[ . . :
w Korean Journal Of Agricultural Science PISSN © 24662402
eISSN : 2466-2410

ANIMAL

The curing of meat batter by the plasma
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Abstract

Nitrite is an essential additive for the manufacture of cured meat products. This study was
conducted to investigate the curing effect of the plasma treated juice of red Perilla in meat
batter. The nitrite content in the juice of red Perilla was increased by the indirect treatment of
atmospheric pressure plasma, and the lyophilized powder of red Perilla juice contained 9,133
ppm of nitrite. A meat batter without a nitrite source was prepared as a negative control (NC),
and the meat batters cured with sodium nitrite (PC), celery powder (CP), and the lyophilized
powder of red Perilla juice treated with atmospheric pressure plasma (PTP) at 70 ppm level
of nitrite were prepared. The PTP showed the highest pH and the lowest cooking loss among
the treatments. There were no significant differences in the nitrosyl-hemochrome content in
the cooked meat batters of the PC, CP and PTC. However, the PTP had a lower CIE a*-value
compared to the PC and CP. The malondialdehyde content in the cooked meat batters was

1.) ‘ significantly lower in the CP and PTP than in the NC while there was no significant difference
between the NC and PC. Based on the results of this study, the plasma treated juice of red
Chegk for Perilla can be used as a new natural nitrite source for cured meat products.
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5 59 715730 Holt HASE AAks FHRokar A rhe Al opdik A= o]-8-2 T 4= gltt. o|2igh obadit
2 7] SHAIE s Ast ] 9ls) 22 A 37 0= Zet=ntE o] 85t A2 o] th==] AL Tt (Lee et al., 2017a;
Joetal, 2018).

Eetzrks 49 A4 FE R A e Zolut o] 2, AAF 55 E3ekal gl o] 23k kA S WattHAfshari and
{ =

Y 2700] wel Zekzuke] 57 LA HtHAfshari and Hosseini, 2013). Al FAdo|A] Eef201E o] 89 HE-2
F2 Zefznte] Age] g o] gato] H| 71 A 0 & o] g Yl A2 Z19Ys) $rH(Jayasena et al., 2015). 1Lt 2|2
Zefzubs AlEol 2] A 4F W] Adwo] Hstdtol| et AlEe] Ae] 7]5/4 T3 E 22 AE] 71548 WAl
£ A7 XY= T Q) Jung et al. (20152)9] Atol|A] =8olof| Zet=nls Helelle o, 57 ol & WA F
I} & 2217} Egsto] 489 ol opdAl o] 20] AAdH-& ERI5H AL, Rodriguez et al. (201702 74 o F22500] A
2 2ok 7 22 Al F2 U] el C 37, & Hls 2 ZekE oo| = §jfo] S713ol| ulet ghatst 2 do] 531
=)= Z3ks B sl #at obuzt Kim et al. (2014)0)] w2 L2171 4=goliof] ZetzntE x2letlS u, Uizl
] B2h 222 2ajgol wet vaizle] gkt Edo] S31HS ERIsIIE ojof wh Jung et al. (2017)2 kA
ZEo]| Zetznts 2ot At 2EEU) opdal o] 2 A3t A et Eido] FXIH S ERlEt o, Zakxnt x|
£ 53l ZAkS T3] e HAB T ofFAl A=A 7iito] 7HsghS A AISHILE

weba] 2 s 2kAY &2 U7 A SetRutE xgjeto] obdat AE A2, ARH 2AD FEE
S A& g2l HWrste] Zetznt AT H 2kAY FEE] A8 FAEC] A7) Y o|teh] EXdo) mja]& o

ofi27] Sfah AAIEIAct.

o r&

=

Materials and Methods

Atag FE= M= S 7 (9 X2 Sef=0t 2 Az

B Al5o]| 0] 8% 24 (Perilla frutescens var. acuta)S 73
=
=

1]
&It AlRE 252 6,710 gollA] 3027 YA RS 51l o, sl
[e]

)
O:] =

%319 XEolS Zujiolch AZE A4 HEAL 6 M 44k} LIE S-S o] 8ato] pHE 92 43t & Zejzo}

)]

3

Zetznt A4 dielectric-barrier dischargeZ: 0]- 8513120, electrode 2 ground case Y2+& 9J9H Wz kS
sto] ETt2nt Y § SR ES SEAIA SR AAS YA ZITE SetRuE AAE AFato] njg A Eetolof A
Zsto] 1.5 kWollA] th7)ide] 3715 ol8sto] Zetxnts WgAIzlom, A/dH Set=ubs ¢33 = (circulation
pump)oll AZE Zekzot 33 55l A4 250] pH7E 60l EZehe A7EA] A eleteict. Sek=nt 22 H
pag AEHS 52 11x51% o, kA 25l Bo] obdat o] 2 &Rk Jung et al. (2017)9] WHS o8 EA{S)

31, 9,133 ppm2] oFFAt o] 2-8 351l Q)

Al

Al

A% AL oIARS M1 95 AR TNG), oF A LEEE-S 70 ppm H7 Kt AP HET(PO), Mefe) £
o

=

opdAt &F 71 70 ppm H7IsE wHCP), Eekzut A2le Apag B opdAt &F 71% 70 ppm H7ISE o
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(PTP) 2.2 HlfRHH|:= Table 13} o] Al 2= U} o] 85 Aleie] £} 24 220 oFdit ok 242} 3,200 ppm,
9,133 ppme| itk Al2H Al FEE2 AR 2577507 EH =5 7HEeE $ YA 24 Z47H2] st 70°CollM
& Hysigith

pH % 7} 22t

Al FAE 1 g S5 9 mLyt E3toto] 44 SFITHT25 basic, IKA GmbH & Co. KG, Germany). 2982

Whatman No.4 ©13}2](Whatman, Maidstone, England)E- 0|83l o123t & pHZ77](SevenEasy, Mettler-Toledo
Inti Inc., Schwerzenbach, Switzerland)E- o]-&3l oJx}l] pHE =4 o}&’ith

HX| M2 (Nitrosyl-hemochrome) &tz

A& 72 29] nitrosyl-hemochrome -2 nitroso-pigment@} & pigment®] g S7J5t0] 715131t Nitroso-
pigment 3 7] flal ME(10 g TUR I ZekA o) Aefsto], obAlE(40 mL), S50 mL)S H7Ist
T 527k QbalollA] myt 5i3iTt EFHE-2 22 Whatman NoAZ o] 1gt & ofukel s 540 nmol|A] S8 =S S35}
Atk Nitroso-pigment®] Stk SF (A1) 2902 #5to] AAlsIILh.

Z pigment $FE 71517 915 A12(10 & D& 73 ZefAT0) JIFoto], obAlE(40 mL), 742 mL) 9 A
AL mL)& A7kt & 1A 52t ebdoflA] wrt 0?91'1} SFEL2 o1z Whatman No.42 ofket & of 2t S 533
= 640 nm (A2)ollA] Z4519ith. & pigmento] G ZL=(A2)0]] 6802 Fsto] AT

Nitrosyl-hemochrome?] &2 thg- Alo]] 2]k 71]’1‘}5] Ak

Nitrosyl-hemchrome (%) = {Nitroso-pigment (ppm)/Z pigment (ppm)}*100

25 ofEA B2t

§ HAEC| FhF opdatol2 ke 742 AOAC method 973.31 (AOAC, 1990)°l] ket Z735Hct. 200 mL #l2~
Z2}A 3 (volumetric flask)ol] A 3H A1 (10 g)2F £4280°C) 150 mL2S Z235] 4lo] Yok 1.3 0.5 M| AR
EF & 10 mL2} 120 g/Le] FHitotd- 82l 10 mL g4l 410f 80°CS| shaking water bathoilA] 207+ 7FE 3Tt 10&

3100 g/L.o] ZA AT E(100 mL/L dEUokEE pHE 9.002 24)S 20 mL ¥ FH4E Yol 200 mLE
et goS 315t & Whatman No.4 72|15 0|83l ofkAZic of 2t} 20 mLE 25 mL WA S2kade] Y
A -§9llofl =<1 30 mmol/L Aubdorn| = g2l 1 mLa} 5 mmol/L Y=o dlicjopd] g9 1 mL2 37t

Table 1. Formulation (%) of meat batter cured with sodium nitrite, celery powder, and powder of red perilla
juice treated with atmospheric pressure plasma.

Ingredients NC PC CP PTP
Pork 80.00 80.00 80.00 80.00
Fat 10.00 10.00 10.00 10.00
Water 5.00 5.00 5.00 5.00
Ice 5.00 5.00 5.00 5.00
Sodium chloride 1.50 1.50 1.50 1.50
Sodium pyrophosphate 0.30 0.30 0.30 0.30
L-ascorbic acid 0.03 0.03 0.03 0.03
Red perilla powder - - - 0.77
Celery powder - - 2.18 -
Sodium nitrite 0.0105

NG, non-curing meat batter; PC, cured by sodium nitrite; CP, cured by celery powder, PTP, cured by powder of
red perilla juice treated with atmospheric pressure plasma.
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8F & =22 dol 95 ML A9k MRS o5 é oS- 2087 WH|sh & E5g F=A|(DU®530, Beckman
Instruments Inc., CA, USA)Z ©]-83}0] 540 nmol|M S4=2 2451900k

o
Su

A= 30 g 80°C9—] water bathoﬂ*i 3087 <%l —?— 1027 YZeil). 713t Als FaE0] SA12 x|

Software (Mmolta ]apan)i x} o}oﬂ o cq 7} /\] T th2 23S 2 A5}
Lo = STt

XA AMTiE

A2 A == Jung et al. (2016)2] #el] wh2t malondialdehydeS 27451tk A& (3 g)oll E54> 6 mLY} 7.2%2]
2, 6-di-tret-butyl-4-methylpehnol 50 pL-2 Z7Fsto] 2 71(T25 basic, IKA GmbH & Co., KG, Germany)E- ©]-85}
72 it 725 500 L2t 6 M NaOH 200 pL2 vfo] 3.2 FHof @1 60°C2] water bathoilA] 4582 71511 A1-20j)
A BZHAZTE 1 mLe] acetonitrile 715 £ 13,000 X g= 1027 L4 22l5te] 45 1 mLE 0.2 um PVDF 2
E}(Whatman)ol] £2}A|7] & of kel - £E519it}. malondialdehyde (MDA)E Atlantis T3 C18 RP column (4.6 X
250 mm, 5 pm particles)& AF&5t] HPLC (ACME 9000; Younglin Instruments Inc., Daejeon, Korea) 2 241 o}
o, 30 mM K2HPO4 (H3PO4Z 0]-83l| pH 6.22 £4)Z o]'5 22 ARE5IQITh A& 50 uLof| 1.2 mL/min®] 44
O = o]z UL, Aile] 2%+ 35°CE FAIskL UV/VIS o2 254 nme ARE-3{t}. Malondialdehyde®]
EF EA2E1, 1, 3, 3etraethoxypropane solution (3.2 mM)& AF&-51%1 2 malondialdehyde 5=+ mg MDA/kg
o2 FAsIH.

B A= 3R 0 2 £elw|gl o B ATks @P 919] %] ¥ (randomized complete block design, batch as a
block) 5tol] YxH% 1 3 (general linear model)}& ©]-85to] BARA 51t 54 £449] = Gab= 7 42| FLo=
474519t B4 Aik= 34 (least-square mean) 2 3412] EF @ 2K(standard error of the least-square means)
2 Yepilon, = Fato) it §o)4d-2 172 Tukey?] tha A4S 0851 THp < 0.05). B4 £44-2 SAS =&
TI3(version 9.3, SAS Institute Inc., Cary, NC, USA)= AR&-5F3Ath

Table 2. pH and cooking loss (%) of meat batter cured by sodium nitrite, celery powder, and powder of red
perilla juice treated with atmospheric pressure plasma.

Treatment pH Cooking loss (%)
NC 6.23bc 4.00ab

PC 6.25b 3.61lab

CP 6.20c 4.86a

PTP 6.30a 3.09b
SEM* 0.007 0.349

NC, non-curing meat batter; PC, cured by sodium nitrite; CP, cured by celery powder; PTP, cured by powder of
red perilla juice treated with atmospheric pressure plasma.

“Standard error of the least square mean (n = 12).

a - ¢ Different letters within the same column represent significant differences (p < 0.05).

Korean Journal of Agricultural Science 45(3) September 2018 478



The curing of meat batter by the plasma treated juice of red perilla

Results and Discussion

Hal oj 7|.0=| 7I-EF

©

AlS F2E9] pHE CPollA] 62022 71 WA el AL, PTPOIA 6.302 & 71 =A] LEttHTable 2). A7
AlZol| AAE 7t Al A& FAE2] pHE AAE2] pHoll YIS LA Hrhjung et al.,, 2004; Jung et al., 2007; Lee
etal., 2015). Lee et al. (2015)2] A7tollA 2AYH G4 & 242 4117] oielo]] Y76t m, 24 2FAle] W2
pH= QI8 214 %. FoiEle] pH7F fejA o2 e ATts Hort T2juh & Aol ol ok A e e
o, o= A4 FEE AR Al FEE2 pHE =017] Y o] 84 s HEEC] §Fo & Ats

Alg w20 7HE RS CPollA 4.86% 2 7HY =2 a2 B30 PTPoA 3.09%= fojd o g W2 7eks
S HYtHTable 2). SA1F2] 718 72 7HE A] THRlo] HAdol| ofa)| Tt 5 Baprto] At o] zja}s o] ¥y
=, 7 o= A8 pH 9 o] ZFol| oJs) Yabd 4= QItk(Shin et al., 2017). pH A&l Qlo] B4x2o]] %‘—ﬁoP

FFE vA= 247, A§0] pH7H AL 2R Tl E el S (pH 5.2 - 5.4)°0 7H719i Aol whe} Tt -2

Aok o] ofsf 2| 1L Tl 7ol At o] ZFsfzith L& Qlsl A1S: Ujol] 4~20] EAE 4= = FXto] ZHASHA| EP

Alg Uo] s E-2 9B & 8250 Al8o] B4aES A5t 71A] HrHHuff-Lonergan and Lonergan, 2005). 2 Ao
A Ze)tol ket A& HAE2] pH7FR-2J 2Rl 2ol & B3l om PTPoA 7P -2 4785 HRl o]f+= PTPS| pH
7h o2 Fof| val| o} PTPO] B42)S Z7HAZ7| W02 AteHrh

occll | .._.,|.AHA =] II-E ol.xl)q- oI‘EF
Al57hgEel 37He oFaAk2 oxymyoglobin (Fe?)2] Atah AHitst o] A 4(N,0,) A4/3 52 2Hd& 7 datst 2
2(NO)E A5t hSebranek, 2009). 28/3%H LAtst A= who] @ Z&2¥1n} Ad}sto] nitrosomyglobing 4/d5}

11, o] nitrosomyoglobin©] E*2jol| 2Jste] 2] 4421 nitrosylhemochromes A/d5HA HA| S-S W3 A|
71A] FithSebranek, 2009). & ALol|A]9] AZ| 44 (nitrosyl-hemochrome) 3 oFAkS 71t 50| NCO
B3] §-2]2] 0 & A Lpehtom, 11 CPollA] 4297%2 7H &t tHTable 3). PTPS] 7] S-AA 31782 37.33% 2
CP % PC (32.94%)2} 2] 4?1 Zto] & Ho|z] ekottt. AR SM4 Stage A dakst A ool Jge whom, I
AVeh WA YRR A8 F B0 pH, FAEHA o8 47, 71 9 71 270f] &FS B Hok(Sen and Baddoo,
1997). obgAate] Uikt WA 2.0] 3l pHYF GhE4- 2 714551E| o, ist B2 71 A] FAtst E-o] A 24 o
&2 sto] datst dag o] gl S 241 A7 A EthPegg and Shahidi, 2000). whzbA] £ AellA] CPollA] pH7t 7H:

o
= o
S47] whEoll HA| SAA AY/dTFol 7HE w2 A2 ARREH, PTPR 49 pHYF 71 E3k5olle &6kl A4l &

Table 3. Nitrosylhemochrom (%) and residual nitrite (mg/kg) content of meat batter cured with sodium
nitrite, celery powder, and powder of red perilla juice treated with atmospheric pressure plasma.

Treatmentx Nitrosylhemochrom (%) Residual nitrite (mg/kg)
NC 1541c 0.41c
PC 32.94b 33.09b
CP 42.97a 34.78b
PTP 37.33ab 44.81a
SEM* 2.366 1.278

NC, non-curing meat batter; PC, cured by sodium nitrite; CP, cured by celery powder; PTP, cured by powder of
red perilla juice treated with atmospheric pressure plasma.

“Standard error of the least square mean (n = 12).

a - ¢t Different letters within the same column represent significant differences (p < 0.05).
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|

ol

B

o] CPek Ao} Qs AL At
AbRITY,
7He o} AR Al 87 FEEol AR H § YR op Lk nio] @ 2RI} Atsto] JA| SMAE AT ok
12} AotoA| Eal, ZhR obdAke & 7HE A1 Al Fafl 9 Bl g Ee] SA1S Aok A
THHonikel, 2008). 12 17 A} obd Ak A2 E 715t 7o 7hF ob At Sk A2l tol| uleh f-o] &Rl 2o & &
, PTP (44.81 mg/kg), CP (34.78 mg/kg), PC (33.09 mg/kg) +=2.2 UeRHTable 3). 75 oF2lAk 312k xpo = ¢
o] 5, 52 pH, oFaat 371, SHlA| o] & of i, 7k 9 A7 A] 20| 2J5f) th2A] LERdtHHonikel, 2008).
7] At A 2)+ 7ke] §-o] 2Rl 2ol & HRl o] -2+ 371 ofdlito] ghelElo] A dAtet A4t tol o
W19 {2 -t Agteto] b2 2] A4 A 9 3 g ekE B A1 ARl A Ao] o] & 7 0 & ALR |, PTP
oM Fo A o2 =2 2kFE HRl A2 AAagdo] 71| hket E/d 0 & ]lsf obike] 2|4 Abe} AR &Aoo 4

Stof uje} Uehd Atz Al ElckEstévez and Cava, 2004; Jun et al., 2014).

IAT)

F2=°

[=lo] e EdjulE 24 50| A=A 28617 el

PO
N nz&ﬁ

oL
e
rf
i

1=

o

Ho

bu oo B 3@ o 2
g do

M
K7VBAE A A obEAt Arfe] W7k ob Ak ARE W7t b Al ulmsto] @) £ o) el 3
A7} 27151 A 9G] 24 dekfung etal, 2015b). oloh SUaHA| B AT of A 2212 oAk

2|
UEE 5 A2]e] skt & 7R PC Bl CPollA ob At A0S 71514 952 NCet H]wlsto] fo| 2 0 = )

7tstar xe 9l A7} Zhagto] e THTable 4). E2t2nt X2|d AjaY FE22 obdit 242 o835 PTPY
739 NCe} v|wsto] B=r} Zhasstal AN e Z7lshe 23hE BRI A E7E =8o] Uehstt). =3t PC % CP
o} Hjawrsto] PTPO] e Bl A A7} 04 0 2 Wl Al = {-0]4] 0 2 50 ERIE]IT 7|& Qitof wh=w 4]
S7RSAE0N A 7k ol 8Al A7 AES] S400] M H7EE AR Aol A 9 e Eatekal vt
(Ahn et al., 2007; Lee et al., 2015). T2hA] 2 AollA] Apag FE5 A0 Aoz Qls) 71 Al # & E0] §4 o]
&= A= 2 UE: ST A k)] 2322 -5 ol A H7He= o] &8t 7| AtollM wiE| ] A A
7+ 571k stk Lee et al., 2015). & A1) Ak 7]& At Aafe} YRt=t, ol2ieh Aike A2 STzt A
2o oJsf 2k FEE Wl =28 Yl FEAJoPd I} 2 Ml F7o] FaflE]o] FEE0] HiAo] dofut Alg7kg A
Foll 7 Al SAof| m] =)= Fgfo] the 7102 AkgH T} (Lacombe et al., 2015; Lee et al., 2015; Sarangapani et al.,
2017).

Jut

~

k

N

)

Table 4. Color of meat batter cured with sodium nitrite, celery powder, and powder of red perilla juice
treated with atmospheric pressure plasma.

Treatment L a b’

NC 74.00a 1.50d 14.81b
PC 70.54b 7.54a 11.71d
CP 71.01b 6.85b 13.02¢
PTP 58.76¢ 4.29¢ 21.77a
SEM” 0.360 0.164 0.106

NC, non-curing meat batter; PC, cured by sodium nitrite; CP, cured by celery powder; PTP, cured by powder of
red perilla juice treated with atmospheric pressure plasma.

" Lightness

*Redness

’ Yellowness

*Standard error of the least square mean (n = 12).

a - e: Different letters within the same column represent significant differences (p < 0.05).
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03

a
ab
I I h
0
NC PC CP

Treatment

<
[

=1

Malondialdehyde mgfkg

Fig. 1. Malondialdehyde content (mg/kg) of meat batter cured with sodium nitrite, celery powder, and
powder of perilla frutescens var. acuta extract treated with atmospheric pressure plasma. NC, non-curing
meat batter, PC, cured by sodium nitrite; CP, cured by celery powder; PTP, cured by powder of red perilla
juice treated with atmospheric pressure plasma.

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

K& et
71l A8 2] A1 Atz NCo i3l CPek PTPollA f2]2].0.2 Uil LiehatrhFig, 1). S8 NCet PCre)

FoAQl 2tol= Holz] eitom, PCeF CP 9 PTPTH] 524 Q1 xto] A ERFA] QLT Al& Bl A1 71g-goi|A]
2l gl chilE] Alsh= o] 59] THsA 9 YU BEE AstAl7 e F2 Qlo] "ot o]2g Atehe 7 Y 2 214
2k ol HAyshH, of2] FR-e] A4 2hizol] oJs) 'EAYsHA| HrhKanner, 1994). A4 2hciZbol] oJs) Ayt 51514
ARk AlS B AS 7HEEe] 22 Aot S EE B IFE Aok, S0 HAES oA A S At
AIZIO 2 QI5l| 4H|2} 7| S = A5lol] JE || A] FrHXiong, 2000). Lee et al. (2015) % Lee et al. (2017b) of] wk2HA
A FEE2 4307] wjEjol| 7HE! = FAlol FAAl, siE] Bl 549 A F A1 AE oA sital EAalsi}l
om, AlE FEE2 AS7FAEC A7t Aol AlE 2200 B Hlo] e EdjulE 9 SebE o] =o] 4t} B—J—}
2 QI5) 2]117] se}e] 2] AHiE AAF -2 &<l st3itHHong et al., 2011; Jongherg et al., 2011). wh2hA], 2
A o] o] Alefz] Fof Hlsl A 2ol 2 2]t 7he] f-2)4 Q1 2to]7} LEhA] 9t e XL/t
et S Ad Eeuls ¥ S 0| B 5 H ookl /o, o] 52] HAf gl s o= Qg
A3 2Ho)Z 474 24 9 metal chelating 2730l 23l 2] AlufE- AA[$H 710 2 Al EtHSchlesier et al., 2002; Jun
etal., 2014; Lee et al., 2015).

Conclusion
Zapzol 22 2p4g 4F RS Alg FA R 17t Au} 71 A8 FA B Hx| A4 XA 4]
°*“°l‘*°49°lﬂ°lﬂs,’i | A1 A7} ol Ago] LPE}L*E}EPEH%%LPJ Azt WA S gHeata QK ek A
© Zakzn} 2)2)2 5 o WAk AR Jfo] 7Rs 5k, ok AA ARl A HX| A7 MR AIE A% o]go] 7}

st oz Az,
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