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Application of cold plasma treatment as a method to improve the physical
properties of defatted mustard meal-based edible films

Ha Eun Jeong', Yoon Ah Oh', and Sea Cheol Min"*

'Department of Food Science and Technology, Seoul Women'’s University

Abstract This study investigated the effects of cold plasma (CP) treatment on the properties of biopolymer films prepared
with defatted mustard meal (DMM films). CP treatments using N,, O,, He, Ar, and dry air did not affect the tensile
properties, water vapor permeability, color, and morphology of DMM films, whereas the treatments using He and Ar
improved their printability. The tensile strength (TS) of O,- or air-CP-treated DMM films and the elastic modulus (EM)
of O,-, He-, Ar-, or air-CP-treated films were lower than those of the untreated films. An increase in the power of Ar-
CP treatment resulted in an increase in EM. The optimum treatment power and time for minimizing yellowness changes
by Ar-CP treatment were 420 W and 40 min, respectively. The results demonstrated the potential application of CP
treatment to improve the film properties of DMM films and possibly other agricultural by-product-based biopolymer films,

making the films more applicable to food packaging.

Keywords: cold plasma, food packaging, biopolymer, film properties, agricultural by-product
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Y Aidolv AES JHE o AAVE 7 HAES Y
S} AlEe} o] BRIz v e g FEE ALY v E-
HAIA7|HA] w7 27b A E-EtH(Chae 5, 2004).
2HE 7H ke 28-S HE ok el RAET gled)
% St olE ol&3 kg EE S| AIEAF &2A) A
o]thSablani 5, 2009). FAE 7HE FAES AE 7uko 2 A
Aol o] HajEy, FAEC wEt EE Ax oM &
< IE ¥4 899 §uiE AT £ 7] "o A<
e As7F 2 F Uk 53], ©X] AR (defatted mustard meal,
DMM)= 71344 & Azl A3t ehrste, &4, a8
A 248 7L o] FEolv A T B HHE AA
A eal 7HAd B8 e 2 AxdE 4 Yk(Hendrix 5, 2012). 1
U DMME H[E3 54 7 RS A= sk 7R
2EELS 34 ZEiaY dEHT EE8 540 g5 AFE 4t
Joll ARE37] oAffths EAIFEES 7L Aok(Hendrix 5, 2012;
Sablani &, 2009). weh o] g
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7] YEiME o159 B84 54
wofof ghr},

FEA Ao BYA 54 T 32U 54E Mdse Wy
2 349 A=W, oF Ay, FARY SOl AREEAL
£, F2E 2= Zek=vlcold plasma, CP) &7} M2
xH B4 A Yoz FE8T gtk (Baniya 5, 2021). CP
A 71&e AHEHE CP 84 712 FF 2 XE 27 wet

o X2 o

A FHe] vt #5715 AT F AIZMa 5, 2012),
#dgk FH A7t 7hesihH, el Ege Al oo s

A2 F Aok S /AL UTh(Desmet 5, 2009). CP %]
g 3HE T3 5 A B2H EAE s Hsixde A
AdstEe EA gt CP B4 7k B AF 20E HER
sk= CP #2] A3} 8 Fojof FTHOh 5, 2016).

CP Age] 34 FeknEe 89 B4, 39 72 % I4)
of thgt &l A3 A= v B SA T (Baniya 5, 2020;
Darvish &, 2020; Kim &, 2020), 7k Hge] B84 54,
HH B4, A B4, A 54) el g cp Al FFF

off #et Ate FEE Aol At 53| CP ATE o83l &4t
E 7Hy FAES AIEE 39 AlxskeE AXEA 7Y 2E
o] B8] EAS sk Aol e BHEE m$ =5

B APore s 7 FAHES AR sle e 2
29 E8)73 EAS AT HoegAN CP AEY sAlS
gRlsl izt stk wpekA 2 Ao 542 (1) DMM &
o

S CP A2 o CP ¥4 7127t BE] 9 SR A=
(tensile strength, TS), 4l°&E(percentage elongation at break,
%E), Z18]3. RE# 2 (elastic modulus, EM)], 571 S} (water
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B AFolM AREE DMME Hl= ofoltis FHU g (Moscow,
ID, USA)9] Soil Biochemistry & Environmental Organic Chem-
istry ShtollA Wgrow, ol NARE GEEt] 90% Ak 7|
55 FE3IAL iRl AL Z(Borek9} Morra, 2005) £33t 3
BE 7HA A2 FAE oF ImmA o, Aol= 1-3 emSith.
G2 3E A1 (Wanju, KoreaPllAl 78 A% #4498 B3 DMM
o] 'hrshe, A, W ko] Zh7t 452, 8.7, 35.0 /100 g
= ¢ F UUTH

ZE H=
DMM< E-#A T (HMF-345(E), Hanil Electric Co., Ltd., Seoul,
Korea)Z #2f3 & A2 (300 um)3te] DMM #2S FH|SHSI L

DMM £%S& E° s (5%, ww) Ultra-Turrax o3 7]
(Model T25, IKA-Works Inc., Wilmington, NC, USA)E ©|-&3]
2 8H10,000 tpm, 10 min)3}YaL ©]& Wy HZE o] 83| 7]
slo] DMM #4tlS RHEQITE o] % DMM #AklS Z39F
Z7](SWUDHP-1, D.O.S, Inc., Siheung, Korea)Z *]2](172 MPa,
1 pass)3tRL, ol FBIAZ(15%, wiw DMM)ZF tiF glAEl
(2%, w/w DMM)S &3Fet & tbA] Ultra-Turrax2 -2 34(10,000
rpm, 10 min)3te] DMM #ZH-& A X3t F3A= AR
g5 FAIH(HLB value: 8y} F-AAZ 2188 FEAELS Sam-
chun Chemical Co., Ltd. (Seoul, Korea)ollx] )&ttt +&3}
| 8ds I FxolAM AT (90°C, 30 min)stAL o] F HkE
AL @7 Wzbeta 2E BEE o83 Yt dE ¥
A gAS Az AxE 2E F4 £9(59.7 9% HEES
ZYO)EWA: 16 cm)oll 7228 (casting)dt F AFLollA] 4827t &
ot Axs| HEDOMM ZH)S Az 25 FA= A4
% 0.001 mme] micrometer (Model CR-200, Mitutoyo Co.,
Kawasaki, Japan)& AMg-3te] ZA =AU Alg & 63] ol =4
slo] dojzl BEe] T 0.18£0.01 mmPo™ o] e o 7
ot 757 FHE AR AREHUT

CP X2| AlAH

CP A& AZ=®(SWU-2, Fig. 1) wlo]a =3} @A 7] (micro-
wave generation part, microwave feeding part, microwave inci-
dent window), *12] | (chamber), F& HXE, Wz} x|, 7}
& 24 AX), ZEa b 3 28 AXE AU Aol
Azg A7) W ey EE(Magnetron 2M246, LG electronics
Inc., Seoul, Korea)ll 2|3l 2As= ZAlule] E4= 2.45GHz
R, FF Jhee AE W 50-1,000 Wt HE AW
(43x37x40 cmye= Z=HIRIZ]Z A|Ho|lom A3 AP A
2. Al AW U FE2 XF WE (Model 2-way electric
ball valve, DongjooAP, Incheon, Korea)S &3 500-30,000 Pa
oA 2Ho] 71tk B Aos Wz Axe] Wge
0.8 m/min® & A= o] FEHUTE CP ¥4 7k=9] {&2 7t
2§ A A (@2 channels, Model 3660, Kojima Instrument

<— Microwave generation part

Microwave feeding part

Microwave incident window

Chamber

—F> vacuumpump

Fig. 1. Microwave-powered cold plasma system used for the
current research (left) and the schematic diagram of the system
(right).

Inc., Osaka, Japan)& ©]&-3te] o] 200 L/min7kA] 240] 7}&
At

CP X2[gt DMM ZEeo| 22X SHofl st CP 84 Jia
o| AuE

CP 34 7}~ F77} CP #2®l DMM &9 9% 54, 5
7] B3x, Ax, gy 3 540 uHe IS dolies
AFeME CP A 7tAE A, Ak, AF, of2, 2E F
718 AHgEled (7 B8 £%: 1 Limin) B8 A (XS 16cm)
£ 650 WS} 667 PaollA] 25% 59 CP A2]sith

)

Of2=-CP X2|st DMM ZEe| E2|1¥ SAMo st CP X
2| Mn AjZte| Adek

DMM ZEL CP A& o CP A AF3} A7ke] DMM
o A B4, 757 FHx, 283 Ard nXe 9%E B
d5ste] H4 CP A7 1S AFs= AFAXe FH=vt
A 7FER ol2EE AT IS SF £%: | Lmin). &
A8k A 89 (central composite design)S AFE3F WFSE WY
(response surface methodology, RSM)2 &3l ZAAE =g A}
2] A7+ 742 400, 473, 650, 828, LS. 900 WSt 10, 14,
25, 36, 223 40 min®]Ath(Table 1). ¥HS WEE 1% 7w,
g, RET S, 757 B, 28 AETh

2]

T

QIE E4

ZE9 A EAL vF AFE AY P3](American Society of
Testing and Materials, ASTM) %= ¥Wioll wigl 4390 o
At A71(50x8 mm)E FH|E HE AEE 229 JuigTrt
Zhz}h 2342°C9} 5002%= HASE AiFm AW 29 53 A
Ak & AAAIE7I(WL2100, Withlab Co., Ltd., Anyang, Korea)
S AMgste] g8 AlRS R e, AE, a8 REHEE
stk 2™”(grip) 72 A”lE S0mmSlY, = ol =
30 mm/min®] At}
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Table 1. Experimental variables and their values used for the
determination of optimum cold plasma treatment conditions for
improving film properties

Independent variables

Variable levels

Power (W) Time (min)
-1.41 400 10
-1 473 14
0 650 25
1 828 36
1.41 900 40

Modified Cup ®'*H(McHugh &, 1993)S o|&3ted ZA3sIATh
Polymethylmethacrylate ~ (Plexiglas™, Evonik Industries AG
Essen, Germany)Z WHEo]x A¥ EB& Flo] 7, 6mLE

I ESE A 9 22 AEAES: Slem)E LEES & Y

ol SR Qi vAtR wZ Pk FE54A Wl diisEs
Y7L o] &3t 3-8%= FISSIAL, FEEA W diiE
7F GAES A (fanyS WF-ll ZEAIZTHIS2 cm/mm) s
2} Ule) Eg AL BaEiEA] dF A7 7HEo s B A

AE 435t 25 FFES 0}03‘:]' FEE ]"JE Alge
FAE FHe F olZg IdF WY FiE F57IYe Aoz
| %

P2 & ]-OiE‘r(McHugh =, 1993).

L do —111 o3 1-H A o\&

ZE5e] M= M (Minolta Chroma Meter CR-200, Minolta
Camera Co., Osaka, Japan)& AM8-3t] CIE L* (FX), a* (A4

A
), 283 b (%) ez Agsich 2F 94 9
(L*=94.75, a*=—-0.54, b*=327)S o|g3] ARAZ nAsIT, =
Aol B D652 10° ¥ observer’F AFREHSITE & A&

A8 s.lem@ E2 94 2 9o LeEa S

5y
59 #W = FAY AA dv)H(scanning electron
microscope, SEM; S-3400N, Hitachi, Tokyo, Japan) ©]-&3}]
AT EE ARG5S mm)yE F58 I8 7 (sputter coater)
(E-1010 Ion Sputter, Hitachi, Tokyo, Japan)S ©]-8-3}e] wlgo=2
Zg FZEFAI(Chung 5, 2012), 15 5.0 kve] 9+ ©]83)
HE3ISI T

g9 A HAL Jana 50017 Sowe 5(2009)2] HHHE
olg3] FHE YA HAHS ol8sl AHsIrh BES 2x3em
27|12 Aask § 3 7kEZA 2 7|(HP Photosmart C5280
multifunctional printer, Hewlett-Packard Company, Palo Alto,
CA, USA)E o|&ste Ha24 J=HP 74XL, Hewlett-Packard
Company)= 131(32 ppm &E)8I1L, o] F 1AIZF &< AHA
AZx3 A2 B0 Z(Scotch® Magic Tape, 3M, St. Paul, MN,
USAYE ol&sto] A7 do= 5, 10, 223l 203] J=S
ofitt. Axe AR TPt 48] Y2E Hold Fol FAE
o Aol7h 2g s 92 ARl B A Al Sei)
I Hrretdth §¥EE B33 =A(UV-2450, Shimadzu Co.,
Kyoto, Japan)Z 550 nmol|x =333 ch
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Table 2. Effects of cold plasma forming gas used in cold plasma
treatment on the tensile strength (TS), percentage elongation at
break (%E), and elastic modulus (EM) of the defatted mustard
meal-based film

Plasma"-forming

oas used TS (MPa) %E (%) EM (MPa)
Untreated 4.5+0.5% 11.9+1.6° 140.1426.3°
Nitrogen 43+0.5% 11.0+0.9° 139.6+16.9
Oxygen 3.9+0.3¢ 11.2+1.1° 117.4£20.5¢
Helium 43£02%  12.6+1.3 116.8+11.2¢
Argon 42403 124+1.1° 118.4+13.6°
Dry air 4,0+0.4 11.9£0.9® 112.2£14.2¢

YPlasma generation power and treatment time were 650 W and 25
min, respectively.

JData are meanststandard deviation. Mean in the properties with
different letters are significantly different (p<0.05).

Atk W3] I 5L FF AE E 53 o SAHUY 2
9] 4=y BEyx, Az g 9 AL 33 ol =A4HY
o AFS 55 4& HolHE2 PASW Statistics (IBM Co., Ver.
18.0.0, Armonk, NY, USA)E ARE-3le] AUufx] HAHEA (one-
way ANOVA)S 33l 57 2438193, Duncan®] T4 15
o2 AFHZ A 3 SAS| Pearson correlations ©]-8-3
o SHHFAT A, M AZhek 5] ARAE &
2515t CP A A Alzke] HEe E8]4 B4 F+=
S YolHE 23S Minitab (Ver. 15, Minitab, Inc., State Col-
lege, PA, USA)®] RSME ¢85t A &3ttt Minitabs ©]-&-
3 ANOVAS] ﬁr)ré Bl Zhzhe] A} &, oA; 3, AsArs
61—2. 7:1X4 zﬂ Oiq_

J

-

05'.

Y=by+b,X,+b,X,+b, X, X, +b,, X +b,, X3

Y& 5 #Folal b2 FA AlFeld, X & X,= 247 A=

Hat A Ak vehdth ZE50] 9 A, ARE, 223
th% F/AZIEAN BEEE $£57] FaE, A5, aEx

A= HslE Haslsle HA CP A" AYF A AR
Minitab2] Response optimizer functiong ©]-&-3ko] A4 34t}

CP xz|&t DMM %% % 40| H%._ C M JlAo| AdE
DMM Z &9 I 54 J 7k ¥ CP A g9
FIE Table 201 b}EhH E} *&5\_ e 3 1; CP A8¥ DMM
FE22 CP YA S DMM FEWRT IS)HT} e 9l
3 A%sl nEsisg dehle) 4800 hide o 5 ol
l—‘:E‘ﬂ(p<0.05) ol 2kA-CP X7t " T dF.CP AP Hrh
DMM Z& Y IEAES 7HAE /\OH:H_'Q_E o 2 Aoslo
(Poncin-Epaillard 5, 1999) Z&x} Y EQZ WollHe] =} F
(free volume)E o Zo] PA3Q7] yroz ﬁ}ﬂ-—s}oﬂt}@h =
2016). A-F3} O}E—T’—OE CP x&]¥ DMM T g
B} o 25825 YER) O (p<0.05), o]z]— T g7
=3} v 2FS TLH folxog o= L]-E}LHZ] kol Ak
37 & g2 7l2as ASYS yny d2o] Audes &
oAA %‘EEP(tough)L AL & 5 AAHEp=0.05). AF o}e
202 CP 23S W= branch scission®] TAYsle] JEA} U]
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Table 3. Effects of cold plasma forming gas used in cold plasma treatment on the water vapor permeability (WVP) and color of the

defatted mustard meal-based film

1. : Color
el WV " o

Untreated 2.43+0.28% 73.62+0.83* 9.30+0.70™* 40.38+0.60"
Nitrogen 2.33+0.13* 73.05+0.87" 9.76+0.57" 40.65+0.63"
Oxygen 2.28+0.12* 73.14£1.01° 9.67+0.66™ 40.62+0.55°
Helium 2.33+0.30" 73.93£1.17* 9.21+0.72" 40.21+0.66™
Argon 2.32+0.27* 74.16+1.28" 9.03+0.88° 39.97+1.02°

Dry air 2.35+0.24* 73.07£1.24° 9.74+0.82* 40.63+0.77°

DPlasma generation power and treatment time were 650 W and 25 min, respectively.
JData are meanststandard deviation. Mean in the properties with different letters are significantly different (p<0.05).

EN= el A% P98 JYFOEA REHLE RFAL A
oz AZRE W AR AEE FoA AolE EiA 2
gomE A 3 WSl s QY FERT BEY2} O
RS & 5 Ak

DMM 889] $37] Fahwe] tat Cp 34 /i3 Cp Al

2 Table 3¢ VFERAITE. DMM ZE< CP gL o
459 757 FAEE CP A oF &= CP 34 7= T/
of Zaglol A1 AfolE YERA] &UTHp>0.05). CP= ¥
HhH oz yREarze] HF Zlo)rt wold], <15 um) (Morent 5,
2011; Surowsky &, 2013) CP Ag& F= IF HWH| JFS
A FMoosavi 5, 2020). 57| FAEE EH FH (mor-
phology)] WH3lnt ollz} ¥He] & La|Ad3 D5 iol
Ao FE it o EiME JFS v FAA EAol=
E(Moosavi &, 2020) £ AZ0 CP A7} +57] Tzl
= 3A %S A X9 o= AdEHIA

DMM ZE9] Ao thg cp A 7k~ CP ATl a3=
Table 3¢ YERSITE. CP 84 71228 DMM Z&9] CP A2l&
S8 ZEo A WIE YolrgkS u, DMM ZEE CP e
ool AAgle] AR 7F B, AAE 23 FAZoA Fo
He) zpolE YERlA] &Uthp=>0.05). CP g F AAE 24
%2 DMM ZFo| et AWEB.7g100g (A% 7)) vt
ele fEste] Atsl ARES AT 5 s, ol
Ml AGES ¥EAH 4] whEEo] Ho(Chen T, 2020)
dEe] Ao HEE 7L = Uk 3 CP A2 E T o
(etching) 7= DMM & xHo| IPAE wHEo] dE
o] 871E ZAAZE 4 JokBulbul 5, 2019). A, E
oM CP He dg Ao Hals =k ket o]
28 zA0M FAE CP Wole A7) B3ES dode
9 =t FEA 7] WEeZ AyZE A

DMM ZE2 W o] s CP A 712 H CP 9
BIE SEMS ol-8ale] A& th(Fig. 2). A=A &< DMM
5L wwo] AAFoz U FHER o|FoA Qo] A
EW 2 Yepdth CP AgE cP ¥4 £ AW gugs
o] AuExle] FWol| ZFE(bombardmentyS Yoo =M oA
3= 58 ¥ A7 (roughness)S S7HAZ & JE HoR
A UTHPignata 5, 2017). WEFd CP A 23 DMM 20|
CP A2|8lA] ¢ FE3} vwste] & 2H AR/t S0
Aoz AAEY oY DMM ¥ A7 A== CP A7 F +
2 e WEx F) ol B Ao AEE 27 270
Aol cp 2] % &3 DMM ZE ¥4 Fejo] 9IS 7

> oo of

o ot ¢

o (g

A

>

] fr i Rkl

o,

=

2 2 A %S RYFH, CP A7 &
Wy #FS T3 CP M7t 59 757 F2
of S WA JHsAe] AL F IS oA ]
DMM &9 = HAREE A Al g cp 34
H CP MY L Fig. 39 YRt 4325 5359} 103
HojWe wol= dFH ofE2oZ CP XEH FEo] =T
dEHT & Y3 FJEFAES eI, AR CP AEE dF
o] &7 FEHT B Y3 FFAHES Yehd Aoz By
Aot J2E 203 HolWe e ES AL b2 BRE VL
22 CP A" 5] 279 FAE 43 HAEe YEt
W AL g1 & Ak CP Aol o ®H
modification) & 1 ZH(grafting)} NS &
H(Bazaka &, 2011) EW 7/1E-& 53l 59 A FAo] Ws)
2 4 JtKOzdemir 5, 1999). CP Aol &3+ Jgjzge v

Hsigl
=)

A==

-

-
A
= =

j
a
<
T

3:0

Ark.
7t~

>

2 #9975 ST EA 3 HHEE STE
NS ™ (Ozdemir 5, 1999) 1F-2 FF B AHE F7H]
=

AoaA Ja HFHE SVl ErkSong 5, 2016). &
T4l DMM ZE52 CP MPE wf IW ARV FoH
Z74e YeRA] egte v 2 (Fig. 2) AFF ol22S o]&3F CP
A s Bl 3 FAHo] Stk AL AFEH ofl22LE o)E
s CP X7t O 7kaE ol gd ARt e W F4
719] & dUFem § gol IVMA] iR dAded

AT

Ol=ZE-CP Hz|st DMM TEe| S2I% SN0l thet CP X
2| M AlZie| g

CP 874 7k=9 CP Aol g DMM FEe] =24 54
N B golE A¥, AFH o2 CP A7} DMM Z+&
9] <A (toughnessyS FF3FL A 54 FXsHAA U4

=

ARE ol T84 a5 UERITH(Table 2). sEA|RE o}
2o AEHT FUHeE o ZHAF)7] ool (Hertwig 5,
2018) CP Al =71 ¥ IF9] =4 54 /M a3 43
AR 7EAE o222 g AT

CP g gz} A7 A7+ DMM Z&F°
g, REHE, 737 a5, BE, 282 JAse} daaA vt
- SAY §-214 9Ju)7} gl AE Pearson correlation coeffi-
cient ¥4 F3l & 4 AATHEp>0.05, data not shown). &L}
CP A A8} A Ak Gl fejdo=m J3s + A
& F A= (p<0.05), °l2A DMM ZE2o| &4 540
g CP B4 7] dFS A7 W AR AE] 271650

r [¢]
Y
N

O

bt
>,

=2 o
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Fig. 2. Effect of cold plasma treatments on the morphology of the defatted mustard meal-based film. (A) Untreated; (B) nitrogen plasma-
treated; (C) oxygen plasma-treated; (D) helium plasma-treated; (E) argon plasma-treated; (F) air plasma-treated.

0.8
[ Untreated

EEER Nitrogen plasma-treated
E=3 Oxygen plasma-treated
0.6 4 Helium plasma-treated
EEEEE Argon plasma-treated
Dry air plasma-treated

0.4

dA

0.2 4

0.0 -

Number of peels

Fig. 3. Effects of plasma-forming gas used in cold plasma
treatment on the ink adhesion property of the defatted mustard
meal-based film. Error bars denote standard deviations.

W, 25min)®] CP *2]= DMM ZE9] Aol FaFS w|X|=] et
Ak B Ao AMgE A 27 H21(400-900 W, 10-40 min)
W 54 oA e] of=2Cp iialt 59 A E FoF
o2 WS & F UUTH

WS HARA S Efsﬁ DMM ZEe] FA%(Y)el g CP A

AEX ) AITHX)el #A B v} o] dg 4 3
Q3 BdA o ZHE Matlabs o83 M= WIS HAg)s)t
= CP A2 A Az AgH A7+ ZHzE 420 W 40 minS
z 98 F °‘°*E‘r Y=40. 489+(0 237)X,+(-0.005)X,+
(0.250)X,X,+(~0. 116)X (= 0018)X2 (R>=83.7%, p<0.0001).

Aol wisks Haslehe 3 27102 DMM 25& CP A
g ) AA 7&—\: /\]z}g 353{1\’ 527 _,__,,].\: tth: Z A0
T, 233 3] Hilee 7zt 124, 269, -3.3, 6.3, —0.6,
3.5, 28 0.7%°] B Ao wSFHEA ] gl BAS
o3l AdE & UL

P
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2 of
A, Ak, dF, of=2:2, 284 37 7H=E DMM E52
CP A2]AE wf e} 715 o83 A2l= dF9] AFEl
Hske 4 omA A FEst wEHaE AN, AF
I o=t 7kRE o83 CP APle I gk AdEe] W
ks FA FowA BEEHEE AN "l ik, 3
AF, 1?41 ol=3 7kAE o83 CP A2E T3 dF9 2
T OSSR A AR ﬂéﬁ}

Ccp xialh IEe] A, 757w, a9y wi
Fo A Gkort, AF-CPs} OFZTCP Al JéE
A8+ S7HIZT DMM ZEel tieh of=<-CPe] A

2 A2 Ak 3@4 Az feld 9= F
(p<0.05), A2] A} Alke] wiglel] e AL AN
AAHeR Ao Aske ol22-CP A2]7} DMM
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