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Abstract

Nitrite is an essential additive for cured meat product. Plasma is ionized gas and reactive
nitrogen species in plasma can be infused into meat batter and subsequently generate
nitrites by reaction with water molecules after plasma treatment. However, the increase of
nitrite in meat batter is limited with direct treatment of atmospheric pressure cold plasma
because of the increase of meat batter temperature. Therefore, this study investigated the
influence of indirect treatment of atmospheric pressure cold plasma on the physicochemical
properties of meat batter. Meat batter was indirectly treated with plasma at 1.5 kW for 60 min.
The pH of meat batter decreased while the temperature increased with plasma treatment
time. The total aerobic bacterial count of meat batter was not affected by plasma treatment.
The nitrite content of meat batter was increased to 377.68 mg/kg after 60 min of plasma
treatment. The residual nitrite content of cooked meat batter also increased with plasma
treatment time. The CIE a* - value of cooked meat batter increased. As plasma treatment
time increased, lipid oxidation tended to increase and protein oxidation significantly increased.
According to these results, the indirect treatment of atmospheric pressure cold plasma can
be used as a new curing method for replacing synthetic nitrite salts.

Keywords: atmospheric pressure plasma, nitrite, curing, meat batter

Introduction

Alg-2 of A o] chal A gt oy 2 2, Hlep] 9 vy E-S fhiotal Sl Gl AlEol
o, 250 WeA EA, AT d "o 53 59 542 fl6l 7 AS T AlEe] AH]
o] Hx} =715k QAth(Lee et al., 2015; Kim et al., 2016). G A](curing)= A5 U opbAAY S
ZRt et H7be2 o] 8ot Als 9 Al 87 AR e B4 B HEAS SRIA7]
=34 ]E]'(Smdelar etal., 2007). & AA18715-2]E(cured meat product)of] B2 0.2 0|25
= oPE A A (nitrite)2 GRS 2 Fu|E TAA 7|, A ZATE Ao, HEd ndE
E35]| Clostridium botulinum A|o1oll A3 Q1 Z1 02 B 71 %] 71 QJth(Sindelar and Milkowski,

=75 AE AZE sl oOFEAHEFNaNOy) o
Al glow, Aefe] Fa go] Az o

2012, Lee et al., 2018). YHtA 0 & ¥ =]4]

OPEAIE(KNO,) FH 9] 9] oFdatd o] AHg-
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EA ot Aatol S opdAE o] 20 & RHAAA AlZH HA oA H7HE ESE o]-8- 5|1 }lth(Sebranek and
Bacus, 2007). ZL2{ut oM H7Fzofl thigh AH|=pe] B2l 914 F7t= Ql6l 94 o4t of-g-<f diet a7t
dgok Hatofual, dA obEA M7z 0] 89 AFek MA=E AA Q] FrE Aol AAS7HAES] WA
Z2 Aol BA7F 11511 Qlck(Krause et al., 2011; Jung et al., 2015).

| FAASTFEAE A Z Al A T A o4t H7HE 9] o] -2 tiAIsH ] fIg i o 2 o 79 A2
E 2=} atmospheric pressure cold plasma) 7]&2] ©]-8 7}s/do] AA % ATH(Jung et al., 2017a; Jung et al.,
2017b; Lee et al., 2018). Zet2AH= 22 0] A] 49 | = o AX| & o] 23 7 A = 57t A4 A9IAE =
o] FAFE 7SI ofl mhet oFol 23 ARt R E2]E o] Qe ATHIE TRtth(Nehra et al., 2008). S2t2nte TAYE]
+ Z2700] whet pdstAl i E =t 719k A2 Set2nte ti 7|9 Aol A A s 7140 27 AR A
Z20tE Ut (Jung et al., 2017b). 7]E Ao 2 H S=g-lof] Zaf=n} 2| A] Set=et W 4P 4F
(Reactive nitrogen species, RNS)S©0| & E2}e} Hh-g-5lo] op ALt o]-20] AYA] % o] H 1 E| 1 tH Oehmigen et al.,
2010; Jung et al., 2015; Jung et al., 2017b). T3t T 7| f A2 Zef2utE =g o] opd A5 H =0 A 2|gt A1}
Eotznt A2 A gt STt} o AlS o EE Ul o4t o] 9] ko] FTtete] ERlE gl oH, Eetxut A2
Als dAEE AlxE o] FHol oM ERS 7t AlxE i} vl ske] Zpo) 7t glgo] ZR1E et
(Jung et al., 2017a; Lee et al., 2018). SFA| Tt Jung et al. (2017a)°]| W2 H A8 7 A2 0] Zat2ulE 6027+ 2] 2t
A} Al FAE] L5 710.27T oA 20.0C7HA] Z71519.2™, Lee et al. (2018)2] Ao A= A8 FAE0] 2
L7t EEkzut 4] 608 F 1.0CollA 194 CE F7lohe Ao ERI= Qe dety oz A8 73 & AX 34 5
Ag HAEY 2k 7 XA A F n|gE FAZ ST 4= 9lo] 10 - 13CE A ETH(Pegg and Boles,
2014). TehA] A5t o] ol miZhet 2150 Zet=nt A 2A] 25k F7He] o 4 1heto] 8 75|17 QIth(Pegg and
Boles, 2014; Jung et al., 2017a; Lee et al., 2018).

Eotznt Ao e AR 2% F7HE JAloh] Sl i o= Eetxa A fletk A
L5 At 7= WOl 2Uth(Ayan et al., 2009). SEA|RF Zek2nt A o] e o &
L BAH o] X111 It Wang et al., 2011). Frohling et al. (2012)°]l T2 Gof] 91745 A& 0] Zat=n} g
eros Sebxnt 7hy Hel WAL A ek Sekxnt AHAe WAL Sefxnl 97 &2 (plasma
discharge source)l| A& 27 H 0 2 L EA|7|= WAl o| x| gt Zef2nt 71 A 2
A Aol HAYH S 2ntE o] 5 Foll Etnt A tid A&l st Al o & o5 T Eet=nto]
27t Aol wet AF9] 2o n x| @] nlH]stTH(Frohling et al., 2012).

wehA] & A= St I A7t AS wH A w0 £ vAl= 9 Brtek] fld a8 =g eH, &
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Materials and Method
AlSHASAR U 7| A2 S2k20F 2+ 22|

AS FHE A Z AHEE 2 B TR 9F SAY2 @X] A A 9 sEAT =51(2.6 kg), 204 kg),
=(0.2 kg), 225(2%), 4FE(0.3%), FH(0.3%), A& (1%), ¥ L-okAF 2 HANFEF(0.05%)= food mixers
ol EFshEA Setxutg Aelsigch. 2 Ao ol g Zehxut 713 A2 Al2Ee A FE (power
supply), =2t=0t B E (plasma source chamber), 2 A]-8- w25 3+ (food mixer) = T3 = Q1 th(Fig. 1). =2+

Znf A A dielectric-barrier discharge s ©]-8-51%. 2™, electrode 2 ground case 22 ¢35 W22 44514

Korean Journal of Agricultural Science 45(1) March 2018 95



Curing of meat batter by indirect treatment of atmospheric pressure cold plasma

it
)
[N
=)
i
oZ
of
>
i
o
tlo
M
ol
>,
Ny
e
)

Zot 225 YA Z . Eet2ut 248 A Fate] upgl A Eeto]of

§5to] Eet=utE DA Zl o™, A4 d St &8 Z(circulation

pump)°]l 2% =0t FFEES F of H=]stArt. AL A E 3.2kgS TAIHA Szt A

Zsta e, Eetzn A9 F 157 4L
r

ek A% TR Befzot e

Plasma source

Plasma Gas Outlet

Plasma Gas Inlet

Circulation Food mixer

pump o O

| Power supply

Meat batter

[l
o]

Fig. 1. Atmospheric pressure cold plasma indirect treatment system.

2=

A8 #AE2] 2= Cable probe (thermocouple type K)yE A HEo] 1A & TR 2L A|(YF-160A,
Koang Yee Enterprise Co., Ltd., Taipei, Taiwan)°l] 2 sto] Zef2utE A2 oh= 52t 155 A 0.2 Z4519

pH

A8 FHAE 1 g& 75 9 mLY} £ 5] #ESFATHT2S basic, IKA GmbH & Co. KG, Germany). w4 92
Whatman No.4 ©{¥}Z](Whatman, Maidstone, England)& ©]-8-3l] &3}3t & pHZ 7](SevenEasy, Mettler-Toledo
Inti Inc., Schwerzenbach, Switzerland)E ©]-8-3]] o]}l ] pHE =755}

OfZpto| 2 &t

(=]
A8 A B 0] o}l Ato]& gheF 242 AOAC method 973.31 (AOAC, 1990)°] mhat =45}t 200 mL ™A

Za}A A (volumetric flask)el] I ZF Al 2(10 2)2F-243(80°C) 150 mL-& Z5-5] 4lo] Wit} 115 0.5 M| 45}
UEE8&9 10 mL} 120 g/L2] H4tolad-go8 10 mL 217 4101 80°C 2] shaking water batholl A 2057+ 7+ 3t}
1087 37 5100 g/L9] AR E(100 mL/L 4RYOH2 pHE 9.00 2 242 20 mL 21 EH/5S goi
200 mL2 o} 89S =33t & Whatman No.4 7] (Whatman, Maidstone, England)E- ©]-8-5f] o] A Z .
o7l 20 mLE 25 mL H|AZ kAT ol B3 G4t E(1 : 1) -8o] 3521 30 mmol/L At o] =890 | mL¥} 5 mmol/L
vxeoedit]opgl-§ol | mL-& H71e & SR4-5 Yol 25 mLE of it 'A-E Qlof 2tl-& 20427 | Rh

T 257 3= A(DU®S30, Beckman Instruments Inc., CA, USA)S ©]-8519] 540 nmol| A &3 =5 SA5HAT
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M
Al dAZO nAE B4 Ao Al RE ES2rE Aot 58 15+ A 02 AFetl o, Als - EE
F 5(Total aerobic bacteria count) S S5t} A 5(10 g)F B3 A 2] 21 4<4~(90 mL)E stomacher
(BagMixer® 400, Interscience Ind., Saint-Nom-la-Bretche, France) S ©]-8-510] =3ttt Bt A 45 AH8-51o]
108} 3] o 2 ThA X 0 2 5] 513t} 2t 5|4 2H(0.1 mL)= solid plate count agar (Difco Laboratories, Detroit,
MDEjA]of] B-5= F =g ote] 37T ol 4] 48A17F 59 v FotSAT. v A& 5= log CFU/g 2 2 UEFH SITt.

gt A= Eetznt A 152tk AFSEAT AR 30 g& 80°C 9] water bathofl A 3027F 217
At Zelet A5 = 0] 42 I A|(CM_3500d, Minolta, Japan) & A-8-510] B Ix(L*), 4]
A5 (@) R FAE(b*)E SE A Ale S 23] HHEsto] 274 & g2 AR8-sHt

2] At &= Jung et al. (2016)2] WE o] Wt malondialdehydeE S5t Al =3 g)oll S 6 mL*}
7.2%29] 2, 6-di-tret-butyl-4-methylpehnol 50pL-2 %715t w2 7](T25 basic, IKA GmbH & Co. KG, Germany) S
ol-g5to] WAt W AE 500 uL¥H 6 M NaOH 200 uL- tto] 2.2 FHof Tl 60°C 2] water bathof| 4] 455 714
Stal Aol A WZAIZ T 1 mL9] acetonitriles 7Fet 2 13,000 x g2 1027 ¥422]sto] 45H 1 mLE 0.2
pm PVDF $AF7] HE|(Whatman)oll FIHAIZ] § ojutelS vlo]of| =359t MDA+ Atlantis T3 C18 RP
column (4.6 x 250 mm, 5 um particles)= AF8-51 HPLC (ACME 9000; Younglin Instruments Inc., Daejeon, Korea)

BA519.0 1, 30 mM K,HPO, (HsPO,Z ©]-&3l pH 622 F74) & o]5A 0 2 AF835FA A& 50 pLoll 1.2
mL/min®] 502 o] FARS F5191, Aol LrE 35TE RAI5Ia UV/VIS T2 254 nm AHE-3ict.
Malondialdehyde®] £ B4 2+ 1, 1, 3, 3-tetracthoxypropane solution (3.2 mM)=2 AF8-5% 11 malondialdehyde -5
= mg MDA/kg O 2 BAISH

5] & 71H Y kS =351tk Al E(1 g)oll 20 mM sodium phosphate buffero]] 3521 0.6 M NaCl (pH 6.5)S 10 mL
Yo} gt T 2 7](T25 basic, IKA GmbH & Co. KG, Germany) S ©]-§519] # At #2452 7H0.2 mLA 2
mL FHO| &2 F 27E2 10% TCAE 1 mL g2 % 10271 10,000 x g 2 H4lE2] stch & 71 JHE 5 of
U ol 5 S4S 9ol 2 M HCL | mLE& 37kt o, o shih= 7HRd 9FF 57488 916l 0.2% 2,

1 mL7FsE3ITE & M9 AlmE BT A2 1A7FF310L o] % 10% TCAE 1 mL F7Fshieh 7HE
TdFEHS Y A B 2 DNPH AIAE el 1: 1 H]&9] ogh: o[ dotAEH|o| E | mLZ F ¥ A5t

=

)

= -

t}.0] 3 20 mM sodium phosphate buffer (pH 6.5)°1l =<1 6 M guanidine hydrochloric acidE 1.5 mL 34 7}sto] 85

AlZ]1a £ & 5 AR Sl i S e A E JE RS 752 & 510 280 nmoll A S EE S

Sto] Alibetaar, 7HE Y k-2 Tl hydrazones S78< 2100 370 nmol| 4] 21.0 nM ™ em™ @] T Al GE 0§
o

T2 o] nmol carbonyls mg ' 2 LFEFRCE
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M
~

TFE=3ES 7 £ E| o B ANE 2d ¢ o] v 2] H(randomized complete block design, batch as a
block) Bte]l U417 = % (general linear model) ©]-85t0] SARA 5Hlct. A £4 0] Fa I Sepznt 4
Ao 7 HAAstTt B A= gl (least-square mean) U w3k I Q X(standard error of the
least-square means)&® WEFHI oW, Faylof] tieh 424 AAHL Tukey2] tHEAAHS o] 85ATHp <
0.05). =7 248 SAS T 2 T3 (version 9.3, SAS Institute Inc., Cary, NC, USA)= A3} Th

ofm

A

A

e
e
_{

Results and Discussion

Mg 3UBS| 25 U pH Ha}

Szt 1] A 5 Als 2w R ETtRuE Y ARte] SRR fojA o g FUtske], ETtE
oF 2 2] 604§ A5 T EEO] 25 712.10Coll A 20.0C 2 F7FsFth(Table 1). Ol Seh2nt HAY A] 4210} £
Ao W] SE= Qo 7Fs =7 S7HohL A dEE 0 2 Hih £2 25 0] 7EA7E Als Al Eol S
Hof w2 A3to]th(Van Durme et al., 2008). Jung et al. (2017a)°] T2 Sat=0} 217 A 2] 9F4]-S 5] 48
HES 601 A2A] A5 FEES] 2571 20.0C7HA] 71k Barskqih & A-tellA Zetznt 714 X%ﬂ
FAE ol gt SOl AS dAE0 271 7E AT FLsH SVttt o= Eet=nt EA) A Ao
of whi= Atz AZTE T & Aol A 3 kg A5 wt A Eol Setnt 1H A2 Al Set2nh A 222 1500 W
At SFAITE Jung et al. (20172)°] A-ollA 3 kgl A& HEES Set=nt 23] A8 A Eet2ur 24 A=
600 W= £ A1510] 1500 W ET} 2ttt Ayan et al. (2009)0]] w2 H Zaf=no} 9baY M o] Zr1ek= Zat=n}
O] L7t F7FhAL H sk et whEbA] 2 Aol A w2 EtRnt A A E S o] §5kSol e Al wEE Y

—_

o

2% 37 iung etal. (20172)9] AL 5 & 1S Fefzol 21 Aol Fof 4% 2RO 2% F7bh Bet
ol 274 A 2|} v)sto] o AE Arleka @ 5 ik

Table 1. Temperature, pH, and total aerobic bacteria of meat batter after indirect treatment of atmospheric pressure plasma.

Time (min) Temperature (C) pH Total aerobic bacteria (log CFU/g)
0 2.10c 6.11a 3.42

15 6.67c 6.06a 3.38

30 13.43b 6.00b 3.35

45 17.67ab 5.92c 3.42

60 20.00a 5.84d 3.41

SEM* 1.08 0.014 0.037

a - d: Different letters within the same column represent significant differences (p < 0.05).
*Standard error of the least square mean (n = 15).

Setznt A2 A As d 220 pHE 6.110] 001, Feh=0} 22 A7ho] F7tetol whet 45w dE 2] pH7t
f-o]4 0 7 Fraoto] Eat2nt 2] 602F 5.84712] ZHASHo] UG THTable 1). Jung et al. (2017a)2 A5 w2
=l E2t=utE AgstdS o A2 Aol whet pH7F dagh-g BAalskelt) o= Eet=ntE A2 & S2k=ut
Ul dags0] & Akt §EE6te] o4k nitrous acid, HNO,) @ 4k (nitric acid, HNOs)= AJ/d 5t op&4t
;} Aito] o] 235} Hof whet 40]-20] A E] 7] wlEo]Th(Jung et al., 2015). Lee et al. (2018)2 S14t o] H71gl

= wAEol Eetzut A9 Al QI O] M w Gt QI A& - dE9] pH HokA] 52 S5t 5HA
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ot E oI Lol A A8 FEEo] Q1A o]
Znp7t ohegF At el ahet A8 F B
A7 e th(Fig. 2).

2= Q120 E pHZ} AT ol f= 2 HE (1500 W) 53] =
U op&At o] 2 A A #Fo] Lee et al. (2018)2] A oo w2 Atz

450
400
350
300
250
200 L
150

100
50 e
0 I

0 15 30 45 60
Treatment time (min)

Nitrite content (mg/kg)

a - e: Different letters represent significant differences (p < 0.05).

Fig. 2. Nitrite content of meat batter after indirect treatment of atmospheric pressure plasma.
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TJQL =42 %}3 ;é]ﬁ\—%‘(Noz, NO3, N>O, N,O3, R 2L N>05) 2 o= 2}*47'%_1—/1\—’6‘
3 H th(Jung et al., 2017b; Oehmigen et al., 2010). & Lo 4] Z2t=20}
U o4t } o] gefol frojF o 7 F7lgto] gl K glow, Eat=nt A2 60
2 377.68 mg/kg © 2 UEITH(Fig. 2). & Aih= 7]E0] A2 7o} A 2]5)
.(2017a) % Lee et al. (2018)2] Ao A& Set=nt A2 A1z F71et oA A5 Fd&E U of
fo15 0 2 Z71gro] ERIE It Jung et al. (2017a) 2 Lee et al. (2018)°]l k2 H S2t20} 302
TAE Y| opa4t o] geFo] Z7F 65.96 mg/kg D 42.42 mg/kg 2kl B 15T SEA|RE 2 o]
af A2 304 & A& wHEE Ul o4 o] 2 9FFo] 196.54 mg/kg O & 7]E A} B sho] op A4t
984} 2 4.63H) =] A =] AT Wang et al. (2011)2 Zef2nt & M o] =& o) Setxar YA ZF
7]—?_1:]' B 15k} whabA] Jung et al. (2017a) 2 Lee et al. (2018)2] Aol A St=u} A 2 o] 600 W
, = AT 739 1500 WollA] Eetz2uirh A dof| mhe 4 A A& et Sefxat dAgo] ol of
o]Lo0] o &7 A Aoz Azrec
AT AE A Z A] o} A4S A 7RSS FASED Q1F] o;x]u]- Zy 278 Ao A7FERS A4S
ok ejvhete] 749 AR A S 7R AE U obA4t o] 2 ZhERES 70 mg/kg Q= A SEL Lo, vl=re] ¢
B SAZ 0] A9 obAAYES B71EFS 156 mykg U]EHO & 114511 QITHKFDA, 1999; Sebranek, 2009). @
ARSI ZAE ) oF AT o]2.9] 742 TBHES ]2 - 14 ppme] OFAL ol 2O 2 A] 4] W]
7H& 5™, 2] 4= 40 - 50 ppm 2] oFEATA-S H7Fstojof R aFA Q1 || Fr] AR oHA| XA Al AA| H= Ao
2 RIE| T QJtk(Sebranek and Bacus, 2007). SRS Clostridium botulinum A| 1S F3F QF A BHHE A=
A7t ol S5 50 7 oA E S o] 88 A2 H okl QT Sebranek and Bacus, 2007; Sebranek, 2009). whaHA|
Eetznt 7laS AR W o= o] 8617] fleliA= Eetxut A2l & Fofl 71 6187 = 7kA] 9] ofd At o] 2 A
Aol @ =t 6129 Jung et al. (2017a) D Lee et al. (2018)2] Aol A Zat=n} Ao w2 A8 F A& &
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£8 o] A% FABO) 57} 0TS Holrke A7+ 24 Sehznt He] A7ho 2 Gl wet 2
o ol Ak o] & A e0] k2 65.96 mkg P 42.42 mglkg © 2 O AT 7} 5183w} vl wato] w9 ke zo]g)
o}, SIAg 2 A70) At Behznt 42 158 F A% 2] £ 9 ol U4t o] & 3] 6.67C % 96.07 meke®.
2 7)% Q7S Hlste] e AelAK T A% FAEC) e LEE710L T B B oFat o2 Aol 7

P

Eetznt 55 t71 A2 E2t2nhs H7HE At R o= A A ik Sekntr Yol theket 2444t
So| Aot Fet2nat A2 d4tag 5ol nAE Y Al EH-E& SAZ| AL nA8E Al ZH-E Fl
H T DNAE Z3 A58 AGAIA &S APEA 7| = A0 2 HI1E T QITH(Moisan et al., 2001). 7
E Aol =9 A5, 5, =5 9 A87L5A Rl SeEAr A A thefet A ndES 58498t Axdo
B 537 QItH(Jung et al., 2017b; Misra et al., 2011). ZL2{L} & Aol 4 Eat=nf A 2] A7t b2 F 57|14 v
A& ol Fr2) 21 Aol 7 et A] QEQke(Table 1). 2 A719] A3be 71E 9] Ao} 5 ASHA=T, Jung et
al. (2017a)7 Lee et al. (2018)2] Ao X & A& - d-Eo| A Eet2nt A2l & 57t & 2714+ 9 A= UE
UA] dgkeh. Eetznt A2 & Fet ot B> Eut=nte] A9, B 7R o] 24 ,‘%XL S | A=7ke] A

ol

% & Af7te] whet @@ 2] 7| Feh(Afshari and Hosseini, 2013). E2t20F U] 58 @] 242 84 4taFol
o, B4 AEE 0 DA F71=2.7 psolot= B E] A1 Qo Atri et al. 2015). Jung et al. (2017a)0ﬂ EdAS
A Stz 0] 72171 20 ecm o4de]7] wiiofl Ert=nt A 27t Pt avE HolA] Hetral Bl
Sttt & Aol ds ESt=ntE 1 Aot ueh Stz A dE s E A AR 24U AFTSO
2PH S BT oyt ASu dEa THSHHEA SSt2ntE A2l wet @ ol it v E o] kE
A|Zbo] RZ551907] Mg 2= AZbdt

24

Zatzut A H A FAE0) 7MY T S-S ST A P (Lr)e St A A7t thE {24l
Z}o]7F UrefLbA] 9Fokth(Table 2). SHA|RF AL (a*) = S} 2ulE 2 2]6lA] - AlS FAE7} H| wste] Za}
Zup A2 Al f-o]4 02 F7legl on, Eetxul A2 A7kl whE oA Q1 pol= UrefubA] ofqttt o= &2t
Zat A2 & Fofl A5 7 EE ol obEAt o] o] A E| o] G| SAo] W GL7] wEol™, 7]E9] ATolA
T Eetznt Aeld Als FEE9] 7 Al |2 sS4 0] I s o] AL F7Fgto] B EIth(Jung et al,
2017a). ASEE W oFAAF o] 2(NOy )2 TAIA ¥H-& 5ol oFEAHHNO,)0] H|H, op a4k A4S} o] d 4

Table 2. Color of cooked meat batter after indirect treatment of atmospheric pressure plasma.

Time (min) L* value a* value b* value
0 67.85 1.62b 13.66ab
15 67.97 7.57a 11.06d
30 67.79 7.57a 11.98cd
45 67.62 7.62a 12.74bc
60 67.21 7.55a 14.85a
SEM* 0.494 0.356 0.331

a - d: Different letters within the same column represent significant differences (p < 0.05).
*Standard error of the least square mean (n = 15).
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(N,03) A4 E= oxymyoglobin (Fe’*)2] metmyoglobin (Fe*"). 0. 2 A5} HH-3-& 714 2]F2 o
2 A 1, QA4S 47T myoglobin®l] A of] Wt 71E £ nitrosylhemochrome -2 53l FA| 54821
Hedlo vteti A Ftk(Sebranek, 2009). FHA T (b*) = Setk=nt 2 2] 1525 6027HA] A 2] A|7to] 715t
et Z7kok el al, Eef2ut A2 6050l A 14.85= 71 =A] Urepstth T2 ERt2ntE A 2fohA] o2 FatH]

Hl
ne
R
ot
i)
ﬁ
z
o

z
=
A 52 7]'5= Stth(Ferreira et al., 2008). &
Aretd A2 o] opd At o] 0] RS A5 FAF0] pH, 7y 2, A AP 7 2k SOl S o, o
AAatet A2 AR R] oF 1 AS71HAE Ylof| ZFote] A8 A0 A% 5 uAdE 54

S $H}(Sen and Baddoo, 1997).

Edtzut HEd A A5 7tE 3 bR opdLt o] & EEFS ST AT
wref F7Fesh= A Q2 UERHTHFig. 3). o]+ Zat=nf A2 A|gto] F7Feh =]
o] o] Z7tetol whE A= A2t et 7]E Ao 2 A S7FAE A Zof| H7FE opbE At o] gheFol
Stof| whef X o4l o] 2 gefo] F7lgko] HalE| ¢l th(Horsch et al., 2014).

a
% 200
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a - e: Different letters represent significant differences (p < 0.05).

Fig. 3. Residual nitrite content of cooked meat batter after indirect treatment of atmospheric pressure plasma.

Zatznt AEE Ae #2450 /1Y & A A E &A% A A Atgfjof o5 A EE Bl
malondialdehyde©] Go] Za}zu} 4] A7 2710 T2 §.2] 5] Fo]7} gl A 0 & Lhepg ARt Saxn} 4
7] 458 S HE Z7}el= AS HATHp = 0.09, Table 3). THa Atuf] 44221 carbonyl TF 24 A7} Zat=
af A 2] Al7to] F7tetell whet carbonyl o] 24 0 2 F7tolo] Eutznt A 2|7t Als A Eo Tl S A
i A7]= A o2 e Eet=at Yol EAoh= 44 S-S Eet=nte] n| g Alo] axte] 8 407
o A18-0] 2] Tl At E A 6 7| = FA 2 B 1 E 1 QITHFalowo et al., 2014; Jung et al., 2017b). Jayasena
etal. (2015)¥} Kim et al. (20112 =&, 5 2 wo|of Sat=u} A& & 2|9} Atwfj 7} F7lstgohal BsHS
o} SFAIT Jung et al. (2017a)7} Lee et al. (2018)°] F=H Set=2nt A 2|7t A5 o dE 9 Set=nt A2 A5
HAEZ A 2H o] 24 d oA Atafjof] m] 2= F7Fo] glrtal Halsto] 2 ASLo] Aufel= AHE] gt o]
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£ 7)E Qo] Z3t 4Ee) A A} Eatzot A2 A7 2

(Red etal.,, 2012), & A2 A w2 Zet2np Ao F Q

ﬁjq-7]- L]-E]-L]— 7oz /RH71—Q\:]- 11 Al /K]—nﬂ \3__! E}HH;G Al

AdEol 76l sz 282 & o Aaol wEh A= ¥sd 5 GUH 52 AHsE e th(Falowo et al,
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Table 3. Malondialdehyde and carbonyl content of cooked meat batter after indirect treatment of atmospheric pressure

plasma.

Time (min) Malondialdehyde content (mg/kg) Carbonyl content (nmol/mg)
0 0.55 0.59b

15 0.54 0.65b

30 0.55 0.74ab

45 0.63 0.75ab

60 0.71 0.87a

SEM* 0.048 0.044

a, b: Different letters within the same column represent significant differences (p < 0.05).
*Standard error of the least square mean. (n = 15).

Conclusion

7ot 3 FakA o 2 of
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