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B E, AAGEBTAFLFTERELEZOH(MMP)2 .9 13 KRES o B ALIE4xF= 1
SR RAGARI AR R X A, R BUE RIR LR AT AR AR B XA B2 [ I3 R4 XAt i
H AR E (436£35) kg |52 K, FRANRE 9 A RA B (TMR) , 450 iX3 4 kAT 1 AR
WRER K ik, ) &k M E MMP2 .9 13 R E A B AR BALIE AR 4 R 145 d B 43R &
F LM T BFEREAE JRRERE RSB RIEAR, ERET . AF G MMP2 RES hFERA A H
A (ROS) . A =8 (MDA) 4% , 5Bt H pkid &AL 49 B ( GSH-Px ) | id &AL &5 (CAT) B ALY
B ALEE(SOD) (4 H Akt R B (GR) EHA LA N (T-AOC) M LB EH A X & (P>
0.05) ; FI2F foiF MMPO 3k B 5 75 ROS 4 R F fiA8% (r=-0.358,P=0.011) , 5 & i E 43
EAIARR R FAE X A (P>0.05); A fik MMP13 R E L5 ik ROS AR F A% (r=
-0.292,P=0.040) , 5 fo A AL BALIE AR LA B Z A X £ 2 (P>0.05) . A4 foiF MMP2 &
BE54 R KELREFH(r=0.352,P=0.012) F= LA fg B 42 (r=0.307,P=0.036) & £ 48
X AFEd MMPO R ESF AT BF fiAA%X(r=-0.430,P=0.002) ; A 4 & & MMP13 %
ES54NETmAhREEAMME(r=-0.281,P=0.048) ; B % fiF MMP2 .9 .13 K E 5 4 K 464 g
W 8 (SFA) | & R 4afe g By 82 (MUFA) | % 484 g B 82 (PUFA) .n-3 PUFA .n-6 PUFA 4 vA
% n-6/n-3 . PUFA/SFA .C18:2n6/C18:3n3 3 L 2 F A X % 2 (P>0.05), W T, A i
MMP2 K54 A K2 G IS5 2% E48% ik MMPO 13 % & 5 & 75 ROS &% A4 W3
MHBE AL, ik MMP2 9 13 R E TR A B A A pAric A T W4 B R IK e 45k
FHR A S AR R

KR, AF A RE B RO AR, Ae A AXL AR
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MMP F 3] 55 7] K A 70 5 R 3R K K F- | il L8k
K R oh 3 Wb oK, H R MMP #5848 K
R B R E ML AN 43 WK ST SR RGE , MMP () 43
WAANAN 52 55 5T 43 s 2 1 il 1) 2H 2L 1 57 ( tissue in-
hibitor of matrix metalloproteinases, TIMP) H & #5 ,
HAR ZZ BRSO A 5% i o7 M T R 7R
HerE R E KAEA R C XSy A ot i k3 vl RE 5
HXF MMP RSEMAT ™ DL SER - AR B 5E 4l
7R AR ILTE MMP2 (9 (13 ¥ B2 5 1LV Bt Ak 4
b B P i AR AR ) G 2R, SR it — 2Dl ik MMIP 3 45
PRI it 3t B Al

1 #MR5FZE
1.1 e zh ¥ K E AR

R e K Bt H £ T, s R
52 e fa BRI KLU PR E ARG A 2 s B IR A [ 78
IR A < AE A R R (436+35) kel ik
R A AT T R A AT
IR, G A R AR A H O ( TMR ) ] MR A5
2, AR AR 2 (05 00 F117:00) , A & B 4E
BRI, A iR IR, BE A A 4 M 5
AEILEE 1, A H R R R E T B S,
WX AR 4, M 3R 145 d S5 R B2 e
J& SEPERE B A i R AR

&1 EfiARAMRERKE(TORER)

Table 1 Composition and nutrient levels of the basal diet (DM basis) %

J CE e S o
Ingredients Content Nutrient levels” Content
B Rice straw 38.00 T4 5 DM 89.55
F 2k Corn meal 48.00 R H R CP 10.00
EtH Soybean meal 5.00 HLAET EE 2.98
SEAFHI Rapeseed meal 1.60 K4y Ash 6.14
FE4: 41 Peanut meal 1.00 T LR IR T 4 NDF 34.15
TS LT %Y DDGS 2.00 R M Ve U 7 4t ADF 23.95
iR &5 CaHPO, 0.40 5 Ca 0.58
/N34T NaHCO, 0.60 i P 0.32
B NaCl 0.40 & NaCl 0.40
iR A} Premix " 3.00

41T Total 100.00

1) BURE N T 5e iR #24t The premix provided the following per kg of the diet: VA 33 000~200 000 IU, VD, 3 000~
60 000 IU,VE=500 mg,Cu 80~ 750 mg,Fe 80~450 mg, Zn 800~2 500 mg,Mn 500~2 500 mg,Co 5~35 mg,Se 5~25 mg,
2) E KW A EA(E . Nutrient levels were calculated values.

1.2 HARRERIERNE
1.2.1  IfiLi MMP2 9 13 ¥ J bt & AL 38 br 0
e

RIS 25 HROAT 1 K, 76 R i A B 25 SR i 48 R
AL AR, BRI 7E 4 TR TR DAL
H1Lk 3 200 r/min BF% B2 .0 15 min, 538 H 0 00
T MMP2 .9 13 ¥ B K $1 A AL $8 Fr 59 0 22
réa b TE bn AL 45 BT AL RE ) (T-AOC) |, i TR 4
H 3 (ROS) (N % (MDA) & & UL S A Ak
7L (SOD) (it A fb AU (CAT) At H K 4
LY ( GSH-Px) F1 4 B H KA IR (GR) 6 P
MMP2 9 13 ¥ & K IR 1 A A 38 A5 i 00 5 Ty 1%

BRI e %, #E b Bt AR e A W B R B 9 T
B 5E
1.2.2  J& SEPERE AR A PR IR 5 B 14 0
RN G, T A4 2= 12 h 5B, i
ST S I TG R R R, AR U S IS ORD AR 1R
FITE LR EER, B 24 h 54T IR 5
W R A PR AR FE A, AR A 12 Wl K R B
JEERE (PR 55 12~ 13 BB 2z fa) Ay R L
R KRB A6 SO0 43 B 05T TR e (R IR 2 0 R v
&) IE TS % Geng %510
1.2.3 P B AR A
AR HEAT 24 h HERR IS, BUTS S K WL B (P
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) FHF P T FE A i, HLA 2 F8 A L 15
PRFE bR pH K 1K ZE R L KA AL 80T
G I DANSA SRR O A E =L 7 R G - A = D 94
JULPN il 5 55 2 5 B fo R 2H % . 0 G I R ( SFA) |
AN F0 g 15 R ( MUFA) | £ 7R {3 F1 G 5 2
(PUFA) .n-3 PUFA .n-6 PUFA 6] }2 5 5% |- d %
() & W BR e {H ( n-6/n-3, PUFA/SFA , C18: 2n6/
C18:3n3) ., H, pH >k H pH W 5E 1% ( Eutech In-
struments , pH Spear, & [ ) I % , i 7K 41 2K | 7% 74 i
& KA LS4 57 U1 100 % J7 2% Geng
AEDOT A A R BOR 8 22 X ( Minolta, CR400/
410, HA) MxE . /K43 38 5 A UL B s & 2 0
S AOAC(2000) brifE ik, JIg D7 R 4 Wi R H
SAR GRS E ARSI Geng %',
1.3 HIERIES SR

fdi FH SPSS 18.0 4 X £ 40 28 47 4 11 4 3

K AR AT ( B2 IR AR S A, AU ), P<0.05 1E
SRy S 2R S B I bR v

2 H#R595W
2.1 W& MmiEMMP2 9. 13 REENBRAMNLE
FREIHE X H7

P4 L7 MMP2 .9 13 He B i S8 43 3N
180.61 ,187.41 64.74 pg/mL (£ 2) , Ho 5 i 4t
AR PR A S 2 BT WL 36 3, 1L MMP2 W ¥ 5
Ifil #F ROS .MDA & &, GSH-Px ,CAT .SOD .GR %
PE M T-AOC ¥ J0 it Z AH K &R (P>0.05) 5 1L 7
MMPO i [ 5 Ifil & ROS & & W F M K (r=
-0.358,P=0.011) , 5 IfiL 3% H A bt & 1L 18 45 TC
FEHLKFR(P>0.05) ; Il 7F MMP13 ¥ & 5 1fil i
ROS & B E MM (r=-0.292,P=0.040) , 51l
T H AT E AL TS b5 T A R (P>0.05)

£2 AEME MMP2.9.13 iR E R EIERA

Table 2 Data description of serum MMP2, 9 and 13 concentrations of beef cattle

pg/mL

Wil BRI A Data description

Items SEY{E Mean PrUEZE SD % K Maximum #%/ME Minimum
I [ 45 ) B A 2 MMP2 180.61 70.23 302.88 72.39
4R E AR 9 MMP9 187.41 68.08 273.36 69.35
R4 R E A 13 MMP13 64.74 23.29 105.34 29.98

®3 AFMERESELERHBE#HERESNE MMP2,9.13 RERHEX

Table 3 Data description of serum antioxidant indexes of beef cattle and correlation analysis between

them and serum MMP2, 9 and 13 concentrations

AR HiiE Data description

A% Z B0 Correlation coefficient (r)

W H

T GREE RAH ML e ERER R
ftems Mean SD Maximum Minimum ﬁi\/iﬁiz %\/iﬁig ﬁi\/{?/jl;s
W A 3t ROS/ (98 E5RE/mL) 160.35 35.53  251.96 113.41 -0.069 -0.358"  -0.292"
B WeH Bt E ALY lE GSH-Px/(U/mL)  1172.85 320.63 1 666.16 582.25 -0.170  -0.052 -0.064
iJE L E# CAT/(U/mL) 65.67 13.50 85.67 36.97 -0.188 0.041 -0.159
HE LY Ll SOD/(U/mL) 84.86 3240  137.74 40.81 0.067 —0.145 -0.183
A BeH KA R B GR/(U/mL) 211  0.65 3.54 1.24 0.019  -0.092 -0.239
MPrELEES T-AOC/(U/mL) 8.19  1.52 13.11 4.80 0.018  -0.179 -0.078
N % MDA/ (nmol/mL) 3.80  1.05 6.17 2.10 0.118 0.164 -0.008

% B FHM I (P<0.05) , FEF,

* . significant correlation ( P<0.05). The same as below.
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22 HHEMFZ MMP2. 9. 13 RESEEMEEM
B A 14 AR 8 AR B9 4 5 4 4

PRI 2 J S P B R A P PR i s B i i ok S L
5 IfiiE MMP2 9 13 ¥k BE B9 AH G 70 A DL 3% 4, i
1§ MMP2 9 13 R FE 5 J& 52 P e de n (52 J IS o
AR E BRI R FEH KKK (P>0.05),

M3 MMP2 & 5 5 K H 7 48 20 0F 43 i 35 1E M 58
(r=0.352,P=0.012) , 5 €0 5§ 52§ i &, 4R A
# OB IRMUERR P RSO0 BT R B A Y
Al JR 4 P PR A8 7 TG B A DG 56 R (P>0.05) 5 1L
5 MMPO 13 ¥ 55 1k i R M BB 48 br 3 JC 1B 3%
KK R (P>0.05)

®4 AFBFHRMREERIEROEEREEES ME MMP2,9.13 REEX ST

Table 4 Data description of slaughter performance and carcass trait indexes of beef cattle and correlation analysis between

them and serum MMP2, 9 and 13 concentrations

B AEH A Data description

5 2B Correlation coefficient (r)

i H

Mean SD Maximum Minimum
MMP2 MMP9 MMP13

J& sEVEREFEFR Slaughter performance indexes

SEHITG B Body weight before slaughter/kg  624.69  58.67 752.00 505.00 0.133 —-0.024 0.111
PR T Hot carcass weight/kg 332.42 34.29  257.40 414.40 0.159 -0.027 0.091
J& £ Dressing percentage/ % 53.17 1.48 56.50 50.20 0.123 -0.035 -0.041
JAARMHIRFEFR Carcass trait indexes

AR LT AL LM area/cm’ 124.09 20.84  188.70 81.72  -0.011 -0.084 -0.059
KA FELCIES> Marbling score 7.86  2.44 15.00 4.50 0.352° 0.174 0.153
¥ 5L Rib fat thickness/cm 1.99  0.56 3.20 0.80  -0.217 -0.106 -0.138
IR & Ribeye weight/kg 7.83  0.85 10.38 5.96 0.113 0.072 0.049
4 MIE Tenderloin weight/kg 4.39  0.50 5.31 3.09 0.212 0.046 0.115
P44 Striploin weight/kg 11.18  1.31 14.44 7.79 0.126 -0.046 -0.036

2.3 A4MmiE MMP2.9 13 iRES5RSEIERL
LEPSR T

2 TR P B AL 2 4 b 0 BC0E 1 R 5 i v
MMP2 9 13 ¥ FE A OCAr B UL 3% 5. 1L MMP2
WP 5 4= R LN B 7 7 i 3 IEAH 56 (r=0.307,
P=0.036) , 5EE K & & pH /KK ZE&
PR B R AR LN & A
PN A HC At 2 TR 9 B AL 2 38 B TG B 2 A5G O6 &R
(P>0.05) ; IfiL 375 MMPO ¥ £ 5 4= A 55 1) 11 18 3%
I (r=-0.430,P=0.002) , 5 HAh 24 P 3Rk
SRR OB E M LK R (P>0.05) 5 ML MMP13
WESFREGY R EFERMLE(r=-0.281,P=
0.048) , 5 Ho At 24 A 9 R4k 24 48 A TG . 3 40 6
XZA(P>0.05) .

A IR g 17 12 2 B S 57 b o B R D TR L (B
BB R K 5 1 T MMP2 9 (13 He B RS AH G
ST 6, IfiLiE MMP2 9 13 ¥ i 54~ A SFA |
MUFA PUFA .n-3 PUFA .n-6 PUFA L DL} 5 55
B O IR Wi BR [L {5 n-6/n-3, PUFA/SFA |

C18 :2n6/C18:3n3 ¥ JC i FE KK R (P>0.05)

3 3 i

ROS JEHLMAIE & A 0 7= 4 2 — , ML AT LA
W A5 A R B E ALY TS B ROS, H & 4 4L
RPTEALRE A B w2 5 ke A AR N 3, AT 5
F ROS AN, E R0 MMP 36 HE 0, AR
5T & B0, A4 0% MMIPO (13 ¥k B 5 1 3% ROS
TR E ML, XS R WGE SIS A, UL
ROS A LASZ 0 MMPO (13 135 1 .

MU Y ) MMP 7] DA 3 JUL A A e i 26 1
A, T 4 g A 2R e A R LA BEORE B
0 AR A EIAMAYT AT g4 E E fgE
A ZC AT LURA B A A IR T nT g
X ROS BB, #E i £ 3 MMPO (13 MG PEA &,
P S 39 1T LA A3 2 A A R S R A ek
6 0] BB 2 A i P A AL BE 1R T MMIP & 48
ST
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&5 4AwBERMALFERHEERRRESNE MMP2,9.13 iRERHHEX S
Table 5 Data description of physical and chemical indexes of beef and correlation analysis between them and

serum MMP2, 9 and 13 concentrations

R i Data description FH& R4 Correlation coefficient ()
s TR A RME o B
Mean SD Maximum Minimum N e
MMP2 MMP9 MMP13
K435 B Moisture content/ % 73.94  2.20 81.70 65.59 0.047 0.179 0.197
pH 594  0.07 6.14 5.82 0.111 0.009 0.258
/K4 Drip loss/% 3.66  1.61 8.69 0.95 -0.038  -0.113  —0.009
ZE I Cooking loss/ % 37.64  3.36 43.40 28.40 0.074  -0.032  -0.022
554 71 Shear force/N 99.42 31.99  185.70 52.40 -0.004  -0.430° -0.281"
A {4, Meat color
=ELT 31.60  5.33 44.00 21.83 0.008 0.158  -0.059
FANL A 17.65  4.16 30.33 9.83 -0.114  -0.057  -0.143
W b” 3.92  1.58 7.00 1.75 -0.063  -0.195 0.005
FE M i & & Protein content/ %DM 79.59  4.48 89.59 70.02 -0.169 -0.139 -0.168
WL RE 5 & & Intramuscular fat content/ %DM 12.62 4.67 23.70 7.01 0.307" 0.147 0.170

xo6 FAHEMRAMKEEF LEEZMEMHRILENSEHRERESMNE MMP2,9.13 IREEX S
Table 6 Data description of fatty acid composition and nutritionally important fatty acid ratios of beef and correlation analysis

between them and serum MMP2, 9 and 13 concentrations

iR Data description FHE 2B Correlation coefficient (1)
15 H R4
lems T GREE R RME e SRER R

HEAM2 EABEO  EHAM I3

Mean SD Maximum Minimum
MMP2 MMP9 MMP13

Ne Wi R A B ( o5 B IR R 1Y LL 451 ) Fatty acid composition ( expressed as a proportion of total fatty acid) /%

M FBRF R SFA 50.04  3.64 59.57 37.60 -0.055 0.168 0.026
FURI AR IR MUFA 40.18  4.06 48.40 30.26 0.048  -0.188 -0.070
Z A AR iR PUFA 9.02  2.00 12.39 6.02 -0.139  -0.123 -0.066
n-3 Z A FIAEIIIER n-3 PUFA 2.01  0.42 3.05 1.29 -0.163  -0.105 -0.139
n-6 Z A EFIAENIHR n-6 PUFA 7.01  1.74 9.42 4.21 -0.121  -0.116 -0.042
BIE FEERNSNTEZ L {H Nutritionally important fatty acid ratios

n-6/n-3 3.49  0.89 6.46 2.17 0.015 -0.044 0.040
Z RIS BT/ M AR 7R PUFA/SFA 0.18  0.05 0.29 0.11 -0.145 -0.193 -0.093
C18:2n6/C18:3n3 3.43  0.89 6.46 2.17 -0.027 -0.093 -0.009

— G LVRAR bR AT AR R A b ic o, BEAT AR . RS AR R L, A LT MMP2 iR 5 4R
PR BT BT AR AF MR S A e ) ikt e PRI AR ST 43 B UL PN i 0 3 ek 3 DA O
A S Y B AR A — A E B k., MMP Iy MMPO 13 ¥} S5 2R BT U 3 Uk OE i
xe'ﬁzJJ%l"]uu WU R RE N, A2 2 . SRIUTILEE MMP2 .9 (13 R AE 8 — BB 19 2R By bs i

RESE A, S5 I LA P 45 4 A GUR B AR BENLIY T P 2 DA TSR SR % 9 22 sl A i Jot
Haﬂﬁmi\#mﬁﬁﬁ\%ﬁﬁ%,ﬁéﬁiﬁ—ﬁl‘%ﬁﬂ’ﬂﬁz LR
Yrbric Uy T 5 & P I R bR A 388 A 4 R P it I FRHEEE S5O Qi A AL R IR KPR
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MMP W3Rk K WA AR 22 7, 10 5 st
& BV MR BTN R A K Xl g T3
g2 R R B,

P FAEREE AN (A0 R A SRR A
E)MMP 5 R 4 A YRR O &R B9 B8Rk, i ) R
SEN B AT, DR A BE, R R B 5k 7E
R &R AN E A2 A9 MMP Rz H 10 i 57 TIMP
54 PR B A SIS, T B B M 38 A £ R
ARV MMP FEHA Z 55 RN ER, I
HE—2 I 5 5 B B R S

4 &

25 BRI MMIP2 9k 5 4 ) ok B
ALV B35 IEAHSE, I MMPO (13 & 5 5 1L
5 ROS & & J 4 R BY V) Jy b 35 17 A0 OC, I v
MMP2 9 13 ¥ & 0] s e i AW bnic W+
PRI A= PR PR P 3 A7 328 43 s PR i Jo % 8 SR G
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Correlation between Serum Matrix Metalloproteinases 2, 9 and 13
Concentrations and Serum Antioxidant Indexes,
Meat Quality of Beef Cattle

FENG Xin LUAN Jiaming LI Yueming ZHOU Jinying JIN Yinghai ZHANG Min
GENG Chunyin”
(College of Agriculture, Yanbian University, Yanji 133000, China)

Abstract; The purpose of this study was to reveal the correlation between serum concentration of matrix metal-
loproteinases (MMP) 2, 9 and 13 and serum antioxidant indexes capacity, meat quality of beef cattle. In the
experiment, fifty-two healthy crossbred bulls ( Simmental X Yanbian cattle) with similar body weight [ initial
body weight was (436+35) kg] were selected, and the cattle were fed the same total mixed ration (TMR).
On 1 day before the end of feeding experiment, blood of each cattle was sampled in the morning before feeding
to prepare serum for measuring MMP2, 9 and 13 concentrations and antioxidant indexes. After 145 days of
feeding, all cattle were slaughtered, and the indexes of slaughter performance, carcass traits and meat quality
were measured. The results showed that the serum MMP2 concentration of cattle had no significant correlation
with serum reactive oxide species ( ROS) and malondialdehyde ( MDA ) contents, glutathione peroxidase
(GSH-Px) , catalase (CAT), superoxide dismutase ( SOD) , glutathione reductase ( GR) activities and total
antioxidant capacity ( T-AOC) (P>0.05). Serum MMP9 concentration of cattle was significantly negatively
correlated with serum ROS content (r=-0.358, P=0.011) , but was not significantly correlated with other se-
rum antioxidant indexes ( P>0.05). Serum MMP13 concentration of cattle was significantly negatively correla-
ted with serum ROS content (r=-0.292, P=0.040) , but had no significant correlation with other serum an-
tioxidant indexes ( P>0.05). Serum MMP2 concentration of cattle was significantly positively correlated with
beef marble score (r=0.352, P=0.012) and intramuscular fat content ( r=0.307, P=0.036). Serum MMP9
concentration of cattle was significantly negatively correlated with beef shear force (r=-0.430, P=0.002).
Serum MMP13 concentration of cattle was negatively correlated with beef shear force (r=-0.281, P=0.048).
There was no significant correlation between MMP2, 9 and 13 concentrations and the proportions of saturated
fatty acids ( SFA), monounsaturated fatty acids (MUFA) , polyunsaturated fatty acids (PUFA), n-3 PUFA,
n-6 PUFA, and the n-6/n-3, PUFA/SFA, C18:2n6/C18:3n3 of beef ( P>0.05). These findings indicate that
the serum MMP2 concentration of beef cattle has significantly positively correlation with marbling score of
beef, and the serum MMP9 and 13 concentrations have significantly negatively correlation with serum ROS
content and beef shear force. The concentrations of serum MMP2, 9 and 13 may be potential biomarkers for
genetic selection of beef cattle or strategies of beef quality control. [ Chinese Journal of Animal Nutrition ,
2021, 33(4) :2347-2354]
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