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Effect of Cold Plasma Synergistic Composite Essential Oils
on Beef Storage and Freshness Preservation

GAN Kefan', QIAN Jing’, ZHANG Jianhao"", YAN Wenjing"’

(1.College of Food Science and Technology, Nanjing Agriculture University, Nanjing 210095, China;
2.School of Public Health, Southeast University, Nanjing 210009, China)

Abstract: In this study, cold plasma (CP) technology combined with composite essential oils (cinnamon and clove essential
oils) treatment was applied to preserve fresh beef. Changes in the antioxidant properties of composite essential oils after CP
treatments were investigated. What's more, the effects of synergistic treatments on the total viable bacteria count,
Pseudomonas spp. count, apparent color, pH value, total volatile basic nitrogen (TVB-N), lipid oxidation, texture, and odor
of beef were analyzed. The results showed that the CP combined with essential oils treatment was effective in reducing the
total number of colonies and Pseudomonas spp. on the surface of beef during the storage period, and extending the shelf life
for 6 d. Moreover, the presence of essential oils led to a slower lipid oxidation rate and reduced TVB-N values. The " value
in the synergistic treatment group was significantly higher than that in the control group in the middle and late storage
period (P<0.05). In addition, the synergistic treatment could better maintain the stability of the pH value of beef at about 5.6
during storage. In terms of texture, the synergistic treatment had no significant effect on the cohesion and elasticity of beef,
but caused an increase in the hardness and chewiness. The results of the sensory evaluation indicated that the overall
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acceptability of beef after synergistic treatment was the best. In conclusion, the CP combined with composite essential oils

treatment could effectively prolong the shelf-life of beef and maintain better sensory qualities.

Key words: beef; cold plasma; composite essential oil; storage period; quality
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Table 1 Sensory evaluation standards of beef quality
Eiztan PEE bR (%
WUPR e P e AT i 8~10
{ERES ERES S AN RIS DI RES 4~7
EIERE L TG 1~3
A AR IR, TEH AR 8~10
U B — SR, TR SR 4~7
A5k, AR 1~3
Fe e e o B R 8~10
HYURE F e 5 — B R S A8 4~7
FEHE S M B AR 1~3
AR B 8~10
f NG5S AR R 4~7
AR 1~3
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Duncan’s 2 8 FL AT B3 44T (P<0.05), &
% HLF DPPH [ HH JETEBR B AR A ¢ R etk
AT ST -
2 HBRESH
2.1 RBEFESTFHNEEESE B RERENIE
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FHIEL 1 R0, M GRS TR BEh 0% AN Bk
20% Z1E) B, TZRA B AR X B B B TE A R
HIRE A AR PSR TA5 %4 0.63 1g CFU/g.
R 25 52 5 e T AR B 1) B v, AR L PR A i SR T oo
%, AH 2952 SRS IR BE RS 2 0.2% B, B3 ZRRAIR
T 224 1g CFU/g. 24 0.1% &2 &5 b AR IR 25 e
FARAE PR, R P P S ECH 8.10 1g CFU/g &2
3.52 Ig CFU/g; b5 2 A A TMHREI 2 0.15%~0.2%
B, R B, 2680 0.15% DL RS RORS T
[ AR ¥ 55 8 AR A AT 5 4 % KB AL B, A0
0.15% E A MmAH TR 225 . Cui 517 &3 10
mg/mL A7 FORE Tl T LA PR B0 2= 1R B 1 4 it
JisE, S AL PN S iR S, A0 BTG DNA 85 5
ATP; AN, K 5 mg/mL Ars HOrE i AR AU E 2
TR G AR B RS, RTHER i i spih 2
TR PR V& BRI 2.8 1g CFU/g, S IR UT-HHT R4
o Pk, SFE A MR AR BT REATORS T B HL
(ST &

foe]
T
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0 0.05 0.10 0.15 0.20
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Fig.1 Inhibitory effect of CP+EO treatment
on Pseudomonas spp.

e ANFEFEEFRR AR RS I 2 | PhRIALBAE P<0.05 4 W%
P25 H ND FER A

22 CPAREMNEAHHEHEEK DPPH BHRER
[EFS=0A)

FH=% 2 AT, KT Y Sy 5 s A1 DPPH A 5%
1 B (RIPTARE J1) Bl 52 R TR B2 (g 385 i
fem, H o #HZMRIERIER, 5 Liu 2 FERFELL
SAZEF IR MBS B S AL AA AR TR TR TP g e —

., HAGu s CP AR E, HOB I & A 0.25~
0.75 mg/g [% = 0.19~0.67 mg/g, H: DPPH [ /i K35
BRI 93.28%~97.48% & 92.48%~95.29%, K& I
L BE TR AL FRIT A2 XT 0.15% K5 71 19 B 8 2 =
DPPH [ i 278 % 3 1 a2 52 0 (P>0.05) . Yoo
SR e B SR T A I A A B AR AT R AN 4
WO A ER PR A TR PR, 45 AR IR AT
T AR AP TR A R RE I R ), X S AN S
—3, {H Hemmati 8P & ILERAH £ RKARIR
LB T ARA RS HL R B i RIS, R R T
A rb P A 0T AN R AR 23 A R IR T A B DA R A 1
A, BEE ASBRA [a] A B T S A G PRI .
AT BRI P AS IR A5 B IR B A A PR 5 AT T 25 5,
H AN R TE B R R . FEASIFSE
H, CP AR R X 0.15% & 4 K5 I A0 A9 6L & 52 fn
DPPH F th 375 M 3Ras pliin 3852 ), HL R Ab 2 B 25
PRERERCE, #H—FUESE T CP I FEIE S-S THALE]
AR AT

# 2 CPALPEX A AAE UGS % 1 DPPH A fi iR
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Table 2  Effect of CP treatment on total phenolic content and
DPPH radical scavenging of composite essential oils

DPPH H H1 375 BR % (%)
X HRZH CP4

B (mg/g)

X HRZH CP4

ZAREMIATRE (%)

0.05 0.25+0.01" 0.19+£0.01"  93.28+0.23" 92.48+0.34"
0.1 0.47+0.01* 0.41£0.02°  94.84+0.18" 93.75+0.17
0.15 0.59+0.02" 0.53£0.01"  95.61+0.47" 94.71+0.82"
0.2 0.75+0.02* 0.67+0.01°  97.48+1.06° 95.29+0.66

AT /INE TR, Fom it IR 5 CPY 22 ] 22 573 1. 3 (P<0.05) .

2.3 CP+EO A4 ANMETEPEZ D HMEE
ialesfespez A

TRl ) S A e A e PR O SO ) R R AR, A B 1Y
R BEHAAMN S5 R T 3R BT 555 3R L0y, BRAIR
BIE, 7 A A S GRS 5T, I R
ST, RO A A R A R e A o Y B R HL B
B, A 2 vl R EEE 1 d, CK A= BT
BHCH 4.23 1g CFU/g, 28 EO. CP il CP+EO 4bH 5
Sy BIFEZ 3.77. 3.52 Fl1 2.80 1g CFU/g, 45 AbHigH 2>
[ AIAT 3 22 55 (P<0.05) o K P fdt b IR 45t 4% o
I RLYE R , A A R TR VR BB SRAR T 6 1g
CFU/g, [H 4 2= 4% 4 d i, CK 2H B ¥% 5k 2]
5.82 1g CFU/g, RIPKHEE ALY ZEsR, EO ZHAN CP £H B
VBN A3 B A AR 7 AN 10 d BHEE = 6.45 0
6.51 1g CFU/g, C 8 H#R#E. CP+EO 4+ A =
210 d B}, HPEE B Ch 5.69 1g CFU/g, Ik THr
WEFLRR, BLEEE 13 d AR HERR E(E, S5 x0T L AH
FRREROREE] 6 d LA 1o W41, 7RIS 1 d BF(E 3),
CK 2H4- A A M B A 3.57 1g CFU/g, ZetrElAb
PR)F, WIS 2.64 1g CFU/g. B R4 FEAEN 5T
LR R AP B T RE, PR ECRIVIESE 13 d B,
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CK #H . EO #H . CP ZH#1 CP+EO ZH 4~ P F{1% BA i i
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AT, CP 1 EO Ab¥ i 23l 2 A v i i A 1,
{H 35 PR b B R o g 2

t —— CP —~—CP+EO
a

o]

BEL (1g(CFU/R))

[EL
~

N}

1 4 7 10 13
WG ] (d)
K12 CP DRI AR AL BT I P 28 R V&
SE R ]
Fig.2 Effect of CP combined with essential oil blend on the
total bacterial count of beef during storage
T AR FBE R R — i ] | RS R AR BT AE P<0.05 7KF
M RE S, K 3~ 6 [

oo

[ —=—(CK ——EO a
| ——CP —~—CP+EO

-

[=)}
T

~
T

TR R 74X (1g(CFU/g))

[\

1 4 7 10 13
W R] (d)
P 3 CP HMFIE AN AL BRI JRE P 2 DM B
TR T4 E 52
Fig.3 Effect of CP combined with essential oil blend on
Pseudomonas count of beef during storage

2.4 CP+EO B4 AR B ZERF
MFE3I TR, CK A LEFES 1 = 10d N E

RS FENRGISE 13 d A TR, X el FEIa N T
W73 S5 HA CKZAAE R i A W A K B I L™
e Bsf 52 BRI T3k, EO 20 LB A Al
7 d PRFFERE , Bl S PO REAIR, CP 2H WIFEN 2k 1 52
PRAZ S A, IR AL BRAH L8 A A R A
o LMESZ RER MK -8 B I5E 0, B R 7K 5
ERE R LERBR, WG K 530818 18 B AR,
aE I S5 R B ILLT 2R 1 88 DDA S8, FE I AT
HH, CK 211 EO 41 a” HTC 3255 (P>0.05), 1fii CP
H oMl B F AL T CKL . EOZ 1 CP+EO 4
(P<0.05), AL B AR BEXT A A=A T 50N
B Wk s, ILELAR 2 5 55 B ™ A= i P ot
I EACE N A AR LT R BSR4 T R, TS
BTS2 T B AR R 2T B YT R eI
T HA, CK Z0F0 EO 4H 1Y o fE IV BEAIL, 1 CP 4
1 CP+EO ZH BER 4y b AR 45 A £, BV s B Y
CP-+EO ZHAE A, o (HIRZ 357 T CP 4H.(P<0.05) .
BEAh, CK 20 b™E 72 I g At A o 52 80 B IR e A, i
EO. CP F1 CP+EO ZH b {HAEN FRGHA A Ses N 5
{RAaS, A SCHRFE 1, b (E B AR AL Y IR T B
JETEAK pH DR T Fe*' & m) Fe*' #44b, —LEiid
A (4n NO™. Ny~ CI) Al 5 Fe'4h &, ANIRIECAR 45
BrerEANFEEE, FERIR TR R A T IAT R
& % S Ak (Fe*') , &k £ 75 1 (MbFe™) #£ 550
nm (B (LGS X IS /L, ZEAE 5 b EAH
FEBO BRI A B TR AR P BB T e B Y
2.5 CP+EO B4 pH {ERIFT

pH {H AT VE TP 4 PR R R S I 2 S5 45
o, BEH— MR AN R A= P il R ePnd pH (H
ARARBA, AE 4 Fr R, FEECSE 1 d, CK 4H. EO
ZH. CP 4f1 CP+EO 14~ pH B3I 5.45.5.43,
5.44 F1 5.39, CP+EO 41 ¥ Ik F CK 41 (P<0.05),
AR RIIY, pH H P BEAR A R T-45 BSR40 2 ™
A BIERTEYI R, U NO, . U4, B A7 A EERR 4

3 CP UM SR AL SRR A PR (0 1 5 )

Table 3  Effect of CP combined with essential oil blend on aberration of color of beef during storage

TR E] (d)

Ei=tN BOBLIEE]

1 4 7 10 13
CK 37.71£0.24° 31.99+0.18¢ 29.46+0.15° 24.98+0.75¢ 27.00£0.31°
I EO 36.60+0.11¢ 35.40+0.23" 35.774£0.57° 27.96+0.26° 29.19+0.53°
cp 39.00£0.64° 32.47£0.27° 35.09+0.08"™ 31.8420.47° 26.20+0.23°
CP+EO 36.15+0.89¢ 35.50+0.14° 34.69+0.67° 37.38+0.08" 33.31+0.68"
CK 20.38+0.30° 18.83+0.31° 12.54+1.18° 6.13£0.91° 3.82+0.20¢
. EO 20.65+0.49" 19.060.67 18.07+1.06 8.52+0.16" 8.41+0.48°
¢ CP 12.40+1.10° 12.85+0.55° 11.44£0.54° 8.03+0.48" 12.88+0.3°
CP+EO 16.69:0.25 17.3240.13° 14.73£0.18° 16.65+0.21° 14.62+0.48"
CK 11.48+0.26° 10.87+0.24° 9.31+0.29" 5.58+0.43¢ 5.58+0.18°
. EO 10.63£0.16° 11.05£0.41° 12.1540.12° 7.15+0.43°¢ 5.50+0.43¢
b CP 8.46+0.10° 9.11£0.13° 10.10£1.09° 8.67+0.21° 8.59+0.34°
CP+EO 5.78+0.15¢ 10.68+0.49" 9.35+0.27° 10.57£0.29° 10.47+0.39°

TE: B9 AR/ NG g FR ] — IR )R AN R AL B R AP A 8 3 22 53 (P<0.05), 4Rl
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IrE A 5,64, 599, 6.48 F1 7.32,1H EO 4H. CP 1
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Fig.4 Effect of CP combined with essential oil blend on pH
value of beef during storage

2.6 CP+EO AMIEXFAPINEHIA TVB-N & 2850

TEA e BT R AR PR FE AR h, TVB-N J&H
A HEEZE LR Z —, — &L TVB-N &/
T 15 mg/100 g, /7T 15~20 mg/100 g W] Sy ¥R £ 1A,
it 20 mg/100 g AHIE MR T AL, ANl e,
FH I 5 AT, Bl e Rl A RE 1, 4540 TVB-N &
BRI, ENHEE 1d, CK 2. EO £H. CP £HF1
CP+EO 4 TVB-N % & 43 52 4.11. 3.99. 3.54 F
3.14 mg/100 g; FEN et F2 b, EO 21 CP 40 TVB-
N & &= IR & i # K T CK 4H (P<0.05), CP+EO #H
TVB-N & iAZ w20 FHAZH (P<0.05) . PIHI &
TEN G AR b ol T iR . a5 E ., 7=
A A A ES S R LA R A7 2 PEER IR o, AT
SEUE IO, HAE AR AR A S PR T B B [T
CP Fi1 EO LU K WpIRIAbERIA nT R 2F A s i o i 2
K Eh, IR 4E b TVB-N &4 EJFBT, CK 48
EO ZHF1 CP ZHAENREES 10 d B R Bl BKs ik 2] [

EmCK @EEEOo
| ez CP BEEO+CP

N
(=]

w2
(=]
T

TVB-N74 (mg/100 g)
s 8
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5 R
Fig.5 Effect of CP combined with essential oil blends
on TVB-N of beef during storage

FIREbRHE, CP+EO ZHWIZEN SECHASE 13 d 7Rt
BREFRMAE, 5 CK LHAR L IR EEIALK 6 d L L,
2.7 CP+EO MIBEXTH-ANCiEIAAA TBARS {E/IFND
BT S A0 TR IS B L R U XU AR 22 119 T2 2 i
321 Py % (Malondialdehyde, MDA ) J2&fig Bt & 1k
B R, BRI AE TBARS {HIEAf CP 4LBE
YrIR] 52 A0 ot 2 PR R A Ak i s i . an &l 6 T
7R, TENCHEES 1 d B, CK 4. EO £H. CP ZHFN CP+EO
ZH B¢ 1 TBARS {H 43 51 24 0.23. 0.21. 1.38 0l
0.76 mg MDA /kg, TE 250 Y 18], FA 241 TBARS
{EITEFR E . Ripoll Z5B8 42 1 TBARS {EL% &
NGB R B BI{ELE 2.5 mg/kg LA b, ASBFSE Y, EO ZHiR
LR E, CP ZHAEN AR 7 d B B {E, ZEn
S HT 10 d, CK 25 TBARS A i 2 1% T CP+EO 41
(P<0.05), (HFEZS 13 d, THZH TBARS {H 43 51 ik #I]
2.45 Fll 2.44 mg MDA /kg, JC i 25 5 H 535
TRCIR R B {E (P>0.05) . b4, CP 20 TBARS {HIR#Z
B3 T HALH (P<0.05), 1 EO 41 TBARS {HAGZK
B AR T HoAth 4H (P<0.05) , CP+EO 2H A% T a4l
CP AP G o7 A A0A5 2 BH i 22 e, ;X R PH CP Ab ¥R
SN A PRI RR BT AU, TG T A T PR iR BT 4
LIRS E5 . Zhu 2509 YERFF ST PO 2 b T AT TR 4
REE B TR G AL A PR BERT R B, ¥R IR A A BT
T2 s P BERR BT AL, — 3 MR E S i 5
93 B 2 e, HLIRIR &80 2 s v s is s A )
b ALVE R &, RUDRTTI T ZEZB L AL, X 5 A
T FT el R—3 .
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Fig.6 Effect of CP combined with essential oil blends
on TBARS of beef during storage

2.8 CP+EO X4 B RIS

INFE 4 F AT, AS[E]Ab FRLH 25 P A PN SR R
I 3 25 57 (P>0.05) . ZEJULIRIAE & U7 1H, CP 414
PORE A 25755 T BO 4H(P<0.05), HS CK HIc .3
2£5:(P>0.05); IlLHh CP+EO £H5 CP 4HAF {41 TG
22 R(P>0.05) . FHIE SRR R4 — A A E Y
Fisk AARELVEE 45 A Sy 1 it oy, AR Ak 34 5 i
FEAE AL, PR b 25 7 {AR b B2 A1 ok 24 R il R 44 R,
NHE@ME BT, S CK AR L JE i 2Rk (P>0.05) .
PB4 5500 K I A B AR AR 120 s )5, A
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Table 4 Effect of CP combined with essential oil blends
on structure of beef during storage Ww2s W6S
AbEEZH TR (N) AR i (mm)  BEIEE (m))
CK 16.58+3.58%  0.49£0.06°  2.13x0.07°  16.24+4.63*
EO 15.15£0.23°  0.45+0.04°  1.94+038"  13.630.81° _ WIS
cp 20.23+3.37"  0.46+0.03*  2.06+0.15*  18.52+3.43" Bg 20
CP+EO  2L.1120.90°  0.49+0.05°  2.15£0.37°  20.98+3.57° = }g
é 0.5 CP+EO_
29 CP+EO SLEEXI4ASIRAIEN : 0 @ N
Ry S ~ Y. EO
FE, o SRR R T HARR IR 1 AL S 2 X 2 -10 Ccp
P AR ST TR ST, AL LB, i R -
ST BTk XU . T 7 SIPEEDIES 1 d Uk =25

ST, HAE 7A Sk H T SR IIAL B A B TR A
[#l, 4 HEES BY WSS, WIS, WIW ., W2S, W2W 1%
JERES I N AE AR b 8 5, ST BB A . R BESE .
TeHLER AL . B AN I 2 DL R A H LA 42 fUR%

Horr WSS, W2S L 3425 i i (B 2= 5 B B ., 3R BH
EO 1 CP+EO AbHH /5 R AL S I ANEES | BETRZEY)
JoHE . AnE 7B s, 58 1 FIES 2 E RS TTHRER S
A 98.73% H1 1.16%, B TTHRFIL 99.89%, Mits 1
FESL I REBSME S, IR R HELH 4= PIAE R R

TEEA(E R . N R XA, CK 415 CP AbFigy
JLITE &, EO 4bFRZH S CP+EO ALFRAH G TS,
B CP AL FEXT 4 RIAE S SR AE L FE I A I 25 . T
CK ZH5 EO 4H#l CP+EO £H 584 X 4), WPk
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1. Main axis (Variance: 98.73%)
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Fig.7 PCA analysis of beef odor e-nose in different
treatment groups
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Fig.8 Effect of different treatments on the sensory quality of beef during storage
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Table 5 Correlation of beef quality indexes in synergistic CP treatment with composite essential oils
Bt BV AL a pH TVB-N TBARS ETH [0} s AR B MH I
BV AL 1 0.203 0.658" 0.816" —0.441 —0.900™ -0.581" -0.085 -0.072 -0.538
a 1 0.288 0.623" 0.506 -0.26 0.331 0.04 0.279 0.319
pH 1 0.650" ~0.085 ~0.549 —0.442 0.174 0.064 -0.363
TVB-N 1 0.109 -0.686" -0.219 -0.075 -0.11 -0.307
TBARS 1 0.597" 0.727" —-0.123 0.059 0.418
BETT 1 0.555 -0.128 —0.001 0.325
i3 1 0.096 0.285 0.832"
AR 1 0.175 0.259
A 1 0214
NELAEE 1

T E0.05/KF- CBUR ) N “7E0.0 K- (BUR )M B AR .

PR (o336 OO S IR SR T, K 4 d S, CK 4R
AR R, AT SR PSR T IR 7 d
CK ZH 4~ PR 2 i = A= BH B B BE, ORI &, (3™ 5
ARG, R AR A AR I B, BN BT S iR,
EO 411 CP ZHA& AR S i AH T, EO 4H 3k n] 2252 )%
WEAIK T CP 4H, CP+EO 4L VAT 4 5, A5 0745
843 LA o EHEWNBARIE 13 d, Bk CP+EO 41
YN, F LB SZ FE IS 4 43LUF, CP+EO ZH4501
PP ERREAE 6 43 2cA, Hofmid | AUk . dHZLIRAHN
FeARTT faz e Y H A T HAh AR FRZH, CK 20, EO 20
FI CP 403 BB . 455 A Y% . TBARS fH.
TVB-N {H AU E PEM 455, TN CP+EO AbFE A
4P BT IHIEL 6 d.
2.11 XM

AMFSE I 1 T AR S RBOEM AR B 2 (8] Y
LR FR, DI e A DR 22 AR DG IR I, A 45
B AR R A AR I AL BRAEF TR i R
FSHYR . S 5 BT, TVB-N & S5 a8
W 5 25 IEAH G (P<0.01), AHSEME R ECH 0.816, 5
pH {E 52 § F1EAH S (P<0.05), AHFEME R ECH 0.650,
HECE PP 5 WA U G (P<0.05) , AH M R ECH
—0.686; 5 & MER LA Y TR T e ARE R
(11N 0 = RS = a1 2 S = D0 [0 e O v A =X 7 L LA
£ N E AR Y pH (B SECE, IR TS 27
PRI E] A2 GoAG T A B AR i T A X A TR AR
i A B2 S,

L TARAN RIS AL TBARS {EG B 480, [H]
At & SRIELVEE4 AT TBARS BS80S A% 4 25 AR
K(P<0.01), FHIPERES 2 0.832 Fl1 0.727, iXFR
B TBARS {H 1] G2 T304 RARRE Y R N 22—, ik
ZAAREIMIIN A SR A T 55 25 AR PR A R 5T 4R
1k, WAE—EFREE s T A PR AR FTRE I
3 #Hig

B AR PE CP AT BT B B B AR, HAm
of S22 CP AL PR S A9 & A K R S 2 R
DPPH [ i BB & B CP AFR I AR X 52 50 Tl
rPT A LT ERE RS B o M R] AL AT A M A Y

i H ) BTV B0 T, e AR R 6 d, 7E
T PEAARAT TVB-N S 30.97mg/100 g
BEAR 2= 17.87 mg/100 g, [F B pH {H 45 £ 4k 5 74
5.6 Zitq. DREIAEBEXT CP AbHEE i i g T A AL IS
WA PTG, HA PRI BT K U B A & A= I A
A, PRSP E i BT B S G5 SRR, S Gk il
MIAFTE SR A AR kA ARk, Je e it —20 10
1t CP AhERSHORURG TR, LAREAPORS T X IXURAT e
RSEN
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