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trust Him fully. W th Him, all things are pos



CHAPTER ONE: LI TERATURE REVI

| NTRODUMTI O

Chr owmviucich f e@trieorms si gni ficant banidrear ¢ dasaitngrtoh
severe co(mpdriaciavalomdat salp.rfor2t@®dpgposunded by gr o\
of antimicrobi,aln neciretasn g | (YAMR) detntsdodmes ntdh r e
i nnovative and novéWo utnhde rAa@pOelRIBIRG hasp reaneadged -
i mpact public health concern, and is consider
deat hs per year Learpledwictleead g ,2 @B@ct)i ons ar e f
del ayed healing in acute opdrmHHuwd wmwd &, Blodvakdckirn g
termr deci céi wowusdally defined as a-4wdw ni dnptrhoavte nf
after 4 to 8 weéKeanfh eptamal DhEeeapy

This health challenge is commonly associated
bur den, and a serious health risk, highlight.
treat(@amnt er et Fal. t hk828rason, experts wor |l d\

treat ment that can prevent the growing soci al

Bacteri al and viral pat hhogens may offSiednd i peun e
Bernste.d nTo 2@ilmMi)mi ze this burden, the ideal I
before they can (eSstdadhlqius h &a nBlernvrdsetaat,inb o 2t0hled ) c
use of ant i hiasteidc & raemd meipliaw ehricig ecwiis. uanade rcaiag@en, o0 s a
aurause Iincreasingly becoming resist(@mhanmoetcoa
2024)

As conventional treatSpadnmtmd k omaas-gh léewer emif eco a v g
gained (Marg¢rmaotvi . i cal in dDee)ficial bi oacti
anti bact erfila@almmadrotriy, and antioxidant properti
canfé®ham et . aHoweveé@RA4) i nedlextraati caronmenhodas
effectiveness @fretvlieemse ngompewsred D,i odatlilv epsottem

(Jaeschke.Tehtereelf.o,r e2022ll)t ernati ve approaches ar



Pl asasmai sted technolnogayt tlagauet e mehgtbe @amd@amac eh e

pot entSi.al mafxf® mam,. 2DRI3g fapmpatbigacrdssel ecti vely di
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w h
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ag
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mbrane, facilitating cell wal/l permeabil ity
traction -£40%, cgcel hiynglS5betihdd ammat bagt eamida
ope(rPthiaens et .Mds pi t202i4t)s potenti al, i mited
monstrating the need for further exploratio

1IChronic Wound I nfection

1

Chronic Wound

wound is defined as any injury or damage toc

f
t

O O o o

ections I(eSaddidngyjuti o &d eBeethhs bei o, waahd) i s cl
e derpieemdi ng on i {Sigdrgod &f.BbhRiarkdta ging 210 O

ch usually heals after 10 days without any
wounds that remains in the inflammatory st
' ing withimnmehéramei-8iumpa(eHotiayn ga fetterald , 202z
Bacterial Colonization

wounds have the potenti al to become cont ¢
al environment(,Hoamdg paBiadntr 2d2r2ge®s oni zat |
| i feraaregpibese&mt open heswendacol oni zing bact.
fmaltmilxeading to further diffic(glGriossarhnh €
3)

TBe Biofilm Matri x

presence of biofilm matrix in existing w
| ammatory response, andThomaaud aB20ohbhiljom ha:
sen880%noffOchr onfihcomeonifths290 1 & p mpl e x struct
regated microor gaepiriosongpec @dbreatitdreidx celxhitaeda cel | u
ymeric(EBBystmmte sxp of polysacchari de,s, pr
ch increases tolerance to antimicrobials,

sue regretmrirlfrat iomg to clhTMbomsowou2@1fpaer si st
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1.1ThAhe Growing Chall e
t

ge of Chronic Wound I nf
(AMR) i n Modern Heal c a

n
h re

Chroni cscawduegtdronic wound i nfection diesnonsheiat

intensi fied by t he agmtoiwmincgr cchoikdR (i Receast €i sovnash. onei tt (ha

It i's considered AMRCcwekas e mianmoscernigsang evim orye s p
antimicrobasalquanetaitfmeend by an increase in the
a definedPehceshol TBhte anhi.s us2e00&bnd overuse of

medi cati on, and incomplete administration of

the emergence of (heapercebbahl , i 80L&) es

I n the context of chronic wounds ,whtihceh misn i knmuor
the | owest concentration needed to inhibit tfF
resulting to a decl i n(i KagwaKfrfdecahtmav e-Wie sse doefk 2ah2a
For eff ®oatcitwewe iantitherapy, the pathogens at th
concentration sufficiently high to inhibit ba
si(tkeur |l ow & Bowoerabl2y0227)0% of chronic wound b
one commonly (sledn@anet bldodd.i,co2a@2 2ued downf al
necessitated alternative options for therapeu



AMR has emer-gmplaats @ulthliigdh heal th concern, wit
clinical infection such as foot and | ewidkcer
by 2(0L5e0aper eGl ocablal,l y2r0elgbn)sit aindt wound i nfection:
25% to 40% of hospital bed occupancy Samamng up a
Bernsteilm, A2G610)l i a, approximately 420, 000 in
wound infection-reasusdadanhy pmulhtoigeernisg such as f
350,000 of those affected are aogsepd ta3 sy eards a
facilities resulting to a treatm@otndxpentsra
202Z)hese figures highlight the urgent need f ¢

Antimicrobi al Resistance (AMR) both in Austr a

1. 2Mi crobiology of Chronic Wound I nfect

Chronic wound infection are difficuldt t o man
significantly contribut esLetagppedeledSyeiartg atl e Albd -
associated with chronic wounds typicaRlelsyy sdama

Staphyl ocosdauws nasur(eMRSSA) , t he | e a dPisnegu dcoamuosnea so f:

Based on reports, | e gS.ulacuearesy, 8 nsgh ofw oam pdr3e% aol fe n
88% ofnhented ddneserwggeneaean found i n (7% a poe r3 G
et al.Theazd@l%wo major pathogens are particular
significant pathogens to cause infections 1in

this rSseapicthasins dfibegnent |l y Z@G%encoasetewi thce

known for I t s capwahciilcthys tbhe efnoram soico fait lemds ®i t h
epithel{(BinhzhtieoAddi.t,i ®h@A4)yi,chanecohpable of
i mpaired skin barriers, can invade open woun:

process and exaddramat®an ienf Talimsna $2e0oln6o)f pat hoge

with PRlredmae thexitmaact to determine their opti mi

1. 2Tdeat ment Burdens and Drawbacks for Chroni

Treat ment burden is associated with the wor kI

functionailbiettynganthewl ulllec mge expenses, hospital

(Sen, . T202AY), the gl obal advanced wound care 1

anticipated t obiglrloiwo nffodiwah?dde8d2 OWo2uln d 2@arde) Mar k e
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For Medi car e benetfheci @un eédesn i mf Aculst omail ¢ awound

benef iecsitadm@delsend | Ipiad mdeinatgsnosed wi th at | east or
(Carter eMedilcar e20waduynd car e dAXYDeardtiitauulearolfy 2
among the elderly popul ati on, with over 350, 0

and glCavd er eFti nalloluyt,@&thiBént expenld3®. 8 amigh Inigo
in 2021 exceedginygen ntphada ifeanat ctolsat most of t he
hospitalization, -tbhartmnmedi cadlasdtettenetflihcant e g f 2 g C
underline the urgency of finding efficient an

and reduce healthcare expenses for better rec

On the ot héraskeand,r esait Inmeratrti mu tcirloibz ead fworund tr e

for nosocomi al i nfections has been (mkallea mtoarsii
al . ,. 28B@Wéever, these treat neomtgs eaxrpeo snuorte wiot hso |
damaging healthy tissues, wh(iPcehr ccavmals leaw ado wn
Given these | imitations, the expl or ataisen soked

extraction met hods created new avenues t owar

existing treatments.



1. 3Spirulina maxi ma

13. 1Spirul i naas max$onar ce of Bioactive Compounds

Efforts are being made around the world toda
sol s Gnasshagauer Despate,tB62Gpbundance of nat
have significant role in wound healing, mi cr c
researchers, turning their S$mitreuleisiveht mavaihmas §

utilized in biomedical, food, d®Ramgatsiacet @har,

Spirulina anmaxi manmwaos misr a bdarxeema f i, mamenteblbbu
orgabebomMgd htrme pal ssapercd ephy hem cyarPbbaceerah. ,
't has haldicsathi aroatcvinietri s3 itco 12 Om thickness ar
its bioactive compococgsaninc|l adt hgcganin and
known f o-mi drtobrrgant i ammat ory and antioxidant [
treat ment for chH¢(BPham wbuad. (FRgadep

FigareCyanoBac maati a0 x ma ¢Hreil iicaat if omOm whi bkBess, 12 di an
On andom506 ( kagRbAde & GBlenan8nazz, 2024)



Even tShpdaugH i rhaa smaxeiectma expl ored in numerous fi
on how its rich source of bi oactive compound
( Marjanovil. etn aafddimdcedmhabe used imasedarniopt:
preparations, including gels, creams, and dre
wounds and treatment strategies, which gives

wo unanang e(nRranggusa et al ., 2021)

Fi g8iSe@irul i nian maawmand prAcEebamdnfousmsmiBc.Hpalrghenhi oma
in powdeAgrfioframm mi ng, 2025)

13. 2Bi ochemical G@mpadiithiaomaxfi ma

Spirupinaudps-knhaodpweul i naan8ma xiurha na mwhawche pois:
di stinct mor phol ogi cal d15d osbkhagatueudmwmeale r ¢ h
maxihmas been chosen for t his r esleaalcihngasf oa p

i mportant reasons.

Li ke Soptihreurl i na scpopn,sea8S she mak &8 ma c o mp o @ o Gtr dt dldatv eh
potkinaacti ve prroipgeftrottieeisn( FEsoghthmeegahse r Slpam ubd.i mar <

( Marjanovill tetcoalt.a,i nS0-pad y mathi ke |l pr gpomwtt ihes du.
(5650%) including al/|l essenti al amino acids im
which is necessary for the synthesis of <coll

arginine which enhances theider2QMObtt bDgogn®rfs t
7



i mmune modul @i0OiPen €Ssenti al fatty acids (18%),
vitamin-viBIla2bi @arAcot ene), vitamin E (Tocopherol
strengthening making it highly promi(SAmwarnaté&
Nowr uzi b, 2021)

Essential fatty
acids, vitamins
and minerals
18% -
Lipids —
5-10%
Polysaccharides
10-20%

Proteins
55 -70%

FigdBéeéochemical Gempadithiadmaxfiana& Nowruzi b, 2021)

One study <claims that 8ndeeawhideahali sg raomwotnhg ctohne
sour gasmiafnol e(nGlchyalkeii Wi ts a significantly grea
acid that -isrhfolwenmmant oarnyt iacti on and enhanrlcee¥% sk
I 15 . maaxn dnbh4 % Si.n p |l a(nGleinvseiisr a . etHo wtlvma yl 99t9i) | | \
depending on the( @luilteivrad.i etn @lroces3eI)

13. 3Wound Healing PotDenrtiivaeld oBfi oSapcitriuvlei nGao mp o u n c

Wounds can be extremely wunpleasant for patier
(Singh et &lol | o®@DAag) an injury or trauma, t h
regeneration of damaged tissug Liiangi cdal yalirg f
characterized by a sequence of compl ex biolo
formation, and remodéleiapgrofeltq aréesiti Rr0al Bsyk it n shse
rapid wound closure asde(pSiomph ea.tegeaeln.e,r a2d oh) a
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Wound regeneration wusually depends on the co
hemost-d6r3, (0OnfBammemypesl)lounl ar (pFblddyg)at iaomd r en
mat ur ati ochayphaéFagipAd i ang etDyaslf.unc202h) of any
to an impairddawad®md ettealli.ng 2016)

A - Hair B -
Hemostasis / Inflammation /
Epidermis { Bacteria
‘ w Sebac
| glar?:us
, ./Collagen
Dermis ==
(5N !
8 Le .« Fibroblast
= ‘.’ Monocyte
Subcutanleaoyt;? i Pla‘t'elets Blood vessel
. : @ i
Neutrophil Dama.?;d‘ ‘PBGF Macro‘phageo VEGF . Nelftmp'j", g
cells i cxacul oo I &bz P “rorp
. : ccL2 o TNFa  PDGF @
Proliferation PDGF TGFa  TGFp
FGFs FGFs EGF TGFB
C |&& .o giewr D Remodelin
- @ S
O Ll HGF . L1 g
Endothelial cells Keratinocytes
5 — -
" > /N
- Fibroblasts , Matrix remodeling
mmm— TGFB,FGFs, v« w FGFs, IGFs, IFNs,
PDGF, IL-1 @, - v _ w TGFB, VEGF, HGF, TGFp, PDGF, FGF2
TNFa 'ﬁj“ fickichiF ity MMPs, TIMPs
Fi gbrFour Stages of WAuBHdmikeg@édhiesBiPobammdtiday el | ul ar
prol i f erlatdiagg®)Reimode2ld ayys Yy €&t png et al ., 2021)
I n the infl @mmatcan w e p ltemmpyocuoncdysa nliink ehave been
i nf |l ammaltatoend wchyitcohk iinreddl|ulbea n@dBbd have been p
| ower oxi dehiiovle cdmrtersal,s excessive i-médiaammad.i
modul dtLiamm®n et lanl .t,he20plr6o)l i feration phase, e
proline, and arginine stimulate (banp®ol ef eala.

They further enhance stimulating angiogenesi s
ti ssue and the extracellul ar Hhaaand®n whnathhac
remodel i ng stage, ti ssue alignment and redu

polysaccharides anfdiiathg redat ladat, h&@mRagur danon
9



vitamins and momer abssissatpeotrtcoll agen trend

minimizing fibrosis dhdand®moritc awoyn@O0fl®r) mat i

Mul tiple researSyghardtnad iddgasvadl nrcd(vw2adal riefpda st ehda t S pmert uh
extract on Human Der mal Fibroblast cells (HDF
an in vivo scratch assay, which exhibited an

compare®@ % on5Intreated control s.

13. 4Ant i mi crobi al PoDemitvad Odm@EBepuAsasd o amima Wed nd
Pat hogens

Given its abunda8piruliibrhas cgmp.o0seddugadctt@nit i ® ni n
phar macol ogasx atthdy adaim esybstitute for a synth
with | ess(Biédiej yedh e&t $SgrianmdnhmaaZe2b@en proven
antibacteri al pr ope@rotsiigs v a gnaeigbsttiGy@ontphat Go g mn s
associated witmwhwoehndnichiue @tuisqgqn aPpnlsaéireugicrhd saa
among others.

Ast udkawyhi k and Gbamohahr g RBaBs8eghte t hpainrod! i na ext
broad spectr umRNo fonnd catgi@viintasys rtetulsl 6 wR @ Orhm 7d Ra i4rRs t

E. aotdi ND.38Bmm. faeragdnoba result of mi ni mum
was recoregl/ed@I5&t/ nll2 8 sgd/ mI5 1&g aiams e us, E. coli a
Tosuppl ement tthhiess ed erneosnwsl tersbfyeectt a cvteer i al ghhy wt h

Spirekxkimbascsted on the zormrd aafra menthe rb iatrioounn dw htehree
pl athews no baCHedziat King rha 260 0c9agbhaoswmo dae rtad ed tyr o n ¢
anti bactewhaealkl® pront eonfceyan sitmadingatant i(mliudrzad keika I, &
The MIC value provides a direct comparison of
capabl e it can i nhi bit (tKloevaKkgrsdoamhtnha | o VeI clew dt eaki
2021IMhe | ower MI C indicates that extract s T
( KowaKrskah mal -W& chedek 2021)
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1. 4Extraction Techniqgques

1. 4L0Lmitation of Conventional Extraction Meth

Learning about Smhmexipmeagentieasl umser et andi ng t he
associated with various conventional extracti

and in some caseftJaemsghkeadttal tpx2021Yy

Recent advances in the extraction methods i n¢
Ultr aAosuingdt ed Extracti el e FtUrANESs, i s aead Pxtsaect
(Jaeschke . Bhesad . met2l02dls have its own advantac
bi oactive congpoumaeksitnfaa otm wihiech must be carefu

Thmechawopeldilaslr umeti momds beaadidlj iddgeak tough cell w
by wusi mgeaedhibgghad t o create shear forces throu
to a high di sr up8thi% na nrda tae be fofmacsasc yd i5o8fi§ iBdte is @ 1 k &

et al. , H@QWRWgr; nittehsi eereermpgycess can possibly
i 8. malxn mal t-Asasiosthed Extraction (UAE), invol ve
of 20 kHz dmrzwah0@Bkel®d 1wWaves promote acoust.i
which bubbles form and coll apse in a(AbpWwaendar
201%hadvantfagtehi s met hods is its shorter proc

(Azwani da,On2a1h%=) ot her hand, Pul se El eotintiageF
usuabbDkxVAlicm, to initiate el ectr obpowevearon, UAR
PEF have the possibility of extensive m8&mbr ar

maxiema racts | eading tdJaesedhhkeecdtexattract2i0O@nl)y

1. 4EBhancing Extraction Hfsfsiicitemndc yMetcthraomu gshm P |

To max9pmirzuwauwmmdsheal ing potential, it i s esse
not |imit (UseksochkepeTe amhaxi @02 )t he benefit
presedht mawhmah addresses i1 ts | nasesriesntte dl ime dh

represents a promising avenue for exploration

Pl asma involves the integration of energy int

to |l ose their outer el ectrons and become i oni
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forming a charged (iFdamgu(rieeldr & r eetel halls.e,qtr200c0e8s)s i
enhanced by the production of reactive oxygen
during the process, whi ch c(oDndtArnigboultae seRt aaslinh, e
assisted extraction mechanism @O HNtess. ,r ealcaadt
and radicals to precisely control di srupti on,
O, -NC &€r b@GOnds, enhancingOéxborvactitbe ¢idaldnnay ol
et al., 2023)

There are two main classifications of pl asma
di ffers. First is the thermal plasma, which w
(D6ANngol a .Bhe adt mo2PR&Ni c pressur-ehplkamamagpl ak:
mai nly associated wiNehhriat setphad s.majraed OcBhmawlh a © k
pl asma are its extremely high gas temperature
el ectrode issues tha{(DbéAasgol at.ethal enekg@@g2¢ff

For these-strheasmamis ,plmema, such as dainat mospherob
pressure pl athmah] daaveAPR&)r uniqgue character.i
because of their excellent selectivity in pla
| ack of quenching and most speaowhelrley hneak i nsge nis
a cofdlehna etBylut i I2i00i8ng t empeedatgmes @mhtdarri ¢ op
approach i s suitable for sensi tS.vema#p priaic ¢ a v i

Nucleus
(®
Electron
Molecules /

compounds.

0.0 0
(Q 0 ,o°~ °0 -
0 ()
%Q 09 8 o0 OO
00" ® °
Solid Liquid Gas Plasma
(ice) (water) (steam)

Fig6Péeasma: The FouAnStaniezed HMasterom(bBNehid,etiguid
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1. 4PBasAsasi sted Extraction: Atmospheric Pl asma
Dielectric Barrier Discharge and its Applicat

Pl asma treatment technology has been highly b

di verse scientific areas. Recentl vy, Il ncorpor
significant interest (dDoé&ngol at.stHoawen esri2 @ @t2hpiost
needs further wvalidation.

Among several -tahpeprrnoaalc hploafs magiPhhreemeatt alene@aébi
sustainabl e Argon (AAARAS) p hteercihcn oR logsymawaletut i | i z
the robust pol ysacchar iSde nfadxaigmae ht y i hnt bent &d
pl asma |j(eFti giubmzltdi s approach,S.a mawxasmauislem ma
i mpl antBaccecadt ioengyuglhtes ma tr e a’t@Bne% tr e hwatcicaeni aif bi
bi ovol untB. aagaanfnussa er wigii hneskai of il m thickness re
Further mor e, its antibacteri aSlauefafni@icaagr.ugc ne

These findings saggiessite d maltiary @e p it a spohyecso ctyhaen ir

overtime, which helps to kil bacteria and to
A B
High voltage I Argon gas nput

— 10 Umin =

10KV, 24 W@ 'C}mm)c e g

\{ \d
Grounoedﬂ

L @
— o
1l 3
Optical sensor head 3

PLASMA PUME ——ey. . ) l l

! Sampie 6 mm

Fi gur®chemati c Il lTustration of ArgonARIMmocCpph el c el a&s

spectroscopy ch®8rQuttleati zdad diogan so/fg tibhaem pelta sama. ,j e2t0 2rde)ac t «
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Despi A®PJARTffi cacy; st haer daf f earpenmtoanbn using a ¢
(DBD) mMmadebegen chosen for this research due t
surfaces, reduci n@Manfraercedit. hetr mall . ,daznay4)

I n this research, a customized atmospheric

technol ogy setup wWi.l Imabxeiommeas st opedhtaatuvuemt ch
pumping station ar e -pnloas mas spernaicieasls € so, aprnoovsipdien
and straight(fLar weatr daldmes e d@s an advantage o
treat mentwhpiareanperteesresr ving the integr Sty maki tha

extract.

1. 50pti mi zi nAgs sPlsatsenta iKxetyr éPatriaanet er s

1. 5Keéy Par dveltttage Level, Treatment Time, Salt

I n thisvoldebgeetth 6kVineme ( nsa fONa &ahrdic e n t(rga tLi)o na r
essential factors to take into consideration.
and extraction ef fSi.cinaexsiymamdt .t hidoweuvwemi zender

how thesei phrametecsi on ouf(Ebgesei 3) essenti al

According toManfrerceedit ,dtt sdllgct ( 2062 4B Dpilears mhi s
treawmeéeht asgaeas tUee@dénhance the total @dfefneod i
subjecting to two different vpéet@dgds8(L2,amaddl:

The result reveédalnedara ccoonmmpelcetxi,onnobnet ween volta

| ower plasma strength (12 kV), An initial dec
14.82% at 8 minutes and at isound desrsvaozlc | il me ao vha r
strength (18 kV), opti mal extraction of TPC
i mprovement compared to the control. These re
processes i s essdntrieslultto faachioepvie Migoertul@gn.a Is
insuf foircieexnctessi ve control of Kkey pragaarneitwirtsy ,c a

to a possible risk of degradation of the comp

On the other hand, salt when dissolved in wat

due to the mobhamngyebTlilid spa@&BAet elri gouiodnoitnetse rp

i n t het rpd aatseth s avlhiiceh dalcutliidadrat es pl asma energ
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of RONS enhancing an effective <cell wal | di s
(Zhang etSadlt. ,i s2022)0 essenti al in regulating
cel | meanhbi rcabrnseu Irtesl etas e cert ai n  idnetpreancdeilnigu |l am i
concentZhhan@netThaelr.epfeor®E&Eni ng of the key par
i n achieving maxi md.m maxitmMaeftfi cacy of the
- { \
L Voltage Level J ~\
Maximized yield, no degradation
Low Voltage High Voltage
Inefficient cell disruption Degradation of compounds
A 4
( Treatment Time OPTIMIZED
k S. Maxima
POTENTIAL
Efficient compound release
Short Time Long Time
Incomplete extraction Degradation or reduced bioactivity
L (Salt Concentraﬁmq
L (NaCl) )
PARAMETERS Enhanced compound release

Low NaCl High NaCl

OPTIMAL EFFECT [

Insufficient stress, low yie]d) [ Severe stress, reduced yield

FigBtefluence of experi mentSal

1. 6Centr al

J

MP@Xa tavare tt iea Is

on optimized

Co mpi s is tiEg plEodfi tgwa r e

1. 6Application of Central Composite Design in
Optimization is significant when establishin
obtaining a bioactive dcAMapewmhaod ft oSalmpalteRrda&ii3n)e
i nteraction mo@dNjekar & Othiesifef o2®23)Ynore advanc
as Response Surface Methodology (RSM) are uti
An experiment al design called the Centr al Con
Wil son centr al composite design, i's one of th
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(Njoku & OtCGD,ha928merged and has been very &
due to its accuracy, not only to evalwuate | ir
ef fects anoMjgokvwaré& adtliese, madDBA3pbjective of op

unf avorable or undesired oufpetremandemani miz@e

I n RSM, the relationship between the response
by a GeneQraderSeRwinydn q rRigaula t(EHpudaityi)aommt o & Adet y a,

EquatlGener al-O8deoné&ol ynomi al Equation in Response Surf
opti mi zati on

Y =By + B X1 + By X + B3 X3 + By X] + oo X5 + Bsz X3 + BroXnXa + B3 X Xs + oy Xo X

I n this model, Y represents the response var
treatment ti me, and salt (NacCl)l,coBmzagmkraheoh
coefficient, b11, b22, and b33 are gquadratic
coefficient for each variable. These summari z
the over dlHadngsamdms & Adetya, 2018)

Based on a r eHaedviaynatnt ©t uadnyd Cl8y\d e aypd R3M1 &)y e be
optimizing the extract$minr wlfi nla nppldesy ieamngdi amr outl e
assisted osmotic shock-OraeehniPpu ¢ .n TRhgawa tikapend tla

maxi mi zing yield to model salt (NacCl) concent
This study established a solid founda$piomulfioma
spp.

Il n this research, CCD is ideal to generate a
|l i ke voltage |l evel, treatment ti-anesi amad saxitr

The Design eixgppeaed fsorf twhaire researth maxi mitzse
bi oactS.vimawhiomien i mi zeixmpge rtimenealledftoreval uate
multiple factors, ensuring correct statistica
for visualizing how different factors influe

condi t iroendsu cweidt he x per i( rRe mtt at iedn aneede&d?21)
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1. 7Anti bacteri &pi Capaoniat maai ma

1. 7Ambti bacteri al AicCtoil vointyy FAosrsneisnsgmelnnti t ( CFU) A

CFU assay evaluates the numbercapabliabdfe barcm
cluster of bacteria adhering to (thecharmmadlmey,t
making it an excellent option for ev&l umaxinnga

extract.

To determine t hebawtnbreiralofc ulhteurCGFsU,ar e di sper
mul tiple dilutiongéBlioyant&deVaarh iofuisa s2upmpelse h a\
assay for evalwuating Stphe ud.nnlah sgtpeeBaht meottdy
(20,2t5he anti bactSer inmdexx e nht iwals @& a lpunaet yend@na e
predomi namaeiga®Gi am bacteriThm vesngt CBbowssaysig
CFU counted which inhibitseuwgdgdstfiingn &moramattii oin
opti Bi. zendaxgiaman st t he #estikd amaeb@apreinaen

1. 8AntioxidanSpAcul vyvinaay maki ma

1.8Pdinciples of iRntRi phédpdmrdty ADRdPyH zR/aldi c a l
Scavenging Assay

Smaxicmant ai ni Ag ch ecroonipiocunds Ibickae ot e @p hwa rt dhl sa
properties, can promote the function of the <c
anmonocytesofimddwaetmagpm onectain@dn from oxidative
associated with high I evels of free radicals

heal i ng( Apgruoscteisnsa. et al ., 2021)

According Morandaue@malkihnbsl %X8)i bited a potent

yielding 1C value of 0.18 mg/ mL, i ndicatin
i ncrease in plasma antioxidant <capacity compa
strong natn tpiootxeindta a l in wound healing.

I n this research, the armsti oxaexdiammegealctavedyusosi
DPPH assay, a simple, rapid and precise assay

radi cal produce a shift of pale ySentaxoienxai ndc tC ¢
17



(Thai pong .dtr odlox, whoetsht)athd § sd ewle lalmtsiealx iacsa mat spr
reference for thBhanpowmgi dandle.agod ¥od@)y mai n f ¢
serve as a supplementary method that. supports

1. 9Pot enti al Application in Wound Heal:i

1. 9P@atential Appli Sat makx tofaa Otptiimi & eldydr ogel |

Af ter the optimizati pot @ndaralsisye ewittrbaca s h wd i
hydrophilic polymer networ k, not only due to
suited for moi $¢tLi wngnaeditldatadistoR hezads) adci memgio@Ira

(3Pprous surface microstructure | i ke extracel
t he (bRdAdyi ak & Yoshii, 1999)

Hydr ogel matrices are made from various natu
dextran, and proteins |ike collagen and gel a°

(PEG) and polyacryl amide (PAM)suprpomdt dsorcdlilss

cel | processes, making it a c on{pYeatnigt i evte. ala.n,d
Il ncorporation of hydr ogel matrices can be a
antibacteri al bandages, i mpl ant s, drug delive

syst ems,ndderpthalhal n{iYca nagp pelti caat.i,on2s0 1 8)

1. 1 @ap of kMhowl, edHypot hesi s, and Novelty

1.10. 1Gap of knowl edge

Previous resear chasiqiss tsé v@mridrdutd mengad rensafra nntal y  d
its cell wiaill Il mi @mo @t ian gt htima't promotmpounde wel
compromi singPhaw enHalyeyve?02p)yecise plasma pa
l eft undi scovered and further invesThgaeif one
deter mi ni ngartihat ipagrassisisrs t pelda senxat riancct li uwodni npga rvaor ett
(kV), treat ment time (mimks, easeénNat@lept o mi & e th
par amet gtrion gna x i mi @acfttoimeiitnygpr oved t hefruampreudndc o

healing applications

18



1.10. 2Research question

Thea esear chi $ighuoewvs td @ nv ar i aatsisoinsst eidn exltasamda i on p
voltage | evel (kV), treat ment itn fmeu eyntiedndl h ean
bioactivi-ttiye Stfierquitaimxa f act powtoemidi dalpall is@Oaqat i on

1.10. 3Research ai ms

Ai mTh: comprehensi vel ypldegmame nnei nd ep aorpd mantad r s
l evel (kV), treatment time (maepyjsaed HNacCl

ofS. madxeirmaved bioactive compounds

Ai mT@:evahdamedsuaeet anmi bact ertihaght amit z & d tegalt @asdm
S. maax g anian st a variety o-pocil tiin e -adaghadt | Beh

pat hogens, infaudéEnyg eips dlaemaid,i edonsddc ol i

1.10. 4Research Hypothesis

By #ftiume ng-apbsastmad par ameSer s mh k hbanaoeaxcttri avcet icoommj
can be enhanced, |l eading to moprepeonimps obadi

therapeuti woauumtdc hhmead i ngr applications.

1.10.5Signific®&esead@dcbtbehnol ogy

Whil e this rasaegasrpdilinenaod d maendds obni ceavcatl ivwafStpyomu | i n 8
max ifrmar wound care applications, fut utroe psrtouvdiide
sustained release ©dmpdhaen dphtd mvaewerdd bs iotaec,t itvhea t
reducing reliance owmhidanwvre mtiinoralnganthiebiratsikec s
|l eading to more sampsglaiiaBytbih e gvroautnidnpge aamrsa vsat teidy
t echniol ogyntbr obet dsoticmghyovati ng a new met hod t

clinical needs and future biomedical soluti on
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CHAPTER MWOHODOLOGY

2. lExperi ment al Protocol Overview and M

This resear cat wtalke cBinadmed ieda | Nanoengineering
Medi cal Centre (FMC)

§

Spirulina Atmospheric Optimization of ~DPPH Radical  Colony Forming  Flowcytometry Comparative
maxima biomass Plasma Treatment Plasma — Assisted Scay (‘llgillg Unit .\SS'J.\' ,\]];]I)‘sis ;\ll:ll)'sis of the
Chamber System Process Assay Optimized Plasma
Parameters Condition
I © € I O I I ©

Fi g@rSaammary of met Spdolubigyprfépamatison, to incorporati
pl asamsas i sted process parameters for extraction of maxi
treatment chamber system, to assa&ssi $thedwSpihdabenan magkrt

Anal ytical grade chemical s Sapeirreulu snémd orbabxsi smagvia
supplied BEPORYMI MDA her r eadlged tox -A(MBdrlgucdhe}s; 2 DP P
di phPEmiydr yl hydrAlzdrli c(hSiCd iSooNeEdEdi Ama r;i cMet hano
(SipharBabderi alwsSd aphyg!l as d ATICL 20 Q2Bgr;i c hi a
(ATCC 2B9@rdomonas (ABCQgiLlsEb8A@hyYyl ococcUaTCE®I de
12228) . Fl uiomelst ®®mQ@ AdyEeSEhenmofic); -PlIropildeum
Scientu€Ciaye media and buff8usf eseRiBSalchugnas
Al driTeclyptic -B8B B8&obgmabDeh)ai hedr mat hexipean ment
reagerctud ture medi,a,s tfali ndanggd olEanrditgssegogswei gtf haacntdur e r
i maiamp pl i ¢ gptuirqgmMsaantde we e easreanh etde appemdidee s e
13Bacterimdedcdtirmi @BU dlnoowyea roaaed b we d @ ditaegpdoendi c e
Tabllewhli &lrorcanhsumabl es,,ansgduiwmamee tes eill@p pendi c e
Tabllgeespectively.

22 Spirul i nl@ai onmxs snapreparati on

The mi cwiotahl gaaec o n angrl imda t1 $ p @ ndd ésdlialnlfegrg r ox i mat el
mg Spfi rul i ma omeaxismapd wdeeirghed i nto eachpb@asmh c

treatdtmengned for each run.
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23 Oper atAtomosgheri c Pl asma Chamber Syst

A customized atmospheric plasma treatwmawsedhart
t o tSreantabxiionmaa s s . The cylindrical fgeuaatrutoze tdglisathses
di ameter of 40mm and an iinmdiydegsdmea naettienrg ofe g3
i nput/ out put system, a thermoplastic polyur et
wor ks together to regulate the flow and ensur
prodqddasjieDPThehamberesiwov ell Mmeprnodeésd by a diel ect
an alternating elS.ctmaxaimgd et wi bohtsohfforentea
sustaining DBD in a narrow gap between two pée
chamber not in contact with the pladmd umdedv em
by subjectinmnmg tah mi tfrloogvem aggzethbthdnde Lo imi ewleica r i ¢
ena&lbll nihter ogen gas to i oniizreg amar g eeregragy [pdra su

from plasma formation (Kogelschat z, 2003) .

A Electrode

P

m e

5 T Branched airway
N 3
Air input ] ’ I
e
L
, G ti
‘ | ’ atmosszz:?clggsma
_* B |

Thermoplastic
= Polyurethane seal

Fi gurOdt mospheric plasma treMmtPrehnetmad h ambielrl usytgtagm.on o°f
treat ment chamber system using Dielectric Barrier Disc
air input and outputB,.Bhomedheal aNawagngandessgagatmbeph:
pl asma treatment chamber system using Di &péctuli oaBamax
extoract

24 Centr al Co mpidsis tEex pleersti gSnof t war e

Centr al Composite Design (CCD) was applied as

t he i nfluence of mul tiple pl asma treat ment
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concenfhet D&@rpgnt software was dttuinlei ztehde f®QD t
functionality, mi ni mi zi ng( Rihnet on uentb earl .o,f 2e0x2ple)r

To determine the optimum conditions, three p
voltage | evel , (B) treat methafl tli8mep, | aasnmtad HrQu) @ $s)
process parmramedteesrisgned and conducted using CC
parameters and efficiently fit i n a quadrat:.

bet ween the individual and response variabl e.

Central Composii g ebodievwsal g re v(eG C Owaha tccr soabin stdhess eg n
of experiment al point, i ncluding the embedded
and axial ) ar (\Wobh tOfesmeroy, +retThal fou202Zh)xteri al
lyeprtessheen combinati onawhenes &aaghhl)f( addd)wead nsd | coow
s
c

possible extremes.cofThhets@paeomtldler mp dipoi satlf(l@ct@d rasg,e
including a group WO, ak$h@aldswtair mgptoiinnt sof( 0¢ ur
guadratic effe4ctmearo({ MaptugoneenypneWhialle ,t IR 241
r eprsexetnrtleang and high wvalues for each factor
(Montgomery elthoimsbi pna20@8mh) of pdirmtmeiwo ri&h eebnaasbpl ee

model fitting and predictive opti muMmFicpumde t1 @

Factorial design Axial points Central composite design
with center point

0, +o)
*
(-1,+1) (+1,+1)
(o, 0) e 35 3+, 0)
(_1:-1) (+1)_1)
w
(0,‘&)
Figuade cl assic central composite desfigant CrCiDalgrephme rci me
(Veza et. al ., 2023)
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24. 1Mi ni mum and Maxoifmutnh eRalnrhgpeee Experi ment al Va

A minimum and maxi mum value fdkVegachrpepart aneat e
10 min) and sal tlgdaudc entsreateicotne d( Obga/sLe d on p
preliamkpariyment al trihéd. i Thesehe abgteds ggmeerEeerpae
t teabl e of aesx peirei meotEthsvar enguagdequate coverage

for reliable optimiz@Tadm(neaod) ytahret a e& plodnestey av,a rz

TablMi ni mum and maxi mum ranges of the three experiment :

Na Cl concentration for .CCD optimization approach
Experi ment al Mi ni mum Ma x i mum
Vol tage | ev 3 kV 7Kv
Treat ment Du 1 min 10 min
Salt (NacCl) 0O g/L l1g/L

24. 2Tabl e of Experi ment

The table of experimen(STahbsedéase aedsdtsgidgtrod ppleam
the combinations of plasma parameter variatio
the individual parameters and determine 1its

unbi ased execution for succeeding analysis an

Tab2Tabl e of Experiment from Data Expert Software versi

Table of Experiment frol

Run Factor Factor Factor
A Vol B: Treat C: Na (
Level Ti me Concentr
k V mi n g/ L
18 8. 363! 5.5 0.5
2 7 1 1
9 7 1 0
15 7 10 0
17 7 10 1
1 5 -2.0680 0.5
5 5 5.5 0.5
7 5 5.5 1.3409
8 5 5.5 -0. 3408
10 5 13. 068 0.5
13 5 5.5 0.5
14 5 5.5 0.5
16 5 5.5 0.5
19 5 5.5 0.5
20 5 5.5 0.5

N
w



Ww wlw

P FRolb~w
Clr|k|olo

N

1
10
10
1
1. 636 5.5

I n this study, three main concentrations wer
of NacCcCl concentration basedram t8hdnredaadladveefs e
these negatiweal weomettenphypdsioal |y mpeselibdectthlee
experi menhGlael seh upt al ., 2019)

243 Principles of Fit Statistics

Theprinci sluenmavfagseéd sel ectsttalhe i ogr peodtnt;thfeor t
suggested model should be consi def®#taatnaeg.o820825
The ikteysthati @t iadjigpsrteddd eRdeRyuRAt e preci sion, an
asseedsswe | ieaabmloydfeiltthse wdiathdh @ des( §iEats p a cTadeGReb )

st atviadtwiemen al aedd on the experiment al data g
Design. (CCD)

Thieey fit statistics commonly tuc eadpms end i€atailt wdy
datrae,l i abl e i ngdred piréehiamht sipeawatess | bndesumedr andd
bel(owab:il e 3)

Tab3lenterpretation of KB8falWedel20RI5Y) Statistics

Fit Stati s~ I nterpretation

(Coefficient o explains t

Val ue cl oser t o;
A | diwvn®i cates a
variati on

R? Howel |l your

Provides mol

Adjusied R mearseuménot t he Val>ula8e desir
perfor man:
Measures how Negative values

Predi éted | predicts n prediction

Value > dndediuaa

Adequate Pre Signal to n for predict

Lower value indi

Standard Dev Variation of i
and reliable
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24. 4Princi ples of Nor mal Pl ot Residuals Predic

Des iegmer t software wa® waéeddanhebhbrndueonbsage ol
regress, oas steclwimigbiv pomodela rsephpeesgpédaf( eok al

& Oti siT,he2@2 &posdiedn exhpel aien ati deplenpdebét wadni n
varisalwli e desi ¢ NResp ®@ace.btahden f f el etnweeesn t he sprhegdi c
t he r egr easnsd otnh emoadcetlu & Ir orme & theen (s podadi in&e sXthies i

predi ct ewa &xa micrtsamistish e 8 e lhaotw ocnlsosiée It he predi ct
werntae he actual e X(ptEatne n.tO2a0 25 pou Nt $ nean the

predvstadtiunadle gpalddtr ong agr eement between predi
whi ch t hdrhes cmgd eekn ta(cSthataey. 2025)

2.5 ntegrated At mosphericrBhhamae@h@&m@e
guant i foiSpatriudn na maxi ma

For each pl as npap rtorxe artameenStp i rbuwdr ,imoai orfmaaxsi smap o wd e |
wei gihred8Bc0 mL ceéemnmbreAvfaurgde oiNaCl s,pkrepaoed by di s:

requamoewdit NaCl i n adicstridlilnegd twat ehrea dldeesd gtno pd aml!
tube coSnt angmoiwndgears.ed on t ablfe oaf tedrep Drhit mearEthe e r
corresponding NaCl concentration was pregared

i nto the atmospheric plasma chamber and set t
duration were set preci,ddley tarasmeeai i geod & fod di
remai niermgs uwruin,sg accurate plasma treatment con

treat ment padamet ered i abhbaft g CRQ dq wmanStuir fan@ayxait m a
(Figdre 1
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‘\/’A’

- @

U )

&) /!
. A &
o 2oLl et N
maxima biomass powder

Spirulina maxima biomass
Tl + NaCl solution by vortexing

.‘

Supernatant was filtered using 0.45 qu-drkdnl-&)“C};vds-
. pm 25 mm filter 96 hours
Solution was placed in the plasma chamber for v >
voltage and duration  Stored at + 4 °C overnight
were set as specified
Figal®chematic |l lustration Spfi rtunlei ndawtrm a@PDaatcionrc epnt ¢ @d g ¢

2. 5PasTtreat ment Anal ysis

Af ter pl as ma t rterad anteend , s arhel epsl awamae st or ed at
sampl esy.i nitheeg rsiutper nat &n Wnd wfaisl tferl t (eA ¢gidd redstis nThe ¢
frekgzeadt8 AC fi®r6 A©®urs to maintain and preserv.
bi oactive compoun(dsi o uirb & lud& it npelery caonoayl ayesiins ¢ on c e
each pl samagvlasumeasured amwd/ dgsSedaendbdasi3®P (F
spectr ogpeh®ma ® (mEm g3).r e 1
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Transformed into blue
S.maxima freeze-dried
powder

E Used for further Colony
H Qﬂning Unit analysis
!
: /’ |
- Freeze - dried at - 80 °C o =
< Stored at + 4 °C overnight Supernatant was filtered for 48 - 96 hours (3 cycles) d
» L using 0.45 pm 25 mm filter
: \
E [ ‘ s
; —

3 mL supernatant of each run was

loaded into 1 cm quartz cuvette
Characterized using C-phycocyanin optimi
spectrophotometry at 620 nm Central Composite Design model
FigaB®chematic |l lustration of th.e mawsitmareat ment anal

FigudAect ual -tprleaastneadd r i @ierz el i nsaamabdd ;@ mL centr iB)age tub
Eppendorf tube
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26Mor phol ogi c aSlpiAnualiynsaiedmlaoxiwanlal exposed
pl asma using Dielectric Barrier Dischar

2601 Scanning ElydcStErmn Mi croscop

26. 1.1 Pr$smMite ehmifque

Scanning Electron Microscopy (SEM) is a highl
i mage that specifbrcoakbbyelbsesranhbgbhmya@irwviumg a
Inm for f i nealsluorwiancge ddeettaaniilltedd -&¢ & luea Y(iFa agthler een 1
(Nanoscience |LThberelmeatson2®2B®d)generates a be
the range of 1,000 to 30,000 electZmonu vet. tal .(,
This electron beam i s |femsusesd anmeaduglvetrhe heors
el ectromagnetic scan coil to produce dgingnta&l s
of mor phol ogy, topography, crystalloesgraphyr a
components with 4 Alkkdhn@agc ®lte adesol2Dtli8gn

Electron w‘
g a g
{1 1
. lH l ” & -
o — g P 18
o | IR
Scan generator o
Condensor
lenses
Amplifier | —
Objective X, yswncolls = '
lens "_,_ 3 >
Back-scattered /“/,
lectron detect _ e N
’ ’ m ,74»’,/23
7
Xray ; .
deleclor Sicintan ] 9
electron detector . 5
1%
LL“ 7
Sample
Motonzedslage

ng El ectronA.Michreomdopgy r(ePEM)sent at iBB.lHEOT t h
SEM machine (Thermo Fisher Scientific, Walt
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26. 1. 2 Experimental details

I n this study, the morphol ogr e ®8mad iwaamcntad ryez ealf
undrEI Quanta 45@FGi SEMr (Theembi fic, PWalorham, tN
ex ami ndartiieodh swearmgoluemt ed onto an aluminum speci |
coated with a thin | ayer of platinum using 1lo
UK) @adbon adhesive tape to enhance el ectri c:
anal ysis of tHea ed@pteidmawasd @l fasmmed at a wor ki
working on an accelerating voltagenagii I0 clV.i c
6000 x with a specimen stage positioned at 0A
efficiently characterize cell w&l | mafairlpdannd mtgs,
|l mages were captured onemaamadsmd e ingl t-Thiee iEx led ihc

detector (ETD) for secondary electron detectd.i

26. 2 Epifluorescence Microscopy

26. 2.1 PrincipletseoliniEpudé | uorescence

Epi fluorescence Microscopy (EFM) iins wahiksihreda scef
mul t i spescoturuegled isghtmul ate a fluorescent mol ecu
fluorophores absorb photons, causing electron

warsefl ected from an ampmgdeedft inacbhgmitcheni ex ©irt :

with approprwhitehblanhdalpéaeédevwaxweilteantgitchrs t o i1 | u
sampl e. Tdha s h-epg motdruacset i mages of target struc:
achi sapiang al r-&6d @ml wit i mna ofma &tnmuint Ro. fa nldOn@ Kiegu he
16)( Behbahaninia et al., 2013)
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J— Objective

Excitation filter = L

\
] Dichroic mirror Filter cube

L— Light source
. .— Emission filter

Prism

To camera

To eyepiece

FigueEepi fl uorescenceA Micchreonsactoipcy rEeFpM es ent ati on oH. )t he r
Ol ympus | X83 EFM (Ol ympus Corporation, Tokyo, Japan).

26. 2. 2 Experiment al Detail s

I n this study, the morphol ogr e &t e enbwaimmead ryez ealf
usilgympus |1 X83 EFM (Ol ympus P rCioolEpg-avr aetxi aommi, n aTt o k
portidonseahigvh® di $ @olcwvedentr ationsoil , va@gl| amge et
i nt o a @hwasssdrrisited ot mi.fThelaiykes were stained wi
white -AISdrgimah, I nc. anfadlD& pboutiasswilihsSgdemexisd e
t haodouHidnder fluorescenvessagndgiblmrmsddineintéy Radar
Mor phol ogi cal mavalsymapiedufsominerdexhj ect ( vealkemi)ar

andO0O Gx | i mmerssiad rel B@éwnmsf o(r hi gher malghe fdicahr @
mirwapositioned at a 45A angle, to efuffttcenhn
resolauntdi canl | ow e micted erde & d hu,etmhaeb ¢deent ge cetfofri ci ent ¢

cell wall mor phol ogy Sandmaxitfnaamént al changes i
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27DPPH Radi cal Scavenging Assay for Ant

I n this research, the aBt i meaekxdtanaats taecvtai $vuiattye tonfe
DPPH radi @adi pahsegnaydr | hydar agiymp !l e, rapi d and
neutralization of natur alday sphurfptl eo if DnRbRaHt &ft riyeea)
presence anti omekames tf r(dmai pooncgc uertr eeadl ant 2 @ X6
compesdonat es a hydrogen at omedu br adned ®rPePsHuhnl etaidn ¢
formation of -h)ydhaezpoag(BPPPHI ., 2006)

To prepare the DRPBHmMgt oc¢ k DdaddIHudpisosbedrv &8 d ml me
angdt owlsl dihtwo edl5 ml of tmed hworoki n@ Polepddiren.
of plhaesmampl| e extel aof amée DPPH evreedldierdg i-gwmeldd tai @
mi croplate in triplicate. The plate was gentl
sensitivity, and incubajtwhd cait h3eds thad Wiedrh e214 am
pr o,fwialsse eddatsandard reference for the anfad oxi d
prepare for the stockwassoldiiteEeomnllvedd 0df mipe tol a nl
concent 0a &ng,o nGm ®OFEM,04EmMO0,2 eth, 0 0em0 O@® Zd, OQ 2&n

(Fi g8 be pluapt ei mbpeltad ma samples (18 runs), bl al
control dadhaa IBaseleine to measure the maxi mum
antioxidant present. Absorbance wakTXnemdlr eed
reafiBroatebpih wave(l Ringdrhe T”’lesiwer e ex pegMeBrseldo xi n
Equi vablieom@#gaiid scavenging activity was det e

bel:ow

Scavengi r@gF—aett+—v+ty z
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Trolox
Trolox conc (um) \ \ \ J \ vV \
Methanol 016pym 008pm O0O04pm 002pym 001ym 0005pm 00025um (00125 ym
Trolox Standard . 2 - fold serial dilution
Curve Preparation Stock solution
preparation
\ 4 . Keep out of the light

DPPH / \
/ X
stock 1 + methanol > @&

Me!h;inol
STOCK 1 STOCK 2

15yl plasma sample + 285 i DPPH

) Untreated plasma (Blank)

DPPH Working
solution preparation 15 pl trolox + 285 pl DPPH
Total volume required per well: 285 pl DPPH working solution
ostedewelliy-—— e I
plateat 37° C

\ 285yl DPPH only

Total wells required: 87

pa B ] y , Sample plating
= w
:" T st
Figai*chematic |l lustration of the . DPPH radical scavencg

28UMVi s Spectrophot omelt e@@kywc adeytaenrim ne
concentration

28 1 Princivel es of UV

Ul travi oeviiesti(bM(lIeBWW)ect roscopy was empl oyed t o |
concenThiasi amal ytsidacdalli ght source to il luminate
ul travviodiel!| e oswayvpeil ceanlglt yn-8l0e0t ,vnen@ln ma@&@ G er absor ba
spectra through the sampl e comp\aorgetd etto aFlb.e, €2
phycocyanin (CPC) ,620 vimiddrer gsamgredsoft o 1t5he m
of fering the greatest seifdNatievwi tayA wsao2dd2rda)tgit d

a UWI S spectrwphlolt wosntert a tyl8d iidmcnlBui ¢ lhree | i ght S ¢

monochromator, sample cuvette, and detector.

32



i)

Light source Mono 1 Mono 2 Sample Detector

FigaB®chematic | aVoS8tspéctar &yhotometer including the 1
sample cuvette, and detector

AccordinlgammerBteepr i nc{ Bi)sesdi radbcstolryb amrcepor t i on:
(cof the absorbing(lmpl dow &,arpathhe Ildanmgdtth t r ave
mol ar colepfrf ilcavengtr(ong it absorbs the |ight.

CPCbs maximum peak wavelength is directly pro

o
A=l |
This method is chosen f or -dteksitsg usttu d/ye dhwad utroe iw

guantification however, to have an accurate m

and appropri at(eVosgotl veetntalc.o,n d2i 0t2 30)n

28. 2 Experiment al detail s

To determine and measure the CPC concentrati ol
and transferred into a .,gounadarazsampkéteol dme mot
i ntt lweu v eTthtee .absor ption spedvVry ¥l SeLammdasdsH®Bd( B
620 nm wavelengubeddai erimsmtrampnand tungsten
1.0 nm to ensur eVoeptece tr.aaTl hree scdDWAeBt)toen was t hor
distilled water before | oading a mewMsasngpl @me
wemper f arnmed i pl i cat e taon de nasvuerrea gper evcail suiess wer e

was determined by the formula presented bel ow

8

CP@i ¢Img/ at— )
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where A620 corresponds to the maximum absorb
absorbance that may be presemNaieat t.é&leQ.eAX240 2Bt
validated value coeffiandeni. Fbrf eerxtaendhRastptesr t q
& | amt ham, 2019)

29Bi ochemi calS.amalxy snas of
291Cphycocyanin purity

After exphpcocypawpn®€v plubgytdditeci o absor Wamwd a eadf b
absor banaoaenAdh As)2 8 OwWhAexsdee $ted t he absmoepraasentpiemc
maxi mum sensitifvon yd eturelc taipsdee f\tkor ctihtey absor bance
protenhent ,uniwacytueddi exigh a mi n a rst sas pmdodnicthi ¢ absor be
nnf Adj ali et al ., 2022)

CPC Purai=RhAs@oAso

29. 2 Tot al proteiSn maexxtemadctati on of

The protein content are report®.d m@siomaeo aocft i
composition and wAowdr aeé&l Nogoakhichies®02h)y cha
protein content afhiein nphasgBn@Aptowai mhe at sfaofrh e a <
quant i fhiass bweagsia s efl uoret reaptobek@é™ oes humd «ru

al kelnivnea d Heent2 GBlek)si ti ve and specidipucodlloe reidm
compilpxoduced when Hiwoi moH erciudfiewsr reoefd db Y BtClAg c |
one cuprfowhi dhoni LCudirectly rel ated( Swi drhtei faimo,u
I n this ags ay,-tpflecasstemadwesmraenpodest i tut ed( 5eb pPdest i
welflogl |l owbde kydiGLi MhcobdbaBCAhe working solutio
each well aindheéenicplaidt @d*e7 ACBboirné€ Sewum. Al bun
reagwhitltdns ae swelbld a Is ihlepdrad,fwialee used as a standar
guanti ficati on( Hef, ta-d tigdlB)rp efphbr soat rebi ann ¢ e was me a s L
Spectrophot eHthieX emu [Syin eprigayt ea tr e5a6d2e rn nf Bw aovt eelke n g t
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Prepare Micro BCA reagent @ Prepare samples @ Incubate samples

(A:B:C: = 25:24:1) Working
Sample Solution
Reagent A RespaLt Reagent C —-
\
< | = I
) -
R — B —
y ‘ ) X Jorec
@ Biuret reaction @ Read Absorbance
q
y

o - =h-B /
= == 1 ‘/
—’ —’ y
8 H 9 \ / =
BCA v
pesiam

Figa®*echematic Il lustration of the BCA assay for total

alkaline environment

Working
Reagent

Protein [Cu*-2BCA]

(With Cysteine, cystine, tryosine, (Purple complex)
tryptophan amino acid resudues)

Figa@o®chematic Il lustration of the principles BCA assay
Cdé'ions *ftml ICuwe'd2 b BCALCuUud Pmpltex n, 2025)
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21 @ol ony Forming Unit (CFU) Assay for A

The overnight precul tur e douarcitnégoigtabrel s b mpen gir O«
with i ts oipriiitciadleldygnm@ @ ydom ucODg GeneQuant P
Cal cul ator Spectrophot omet er B(aRheadr noanc i tah iBsi omee
bacteri alwassusdielnk@od/ mlt cldOntcenénsatienwi de and
countilnsg wel & 96 at e ScNuennct,i fTiheaelf InAE 1z ield 8 At)r] eaast nead
sampl es etir@ crounnsst)i twut ed i n PBS to.aAffit @aElwacadnc
of the dilutedwasacaededaevdelltls uisnpaehndsiipdmat at atas3 7 nc
AC for HA®& dhdauriso.nal sterility wverificamifoinl, t eere
Agil ent Tecthmodmgureesf aeeosnbmmi pelat 8ot Bhdeposak i

were streaked pptutioditehassépacanéirm sterilit

Foll owing an 18 heertseinbhdubdaft ubmhe®plkeacoder al S
per for meldd u h tftalcwos readbediral 1&L 1l afieach dilu
uni f i mttgetdo t he trypti cwhigprthoavgamrufr T&An swll dtde s
for bacterial growtuhat &Hé &pil atfoeudlwleow bacteri:
grolw. eval uate thef @amtcihba oaniegst alwnaohiomotyhe TS
coundreslur i nge nauaneuaddtivombl e Thacbact ari al reduc!
by CFU/ mL cal amldatihen| ogr pelesenit end berl mwl a

INRETT] IETES SR
— L — - i o
CRU/ =mi ol =g mtao

Percentage -(Heduet+ dDn

e >
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Transformed into
ue S.ma.xi
frecze-dried powder

a ."'E\w‘
@ "ﬁ i
Culture bacteria in >{ — =i s
\ TSB media : 3
]
4
e
o g N

1:5 Bacterial dilution Bacterial suspeasion was Sample plus 50 uL 37°C
absorbance at 600 nm diluted at 10°CFU/ mL bacteria, incubated 18 h

(OD.) SEmosmsTEtonl at 37°C (triplicate wells)

" N % \ N kS N

Serial Dilution
PBS + 20 L culture
o l “ ﬂ “
110 1104
tnpbeate l l

110 1100

Too many to count Serial ten-fold dilution 180 plL
PBS + 20 uL sample + bacteria
Figad*chematic Il lustration of the Colony Forming Unit

211F| ccwt omet ri cS.anmmabxyismast obact eGriaaml act.i
positiGramemgdadti ve pat hogen

211. 1 PrincipVeemetr ¥l ow

FI ow cyits meetsmed HIl abdregdudant i t atuisveed atnoalmysaasua ley z
the physical and chemudahgcheat hcise mlaglt igtnga B u n
compl eaxsi ttiheesy fl ow through d Fli aRskdrdbeamt.i al a,
During titiwe e #sfslawq r prsalmebteclelpad & & nfgillee t hr ough a
whi ch emi't |l ight aofdd dprfdceuceatas wpped fnigddiyielug d r
(Manohar dthhaehcter2D2l)vti abnédtlyaa@addmipalg hc @ lhle g
Il i qhtl owi ng dilfifwee ennd adbaadeoepdtf p 0 I a&ind esrsid Mens, c e | |
werse ai ned Wi EX/ BMBDOD500anmreen fluoresaémivedy e
cewhsdeagd or dsavmasgead nceedl Iwi t h p fEoXp/ i EOM3uBM 6iYlo7dhind e
whifclhuodree¢dSei ef el .Wheml bot 20dYp ¢ u s,lsyRd hshbinmgihsd ra n
affinity for nuclebs gredndf Iuine fedalc.egtc 8aIT.O, 92 (
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Side Fluorescent channels
EE10  scatter 1 2

Sy -
®a. ' °
%
[
/
“/ ;4,//
00 00 00l 000 00 0GB HROE: ¢

G
Figae®chematic |1l ustrati ocnytoofmeotprtyi cal system of FIl ow
211. 2 Experimental details
Ceviability wdmeashr scampdieng Cyt oFLEXi Co uflltoew ,c

Brea, GA)olwdti heasscatter (VSSC) with detector

405nm DAPI 450/ 45, KO525 BV510 525/ndor vemhet
particlmuldgdatotigammdampalopeirs s pesdhinagad p s afrialt ti eorns
I ndi vi dsuiarhu ldtysHeem 8)s Py

Toali dat9an8YPOopi difuor | @idfi fdetri dvrietl ijaanedc odeexandbe r | a |
suspewissmmmwhe ncumate 37 AC.f &ft &B hooaoswmbeartei on
centaudi@a@her mo Steireanetuisf iFcresco 17 microcentrif
Wal t ham, &a®,100PA)X i mes .ghevpeéywast amdaiodd&de | | s v
resus pee®ddeodf c PrBtSali.n%i5n% Na Cl , caenndt rw af suhgeed20a@dgaai i nn,
PBSEcontr.ol only)

Fodead bacteria control, unstai n&Q waatcetre rhbiaatlh

mi €yt ex peaftt Rarée was used f ordela/ nmall yosbBiass.dwWa@Sl c 0 n C
addedaemmpendiddiefmpl es were measuglddniat. a fl ow r
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FigaseQptical

212St at i st

I n thisaomreweaeyarahal ysi §ANMOVRAET iuseede| w@a eli vt i C:

signidii fcfasmtences

detector
cytomet er-CquBletckrmanBr ea, CA

fil

GrapHWPRadwer 8i oGr aphPad

used det er mierid etcrt sa tome e f if aedtdagsntscevstsh cel | ul ar

di f ftereatt ment

Tabd4d et ati stical

ter

)

anal ysi s

Softwar e,

conditions.

sviagl nui ef iicnatnecrep raentda tP o n

configur atBih.Oyt aBledXf®&rf IS

among At I e &ttt meé swetr gc acuopnsdnua It yed
L L Ga n(dS aMhi cDrioesqc
excel (Redmond,)wWabhiegébnof USIAgnT Hiisc asntwaetsissett i

Sy mbol Pval ue Ran Equi val en
ns p>0.05 Not signif
* pO0 . 05 Significa
X pO0 . 01 More signi
* ok ok pO0 . 00 1 Hi ghly si gl
pO0 . 0001 Veyhi ghly si
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CHAPTER THREE: RESULT

3.1 Optimizing plasma proceptsiGpalr amet er
concentration

Optimizing plasma process parameters for extr
critical a nadf etshsee ndtiwmdy psirnce t he sucaptsismalf

combi nat iionndiovfi deuaaclh p av almea e liemwcdlud(ikyg) of pl

—+

I me (min) or the dur atdomc eonfT htarseeaot nneegnuti,r easn dt
relationship between the individual par amet e

andomi zed run order for unbi ased ex€kRQt was f

-

hosen as the optimizedenutimpdt pdwea etcd iintgs htelad

c
damage, hel ping to neutralize ROS during woun

~+

l ssue damage promoting regeneration of new h

=y

i gher @RCadommei s essential t o hen harbd ees ovwo erx

—

rom Design BrdetheSobttwht euwrds eawctl| iedxspearr v eane Hd
design plan dictates the comDuirnatgi drhse @fr ol

a
optimi 2&t iowmns wer i tchon€® €t edoncentrat-Vba g u
spectrophot omet r y aantb e du snigh g uBie €liv alnde 8 &
n

ot physi cal | ye xpcol susdiebdl ef rtohne rtehffeb reex pgedrvi gnsenngt avlio Is
f 1.8.38k6Yt oeat ment-2ttionel3 rmimn and NaQGIo. 8dnd¢ en

.38 rghut @inngntioxi dant capacity ranging fro

0
1

concentration of al |l eglunildevapitesni tabmod wer
nitrogen gas as the main G¢asmsappluyj nD)BelfdMmer 8
d

i stribution with the Atmospheric Plasma Cham
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3.1.1 Table of Experiment from Data Expert So
The table of experi ment serves as a design p
variations necessary to establish a relations]|
concentration and antioxwi ddmableapacity resul't
Tab3Tabl e of Experiment fr.om Design Expert Software
Tabl e of Expersibyxepnetr tf rSorf tDwar e
Run Factor Factor Factor . )
A: Vol B: Treat C: Na C Antlox_lt' CPCt
Level Ti me Concentr capaci concentr
k VvV mi n g/ L eM TE/ mc eg/ ml
18 8.363! 5.5 0.5 0.0158 22.574
2 7 1 1 0.0134 18.1009
9 7 1 0 0.0087 18. 333
15 7 10 0 0.0156 8.2279
17 7 10 1 0.02214 9.630¢
1 5 2.0680 0.5 0 0
5 5 5.5 0.5 0.011686 19.564
7 5 5.5 1.34009 0.0193 17.055
8 5 5.5 0. 3408¢ 0 0
10 5 13.068 0.5 0. 0233 9. 7451
13 5 5.5 0.5 0.0142 19.541
14 S 5.5 0.5 0.01314 20. 447
16 5 5.5 0.5 0.0121 20. 835
19 5 5.5 0.5 0.0132 20. 92:
20 5 5.5 0.5 0.0111 20. 091
3 3 1 0 0.00714 9. 743:
4 3 10 0 0.0129 20. 073
6 3 10 1 0.02114 20. 226
11 3 1 1 0.0121 18. 759
12 1. 636: 5.5 0.5 0.0101 26. 01
3.1.2 Fit Statistics
To addmeardegual ity, reliabi |l oft Wweeasnpdo npsree dsiucntfiavcee
pl a4 ma &8t ecdhatxhemaf i t summarsiti ebh nidiire®aR| ehe coef f

det er mi

2008)%2%clPonserR t o 1.

nat i

treat ment

v al

for

ue

on

condi

, shows

ti

00

on

suggest
t hi

W i

how wel |

an

n the

t he

experi ment a

excell

studi

ent
ed RPesi
Obr o C®PL9comac et 8 m3 6 ofmalao mgatdijiabsho kaMtR8 2 0 7
CPC
ofvar i abeifllietcyt i ng

f

it c

gn

concentrationnand a.e7 21 9 ofodr g&kmpp rammi d
aAspr e dipd meddoed B iChPdd ctaa e smodel

capalplreeddfct i ng wleevrperiagidai tptbioveee sR o’i deéjalstyed bR v e
ap rneedgidcttilivo® 8p r

0.7

for

mor e

conf ndEeme £tH onk endedrk, |
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for antioxtilbhant t seeggespeertdi acnbideede d¢capgksi ty, m
overfitting hence, further modef orr emone megmtec
antioxidahFr ost com@20)

For CWwkPe&Lhygpw value of 0. 002b6arMabonefhecseandandi di
indiaapesci se expxdroismdnyt acll ursd ssuvettishoanrsaqgsutaHd rittthye
measurements agreed with eachl ot had h&edheogvay antge
precision ofthaafmded9i9dn smagdgelsthave a strong prec
and can distinguish di f,faesrternotn gr epsrpgocn cdelt igmand m

accurately predict outcomes on varying opti ma

Tab8@PC Fit Statistics resul' t

CPEi t Statistics

Std. D¢ 0.0026 R2 0.849
Me an 0.0129 Adjust e 0.8207
C. V. % 20. 25 Predict ¢ 0.73

Adeqg Prec 17.899

TabdlAenti oxi dant Fi.t Statistics result

Antioxi dant Fit Stati st

Std. D¢ 3.82 R2 0.8536
Me a n 15. 99 Adj ust e 0.7219
C. V. % 23.89 Predict ¢ -0.1208

Adeq. Pr 8. 5505

3.1.3 Nor mal Pl ot Resi duals Predicted vs. Act
Antioxidant

The actual sodfatGP Q ecsoppacngsned n gpitl coxt tdeadn twi t h t he pr
are shhbhiwn@dreegener ated using dlersi lgmt secxaptletod rs ,spoof
di stributed along with the diagonal l'ine indi
with the actual ekpépismemmt aelvarld aasad let s .h eThigieso d n
regr ewshsiicoon refers to the relationship (Béiween
Younas ,Th2i0s21yi sudlor albiod mmeCPtC reedfd e&n t ing@x ighaomdt,
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perfect mowiet h amesutr apgi nts clustering along t

mi nor deviation which indicates areas i n resi

Predicted vs. Actual

Normal Plot of Residuals

N

3
> ® v
3 o )
; 4 » /'
g g .
'g £
a 2 304
£ . é
2 . s
% o

N

L ) ]
400 200 ol 2m 4

L 1 L} L]
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Actual E Externally Studentced Residuals
Predicted vs. Actual

Normal Plot of Residuals

002

28 &8
%

Normal % Probability

;-“‘.n?z e B8
\
! ]

N

Q005+

o s ao1 aots a2 aas L ' % v 2 L 2 .
400 -300 200 -100 Q00 100 200 300
Actual

Externally Studentced Residuals

FigadNeor mal Pl ot Residuals Predicted YBredctuad ¥vsomADE!
concenB)Nat iman pl ot off resid@)PaledifcdredCRG.c Arcd ardll)r d toir orn
Nor mal plot off residuals for antioxidant capacity

3.1.4 Thephygheasadh iCGnnt i oxiwainng c@pmatci aly Compos
Quadratic Plot Point

As des cSecbtzidaini of ,Chkdterral2a Comg@E€Birtaeanepvowaikgd e s
foundat i on ade sfixgpre rti hmesmisdt laiydigntdoy | al points, cer
star tmpoisrhtosw | Hnenaeraramdi andanat i ¢ rel ationship be
(Montgomer yThimede !l , f apPpérwaichhect s 1 n t hRei gruerseul
25,which presents a 3D quadratic repbpocosgasnumnf g
eg/ mn)d anti oxieMaynite |cda piiage catayrrcss ssuch as A) Powe
time (min), with C) NaCl hicomlcieghtriangodpéi mal
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gradient transition from green (|l ower CPC yie
an increase i-axCPCrgpekedeniihethe voltage-use
axis represents the durlan itomi pef€kRtCuy igell adshmes torb
26gfkmlas acrhma &k dpresenting a red rdagiecaanr memtt h
ranging appr ox®mialtnetli yo xa rdeaunnrde a/aapt ® cOEM@ T B3wWa sand a
treat ment t iame aofcoh@C emitm&ati on of 0.5 g/ L Nac

representsphheokgaael no{f C8C) yield how factors

its extraction. The red dot indicattelse tpradditd
result by the model i ndicating that a succes:
beewn contour |lines represents how fast CPC vy

gradual changes means t hdee syiigen Momasgenme ey.s ¢ & ad
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3D Surface

Factor Coding: Actual

CPC (ug/mL)
Design Points:
@ Above Surface
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32Bi ochemi cal compounds

32. 1-pBycocyanin concentration and purity

CPC concentratiwemeofx adggdbmddkt emci ncorporation

t

d
f

e
d
Cc
3
Cc
u
Cc
Vv

(

S

reatment, the result of-ttkb8tf & X emend grhtl ryatsii @r
i fferent,7kkedthwWle emt 3 le@huwendt rgeraotuepds group refers
rom spirulina cell-dssspephsngibwsebabeametteanysca
xtracellular bioactive compounds tBiaaste dnaoyn bte
ataincorporation of &8&kWagpharsm@PCr e bandgmtind atiie
ompar edatteg RrakndzEg/ mlit feorunt r eTahtee df ogurrouapst er i s k
kV andndia&k "itieghly statistically,asnidgntivwad caste
omparing 3kV and wuntreated groupbhedswewinn@ka/

nNtreatEdeélgyY oplpas md r ome aime metd | otsaargtn i fl ioawveenrt ICP C
oncenmakit ndgmdkmt GRC best concirtmsopu rwilBiC e hing h
alue means a mor3Kdwesmiaf e @ apgimgmdamtt phryeokygraoe
CPC) purity acwhaleweé2nogbptabreedhildhidp®0. QO Ot no

ignificainn guariftey ema® heb uenr( Feedgé).ezd gr oup
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CPC CPC Purity Ratio
ok ns
I 1 ' '
g KAk ok = 03 KRR kkkk
E I ' < ' '
S 20- = B
p < 0.2
= 15- . 9
S 5 _
S 104 n>:.
§ ‘E 0.1
O 5- E
L 8
O 0 T T | O 0.0 I T T
QA > CUPCR
AN ® N
& 4
S S
S. Maxima S. Maxima

Figawee.gphycocyanin (CREMl )cofncre ngpladatmda ad @i runltirBa@meaxi ma
phycocyanin (CPeG) mcpnopentiitgteiddord((ph@gmankiedhbedkiemal 0
significance.was set at p<0.05

32. 2 Tot al proteiSn maexxtemadactati on of

After incorportanne atnmerit t htehe |l tastmal P.r omabi iMdma o
not show any signi f ipclaanstmad i lf@gfivarrgegrb ¢géedsmapaaraoendg t30k
pl as nmba3sgdtmg biaodthéegs mg bi otmlae s urtor enahtiecdh gdrooeusp
significantly affect the amount of tou@dePptrion
that plasma exposure does no( Fhg®Mdeasl2majoos uipmf
the result for the untreated group, this grou
t hat there is al most certainly bioactive c¢comj
environment wheln isnuts@ ethnldee dwd theer .ceThese protei.

healing pomagnmaal of
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Total Protein Yield

ns

ns ns
1 1 |

60

Total Protein Concentration
(ug/mg) biomass

S. Maxima

Figaileot al Protein Yggel/dngc)o nbci eonntdr sast a bobnd p(la aSlpriarnut [rienaat enda X i

33DPPH Radi cal Scavenging Assay for ant

After incorpor-ateatmeht t hehel asmal anhtried&xiedan
maxivwes measeMr ddoliax equi valent3kpVeranmygl &bkivoama
tr eatdreemotnsst r ates a higher anti oxi dahhasatcetriivsikt
i ndicates a statistically significantnddicfaft @rse
statistgoial il g4pOQ. JOlcereecasent r svhti ¢é@ gheupi ffere
O. OsM8Tr oMé@axg of 3kV treazMmeall &@xegndo fO0.70k5M4 t r eat m
statisticdlFliywy&giegm®i fi cant
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Antioxidant
kK

ns %k

-
o
o
I
-

uM Trolox Equievalent
TE/mg biomass
o
o
i

0.02-
0.00 I I I
N\ N O
nE A¥ &&o
\5&
S. Maxima

FigaBei ghest Antioxida#tt eaapadcianSp iarhulpikraa eda x i ma

3.4 Comparative analysis of

the opti mi
0. 759/ L), untreatedt aad menkhed:t

I onal fr

The process parameter of 3kV, 7.42 min, -0.75/¢
assisted extraction condition, and all subse
assséed eXoasagstdhe opti miazesd spétdsmapdr aft owes anal
conductednbt@rct ehieal Sef fmaxa ey o mp aerxitsroanctt oobt ai
conventi damalw fmred doa , and undhaat entt bondii tsi a@rhs
comparati ver an-esysvedilshed method and has bee
phycobiliprwidehyexsreadctfioonmiidaoalgalwlotreklsk @€
forming ice crywharbopst udteersé mgr & n e e a paal gl otwhi anwgi nrge |
of intracellular bioacti ver e¢oeigphoaute lp anwsi stehboaulti tu
extensive membrane disrupti o tnhaaxkitnrma@agt € oimpad
reduced exwhachi omhny mekd amits lo x oddnateienaadntde ri inagl

(Jaeschke .Blhi salcom@Rar2dt)i ve analysis approach
devel opeads spilsatsend agpreawd amlentconventionali nmeé¢ oo e
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i rregusagpbomdersphol ogi cal di sruption which <cor
FurthePlmnosames i st ed e xt riancttrioodeuacceesicehl @encitermessn, s, and

tdrive destuwal bn, by breakind Hemparrt arettT mid P t,
t aregtleitsr upt cehl oWwal Femaxliymmasioh t Inocal Ifak@ayrment at i
and surface irregul arRON®Rxs| ecanl are diesl rau petdi dory

43Bi ochemical compounds

43. l.p@8ycocyanin concentration and purity

The r etshud toptfi mi zed [Bl.asmasxhevwpodsar significant
extracti ong/yamcemparoedd 2tlo Egk/Vmlr,e sgquiohl lalorl 26he unr
maxismaper.métseees bt s her enmepfhfaisciizeentt hpaftas mhi t @& te e
efficient cellédadviemndndi smpuptveamaeg xdpreratfte W ithGy i e |

opti mal 3KkV processing parameters provide an
breakage of the cell wal | whil e also not over
structur @ahei o»BeDgoaltlyows for controll edwhawrd | ¢

c ainmpr ovreedd®PWery without any excessive protein

condiTthree h weecasnay t hat thhaiss htiegchii mgregtuesaht i-galahl gu e
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bi oactive ¢ &mp anaoxkd snpad mfodweonrsyv ent i on anl bmod thh oyd se |

selectivity.

43. 2 Tot al proteiSn maexxtemaactati on of

The key FH goddebensgno ag escfhiacnagne palbtceinmaenm@lsls
treat mentwiddntiattiuegy/ Mg bf opntaicmi zed pl,a scnanpeaxr peo
to 7kV plegagbsmag it o®mBY sngarbd odass JF.ormasxuipnrea.mat aa
This suggest that oepftfiencttk svded py »aidanesal | ¢ ownad il tsi osnu f
to release compounds witho8tmahgrdegtadméei bav
by Xu et wlr ep@tO2a@¥Wh h e rpmhals@ancr ease extraction
preserving plrhoetreetfhoerien b sngcrrice@®B @ daonceamnrationbu
i mpr oved reaxtthrearc ttolbaan tphre@hei poyert dal rsehads d n
exposuliat ehsimgnaacfgettleael pl asmachémt caloemodiofti
protein palty saacgaqgrearsi detsh ernadbyl i prias eravwienrgsnd t s
functional ( Ky ef .paFrote20@232)

44DPPH Rasdacahagshgr antioxidant activit

The anti oxi dan tmaxalphacwdp y g wif z e d phBk®Meaehegpedu
hi gh BPPHveiatsyur ed eMit Tr0o.1005x8 e gmugi vafl e pat cohpaesvsi n g
measur abl e r apdeircfaolr rsagragueEEmMmgHN srgorta tseisg ni ftioc a nhto scel
achi evedkwiltals maheconeatamaomtu n$.r emds>aigpnear s agggast i n
t hat pl asma application under these conhdahior
i ncreasing the ovyeratl passi bketdidexircaamptacame
wound healing as they neutralizing excessive
acting as shield protecting healthy cell s whi
closure (Pinthi setstaddy,, 2a0n2tli)oxildnantt capacity .
Onpossibleiesx@fh@daannopont he only i mportant bi oac
for the antimeasdaed &gt DPiPtHlg aBlsdytreat ment C (
source ofi mmnltu dixn gl asnda me p hmeanyo | b ec sp raensde nftl aivno nhoii
7k . maexxitmmaaThi s suggests that a comprehensiv
profi lliinggjuhlrdokn@at ogs@pelcyrmamesry (LC/ MS) i s- need

CPC antioxidants which el evated at higher vol
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45,1 Anti bacteri &l ayma p actiavpgh ya goaci @assitsap hy | ococc
epi dermi di s

The antibact®rimexigmeampsd retvyal aifat e d -ppgsaiiStaisit e ubso t h
andei der. miTchies reducts ommsi deviealnbe ¢ d @ mdunade rvaad § o
suppodryt gdadyaw nmentarl.yy sTihee r esul t revealed that op:
resul t®s®d W9nedaunct i oB8. i aandadl| 6. 6 % ep e d e canfitdenrs i
pl as ma ftsrueraptansesnitng bot h t heunftrreSeazt eenchsxbi agnear . mat ao
Whil ecytit omet reyd ltaotnf i m ens es hfoidnedaidn ghsr act iISon aof e & 8
and 64.%2% Ediodairrmiacciss ng both the fr é&ezematxhana
super.naTthaenste f i ndimegndy amieghInit @lgr ittlye and a si gr
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CF@ssoanyl y count badtveaednengtapagwltiell echfitlcommet ry de
compromi sed Maswmbhrcane.dhesfdler enZzZ@ke@nlsowt omept g
canmbree senaifidemwtahfiyihmegp tpi on of damagdowewmerr
I 3 0me s C& $hes ssahyows a hi gher pdarhaeandfatgoewtedtirsyr € éun
happens ewheernel v s twheosssed e r madtr é€ruina tdeaenmrgseidb lby p |
magtill maintain their neeytbanmelter i nmaeyyrnadty dlna:
unl ®essver el y dadvapsrsd ios @ kT heetr edlor,e,2dh#®)se t wo d

performance needs to be understood with consi

45. 2 Anti bacteri & amagakRs # wd @aman asam@s alge mioshai
Col i

The antibact®rimdxipmagalt sy @efval uat-reelg algtaV é st
anHd. aer Udienasead.ucti on 1 n vi addleo ncye | d muinndesrwvaa # to
confirmedytbwetflrpwanal pyai ot dhassadgst hat opti
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CONCLUSI ON, LI MI TATI ONS AND FUT

I n the current study, we ohpaviemiszuecdc epsl safsumal yp rdoec
3kV, 7.42 minpl adawdi Pt/ dd NexCtle mta mn oes e@ xddnedn ¢ 1 iy
purity efpfhiycaooyCahmdinal@ owe Spit hat i neax tmmaaxcitmao bt ai n
optipladeamai st ed extraction hadwha obhé peerf oramg i
conventitodmaw faerthsde §at maxuipmea.n alatntough CPC co
was higher at 3&kevt, inveibteyumed | o xi ddaPrPtH r adi c al

equi valagntobts@ ktvledr @athtimentndi cant gdhot het wher ex
such adaprranelompounds present at differing co
across the two different extracts, Whmidli et attian ¢
protein concentration was preseTlvese afsitmgdisrsdad
potenti alapfpdri cebxttoeanddsi mgy owedl | bif o mé disc aflor woun

applications

Mor phol ogical analyses in SEM anwadaHpsf lagtieceasc
pl asma exposure can directly correlate with i
opti milzaesdna pr oc e swpWhalt aarettidbeasc tseerti al capacity
colony ermunmMedgtoovmert ry -pgai hsv@alraaoBep i der mi di
and @regmt i v eE.cohacntBeaer a giamnods aex hi bi ted a sati s
performance 2ehid®d%idngelf o rf ¢ atihtaavtaendi3a 4% d

cel | fractnegmhf vteeflGrawnt omet r yu @ HiHa yYa2rdshod. 0 9 %

bactericidal activity in CFU assay

Despi tceurtrheesstel t s, some | i miatnadt iboen andudsrte sbsee.dr efcoc
While the results we got are encouraging, t he
still n akerdeeald ear fmoir d rowrowaodu ntde shteiarh g nAgd dai pt pi t ohneaal tliy
detai l ed composdddiont eodf etxhter apcltapsoeama b h esi thn k h e
composition could explain (TheésobkbBsggesdsdithfaer
compositional anal ysi s |l i ke Liquid chromatog

characteri ze eAltsagaocmp rceohmgprossvi & B wbanecileubdyi ng pr es e

bi oactived oth@ r enn u reasnedr vcdhd @ omo t degrade ot |l os
Consider to investigate combisgheogi shecapnes
to cell p ®mimkeea bld t aaxstsdary s -kainldl t&hmesli e sr ategy ca
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enhance antibacterial effects with reduced ar
wou.ndThis study may be ffuurtthheatrr bsnugyptl ceimeexniv aidt y
phar macodynamic and Ipihkke macokdnéeiati sgudssay,
analfyesr saddi ti onadandaf et jmmu lmetaisaur est abi l ity op
opti Bi.z enthexxitmaact s potentially combine with a

moi st wound conditions
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APPENDI CES

Standard Curve of Trolox for DPPH Radical Scavenging Assay

DPPH Radical Scavengung Activity
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TablGExperi ment al reagents .used for Laboratory Assay

Experi Reagel Manufactur Applicati

. . . R Cphycocyanin
Spirulinmi onmeé OXYMI NE SPI R . o
Bi oactivit

) ) Standard ref
Tr ol ox Sig#hddrich . .
antioxidant

Free radical
Si gMladr i ch r eagbePRH (Rad
Scavenging

DPP-R, 2 dilph¢
picryl hydr

l ncrease osm

SodiGhm o N&d e Si gfmladr i ch promoting CI
(Optimi zat

Sol vent f (DrP P€

Met hanol Ctk Si gMmladr i ch )
Radi cal Scav
Tabl®acteri al Strains used in CFU enumeration and FIl ow
Bacteri al ATCC Refer e Applicati
Gramositive
Staphyl ococc ATCC 2592:
(CFU Assa
Gramositive
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(CFU Assa
_ ) Gramegati ve
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(CFU Assa
Gramositive
Pseudomonas ATCC 15609:

(CFU Assa

Tabl2| uorescent Dyes and Staining Reagents used for FI

Staining R« Manufactur Applicati

_ Lixxel |l stai
_ Ther mo Fishe _
l nvitrogen bacteri al
Wal t ham, MA
(FIl owcytom

l nvitroge Ther mo Fi she De acde | | st a
Propidium | Wal t ham, MA (Fl owcytom
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Tabl3ul ture medi.a and Buffers

Culture medi Manufactur Applicati
Phos pBuaft feer e-d Sigimal dri ct .
|l sotonic buff
PBS
. . . Nut rriiemhit medi
Tryptic 68 Si gimal dri ct
Assay)
Mer ck ,KdPaA ms Solid medi um
Aggrowder
Ger many colony enun
Tabld4d aboratory Consumabl es, Equi pment, and Software us
As s ay
Consumabl e/ Manufactur Applicati
_ Nunc, Ther mo Hi g hr o uagshgpau)
96éve l | mi crot )
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48vel | mi crot J ¢ Ianp
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Corning Costa
50 ml centr Sampl e storac
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0. 2mM ®@em f il t Agilent Tec Sterile fi
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Mi cropipette/ Effendorf, T Precise |igq
pi pette handl ing, rec¢
GeneQuant Prc ) Optical Den
Phar maci a E
Cal cul ato ) absorbance r
Cambridge,
Spectrophot Assay)
, Optical Den
SyneHTXY mul t | .
Bi ot ek absor ban e PrH
reader )
Radi cal Scav
) Optical Den
Per kinEI m
UVv/ VI S Lamb absorbance
concentr at
_ _ For a ster
Bi osafety « Ther mosci e

environme
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Ther mo Sci e
_ _ _ Controll ed
Her at Mecmobi c Ther mosci e )
environme
l ncubator

FEI Quant a _
. Ther mo Fishe .
Scanning EI Mor phol ogi ce
_ Wal t ham, MA
Mi croscop

Ol ympus | XOl ympus Corpo _
Mor phol ogi cée

Epifluorescen Japan
CytoFLEX ¢ Quantitative
Beckmamul t er , )
FI owcyt ome popul ati o
Thermo Scient Thermo Fi she Separation
Fresco 17 mi Wal t ham, MA component f«
Central Compc St-Base Inc Statistical

Design Exper

CytExpert Ve Becks#@anml|ter, Flowcytometr)
Software

GraphPad Pr8sgsan Diego, Ci Statistical
GraphPad Sof"

Mi crosoft Redmond, Wast Statistical

Nati onal Il nst Measuring an

F1J I mage ( NI H) i mage feat
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