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Biopolymers have intrinsic drawbacks compared to traditional plastics, such as hydrophilicity, poor thermo-
mechanical behaviours, and barrier characteristics. Therefore, biopolymers or their film modifications offer a
chance to create packaging materials with specified properties. Cold atmospheric plasma (CAP) or Low
temperature plasma (LTP) has a wide range of applications and has been used in the food industry as a potent tool
for non-thermal food processing. Though its original purpose was to boost polymer surface energy for better
adherence and printability, it has since become an effective technique for surface decontamination of food items

and food packaging materials.

plasma CAP food packaging polymers DBD

| 1. Introduction

Plasma, the fourth state of matter, consist of ions, electrons, and neutral molecules. In some plasmas, the density
of charged particles is substantially lower than that of neutral species in because of their low level of ionization. As
a result, electrons have kinetic energy that is substantially higher than that of bulk neutrals due to the interaction
with the applied field, leading to non-equilibrium or cold atmospheric plasma. It is also known as non-thermal
plasma because non-equilibrium plasma does not increase the temperature of the gas L. Plasma comes from a
variety of sources, depending on the electrode and energy source used. Electron energy, density, and breakdown
voltage are used to qualify and quantify plasma generators. Atmospheric pressure or low pressure both produce
non-thermal plasmas. Vacuum maintenance for low-pressure plasma discharges necessitates expensive process
chambers. The advantages of cold plasmas produced at atmospheric pressure outweigh the need for such
arrangements [ Natural polymers like polysaccharides, proteins, and lipids are now frequently used in the
production of biodegradable packaging materials for packaging due to rising consumer demand for products that
are biodegradable, environmentally friendly, long-lasting, and safe Bl The safety issues related to packaged
foods are reduced by using various physical and chemical treatment techniques. As an illustration, the food
business frequently uses preservatives like sorbic and benzoic acids. But certain chemical substances can also
result in issues with environmental safety and have mutagenic and carcinogenic properties. But, used of cold
atmospheric plasma can resolve these existing problems. By removing heat from the processing process, these
novel non-thermal technologies improve sensory qualities and nutrition retention while preventing the growth of
microorganisms. By changing the cell membrane or eliminating the genetic material of bacteria, non-thermal

processing sterilizes food and the packaging.
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Polymers are widely used in a variety of industries, including biomedicine, manufacturing, and agriculture due to
their strong chemical resistance, flexibility, and low density (2. Some polymers have boundaries, which make them
inappropriate for some applications. These downsides include poor adhesion, wettability, and low surface free
energy, all of which are brought on by low surface polar groups €. The most sustainable method of processing is
plasma. Since it only modifies the surface properties of the polymer without influencing the bulk properties, it is a
low-temperature, low-cost, non-toxic, and efficient method of surface modification [, Figure 1 shows the various

property requirements for polymeric packaging materials.

Mechanical
Properties

Thermal
Properties

Properties

Anti-microbial
Properties

‘_ Biodegradability ’

Figure 1. Pillar properties for a good green packaging material.
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2. Effect of Plasma Treatment on Different Systems in the
Field of Food and Pharmaceutical Packaging

Apt packaging is essential for maintaining and extending the shelf life of fresh produce, and the inclination to utilise
non-thermal innovative technologies to extend the shelf life of fruits and vegetables has developed more recently
than traditional techniques as a result of the need for environmental protection and energy conservation.
Researchers in the packaging business believe it is crucial to use packaging materials to reduce the rate of
respiration, the production of ethylene, the rate of deterioration, and the microbiological activity of fresh fruit and
vegetables BIEIIL0 These technologies not only preserve the product’s aesthetic qualities but also result in less
modifications to its qualitative attributes 1. The information below is a thorough compilation of information drawn
from recent research on the impact of plasma treatment on various systems in the food and pharmaceutical
packaging industries (Table 1). It can be understood that the plasma treated samples, irrespective of the treatment

conditions, always exhibited superior properties when compared to their pristine counterparts. The detailed

understanding of the tabulated studies are also explained in latter sections.

Table 1. Detailed description from recent reports on the effect of plasma treatment on different systems in the field

of food and pharmaceutical packaging.

Plasma Matrix and Fillers: Effect of Plasma
No. Treatment Composite Type’ Applications Treatment on References
Conditions Properties
For films:
Improved mechanical
properties
(TS & EAB), water
Dielectric barrier vapour permeability,
discharge (DBD) oxygen transmission
cold plasma, for 5, rate, moisture content
10 and 15 min. and water contact
Maximum angle.
transmission For substrates:
power:_50 W;_ Chitosan + cellulose Packaging of Enhancgd me_chamcal [10]
1. Voltage: 15 kV; nanoparticles; Films strawberry properties (firmness
Current: 10 mA, ' and Young's
Frequency: 50 modulus), chemical
kHz; Power attributes (pH, soluble
source: DC pulse solid content and total
type with pulse ascorbic acid),
width modulation physical
(PWM) characteristics (weight
loss and colour
features), microbial
activities (bacteria,
yeast and mould)
2. Open-air DBD Polylactic acid Active packaging Immobilization of [L2]

cold plasma. Peak

multilayer films

of sunflower oil

oxygen scavenger
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Plasma Matrix and Eillers: Effect of Plasma
No. Treatment Composite Type’ Applications Treatment on References
Conditions Properties
voltage: 20 kV; and “pesto” sauce;  agent (ascorbic acid);
Frequency: 20 Biodegradable Decreased oxidation
kHz multilayer active kinetics; Better and
packaging, to more stable quality
extend food characteristics in
products shelf-life terms of colorimetric,
and/or maintain microbiological and
high quality levels textural parameters
of oily foods
during storage.
DBD cold plasma, Significant reduction in
for 60 and 120 s. the amount of
Gas source: Air; aflatoxin, mold and
Argon gas type, Preservation of yeast a_fter 120 glays;
oxygen gas . Physicochemical
quality and safety .
3 pre:i‘dfsa?;o"‘ Chitosan solution (shelf life) of characteristics of (23]

equivalent to 0.3

pistachios during

pistachios did not

storage change significantly;
Torr and power of No adverse effect on
89 watts the sensory
equivalent to characteristics of
radiometric waves pistachios
Progressively
improved mechanical
properties (increased
thickness, TS and
Atmospheric air EAB); No significant
cold plasma effect on WVP and
treatment for 5, 10 ! . solubility; Surface
and 15 min in :[he W."d almond protein . ) . roughneﬁs directly
o isolate (WAPI) + Edible films in
4. excitation mode.

Persian gum (PG);
Films

Input voltage: 6.2
kV; Power level:
60 kW; Pulse
frequency: 10 kHz

proportional to plasma [14]
treatment time, but
surface remained
integrated; Best
results obtained for
films with 10 min
treatment; Properties
tend to deteriorate
after 15 min treatment

food packaging

5. Dielectric Barrier Soy protein films Edible packaging Increased water [L3]
Discharge and food interactive properties
Atmospheric Cold preservation and thermostability;
Plasma (DBD- Decreased surface
ACP); Fixed

exposure time (3

roughness; Effects of
min) with varying

different ACP
treatment times too
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Plasma

No. Treatment
Conditions

voltages of 10, 20,

30, 40, and 50 kV;

Fixed voltage (30

kV) with varying

exposure times (1,

2,3,4,5min)

Cold plasma
based on helium.
Glow discharge
reactor at 13.56
MHz. Chamber
vacuum: <8 Pa.
Treatment with
He: Self-bias
voltage —-100 V;
Treatment time:
10 min.
Treatment with
HMDSO: Self-bias
voltage -60 V;
Treatment time:
20 min

DBD cold plasma
treatment.
Voltage: 20 kV;
Excitation
frequencies: 50,
400 and 900 Hz;
Treatment time: 5
min

8. Cold plasma
treatment.
Vacuum plasma

Matrix and Fillers;
Composite Type

Hexamethyldisilox-
ane (HMDSO)
treated extruded
corn starch films

Starch, gelatin and
bacterial cellulose
films

LDPE + Myristica
fragrans Essential
Oil (MFEO); Films

Applications

Barrier films for
food packaging
and
pharmaceutical
products

Sustainable and
biodegradable
alternatives for

plastic packaging

Active food
packaging
material

Effect of Plasma
Treatment on
Properties

More homogeneous
coating and smaller
granules; Increased
hydrophobicity, but
roughness created by
helium plasma was
not effective in
increasing the water
contact angle of the
modified surface; No
much effect on water
vapour permeation;
Significant reduction in
absorbed water
content, mostly due to
the formation of a
barrier to water
absorption of around
80%; Physical barrier
to water, while
allowing permeation to
water vapour

Improved
hydrophobicity,
surface morphology,
tensile strength,
and elasticity module;
Reduced water
solubility; Pronounced
changes for starch
films at low excitation
frequency (50 Hz) of
plasma, and for
gelatin and bacterial
cellulose films at high
excitation frequency
(900 Hz)

Cold plasma treatment
improved the
properties of LDPE
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Plasma
No. Treatment
Conditions
reactor.
Frequency: 13.56
MHz; Pressure:
0.0643 Torr;
Power: 30 W;
Treatment time:
60s

Surface dielectric
barrier discharge
(SDBD) plasma
from Plasma
Assisted
Sanitation
System (PASS) for
5 and 10 min.
Gas:
Environmental air;
Relative humidity:
20-40%; Voltage:
1-20 kV;
Frequency: 1-20
kHz; Tunable duty
cycle: 1-100%.
Imposed voltage:
6 kV; Frequency:
5 kHz; Fixed duty
cycle: 100%

Plasma activated
water (PAW)
produced using
surface barrier
discharge (SBD)
sourced high
voltage cold
plasma (CP).
Sinusoidal signal
frequency: 18
kHz; Atmospheric
pressure; Plasma-
inducing gas:
Room air

10.

11. Cold plasma
treatment.
Treatment time:
30 s; Power: 350

Matrix and Fillers;
Composite Type

Polyethylene
terephthalate (PET)
trays (350 microns

thick) and
polypropylene (PP)
film (69 microns
thick)

Sodium alginate
films

Momordica charantia
polysaccharide
(MCP) nanofibre +
Phlorotannin (PT);

Applications

Newly developed
plasma sanitation
system for food
packaging
decontamination
from SARS-CoV-2
RNA

Food packaging

Active food
packaging

Effect of Plasma
Treatment on
Properties
films by facilitating
MFEO coating

Plasma treatment
decontaminated virus,
without significantly
affecting the
properties of
packaging and food
substrate; 5-min
treatment reduced
detected RNA for both
surfaces, but to
different extents.
Indicated that
interaction between
reactive species and
viral genetic material
is affected by the
matrix; 10-min
treatment completely
degraded RNA
molecules from both
surfaces

Increased TS, tensile
modulus, EAB, LVE
region and storage

modulus; No
intersection between
G' & G"; Showed
shear thinning
properties or non-

Newtonian behaviour;

decreased WVTR

Increased release
efficiency of PT,
resulting in an
increase in

References
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No.

12.

13.

14.

Plasma
Treatment
Conditions
W; Nitrogen flow
rate: 100 standard
cubic
centimeters/min
(sccm)

DBD cold plasma.
Voltage changed
group adjusted at
a changed
treatment of 0, 30,
40, 50, 60 and 70
V under the
duration of 60 s.
Time changed
group subjected to
a sustaining time
of 0, 15, 30, 45,
60, 90 and 120 s
under the voltage
of 50 V; Current: 2
+0.2A

Carbon
tetrafluoride (CF4)
reactive-ion
etching (RIE)
using 13.56 MHz
radio-frequency
plasma
equipment. Flow
rate: 3 sccm;
Working pressure:
3.0x 1072 Torr;
Treatment time: 4
min; Power: 100
W

Cold plasma (CP)
generated by
dielectric barrier
discharges (DBD)
plasma
reactor. Voltage:

Matrix and Fillers;

Composite Type

Electrospun
nanofibre
membranes

Casein edible films

Transparent,
colourless and self-
disinfecting
polyethylene
terephthalate (PET)
film that mimics the
surface structure of
Progomphus
obscurus (sand
dragon) wing,
physically killing the
attached bacteria

CP pre-treated zein
films + Porous PLA
layer coating by
breath figure self-
assembly

Applications

Packaging
material

Antibacterial
overcoating with
good optical
properties for
contactable
surfaces in private
and public interior
spaces and
packaging
applications

Biodegradable
packaging

Effect of Plasma
Treatment on
Properties
antibacterial and anti-
oxidant activities,
without the alteration
of chemical structure

Crystalloid migration
and casein
aggregation (via SEM)
leading to
reinforcement of
structure stability;
Slight change in
crystal structure (via
XRD); Stable state of
molecular structure
(via FTIR);
Remarkable
improvement in
packing characters
(including mechanical
and barrier
properties); Slight
modifications of colour
and transparency;
Rearrangement in
order of protein chains

Introduction of
nanopillars; Improved
optical properties
(transparency and
colourlessness);
Notable enhancement
in antibacterial activity
against S. aureus and
E. coli by activating or
strengthening physical
biocidal action

Better-ordered porous
structure after coating
with PLA; Induced
compatibility between
zein and PLA
molecules, by

References
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Plasma
No. Treatment
Conditions
60 V; Current: 1.5
A. Short-term
treatment time: 60
S; Long-term
treatment time:
120 s

DBD atmospheric
air cold plasma (at
ambient
temperature and
atmospheric
pressure). Plasma
discharge
frequency: 50 Hz;
Voltage: 31 kV;
Treatment time: 1,
5, 10, 15 and 20
min

15.

Cold plasma
treatment. Power:
400 W; Treatment

time: 4 min;
Nitrogen flow rate:

100 sccm

16.

Matrix and Fillers;
Composite Type

Polycaprolactone
(PCL) or poly(lactic
acid) (PLA) and
cassava starch
multilayers

Silk fibroin
nanofibers + Cold
plasma treated
thyme essential oil
(TO) composite
films, post-treated
with cold plasma

Applications

Multilayer
packaging
materials

Effective
antimicrobial
packaging

to increase shelf

life of foods

Effect of Plasma
Treatment on
Properties
changing the protein
conformation and by
enhancing the
intermolecular
hydrogen bonding
interactions;
Significant
improvement in
surface
hydrophobicity,
fracture resistance,
water vapor barrier,
and thermal stability;
Improved UV barrier
and excellent
biodegradability;
Potential to enhance
adhesion and improve
functionalities of
porous coating on
other biopolymer
materials

Increased
hydrophilicity and
surface roughness;
Improved adhesion
between layers, zeta
potential, delamination
resistance, etc.

Increased antibacterial
activity by increasing
TO release amount,

due to surface
modification, but
without affecting

chemical composition [26]
of the films;

Decreased number of
Salmonella

Typhimurium in
chicken and duck
meat

8. Ceylan, H.G.; Atasoy, A.F. New Bioactive Edible Packing Systems: Synbiotic Edible
Films/Coatings as Carries of Probiotics and Prebiotics. Food Bioprocess Technol. 2023, 16,

1413-1428.
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Plasma . . . Effect of Plasma ellulose
No. Treatment Mé\;%x zgﬁeF_lll_ler:, Applications Treatment on References
Conditions P yp Properties aging.
Improved wettability,
TS, EAB, water N o~
1 vapour barrier and 5.C
thermal stability;
Secondary structure of d
DBD-50 cold zein molecules
became ordered,
plasma reactor. Food and
Power: 100 W; pharmaceutical Rougher surface [27]
5 5 . N q . 27 .
1 17. Treatment time: Zein + Chitosan films packaging msgffng?één:r:i?sed ckagmg
30, 60, 90, 120 materials 9y
and enhanced
and 150 s
1 hydrogen bond M.
interactions between LR
zein and chitosan after g on the
plasma treatment 313
(optimum range: 60— ’
90s
1 ) 1

Coating Combined with Cold Plasma on the Quality and Safety of Pistachio during Storage. Food

Sci. Nutr. 2023, 11, 4296-4307.
As evidenced from the table above, different types of plasma treatments have been adopted by different

14 <dahalis Zanbaclay@biment\AKQUSH i1  SREQYi BeHi DS RpHon BB LaP BFES i WL AN @BHelate or
vary ISR PRI fRkMHBYPRERIAR Feuhind fpld Rlasmadisalinanl Iknliddithd R AR £023: As

sho%ﬁ’?i’n7tﬁ@'t2§é; majority of the studies were carried out using dielectric barrier discharge (DBD) cold plasma

1eatment, whee esearriers liseRasB\RnsRicakion viaineteelrRl BatribiRs GharGe merRph &t @C 5d -
reppiggIBRIRENSANSP Y | AP et FImibt Ratioly paRfle Ba5HES o) TPRBEES Mt BY3Re2D, ad Prygen

transmission rates. Enhanced stability and shelf life of packaging films and substrates were observed by Glicerina
18- Jaubonseed, e Alpugyerque, Md-;, Bastos, D Ciid S Maigs, RS chires; M 2alemo Moy
Gofada SSFRING: EhBy ' MARaR (i VARQL BATILEY Broniies of Rl RashaR dyeaig SR mnobicity
dep%%a |ﬁ8 oFri1|rtTp15e' tg/:poeagp %%Zg%zp%gm%?%g’[ment frequency, with improved wettability, roughness, and surface
1iVecGwienyg ittt cobatias, e, frdetmezerakititd vl shie JeeitdinReisaive; eeensiseesdn u et al. 22
andriloemee af Biélediiic BmeienpischaneGoid 6 asoEnTobaimerlign Stanghs GelatistahauiuBacteral
impCeital psekBig diegsiyl abille Py rileristiaims. I@d)lg'mrmral2@@21e$dnilﬁ=2ﬂ_5etter-ordered porous structure and
1O Go B Ll TR AU AP . £ BaiossPR1EY QAL o
ol SRR L U ey Rl ] PR eI O PRESTL KRR CHCRLIHISY =

LRy S0 AL Pragrant Exdentdl'OF £ dkion. BEEI-S693 L. L oTopge Propertes
reported by them include improved coating adhesion, controlled release of active agents and surface modification
19 GARgMtel ;alaRMropiaCatttivitl; PefnrirshaidaniaPitheiimiReGhd diiaci; JMenACEekiment, the
enhaR&aiéntFor Biagtdtict . ah@neioih de@rﬂggd%vg-@o't ghkah Q@ﬁﬁéﬁﬁﬂ?ﬁ%@fb@ﬁf@@ﬁe&ﬂ@éﬂ@%sma
tredi@BhSARS-CoV-2 RNA with a Cold Plasma-Assisted System. Appl. Sci. 2021, 11, 4177.

2%1 SEarn];l_irh,_ N.; fSone, l.; Walsh,dJ.L.;d_SivertS\j/ik,_ M.; FBernémdezﬁ E.N. _Effelc:} o{ Citric é%id Xn% P_Iaslrréa
t ted st ) at - .
?Acﬁ{//a![%oflw(@\té?%nvgﬁer_ Ll?r_ﬁc?noﬁaﬂ 5?088;.%8 "5 865 .u"’r‘an“A"F inate for Potential _oédqﬁﬁ’acﬁ? ing “h ©
tions, int , tapilit t tance. Quit t t
SR A P Bt S e Fo 134D ghggomnaton resisiance. Quie diferent o other
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2kpait, tHe, 0éanef, DB DAkICIe leSaihitier] Weradeih hidrGahdidtlasowg dedaj éd dhhledotaret alstoptiordica wetting
profdracantatiP HidacchardelNaD ofidar tarahdietiseodPackagiad a@ardohydd Ralitid2)2beRR9 it be
betd@62 Xdm layers, or between the film and food materials, thereby leading to an improvement in barrier
IR 2 e e 50 R ST S BRSPS e dafgnaces e
e e e G TS e ey
bar[__L%rOE)ﬁ;v e( cgﬁ YFF_ Fev%é?)o%ﬁ TbsOHeaLtment technique increased the surface roughness, it was not

significant enough in increasing the water contact angle of the modified surface. Surface dielectric barrier
2dsiye) S B bISsM Borh I e A CaisteBOs anitdibR: Syster?iBRISST #PHRBHHRA RES T@sRBFERichnique
rep&rRiATESSEasaIR 2 @li-BIpiegsing &Rl GUav fateJeT PRbkAGIRISI Lt iRifaflth RHRBAHECEINONENA. In
thisN@O@MateyialnBad #Hht HME- plasma treatment decontaminated virus, without significantly affecting the
RAOBPHUFS & PAHERINg A, IRPY 1 SUBSIEIEnge'SanPING PHASHRG oAl gt iNSEN9R I ENRAS SRR P iR K oride
(CFPH??&Eﬁ%‘JQEiBtMi%EW@GﬁPF‘?Q%&M&ﬂe%%’éWQ MaNeREpS Protirogeesdisghe fibagytace,

with potential appllcatlons in developing antibacterial overcoating. Such films were observed to exhibit improved

25, Heldemang Dotto,. M.E.R.; Laurindo, J.B.; Carciofi, B.A.M.; Costa, C. Cold Plasma
optical and anti acterlar properties:

Treatment to Improve the Adhesion of Cassava Starch Films onto PCL and PLA Surface. Colloids

overHiif- MERYSERsReMdfeAR AsR: 2BASuD8RatRG /B8hnologies can effectively enhance the functional
281 AIStCH QF fooe pAGiagifyNSs 1ES UHIBG L EY AHYRRBIEL SEPARAL DIPES AL b RSONSE b el g Sirfad
PosSIBIREALCHTISIAARIY- iR YRRy KdRPAERHI P ARieg 2 shiel gt flTog §f 9ach eppiieg technology can

depend on the type of film material, coating composition and treatment parameters.
27. Chen, G.; Dong, S.; Zhao, S.; Li, S.; Chen, Y. Improving Functional Properties of Zein Film via

ThéSHBYPREIE Y Y¥iHY GRERRAR-aRG GettiRlarmad [@ATHERL: HidoSd PRSIBERE A5blCatle?3 WiSsddRd by

28hasii4 ARAreolkates I H rheesariliks, 182 wintatieteods ghalassa KRSHARMA Al esPRER A8y with
the |5t piisiaa PrHLHR HReti SR e lNSIRANP I NEAIsSBRIGRS R FRIBRIRGIPRIE IRzt ditg dag effect
of q’fmgr(%ggdﬁvx(%]ggg_mechanical, rheological and barrier properties of SA films (Also given in Table
1). The tensile strength and elongation at break values of the resultant films were seen to increase by 43 and 66%

eI BRAN WM Sl Mre MR S udofs, THADESedu BESEN RN SHAEHIES IR RRIRFER up o
40/*3866‘5%“% G MRARIAR AR R ADSITHS DR L aRRIIB AN fedth CRE- RIUBE g 5984 fifis when
compareg?o neat SA films.

30. Tucker, B.S.; Aliakbarshirazi, S.; Vijayan, V.M.; Thukkaram, M.; De Geyter, N.; Thomas, V.
E”%bﬂf@ﬁﬂﬁﬂb%ﬁ%%ﬁ@% b BIRSERIrEe BN atF A SR St RIRGHTNRTIMG S ShtfbrdsPY
AkhayaiMahdaw. a@ﬁﬁoﬁyﬁfher& é’(ﬂ'dF_ﬂf‘l‘;g erhiwf degigieshbelow provides an in-depth understanding on

the sensory anaIyS|s results after 180 days of storage of plstachlos after the treatments. In their study the influence
3c:)IT %“r%% amounts I@y%r}to\s/al\r/ll (OVQ r<'];1rn‘$’ld Xg% VID\%ma%% cold p}aeslmnaa}%]a‘? gaéura‘?'(? C%%SSSI % S) were

obs%pvh%n rr(ra]pg)odr g(daftd?rlég %la?y%tro B ”%&uo s d?zirbaelsT eaFggu an e?f%%:?s’ gr? Qhe pIS?aChIO shelf life were
Ixtivipggdhy Nkasrugkeri BISfadaket dh As; Naotiressy ¢0loThemasnehtl dota qualilshiamd ysdstidreigarécand
aflatdasrapeotessioidovslueerydrephesttic vaEgisusfdoerothardppided neabitsoiintenfaaeeseen that the

trezamelit atiting. Coltbitts BuenB B2Oirtenfacis pod9a 1183thedupe®duced highest conservation of pistachio

hardness and colour indices, It has also been reported that among aII the examined parameters, the plasma
3. Vijayan, V.M.; Tucker B.S.; Hwang, P.T.J.; Bobba, P.S.; Jun, H.-W.; Catledge, S.A.; Vohra, Y.K.;
treated sample P and the control sample exhibited the hlghest and lowest scores respectlvel

Thomas, V. f\fon equnlbnum organosilane plasma polymerization for modulating the surface of
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WhRT §tbdiavgathesdp otetztiaihbtood Caoth pheizpkcdtion SAR SAater2Gheawith 220 BaR8dshs28Rhl. system,
SRJhAN, G4 °Pss 5 48 RS BRI VBl Bl Sl gfocte ne
p“’%e”'ﬁnse%ﬂs‘?'é Silta C"aépa?rt?&éhsefé"r"% WS 0 A SRS BB PN ier SEARoTIY.
red%\ceypt\jnvrewgerelxﬂa}/ |rzed<£8?%r’e7f§bagt?3tl918packaglng materlals tested was very minimal. Both packing

materials underwent a considerable but modest reduction in detectable RNA after 5 min of CAP treatment of
Saroifhidvdnand Meo¥Vaiken Md Bittai (& Roiliprene RNA mirkides i d¥oHiRndty -wab @R1eR, tNe lAasERaN
thrdalRAGOIES SRS gHORe 4 SReeMRHBR U tHRESIERIAHMELRIGMNARMF tHshdiR NG EaEe R QN for
10 PelymsreEriaaasanersisegalialday Aew OPRInMEE HURGRCRSIROREadhaded 8P Rages as
B YGHErOENG. SSIRYIAS ISR PENCAIAN ! APRISH{SVEST FRSHIRS 1. SOwbHIHpEHR A AR: being
use8| 4R ISR ARSI HEIKRERSHth" S RRITARRAINY BB Rtéif-Be d05h 1M Sos6 prtesBler ARRIGSIN
PagkRoiRth §NEOE Khai BRIDRCS D SPIBRIRRARPTOIRSE IS St ERYSIHOMRMIENIRN PATIRATKGIEIARRalS, there
Wa%mtggﬂgﬁml?ﬁi@tm_ig@_gw O, concentration between treated (P5, P10) and control samples (C) [19],

The apple samples were also measured for titrable acidity (TA) and firmness values (N) during storage. TA showed

3a7n %{:?éjagéddu‘glr% sTourglégrlh all appTQ %Qr%% é\/l p%rc %8985' i E;Eavvf%g’h I\:/)va;r Qgrrga%d to Ifhe\zN gg%repr (gﬁto Carbonic

acid PGB SRR pPé"é‘Srﬁ‘i“?‘n% AdPENaShRRTEMABE PIAGLRIREHN 99 SRLAMRI RO B s ure

to eﬁllg)a% n l%‘%n irican tye% ec gzslan?p éé" L|1n7 ]éTtht:-'!"rA' z%;Se this difference was correlated with the type of

3&nmetfoidp@fentiernandez-Moreno, G.; Pillai, R.R.; Hernandez-Nichols, A.L.; Thomas, V. Low-
Temperature Plasmas Improving Chemical and Cellular Properties of Poly (Ether Ether Ketone)
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While studying the effect of cold plasma treatment on thyme essential oil (TO)/silk fibroin (SF) nanofibers against
Salmonella Typhimurium in poultry meat, Lin and co-workers 28 conducted sensory evaluation tests were on
chicken and duck meat. According to them, when compared to the control group, chicken and duck meat samples
wrapped in plasma-TO/SF nanofibers membranes demonstrated an improvement in flavor and general appeal. The
researchers also deduced that the sensory evaluation scores of poultry meat with plasma-TO/SF nanofibers were
higher than the control group since the test group received a higher score after the plasma treatment, indicating

that plasma-TO/SF nanofibers membrane could improve food quality without losing the good flavor.

As part of the U.S. National Science Foundation supported program on Future Technologies Enabled by Plasma
Process (FTPP), at the University of Alabama at Birmingham (UAB), the developmental studies are focused on, a
step further, to have smart sensor-integrated packaging against food pathogens or toxins via inkjet printing onto
plasma treated films [228] Moreover, the group recently published an invited mini review on mitigation strategies in

engineered healthcare materials towards antimicrobial applications and another on non-thermal plasma processing
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for nanostructured biomaterial 249 Plasma research programs for materials and biomatter for application in
agriculture, medical materials [B1[321[33][34[35][36[37I[38[391[40] * food packing, and other plasma-technologies for
automobile and aerospace applications will establish Alabama State as a Southeastern regional hub for plasma

science expertise and create thousands of high-paying technical careers in the state and region.
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