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Abstract: In order to study the effects of cold plasma treatments (modified atmospheric packaging (O,: CO,: N,=35%: 35%: 30%)) on
sensory quality of beef, the pH, myoglobin, surface color, drip loss, shear force and texture changes of samples were analyzed during storage at
4 °C after cold plasma treatment. Results showed that during refrigerator storage, the pH of treated beef was relative stable, L" values were
relative high, which were higher than that of untreated samples; a* values of treated samples were increased during 4 days then decreased,
though they were lower than that of untreated samples; while the b” values were increased significantly (p<0.05) and higher than that of
untreated beef; the total content of myoglobin were reduced, while the metmyoglobin amount was increased during the storage; the hardness,
gumminess and chewiness significantly (p<0.05) decreased by 4.78%, 2.97% and 6.13%, respectively, while the elasticity, cohesiveness and
recovery changed not significantly. These results indicated that the cold plasma treatment could enhance the brightness, reduce the redness, and
increase the yellow color of beef surface, and it had no negative effects on the texture characteristics and pH of beef.

Key words: cold plasma; beef; surface color; texture; sensory quality

PR AL XS IR S BRI S 2 PR A AN R R RS
s . TR AMGGE—EREREFRL, [
R A 65 PR 8 AT B A 2™ AR AN R o), (2 AR B
IR R S F P 2 SRR o AR R R AL R AE AR
DI Z, 8 Bl A 3R 7 00 AR 6 R PR B 5
WiFsEHA: 2018-06-28
HETR: FMNmHREBIHRIIRE (NG2017074) ; SN SEIRBHL B A
AWME; IHERAAERERTREADNE; SHEAZNAEHES
(kyqd1560); STAHERUBFHASIE (CX (18) 3041); FammhRUME
BKIIE (201805038)

TEEET: BEE (1961-) B, #¥, WRAE: EFRnIS5REE
BIREE: FERE (1984-) %, I, MxRAE: RHlRNISREER

194

PRA R B IAFREE AN]. Zakrys 2R 5T T 2R
AZEZ AN 2 HEE O A B M R AR A, 45 R
SRS Oy IRFE RN, AFHERH R %, 1
O, WREEMGIS, AHEPIMER . Omer ZPHF5r T
fE R VE AN T AR PR R B B FR bR AR
m R, S5 REIR, MBS I A e B R
BRI, EFEARZE, BATHAERIEME R E T,
UARIER AR, S AN, SLASARALBEDL AR
ANE IR B AL RS IR R R B ST PR AR AN R
BEfRsEma, RIS A B AN R RE R 2
HEER . R, FFRBNAERIRME R W A —ER '
i oA B ST AT FT AR



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.11

IRIEESE T4k (cold plasma, CP) 1EN—Fliy
IR %, SIERE S TR E AR, Dk
WIS EZLEHAN R, TR eI R
g5, AROES T RE E R AR s g, T
SETE B O AT B2 . PRGBS T
PRANESAE R T TR S5 MRENEE A R
UFIRAMHIVE R, T R pH VA S50, CP 1E
He g ST, s, JE3E. Phar
Hilie X AR (IR S B TR AE SR A T R AR
O MBI, Trei et N CUZiir il CP wT LU 2K
FHCARTMEY . Reid 20 SRR S5+
AL EREEAE IR, BIEFL T AR T A PR T AE Y B
TR ARk, OO T AL BR 5 A= R B B Mo 2% o 1284k
REETAHRIRIE . HHT, R TARRSE R b E ]
A PRURCE ST AR FH sE i RIE IR IR /D o AN Feidit i
MIFEREE. pH. NILEASE. IHRRAEM
BITI 1A, BT RIS B A A P YA FE
5 TR T I REA o

1 MRERE

11
T KU T R 5 R AT RS
12 N&E5%%

MAP-H360 & & AIREFEIEHL, TR H AR (A
WHEARAT; BK130/36 (KinSE & TR 448, KE
FEe i ATl CR-400 A4 Hahta =, FlJe+3EhE
RERATE]; EAEER M, L ERA R
BT XCO7-1l T A4T I Fias, s Toliss
AWRAA T2 —RE¥, WERR-FERIZAEARA
Al; C-LM3B HU AR, EH G-R AF]; pH
T, MEREE-ER 2 AER A IR A A

13 &k

131 FAta

BRI UK EIZ FISEa6 %, BBk B Ja.
PRI 2 Wi, I LA 4E 17 [P 5045 g 1
W, BENL A 2 4H, R4 15 B, BT SR,
AR 0,:C04:N,=35%:35%:30% . —ZH FI IR 455
TARAbER, AbFRSAE R T2 KV, 855, AbFRGET, FEM
[EE T 4 CHgk, 5504 1. 4. 7 F110d 235iHliHEe 3
EIE TR 7 —HASRIRE S iR, 1
kit R
1.3.2  pHAE#) T

%1% GB 5009.237-2016 (i pH EIME) 1)
J3EATIE o
133 &E89ME

FIF A R, SERDE RS B TR R,
Rt EARKHES, WEFRREZEE L GRE
B a* (ZBEED b* GHEMED, HHFERIE 5
ANEAL, BCEIIME.
134 Moz aeEine

HY 2 g BE&, I\ 20 mL 0.04 mol/L pH 6.8 [1fR
R, FIRTHIR 255, BTUKIGT 1h, SRE7E
4 °C"F 10000xg 5.0 30 min, &7 Whatman NO.1
JEARILUE, JEMERE 25 mL. {FEANM R T
ME KN 572, 565, 545 F1 525 nm LHIEGAE,
T3 HICAE Aszon Ases~ Asss Aszso LZLET FH (myoglobin,
Mb) FESEZIIZEMA (metmyoglobin, MetMb)
FEITEARX S W

Mb(mmol / L) =~0.166A_ +0.086A, +0.088A,,, +0.099A,,,

Meth(%) = (—2.541R1 +0.777R, + 0.800R, +1.098) x100

KF: R1=As72/Asz5, Ry =Ases/Aszss R 3=Asss/Asos.
135 FRALREHNZ

AP S CE ARG T o s PERE— DU R R
ke, WEKAE BRI E, BTG
M Frfg i 22 S5 a4 R R E, B8R
TR 2
1.36 HnAegmiE

W RE I LA 4E747 75 1R D1 10 mmx10 mmx10
mm  RIFE, {5 UL RIS S LA 4 17 ) B T,
IERE LB BT) A1 (kgD FEANPIREBTY) 5 WK, 03
T, ERALE IR 5 ANIE (A 1T IME N — N AR
W .
1.3.7 A

K FH ) 4 W 5 AR 5 4 1) T 43 B texture
profile analysis, TPA) =G E FE h IORERE .

B EE. TEHIE RIS BRI

B/ 10 mmx10 mmx10 mm IR, SIRAHE T
FPAENRROGEAT I E « MRHTEZR A 2 mm/s, Wl
HEA 1L mmis, WHEASFEEN L mmis, itk 714549,
FESLEE N 10 mm, JEZE L 75%, 52 ()RR [A] R 5 s,
PRS- H P50, BEFFE SRS E R 3 Wk, &5 L
A

14 BELH

AR EHER R AKR A PIMEL 5 %, SLIRER 3
X, Horigin 851K, KH SPSS #ftid4T ANOVA
FZENT, ANFEALFE A ZE 5K A Duncan's % & ELE,

195



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.11

/KN p<0.05.
2 H#ER59Hh
21 ABARFFHNEEFESNaOEEELGES

gé

R 1 PRBEE VI TR E R, A K LH{EIZHTE
%o ACFRLAAFI LMEESIVERE BN, 1E 10 d JEiK

SRARFF R TR, TR 47.84, B TAHIRAL (45.47)
(p<0.05). WAJRT 4 d, &b 5x ML LEAHIT
(HTE 48 Iidi), TLREZESR . KIRH PRI,

A= RIER T (7K & A R i, e e i, =

AW LAE BT, RPN RR T . R 4 d ),

LEFF46 FREA R, TRESARVHRIRA. Ko a®

PG 2 o ARIR S 5 RS LE A AR

HRE, Kim SRS TR, KRB

TR BAR A L 3.

F1 FAMtERECE, NAERRERSKINLIERSENTL
Table 1 The color, myoglobin and metmyoglobin content of beef during storage

e g K 2 /d
Py P
0 4 7 10
L*{& R840 46.52+0.33%°  48.85+0.37  48.08+0.32**  46.25+0.20°®  45.47+0.17
L*value 43948 46.52+0.33°° 48.58+0.18%%  48.24+0.22%%  47.18+0.24°  47.78+0.13%®
a*fi stEB4E 20.3620.14°°  23.18+0.09%  24.12+0.04%" 22.99+0.13%® 21.98+0.12°C
a* value 434 20.36+0.14°°  20.96+0.12°°  22.91+0.11°"  21.45+0.06°® 19.03+0.18%
(& AEEZL 1170:0.03°  12.2640.08  12.89#0.14°C  1313+0.07° 1359£0.21°
b* value 23248 11.70£0.03%F  1251+0.07°°  1353+0.15°  13.96+0.32°®  14.43+0.16*
Pl B #RE4E 3.85x0.02"  379+0.12% 362001  3.39:0.07°C 321010
Lo v =%

43840 3.85+0.02°  3.83+0.05™  3.68+0.04®  3.49+0.13C  3.30+0.04%
SHMLIEE R84 13.94+0.11°C 12.38+0.26°°  13.79+0.18°°  20.48+0.21°®  27.50+0.15™
/ (mol/ml/L) 4348 13.94+0.11%F 18.03+0.07°  19.23+0.63°  22.85+0.09°® 30.98+0.33%

E: FUTKBFEHRRHL/F2H (p<0.05); FFNEFEREHZRTE (p<0.05).
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Fig.1 The changes of pH values of beef during storage
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Fig.2 The change of drip loss of beef during storage
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Fig.3 The change of shear force of beef during storage
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Table 2 The change of texture of beef during storage

i ) 238 Tk A 4k/d  Storage days
7 % Variable
Treatment 0 4 7 10

34 x4+ BB 40 2826.33+107%  2818.35+95%" 2743.94+53%  2183.55+47°C  1738.80+42°°
Hardness/N A 3ELH 2826.33+107"  2409.68+63" 2084.25+76° 1844.31+39°°  1655.73+59°
jop B4R 0.64+0.003°  0.63+0.005  0.62+0.008°  0.69+0.004*  0.71+0.012*"
Springiness/mm 2h3248 0.64+0.003%  0.65+0.009%®  0.65+0.007®®  0.68+0.006**  0.68+0.008*"
L xtEB4E 0.65+0.007°  0.66+0.006°°  0.67+0.010®®  0.67+0.012%® 0.69+0.004*
Cohesiveness #3228 0.65+0.007°  0.66+0.004%®  0.67+0.003®  0.67+0.009%®  0.70+0.007%"
A x4 HE.48 1837.11+67°  1840.31+33  1846.67+92°®  1467.35+68°C  1192.82+50°
Gumminess/N 2h3248 1837.114+67"  1718.10+86™ 1404.79+61°® 1237.53+40°C  1157.35+55%
w7 <t A48 1175.74+59%  1168.35+22°A  1144.94+51%%  1005.13+46°°  842.13+38°
Chewiness/mJ ahFEin 1175.74459"  1123.64+26°%  915.92+19°®  842.76+42°C  790.47+47%C
=AM gl 0.32£0.005*  0.32+0.002**  0.31#0.003®  0.29+0.002°°  0.29+0.003*
Resilience/mm 23848 0.3240.005°  0.31+0.003°*  0.30+0.002®  0.29+0.004®®  0.27+0.002°¢

E: FAT KB FEHRRH £/ 2% (p<0.05); I NBFEHELFHLZFEF (p<0.05).
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Table 3 Correlation analysis of beef sensory quality during refrigerator storage

A L* a* b* ZJENLAES MOFaLE HRAK Hh BE M ARNE RiEH iR a4
L* 1.000 0.293 -0.067  -0.457 0.645*  -0.894** 0196 0360 -0.405 0.155 0425 0403 0.341
a* 1.000 0120  -0.590 0.348 0215 0641* 0426 -0.108 -0212 0436 0482 -0.173
b* 1000  0.185 -0.425 0262 0142 -0.168 0286 0007 -0.186 -0.139 -0.272
BLLE G 1.000 -0.808**  0.645* -0.543 -0.841** 0.701* 0.477 -0.841** -0.804** 0.079
MG && 1.000 -0.855** (317 0.867** -0.723* -0.382 0.878** 0.837** 0.056
iRk 1000 -0.265 -0.611* 0594 0.075 -0.655* -0.619* -0.304
Fn 1.000 0593 -0.315 -0.138 0.623* 0.635* 0.153
AR 1.000 -0.766** -0.568 0.986** 0.943** -0.100
L2 1.000 0.631* -0.717* -0.556 0.141
MR 1.000 -0.425 -0.303 0.795**
e 13 1.000 0.977** 0.050
PR 1.000 0.117
=50 1.000

E: *RTERRE (p<0.05), **ERFEMFRE (p<0.01).

3 Zhig

FRAGRE S TR ETE 10 d Wit R
pH TG E L HARX AR E, bMERFETH R A 14.43,
a*{H 2T JE PR, 756 4 d 1A B =i 22.91,
TR 1.88%, BIYIJ1 2 R, 10 d )5
PRI T 13.48%, [EINJAEEEH RHL N FEtadh, misetkA
KA RAR . U IR S5 B R A B 2 PR ) 058
B AR, A TR R R E A I 5,
XPERFAERIRIBIY) . S SR, PR
DI R R PE S E A RAFER . MRS TR b B
XA TC R B A R, 7R RV 2K B B FH Ak
BABERERT .

HH Ik

[1] Zakrys P I, O'Sullivan M G, Allen P, et al. Consumer

acceptability and physiochemical characteristics of modified

atmosphere packed beef steaks [J]. Meat Science, 2009, 81(4):

720-725

[2] Omer M K, Prieto B, Rendueles E, et al. Microbiological,
physicochemical and sensory parameters of dry fermented
sausages manufactured with high hydrostatic pressure
processed raw meat [J]. Meat Science, 2015, 108: 115-119

[3] Wang, J, Zhuang, H., Hinton Jr. A, et al. Influence of
in-package cold plasma treatment on microbiological shelf
life and appearance of fresh chicken breast fillets [J]. Food
Microbiology, 2016, 60: 142-146

[4]  Fr4Edt, s i, F AR R, 2 AR 58 B T n AR 6 A= PR TR

ROR F R[], £ i, 2017,38(23):237-242
QIAO Wei-wei, HUANG Ming-ming, WANG Jia-mei, et al.
Effect of cold plasma on sterilization and color of fresh beef
[J].Food Science, 2017, 38(23): 237-242

[5] Reid, R., Fanning, S., Whyte, P., et al. The microbiology of
beef carcasses and primals during chilling and commercial
storage [J]. Food Microbiology, 2017, 61: 50-57

[6] Kim, B, Yun, H., Jung, S., et al. Effect of atmospheric
pressure plasma on inactivation of pathogens inoculated onto
bacon using two different gas compositions [J]. Food
Microbiology, 2011,28(1), 9-13

[7]1 Ikawa, S., Kitano, K., Hamaguchi, S. Effects of pH on
bacterial inactivation in aqueous solutions due to low
temperature atmospheric pressure plasma application [J].
Plasma Processes & Polymers, 2010, 7(1), 33-42

[8] JRilFE, 23, i e, 5 AN R 3 7 Ot IR B 4=
TRoK R[], & it 75 7T, 2016,37(22),15-19
ZHU Ying-chun, LI Qian, MA Li-zhen, et, al. Effect of
packaging methods and storage temperature on the water
holding capacity of beef [J]. Food Research and
Development, 2016, 37(22): 15-19

[9]  RUK AEHK, TRAFL, S5 AR A 1 77 200t JE AR B2 3] A 26
ff4¢,2012,10:13-17.
ZHAO Bing, REN Lin, ZHANG Chun-jiang, et, al. Effect of
different sterilization methods on smoked meat [J]. Meat
Research, 2012, 10: 13-17

[10] An K-A, Arshad M S, Jo Y, et al. E-beam irradiation for

improving the microbiological quality of smoked duck meat

199



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.11

[11]

[12]

(13]

200

with minimum effects on physicochemical properties during
storage [J]. Journal of Food Science, 2017, 82(4): 865-872
Florek M, Drozd L, Skalecki P, et al. Proximate composition
and physicochemical properties of European beaver (Castor
fiber L.) meat [J]. Meat Science, 2017, 123: 8-12

BRI A52 ORI, A5 AN [R) SR AL e 45 S UK R 2
PIEREERCR K S [J]. 8 A4, 2015,14:232-237

ZHAO Fei, JING Hong-peng, WU Xin-ling, et al. Effect of
modified atmosphere packaging in combination with
ice-temperature on quality of mutton during storage [J]. Food
Science. 2015, 14: 232-237

2P TS A, A v L AR X 2 PR P o A B Ao

[14]

SER R3] fT AT 7T 5T, 2016,37(7):9-12

LI Mao-hua, DONG Jian-guo, PAN Run-shu, et, al. Effects
of high pressure treatment on the texture and microstructure
of beef sausage [J]. Food Research and Development, 2016,
37(7): 9-12

B SLAL, W R, TRARL A A A h S B A B
VA SR RIS [). £ i 55 A 10K, 2015,41(7):215-219

LU Li-li, HU Hong-hai, ZHANG Chun-jiang, et al. Effect of
oxygen concentration in modified atmosphere packaging on
the quality of fresh pork meat [J]. Food and Fermentation
Industries, 2015, 41(7): 215-219



