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Wil 25 ) B SRJEdT 1 g I R R

PEJ, M W, 3, EME £, ML M, B OB Bm%, 5 Bk, B 8
(AR RZA i B 22 5 TR, A S IFAESE 010018)

5 % DLE. SR AR IR T R 12 R IR e R R TSR SEIR AR, 23 g i B AR AL T
AR Z R . BrE B T P AGET S 7 DL P A A AR 50 T 4% JE DR 3R 0k A FR AR IR AT Lh B e i, B TE
R TR 7 20T 5 e R E NI B AL B . A5 R R W] JRCBOI 57 75 JE e 2 I TB AME ey J5 2 I T & 4 1) 57
(P<<0.001) 5 FRPEERNRFAATY NCOEE., FEE. FRE. 1-FR-3-8E 0L &%2,3-3F 1, HE&EER
MUEFRE A R B EBL (P<0.05) , B & 1a 1A 3% 2 PY IR T S0 RE FE A LU i 9% 2 I TE P2 6. Uil 97 26
WS PURMRE /] (P<0.01) . HEFiREAE )] (P<0.05) FIFBEALYB4LEE (superoxide dismutase, SOD)
(P<0.001) . M5 AEE (catalase, CAT) (P<0.05) . &Mt H LT E ALY EF (glutathione peroxidases,
GPx) (P<<0.05) 3§ 7J34 %3 m T E g, Ut I 332 26 A b IR B A BB 0 my . BB 24 i) i Jo 2804k
T P A AT A DG T A% AR R R IR B I o AT AR S U IR 2 A o R AR T DR R A v B N e TSRO 3R
(P<0.001) , [fiSOD (P<0.001) . CAT (P<0.05) FIGPx (P<<0.05) L[Nk 8ER T BT, N T
AKSFIGAIE J A 7R 2 IR BT A BE A TR TR A

R IR TR IR DUAUGEE; RERRIE

Effects of Two Feeding Patterns on Oxidation Stability of Sunit Sheep Meat

LUO Yulong, LIU Chang, LI Wenbo, WANG Bohui, DOU Lu, DU Rui, YAO Duo, ZHAO Lihua, SU Lin, JIN Ye*
(College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: The objective of this study was to investigate the oxidative stability of meat from Sunit sheep fed on two different
diets: pasture and forage supplemented with concentrate mixture. The amount of lipid oxidation products, thiobarbituric acid
(TBA) value, antioxidant ability, antioxidant enzymes activities and the expression of antioxidant genes in Biceps femoris
muscles from sheep slaughtered at 12 months of age were determined and compared between the two feeding groups. The
results showed that TBA value of meat from grazed sheep was significantly lower than that of forage plus concentrate-fed
sheep (P < 0.001). Hexanal, heptanal, nonanal, 1-octen-3-ol and 2,3-octanedione were the major lipid oxidation products in
both meat samples and their values were lower in meat from grazed sheep than in forage plus concentrate-fed sheep (P < 0.05),
indicating that the latter had a higher degree of lipid oxidation. As for antioxidant properties, total antioxidant capacity
(T-AOC, P < 0.01) and cupric reducing antioxidant capacity (CUPRAC, P < 0.05) of grazed sheep were significantly higher
than those of forage plus concentrate-fed sheep. The same was true for the antioxidant enzymes, superoxide dismutase
(SOD, P < 0.001), catalase (CAT, P < 0.05) and glutathione peroxidase (GPx, P < 0.05). These observations suggest that
meat from pasture-fed sheep has higher antioxidant enzymes activities and as a result, its lipid oxidation can be effectively
inhibited. Furthermore, the gene expression of SOD (P < 0.001), CAT (P < 0.05) and GPx (P < 0.05) in pasture-fed sheep
was significantly higher than in forage plus concentrate-fed sheep, while the opposite was true for the gene expression of
lipoxygenase (£ < 0.001). In conclusion, this study provides molecular evidence that antioxidant capacity in meat from
pasture-fed sheep was better than in forage plus concentrate-fed sheep.
Keywords: feeding pattern; Sunit sheep; lipid oxidation; antioxidant enzymes; gene expression
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TENAE L, AT e 12 IR i A 5 B Ak
Ae Ay A e 0. NG 0 AN 32 R I T IR e A e XU R
HreE— R, R, . B, RS, B2
GO, MR P B A 272 A A A A i Ak 2
[FIE, R AEE P PL AR RS Re sl A L, R A
kBT A G B 57 7 e AL BT A A, i
M BRFEMELZ, HERNMEE TR APRIEA
WRZFEAFE AN RA SRS : PrEILEE R
4 LAY AL EE (superoxide dismutase, SOD) .
AL AR (catalase, CAT) FI4 I H ik it & 4L Wy iy
(glutathione peroxidases, GPx) ‘NE; JEBFRFIRMNZ
MNHLA A E R KHE MR, BRUEFHEIA
W RS B AT R IR S, P 2 I A A O
SRR S, KA e RiEg ™. Hila Xma
e RGN A HRAE,  EX A A T BT A A = R T
WD . Descalzos K LA HTLAA RSt H4E A4 3
MW PUEAGBE SR, IXEe) 5T eI R I P T
J E R, A EM ) AR P A 7 A Luciano5 & 21
TERER IR TG, FRPUARE /1132 T &
$2 T+, Ponnampalam®5 & SR E b () VE BEHI IR 1 7%
AR R B AT B DL 2R 2R A R R E
PEEEH R MM, ABIBRAST SR 2 PP
ARG AT T — M R™. ik, A Sz i e
FEAE R R R E W B R B = & & PrAdbRe
Jiv PUEALREE 1 UL KA S IR R Rk st AT e,
LU P b i 37 07 O I3 JE e = PR S8 AL AR PRI s [
SIHTRR PR T & B S PR RE I L BB R, 75 e
FEE MR TR S AL — 2 R B IE AR S 07 1)

1 MHEHE

L1 B R

M\t 5o B 7 X B DL TR 7 O
W T O 9 0 4 5 R A 12 1
ARG 1) o OB E B R AR
Bl RERERE. AL A ¢ I bL
FOAROR CEEIORASFE . SRR NE, JFIEE
AR LT

HlE, @i =8O (RS HaD) ] 24 45 4]
R BR AR s CATIRA & SODIKA & GPxikH|
B, KBPEALAE S (total antioxidant capacity, T-AOC)
Wil f. 8 (malondialdehyde, MDA) 7l £r. M
EAEERNE AR TR 2,2°- B
HE-XU(3- £ FE HIFEMEIE-6- T R) — ¥ (2,2-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt,
ABTS) J B Amrescon s FEREE — 4B8 (diethyl
pyrocarbonate, DEPC) £ [FH FEBR R R B A T
RNAiso Plus. 6Xloading buffer. Marker DL2000. Premix
Taq" Version 2.0, PremeScript™ RT reagent Kit with gDNA
Eraser. SYBR" Premix Ex Tag™  KEFAY TIEAH R
NG
12 A5 R&

Trace 130085 MH 4% (gas chromatography, GC)
1%, 1SQEU i (mass spectrometer, MS) 3. [T
AEL (solid-phase microextraction, SPME) FH§  EH
M RBIF AT ; SPMEAER L 2 [ESupelcoA
Al; 5810-RAUMICHR & A K E0HL 1E[E Eppendorf
A HE]; BG-power 50008 f2 R ARy EUkA AL T
EREA R AT KK BRSBTS
CFX96™ R sz i} o & % & W & 2N . (quantitative
real-time polymerase chain reaction, qPCR) ¢  ZE[F
Bio-Rad/AF]; HiEHPCRIY  3E[E Applied Biosystems A 7] o
1.3 J5ik
13.1  FEahAbE

SEUG S SE AT AR B AT IR ROK, BB S R AN R AR R
TR 15 gV, BT R CR AR E T T A A
B, T —80 CUKFH T RAFAFH -

132 IR & & il

WFERT AL B : K AR R 5 =, It Rl
Bk, FBBEHURTE, RIS g iFPIRE N 20 mLFF
mrof Y, FRRE AT R R IR A N R R, PRBS R
1 cm, 60 C/KEH 40 minj5 B FEHGL, 36 A GCREF:
1, 7£250 C Ff#"4 min.
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GC-MS& " TR-5 M (30 mX0.25 mm,
0.25 pm) , #FHAAHe; #FHAWHEL.0 mL/min; HEFE
O, & FEAERLEREY N250 C; dfEr: R
SRR FHRFREF: 40 CRFFE3 min; LA4 C/minFt
£150 C, f&#F1 min; FLLS C/minTHi 2200 C,
PL20 C/minTt %230 'C, fRFFS min; Ji & 431470 H
mlz 30~400; ¥ AELEB A1 min. MSE &
MEANLIB., NISTDEMO#IWiley Library® £ 2, HUIE
SUCELE R T-800% s . FH U AR R 75 JE ¢ 2 A P IR o
AP SR (10°AU/R)

133 BARERZERME. PrElEE I T-AOCH) M &

WIFE4 CER G FH 774 (A 31 3R K e, AR
0.5g, Mo AP EEE K, FEUK/KHH18 000 r/min’] 3K
30s, IR ESEI0%BHLSIHKM, 4°C. 4000 r/min
BE010 min, B EJHER,  JF % B0 & Ul B 20 e
FiER T EE SR, SODIE /). GPxif /). CATH#E ). fi
OB (thiobarbituric acid, TBA) i LL K& T-AOC.,
134 HHIEERE 2

H 5% (radical scavenging ability, RSA) ff]
M5 ZESCHR[1011 777 . K25 mL 14 mmol/L ABTSI#
W5 ZE AR 2,45 mmol/L K,S,O04 IR &, BT T
JRi16 h, fHABTS5E 4 1 B ABTSFH E5 1 H i %
SSI. FRFEABTSFHES 7 Bt SN, FHAE734 nm
WK AL IR G 2H0.75040.020, H1.3.375 4 LR BUR
50 uL56 mL ABTSFHE 1 B i SR &, 30 ‘C/KRIB
JV6 minj5 7734 nmis K AN BE . PSR AR 25 5
FARREHLBERORAE N H, RSA# 5.

A,—4,
RSA/% = Y X100
0

b AT BABOCE: A ARG A6
135 HiE1bJERe Sy il

Z: M8 Apak 25 Vi) 75 vk 5 4 B IR SR AE /1 Ccupric
reducing antioxidant capacity, CUPRAC) , #50 uL 1.3.371
MG RO WO 2 S 84k 22 (1 mL 10 mmol/L
FAAAE . 1 mL 1 molV/L Z %%~ 1 mL 7.5 mmol/L
BV GEFRETr596% LBEEWD O H, =il
BT h, £E450 nmP ARG . FI, A AR
RV LR R IUE A S X, CUPRACLLHA
MR &1t
13.6  ERFEERNE
13.6.1 5155

SIS IR R, R T TREA R A A
Wit AR, LSS IRNATE NN S A,

#1 qPCR3|Y
Table1 Primers used for real-time polymerase chain reaction
S ElkZ2d
185 rRNA F: 5'-GTGGTGTTGAGGAAAGCGGACA-3'
R: 5'-TGATCACACGTTCCACCTCGTC-3’
SOD F: 5-GGCAGAGGTGGAAATGAAGAAAGT-3’
R: 5'-CAGGGAATGTTTACGGGGCAAT-3’
CAT F: 5-CGTGACCCTCGTGGCTTT-3’
R: 5-GACGCAGGCTCCAGAAGT-3'
GPx F: 5'-GCAGGAGCCAGGGAGTAATG-3’
R: 5'-ACACAGCCGTTCTTATCAATCAGG-3’
LOX F: 5'-GTCACCAACATTACCACAGCAT-3"

R: 5'-GTATCATAGCAGCCAGGACTCA-3'

¥: LOX BN &8 (lipoxygenase) .

1.3.6.2  HRNARFEES 5%

FRECZ1100 mgAE, ZHOCHR[12]4 77 5 TRNA
AIHREC. I ERNARIFE (Asep am/Aago nm ) BT R FE
S R 1.5 % B B B A AL VRS IIRNA R . %
RNAFE B 2500 ng/ul, M8 5 S8l 7 & i i B i
W AT I sk, 1415 B e DNAJA —20 "CIKFE N
RAF .

13.63  qPCRAMHT

DLcDNA KB, SYBRNZ P K, %MK
CFX96™ Real-Time PCR Detection System [ — 15
fF. PCR#A %&: 12.5 uL SYBR" Premix Ex Tag™ II.
1.0 pLEI#F. 1.0 uL5| %R, 2.0 pL cDNABERK . 8.5 puL
RNase Free dH,0. PCRIEJTN: TiAF1495 °C. 30s; A4
P95 °C. 55, IB-K60 C. 30s, &Eff72°C. 30s, 3t
35 AMEH; ZEH72 °C. 10 mine SEAH2 Ak H
BRI AR A .

1.4 HdEgitH 500

H 4 FHSPSS 20.0% A 1#E4T J7 22 43 M, 4HL1A] & 35 1
¥ 96 F Duncan’syk 2 B HL %, B08E T IME £ ArvE 2R
7~ FHExcel BAHEE

2 SRS

2.1 FAAbFEbRa e R
211 AFEEFE T8 R R IR R AR

2 RITE 52 Ja RGP v i 5 B SR AT 7 A — e AR 1
PR, XY RES R FE WIS, SR N LA
FI4EAL, JE R AR 22, T8 H B TB AR S WA 1) i 5
SRR RED Y e 2R 9 R R N TBAME = 2 B 3%
TR R (P<<0.001) , i%%16.10 U/mg, XE W4
| ) 3% 5 R 2 PRI IR A A AR B R P L i R 2
WITBAME (1.37 U/mg) K, X2 H TRz E&
W B KB M ENCE, MRS E £ 5 i E ey
TR, RetEIERRALINIE B, HRCHIERE A, A
T A A5 T ) 7% 2 P f g B SR A R R



XAERBEE E65o

il =

2019, Vol.40, No.17 33

212 ARBEFEIT AT R AR A AL B

1004
90
80
70
60
50
40+
30
20
10

HEHT R FE %

4 6 8101214161820222426283032343638
LR 53 5} ] /min
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Fig.1  Gas chromatography-mass spectrometric (GC-MS) profile of

lipid oxidation products in meat from forage plus concentrate-fed sheep

4 6 8101214161820222426283032343638
LR B I 7] /min

E2 BEBURFFERERRREATHHGC-MSE
Fig.2  GC-MS analysis of lipid oxidation products in meat from grazed sheep

L, 27 4, SRR 3026 FhHS AL, 4
BT, WK, EERAEREY . WA R R AL
AR BE. BE DL ARSI, A EEE H A
] PRy T e 2 AT D RO 7 A AR 1 R s i vy T 35 B
P IR L S, & SRR S AR,

FHER2 AT K0, A DU B 28 R A O, PR
B, FlE. ERECLMCOR RS, O & BRI T I
PR RN AE A DO 0 R O 8k, 2 V5 2K iR Ak IR S 1 &
e R OB TS AR A AL S, T
3 1) S T R 5 A U)o B O AR B SRR LA
F =AU R RS b, OB R R AR R TR i O
. SFREA LR & & TR T EEsE (P<0.05) ;
ANVFORE R, R T i IR 05 J8 R S R R (E)-2- 3 I i R
(EE)-24-F i W) & i B3 | o7 (P<<0.001,
P<<0.05) ; TEFSEFBE, FURETR IS JE R 2 A b oK S
& EREE T amETE (P<0.05) . %k, XIEH
FALTRE M LU K BRI = B O BRI, ¢
g, TR, HESAEFERTSER.

W25 AR 2 i IR A AL I =, Hoh - A -2
M KRR R R R 72 A, T 1 -7 445 - 3- T A i A4 4 5
TR ANAEE VU IR, HLOXMELF=, mF2mT, &
T ) 37 75 JE R 2 A -2 0 -3 - 10 2 1 I 3 v T B
F& (P<<0.05) , {H CEEEAI RS & 5o 25K T el il 77

(P<<0.01, P<<0.05) . PHFR=ERIHE &R E R
TR -2 05-3-1F, 2 N8R Ak 7= AR S A R A A
BT

#£2  FHERAXHBRERBIERELTN

Table2 Lipid oxidation products identified in meat from Sunit sheep
subjected to two feeding patterns

A8/ (10°AU/g)

M At i AR T
a3 CH,0 7.03+1.58 6.90+2.31
a3 CH,,0 468.87+£108.96  229.40479.34*
Bt CH,0 37.84£15.70 29214531
i CH,0 29.3746.66 18.86£6.60%
T CH,0 119.18433.60  73.70429.27%+

(B)-2-3F Il CH,.0 8.3242.40 33640954+
24-BE T IhE CH,0 0.51£0.13 0.85+0.37*

R K C,Hy0 1.67+0.34 1.5740.60

KR CHO 12.2246.06 23.19£8.14%*
(E)-Z4 ) C,H,0 2.95+0.49 2484093
(B)-1— I C,Hy0 2014035 2.0440.62
(EE)- 24+ W I C,,Hy,0 4624+1.04 3.2440.96*
I C,.Hx0 23540.53 1.74+0.46*
TAE C,H,,0 476+1.38 6.63+2.38

KB CH,,0 12.54£3.26 15.05£3.63

o CH,0 3.20£0.96 5154227

1= J6-3- CH,0 423641152 28.64+10.77*

) 2-23-1-EF CH,0 1504028 2474+0.43%%x
2 .

PR CH,0 2.9340.70 3.5041.34

Ea CH,0 8.07+1.91 7854151
RR-2- CH,0 6.00+1.24 423+1.44%
KR CH0 1.80+0.52 2.8740.98*

) 23-% 2/ CH,,0, 91.894287  32.36+8.09%**
L 4~ C,H,0 1.9340.66 1404034
Kok F= CysHyg 3424043 1.734£0.60%**

RwaYH CHy 2474094 —

W SEmmEAM, . #ZFEE (P<0.05) ; s ZFMEE
(P<0.01) 5 . ZREELEE (P<0.00D) . FA. —. £k
Fi A A W 2 e 07 B AT 3 — B, ARt g rp gt
frii 2 FhER RS, Hrh, TR FE R T2,3-
WA i e P L T U 3R (P<<0.001) o TEME
B RE R, e SR R O — AN e 2 R S AN T A
2,3-3 R, FRERSE R 3 B R R A Y
FeJ A G W 32 el s 0T IR o R R RS 2 A
PR IR LAY I R A SRR 2 R,
AR ZRER N e Hodr, BB FR R A R =k
K& EEES T&EAME (P<0.05) , 1+ SkENE
FA FR PR I B . A b, BRI SRR
fiX, ARMEFAEAI FE ).
i b, MEPUEMI EZE YN CRE . R, SERE.
-3 J5-3-BF LA J2 2,33 i o 1K Le ) J5 359 7E 5 1Al ) 97 = A
SRR, M R T R IR A I T AR
P LR

1
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Table3 Antioxidant properties in meat from Sunit sheep subjected to Table5 Antioxidant gene expression in meat from Sunit sheep
two feeding patterns subjected to two feeding patterns
LA ke R 3 P FibE

T-AOC/ (U/mg) 0.88+0.34 1.61£0.32%%* e R R

RSA/% 26.115+1.914 27.666+1.920 SOD 1.304+0.46 2.28+0.46%**
CUPRAC/ (mg/g) 1690.22+188.24 1973.19£290.34* CAT 0.66+0.22 1.26+0.39*
GPx 0.88+0.17 1.12+£0.21*

LOX 6.10£2.29 1.37£0.32%%*

A NAEEE —EBPUAEMNE], QISR S5 R
KR, HANERHELANE B, [EHLR R —F3)
AP, BRI, OB 7R 2R A R I T-AOC T &
EEFEE T &M (P<0.001) , XU BUHCE 3% A
MIPLA A BE J B . E B R ] 5] R B o A A B 20U
MRS AN 2 WAL PR 2H 23 v BT A Bt S A0 o 2L i B el R
it ISR EE /1P, RSAEFE T Rk B3
¥R (P>0.05) . CUPRACHE Bl A Hh i 104 it
(4 &, TR 3% 2 A T (I CUPRAC I 35 s 1 4 1 o 9
(P<<0.05) . Hfk b, JmFREE UL T T A A T
#, KR SWREEEENPEMBS AR, K
AU Y R DAL A A A5
23 PR FE T T8 R A AR )

F4  FREZEITRIERERNGUEARRTE T
Table4 Antioxidant enzymes activities in meat from Sunit sheep

subjected to two feeding patterns
ELA Al 37 TR 3
SOD#% /1/ (U/mg) 108.03 £ 13.68 132.4549.06***
CAT3 71/ (Ulmg) 3.74+1.88 7.214+3.87*
GPxif /1/ (U/mg) 60.87+24.24 80.19+13.42%

A AL S R 458 H LASOD. CATHIGPx A .
SOD & 8 — MNEUSEY, & ReIE B A BT 3t 4R
H,0,f10,, BfiJ5CATMGPxIERH,0,, Hi%Jife M A
HH AL R B RRE ™. BRAET A, B R
F W HISODIE 7 FE 3% i T il i 7% (P<<0.001)
CAT. GPxifi hiBEmT&mEzE (P<0.05) . CATH4k
224 I SODHEAL = 4 AT H, 0,20 i N H,OF10,;  GPx ] [
S M AN R R R R AR T . HLO K R,
CARAIR AR TR R G L TR 3 N Pl € K CIE = S /R
WEAETERESE, — I, X AR BN R R
BN T RKEMPUEAIE DR, XA 1A B A
RBER s B —J7H, BARAFRE RS, &
FEBREFFAIREER, XS T HUA AR
WA, BW AR, R s B A 5 P A AL
71, ERRASR E R A R 2 S 2
B, 1ZahaE/h, PR EEE 7155, M S 8L
AALETE 1B

ML NI IR BRI A LR SOD . CATRIGPx,
I I [R] ) 22 08 AT 30— 20 R W BT A Ak i A 9
MLOXE: K e A= LOXIG P, JF it A MDA & .
WMRSHR, EWNMEFRFLET, 4 FhEEEET B
WA RIL, TR SRR 3 R A R 2R
L EETEAESE, HhSODFRMFLERELE
T EmAEFE (P<0.001) ; CATRIGPxH:N )R IA R
SE ST &AM (P<0.05) . Pl thEgEEF 1 E£IA
B RE I T A AL B 1, 32D A KR B G AIE
TR SR R B RE B A R SR UF . Vahedi G5 Y
A AUESE T E NP P AEERER (SOD. GPx) &
R A0 BE IR R B AL BRI P R R B A 2
FELOXIEFH FREATIH, /=4 —SEm Ry,
TR 77 26 LOXFE R 3R 08 v J8 W 35 K T & 1) 1 9% 2
(P<<0.001) , X 15 B < 1 1) 372 2 A ol 28 LOX (1 i [A]
AEHIEER, AT T 1 % 2 R R R o SR A

3 & #

AT R E N TBAM & T2 mimaE, A
2P R TR T B R, X R W A T ] 9
PRI R o SR AR B L R . U R SR I T-AOC
CUPRACHISOD. CAT. GPxi& /1¥m T &z, X
W B R 5% 2 A PR RE D)L R R A
(ORR T A E— 25 0 M B Al i 2% 07 20 R 2R R I R
WEEAR L R KA &, BRI E IR E N LOXIE R %
REE T AR, MSOD. CATHIGPxREK ik & HIK
TR, A TR IRAIE T & ) 1 97 2 PO IR i AR Ak
FRPETE W EE, T SOOI 37 2 A BT AL e U

2% 30 -
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