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Effects of Cold Plasma Treatments on Lipids and Protein Oxidation
Properties of Mutton

CEN Nanxiang, LIU Chencheng, CHEN Gu, SANG Xiaohan, FU Wanli, LIU Yafu, WANG Jiamei"

(College of Food Science and Technology, Hainan University, Haikou 570228, China)

Abstract: With fresh mutton as the research object, the effects of different cold plasma treatment conditions (treatment
time, treatment voltage, treatment times, post-storage time after treatment) on mutton were studied by measuring mutton
chromatism, pH value, thiobarbituric acid-reactive substances (TBARS) value, carbonyl content, total sulfhydryl content,
and protein surface hydrophobicity. The results showed that cold plasma treatment increased L" value, and decreased a’
value and b value of mutton. When the treatment voltage exceeded 50 kV, the a” value decreased significantly (P<0.05),
but the total color (AE) difference between the treatment groups had no significant difference (P>0.05). TBARS value,
carbonyl content and surface hydrophobicity were increased gradually with the extension of treatment time, treatment
voltage and storage time after treatment. When the treatment time was as long as 5 min, TBARS value of mutton was
increased to 0.215 mg/kg, the pH value and total sulfhydryl content of mutton showed the opposite trend. When total
treatment time was fixed (3 min), with the increase of treatment times, TBARS value, carbonyl content, and surface
hydrophobicity of mutton were decreased, while pH value and total sulfhydryl content were increased. Therefore, cold
plasma treatment could not affect the color significantly. However it promoted the oxidation of both lipids and protein in

mutton.
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FREHEAEE P EHNALRZ —, FERKA
BRAMRE . PRI . RIEEESE, BAT AR fIRIB .
R HE B AR A, SR AN RS T AR %) R Ak VR, FLE
T NARPIT T 1 S FERR A e 3R, B IR e,
IR A B . APk, BEE TR R E, FER
PR e S S5 T R T BRI, 2 Iz i S5 IR
PRk R TR, H R TR AR 00 T vk R
IR (0~4 °C) . TEPE(—18 °C LITF) . vKIBARSEE | i3
PREEE | SRR LREER AR D BOINPL AL L RS TRAR
EAE

GV 45 B8 T4 (atmospheric cold plasma, ACP)
SR FIHTAE PR B AR, HAT A B A PUpd
Rt BRI VER R TOEREE | RE i RRR B Hb,
PRFR A BB e E  JCEE ™ 5 LA R RASIR A
S A 2R E A B PSR Y2 . Stratakos
ZEPV TR R, A4 N RIR A B IR B S, KIFT
BB B, B R B I E R AR SRR . Dirks
LG iR R, TR A AR R e PR ARG R 2 R
THI A B BAT Sl 25 A, PR ) S 8055
AR— X EEI . Jayasena 2507 W5 B, LAINIE S
BT E, A A AR LE G B 3E AL
(P>0.05), a (B B FEREIL(P<0.05) . KIS 2 ARk
AR FERZER ALY, (R G | B, <
R AU R R A7 M AR IR S A — 2 Y52
U, PEACANERSEL, Pl A BRAR A4, A 2 hiIIGR S5
BT AR R PR BT R AN B R, 2 FHAE
FEMEZENEZ —. HAT, KRS TR A RS
FEPAPT XS R pR O PG PRI U AR E B R o B
WS, T A SRR 32D

PR S AE I 3ok R v R AN AT 3R o b & A SR A
B, RIZE AR BT 4222 i AR T SRR 1 B ek A
TR Z A AL E S RN, T E &
PI AR Ba S AL H T8 bR A B B b 22 18 i N W (E
(TBARS) . i1 EILE(POV) | IR (AV) 25, X WL ER
B EALBFE PR A SRIE & 1 . B S . TP
Trag RHEIBUKYE RS R, AN, AR
pH Wi FHVEPE ISR AR T FE R . ASIHFST IR
JREEALFIEE A R EAL &, R RMRIR S sk
RN 2R A @EE . pH, TBARS 1H ., BRILSH | A
S B B R LGRS0, S HE ST A5 25
FARLEE R AR b g R n B
=%,

1 HREEE
1.1 MRS

AL R L 2E S BRI I e v T UL
AR IRE . SALE . AR AT . K L
HCl1 VBRI A BRA 7l A4l B &l —
N, BEER AN, SDS. IR s 4 IR
H IR 2-FACE L Z R . =AM OHR . 2,4- Al
R, EREAC. DTNB. & DU 212 40 E 2545141

A=A BR A7 B e XS (BCA 75)
P R A A T ARG ST FT .

PHS-25 pH i1 BAESIIGNERA R H]; MAP-
H360 BIE G5 EELENL 250N AR B AR I A5 A BR
s aE AR EE IR R A 4F 32 E Phoenix 2\ s
PL303 L F T RV EEMERE-FER =407
722G AT ULAECET  db AT AR A
BRF]; HH-4 BUR fEIR K H R ES A R
ZNH]; CR-10 82231 H 7K Konica Minolta 23 Al ; 55
HATHAL . HIPKAL T AME BT M e R F AR A B
45w TGL-16MS B & RS B VR DAL i~
WS DM A A BRA ] o
1.2 EWHE
1.2.1 FERACEE PSR RS R Z AR T Angs 4 Ld
2, BRIV — B R AP (10 g Z640), 22
A (0 22 JE b HOB A YR b, FHALRE ML T
S B SR R AT AN R AL B A 4B BRESE] . AE
70 kV M4 R4 AR 0, 1, 2, 3. 4. 5 min; B 4bEH
FiJE: 7E 40, 50, 60, 70, 80 kV HJESF R4 3 min;
C AbFHYREL: 76 70 kV S5 R4 3 0 k. 1K
(180 s) . 2 Y (FFIK 90 s, [AJBmATTE] 30 s) . 3 WK (FFIK
60 s, [HIF@BSTE] 30 s) . 4 IR(EHIK 45 s, [B]FEETE] 30 s),
B Ab PRI E] 42 3 min, D AP B E] . 78
70 kV A FALBE 3 min J57E 4 °C & 0. 24 ho 47T
TSI 72 AH bR, AR LA A5 B AR PRIV
AL e AR IR B Ta] BURE o
122 (azEE 2 HPREARECE S, DERE
A AL FERT S R O2EE, IO H S (L) | £TEE
(a") TRFEFEAE (D), S BIERFINAE S _LH S AN A,
ZERBOFME, BOZEE AE AU R,

AE= J(L-LY +(@-aY +(—bY & (D
SO L a) bk o R A SR A €, 221 L

a’ . bS5

1.2.3 pH AMIE  RIE GB 5009.237-2016E %
G [E ZEARUE Bhh pH ELAIIIE YA TN AE o

1.2.4 TBARS FHMAME  HRHE GB 5009.181-2016
CEMZAFEZARME B0 TP B YU T E o
1.2.5 WURELF4EE I S35 3Ck [15] Pk
IS et . FREL S g SFIRABEET 25 mL PBS Zoh
WA 4 IR, BRIR 10 s, IRALFEE A 10000 r/min,
FRIR L S5EvK—42 o ¥ SEES.0> (10000 r/min, 4 °C,
10 min), 35 _EyEW, VITEA PBS &g vk 3 k)5
JINA 20 mL 0.6 mol/L NaCl 1) PBS ZZ ik, Y45, Jik
A 4 CVKFFLEL 18 h /5 FF R B 0> (10000 r/min,
4 °C, 10 min), I FRIRGTTE BRI LS LT 4E 25 11, WL
TR AT A7 P e 3 R G i e o

1.2.6 ILFEMME SHEMEE TR IFE
3 243t . JH 0.6 mol/L NaCl (14 PBS ZE gl
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HJEPHEL Sy 2 mg/mL, BX 0.5 mL ks p95E s
W, A 0.5 mL 2 mol/L HC1 % % (&% 0.01 mol/L
2,4- —AiHFERE) . 25 F4H (JH 0.6 mol/L NaCl PBS £
MRACEE D INA 0.5 mL 2 mol/L HCl ¥ (AN &
2,4- HEFERPE) IR SIS AE 25 °C R AL 1 h, TN
A 0.5 mL =& 4R (T & 4340 20%) , 1RSS5 B0
(4 °C, 12000 r/min, 10 min), ¥ _Fi&)5, F 1 mL ZBE
LR R RL (11, v/Vv)JTUTTEDRE 3 IR, PE5EiF
1.5 mL 6 mol/L Eh PRI T 8 I A Tk, IF
TE 37 °C A F /KRR 15 min IS#DITE, PR
REWAE 12000 r/min. 4 °C F &5.0> 15 min [FERNE
W, LAZS A SRt B, e CEEE (R 370 nm),
RN
Axnx10°
EXp
ZH: A S 370 nm PEARAYISGRE ;s n SRR
Bs e A EE IR W' 22X 22000(L-mol ™ -ecm™); p 2R
P 0T LR (mg/mL) .
1.2.7 BHIESHENE S mLHa s (rik
IAERE M3t . 0.6 mol/L NaCl (1) PBS Z2 Rkt
EEHE PN 2 mg/mL, B 0.5 mL FiBe s iU B
WA 2 mL JRZR - e B B2 A e (5%
8.0 mol/L FR %, 30 g/L SDS, 0.1 mol/L W24k 2% v
W, pH7.4) F1 0.5 mL 10 mmol/L DTNB i 7| (77 fi#
TE 0.1 mol/L BEFRENLZE v, pH7.4), TEZE IR T I
N 15 min, B F3EWAE 412 nm NI EWSEE . H
0.6 mol/L NaCl i) PBS ZZ thigi U E A H T 251
POPiiE Py = /N W /(I

FRFESI (nmol/mg) = 7 ()

K A O 412 nm PEARANITES GRS n GRS
s e MEEIROCFREL 11400(L-mol -ecm™); p NEE
FUBE B 8 & (mg/mL) o
1.2.8 FTHEFUUKEMNE SHEEEY Wikt
VExE Mok . FH 0.6 mol/L NaCl i PBS ZEHil4 &
F IR BE PR 44 N 2 mg/mL, B 1 mL B )5 03 8 1A
W, A 200 pL 1 mg/mL R E RS IR T B8 O Ak
(6000 r/min, 15 min), FEXF_LIFWHETT 10 1555 FE,
LL 0.6 mol/L NaCl 14 PBS Z& bk Fy2s X 1, I 5
SRR (DR 595 nm) o LAIRE ELS & ok
FmHE, A XU

R E 455 = (ug) = A'A 2 %200 A 1)
i A SEs X RE A TR I W IR OGAE A, AR

Al GE
1.3 R
A0 5 2 Pk o SR A Microsoft Office
Excel 2016 H#ATANIH, 25 P BEEbRE2ZE R .
& Origin 2021 BHAFAEK], DPS 18.10 A X £ 4
AT AN 27 22530, Duncan #8251 3725 7
VT, P<0.05 F#on2ZEF BE
2 ZERE5Nh
2.1 REFSFAHRLENERGEFNZMm
052 2 PR I 1 e S U, R
ARE I W PRI AT SRR, 1T EL AN il ) S
FHEFEEEMP . FEREEFEZILE AT
1 LA (T W 5/ N N 1 K (A e e o B i S B S )
i 2E RIS EME LTV, 203 E o FIE R b™ R R,

MFESE (amol/mg) = AXnx10° X (3) AL FELH R ) B 22 (H AE G i 35 2557 (P>0.05) .
MALFE L R T 50 KV, o"B F R 2 (P<0.05), Ik
F1 AR A B T UARKb B 2 PR LR 15 )
Table 1 Effect of cold plasma treatment on the color of mutton
AP L - ’ AE
phELiN:i) Wb E LGELi) PLEL e phELiN:i) pOEL=
1 36.1+2.55° 36.3+2.05° 14.6+0.35° 11.8+1.63° 10.6+0.35° 9.5+0.00° 3.0+2.00°
2 31.6+0.28° 35.0+1.48° 13.4+1.63" 8.8+0.07° 9.5+0.78" 8.3+0.35° 6.10.42°
A PR E] (min) 3 39.6+0.21* 40.6+4.67° 15.0+1.06° 9.9+0.35 11.4+0.00* 9.0+1.48" 6.5+2.26
4 36.9+3.75" 37.7+0.50° 12.643.04* 8.240.14° 9.5+0.50° 9.2+0.42° 5.4+3.18"
5 36.1£0.21° 39.442.55° 13.4+1.48" 6.4+0.14° 9.5+0.14° 8.0£0.50° 8.0+2.26
40 36.4+1.41° 39.3+2.47° 13.1+0.64° 10.4+2.20° 8.5+0.07* 8.4+0.71% 4.2+44 45°
50 37.6+2.83° 39.0+2.26° 15.4+4.24° 10.5+0.28° 10.4+1.63° 9.6+1.63" 5.6+4.53%
REPRHE (KV) 60 33.3+1.77° 36.442.12° 13.4+1.06° 8.5+0.21° 9.1£1.56" 7.8+0.64 5.9+1.48"
70 39.6+0.21° 40.6+4.67° 15.0+1.06° 9.9+0.35° 11.4+0.00° 9.0+1.48" 6.5+2.26"
80 38.0+2.33° 39.4+2.33° 15.6+0.92° 9.4+0.85° 11.1+1.34° 8.5+0.28" 6.8+2.05°
1 39.6+0.21° 40.6+4.67° 15.0+1.06° 9.9+0.35° 11.4+0.00* 9.0+1.48* 6.5+2.26"
ST 2 36.110.50% 38.6i0.14f* 15.6;{:3418?‘ 8.2i1.56: 10.4i1.06,a 8.4i0.78f‘ 8.114.88:“
3 37.5+3.82° 39.3+1.27° 13.1+1.20° 7.94+0.07 9.6+1.06" 8.8+0.71* 5.9+0.42°
4 42.0+£5.94* 42.4+5.80° 12.8+3.25° 7.6+1.06" 10.6+0.28* 9.2+0.50° 5.6+£1.91*
LN i E R ] (h) 0 39,610,21?‘ 40.614.67:“ 15.0+1 .06?‘ 9.9:&0,351” 1 1,410,00?‘ 9.0+1 '483, 6.5:&2.26%‘
24 40.7+0.14* 41.4+0.64° 14.7+1.41° 11.7+0.78* 11.8+£1.06* 10.5+1.77° 3.4+0.78*

AP S TR R 22 5 .38 (P<0.05); TG — 3 FREAR R o 2 5 B35 (P<0.05) .
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TS5 B AR R R vh = AR 1) R SRR LT AR
MM LT ZE A IO Fe ML Fet, Bk LLr &
AW R B AR, 3 o MEH FRER . LERE O
H T P P LR AT 48R A R g o B AVE ORI
oK Sr, MR ETF 4R 1 & AR | AR, LR A B oK 5
e, BERIMREK I BRAIR, S350t PR e /K o S i
R, i ARG U, 2 b n] 0, R ia A5 AR Ak
ABAEAE— B FERE s =E RIAL AT S i (2 2208, (R
BVO2EE AE A KA AR, RS TR &
AR
22 KEFSFEAEINFER pH BIS2M

pH HAE PP RIS SR B e bR = —, S
A pH BERLKE L PITFES A9 HY AN OH A i i ad—
ETERE B PO, LB A a] X2 A pH AnfEl 1A
P, BEFE AL BT SE K, pH S E05C T A LT
Fe, LI 3 min B pH 5AK, & 5.64; 24403 R/
F 70 kV I}, pH B &b PR H, R 4 T i SRR (P<
0.05)(El 1B); Bl 1C PR, B3 THAb#EATE]—% (3 min)
AT 4 PRI, SRR pH AR AR, A0 3 1 YR 2 IR
Z R AN R (P>0.05); ALFHEHUE 24 h (9 pH K%
B2 (P>0.05) 284K (8] 1D) . ASHFZE I 458
g & 2574 NO. NO; . NO, . H'fll H,0, 2575
PERLSEY, 38 SR PEY) TS [ E A pH R, 24q4b
R FE T, A PRES AT E R, PRI 5 B8 AR A b PR R
HRIE R SRR TR SE R N, T 5 R 4 R SR AR
SR RS ALY, ARBETEE RPN, 2
S AR B TR 5 42 (3 min) WA 748 A Z2 R Ta] #iAh #i
Bt A — R A B R A B Rk 4 J, PR HR 45 S Ak
FEAE BTGP RS S L, TRIERAST RS 23 P B 0 A
FFO AR A2, PRI, U B AR BEASA] (3 min) %%
£, XA pH MmN ko RIE S B A=A
I PEAAFITE PEASE A B R AR, XToE P pH ANGE
KafREEM . 25 b, R pH 32 AT B2 AR Ab 21
FEHR B A) R SR R B A i W A, it 2 A FHL
B AT RS M A B TS 2 o
2.3 RIBEFETHIERTER TBARS EAIFN

AR TS ) R ) Ak, o A AR TE
B E T 3E—20 53 e N I (MDA) 455+
HE), dm AR B S I TN i S OR
PSSR AR EED Y, aniE 2A PR, 244abFRAT ]
L 1 min B}, 258 TBARS {ERBifi b P A R] (%) 2B 17
AW Tt (P<0.05) 5 4 HL R KT 70 kV B, TBARS
L B FB R 1) T v s e i, 4 AR FR L R R i 70 kV
t, TBARS {E 3R BH 2. (& 2B); &l 2C w1, 24 it
AbFREHE] [ 5 (3 min), BEE ARG £, 26 R
TBARS {H A%, ZbFE 1 YRF0 2 YR TBARS {HAH2E
AN AT R 24 h, 2F TBARS B3 (P<0.05)
FHETZE 0.235 mg/kg, AR S SNEMIRIRSTE
TR I R AR, AT S P S (ROS) TP A
(RNS) 25 HAG i A ARG PRI A, 2R AV S AN g

pH
(=] —_— (8] w EN W [*)) ~
— . —— )

0 1 2 3 4 5
AL FERFTE] (min)

pH
S —~ N W A L O =
—_—— —_—— )

40 50 60 70 80
AEERHL I (KV)

pH
(=] —_— (8] w EN W [*)) ~
— )

0 1

2 3 4
AL FR YL

a a
0 24
PR TRCE R T (h)
1 RIS RN 2E A pH AR

Fig.1 Effects of cold plasma treatment on pH value of mutton

W ARVNE R ER BE, P<0.05; K 2~ 5 1A

pH
(=] —_— (8] w EN W [*)) ~
— : : : : :

JWil&, %52 %) ROS. RNS %57% ME LA iy, SR B RS
TR AREAR A AR ST T ) o SEA AL BRI TR], T
AR B R, BEASHEIE S P T iR BT i ALk, SIS
TERTEE R AP P A RIE . 2 R EERY [A]—AF
(3 min), AbFRRBGRZ, 6P 1E P AR L& AR
X/, 5 2 R e iR TR R F S ) SO B ) RNV E FH
AR/ SRS R LR B AT AR o 25 L, AT
RIS S AR BRI S D22 ) TBARS (BT,
HHWFIE R, 24 A 250 TBARS {H KT 0.6 mg/kg
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Fig.2 Effects of cold plasma treatment on TBARS value of
mutton

Bt 23X PSS B = A s i Y, S rhn s TBARS
{E>N 0.235 mg/kg, LI KT _LIAME, RIS & T4t
B A SRR P PR BT AUk, (R AR 25 PY i T3 Al
71 B2
24 EEFEFLENFANREFEEORESE
oAl

BBV R 2 v 2R T AR e B 4R AR,
38 H IR IR F R I A S T AR A T B, aniEl 3A
JTR, B AL FRAAIRE R, S5 R rp R R & e 5t W 3 |

P 3 IR S5 B T X S PR LS A 2 PR 5 2 A 5 )
Fig.3 Effects of cold plasma treatment on carbonyl content of
mutton myofibrillar protein

FF#a 3 (P<0.05), AbFH 5 min JiF B 5L S 1 0 5
4.31 nmol/mg; £ 20 PR AL T I FEAN A R A e 2
# ETHAR(P<0.05), fEALERE R 80 kV A, i3k
E ok 3.98 nmol/mg (& 3B); 223 A4b B A [a] [# &
(3 min) i, ZbFEYR G Z2 , 25 PRI FE B BORRAIC, AbF
4 R HARANH2E 5N W 2E (P>0.05) (K] 3C), kb
PE CCE 24 h, BEE S BB (P<0.05) F & 2
2.79 nmol/mg. FIEE & I F IR & F A= 4
PO PEAEURITE PE L ) FR 23 i, I PSR P RUR L
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SILIRER IS, JUHOEMISE A NH 8¢ NH, 3EH]
PSR, DT SEURLT 4R &, BEE AP
B TRIAE R, S e BB i, PREL & AW T, 3R
HH=E AU AT 4 85 1 AR RSN, SR eSS
BT K R A TR I AF IR TR s R BT, Luo
LER it E R 2 B, B AP A R A T, RS a3k
iR P e HH b b 22, IR A B AR B A= g iE P T
BE-5 U B A R I ik ORI, BRI SR TS .
FH PRI AS B TR = A= st B R 2 s 1™,
ALFRJE 24 h FRIE R, JoTk EH B 2E R 1 B I .
(E2, Mg AN s A e B2 = 2 m s = v, IR
TR RETE B R SR TP AE G A R
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