat-
ysi6' as iluplolerrreuts ki dte seNory arrd phyricd:heurical Dreasurcs of
foods \ia process optiDizatiotr. The blue cluster preseated adn'a[ced
ext:actiotr medrods such as ultqsou.Dd a-od Dicxowave-assisted extmc-
tioo, featuriog a desfue for greeler tednologies and nrore sustoiaable
approaches. Fioally, fhe yellow cl{ster cDtrtaitred terms enrphasizinS
atralytical approaches via qrethods sudr a! gas droDratogiaphy and
orass spectoDreu'y. The coarbined use of these tools atrd RSM etupha-
sized the value of postharvest and food qualitr.

The theuratic map firrther darified the iatelectual struchrre of this
6eld. Key themes $rch as "shelf-life,' stora8g" and "optiirizatioD"
eophasized the iD+ortalt role of RSM in posthanest quality. Estab-

lished theores srch os "exmrsioo" ard 'ultrasoutrd-assisted exuactiotr"
pmvide opportunities for firrrher investigatiory while niche themes sudr
as "osnrotic detrydmtiol" and "desirabiliq ftrnaioD" dmroDstrate niche
applicatioos wilh the potential for developrEnt in a particrr.lar cotrtext.
The next s€ctions presetrt details otr how RSM Eovides support for
optitruzotiotr a6oss processes such as stomge, disi ectio[, fornulatioa,
and semory eva.luatioD.

4.2. Intpact of RSM in posd'd.rt?st Eclttolog

RsM has rEvolutionized postharvest technology because it caD

effectively improve, alld nrodel conplex $ultivariate systems r$ed iD

the haldlilg, storate, arld pr€scnatiol of aSricultura] p(l)ducts. Post-

harvest loss remaios a nrajor global issue partielarty itr developitrt
couoties, lyherc 30-40 yo of produce caa be lost by iaptope! stomte,
ioeffi cielt hatrdli!& atrd/or processiog utrdeJ l€setbao-ideal conditioDs
( ; ). RSM isa
powedul statisrical tool that ca.tr syste atica]ly study the rctatioDships
bet\^'eeo sel'eral hflu€[tial variables atrd their efects otr the esseDtia.l

qualiry attributes of pos*ra.rvest prodlcts to oitiSate loases. For scaliDs

iDdustry applicatioD, RsM could provide posthar!€st treatnenvcondi-
tion with rhe tools to optiuize their stola8e cotrdition parameteIs,
physical cheuicql treabrot, cpatia8 foraulatioDs, asd packaSilg irs-
tetrls to impmve product del'elopmeut, qualilv, storate and shelf-life for
controlliEg productioo cost atrd waste.

one of the Drost eJtablished applicatio$ of RSM in the postharvest

tedDoloty field is the optimizatiotr of ctonge corlditions tbr perishable

prodrcts, ircludi-trt fiuit , r'egetables, and flowers. Storate ooEditioDs

slrch as t@perature, leliative hulllidity, tas coupositiotr (includitrg Or,

Cor, and ethyleoe levels), and stomte time ar€ particulady rclevant
para.neters for maintaining postbn'est quality. used

RSIU to detqEine the optimal temperahre alld r&tive hunidity lel-els

for tuava ftrdt stordte to maxitrriz€ the reteDtios of 6rDuess, color, a[d
,itamin C- Similarly, used RsM to iDvestitate the
optitral coaditioEs for nrodiied Btotosphere packagiDt (MAP) of
stmwberries, achieving the desired shelf life atrd selsory attdbutes by
effectively adjustir3 tlre or ald CO2 c6c@tiati@s. RsM arodelinS
prcvides a franrelvod( for prcdictitr8 the response of perishable products

iu sevenrl storage crrvirol)l)relrta to eDhance dlicitioti_uukiuS ill po6t-

hail'cst Dra-DagetlteDt.

RSM enhanced bio-.based futrticides, UV{ treatment ozone ftmt-
gatioo, a.ad cold ptrasara for postharvest disease coDtrol ( ;
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. i )- These recbnoloder have
orany variablet indudint duratiofl of exposure, conceatratiotr levelc,
and etrvirotrmental condi tio,rs that impact their effectiyelers a[d safety.
RSM has prcven va.luable iD detqDrisitrg optinr.d treamr€ot coaditiotrs
to suppr6s microbial Srowth while arinimiziog dreoical or physical
da{.la8e to dre product ( , ). RSM has al6o b€rn highly
$eful in the derelopmeot atrd applicatioD of edible coatings aad 6Lms

used to exteld posdErv€st shelf life as murrcrrially pnduced ctatiqs,
prifiarily Etade fttm polysacdraridcq proteins, ard lipids whidr tiEit
DroisturE loss, 8as exdm-o.8e ard/or nicrobial corqxmiratron ( ,

). The perfomunce of the coatiDt is a.ffected by fororulatiou
and applicatioo factors irdudiog poll,mer conc€otratiod and coorbiaa-
dons, soll'etrt rbdo, atrd dryiqi times. RSM optimizes these facto$ and
produccs coittiats widr dIe desired propcltie! drnt einbit elnsticit,,
barrier sEea$h, ald bioactive iDctionality (: ).

applled RSM to optitrri"E edible coatings for
ftesh-cut capsicuDr- Their Brodel accEately predicted the best coatiag
forodatiotr to reduce nricrobial gror,ltr duriq the stonSe phase,

tecultiat itr lotr8e. she-lf life atrd exte ed Darftetabi-lity.
P.SM also c.otrtdbutes to the d€!'elopllretrt of paclaSitrt ryster$ fo!

food pte.enradoo. Biodegmdable packagiog fiI 6 tmred or natural
polyeers have recendy attmcted itrterest in posthar!'est applicatioos
( . ). It zrssists iD the de,velopment of film-formint for-
fi.ilatioos ald proc]essitrt para.oreters to obtaitr filll oaterials wid!
appropriate Brecha.oical characteristics and barrier ftEctioDs. Re
6earchers have applied RSM to develop starch-baied filtrts ofappopriate
thickne6s and streDsrh d|at can ca.rry antiBricrotial aSeoB and €r.tend
the shelf lile of hesh-cut &uits atrd ve8etables, dt€reby Educint plastic
packaSi!8 ivaste ( , ; ). MiniBizirrg
ribmtiolls ard inpacts durinS the distrib[tioD of ft€*r fruits is also a$
exanrple of optiDizias packagiry to sitritrize ldss reaultiry ftom
extemal coDditioDs duritrg trn8sportation (te$p€ratue, impact etrergJr,

acceleratioD, AEqueocy) ( , ; -).
Atrother potetrtial iapact of RSM iD posthargest tedEology is by

raloriziDs posthan'est waste and agriculiraal residues. The circular
ecooomy :u!d sustaitrabilit-v aspects have recently encouraged re.
sea.rchers to explore porsibilities for the extraction of iDportatrt phlto-
cherlricqls (e.8., pol}?heools, Ilavoroids, ard pectiD) from ftuit peels,

seeds, and pulp that reEaio afta proces'itr8. RSM ca-D assess exEactiotr
conditions such a6 solveat cotrceotratioo, exuactiotr time, teDp€ratrre,
a.trd pH to achieve optioEl ,ields in the shortest time, usitrt the orioilral
quaDtity of solveots to rcduce prDcersint costs ( ). FSM
also ef6ciertly optiorized the extraciioo of aatioxidalts fronr poDre.

Srarate p€els atrd rcttetr batratrar as ivaste utilization or valorization 1o

apptoach zero waste ( ; ).
RSM-bas€d posftarvest studies iD pod{uali tyjoumals often indude

rcbrEt atralltical colrponetrts $rch as MIe atifrcial neural tretworlG
(ANM, atrd hybrid orodels aB vvell as statistical optinizatioo to iorprove
prcdictions il8d usefi !ess. Many jorrm.lls foctrs strotr8ly otr the mech-

a.Eirtic mtiotrale behitrd the observatioDs uing biochemical, physio-
lodcal, or Dbleorlar explanatioN tbr obsen'ed trends itr cosj[octioD
with RSM modeling to provide added scientific depth to the strtdy.
co[ductin8 !'alidatiotr trials under rcal-world or iodustrial conditiotrs
catr abo inrprove RSM cr€dibility and applicability, Effurint a ritorous
erperinrental desiSn with adeqrnte repljcates, appropriate model di-
agoostics (e.g., R'?, adjust€d R':, lack of fi! 3rd residll.1l aBlysis), and

dear articulatior of lioutations a.trd 6cope can siSnificatrdy elel'ote *le
oranusdipt s accepta-oce poteotial. Fi-oally, franring the rcaealch itr
tem$ of dobal issue6 tuch as food security, waste teductioD, or sus_

taimbility app€ak lo hoad6 joumal scope6 ald editorial itrtg€sts.
RsM caD ptovide food nra.oufachretg and Po6t$alvert matraSErt

with the tools to optitrrize their processiD8 Psramete!'s, csstiDS forElu_

latioN, atrd packaSiBS systeDs to eDlra.trce prcdlrt de(doPDest, 6helf

life aod food w$te. RsM hejps PGt-hartegt orala8€f,s uge dsta to
idestify inrportatrt procrsses and their intemctions to suPport a Brole

efncieDt atrd cost-€ffective

t
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in this case, RSM



$pports the scieatific research atrd itrdu5trial applicatiots. Alrhowh
there are excititrt prospects of RSM ia both edible coatiogs, biode-

tmdable packadn& aod exfaction prccesses from food waste (vegeta-

bleJ, fmits, ceEal grains), aad their applicatioo catr be exa.orine4 therc
are practical challeoges before widespread use. Fi$t, scalilg laboratory-
ogtimiz€d fofftulatioos to comill€lcial prodl,c'tioa caa be problearatic
due to vcriability itr mw Eaterial $raliry, e,lvirclmeot ] i!fluetces, atrd
opcratioual tilrtitatioDs. For iustaxce, costs, $rclr as bio-basrd polyrErs,
solv.nB or spcciali2.d proccsses, as we-ll as the r ulatory ovelsitht of
biologically acti'e coatiryE (iocludiot eatiaeered aanopa.rtides), atti-
mictobial agerts, or extracted phytodemicals could be a baJriei to
iDple eDtatiotr. FurthemDre, ieal storaSe and trarsportatiotr situatiotrs
are more complicrred lhaa taboratory"coobolled situations, trercby not
aligni$8 $'ifi &e optiurized coDditioN ret io dre Laboratorr.

4.3. Inr,oct of RSM on food terfualog

ID the bmader area of food RSM has e$e{8ed as a
fundamentd statisti€al tool for the optimizatioa of fornrulatioo, pro-
cessiDS, prerervatioD, ntrd,/or qunlity cotrtlol. The conplexity associated
with food systems, fhe dpamics of itrSredieDts, atrd tlre processiDt
influetrciDg sensory, rutritiotral, atrd functio[al ptbpeJties Decessitates a
eodel dlat catr adequately atrallze the variables associated with cou-
binatioas of htledi€trts (: ). RSM statistically models
ltriables dlat sigdficaDdy impact food fomulation and quality, lls a
powetrfirl expefimental derittr tool dlat evaluates dre effect of seleral
iodepeldeDt !'adable6 otr otre or ruore aespo[se vadables (

).
RsM is o.teNively applied io food product forarulatioo, prinarily to

optitrize isStediert coabiDatiols and achieve the desired sensory
ftmctionat and autriti!'e propertie.. Ma[y researchers have applied RSM

in the formulatioD of functiona.l bevemges, r'here balanciDt the coD-

ceDtratiotrs of diffe!€nt fruitjuicrs, sweetetrers, and firtrctiotral additii'es
(Fobiotics, atrtioridatrts) is vital to optitrrize inportatrt paranreters (pH,
viscosity, taste) determiDed by cotrsumer prcfereftE ( ;.).

lu dremrrr.l frxrd pr<tssi!& RSM is tlled ir tillrs.te pcmture corD-

bitlatiotrs to inactivate pathote$ while oailtainitr8 desirable chamc-
teristics (texntre otrd trutrieotE) which are partiqJarly useful iD treatiog
dairy, juices, arld tead],-toeat Dreals. RsM is ufrlzed in trotr-themral
teduologies induding high-pressuE processinS (HPP), puls€d elecaic
telds (PEF), atrd dtrasourd-assisted processiag ( ).
RSM has also beer rl3ed to eahance dhasotlld conditiotrs for juice
plocessitrg to eohar1ce nuaitiotral 8ain, juice rccovet]', alrd microbial
*f"ty ( ; , .), and is iDsEunreDtal iD

dryiry tectEoloAy, an esseutial processing operatioo to preserve the

sheu-li{e of dded ptodqcti derived ftoor spices, bejbs, &uits, aDd veSe-

tables. The parameters used for drling (tetuperatfie, air velocity, time,
aad slice thicknecs) ale corplicated atrd cao iotemct widt rystem pa-

ra$ek!'s affectiry dr'iDg efficieocy aod quality (

). Researchers hal'e applied RSM to inrprove time, teurpemture,
atrd other pamnreters to trritritrrize dryitrg tiEe, eD€ttJ,', atrd envirotr-
trletrtal iDpact while rctaidtrt acceptnble colol aronra, atrd bioactii'e
coopouads itr *re dried product ( ). RSM har aleo

b€€n tlsed to identify the optimal conditions for s?riy dryint and

iEprove the quality oforante-fleshed sweet potato powder (

). SiDrilarly, RSM was used to etaluate trrisowave dryiry condi-
tions for turmeric to edhatrce product quality, ikrease Bhelf life, and

decrease dryio8 tiDre ( ).
RsM srpports the b€st use of bio-actives s{rch as pol}pheDols, oDreta-

3 fatty acids, atrd di€nedc fib€r iE futr<tic{al and fortii€d food6 to
der.elop snacks a.od hkery ptoducts. These biocctives ofteu c!trrprorois€
laste aad stabiliry-, and RSM stfiker a baLucrr betwecrl dre value of arry

dutritional chantes ard Foduct taste ( ). RSM has

beeD used ilr the developEre[t of icre creanl to modrrate $reehess and

cre4miness aud irDprove hedonic mtitr8E atrd cotrsufler accePtatrcg with
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a reduced mmrber of erperinreatal uials ( ). For
examplq : , . denonstrated that geen marketiDt
opproaches withiD atr orSaaic food coargaay iD Peru iDlluenced the
clDrDrercializatiotr of healthy ptoducb. This sugge6ts con$mrers
exhibited a prefereoce for bra.ods that eadorse ecolqgical healthy, and
,oc.harEIul pmctice6, pdrtkularty duritrg the COVID19 paadesric.

In food safety ard microbiological ,e6ear.tL RSM is used iD a-otitr1i

sobial treruEertr by Dodeliug dre ilactivatiou of patlpgcus widr pH,
terrperahrla, aDd duration of enposure to detcrrlrine tlazard A-oaIFis
atrd Giticol Control Point (lrACCP) for prodrrct rctrlatory coalpliance
( ). RSM has also beeo ured h fertlleot€d food s,rt€qrs to
nExiorize variabtres such as iaoculullr size, pH, and tenrperature to
enlnnce health| beaeficial metabolites in food pEducts sudl as yo8urt
aud ko$rbucha aurd orercoure ilcc]usisteucirs to develop stirble products
with positive heal6 b€oefits ( , , :; ,).

The ablltty of RsM to adapt to multi-objective optilrrlzado! is valu-
able for researchers aod iadurtry professioDals to staldardize proa€rse6,

,educe co6ts, and hrpro\'e prodwt developueot while oeetiog olrltiple
quality parameters, iDdudht *rclf Ife, seosory dLlracteristics, atrd
outdeot deDslty. Wh€u utfiziug advonced approaches srrc}l as ML and
ANN with a sound orechanisdc ratioDale, whedrcr biochemical physi-
olotrca.l, or molecular, RSM studies pr€seDt b€tte-r oppornmities for
hiSh-impact pnblications. For etample, a rerent case strxly try

d€[rotrstrad the use of ML Drodels to illustrate the
use of advanced coorputatioial tools for $rstainable food production
a[d decision-makiDt. RSM can becoEe timeliq atrd more rclevaot fo(
hith-iDpact journals as an effective rcspoDse to globol i8$Es sudr as

food seclrity, food waste reductioD, atrd sustainability.
lD cotrdusio!, RSM has siSDificaady iapacted the postharvest aad

food teduology sectors, allowiDg rcaea&hers to delelop pEdictive
orcdels and rcduc.e the DUDber of €xpetiaretrts by effectively evaluatint
mdti-factor syste,[r6 atrd, Brost ilrportatrdy, desiSDitrg safer, oore
Dutritious, a.Ed turtaiDable food prcfuctE atrd postharvest Plocefs€a.
Thus, RSM plays a critical role in rEsponditrt to tlre denrands of the
evolviag global food space.

The rerulc of this biblioDretric analJ'ris prolide Gucial directioo. for
fu.rther rcsea.rch otr the rlse of RSM itr postha.ri,est a.od food tedmoloSy.
The Drost iDrportalt futru€ directioD is the devel@me[t of sustaiDable
aod Breea e.atraction techtrologiea. RSM efforts should rherefore inte-
grate paiameteE related to e[yilonnreotd sustaitrabiliq', especia.lly

carbotr footpriDt calcolationr, to nDxiorize the ecoloSical fooPrint of
optinrized processes, leaditrS to more sustaioable food gocessiog sys-

teDrs. Etr\iloDstetrtal sustaiDability is a oddwide coacrrD, aod the need
for uore eca&ieqdly ard eler8y-ejEci€qt orethods of extrectilg
bioactive compounds ftom plaDt sources has Dever beeD more urSent-
Researchos ca! fLrthe( explore the optirizatioo of green solveats,
Di6owave-assisted extractioq ultlasourd-assisted extractio!" and
other lotr-toxic Drethods usinS RSM to improve €r(raction yields lvhile
Dridarizitrg eEer8]' c_oDsrurptiotr atrd eoviroDmeatal iorpacts.

The ri6e of dche tesearch alleas itr thenatic napi, includil8 omrotic
dehy-dratioa, water losq Bpese€d D€al, aDd deriabiliry- fulctioos,
pmvides promisiog opportunities for future iDnovative shrdies with
siEDificant pEctical applications in qrecific food rectors. Future studies
should consid€r how RSM can optinrizr aiche proces€es to iorprol.e th€ir
p€rfoma-Dce and ofteDd the sclpe of the6e ptocesses to wider sectors of
the food itrdustry. OsDotic dehydratioo has been traditioDally limited to
fruits atrd ve8etabl6 but codd be advaoced with RsM-optinized pro-

cessio8 outcooes to br@dro the pte*ervati,oa of diffetot food prodrcts,

thereby in<reasiag shelf life atrd educiD8 h'aste.
Mure reearch r,u cxrusrmrer acceptauce of dle selrstry attributes of

RsM-optirnizcd food ptoductt is ncedcd. At food tcdraologr der.elops, it
is importaDt to unde-rstand how c.onsunrers leact to the tastq textluE,

tinized foods. Futue work should

r{ F oF n

atrd rnsory axpelietrce of BSM-op

A'lg

S. lmplicatione for future r€search
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eDploy a FaDework of RSlv! rrsing the urethods of either a eensory
patrel, ppJereDce nrappin& or coajoitrt a.oalysi6, to systeBratically ac-
qdre corsumet prefeteoces, undeEtanding cotrE{.aet hteraction with
the product, i[ orde{ to itrrprove atrd develop ptoduct perfomra.nce.
ODce therc is inproved utrderstandiog beaveeD the coasrErer ald the
pro&rt this coltce?tud,!a Ework will have iEportant ifiplicati€Bs oo
the acteptarce of RSM a.od the succ6sfril comnrerchlizaton of RSM
widiu food scierce.

Thcse adrrarcencnts wi[ lcad to reduccd agrewaste aad improved
food production sustaiaability. IDterdi6ciplioary parme$hips \rill also

be iNreasiogly illportaot for advaociD8 r€aearh and developnent of
RSM app$catioos. AI and oaddue learnilg cal Dow develop optimi-
Za6oD rDodelq allowin3 RSM to ileliYer morc ac.rrate predictions aDd
eolDlrlc process coutr-ol iD fq)d prod{ctiou- AI irud IltL alc uo$ able to
.reate optiDrizatiotr ,lodds for RSM, rvhidr will allow it to gi!-e better
predictioos aod c,otraol of proceses itr food production. For exaqrple.
RSM frameworks supported by AI aad ML have been used to tetr-
eratively arodel and predict a feroretrtatioo procBs and optimizc for tlre
qu.dity of dairy Foducts. AI also has the potential to itrrprove the pro-
cess effective[ess ald pIodrlct quality by iotetmthg food prccessiDg
parametels ftom big data a[alytics itrto RSM framework. This capability
will ialprove the nrooitodnS and processinS of food, with n€w teci-
nol(Xies $lch as antemet of Thin8s (loT) sensoB, robotics, and didtal
tw'itrs pr€6eutitr8 tDany opportuoities to itrcorporate RSM in trew wayr.
Blockdhin teduoloSies Dow offer ioterestiDg possibiliti6 hetr coar-
bined with RSM to midmize dle supply chain and iEpmve Faceability
to lhe roince, thereby €ohanciDg food 6afeq'aDd quality. RSM can be a
valuabte tool in 3D td priotitrt to optiuize the Geatiotr of healthy,
dietary-apprp.iate orstoEized food prodtrcts by shagitrt tq\ture6, fla-
vor co[tbitratiols, atrd dieta4, cotrtetrts.

Natioml alrd iotertratiotral coltraboratiotrs are abo itrportana areas to
explore iD futule researdr- Co-authorstip feahued the iallrreuce of
couatdes suctr as the Uoited State6 and China ia RSM recearch ad
hidrlightud the poteatial for coutrtries like India, Brazil, and saudi
A-rabia to ieprole thei intematio{al collaboration. Interestindy, tDdia
was the top coutrfy itr t€rns of the ou[rb€r of published articles but ttre
low interDational coll,aboration sutgests an oppomlairy to expand its
re.earch aetworks. I-ocreasiD8 itrtemationa.l collaboratioo anrooS

emeryiog a.trd leaditrS coutrtdes will fost6 the exdrante of wisdotr!
rc5ource6, and iuovative apprcachei to tackle coEtplex dobaf food
dullenges. This collaboratiotr betwe€o le.rditrg coutrtrie3 alay also lead
to the evolution of standcrdized globa.l protocols for RSM in pGdlarvest
and food tedEoto8y. I-Estitutiooal ellablers can also be on inrportaat
way to suppon ald sustaiD lory-t€rD dobal parherships, aDd to etr$ue
equitable knowledte stEritrt with iDstitutioral enablets such as ioter-
Dational research cotrsortia, opeB-actss datasets, and joitrt fundint
call6.

6. CoDclusions

This biblioDetric amlysis oI RSM ia posrha.n'est atrd food teduology
enrphasizer the growth and iocteased variety of rcsearch usiDg RSM. The
number of publicatiors ard citatiotrs tLlls steadily increrued or,et the
yeorq i-odicatitr8 tllat RSM is gaidoS cotrliderabtre atteotiotr as a valu-
ible approach for sohint irnportant problems in food processing,

grecervatioo, a.od quality DalaSefrent India, Ctriaa, and Lan have beea

leadirt coDtribrtms to BSM researdl like-ly dtre to their active agri-food
sectors, supportive tovemment investtrleotr, alrd sttont educational
infaastructures. However, wider iotematiooal porticipatiotr io RsM
re$arch is tre€ded, whici could be fucilitated by ilteraatioaal collat!
d'ative networks, op€o-acces6 tools and datasets, aod iat€{disciPliratry

co$ortia. Facilitation of snch actilities wodd ilcrease geogmphic di
ver6iD ald reeardrer eotateorcu! iurPruve the Poterltial for resrardt
ouQut cr.drantc, and facilitate dobol aPPlicability of RSM rcfcardr
outcoll€s actoss food systems. Co-audprship and ke1'word co-

oclurretrc€ detrDnst'ate retearch is iatercpolected a.od used ac:ross a

-lPtttl ?oo<l R,!.i,dl s (2025) 101441

wide lante of topics, inddiug food, frmctional foods, and green tech-
nologies, whidr can beoefit rustaitrable food rydt€ms. The theEBtic rnap
rhowed that RSM Iesearc}l has chalted to more developed atrd ceDtral
topics, srch as shelf life atrd storate optiflizatiotr. Topica that arc
foundatioaal to the6e are highly uoderdeveloped (e.E., a.otioridatrt
aralysis, tqhrre, aDd smsory evaharioa), makiq th€o pointr .,f po-
teotia.l tuture rsearch. The biblioEetric analysis highlithted the si6
uifi(a]rt role oI RSIvt irr devdopilg posdranest dud food tedurology,
particularly in optiDizils fruit and vctetablc prererrtion, shelf [ie,
quality cotrtrol, and food procrssilg. Ioterestiogly, fifttter re6€arclr
rhould cotrnect RSM with real-time Al-based Dooitodtrt, blo<*dEitr-
based tracrability, a,ld itrterdisciplinary approach€s to tackle dobal is-
sues iE food security, sustaimbilig, aod pubuc heafth.
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