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Abstract: The purpose of this study was to analyze the differences of production performance, meat
quality traits and serum biochemical indicators between Yushan black pigs and its two-way cross pigs,
and provide the reference for the hybrid utilization of Yushan black pig. In this study, the healthy
Yushan black pigs and its two-way cross pigs were used and divided into 4 groups which included
YY, DY, BY and SY with 3 replicates with 5 individuals per replicate. All of the experimental pigs
were uniformly castrated and fattened with same body weight, the feed nutritional level and feeding
management were consistent. When the pigs were raised until 250 days, each group selected 8
individuals (half castrated male and half castrated female) for slaughter, and serum was collected to
detect biochemical indicators. The results showed that: 1) The average daily gain (ADG) of DY at
the early fattening period was highest, the ADG of BY at the late fattening period was highest, the
ADG of BY at the entire fattening period was the highest, and ADG of the 3 hybrid groups at the
entire fattening period was significantly higher than that of YY group (P<C0.01). 2) The feed
conversion ratio (FCR) of YY at the early fattening period was significantly higher than that of DY
(P<<0.01) and BY (P<C0.05), and the FCR of YY at the late fattening period was significantly
higher than that of BY (P<C0.01), the FCR of YY at the entire fattening period was the highest and
BY was the lowest. 3) The ADG of BY at the late fattening period was higher than that at the early
fattening period (P<C0.05) , while the ADG of other 3 groups were not different between the early
fattening period and late fattening period (P>>0.05). 4) The FCR of the 4 groups at the late fattening
period were significantly higher than that at the early fattening period (P<C0.05). 5) The slaughter
performance of the 3 hybrid groups were significantly improved compared to the YY group. 6) The
correlation analysis results found that, there was a significant positive correlation (P<C0.05) between
most slaughter traits and between slaughter traits and fattening traits, but there was a significant
negative correlation (P<C0.05) between ADG at early fattening period and fat percentage (P<C
0.05). 7) The intramuscular fat content of YY was significantly higher than that of BY and SY (P<<
0.01), the marbling score of DY was significantly higher than that of BY (P<C0.05), the drip loss of
SY was significantly higher than that of YY and DY (P<C0.01) , the shear force of BY was
significantly higher than that of YY (P<C0.01) , and the cooked meat percentage of BY was
significantly higher than that of SY (P<C0.01). 8) There was no significant difference (P>>0.05) in
the level of serum immune indicators, CAT, T-AOC and blood lipid indicators between YY group
and 3 hybrid groups. However, the serum GSH-Px level of YY group was significantly lower than
that in SY group (P<C0.01), the serum MDA level was significantly higher than that in DY group
(P<<0.01), the serum SOD level was significantly higher than that in SY group (P<C0.05), and the
GLU level was significantly lower than that in BY (P<C0.05) and SY (P<C0.01) groups. In
summary, the important production indicators such as growth and development traits, FCR and
slaughter performance were significantly improved but the meat quality traits were decreased in these
3 hybrid groups compared to Yushan black pigs, while the immune and antioxidant ability were not
significantly changed. The study results showed that, the DY and BY two-way cross combination
were more suitable for the hybrid utilization of Yushan black pig.

Keywords: Yushan black pig; production performance; meat quality ; serum biochemical indicators

* Corresponding author: JI Huayuan, E-mail:jhy478731@163. com



122 w7 oW "

=

Eild 57 %

ke

R PR AR ORI B R R A B R
2024 4 [ B A AR 7 i ik 5 706 T I, 5 4 Bk
49.18% ;s X5 A H 2 3k 5 795 70, 5 4Bk 50. 58 %,
HAERE 2 S 4R, v [ 4 AT 9 8 i BE AR OR T
AR S, R EHR ARG — L
(L) o v 5 4% 2 AT B0 M R g, PR o A 55
R DUHL T R R BEAS  Sh R 98 TR B SR A AR I g

T 2% 22 2 ) v T M O % b B e IR e O X2
— ARG T AR A, H 02 SR
FEA R B AL 8 A A ORVE LU A5 7 T A AT 4B R Ty
PEARAT R AR T R, F R st AN T 2 28 4
E il A o T A IR A S 2 5 A R SR R RE VR KR
[ES AR DCi RN R (= A PR N AR B E S
S R HE Sl T8 BT R R A R S

orh g A AR

@ Y A B

ORI A A
BRI AT 2 i

B U R

N

12 000 4
10 000
8 000 1
2
N
zg 6000 %
+ , 7
PP % %
/ /?
2000 4 % éz
. .
0 é .

2020 2021 2022

A Year

[39]
S

23

[

024

E1 ESEREMEIRE R ESFEBBEREITE(BERER: EREITBMERRILER)

Fig. 1 The production and consumption of pork in China and worldwide in the past 5 years (Data from National Bureau of

Statistics and United States Department of Agriculture)
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Table 1 Comparison analysis results of the fattening performance between Yushan black pig and its hybrid pigs

EEEAY EIAE(n=3) #tE (n=3) B E (n=3) & (n=3) PH
Index YY (n=3) DY (nh=3) BY (n=3) SY (n=3) P-value
I H I kg 141.07+£7. 37" 190. 002, 14™ 183.80+2. 50™ 176.60+2. 53" 1.59¢-04
Weight gain of EFP

BRG] ADG/kg 1.9140. 10* 2.57+0.03" 2.48+0.03" 2.3940.03" 1. 59¢e-04
The ADG of EFP

BT AR R kg 408.10+0. 61* 471.6740. 18" 471.40£0. 42™ 470.2040.42"  1.56e-13
The feed consumption of EFP

BT FCR 2.91+0. 14™ 2.48+0.03" 2.5740. 04" 2.6640. 047" 0.0197
The FCR of EFP

BLJE W kg 222.93+3.99™ 259.67+5. 72" 316.13+4. 97 253.73+16.98"  8.37e-04
Weight gain of LFP

BFIEH ADG/kg 2.01+0. 04™ 2.34+0.05" 2.85+0. 04 2.294+0. 15" 8. 37e-04
The ADG of LFP

BN S WA R kg 1046.904£0.61° 1149.33£11.72"" 1189.93+£10.77* 1104.80+12.20% 4.69e-05
The feed consumption of LFP

HFILE W FCR 4.70+0.08™ 4.4340. 13" 3.7740.08™ 4.3940. 29 0.0237
The FCR of LFP

LI & kg 364.00+4.13% 449.6747.03" 499.9342. 79 430.33+15. 42"  3.48e-05
Weight gain of FP

BRI ADG/kg 1.9740. 02 2.4340. 04" 2.740.02 2.33+0.08"™ 3.48e-05
The ADG of FP

BN FE R kg 1455.00£0.00° 1621.00£11.59*" 1661.33+£10.67* 1575.00+12.58" 2.83e-06

The feed consumption of FP

HHEW FCR The FCR of FP 4.0040. 04"

3.61+0.08"

3.3240.03™ 3.67+0. 12" 0.0017

[FIFT R AR A ) /NG TR R0R 28 5 B 35 (P<C0. 05) , ANl KRB 7 B8 22 e 35 (P<<0. 01) , & A ) 7 B 7R 22 SN B 35 (P>

0.05); F[HE

Different lowercase letters on the shoulder in the same row indicate significant differences (P<C0.05) , different capital letters
indicate extremely significant differences (P<C0.01), the same letter indicates no significant difference (P>>0.05) ; the same as

below

AW FE R S AT T A — 3K 5 41 O A I AN A
JEWIADG MIFCRI 225 . 45 R&EM (K 2) ,BY &
JEJE 1 ADG & 3% & T & IEF 1 ADG (P<<0.05) ,
YY.DY A SY & AE i A AL 5 I ADG G i 2
25 (P>0.05), YY.DY #IBY & MJ5 # FCR #%
ST H R FCR(P<<0.01),SY & M5 )
FCR W # & TH R FCR(P<<0.05), 4/ FCR
SR E A E IR AR R oo R, 5 F AT
WML, FEEMHEmMERENIREFEE LY
Tkt
2.2 BAEMERSTER

T Ll PRAE B I 34 T A 58 AL A A 0 IR AR 1 AR

Gt oM R 2 s o IRl bR B i
JEE Acb 5 R JEE R A A X 2 AN AR A, HE A BT AT 4R B
TER 50 4 2Z [ A7 7E i 35 22 =% (P<<0.05) . BRI
KARITES AYY AR, SY kK. 314
TIOCH S AN AT E AR E RS R
B BRI AR UL TR ARk LA B AR AR AR
FE T AR E B (P<<0.01), % ] 4= 58 ¥ RE 42
e R Ll R AR PR
2.3 BIEHADGEEFHERWBEXESINER
R TR E G AR AR LGB B K S
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Fig.2 The difference of the ADG (A) and FCR (B) between EFP and LFP in the same group
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Table 2 Comparison analysis results of the carcass traits between Yushan black pig and its hybrid pigs
EiEg7n E i B (n=8) k£ (n=8) B E (n=38) 1% (n=8) PA
Index YY (n=38) DY (n=38) BY (n=38) SY (n=8) P-value
SETTIE L /kg Live weight 97.754+1.85"™ 111.3543.45%  120.004+3.72%  112.054+2.81*  2.13e-04
Hiil 1A B /kg Carcass weight 72.604+1. 71" 85.0542.53* 91.31+3. 04" 85.2142. 45 1.17e-04
J& 5%/ % Dressing percentage 74.2340. 49" 76.40+0. 33" 76.07+£0.50""  76.01+0. 66" 0.022 2
J% ® /kg Skin weight 4.5340. 23" 3.3540. 21" 4.0840. 314 4.2840. 194 0.0117
g g
J2 2%/ % Skin rate 13.86+0. 69* 8.59+0. 59" 9.6040. 525 10. 63+£0. 60" 7.37e-06
H # /kg Bone weight 2.5740.09™ 3.3140. 13 3.0040. 1978 3.24+0. 17 0.007 9
H# /% Bone rate 7.8740. 2478 8.4640. 34" 7.0640. 27" 8.014+0. 382 0.0299
B A T /kg Fat weight 14.14-+0. 40" 14.2240. 87" 18.07+£0. 60* 16. 2640. 90" 0.0015
BN/ % Fat rate 43.2241. 05 36.1241. 54" 42.95+1. 58 39.9841. 4078 0.004 1
4 A 5 /kg Lean meat weight 11.49-+0. 42" 18.34+0. 53 17.09+0. 83 16. 75+£0. 54* 3.57e-08
P %/ % Lean meat rate 35.0540.73% 46.8340. 75" 40.3941.23" 41.3840.74™ 8.01e-09
JG R TE /kg Hind leg weight 8.55+0. 25" 11.3340. 34* 12.03£0. 34™ 11.46+0. 31" 5. 35e-08
Jii TR o R R L/ % 23.634+0.65™ 26.4840.31* 26.45+0. 55 27.0540. 53 3.3le-04
Proportion of hind leg to carcass
JA B dmc JEE AL 5 ISR/ mm 62.12+2.51* 59.16+2. 02 64.3442.88"  59.60+2. 43" 0.4330
Backfat thickness at the thickest
part of the shoulder
B W B Ak I /mm 41.71+£2. 14" 42. 3442, 827 53.9743. 98" 37.4943.00™ 0.004 8
Backfat thickness at the last rib
27 45 A A R /mm 32.284+1.70" 34,7041, 84" 42.4043. 25 30.33+£2.71% 0.009 4
Backfat thickness at the waist joint
R /mm 45.3741. 64" 45 40+2.05""  53.5743.13"  42.47+1.95" 0.0110
Average backfat thickness
J%J& /mm Skin thickness 5.7040. 56™ 3.5340.33% 4.26+0. 3320 4.14+0. 414 0.008 3
i {4 /cm Carcass length 74.36+1. 33" 76.75+1.15™ 76.94-41.82%  77.3840.89* 0.3990
B % Rib number 14.00=0. 00 15. 00 0. 00* 15.00=£0. 00™ 14.38+0. 18" 9.49e-09
MR WL AR /cm® Loin eye area 19.9640. 89 38.07+1. 28" 28.12+2. 21" 30.2841. 43" 7.62e-08
3k # /kg Head weight 6.5340.22% 6.8540. 238 7.43£0. 24 7.15£0. 18 0.0416
B M h E /kg Total leaf fat weight 4.14+0. 25 3.7640. 27 4.7740. 25 3.54=+0. 37 0.0410
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Fig. 4 The correlation results between late fattening period ADG and production traits
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0.01), 17 55 A8 A 2 A i 2 1A 56 (P<<0. 05) , i &
IS T 300 DAL PR B 38 K SRy = i I D R R /N T L
W. BIEE W ADG 5 5260 1% 51 K ik b
TEAH G (P<<0.01) , 5 H 4y 4/ PEAR T W 35 A1 OGPk
(P>0.05).
2.4 BEBRMRSWER
WS HT T LR R 3 A e e g A
FoUME CE U E L EDE R A X 6 LA

®3 FLBREREZTHERILBESTER

HNES ERMEINR, NEPITEH,YY
L EFTE TR E /N T DY M1 SY(P<<0.01) 3
NF BY (P<0.05) , JIFJIE T i 3 /0 T 34~ 24 52 44
A (P<<0.01), PAE E AR &3 /N F DY (P<<0.01) , ili
& WD T SY(P<<0.01) . i 3 /N T DY (P<
0.05) o DY f9 B IE 3 A% 2 2 K F H A 3441 (P<
0.01),SY My fili & & 2% KT BY(P<<0.05) , 4 M4 &
AT E NS E TR E 27 (P>0.05),

Table 3 Comparison analysis results of the organs between Yushan black pig and its hybrid pigs

eI an F LR (n=28) FE (n=38) [ (n=8) 1 £ (n=8) P

Index YY (n=8) DY (n=38) BY (n=8) SY (n=8) P-value
LI /kg Heart weight 0.24+0.01 0.35+0.02" 0.2940. 01" 0. 314=0. 0278 3. 25e-05
H i /kg Stomach weight 0.5340.03" 0.63+0.03" 0.60+0. 02" 0.64-+0.02" 0.009 3
JFNETE /kg Liver weight 1.0140.03"™ 1.2440. 09" 1.2340. 05" 1.2840. 047 0.009 7
JELNE T /kg Spleen weight 0.140. 00® 0.1940.01% 0.1540. 01" 0.1440. 01 4.02e-04
"B IE 5 /kg Kidney weight 0.25-+0.01" 0.27+0.01" 0.27+0.01™ 0.27-+0.01" 0.9630
i # /kg Lung weight 1.38+0.11% 1.7440. 088" 1.5540. 118 1.8740. 10M 0.009 4

2.5 MRAEMEREHESERNEXESNER

Sk T AR WA [ A R 22 ) DA R i A P R
JUE 5 TR =2 (B ) 26 JR L AR SR A T A R A A
(n=232) 43 #r T J {4 1 K R A 2% 4 R i Pearson A
Ko B RN 5 TR o A3 HT 2 AR B A () A 4 1
AR Ko M 2 R =z ) A o 2 B 2 OF AH O (P<<0..05) ,
H — 26 PR R 22 ) i AH OGP R B (R) KT 0.8
(R 4), ik E 55000 &1 R=0.986(P=0),
J B H 598 A9 R=0. 914(P=2. 60e-13) L } J&
P 5 AR UL LAY R=0. 845(P=1.21e-09) . It
Ah I8 A 598 PR 1) R=—0. 810(P=2. 02¢-08) ,
Atk 3 B RE OG5 K 238 5 R A MR A 3 9 A
K (P<<0.05) JE P2 AE R4l 5 2 A PR i 3
FA K (P<<0.05)
2.6 ARMKSTER

T Ll R B H 34 I AR s A A B PR R R
Gt T R R S PR . IR AT A, 44K 4
M) R PE 53 40 3~4 43 J@ IEH# R A, Hoh SY 411
WO . YY#HPWa(LE)VEEER TBY 4
(P<C0.05),YY 4 A DY 414 b (5 5 ) (M W&
FBY H(P<0.01), 4 REHMLCZE)ELE
FER(P>0.05). 44X 56 41/ pH, Al pH., ¥
W EZ R (P>0.05) . KA SFE5 F AL IR B 5

AR LW BY 4UA 1 WL g I AT HA
UL, Y'Y L WLP i % o e e o T KRR A B
REW,SY 4 Ay 7K 451K e, DY 21 197 K 45 R
AR WU AR W5 & 5 e 19 Y'Y 21 =57 90 ) /)
i L B 7 B AR A BY 1 L85 ) i |k, BY
BB R B Em T SYH(P<0.01), B&E®H T
YY MDY 4 (P<<0.05).

2.7 MFREMRELERSTER

J T oy AN ) 22 28 41 A 6 R 1L BB i R BT
AALRE J1 R sE AR SE A AT T A A 2 I v A
JEMPLATEAR (K 6) o PSR IR BT 25 R R,
DY 41 Ay I i TgA W B 8 & Ik F BY Ml SY (P<<
0.01) . Il 7 1gG ¥ B & % 1K T BY M SY (P<<
0.05);YY 5 312458 41 11 1gA . 1gG Fil IgM ¥4 ¢ ik
FEF(P>0.05),

P AT AR o T 45 R W], SY (W 1% GSH-Px
WEREFES T YY MDY (P<0.01),5BY i
F2F(P>0.05), YY W iE MDA W) 5% =
F DY (P<0.01), 5 BY f1 SY & & & 2 F (P>
0.05) . YY Y IfiL i SOD ¥ & I % /5 T SY (P<<
0.05), 5 DY MBY L& 25 (P>0.05) . 444
ABIIE CAT M T-AOCHEETL 22 7(P>0. 05),
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In this figure, the red represents a significant positive correlation, and the blue represents a significant negative correlation (P<<
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Fig. 5 The correlation analysis results of the carcass and organ traits between Yushan black pig and its hybrid pigs
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WR(RT) . R LW SY MM GLU M i, YY 6 A5 22 0 & mi se iy — A 7 5l A, B (R
M GLUMBE R, SYAM TCHEM B FEM/T K MEHE AR REGERS, Bai kT
DY I BY (P<<0.01) , 5 YY 41 & & # 2 7 (P> PLI R R BAEAE R ACAS 5 B R AR AT 2 A8
0.05) . 4R 4 TC.LDL-C il HDL-C ¥ J&# TR 6 1Y W 9 4 A AR B D A ISR 2 SR BT S I R

Tl FE 2R (P>0.05) ERERUEH, Jeac ot KREBEEME™ MRS % . B an 8 E A 7
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R4 AEMERSAESS IR Pearson 18X 1 R & 3T EIRI>0. 8 B P<0. 05 & R &1t R

Table 4 The statistic table of the Pearson correlation coefficient absolute value IRI>0. 8 and P<0. 05 between carcass and

organ traits

815 1 & H5 2 LEPSEES P{H
Index 1 Index 2 Correlation coefficient P-value
il 1A B Carcass weight SEATIE T Live weight 0.986 0
flil & i Carcass weight Ji B Hind leg weight 0. 880 3. 35e-11
Jlf 4 & Carcass weight 8 A 7 Lean meat weight 0.805 2.80e-08
J5 B & Hind leg weight J8 A Lean meat weight 0.914 2.60e-13
Jii i 8 Hind leg weight SEWTTE & Live weight 0. 850 7.73e-10
J 2 Skin rate J H Skin weight 0.815 1. 34e-08
- R Average backfat thickness I i T B AL )R 0.949 0
Backfat thickness at the last rib
AR Average backfat thickness HH AT IR 0.896 4.09e-12
Backfat thickness at the waist joint

8 A R Lean meat rate HR LT A Loin eye area 0.847 1. 03e-09
¥4 A % Lean meat rate 8 A 7 Lean meat weight 0.831 4. 06e-09
8 W Lean meat weight AR AL X Loin eye area 0.845 1.21e-09
% A T 1ean meat weight L E Heart weight 0.802 3.43e-08
W A 35 B A 0.843 1. 38e-09
Backfat thickness at the waist joint Backfat thickness at the last rib

AR A %R Fat rate J8 A 2R Lean meat rate —0.810 2.02e-08
xRS FUEBEEREEXHEARERIEROSFTER
Table 5 Comparison analysis results of the meat quality traits between Yushan black pig and its hybrid pigs

LD LB (n=28) #t % (n=38) B % (n=8) 11 £ (n=38) P
Index YY (n=28) DY (n=8) BY (n=8) SY (n=38) P-value
A 6,343 Meat color score 3.1940. 03 3.1340.03" 3.3840.06%" 3.5640.07* 0.1753
L 43.794+0. 25 43.9540. 21 42.4+0. 25™ 42.2340. 38 0.290 8
a 2.4240. 21" 1.4940. 15 0.8740. 04" 1.8340. 19 0.140 5
b 9.7440.07™ 9.7940. 13 8.54+0.09"" 8.94+0. 1328 0.0157
pH, 6.6440.02" 6.54+0.02" 6.37+0.04™ 6.55+0. 04" 0.292 3
pHa, 5.9140. 04 5.7840. 02 5.9740. 05 6.0440. 04 0.402 3
KHELA B4 Marbling score 2.2540.13% 2.7540. 10 1.9440. 05" 2.0640. 06" 0.1399
JOLPA B 5 ek / % 4.4040.64™  3.8340.68""  2.33+0.33"  2.34+0.37" 0.017 1
Intramuscular fat content

WK 12 /% Drip loss 1.11£0.06™  0.86-20.04%  1.60-0.06™%  1.8940.10™  0.0039
35Y] J3 /N Shear force 48.21+2. 87" 72.55+4.83"  98.29+12.72"  81.3846.41*" 8. 25e-04
AR/ % Cooked meat percentage  68. 680, 44*™  69.0940. 28"™ 73.0940. 63 67.84+0. 41" 0.036 2

%%ﬂ%ﬂSA*mﬁhﬁikkﬁwgﬁmmﬂ
JIE B Bt 45 3 5 41 /9 ADG il
I@KﬁﬁT%ﬁim%%ﬁKH TCRZH G
SELTT LR A ) L SR R A
% a1 %k 4 IR 2 E
M A

g, i o A A

A KA IZ AR
KA Rt =
S A

JOPHT T AR L R S o

1118

M AR FE 25 AR 1022 5%, T A6 T A S0 A
32 AR 22 7 R B 306
LA A

L an DA 3% 5E AR

&5 S AR B A 3R I B 2 s T

TE ML T KEE(P<0.01); LB T ERE N
1&AﬂAFRM¥ﬁ §
KB (P<<0.05) 5 AL F K BIE/E A, H 2~

3 T AR AL
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Table 6 Comparison analysis results of the serum immune and antioxidant indicators between Yushan black pig and its

hybrid pigs

EEEAY E LB (n=8) #t:E (n=8) [ (n=8) 1L T (n=8) P-H

Index YY (n=38) DY (n=38) BY (n=38) SY (n=38) P-value
IgA/(pg-mL ") 33.3041. 162 29.50+0. 62" 36. 664249 36.26+1. 72 0.016 7
IgG/(pg-mL ") 309. 18+ 7. 45 276.18+£9. 47" 332.61+£12. 74 336.28+27. 56™ 0.054 1
IgM/(pg-mL™) 38.03+1.01™ 35.31+2.03™ 38.97+1.79™ 39.36+2. 84 0.496 9
CAT/(U-mL™") 12.07£2. 05 11.0742. 22" 8.9041. 54™ 11.484+1.93* 0.6834
GSH-Px/(U-mL ") 3360.334132. 19"  2996.694269.91° 3 870.25+158. 68" 4 166.534+188.30* 9.93e-04
MDA/(nmol-mL™") 5.4740. 80" 2.56+0.46™ 4.7940. 67 4.70+0. 86" 0.042 5
SOD/(U-mL™") 50. 084 3. 32 40.17+2.86™" 43.9941. 92 37.9044. 94* 0.088 7
T-AOC/(mmol-L ") 0.3540. 02 0.3140.03" 0.3340. 02 0.2940. 04 0.3414

®7 FLUEBRREXZHEMBEMMAERRIEESTER

Table 7 Comparison analysis results of the serum glucose and serum lipids indicators between Yushan black pig and its

hybrid pigs

L E IR (n=38) F:E (n=8) B (n=8) 11 & (n=8) PH

Index YY (n=8) DY (n=38) BY (n=8) SY (n=38) P-value
GLU/(mmol-L") 5.1740.51% 6.24+0.36™* 6.96+0. 58" 8.2340.51™ 0.001 4
TG/(mmol-L ") 0.94+0. 07 1.08£0. 05* 1.08+0. 07 0.79-+0.06™ 0.006 0
TC/(mmol-L ") 2.6040. 14 2.5240. 14™ 2.6540. 15 2.5140. 16 0.893 2
LDL-C/(mmol L) 2.78+0.18™ 2.6240.16* 2.9140.19* 2.7440. 21 0.749 4
HDL-C/(mmol-L ") 2.0640. 10* 2.2240. 12 2.1340.11* 2.114+0. 10™ 0.7554

22 e AR B R e B S D TR I v R e A
(P<<0.01) o BEA S FAR A, ACAS S FpOA [R], H 24 A8
Jei AR AR FpE R e AN ) 19 D R T B 2 4 o) B —
AR JE A7 05 A AN ) A AR B i B R AN —
FOW EE R BE S B R AL KR
WA AR B 30 AT T AR SR A RS R AR
2 [B) B 35 PR BSOS TR T B, AR R R L e R
PO B 55 P 2% 28 SR AR 22 T (1 35t 4% B B 52 0 L, B
WA 2% 58 55 AR 3o A% 5 B B, ZR R AR Bl oK . TR R
SN A AR 5L T R R RN K R 2SS I 2%
PO AT 7 W0, 58 b S AR A R A PR A
it o 1 R R DG B ) SNP R A (1] 588 % I 8 6 o, 64T
AR ZT0 A 28 A A AR AR B0, 45 2Rk B, K
& TInAR AR R K MR RE AR S A B PEAR R
MBI T KA FA G4 & 0K 4 o0 2 28 56 1E {g
FREPEAR F AR R F K & mAk 4 1E & i i sedk
ARAH I SNP 11 35t 4% HE 25 AN W] T 2
¥ H B E (ADG) FRLE e (FCR) 42 i i

Zo TR R T B S AR L ADG B A KO PR

FCR HEAR , 38 i [5] #0414 55 Jr 75 ) R} ik 2D | g AR s
MR, AR A, 3N L HE AT E
JIE B BE 9 ADG 3 3 F 4l Fh £ 1L 2%, il FCR A%
FaliFp LR AE UL 3 sC AL A HRRE W AR
THRIEATTREE o PR DAL SR AR
HEAT 2% 58 B PR N 1% b b 44 58 e AR AR K R B
98 PR R DR A A 0% T DL s B A AR
7 44 28 W PR ol 2% 58 J A 14 PR I g B 2 Kl
JEPR, A KR E SR, £ A LUE KR IR
Vi) 1A B 0 AN TR] 3  sh 4 2 K B B Y 25 5
— PR UL, 23 e B B — LI — PR D Y K
Ho AR EH,DY FHEHH ADG & K .FCR %
fiX,BY LM ADG fe K (FCR &AL, i 5 5t 1L 4%
(4 1F 5% 45 e — 30, T RE Y BRI JE: DY 41 A0 309 B R
FALAPGER K G W BY A rg g 15 DAL Bt
AT RE S B IERGT 5 00 B A M AR kA AR
K AT RN L BY (94 K B R R
HARAR; I, N ADG I FCR 89 £ 2 % )€, BY
A AEMT DY MSY, k&P 3% 78 X A
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g 2222 — AR B IR ZS b &k B, 1A 5 B IR 5
ADGE T & IEHT ] ADG, i i £1 5% & I J5 1 ADG
BT8R ADG, Ut AR 2 52 — R E IR AT G
WMADG LR E2ZR , SAMREREAR B, %
WF SR K B, AN I S 1R 3 2 1 B ) — i 5
HENEFWFCRY W EHH THFICATY FCR, XW 5
A ST G5 R — B, 1 R — i 50 4 7R A AN
HEJEH FCR 2 22 5 MR R AT B 45 — 1 2
FE AN [ A K B B o 1 K B 4 ke AR AR b s 3 W
RORRAL 2 AH VL 20 o7 5 5% — R TR AR K H IR 4
A S 2 Y M E e 55
8 DR AR AR AR OG0 5 = B R AN TR AR K
Wy BEH 2L K T 0T R — R MR R B AR
YRR AR AE 22 5 50 00, AU B0 S 3k o 48
SECE AT R E S SR A2 S T RE S
S SR i, PRS2 FCR 25 0, A 56 & 1 17 9
FE NC 5 0 o R SR K P R E 22 5 s
i FCR.

X1 ol 45T S [ A R AT SR AT TR
W, WF5E T ORI B 2 R g I Ak g . 25 R K
B, B 5 B S U A BE, E E 2R R AAK A AE %
LB AR R, B ILETE M ADG 5 ST
S ORI AR AR B B E A OG5 oY 4
ey IENE IR IO STy A RO e
R N 60 kg B, HR LT AN L 20 kg J& 52 B34 i T
159. 42% 5 i 7E 100 kg #1 130 kg & 52 i, HR JUL i F2
Xt 60 kg BB SE B 40 BB n T 12.01% 1
30.29% , Ui BT 5 K WUAE 2B KA A & & o O PR
FAEKEM. ARG REFELZIN, FIEMHADG
55 IR U TE AR AR S 2 T AR OC (P<<0.01) , M F /5
A ADG 5 R U B AS 35 1 I A 56 (P>>0.05)
ST s A5 R — B AT R SR R, B
SE 1A S 60 kg I A9 A 305 T 100 kg #1130 kg &
SR A PR 1T B 7 R AR T 100 kg A1 130 kg J&
SEARE R BRI UL L B AE K AT LA & B
R B 7 TR B S AR D DT AR R PR
WU & & @B, A5 kKB, BILHTH ADG 5%
W R B B (P<<0.01), i SAC AR E &
F M (P<<0.05) ; BB # ADG 5 98 P R Fi e
PR SR TE A 56, fH R K B 25 /K7 (P=>0. 05) o

GIRE NG A= 2 N R NI RS o O IR TR AR
PR S A A PR 5 TR R A O R — Sk A
) NN NI TR A R S |- NI b o A

A0 2 A AR B T T L 3 e R AR e 1R AN
T ST TR B YD AR O, A 9T B R BT B [ A9 1E
FHOEME . BAMY I AT 58 45 3 W, i B BOR iR
KA e R ECRAT 0.2, HoR ik B K FE(P=
0.273 2), A] RE 11 J5L P2 I A 4 A4S 5 1l B 0 (g e
O G, AT BE 5 BUME 2 HE R AR S DL R A5 HE
B AT I I RS s R N
HEWSE, S EmE B BME, KEF RN
AT RE 23 52 0 B W) 0 AR A, 45 IE 28 10 o o E — o R
FAARB R B RE MRS AR A, R
WG AR E AR IR LA R E L RS
hRe A5 R A PR S MR 2 B O A G (P<<
0.05) ,3X 5 3458 4l A b A a0 P 4R 0 1 o
AR I8y 4 255 T 4l Rl K 1L R SE (P<<0. 05) 4 B EPIIE .

PRS2 D0 PR T S B R bR 2 — |, A (AR
F1 B8 i B AT 23 5% MR 3 9% I A SE AR . A I g 2 R
RPN, LB K 3 TIn AR A AL A B A (53
Gy A0 JE T IEH 10 3~4 4, U A 24 38 0 A 8 KR &
FOAE . LAE AR PE 0 R — A A b AR AR
R PR B 2 AR R ) (NY /T 821—2019) ¥ #
B, LAB A 37~52, %F I A (4 3F 435 3~4 43, J& 1E
WA AR A A B LAY TE 42~44 Z ],
RHIEHEE, HA M EZ S AR E, 5SRO, R—
o pHR/NMUERIE A0 TR 5 13, 2 H W7 1E 5 PRl
# A (PSEELDFD W) B9 2 H 4040, L2 S s 5% I
JUURH Jor 1 fife R ) AR AR . AR 4 I ALY
pH Al pH., # )8 TIEWWH H LW FE X R, SR A
W5 25 AR — B0, KHLA S04 UL g 5 7 & 0
B RN R BT M EE S SR, — B
T KRB SOV 4y FUNL N g 7 R AH N Y BY
V17 B AIG, U A B B, AR ST 45 SR & B, BY 41 K
LA GO 43 FUILN R 195 & A% 5T U0 S e, YY
AL B 5 i e BT U 1R/, R BIBY A k%
I8 T LRI BB 5 1M DY 20K B A7 208 43 AL i i
FESYYHERARE AW BERM, XS
GO R DE IR 45 SR A — 30 o B R AR
PEAR R AE BY 22385 B H 2% A # 1 ml fig J5 IA
Z— RO EEAER A AR I T o E M %
o il 452, 5 B4CH 3 PR H v 5 0 T A A DG 1Y 6 BT X
Sl 5 e ] M R R B A BI85t A% B B AH X R
FePh AL A8 25 E R A O 50 R B 4 4 BT
T RIE

B 9% Bk A 1 (1) J2 8 B A PR T M 5l b 2 45
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L, 5 HOA o AL BR & A, T 4 O 1gG L TgA
IgM . IgD F1 IgE iX 53¢ , H p TgG (IgA il IgM J2& V¥
i sh W) & R RE T I EE S bR, 1gG &
I TP e BRI 4, 20 S R
W 75% . 1gG RE WS LG AMA R G, A2 1 0 4
() A W 1, 0T 2 5 o A HRORE 1 40 A %) 4 i
PER N o IgM J& o F it i R R sk H L 755 —
YR G328 B g v = A, el BRI 43 006, o 8 B Bk
FEHFEMSU~10%. TgA fit 30 il i A= ¥y 1 9 1
T bR B 22 e B A, A Y A g B B AE
FH L Ox e S5 55 20 B R — B SR LA AR S L R
B 1k 05 AR AR BLAR 1 55 — B B 4k, 7 S e Bk AR
F & A 10%~20%% . L, If 3 1gG L IgA
I IgM 7K V- 78 — 52 B2 B AR T ALK Y 9 71 A
i J1 o AWEIEH 3 I AZH A IfLTE 1gG L IgA
IgM Ay ¥ & 24 5 4l fh & 1 SR G B % 22 7 (P>
0.05), 1 DY 20 IfiL 75 TgA e A B E K T BY f1SY
H(P<<0.01) . 1gG ¥ & B (KT BY 1 SY 41 (P<<
0.05), VLI DY 40 i % 9% J) FM4THs 1 vl BE S5 T BY
FISY 4, 575 ZLIF A LR A TR 56 o

T MR R BT E AR LR 22 TR B R S 2 5 R
b R T A AR R R AN £ 52 i i G R R T
[HERRI 7 e LA R 1 A T U s M e R A &
i BE BT DNA 52 e UL P AR i, B AR T R
fife 0, R B Sl W B SRk B T R A R B RN
AR EAFBEARERZEMEN. CAT.GSH-Px.SOD,
T-AOC #1 MDA & ] T 1t sh ¥ bt F Ak g J1 () &
B8R, SOD I 3 il He 5% Ak it S 1L A, 2R
J& £ CAT F GSH-Px [ 4E HI F % 28 7K s MDA J&
G B RAL K Pz — KB T IR A AR YRR 5 T
T-AOC A J B ALK f9 8 BT & b g 1 o 1 3
CAT.,GSH-Px,SOD 1 T-AOC % & i 7} & LA K
MDA & & 1y K& AR AT 358 W1 PL A& Bt 4 4 Be 70 1Y 1
SRV ARBIFSE IS BT AL AR AR A BT A R KW DY
H 1 GSH-Px A MDA & 2 5 ik, SY 411 SOD % &
AR T BY 48 5B AL d8 b 5 YY A0
225 (P>0.05), Ut Bl B S EwE &5t
P A AL BE T & A KA B AR AL I R 3 T AL
TRBHN LR RPUERE I RS R A A .

M4 (GLU ) & 48 i b i) 5 25 8% | 2 74k HL A&
AR INEESZ G, FERETE
Yy W R i RORE S AR o R P IO P RO 32 R R
B 2% R0 B v IBE R ORI AR L AN B IR R A K

FOR B o P A R A 23 5 I WE 0 B AP . A
F 5 26 B, It W v 3 T BE 32 L R g ma s A N h
(0 BF 9% 4 S 3% W, 25 O B vk R Y 1L O s
0.6240. 08, J& & it f& Sy PR . A 5% 45 Bk
LA A GLU W B 77 76 B 3% 25 7 (P<
0.01), Al fE A IR 1A J2 4 N A AR AR AT JE AL
SN GLU ¥R BE ) 32 PR SO TR] 10 5 2850 5 e 2
AR5

I B 2 1 Y e B T RIS B Y AR O 4
AU 26T W BT, R | )RR NG A
I F £ R B AS ST AT A oA A5 i 400 i, 3 7 R
PR R D R BRI R A 2 HA A AR
Yoy F i A SCHEE Y . H Il =R R R ALK
B 22— A A7 A B I 4 B v, e R I Y VR R
3 fiet JS G U T 0 H S A I AR A, 0 T b A 24
MLFI o SR AR BTG 1 RN 53 idk 1) T 5 B T R I
JI Bt e A 7= My B Fp 2R & ot s K AR SR,
BOHLA AR AL R R . I TG TC.
HDL-C #l LDL-C By 7K - i % [ B tL A4 i 5 it 55 S
THAEAE BL S 5 F B IE A HLAAR R B AR i1 10 1)
VS ERIR. ARG RER 4B HHNA TG
SHEAEZS, HSY 4B EIF DY M BY 4
(P<<0.01), 5 YY@H 25 (P>0.05), [FH,SY
20 111 75 R LS A E /N T BY (P<<0. 05) il
DY 41 (P>0.05), Yt W il 3% TG & 4t 7] g 25 52 W fg
UL

4 & it

ARWFFE AT T B BE S A B S
TS STve ok E RS 7 o [N = N e Y el |
2805 TR DA R g Bt A Ak R It A I IS 45 i v E Ak
AR S, SR FW 3L HAN ADG HFH
TELEME MFCRHYMT ELERRE EEHET
JEH ADG 5 F A E L £4 4, FCRAL T4 £ A1
MEHAA. 3NHRLAAERIGE BER HEA
B B BORTHR WL T AR A 2 AR PR LT E
PR T A R <o N R L T AR L S el
RETFH RS 3738 A e KB4 A R
HEMBHBHEIL TR EZER, LA EH AR E
PER S E LB R AR 25 R /b . 3424 se Al
B BT AL N IR S i AR AR AR AR S R LR
WA R ZES A EHA M IgA  IgG .GSH-Px,
MDA 1 GLU S48 bk T E ER L EH A, b E4H
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