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W 7e i S E BRI 2% 26 BUREME B EF 1A S AR . X a 5 A5 I7E B L AR R T s
OREN R, B A3 AR SR AR 2 B it . oA DRI I A ESURR AN i &2 & Tl
FRPT Jp 2 4t v R LI 5 0 g A R e PR RN P S RO B i B K 1 (H E TR T 6~9 ] %5 —
FEA K W BRI D ALY SR AR ORISR 8 in R ) B & PRI e 3 A PR . ARAIF 5T
L 6~9 H SR 9B Y IS 4, W W AR TR AR & IERCR | B N Y 53 T I
P B s PR AR
1 MR5F*®
1.1 R4

ARWFIEIEELT 94 3k 6~9 F iR 1) - 0P 75 P A TR
1.2 Xge =

BT R YA DX Al DX BB 4 A Ol A7 BR S R RSP 3 .
1.3 gt

ARG HEHL 94 3k 6~9 HIRARFEASEE D E Y, 40 6 H k41 (223%) .7 A 141 (323 ) .8 H k4
(223K )F19 A2 (18 3%) I a4l 7EAH R R SR A5 A4 T 0 i AR TR AL (7 25 A v A AR R 5% ),
AT A 90 d IS FRIRES . 6 H I E Y B E B A Y BRI IR AR EE 73514 84.00+4.90 kg . 76.86+
11.61 kg, 7 A E I BEGFIE YA T ) iR 14 5 53591 2 88.17+16.45 ke . 88.10+11.16 kg, 8 J1 %
BRI YA B ) G AR E 43 51K 104.33+16.55 kg, 93.00+17.79 kg, 9 F 8 BRI

BRI YR IR TS 50 99.25+15.39 kg 102.75+16.52 kg iRX50 HOMLZH S8 FRt6 bR, W3 1,
F1 X% ARARESEER

H 4 AL it /% BRI g
BN 47.67 HAEM] kg 15.98
Fk 3.42 T 5i/% 86.98
5% k| 11.99 LA /% 11.90
HE 15.71 FRE % 2.26
FOKAEFF 15.71 W53 1% 4.40
TR 5.50 R A 4R % 26.38
it 100 PR R I £F 2t /% 17.88

5/% 0.40

S % 0.27

/% 0.10

1 FURA A AT AR VA 4200 1U, VB, 0.4 mg, VB, 2 mg, VB, 1.2 mg, VC 20 mg, VD, 880 IU, VE 500 IU, £ &
10 mg, YA B 100 mg, 47 25 mg, 4k 107 mg, 4% 81 mg, 4 74 mg, B2 6 mg, A58 14 mg, 45 3 mg, AAILHK 120 mg; 2. IR T35 4
5 MR
1.4 (AFEE

ST I A B R SRR T A i 3R 2 A HARIME 6 U, TR MR Sk S MRORLARL R S MRS AR
R T R BRI 1] 7531 4 11:00,16:00 F1122:00 , A AMEHE B[] 3531 2 12:30.,17:00 H123:30, iC 54 H
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1.5 HIESGIT 5SS
K Excel #0084 55 AT 3B 52 B0, 2tk ST AREAS ¢ K360 40 1% FH SPSS 23.0 #4347, P>0.05%
IREFALE , P<0.05 /R EFTE,P<0.01 FREFREE.

2 # R

2.1 6~9 AREEPERIFNEERMERIEIR
Fbd 6 H i 9 B R A A AR RUR 3, AR TR |, 6 i85 0P B i 1 1A B P 3
FH 79.455 kg #1552 98.364 kg, WK % 23.80% ; 1A 1 “F- Y {E HH 105.000 em 4 55 2 108.364 cm, H K
3.20% ; PR K IE 1 91.636 om 32 155 % 98.727 em, B4 K 38 7.74% ; [ Bl - Y48 1H 102.727 em #2155 &
111.727 em, B K % 8.76%; & I F-HAME H 12.636 em 255 E 13.364 cm, B KR 5.76%., 6 AR EYH
YR B R A RS S 280 (Coefficient of Variation, CV ) 4 KR T 10% , RS AS SIECE W A,
AT 13% , Wi IR0 5 A (A H AVA R A A s s M S — ke AT T e 200, L3k 2.
£2 6 ARBEP BRI HEERKRIER
6 H it T REARRE RoME O ROKE PHME RRER PR BRAERCE)/%

i /em 22 95.000 115.000 105.000 6.229 105.000 5.932
e /em 22 80.000 97.000 91.636 4.802 90.000 5.240
¥ BBl fem 22 90.000 110.000 102.727 7.198 105.000 7.007
4l fem 22 12.000 13.000 12.636 0.505 13.000 3.993
%A /em 22 35.000 43.000 39.818 1.834 40.000 4.606
Hikfem 22 30.000 40.000 34.545 3.503 35.000 10.141
5 /em 22 20.000 25.000 23.091 2212 24.000 9.578
J %/ em 22 40.000 45.000 42.273 2.611 40.000 6.177
B /em 22 95.000 115.000 107.545 6.624 110.000 6.159
Pl /em 22 25.000 30.000 28.182 2.523 30.000 8.951
PLgE/em 22 25.000 30.000 27.091 2.468 25.000 9.110
1K /g 22 64.000 90.000 79.455 10.053 80.000 12.653
M mi/em 22 98.000 117.000 108.364 6.961 110.000 6.424
e /em 22 90.000 106.000 98.727 4268 100.000 4323
gl /em 22 100.000 122.000 111.727 6.467 113.000 5.788
FHHl/em 22 12.000 14.000 13.364 0.809 14.000 6.054
LKefem 22 38.000 45.000 42.091 2.548 42.000 6.053
Hik/em 22 40.000 50.000 45.727 3.349 45.000 7.325
R 5
[ 58 /cm 22 22.000 26.000 24.909 1.136 25.000 4.561
Jig %/ em 22 45.000 65.000 51.727 5.140 50.000 9.936
PLidi/em 22 95.000 119.000 109.818 8.097 110.000 7.373
Pt /em 22 30.000 33.000 31.273 1.348 31.000 4312
B $i/em 22 28.000 32.000 30.364 1.206 30.000 3.972
RH kg 22 84.000 110.000 98.364 9.615 101.000 9.775
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BERE O T

FbA 7 A SRR DR B A R Rk RUE B AR TR RS 7 A 35 9 E i 1 AR S T34
FH 88.125 kg #25 £ 111.063 kg, 314 #626.03% ; (4 = “F- 2 {E HH 110.063 em $2 5 £ 113.063 cm, HE K #
2.73% ; MK {E T 95.313 em #2155 2 105.313 em, 3K 3R 10.49% ; Ji Bl -2 {E 1 107.813 em #2752
115.563 em, H0K % 7.19% ; 45 I F-HE B 12.813 em 255 % 13.500 em, 3K 2 536%, 7 H #5555
R AR T R M RUAE S R B0 R KT 10% , BV AR A B D K, th R 3 15% , BB I8

A R R OB BA W s AR P S — ek, T T e i, WAk 3.

®3 TRARBEEFERFHEERERIER

7R E=tan FEAC Fe/MHE SYNIER - {E FrifE2E g BERRE(CV)/%
A /em 32 101.000 120.000 110.063 5.446 110.000 4.948
A fem 32 90.000 110.000 95313 6.183 95.000 6.487
Heg Bl /em 32 100.000 115.000 107.813 3.637 110.000 3.374
EFillem 32 11.000 14.000 12.813 0.834 13.000 6.511
L Kefem 32 40.000 45.000 40.625 1.708 40.000 4.204
HiK/em 32 35.000 40.000 36.563 2.394 35.000 6.547
Ji& & /cm 32 20.000 25.000 22.813 2.198 23.500 9.633
iR em 32 40.000 50.000 43.438 3.010 45.000 6.930
B /em 32 102.000 120.000 111.750 5.066 110.000 4.534
B /em 32 25.000 35.000 29.688 2.213 30.000 7.453
B $i/em 32 25.000 33.000 27.625 2.825 27.000 10.228
P /kg 32 72.000 113.000 88.125 12.842 86.000 14.572
M /em 32 107.000 123.000 113.063 4.479 111.500 3.962
et fem 32 95.000 117.000 105.313 6.405 103.500 6.082
i Bl fem 32 105.000 124.000 115.563 4.604 115.000 3.984
& Fil/em 32 13.000 16.000 13.500 0.816 13.000 6.048
JeKefem 32 40.000 50.000 44.000 2.477 45.000 5.629
Hik/em 32 41.000 54.000 47.563 3.286 47.000 6.908
BNt
J#9 $i/em 32 20.000 27.000 24.625 1.586 25.000 6.442
iR fem 32 45.000 60.000 51.563 4.487 50.000 8.701
B /em 32 105.000 125.000 114.625 4.924 115.000 4.296
Pl /em 32 30.000 35.000 31.875 1.708 32.000 5.358
BLi/cm 32 27.000 35.000 30.000 1.862 30.000 6.206
Wi /kg 32 89.000 147.000 111.063 14.658 108.000 13.198

Heie 8 H kim0 & g R AR RUR B, #h R TR RS , 8 H ik im 5 I & i R EE - 34
99.182 kg 41 75 2 119.545 kg, 1K 3 20.53%; 44 & V- (B i1 113.273 em $2 755 £ 116.182 cm, H KK
2.57% ; (R SEHIME H 99.182 em £ 155 & 106.182 cm, 4K 3K 7.06%; it B SE- {8 H 109.545 ecm &5 &

4
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i £ 5K a (U i)

119.091 cm, B4 %8 8.71% ; %5 -2 HH 12.909 cm 355 2 13.364 em, K% 3.53%, 8 H 55 i
TN R R A R A R R4 R T 10% , BB AR AN BB I R, o AR 8 1F 18% , 16 W ik 56

7 8 P R A RO B A e AR T S — Bk, AT TR 200, WAk 4.

F4 SAREBEEIREMIFHEERERIER

8 At Bzt FEA e/ ME S YN S it 22 ik AR RE(CY)/%
A /em 22 104.000 125.000 113.273 7.511 113.000 6.631
A fem 22 90.000 110.000 99.182 6.194 100.000 6.245
Jikq Bl /e 22 100.000 120.000 109.545 7.230 110.000 6.600
HEFl/em 22 12.000 14.000 12.909 0.701 13.000 5.428
L Kelem 22 25.000 45.000 41.273 5.901 44.000 14.297
Hiklem 22 35.000 45.000 39.545 2.697 40.000 6.819

AT J#q 5 fem 22 20.000 25.000 23.818 1.779 25.000 7.468
g /em 22 45.000 50.000 47.182 2.523 45.000 5.347
Bl /em 22 105.000 125.000 113.636 7.298 113.000 6.422
pit/em 22 28.000 35.000 31.909 2.700 30.000 8.462
DLl em 22 25.000 32.000 29.091 2212 30.000 7.602
W /g 22 74.000 124.000 99.182 17.279 102.000 17.422
AR /em 22 105.000 125.000 116.182 6.431 115.000 5.536
A /em 22 95.000 117.000 106.182 6.824 105.000 6.426
Jig il /em 22 112.000 128.000 119.091 5.486 116.000 4.606
B Hl/em 22 12.000 15.000 13.364 0.924 13.000 6.917
SeKefem 22 40.000 48.000 45.091 2.256 45.000 5.004
HiK/em 22 43.000 55.000 48.545 3.328 50.000 6.855

S g TE/em 2 25000 28000  26.000 1.183 26.000 4551
g /em 22 48.000 60.000 53.455 4.034 53.000 7.546
B /em 22 105.000 130.000 117.455 7.712 117.000 6.566
A fem 22 30.000 37.000 33.273 2.533 35.000 7.614
B 5 em 22 27.000 35.000 31.273 2.284 30.000 7.305
i /kg 22 93.000 150.000 119.545 18.013 120.000 15.068

oA 9 H I i I 9P L R R i S A RUR B, # MR RS L 9 A SR 0 i P R - 4
Hi 101.000 kg $2 5 & 123.750 kg, 3K % 22.52%; A& 5 V- 24 H HH 114.500 em 3215 % 117.125 em, 3K
R 2.29% ; KA H 1 101.625 em 255 2 110.250 em, 3K R 8.49% ; i [F] - Y {E 1 110.375 em 42
B2 117.375 em, 38K % 6.34% ; % Bl - H{E i 13.000 em #2552 13.375 om, K% 2.88%., 9 H ki
E B Y AR R B MR RUAE S R B4 T AR T 10% , BB AR A 3 BS0(E s K, ok 3 15% , 1
TR A R A OB B A W e AR Tk S — Bk, RTH T IR 2250, LR 5.
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BERE O T

x5 IRARBEFERFHEERERIER

9 A% Ei=t FEAGE e/ ME R AE - FrifEZE i EFRE(CY)I%
e /em 18 106.000  120.000 114500 5.398 115.000 4.715
KK fem 18 95.000  105.000  101.625 3.926 102.500 3.863
i el fem 18 105.000  120.000  110.375 5.829 110.000 5.281
il /em 18 13.000 13.000 13.000 0.000 13.000 0.000
3kK/em 18 40.000 45.000 43.125 2.588 45.000 6.001
Hik/em 18 35.000 45.000 40.000 2.673 40.000 6.682
i) 5 /cm 18 24.000 25.000 24.875 0.354 25.000 1.421
Ha R /em 18 45.000 55.000 46.875 3.720 45.000 7.936
B /em 18 110.000  125.000  116.000 5.682 116.500 4.898
Pl lem 18 30.000 35.000 32.250 2.493 31.500 7.730
R 95 fem 18 25.000 33.000 29.375 2.925 30.000 9.956
/g 18 82.000  127.000  101.000 14.900 97.000 14.752
K2 /em 18 110.000  122.000  117.125 4.016 117.500 3.428
e /em 18 100.000  120.000  110.250 6.205 110.000 5.628
Jig il /cm 18 112.000  122.000 117375 3.889 119.000 3.313
& Fl/cm 18 13.000 14.000 13.375 0.518 13.000 3.870
K /em 18 45.000 47.000 45.500 0.756 45.000 1.661
ik /em 18 45.000 51.000 48.750 2.121 50.000 4.351

e
g 5E/cm 18 25.000 28.000 26.000 1.069 26.000 4.112
i) 7%/cm 18 48.000 56.000 52.750 2.765 53.000 5.241
P /em 18 115000 126,000  119.750 4.652 118.500 3.885
K Sem 18 33.000 37.000 34.500 1.414 35.000 4.099
B9 lem 18 30.000 36.000 31.875 2.357 31.000 7.393
TR kg 18 107.000  147.000  123.750 13.562 121.500 10.959

LA L1 6.7.8.9 AR IRE I & MY AT KA RAR bR Rl R v Ge v B 0B, 45 R 3R, 7N
B INTUEARL, BRI E P E 38 BT EA R0 TR A K 22 5 R A m 4 i fk , 3%
HACR B RIS KT R TE BRI 9N & 8, T e S DRk 28 4 R (1 L A A G
22 HEFERMAEAREBEEVFERFPEVPEERERIZME

X AN (] 0 5 5 0 B B ) R i S A RS A 43 B e B, AT RS L 6 ) I S 0 K
YPRRIP AR IR K A B R (P<<0.01) KK B B B 52 5 B 4R (P<<0.05) ;
7 AR E R R R S B B RS (P<0.01) RE SR IR UK R B ER S
(P<0.05) ;8 H it 59 & AU BRI Y L8 R 1 2 0 2 4 5 (P<<0.01) , I 58 W R 35 2 Ik 3%
P (P<0.05) ;9 A IS5 & Y REI A I 58 S 38 AR 35 3 5 (P<<0.01) , MR 5 5 4 v

(P<0.05), L3k 6.,
6
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(AT

R
By

PRfifem  108.75+4.79 112.50+4.65  110.83+5.85 114.50+5.39 116.17+7.41 118.83+5.31 116.25+4.79 118.75+3.59

Rffem 94254299 99.75+2.06"  96.67+6.06"  107.33+5.72% 10250524  108.675.09  102.00+3.56 109.00+7.07
Ml/em  105.00£5.77"  113.00+1.63*  108.33+5.16 112.17+4.79 110.83£7.36  117.17+4.96  109.50+6.14 115.50+4.12
HRfllem  13.00+0.00 13.25+0.50 12.67+1.03 13.50+0.55 13.00+0.63 13.33+0.82 13.000.00 13.25+0.50
Jeffem  40.75+1.50 43.25+2.06 40.83+2.04" 43.67+1.63" 40.67+7.92 46.00+2.00 43.75£2.50 46.00+0.82
Fif/em  35.00+0.00" 44.00+1.83"  37.50+2.74" 47.00+3.52" 40.83+2.04™  48.50+2.07"  40.00£0.00"  48.75+2.06™
Wi Fefem  24.50+1.00" 25.75+0.50"  23.50+1.87 25.33+1.03 24.17£2.04"  26.83+0.98"  25.00£0.00"  26.25+0.50"
BijiRlem  42.50+2.89" 51.00£2.45"  44.17+3.76" 49.00+3.74* 47.33+2.58"  51.67+2.73"  46.25+2.50"  52.00+3.27"
Pififem  111.25+4.79 114.25+4.92  113.3345.16 116.67+5.32 116.17£7.63  122.00+£5.76  118.75+6.29 121.50+4.43
Jitlem  28.75£2.50" 32.50£1.00"  29.17£2.04" 32.50+1.87" 33.00£2.45 34.83+1.60 32.50+2.89 34.50+1.91
iBilem  27.00£2.45" 31.50£1.00"  27.83+3.37 30.17+2.79 30.33£0.82"  32.83:1.60"  29.25+2.99 32.50+2.38

KT/ 84.00£4.90™  102.50+3.87*  88.17+16.45" 110.83x16.61" 104331655  126.83+18.63  99.25+1539  123.50+13.53

E:R—ARRAABRERFRAAREFHERAEZFREF(P<001), AFARIEFTHEREELZFEF
(P<0.05), 48R FEHILFH KT E4FELF(P>0.05), TR,
23 ARFUBEINAE A RBEIFERIFL2APEERMERAZ N

ANTR) R I A Y A T R A RV A A i 3 AMESTER L , 6 1 I3 5 3P B iR A 9
M iR S A e (P<<0.01) RIS iR 8 L DL e B i E 4R = (P<<0.05) 37
A BSREE R AP R E A JE TR S FUH ) S g (P<0.01)  JLTE 2 3
P75 (P<0.05) ;8 H W EHE I & WP A Y A B TR S 1 B A o 4 (P<<0.01) , g Hl g i 44 52t
FHE 5 (P<0.05) ;9 HIBHREDE MY A D IR HH R 5 (P<0.05), W% 7.

R1T FAEARBEFERFLAFHNEERERERILE

PR fem  102.86+6.20 106.00+7.21 109.60+5.46 112.20+3.88 109.80£6.69  113.00+6.71 112.75+6.08 115.50+4.20

&K fem  90.1445.18" 98.14+5.21"  94.50£6.43"  104.106.77" 95.20+£5.02  103.20£7.98  101.25+4.79"  111.50+£5.97"
MaFel/em  101.43+8.02"  111.00+8.16™  107.50+2.64™  117.60+3.20"  108.00+7.58"  121.40+5.68"  111.25+6.29 119.25+2.99
Hllem 12434053 13.43+0.98" 12.90+0.74 13.50+0.97 12.80+0.84 13.40+1.14 13.000.00 13.50+0.58
JeKfem  39.29+1.89 41.43+2.70 40.50+1.58" 44.20+2.94" 42.00+2.74 44.00+2.24 42.50+2.89 45.00+0.00
Hif/em  34.29+4.50" 46.7143.73"  36.00+2.11" 47.90+3.28" 38.00£2.74"  48.60+4.72"  40.00+4.08"  48.75+2.50"
M5e/em  22.29+2.36 24.43+1.13 22.40£2.37 24.20+1.75 23.40+1.52"  25.00£0.00"  24.75+0.50 25.75+1.50
Falflem  42.14+2.67" 52.14+6.36"  43.00+2.58" 53.10+4.33" 47.00+2.74"  55.60+4.56"  47.50+5.00 53.50+2.38
Jifilem  105.43£6.88 107.29+8.75 110.80+5.03 113.40+4.50 110.60£6.27  112.00+6.24  113.25+3.95 118.00+4.76
Fitlem  27.86+2.67" 30.57+0.98" 30.00+2.36 31.50£1.58 30.60+2.61 31.40£2.19 32.00+2.45 34.50+1.00
iBilem  27.14£2.67" 29.71+0.76"  27.50+2.64" 29.90+1.20* 27.60+2.51 29.40+1.34 29.50+3.32 31.25+2.50
KFE/kg  76.86+11.61"  96.00+11.34"  88.10+11.16" 111.20+14.31*  93.00«17.79  110.80+14.22  102.75+16.52  124.00+15.68
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24 FMRFBURRIE—ARAEMENEEFERIPEERE RN
XoF [ — 88 AN [ e S 8 T 7 AR P ) AR T R iRk RS A i 2 B, 6 ) IR S 0 i P A 7 119 33
Kb B m TR Y EI (P<0.05) 7 H 585D 8 A D 0 M G & PR 250 )
MR DEETELRYERY Y (P<0.01.,P<0.05) ;8 H W55 I 5 & M /A 5 By iy BBl 1t i i
B B E S TR A Y Y (P<0.05) , Ll a B E T E I E Y B9 (P<0.05) 59 A
ISR B LA B A5 ORI 2 25 R B 3 (P>0.05) 56~9 A I E Y AR
M H PP EZ R AR E(P>0.05), &S,
#8 F—ARARAMINEEFERFNEERERIEEE SR
6 A # 7HA 8 A # 9 A
B(n=8) AP(n=14) HF(n=12) AF((0=20) BHPF(=12) AP(=10) H#P(=8) AF(n=10)
& E/em 3.75+2.50 3.14+3.72 3.67+2.88 2.60+2.91 2.67+2.80 3.20+2.86 2.50+1.29 2.75+3.40

K HEElem 550191 8.00£6.06  10.67+5.54 9.60+4.88 6.17+3.92 8.00+7.11 7.00+£3.74 10.25+5.50
fE ¥ Elem  8.00+6.00 9.57+5.86 3.83+3.60"  10.10£3.73"  6.33£3.61"  13.40+3.91" 6.00+2.71 8.00+6.78
FEHEE/lem  0.25+0.50 1.00+0.82 0.83+0.75 0.60+0.70 0.33+0.52 0.60+0.55 0.25£0.50 0.50£0.58

kKkHE/lem 250173 2.14£2.27 2.83+£1.47 3.70+2.16 5.33+7.23 2.00+£2.74 2.25+3.20 2.50+2.89

HElem  9.00+1.83"  12.43x2.51"  9.50+2.43 11.90+3.41 7.67+2.34 10.60+4.93 8.75+2.06 8.75+4.79
Ji9 5% E/em 1.25+1.26 2.14£1.95 1.83£1.17 1.80£2.10 2.67+1.86 1.60+1.52 1.25+0.50 1.00+1.41
B Elem  8.50+4.20 10.00+7.64 4.83+1.47"  10.10£5.72"  4.33+2.34"  8.60+2.51" 5.75+4.11 6.00+4.55
JEElem  3.00£2.16 1.86+2.48 3.33+2.88 2.60+2.67 5.83£2.99"  1.40+1.14" 2.75£2.75 4.75£3.30
AKHEElem  3.75£1.50 2.71£2.29 3.33+2.16 1.50£2.17 1.83+1.83 0.80+1.10 2.00+1.41 2.50+2.08
AR Elem  4.50+2.89 2.57+2.51 2.33£2.07 2.40+2.37 2.50+1.22 1.80£2.05 3.25+2.87 1.75+2.36
KEHEkg 18.50+3.87 19.14+2.61  22.67+5.28 23.10+6.31 22.50+4.28 17.80+5.07 24254359 21.2542.75

B i/kg 0.21+0.04 0.21£0.03 0.25+0.06 0.26+0.07 0.25+0.05 0.20£0.06 0.27+0.04 0.24+0.03

i SR E LA BRI R E R KT E T, BRI A BT 6~7 H IR IR E A I B K H
BRI BRI AE 7~8 H i 1 1] 44 F 448 1 i B o K, AR i B 25 B FI B R Bk P A K B B B
6~8 Hi&, WL 1.

125
120 -

115} —e— I
e QA

110+

1K/ kg
J

105 -

100 -

95 L Il L J
6 A 7 iy 8 Hi% 9 Hi&
1 REHEEFPERFA  BPEEEKITTEE
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3.1 6~9 AREEFEMRIPFHEERERIER

BHE AL A IR BUR A R AR . SELAEIBR IR R 1E T |, Bl 4 i & Tk, SR AL A
Ab o RRHR t S 2R DT R BRI (AnZE AR 3R R R BRI TR A ) $ R i
P A3 A R R 1) 2 20 TR T S v ) B AR 7 T T R Sl RS R TE AL 7 B R B g
Pty LAk sh®y HRE AR 22t . URRL AT LA SE B HAR H B = 9530 0 3R, PIRZADO S A
SEUEFE A W] HOMR P B R SR 4E A R W BT R B AU KX s A KR E B R
LM o

YRTET I A B BE (6 H % AN ) B35 IR0 5E IR A T 0158 IR X AR R A AL (E 1B
JE ) 6~9 H % R RE R 5 ZEOCTE A AR M), A O 52 R I By B9 475 22 B PR 2R RS, e BEAY 1l 37
B H A 2 A B BE AR I (E FRTEE XS 6~9 H i E LY AYE I7 5 5K BAH SO FEA))
AR
32 FMNRFBURBIEEIRERIFHEERERZI

PR AR RO S B s A K A I DR B BRSO R B, e R R HR
AmPUREYS 7MY R PR E R R R E R S A PR, MRS RS 2 R R AR
RE AR 2 2R " AR R I, AR BHR RS , 6~7 S8R U 5 AL £F 0 5 A H R
FUARFRTG B F 2T (P<0.05) , [AIAE 6~7 H iS85 U & LY 20 7 B PR R (A RUSE bt 75 381 J 35 4
THP<0.05), BEAE KB Beft i AL OG5 8 5% 1 B 1 40, AR HILE] ] B85 TR R b i A 1 e 4
P ol A A5 VA 5 BT 1 Bk A R AR o e A A i 1o 20 7 T e MR AN ] P 5 F) R
BRI, ARTE] He A ) 1 B0 T 3 B RCR AR LR B — B (P> 0.05) , SRS [F] TR R AR
ERTRETC W 22 e (HAE LA il B A DG B 22 DR BRI B A3, X AR 45 R A T 22 52
AJRER B TR AC Ty 25 S R el sh My ah M R BT, i BE 7 QAE R ST IR SIS , DL S IR R BE 2 A
F AR L BRI . X SRR AR — 2 R UITURR 09 S HTSCR B AT sh W ks
S MIBCTT R e FESE PR AR 7 P RLAE 5 SR H AR e TR 7
3.3 #RFURBIE—RRAE R EEFERIPEERE RN

SR AR WIS A I, SRR AR 4 A IR RPERETT I BRI o225 , BN 6 A IR I IT 4
WAL R SR AT AR Y TR BRSSPI A B, N AR R 6 A, 2 AR I A R
FIAE SR BEAR s TR OF H 6 H I 0 A (RT3 e TR o R334 T a0 s AN () A 8 i I
i A e AR RO K B, 6~24 IR A U RO AR RHS & TR AFSESRE 6 ~ 8 AR E
TG RR RUR & fe bR a8 25 TR A R I E A B, A R A TR AE K B R
MR AR KT .

a5 R R B, AN 6 H %) R T % B R 8 P B R R SRR AR AL 208 A R AR RIAR X
A RAE A AR R RESR b3 v T U BEY . AR BLIR R A W46 5 s sh iy S AL 7e MR &
7 Bo o o WA HE R (AN S B 75 S AR KR (GH) - W AR AL, 22 2R PP B S B0 5
I GH A [l A7 Bt B B B 35 Ty B 34! P IS5 mE 7 A B, ahil sh iy A R A&
HERE BB AR KR SIS FZRE R T (GF-D LR 350 AWF5dh, 7.8 H i iE I F By A
U7 ) P B TR0 R 4 B3 R T R) A IR 0P P R, A M I A AT RE S BEE H R A G
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DY HEPERER AW T At 1A A K AT 4ERSRL. 6.7 7 IR RE 9 & P BEY R IR
Wi TR RERYFRYAY HS IARKTRARBEPFRY AP, X—HR TS T
JIC B G A P SR 4R T S, TSI R KT A 0 A R PR A o A R AR, B A R
PRes Bl A WG, MERCEOKF BT 2R U R A KRR g . 8 A RIS Y YRR Y
WD E R TREARTRYAY, X GER M T MR T 2808 MRS 5 K287 056 2.

4 £ it

AL AT TER R R B BUR AL 6~7 A i 35 15 97 & Y™ 09 AT 1Y I BT il B e R AR
Fs %k 6~9 A % 00885 97 5 " H XS A2 BEAE R B 22 5 o AR E 1 H R D7 R B
o5 AR 6.7 ARSREY & MY B L HE LR

S 3k
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The Effect of Supplemental Feeding of Premix on the Growth Performance of

Jiangyue Donkeys during the Fattening Period

XTAO Yuning', TUOHUTI- Ajide’,ZHANG Guoting’, PAREHATIJTIANG : Wufuer’, WAN Xiaoxu’®,
AMINAMU - Maimaiti’, YIBUREYIMU - Wubuli’*, ALIMU - Aimaitiniyazi’, XIAO Haixia>, WANG Qiong™
(1. Xinjiang Agricultural University, Urumqi, Xinjiang ~ 830052, China;

2. Institute of Animal Husbandry, Xinjiang Academy of Animal Science, Urumgi, Xinjiang 830011, China;

3. Xinjiang Jinhuyang Animal Husbandry Co., Ltd., Kashgar, Xinjiang 844000, China)

Abstract: [ Objective ] This study aimed to compare and analyze the feeding effects of premix supplementation for young Jiangyue
donkeys aged 6 to 9 months, providing technical references for achieving precise nutritional supply for Jiangyue donkeys during
the fattening stage and for rational allocation of donkey herd structure. [ Methods ] A total of 94 healthy Jiangyue donkeys aged 6 to
9 months were selected and divided into four groups: the 6—month—old group (22 donkeys) , the 7-month—old group (32
donkeys) , the 8-month—old group (22 donkeys) , and the 9—month—old group (18 donkeys). Under the same feeding and
management conditions, premix (containing probiotics, vitamins, minerals, etc.) were supplemented for experimental donkeys
and a 90-day nutritional experiment was conducted. By comparing the differences in body size and body weight indicators of
donkeys before and after the experiment based on different genders (within the same age group) and different ages (within the
same gender) , the significance of data was analyzed using the independent samples t—test, and then the feeding effect of the
designed diet was analyzed and evaluated.[ Results] The results showed as follows: for the female donkeys, the body weight, chest
depth and neck length at 6 months of age, the neck length at 7 months of age, the rump width and neck length at 8 months of age,
and the chest width and neck length at 9 months of age showed extremely significant increase after the experiment (P<0.01) ; for
the male donkeys, the body weight, chest depth and neck length at 6 months of age, the body weight, body length, chest
circumference, chest depth, head length, and neck length at 7 months of age; and the chest depth and neck length at 8 months of
age showed extremely significant increase (P<<0.01) ; the increase in chest circumference of 7-month—old male donkeys was
extremely significantly higher than that of female donkeys (P<<0.01), and the increase in chest depth of 7- and 8-month—old
male donkeys was significantly higher than that of female donkeys (P<<0.05) ; after supplemental feeding of premix to donkeys at
the age of 6 to 9 months, the average daily weight gain ranged from 0.20 kg to 0.27 kg, and the difference was not significant
between different genders of the same month of age (P>0.05). [Conclusion] Supplementary feeding of premix significantly
increased the weight of 6— and 7-month—old Jiangyue donkeys, and the effect was not influenced by gender. The diet formula of
this experiment was expected to serve as a special fattening formula for 6— and 7-month old donkeys.

Key words: Jiangyue donkey; fattening donkey; premix; body size; body weight; fattening

11



20264E 1 H B 1T IH(EES 236 1) HEHEGUAT])

10.16863/j.cnki.1003-6377.2026.01.002

2 F IR B HA IncRNA BGIG9940 27548 ]
RS0

EFM LA L LN, EAR ARARE LY A
(175 B2 B sh R4 pe U IPE - 615013;
2. VU  ZE 74 Sl e s K 5 B 4 S 0 =, A1 PE & 6150135
3,01 3t 7 R L0 A SRR L DU )IPE S 615013)

# E:[ 8 #]% % 4 IncRNA (long non—coding RNA) 75 % 3£ 4F 4k 5 1 o} ey 8 1 B, #F R oh 4 2 WM IR 2 s # K .
(FR]RBEARFRENFRASEREA TR B FNEARBRTRIAON AL CENCERF T ERE
Z 5 IncRNA; 3 3 I R A1 KR K £ 2 AT 2 5 IncRNA 8 28 7 |, 5 4 %8 & [ # GO 72 KEGG & #% 2 4 , #| fl qRT-PCR
AT H IncRNA & 3k B X [ 4 R )X 3 #48 2 7 & 3% 547 % ¥ IncRNA BGIG9940_27548 e i ik Ik A B R £ - 5,
GO #1 KEGG # % 4 #7 iF 5 IncRNA BGIG9940_27548 % 5 7 F #1 b JL & & & B 2 40 % 11 22 ; qRT-PCR 4 4 45 & % ¥
IncRNA BGIG9940_27548 %k % & 5 Il JF # ## — & , £ H R B M & F At & (P<0.01) . [ £ 3 ] % % 9 IncRNA
BGIG9940_27548 EE Ik MR L EM R AT, THEA FHHERD B OB EGRR EDHEN, ZHENX D FFHE
RO RESFCHARERFAL T GEEA T2 EENE XL,

KR : IncRNA 5 &£ 41 77 75 4 5 4 4K ; QRT-PCR ;IncRNA BGIG9940_27548

HE 425 :5826 SCEAPRIRAD: A M E4S:1003-6377(2026)01-0012-07

3]

AT AR ] 7 Il 388 1o B B R (8 BB R i 1 IR BRI AR T A = A, Rl i i 1
B A R AR o IR LA D TR R POl Y L AR 23, R R AR L N P L XY
HELF A BB E2EEE HRCFAREEZ —, AR EFR N, AR —E
SZIRT BRI, S B R AN 21

FIHRCRZ Z PN R, AN T RS RC AR BORSE™, T 32 I A4 D B SRR A
BRI —, HAER R R0 R 3R o I, 8RB 7 i i N TR 4 07 2 e 4 - 19 52 i
AP BTGB JEA SR N TG AR 2 Hh B VR0, DRI 36 2o S S0 G AR 2 TR A R 8 531 S A PN 114

EEHE: FF HRREREA I H 08 oar-miR-214_3p % 5Ll BB 45 2 & TS TR VE - LRI BFSY 7 (32360905 ) s H & /L1
Y E Fh 4 [ S 526 2 JT ORI H (2025SKLAB6-04) 5 i [ Al 2% 11 3748 76 B 2 Be e e 4 701 H i1l
AR E R B S R RS (2024TCO80, ZX 1202403 )

EE B A AL FM (2005—), I, AR, DFFE 7 ] 3P BE% . E-mail :2829559165@qq.com

BEEE MBS (1980— ), 2o, M, 38043  WF9E 5 Il N sl 375 . E—mail : haoguiying@163.com

I %a B H#1:2025-10-16, & B H #§:2025-12-07
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25 I BESE AT B2, AT XS AR R BR S R AT 40 HF I 2 Al I BRI SR IR B, %28 MR BRE E A T PR AL 3
AT B o B3 1 BRI A8, T AL SR A P A 4 S S E AR 2 B alas . H TR A B3 0T AT Uk
TR A BB ARG A i B A ik SR i v B P ARG T A, L S Sy AP AE 5 Bl R X
FEEVEN DU BB BEK iy A A B R AN F T I HIME BE R o PRI 5 T e — R AR T A |
RO DN U L AT e 1) P AR ORISR, 32 5 SF 3 1 Bk a5 o sl e D P B R A Sy — o 2 53
FRAMEA , &R T PEDLERRE T AT £ W RN Sl vk e 4 o 45 22 BIF el

A A iS00 2 e i e R ARAS T 4 U S SN Ine RN A 3k 3%, I8 i I A 200 &R LU
K GO FIKEGG 8 B 4347 , i 1 5 43 2 AR YR AH DG A 5 1€ IncRNA BGIG9940_27548 . 7L LA I, ik
65 38 o S A 2O 5 B PCR G UE T 3% 5 18 Inc RN A [k /K WAt T 45 S Emf vk . 3t , AR 5%
A 3t ECAEE 5 300 R R e R 1 2 LT PN Y RN J5% 5% i e DN A, 53 5 S 9% 56 58 B PCR I &
IncRNA BGIG9940_27548 IR IAKN-o AFE0 T4 - R AL IR IZ WG 6 B 25 S0, e skt 1L 2]
4 BRI T BA U AHE SR
1 MEE5FE
1.1 EFE#E

42 1M RNA B8 G G0 e T 5 28 i 0T & A BRA W] RNA SR ;R & 90O e 1+
PCR iR &0 A 1A ERHE A W AR BRA W) 514 i AR TAEY) TR R ) e A PR Rl &
1.2 IncRNA BGIG9940_27548 fifi i 4k 13

B 30 g 3 Y AR R AR A B 2 T R AN () A 0 %) 4 2 O S A T S b, 25 5%
Fik 5 HTR W] IncRNA BGIG9940_27548 7F P45 WK b 3% Tl . 38 b = S =0 5548 G 3R i o 22
IncRNA LA, JEXTEEHE K 34T GO A KEGG 3l B 4347, 45 - 7R IncRNA BGIG9940_27548 2 5 .00 N
AT JAFEMAERG LT IRk E & LY 2 4 A € 7 2E IncRNA BGIG9940_27548, 7F
IR FIF RS LE TR, Wk 1.3 2,

#1 IncRNA BGIG9940 27548 Z B RILH

log2 Qval log2 Qval log2 (val log2 (P30 Qual log?2 Ol log2 Qvalue
og value og value og value  log value value @ (pes/

(FP/LP)  (FP/LP) (P30/LP) (P30/LP) (P45/LP) (P45/LP)  /FP)  (P30/FP) (P45 /FP)
FP) P30) P30)

BGIG9940  -0.470074  0.9868254  0.1678534  0.9974926  -0.818346 0000754 0.3009314  0.9998173 0334577 09259726 -0.640211  0.9948342
_27548 705 19 81 53 829 ) 31 18 52 64 733 16

%2 IncRNA BGIG9940_27548 AYEEE E GO 5 KEGG B 41

IncRNA LB GO KEGG

(0:0003197 (endocardial cushion development) ; G0:0007422

01521 (EGFR tyrosine kinase inhibitor
(peripheral nervous system development ) ; G0:0021545

) ) resistance ) ;04010(MAPK signaling pathway) ;
(cranial nerve development ) ; G0:0051402 (neuron apoptotic o i
BGIG9940_27548 ERBB3 4 04012(ErbB signaling pathway ) ;04020( Calcium
process ) ; G0:0055025 (positive regulation of cardiac muscle o o
signaling pathway) ;04151 (PI3K-Akt signaling
tissue development ) ; G0:0097192 (extrinsic apoptotic )
o ) ) pathway) ;05205 (Proteoglycans in cancer)
signaling pathway in absence of ligand )
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1.3 R RFEARRE

FE VG148 A 4L 1 L B2 2 SR 37 2 56 B A (R (AR I8 AR I 1) 4 B B (AR R 25~35 d) 30 A
RATYREEFE 10 H, SR AR K MR L 40 13, SR AR o I 44 B4 LA RNA 32 B & 150 9 15 20 B it
FTHALEE, BT 20 CIAAEA
1.4 RNA3REX

2 FE A2 000 50 RNA B B0t ) 6 v B 5 2E 47 10 8 RNA $2 B, H] NanoDrop 2000 (Thermo Fisher
Scientific, Wilmington, DE ) Jll i RNA ¥ B 5 4l i
1.5 R¥EFRRKqRT-PCR

TEJC RNA B4 b /il A RNA 4 wL, gDNA Eraser 1 pL, RNase—free dd H,0 5 pL, FTIEA) )5 42 °C
BEE 5 min, RV EE T & VK E AN 2xSPARKscript 1T RT Plus Master Mix 10 wL, B4 1851 5 B0,
50 “CHFH 15 min, 85 “CHIHA 5 min, S H% 55 cDNA ., qRT-PCR S W 4 £ 20 pL:2xSYBR qPCR Mix
10 wL, F RS54 (2 pmol/L) 4% 0.4 L, cDNA 1.2 pL, RNase—Free dd H,0 8 wL. qRT-PCR JJif %%
£:94 °C 3 min;94 ‘C 105,60 C 30 s, H 40 MEFR, WL 3,

£3 LRENREEPCRIIMFEIIRSEH

EiN S1F 5 (5'-3") PP bp

F:TTTGAGAAACCTCTGCGCCA
BGIG9940_27548 183
R:AGGCATGCAGTCCACACTTT

F:GTCGGAGTGAACGGATTTGG

GAPDH 196
R:CATTGATGACGAGCTTCCCG

1.6 HRiE Hh 2k R A R i 2 ) 22
VAT S i 8 45 45 2 SR WRAR 5G9 5 A5 IR fi 1 R TR 571 RPS28 4 i JBORE , # He4% (1x10°~
1X10" Copies/mL) AT IS LA BE , M W bl i AT POLE 1t PCR, RRFESE 3 IREL &L, S 4%
RUR Lz HIbRE I [ 38 1 i it e A s | e e b, WAk 4
F4 IOERBEASIWFT
#k FHFSI(5'-3") P IE fbp

F:ACTGCCATTTCTGAGCCGAT
RPS28 121
R:GTTTGTATCTCGAAGCAGCAGG

1.7 HESH

P PCR M i Bt id ok SPSS 27 #AF#EAT 25 57 10 35 43 BT, P<0.05 387K 22 57 ik 35, P<0.01 R
2SR B DL S ME + AR FOR
2 HRESW
2.1 PCR# M cDNA BISEEE 1%

BEALPRIE 54~ cDNA BIARIEAT PCR 43S F 4 B4 J5 19 PCR =145 1% BN A BE I FRL K , 2551 R
U5 R/N—3k, HLARAFIE T, 1% cDNA AT DU FJE 2286, WA 1,

14
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2000 bp — ===

196 bp

VE:M % DNA Marker D12 000;1.2.3.4.5 4% A PCR =4,
B 1 PCREYZ1%BIEEERERER
2.2 IncRNA BGIG9940 27548 Xt EE ST

T 6 4% S 3R W ) L A A VAR BB R Ce L B AT R G I PR AR G, Il 20 y=-3.36x+27.74,
R=0.98, 50 4 98.44% . I gk i S g i W e 5 | ) — SR AR A e e PE 91 o O i PCR 4521
SRR MR T IneRNA BGIG9940_27548 Féih bt i 35 i T AR M IR B £ M RE AN (P<0.01)
L2 3. K4S,

501
401
301
S

20+

101

0 1 1 1 1 1 (10")

0 2 4

6
Log( W)
7E X Eh4X & Log 18 % 10"(Copies/mL) ; Y 44X & Ct1a,
B2 FrAEfZk

15
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i
H

061

051

03[

-d(RFU)/T

10000
1000 |
100 |
10
1
0.1
0.01
0.001 L i 1L ' L L i L ' L i 1 L 1 i L i ' L i i L
1 2 34 56 7 8 910 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
TR m ORI
E X AR A R B AR A ;Y 4848 & IncRNA BGIG9940_27548 % i& & (Copies/mL)
B4 IncRNA BGIG9940_27548 Rir g
x5 EEMSW
S FHMH FrifE2E PR 2 B
RIEHREEF 10.15 13.74 2.55
P<0.01
WA 791.83 1633.07 176.10
RIS i

DL PR AR SE B P PR RE O B, 8t AL R0 P, TAEL AR 365 102 RE T i, P B S5 Re i, (LG
W32 IR T BIRCRAR, SO A RSN . BULIRES - LU™ B0 3 52 i R R LSRR /Y
B2 Wi N 38 22—, TS AR R 2 W BE B Iy S 531 25 P BE A AT A7 - 22 b B, A 2503 oy v L S 4
T BEFEAA . IR, BT R N v s A AR ORI AR

Bl 3T LW 2 HOR B DR S Ine RNA TEAE WA N B TRPEAE T H 2232 B 5CTE , A DHFE & T
16
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T BB ATAERANE IncRNA BIWFSE, 3 & B A A8 FLRRT s A7 WL A58 1 43 B AN TR 40 = i
Fofr 475 B BR BLZH 21 IncRNA 22 5 3Rk ik, ik HH S0 A OC 1 6 SE Y B T & 0 IncRNA X 35
BRI AT VR Y, UG T I Ine RNA ZEAE IR 9 k58 IR ER . BE & POl &
& G WER T R Z 12 e A B FE R R IncRNA VR M 45 26 R AT i i2 Wi i 2E W b s
AOATATE , S T4 R IR A 2R U A8 e o a0 R A A R I A AT R B = 1) B S0 SR A 0 LR i
e R AR 5 R 56 R L GO R KEGG 38 B3 H7 , 57 1t 7T i -5 4 8% A € Y IncRNA
BGIG9940_27548., IncRNA BGIG9940_27548 1 (1 Lk [K ErbB3 J& 52 14 s 2 MR W i ERBB ZC I i) —
D ARSE K IR ErbB3 AT AN G5 A FLAR b B AU 5E s SR W ErbB3 A8 K R AR i AR rb o] i i
A" s Je BOAEWE 9 I ErbB3 T A 5 30 B (R 0005 X 20 M 3G 5 5 B B R X IR
MG R E 58 E IR AR AR R 1 f e mT DUE SRR ErbB3 23 5 W IR i & B 4 i3
WL, 5 T A AR R R

B A 724 Ry HL A AT UR 2 W R I B R © A 248 D5 58 L 78 1976 4R gl g FH T 43 ¢ R T k12
W (R AR A AE VAN A6 b 5 R R ARSI N 5% 4 Ml 2 BB 5K g i 100 A LA R RS 4 )
O FHAFAS M, M2 E i PCR B HA HUSek ey e S T s il SO0 35, el o T4l
/)N B R SRR B 1 S, DA SR A 2 b AR S S e i ) R AR AT R 5 R AT R E Y
MV FEASTE A I RNA, 56 5% B cDNA |, SR 5 #4726 6 5E & PCR. 45 R 7 | 4 R W £ 5 IncRNA
BGIG9940_27548 F ik il W 3 fm T AR AL UREESE , Bt AT i — 20 00 IncRNA BG1G9940_27548 7] fig
Z: HER AT IR R A IR B VR R4 R A RS Wi e A= Wi i i s

ABFSE 53T T IncRNA BGIG9940_27548 7E 2 = F U 5101 9 A= BRIR AR, 6 1 il L sh i iy
Az PR 7 T AR — 2 B S, [R5 2 4 2 1 B AR A B

4 &

PRI E AT E I M GO R KEGG 38 #6 43Hr A& Bt 1L R 4R = 1L T IncRNA BG1G9940_27548
A eSS R IWIRNE & T i 72, 996 E i PCR 45 J43IE 521% IncRNA 16 IR R 22 ik i i 4R &
(P<0.01). X525 5 2 W IncRNA BGIG9940_27548 43 B2 1l 0 4 2 W) L W 12 Wt Ay ik 1k A= W s s
Wy, X Bl 2 S R0l B RS A R

S % ik

(L ARZSC, XNGEE, FRRRiEE, 45 . HSPA2 FI SPATAG #8372 1% V- 40 B - 52 JULZH ZUrh A 0 M 167 2o 3238 25 5 A0 T (1. ol B
2, 2024, 41(4):967-974.

[2] EH P &m0 F AN THEAE 2 B0 280y EZHE]. T EE Bk, 2023(22) :59-60.

(3] FREF, AUk, EARE, 45 . 200 BRETEM F BAA R hry R D). WAl B, 2024, 65(7) :1695-1699.

[4] Az, SRASE B, A5 L il i HORAE T ORI T2 MR S T i 1 . A DR 224k, 2022, 49(1) :383-388.

[51 ESTvF, 2O, vk, & mil sl e S AE W) WA v i i T e ()], A= 38 224k, 2017, 37(8) :2530-2539.

(6] ez, B, £F ke, & . wnl P ERTE S W IR D A A e h R BIFSR )], B SR, 2024, 49(1) :303-309.

(7] BT, MR A, VTHAZ:, % . IncRNA 765 & & Fvb 9 0F 95 BUIR 5 e i St [, 6 Rl 22 5 0 2R 2%, 2023, 42
(10):1015-1027.

(8] ML, WhIWER, 220, &% . ASIRI4 3 S Rl A& 1 300 01 B2 240 20 IncRNA R mRNA B 25 5 238 M 1], B Alk K2f2 4,
2023, 46(6):1142-1152.
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(91 TR, ¥RV, I, %5 . IncRNA S 5400V s A - 80 ¥ B ot i (D], B & ok, 2022, 58(6):12-16.

[10] XUAHAE, hETe, HEA, 4. IncRNA EPB41L4A-AS 8 1 845 ErbB3 W 4525 FLIR b He 40 M 5 i B 5[], 3 e i
2, 2022, 53(7):2152-2159.

[11] EMM . CRH .BCR .RANK ErbB2-ErbB3 Fl IGF—1 {553 FAE K BRI vkt JIF 20 B A7 3% (9 98 35 VR IR SE (D). #7  <1
FA ML, 2013,

[12] T B . ASTR) 2B Bl B34 4 75 1A R Bl koA SFUARRAE B i A8 A S 56 PR 1 A TSR D], 22 - Hl ARl K2, 2023.

[13] B4, s, XK, 5. BIFORRAT IR 2 B 2 70 22 I 5% 4 5w A 2 i FHIDL. i BRBHE , 2023, 46(5):
54-56.

[14] 5K 1. 3 2R KLY ST BRI 8 15 S O SO YERE RO RZIRID]. 30 - M K2, 2021.

[15] SRAEAS, E55F, BadR, &5 ANl bRoms 25 Al 4 /N 1 XU 266 E it PCR 7k ST [J]. b E Shke i , 2024, 41(4)
91-95.

[16] ZRIEME, 2RI, X —l, 55 . R HISERT 2 it PCR B % 8 256 ELON(I). Sr PRI B R, 2024(04) : 1-24.

Expression and Analysis of IncRNA BGIG9940_27548 during Early
Pregnancy of Sheep

FAN Yuzhou', YANG Yi', LIU Shanchuan', WANG Juanhong', HAO Guiying"**, CHANG Weihua'"’
(1. College of Animal Science, Xichang University, Xichang,Sichuan 615013, China;
2. Laboratory for Animal Disease Detection and Prevention in Panxi District, Xichang,Sichuan 615013, China;

3. Key Laboratory of Sichuan Local Special Goat, Xichang,Sichuan 615013, China)

Abstract: [ Objective] In order to investigate the regulatory role of long non—coding RNA (IncRNA) during early pregnancy in
sheep, and to develop a novel diagnostic method for early pregnancy diagnosis in sheep. [Methods] Transcriptomic analysis of
ovarian tissues from pregnant and non—pregnant sheep was performed using high—throughput sequencing. Combined with
bioinformatics methods, differentially expressed IncRNAs were identified, followed by prediction of their target genes through both
cis— and trans—regulation analyses. Subsequent functional annotation included Gene Ontology (GO) enrichment and KEGG
pathway analyses of the predicted target genes. Validation of IncRNA expression patterns was performed using qRT-PCR method.
[Results] Differential expression analysis revealed that IncRNA BGIG9940_27548 was significantly up-regulated during
pregnancy. Functional annotation through GO and KEGG pathway analyses demonstrated its involvement in early fetal development
and associated regulatory processes. Quantitative validation by qRT-PCR confirmed strong concordance with sequencing data,
showing extremely significant upregulation of IncRNA BGIG9940_27548 in pregnant ewes (P<0.01). [Conclusion] IncRNA
BGIG9940_27548 exhibited extremely significant upregulation during pregnancy (P<0.01), suggesting its potential as a candidate
biomarker for early pregnancy diagnosis. Substantial importance was offered for early pregnancy diagnosis in sheep, improvement
of ovine reproductive efficiency and enhancement of economic returns.

Key words:IncRNA ;biomarker; pregnancy ; qRT-PCR ;IncRNA BGIG9940_27548
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10.16863/j.cnki.1003-6377.2026.01.003

[ HA Ab P Xt 3 B K X i B B 5A 1 BE AU 52 1

MALTTIE - R TT RV IRIEIE, TR 70 - T R R P, i 2 HR - K KRR 2,
RER,E 4w, EWMER-GERIFRALFAL N, B2,
FARAL B R BN SRR R Y, ML AL A AR
(LB K2 B R4 B B ARSE 8300525
2. ER A R B A T T BT R S B ORSE 830026
3. B 5 S AT BT SR SE 5 B TR AL R R SR AL BT REE 843600;

4. #3 DA AN Ry, BrasEEas 838200)

 E: (B e Ed s BN A A S B ARG Sttt i [ 7 35 R S 2 ML R 3204 = IR FLR & W 09 8 3
AR E B ED A RKENBARENLERD A, ARAFRARAKERS AR ERE. REAFREL AT T
U, A% AR BRI R BEHORE (GnRIDAIE . RIS FF 464 RiT5 % 0d, F A4 #8564 A LA £ 4 1.5 mLAn
2.0mL &) GnRH, B E4T 5.0 mLEG 4 &2 R AD, % 12d,RE 4B I AL A E AT 2.5 mL Ay R 70 IR & F, (PGF,); % 14 d, F A% B %
0d &y RAIERIA, B9 FE 4 1.5 mLA72.0 mL 8 GnRH DLK 5.0 mL 89 4 4 % AD. % 15d, 1 £ A B (UM 53R 3o 41
WO B EN, IR RAE b B BRI E, R L R AR AR ER]ERE T, A2 4 3t B
1% N SRR A B o B JE] P R AL FE Y B O K I R H 87.5%(P<C0.01), % B 2 3 75.0%, AR HF B 1 7E 2 T 1A F] 91.6%.
(Z )R B R T AR R ey EAa . whsh, P AR E B GnRH A 91 38 K & W% 7 F B3 (P>0.05).
SR A E Ty 5 ] AT A A

RESHES 5824 SCRRFRIZAD: A X EHS:1003-6377(2026)01-0019-07

B LR OUUAETE 7 A T 85 LR 3 0 100 5 e IR LR B P e e D X, A0 7 X AR R 4 57K IR
DX i DX B L — i SRR B AR S SR BRI B SR S R FL I, B SR AL T AR,
S PR v g LT e A LR S R A R AR ), W — S B ARG B BRI, S o
AR A, 2 T A PR, A% 26 R0 B 2 AR BRE A 175 WL B AN T TR, Xk T 3% B 73 R 3% B PR
R EBORBOR . FERF AT IR RAE T, BESEAR P 05 5 al 1K 300 kg, HBTYI A Bl ik % 13~14 1 H , 57
— W= IR BE AR O 1.0 7 ~1.5 J3 o0 SUESE ™ b B i B RIS B B A%, TR, B B L0

E ST i /R AR X RBHE L0008 S s 3 B G R TT ST (2023A02011)

YEE R GAFLIF4R < 32 JT /R (1999—) , 2 1, PSR U 0] st 5 0 5 %58 . E-mail:3346990339@qq.com

BEEE hidURr U R (1973—) , 20 ABE 1 S S50 A58 5 m o sl B R 5 %5H. E-mail:1468966436@qq.com
BUFLER <470 B2 R 2R (1967—) , 53, Wit A58 04, P9 U7 ol Ry 3l it (% & R 5 B9 . E-mail:1041526965@qq.com

Wi B4 :2025-10-18, & [E] HH#H:2025-12-03

19



20264 1 H 45 1R 2361) HEREOUHH])
B2 TR AR I RSB W A 2 A7

FEOY R AE RRLR i B34, 208 10 d, K18 88 20~25 do A58 L RFBE R 15~20 d, & 1% 2
TAEPTE 11 A R A B WA 3 AR, B 25 130 d, HLACEE e 30 B) P AR PR AR, UG B 215 S HE B 1 3
Yy, HHEOIALE 5 A F A, & R I 15 S HEDD RS0 T & 09 I 553 1 (O1F ) 20l T i A
A LR (LH) MR BRI R B0 R (CnRH)™, BEGE R IE B RN B AKIEGR , A e e i) 23 Fib i 42
2 AL, o RME 5 12 32 28 B S HL AR B A IC 5 o R0 6 ) 2B B R A A, B B8 1) S S5 4 R Oy
405.5+8.3 d, AL UR IV L R 394~420 do AUESEANUAERK I 212 , 38 5 7E 3~4 % B 3k BV e, i
HEFHTEREML , 2 0 24F 1 IR EL 3 4F 2 IR

BEDY [ 4R & R AR SRR, — A4 B 1 ~2 YRS 7, 0 % 7 4 A B AR Ak 5%
B (A T e B T R BELAS o ZEX RSO0 T, RN 5 53 W 2 AR R 9 BE 36 1 & 175 F A 2 ey
BRI TR Z —

30 3 R R A7 R DA o — i1 B[] Y AR (SRR SEHEDR , (8 T2 HEHAZ L, B i EOHA0% . JR0m1, H
L PR X B B[R]0 e 1 B B 1 S s 1, R SR BE A AR DG Y ik 1B 482 . MANJUNATHA B M
SRR B LI B A g X4, R T ¥ GnRH+PGF, +GnRH” J5 %8 , 7E55 0 d 114 100 wg GnRH, 55 7 d 7F
51500 wg BIH IR E F,,(PGF,,) , 55 10 d 4T 100 g GnRH %77 A SEI 1 U ik 19 [5) 24k , ik 52
T 89.8% HIHEIN K L) I 68.4% W% . SKIDMORE J A %5 A0 75 s Bl R B BEHL > 0 4 41,
A3 R B A B[R A A 7 S AT AR B . 55 1 A REBEAR O d {40 5 mg ME —FE (E,) Fl1 100 mg 220 (P, ),
5514 d 1SS 20 wg GnRH ;55 2 258 T45 0 d 15 20 g GnRH, 58 14 d F-73 54 20 g GnRH ;55 340+
TET55 0 d 340 20 g GnRH, 55 7 d 1EST 500 pg SARTHIEE(PG) , 55 14 d PR30 20 g GnRH ;55 4 40 B
U F55 0 d FH B ER 75 T ml R, 55 14 d 735 20 g GnRH . 455 755, GnRH 44 F11 GnRH BXS PG 4k
PR HEON R g, & L SE R A RN TP A U T . BT LR AE R AR 1 GnRH+
PGF,,+GnRH” J5 3¢ , ¥R 5% HX WU 56 258 1 R I 52 ), 5 8 JELRN S 6 () 19 2 195 T A 1 9 25 11
WA FFES MR THUT R, AR ARG R S HEN , iE BB MCE B0 it & B ARG 5 3R
5 A RESE RO RN A2 i 2845 DAR T, R IR B 46 & BFHACE I B Y. X —HOR AR R PR s B 5E 7 Mk 1y
0 s ARG 17 Tk Ak RS AL & R 1 B 2 S X sh s e ol 0 R R AT
HEE L
1 MR E5F*X
1.1 R

AR T 2024 4F 2—6 H A8 B s 4E 5K F 6 DX B 5 55 b DXCRT B BT 8 00 36 96 56 3R A AR R %
WA VEFENSE A BEMLIEI 3205 6~11 % f@FERA RIAF R AN (2™ (7 16 & UL ) HAR A2
FESEAE MR I XS 42, Br A BR300 B R B AT (H{H +SD 485422 kg) o 7RI FEH , 4 H 8:00 F119:30
MR H K, 28 BRI MRS  TE LA HORR iR AN IR & HAS R (B S 1.2 kg DM/IE/) |, DA
JETFIR AR IA S IR oK I R ARIE TR 5 T I IOK R
1.2 K5 F

T 5 AR MR SR (N A B0 GnRH) (TSR ER F,, VR ATH B R (N TG B RTS R
2 F,) B0 A T AR R A IR A E]L 4EAE R AD TESHRIA AV £ KILSh 25 i A IR TR A
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A A 250 IAE 4 CHAF T ORAE s 4 F BB U A AR HIR R A IR A H]
1.3 REAHE
1.3.1 X%t

PR B 2 B ML 32 023 PR LR 6 (R B BE LA S 2 4 Bl 160, b S 141k
H AR &N A BRATL, BEGE FAR R AS G 5856 F B AC G ; 56 2 41 R A A A B 00 21, I 2F— 20 40 4 S A
WA (B4 815 , RAIASFE A& 1Y GnRHUEATARFR . BRI TF LRI (L M55 0 d) 4[R]30 Ab BEAH A9 565 1
W 2H A A 1.5 mL GnRH A1 5.0 mL A= 2 AD, 55 2 W0 4 B304 73 41 2.0 mL GnRH 15.0 mL 4k &
AD; 5512 d, T A7 [a] 390 40 3 4H BEBE 3 5 2.5 mL PGF,; 45 14 d, FRH% IR A 0 d il J7 =40 B, o [] 34 Ak
FHLZEL A PR A S 4 S0 3 S A R0 et ) GnRH FAA4EZE 2R AD, DL BT AT i i 3 s LR 38 1t
J& L E YIS RS R RS OL, WL 1,

T4 2.0 mL/1.5 mL 52,5 mL 451 2.0 mL/1.5 mL
GnRH+5.0 mL PGF GnRH+5.0 mL 22
Yk 3 AD l YerE % AD l
50d 4124 H14d 4154

E1 RHLELERFRREE

132 90K FH AR RS T A B

FEIRE A A 15 d, {5 BB AN, 38 A A e ks o () 340 Ak B 20 B 5 1 DI 96 % 7 5 490 2B 45 0K
FZo [T, BEHE 1 0 R F R AT HAEBRIE RS0 A 8 K IR A P RER A b, DURSSRE D I R TS R B .
BEDE LG BE FRUEN T < 25 A B8 sh 200 BEBE I T 24 0C 15, M RESE AR I R iA Ty , B WAL BB
U E SR HA RS , 5232 o BESE A ICES WA E 2 BESR AL T A B IRAS . FEACIE S5 b f v 12
T3 F AR A A RE DY AN RIS AL R R BEFEAS R B) B P4 18 B . BRI 408 0~24 h 24~48 h
48~72 h 2 3ANIF RN BL, 43 GE A I AL BE N A (R BEBE A R, I 4 RS X (ORI R SR B0/ R &
155 b PR BB B 100% ) T8 4 B R BRI & 1B %R o X PSS E BN &8 0 EESE , ZHE L 5 A BE i T
H SR 3E L -
1.3.3  Jadkid i 5 5 i M AR A

FEREGE 500 B AL A2 LIS B9 56 50 d, R 25 BB A, 38 i B K A 1 %o B 56 () A iRk ol ik A 7
o A DLMERR I W BRI R AR R . TR AR TR 2GR, AR 2% (%) =T iR B5eEu 2
TNEC R EEBER) x100% ., MEAN , 7ERESEBC A S (056 432 d(H AR &R e A 7= 52 iU ) , B2 2630, 42
TP Ra 3 AR 7 63 (%) = U T IR BESEE) X 100% o
1.3.4 AESHT

% SPSS 26.0 24X 120 B 27 43 B L dm I ST RS ¢ 4 3 PEAS 25 A B8R Rl i 22 5 o Horpr,
P<0.05FREREE P>005EREFALE .

2 HEREHH

2.1 AEFEGCnRHITEIEIR % B RIS
K I HE 20 BABAY (U2 . Easi—Scan, Fit 4% 7.5 MHz 814 B B4R 3 ) 28 B W 6 BF B B S5 R 1T 52 et
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P ERURES IS TR URGS WL I D E IR AT, FASCAS 15 f 7T pill e e KR S B K2
WA BB IR A AR . A HOMEE A I 3 U, BOF A LU D B iR 2E . o REGE
Fe AT WP SR8 ] L 7 PP A B, BT RS ROR U B SR A . AR, ARG GnRH
AbBE (1.5 mL 55 2.0 mL) XF 5 B¢ 7 A7 W0 5158 A9 B9 9 A K B 9 e 1 0 i 2 S i (P>0.05) .
e AN, AR TR GoRH AR BT, A5 G e A7 P10 B SR 119 B 0 K800 e I3 B AR IR JC 8 3% 22 57 (P>0.05)
W21,

R1 AEFEGCoRH LB FIEINEL B 15N HH T

5 ZEMNBPIREII LA fom  ZEMUBRELIMERCE/A AR A om AU B0 EL AR/
1.5 mL41 0.25+0.22 0.63+0.52 0.24+0.23 0.63+0.52
2.0 mL 41 0.44+0.35 0.75+0.46 0.39+0.34 0.63+0.52

E AP HIE R U« R £, 0 R E R FE (P<001), %" AR £ F B F(P<005), R AR EEE £
F#(P>0.05), TR,
22 FHALEASIRBALEERTE

TEMLZEBEGE A 1F BT, [F]30] b PR 2H BETE (1) 17 I 18] g BE AR v 78 0~24 h FF IR B A1 R 3
24~48 h [F] P40 BRAH BEGE A ERAE AL FARAS . T H IR AN BRI [ A4 1, 0~72 hAUA 6
WERELE AN , HARBEREAE L H NRRZLANE , SRS T, LL0~72 h A GeitalH , [ 4b 120 £ 5E 1R
WK E AR 87.5% , 5 A IR NG LA R A5 32 (37.5% ) W) 2.3 4% 4 IR 22 S il b 3, L3k 2.

F2 FRAEAFREREREEELREEEM
0~24 h ZIGEESE  24~48 h ZIERESE  48~72 h & 1i5HE5E

g l = | ’P,w / | 5 /%
ZH _” — —_— 1 BT A/ oS
H SR K% iR 2 0 2 4 6 37.5"
EEGRGREES) 3 11 0 14 87 5"

2.3 AEAETFTIENFRREE RN

FHEL T F AR A1 X IR BEBE 2 iR R 62.5% , () 14k PR BESE A9 32 i R B W, O 75.0% 5 1677 5
R FHAR B = T F AR AR R B, B AR A X B 06 R0 80.0% , R IUI AL BRZH O 91.6% ;
I, [R1S Ak PR AE A A R0 e v REGE A BEAEMERE , WL 2.3 3.

IR 40 d IR 90 d
2 WA BEBEREE
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®3  AREBFENSIEEE RN

215 SINMECRP RSB R B ey VL3 Z R 1% FEER %
F R % iR 4] 16 10 8 62.5 80.0
[) Ak B4 16 12 11 75.0 91.6
3 3 it

3.1 ARFIZEH GnRH A BN BTN E % B B8 00

KF GnRH F =X BR i % 5 052, B A A WA 5 BLIE Y I Bl 0p (1) JR 38, 11 4 A =E A A1 G
WFFE A GE . DARE T A 2™ 5E T N [R50 4 9 GnRH (50 g A1 100 wg) X3 AS [6] i 4= (Bunaji A1
Friesian X Bunaji) U9 & 7 A0 200 , 45 5 57 P 4L (0] AS [R) 391 4 GnRH AR B S A9 B 9 B4 0T TG i 38 22
5(P>0.05), HASHEM N M %" Ffj 1 mL A GnRH b3 Rahmani £ , 45 5 & 38 GnRH 43 5 5P L
B FEES . D LFRERY, 75— R a8 N, 4h2al IGh s IF AR R — 20 W 3 1 98 GnRH Xt
IR R B RIS . ZEASHIFSE B, B AN IR AY GnRH (1.5 mL A1 2.0 mL) X RR5E Ui % & 44 00 25 50
(P>0.05), R4 2.0 mLALMIIEER BREEE KT 1.5 mL4 (H - F 2 M EE 25 , AIDARET A |
HASHEM N M FF58 25 AL, 3B GnRH X R & & 094 A FHAE — 2 7 i L 9 o] B 2 56

BEAR , ASWFSE o GnRH G AT E 4 0] B9 S5 v B9 760 174 50 8 TG 8 35 52 i), 3 5 2 21 A6V OULER 2 i 5 2
A FTANTR] , AA] Py 5 SR 2 RO 5 e ) B 6 v SR O i i it 22 A DB B . s ik A 22 S5 14 Dt DRI ] o
JEAR U T B S A 3D, AR MR A W A Dt & B G Ol Rk, 75 2 — 20 s R MR
7 Fsf TF1) 6 (98 LU 5 9 558 {0 B 4 T e, ™ e G2 AL
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Effect of Estrus Synchronization on the Reproductive Performance of the

Tarim Bactrian camels

NAZAKAITI- Ainiwaner'*, ZHANG Yanhua®, AMINIGULI- Abulaizi’, HAILIQIEMU - Maimaitiyimin®,
WU Yunlong’, DONG Hong>, GULINUER : Mahati*, SHI Peisen®, LUO Chunyan'*, BAI Feng"?,
KEYIMUJIANG - Wusiman*, LAZAT - Ainiwaner”", AZATI-Zulipikaer”

(1. College of Animal Science, Xinjiang Agricultural University, Urumqi , Xinjiang 830052, China;

2. Institute of Animal Husbandry, Xinjiang Academy of Animal Science, Urumgi , Xinjiang 830026, China;

3. Xinjiang Youtuo Camel Breeding Farmers’ Specialized Cooperative of Keping County , Keping , Xinjiang 843600, China;
4. Shanshan County Agriculture and Rural Affairs Bureau, Shanshan , Xinjiang 838200, China)

Abstract: [ Objective] This study aimed to explore the effect of estrus synchronization treatments on the reproductive performance
of Tarim Bactrian camels (Camelus bactrianus). [ Methods] During the breeding season, 32 non—pregnant and non—estrus female
camels were randomly selected as the experimental subjects and divided into a natural estrus control group and a hormone—treated
experimental group. In the control group, female camels naturally came into heat and freely mated with male camels. The female
camels in the experimental group were further divided into two subgroups, each receiving treatment of different doses of GnRH. On
the first day of the experiment (denoted as day 0), the female camels in the two subgroups were intramuscularly injected with 1.5 mL
and 2.0 mL of GnRH respectively, and simultaneously injected with 5.0 mL of vitamin AD. On day 12, the female camels in the
experimental group were intramuscularly injected with 2.5 mL of PGF,,. On day 14, the camels in experimental group were treated
again in the same way as on day O, that was, 1.5 mL or 2.0 mL of GnRH and 5.0 mL of vitamin AD were injected respectively. On
day 15, the follicular development of the female camels in the experimental group was observed using a veterinary B—ultrasound
instrument, and the number of female camels in estrus at different time periods was recorded. At the same time, natural mating
between the female camels in estrus and the male camels was arranged. [Results] The results showed that camels in the hormone—
treated group exhibited more concentrated estrus than those in the control group. The estrus rate of female camels in the hormone—
treated group within the same period was 87.5% (P < 0.01), the conception rate was 75.0%, and the calving rate of pregnant
female camels reached 91.6%. Estrus synchronization could effectively improve the reproductive performance of female camels.
[ Conclusion]In addition, the effects of two doses of GnRH on follicular development were not significant (P > 0.05).

Key words:Tarim Bactrian camel; estrus synchronization ; reproductive performance

25



20264E 1 H B 1T IH(EES 236 1) HEHEGUAT])

10.16863/j.cnki.1003-6377.2026.01.004
ANEBRIXSHIF At #E B 84 =it s
B A K RERY 2N

WER A FLEEAL,E B OFT
(LAFRAON R Frim S EARSE 830052;
2. s A e R A B R TR B e 2B AR SE 830063 ;
3. R FLol B A FRA R B &5 K55 830000)

 E:(BwW] e AR H B REIL LT 9N KOS B 8738 45 4 7 7 B K ot 7= A i B 4 7= 4 b b Fme 4 4 K M BB Y
B8 o[ 7 1M R RAE AR AT P W A 6 D AT <22 A i (22~23 Al 23~24 A % 24~25 F % 25~26 F #5226 A i i
KAOHINAT e 206 38, KA SPSS 19.0 8 oM 8 thxt B34 = E ALE & LR S 40 £ Rl iy T3 B 3 Z34T
B HF 7 2440, & H Duncan's 3 ¥AT & F WAL, AT A [/ 7= 4 A0 B KO8 4 P 00 e b Fe 4 A K MERE B9 B [ £ R T 7=
F #2206 F 209 8 3 B s, 15 513811 kg, B % & T<22 A #4122~23 F # 24K 5 40 72 B w4 240 400 4k & i 45 F
HHBENA B EY A 26 A a4 4 FaE, T 23~24 AW e B FH T HENERES THOAT. XK
FEIEHFNAREGE SRR A ERE 2R SN RE AR AR ER T L3R,
(40 )8 B A 7= A8 B THR 8 B 4 P bE fb A 20 A KM Bl AR P e e Fds 2R A KRR AT R E W R
KR KA AR A A KR AR

HE 355823 SCERFRIZAD : A X EHS:1003-6377(2026)01-0026-07

Ay T AR S A By R FL AR SRR, L P BE A DL A Lok 22 5% Ak i S T R AT 5
KIEHATEEE Lo W AW e 75 45 B2 BOH A BEAICR A SCBEE AR , BRI B I 7 Wi g
S 2 A 0TI IR URAE g BBk A A BRSO JRE 5 A e 2 B SR, 5 IR LR A FLIR T RE 4
R AR SE s H 2 e FLE H RFUIR RIS PP WA= A PR L B A O AR AR, TR I A2 4
PR S WS-8 HOE R B RO R B AR RACR 55 & A B E AR ARk, [ NS
[ S 052F = PR RE B2 M I B AT T RGEWESE . WFFE A SRR WA 0™ A e J7 1, 4oy 39748 2490 7 H
Wyt FonT e BN A T N AL FEARE IR F R 2RO TSR 2~3 i BE AR 7 W k2 0
{7 (EFLE H RGO i 52 TR 3 AT 3R A8 SRR AL 07 e ST 4E AR R R TS 00 A

ESTE: HigE /K AAIK A RPLF 4 B H ( 2022D01D10) 5 37 58 45 5 /K H G X057 4% R K 2 % Wi B
(XJARS-11) 5 B8 A = i i 2 A1 27 - il 48 5 i~ 3 5 (SRS2022001)

EZ B WK (1999—) , 55, Wi+, W5 U5 [m A sh )2 7 0 E-mail:1966028114@qq.com

BEIEE B (1980—), 5, Wt & WO, WE 507 ) 9 05 A48 3R A% . E-mail:627606567@qq.com

Yim B8 :2025-11-13, & B B #§:2025-12-13

26



20264E 1 H B 1A 236 1) HEZEE AT

B YOS B e LSRR AR SR A AR RE BRI, A D A 7 S Bk P e S EE R A AR A S
it Sem bk =itk e fe ft e 2%

1 MR57a%

1.1 #EkiR

AEIRXEE I BRI Mk B A PR 2S B F & 5 FR oK A — S 9 MRS R 7 T 2 630 3k
o 3R BE A 2B R, R BN R R R A H R KCE T BEAR B B FLIE R LA
AR A T RNIBT 1 147 H 4 o AR
1.2 ZEitorh

TR 1 U6 B T Excel 2007 F00F#EA 7400 25 A0 B, %F A [6] )R AT By B4 40, 7= H ik 7 h 6
IR <22 A% . 22~23 A ¥4 . 23~24 A% .24~25 A % 25~26 A #% =26 A% ; IG5 R 3 K0 1
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H 20 896 34.00 5.06 25.68 48.42 0.15
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St 2630 322 0.35 2.95 3.53 0.11
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Effects of different Parities and Age at First Calving on Milk Production
Performance of Holstein Cows and Growth Performance of Calves in Xinjiang

YAO Kangyu', DU Yu®, WANG Zhiwei’, SHI Hao’, WEI Yong™
(1. Xinjiang Agricultural University, Urumqi, Xinjiang 830052, China;
2. Animal Husbandry and Veterinary Work Station of Xinjiang Production and Construction Corps, Urumgqi, Xinjiang 830063,
China;3. Xinjiang Terun Dairy Co., Ltd., Urumqi , Xinjiang 830000, China)

Abstract: [Objective] This study aimed to investigate the effects of parity and age at first calving on the milk production
performance of Holstein cows and calf growth performance across nine large—scale farms under Xinjiang Terun Dairy Co., Ltd.
[Methods] Cows were classified by age at first calving in six levels: <22 months, 22 to 23 months, 23 to 24 months, 24 to 25
months, 25 to 26 months, >26 months; and by parity in three levels: first parity, second parity, third parity. SPSS 19.0 statistical
analysis software was used to conduct one—way analysis of variance (ANOVA) on average daily milk yield, milk protein content,
milk fat percentage, calf birth weight, and daily weight gain at weaning. Duncan’s multiple range test was adopted to analyze the
effects of calving age and parity on cow milk production and calf growth performance. [Results] In terms of age at first calving,
cows aged =26 months at first calving exhibited the highest average daily milk yield, reaching 38.11 kg, which significantly higher
than those of the two groups aged <22 months and 22 to 23 months. Age at first calving significantly influenced calf birth weight
and weaning daily gain: calves born to cows aged =26 months exhibited the highest birth weights, while those born to cows aged 23
to 24 months showed significantly higher weaning daily gains than other groups. Regarding parity, cows in their third parity
exhibited the highest average daily milk yield, calf birth weight, and weaning daily gain. Conversely, while cows in their second
parity demonstrated significantly higher milk fat percentage and milk protein content compared to those in their first or third parity.
[Conclusion] An appropriate age at first calving contributed to improving the milk production performance of cows and growth
performance of calves. Parity also had a significant impact on above two performances.

Key words: parity; age at first calving; milk production performance; growth performance; milk composition
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BT 2 b X A S5 ifm B B L E o

TR, SRE", RER", ot RE B AT, RAL-CAHKETIR,
HEHE-RER,mER, wH R, AEE, LR, FE°
(1. bl h b X S B dl S b, FrisbrihZ 836500
2 [P X St s T s il oG, BTERENG 2 8390005
3. BIR VAR S aE s R i G, BRIV JREE 150000)

M E:(EN]4ERRRENERARITHE AT RN - EEHEEA SR, R A EH 44 7= L@ A, F
B RN E T e e A R AR B IR [ O o 1 AR 30 5 BB (ol 4 45 0 5 BT BUR ) (GBIT 18645—2020) 47 v, & il 4+ AL &
A F KR AS RO R X B AR X 7 KR 1 190 3k R AR B A9 A AT A0 0 S A, UE S5 AR R S L M A 4
K Bl IFN—y f S U R B K o € 8 PCR 7 SR 34T 3415, 2 AT b 3 7 28 45 420 A 1) o S8 2 s K & ) A IR0 AR L 7 3k 4 11 Bk
FERIERKRV, A A ERE R E NSRRI A 245 5% P8P N 1.51%(18/1 190) ,3~4 % 5 3% Br 4 B UK e 5%
Bro X184 FH MR 5 5 i Fl B 301 44 5 8 3 IFN—y AN B X E BEPCR 7T 0 Al S A AL R E RENEAR
BLAR B AT 3 b, 75 B 3 AR e 07 ok AR 45 A% P o e 49 4 358 15 3K Kappa (H=0.71, % A4 3 45 R & & — B, IFN—y &40
el Ot B PCR 77 ik oAl B 4 AL EE AR H R R R AS RO IR B v P AF A 33 00 83.33%(15/18) , A ME4F A 3 3 5 99.00%
(298/301) , B AF 6 F % T 85.00%, U8 WA 45 R4 [ 4590 ) 4 B A% o 3 70 20 78 R0 3K B B0 e v (L S MR, T DA
T TFN—y 4 3 3K 3 20 9% 56 B PCR 77 3% 0 U By , AN T B ook % 0 4K B 45 4% P M 2 TR N—y AR 40 a8 103K 36 77 DA AT 80K 30
EHRE LR AR R RS A R R BT DU N BT R RN R A KRR B Wy B 0 OF  dm DLAE )
e

KGR A B B R y-T 3t & (IFN—y) R 4M R ; 7% 58 2 & PCR

I E 42K 5 :5858.23 CERARIZAD: A M EHS:1003-6377(2026)01-0033-10

A BER I s A AL B R B2 S D S 1 — M T AR I A S S AL Gt 2o 2R FE L
A I ¥ LA B 9 T 2 20 ol HE i 301 I P R SR AT R M 2% 1 PR 2 I 4 7 320 2 B YL I R A
SERZI AR 050 W) HE M R L T A5 o TR S e AR A T YIRS S B R A TR
AR 2 W I TE AR , A AT DA S 4T G B ARDRE ROK 2 VE A AR R, B e B AR G 20 A
PN EAR A A A [R] 5 R B bk G5 A I 254, W nT 1 BLFL s 45 4% A Jl e B 45 1% 45 %
FIR A 1% 6 FhZH AREEAZ Y A= S RO B AN 25 A% 2 BORE T T DAAE AN A= 2Z [B]AH B35, 35 2 K
ES TR W45 /R AR XA SAREA R S N B R 4 300 5 20 Fiia 0 16 B 380y 2 4t DX A= 25 A A DU o 1) B s 9 5

)N (2023D01F01 )

TEE B : DM R(1987—) 5 it I I W9 7 I A SER PR 2%, E-mail:altdwjkzx@ sina.com
BIEIEE : BAGHE(1986—) , 20 AR} M R BRI, WF 5% 7 I A TR R 2 . E-mail:751691576@qq.com
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At R Gy T, N S5 A e RO A R T ARV B S R S e g 2R g A
DL AR 3 A PR A Sl T A R . B R R AT ) TAE B B S TAE AN LA
WY RER SR P N S50 5 B = FE NS

A LSRR TE A2 A AT, 0 MR AR TR R 0.77% ~ 25.57%", A KARGAEFRH E 445
KRTATERN 0% ~ 15% , FNEE LG50 A TR 0 1.6% ~25 % A E Z S50 A TR N 1% ~ 50%",
T ]2 2R G A R0 R v T [l 5 2 1 B A2 e L R 2 R A R R BB A S BAE A TR
HEA B AR E  tH 5 2 T A A1 S0K 51 Sy b 2508 i ) s 8 s 2 — , 3R B L8 — 2K sl i
!t (4 7 TR N B3 RO 7 3R BRI (2022—2030 4F ) ) B #2825 A% B i B A5 R - 31 2025 4 25% LA
b R A 3R A 378 BN AL BTG R UE , 1) 2030 4F 50% LA b 1RSI A 3R 3 0k B Ak T
PRI AR SRR TR A T 1 S A, A T R o Tz AR AR OGO A , B R SE TR B
1 F1 6 M 24 5 20 B L R ) S AT R B 4 AR AR A 28 B Mk & TR AR IS AT 128 ) kR
R ARAT 2 S5 R A AL AR MR R I o SR #0 2  DX 30T T A A 0 ) ) A e DX L P 2 85 20 T
TR0 E I 8E . 2 4 A ) 2 b X 2R 25 200 B DA 115 D0, R B9F 98 % 2024—2025 4 B ) 28 1 [X. 7
ANX I N 3~ 6 2 A AFE I BEAY 1190 S 05 2 JaR e 48 A o 175 150 188 ok A TR0 45 A 1 28 Iz P9 738 28 I R 56
HEATAI IR K , B S5 4% PR PR SR (L B MW 28, I 3 8 B AL A JEGHT 23 20 UG5 A% TR 2R 2 N 28 285 S iy ik
EBAPEDS A4 | SR F 9 62 B PCR IFN—y PRIME N B T8 IS X LL , 20T FL A A 45 A s kT v P
I A (5 A ARG 2 A I Bk s, LA S0 oA o] 0y 2 il X2 235 205 B s e AR 2 L B3 S04
1 R ERE
1.1 HER S35

HARTE Ny B8y 28 L X A—G 74> XN 31350 K (A 5>50 3k ) A 169 IMHLTR 1, 6T 5 3~6
BRI B 2F 1190 3k .
1.2 HhFER R

SR FHBEMLEL - & A A8 3AS TR R 169 AR P HEATBEMLARAE" . AN A4 JE & B89 1
PEATRE I U TAT RN 10% , IR I ABUEAE 2 90% , B 95% A5 /K-, 10% W %1% 2, i1 H 3
ANFRFE R AR 242 4> 0 FREE K P FNHLSR P44 R TE 4 EA T R GERAPLINRE | 8% P 2L EE 948 4~ /1N
F 10k WA B BSR4k, REHERR 3 A I LA IR ZRE2F DL R 550 2
1.3 #HmEE

XFHIFER 1190 Sk W40 845 bric , R F A B 25 % 0 2R B N8 A8 O 3 8 6, I JC R SR 4R
A= B ZE A T 2R B PN 8 25 S ks B 47 4 B S AL B P 5 A= Be e i o 53 o, SRS 01l 245 2R 9]
PERYWS A BE ML, 5 75 8 h 3% ] 5256 = HEA T4 R
1.4 EERA FEHSUE
1.4.1 FZKXA

TR AR R L

F1 FERF
R 44 B HEFET K
E= RS W R W 2R A A ) TR R ]
A4 A% TFN—yELISA A6 I3 ) £ &y T R AT BR A W
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SRR SO E B PCRAG IR & NP A AR A PR T

R 5 S5 IR AR IR
PSR B RPMI 1 640 Medium(Gibeo 72400-013) TERCHERBHE (R DA BRA
142 &AM
FERE B R, 2.
x2 IERM
[
BT BT F ER VAL
—WRAPETE T EST AA EF (1 mL) VLV 5 R Sl B AT A FR 2 )
— U L2 I L5 (PR ) (5 mL) VLIRS E BT 20 R
—UPER ML 14 (10 mL) TLIREBE EEIT 2 A B2 )
JCTA 24 FLAHMLE SR AR Corning /A 7]
1.5 mL EP4$ .10 wL..200 L1 1 000 wL 1k Axygen 2 7l

1 mL IR TR 5 TR b g sk
EPAEAESR T 1 ¥R (30 mL .70 mL 125 mL)

5 mL.50 mL .04, B iR AL

Kirgen /3]
A T B A R R
7 BT R BT DA R BR A F

143 EHME
ERAER SRR AR 3.

&3 EEMHE

CFX96 H&t5E it PCR ™Y

HL R PR R R (150 mm)

BHC-130011A2 A= ¥y 2 44

HPX-160BS- Il {i {48

200 L1000 pL BT & 300 pl 8/12 AL i
ARG

Tecan Infinite® F50 [iiH71X

Sigma BEOHL

Red-TimeSystem 2\ &)

A £ T bk T HA PR
R AR AT R )
T BT A A 3 A B A
8 AP0 2 )

IKA A ]

Fii+: Tecan /A

VIR G bt Ry AT BR A W)

1.5 iRIEAE

151 HFAZEAEZRXALESR L RE

Fe BB S5 12 Wi AR ) (GBIT 18645—2020) BRARIEY, RHFR U4 40884 5 , 16 0
H 1 1/3 Ab A B (SR AT 1 dFIE) , HARZY 10 eme AR RO G 33 53R 007 v e e 4 PR Ot
s TGN TCRA SRS o FH 75% R TRRS AR Bl BR I 353 AL, AR5 B2 R SRHAR E 2 000 TU/mL
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FRIZERAER 0.1 mLo P REA JCHVR 2T S5 9 SR, 23] T S AR A 72 bl Rk
JRREE VPR RIS o X BEAN R N5 A 57 R 57— O A [] — b A RS 3 AT 50 K B N,
2272 WBE N AR o X BAPE DR ABERU N34 , FHET IS 96 h A 120 h 5351 L — U, LA Ik
A A BUR A VAR AR N I sk Al A 2R, k4.
R4 HREGHERNESRERRHERE
G HIERRE Feltk ik
FIE RJEE > 4.0 mm 1] 2

F5E N AT BRI, T 42 d 5 BEAT S AR, JLAS SR AT mT e

¢ 2.0 mm < ZJE2E <4.0 mm 22
RE: B2z < BE o BRI

Btk JJE2£<2.0 mm ¥
1.5.2  IFN—y 4R 56 m] 3K 55
P BB S 45 12 i H R ) (GB/T 18645—2020) BR #A/E™, JCE R K 454 42 1M1 5 mL LA
b EIFRWMBUEEE D WENR A 3~ SR, EIRORAE, 30 h kIR LI A TR 5 . R TT
AT T TS OB 2 mL P 2508 FUTC 1R PBS, B8 A7 HUse i i R 45 R B3] 5~ 10k, AR AL G
W3 2 B 24 FLEE IR P B AR 3 AL, AL 232 1 mL, FF53 BIANA 100 pL 4= 454% T & (bPPD) |
B LR (aPPD) M PBS, 4R 1R 2], (0 A% 5 ST R 5 PBS SRR &5 B 37 CRE AP E
16~ 20 ho B VEW 100 wL %7556 A ELISA RO AR 1,37 “CHE & 45 min; FE AL 44, FHVE
VIR 3 YK, 300 pL/AL, FEKERHE 1 min J5 8130, )5 — kI T BALIMA R IFN-y £ 50k
LK 100 WL, 37 “CH F 30 min, Yol ; LI A BARICH 100 WL, 37 “CHE 30 min, etk . MIKY,
IR R 10 min, BEFLITAZ AR, 10 min PIFEEEFR L L0 52 45 4L ODgy,,, fH - bPPD Il 5 57
35 £L OD 30, THICAE OD oy, aPPD I RE F7 F 15 L OD g, (EICAE OD, 1y, , PBS LI 57 13 L 0D,

EIEAE ODypeo T3 OD,ppp » OD o < OD s Z A I 2EAE, W32 5,
RS HLEIFN-y BROME TR B H AT

ERES i 7E A
B ODI;PPD_ODP352 02, H ODIJPPD_ODHPPD> 0.2
Btk 0D ppy=ODys< 0.2, H ODy 1y =0D < 0.2

1.53 ®RAEZZPCRI &k
(1)4% B DNA $2 0] &30 U] 342 i DN A BEAR ™,
() FERLESOLE = PCRAETECE RNV IR R, 15 B G BT B0 10 s, BB 2P X, k6.
F6 HHEZEAEEPCRENER

% (LA
TB W A 15 pL
TB S Ji B & 5 ulL
DNA AR 5 ul
SRR 25 pL

(3) BUBC U1K 22 (0 S RE A5, B e R S AR A D L B, 30 ST , #% BR 78 6 8 B PCR P B4 K R gk A7
P T,
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KT HEZRHAEEEPCRIIESE

1 95 °C 3 min 1
95°C 155 FAM i35 %
2 45 s | 2 1
60 C 30 sCRAEFIL(E2) I

BRI 7 PCR G5 R AE bR IE, WL 8.
RS HHEIZRNEEPCRERHEIRE

FAtE  CofE <38, HLhZ A7 W 2 s o < FAM i Ct{H<30, A W RAKUE K, BRI S B £

AN E I, TR N 38 < Cuf < 45 FH 4 #e fi 2 %

5 38 C <45
5 < Ciffi< B , 785 000 Sy B 4

FitE  JECH To CHE, 8o HAR B oRt , T AR EUE K
1.6 HEFESH
CH Kappa RBOTE AT -
P -P
Kappa— 1-P,
Horp, PSR, POANLIBTT 5%

2 HRESH

21 HBEREZEEANTEREIKKESER

A 3o 2F RS A A 2R R AR 25 N I X BTl ZR B X A—G 7 S X P 1 190 Sk 54546, 2646 1
18 Sk BHME W 4 (F BERLBRPEDS 2R 53k ), MR B R R 1.51% (18/1 190) | 37 #F FH % %8 3.49%
(6/172) Horr,D X4l (F X8 G XS4 AAG I i 454 P 28 o AR DX sl A S A A 1R B P23 43
SR A X 383.31%(6/181) B X8 1.11%(2/180) .C X3, 1.67%(3/180) . E XI5 4.67%(7/150) ; #E A FH
PRI H K A XI5 6.45%(2/31) B X35 3.57%(1/28) .C X35 4.35%(1/23) .E X35 10.00%(2/20) . 4
TRERWT, AN [F] X Sl P A 5 Ao SR e 22 B AR [m] L L3R 9

F9 REREH4 AL R

A 181 6 3.31 31 2 6.45
B 180 2 1.11 28 1 3.57
C 180 3 1.67 23 1 4.35
D 130 0 0.00 15 0 0.00
E 150 7 4.67 20 2 10.00
F 249 0 0.00 42 0 0.00
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DX Ik LallE oS FH PR PtER/%  KISGREEUAS PRESREAS SERER%
G 120 0 0.00 13 0 0.00
ES7 1190 18 151 172 6 3.49

22 AEFREFEZBLBERAETER
A 3o 2 S8 A T 2R 7 P A 25 S I o BT B 2 B X A—G 7 N X3 1190 Sk 3 4= A7 354, LU
SR BAE TSR . A S B A 183k, BUARBHER K 1.51%(18/1 190) ; Horb , X <3 4F
W4 B P 4 43Kk, BHPE R N 1.09% ; 3<X <4 4RI BE FHPE W 28 113k, FHME SN 2.46% ; X4 4E
BLOREGSA 3 3, B2 R 0.80% . FRMAAST IS KT | AN [F) A7 % B 1) 2 45 2 PR 52 BT AN ),
HJE 3<X <4 A B gL 22 W ) i T LA AR % B, D3R 10,
F10 FEEHBRTHFEZQRNILER

AEi RlEITBS PR £k LA /%
X<3 367 4 1.09
3<X<4 448 11 2.46
X>4 376 3 0.80
B 1190 18 1.51

23 FEAPHBEZRZERENTERMIRE IFN-y E 5N KX EE PCR FHiERNE R

Xof BT 8y 28 1 X A—G 7 A DI AR 1 3 S R 58 P 242 Sk 5 A il ik 2 RUSE A% TR R S NR A8 I
D7 SR 36 FE AT A, BRI A I 2 5 A 0 e 235 SR R BHAPE 19 64 Sk W 4= 5 4 3k PR3 40 (5 B8 A0 FH A 105 4 2
SO RES T IFN—y MG IR B | 266 B PCR 7 %643 91 15 20 UG5 4% 1 25 Rz PN 728 25 5 g 3k 6 o
Lo AR RUGEAZ TR R R AR 28 B i B st BHAE 0544 4 Sk MR BHME 28 1.65% (4/242)  IFEN—y (R S1 K
MRS D i PCR J7 3446 BHME I 28 3 3k MR P2 4.41%(3/68) | AR RIZE R 2R AR S
J RIS 5 TFN—y /MG 986 RE B PCR J7 3L 35K ) FHA: 05 48 3 S, AGH 45 SR 24 A BF 1 Ay 4
40165 3% HERR 13k SERIPHED AR, W11,

R FHEAXPFREZEZEATERM IN-yEMENIRIE K EEE PCR FiEENE R
R T i Bk UELERATES [SLERATES
A B GERL T 2R AR S O 242 4 238
TFN—y (RS G 68 3 65
P it PCR 1% 68 3 65

24 BHEPEBEREERANTARMIRE JFN-yEIMENEIRLE 5 EE PCR FERME R
Xof B ) 2 Hb X A—G 7 AN DX P AR 19 169 N R 0 948 Sk g A 3 1o A8 R S5 A% 1 R e AR
A6 AT 0, B AIL A I 2 25 4% 0 4 25 SR R B 14 251 Sk W52 5 14 3k BRI % 4 (5 B 0L P 4
WhAE 33 RE L 3 IFN—y ARSI 55 2 5 1 PCR 774543 51 5 2 S5 2 1R 25 B2 AR 28 I
IR o AR R ZE A B R AR S SN AR B0 K H BE PR 2F 14 3% (37 BE LB PE D5 2F 3 3k ), AN A BE 4
R 1.48% (14/948) , IFN— PRSNG| %8 5 fi PCR J7 35 38946 th PHAE 3 4 12 Sk, A4 B P
4.78%(12/251) , A BIZE R TR R K N AR 8 R W 30 5 IFN—y RSG50 298 2 it PCR J7 34k
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BBV A 12 3 R 45 S35 S BRPE R 528 Ty 239 3k HEBR A4 B S5 R T 3R e N A8 285 R g e 2 3k B
RIBAPEDS A, 1k SRR TS 2R 0012 o B, W3 12,

K12 HFEAEBEREERNTEREIFN-y f5METIK I R E 8 PCR iEKTI4 R
ioRlDRES FE Uk (EIE2VPS (eSSBS
A RAGERL TR 2R B RS 948 14 934
IFN— ARSI 251 12 239
PN 1k PCR ik 251 12 239

2.5 IFN-yESMENERLE XK EE PCR FEFEE

XoF BT A1 28 i IX. A—G 74> DX I PN A= B 285 A% TR 2R B P 728 2 e I i e BEPE 1) 18 Sk 5 A4 (5 S fRL FH 44
W2E 535 ) DA R At B0 2E 45 K% T8 25 i N 728 285 7 (PPD ) 485 51 g [ 114 301 Sk 75 28 % 5 3l 2 TFN—y 2R 47b
R RIS 28 i PCR 77 43 0] 5 A= BU S5 A% TR 3R K N AR A8 a3 XoF L o 73 8 K P AT A
FH 3 R I6 7 v BRS04 BRI 03 4 12 3Kk TIEN—y AR AMGIR B 208 5 & PCR 75 WA I BH ik 24
RVGERZ DA R N AR 3 R BB o, A6 th BT 5 28 35 2k 6 3k, IFN—y (RSG50 5 7 # PCR U7
TR B 2 AR S5 A TR R R N AR A S R SR B AR i, A PR AR 35 0k 3 3k, R 319 3k 54 AR A
Kappa 115524 3, #5 2] Kappa {H 55 F 0.71, K 50 25 5 = — 80, IFN- (RAME IR 56 | 56 6 &
PCR J5 153 | 5 4 B S5  3R Be AR 38 O 30 1 FHPE AT & 2 100 83.33%(15/18) , FIVERT & 321
}99.00%(298/301) , £5 45 T 85.00% , Ui FA K 25 Ay, W 13,

R 13 IFN-yEMENERIE KN EEPCR AR S AEREER ATER MR LT ER
TFN—y {4 M PtE R PCR ik
1k BEk IS IES
FHA: %k PSRk FHA: %k IEZIES

BH 12 6 18 12 6 18
PPD 44 3 298 301 3 298 301

J=87h 15 304 319 15 304 319

3 #

Bt A7 Ml Y TG R R, A A S R TR 8l 3G, RS R B I i A A T G (R A
BTG 20 SRR MU IR A 3 MBI P op T i 2 R 25 B 08 2R R N A8 25 0 I B 9 A 7y [ sf,
B T e b X6 AR S A A 2ok TR N—y AR SIS DN L 2% Y 2 i PCR J7 WA T 6T b, T A 84 v el o
B, AR IR LA 1 190 Sk W24 K i, A TR 45 4 TR 2R B P 728 285 I Iy A 0 A 0 P A 25 4 18 3k (%
BEMLHMED2E 53 ), AMARBHIE SR J9 1.519%(18/1 190) IHREFHIER H 3.49%(6/172) . 3 <X <4 4E#YEX
A= G5 I AR ] i T A AR WA BE . X B Y 18 0 i 5 A A B 301 Sk W5 2R 38 48 TFN—y A&
AP S0 AE B PCR J7 VA 43 i 5 A= BUGE A% T 3R K N8 28 S AR B i E A7 X6F L, 78 2 58 K P R
I P 3 R G vk BRI HE A% BEPE I 5 4F 15 3k, Kappa {H=0.71, 6B 5645 5 & i — 3%, 1
TFN—y PR ZM G IR 56 5 56 78 Ht PCR 7 32 5 28 B 55 4% 1 28 Bz TN 28 285 s 7 3 6 1 B 1k A5 5 SR 2 oy
83.33%(15/18) , BAYESRF &% 454 99.00%(298/301) , 5 & 5 T 85.00% , Ut WAKG I 25 gty . 2 HILh
F2% P 25 B P9 AR 285 R 36 SR 1R T TRN—y IR ARG 5 i PCR 7, LA L 7 ik i 4 SR 3
SRR EE 3 LR 7 e 2 BR R rR R aT LA 2 S5 A% 00 A s
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R, 8 T2 S5 A% A0 6 £ 6 1 PR _E I )™ 32 19 e 2 B 45 Tl 3R R N R 25 B , %
I — ELRE A [ 2 (Y. 107 ik BT R A 1] B0 ARGt 3 e RE R A0 i R X5 2 A 2500
AP ABURRAE R 3K — e ORI ZAE S . AN R Z A SR IR A AR A 72 h, SR AE
e UNUE PN ¥ 7R Al NUARE S VS DAL I Y (B ST e 2SR i e SNSRI =g '
o, TR T A D BT A A 2t BB R 2T R S 25 HAT L AR 2 R KA A R ES A R LN
AR SN b AR U e ) P b A USSR T AR L T A TR A 10 LU B VAR A BB e
T2 A T 28 T 7 AN ) 4 BT DX 4 3 BSR4 S e A A A T o AR g

TFN =y PRGN X8 3 2 A TR E B9 A S5 AZRIET I, ande 2l PPD 5 (A S M 3 O BC0M 12 2
LA 5 43 WA T R A (8 TN =y , R 5 38 i ELISA SRAGIN TFN—y i FIB7KF- A5 1 FE S5 5R . FEE A7 2R
SERZIRIZ W Al Se R P A= BUSSAZ TR 2R K PN 728 285 R a2 HEA T W0, X490 57 12 W g B 1 ) 2 )
JH TEN—y ARSI 50 1A 7 52 A0 A HE SRR B 1 2, 455 (1 s P A2 T 5 12 TR R AR 5 A% 147
TRAGEN S TFN—y 1A &1 D 50 P B0 o AR S P S L A, T LA P DA A ) 7 S0 e 235 A 11 4
A2 ST A S AL TFN—y PRSI UG 15 2 B A T 3R B N 728 25 S A, A SEUESE T IFN—y
ARG I 36 14 SR AR SV A S B A 7 P P ) X6 A R 2 A T 2R B P 7 2 B I 8 40 s
A S8 AR BH 1 64 A B8 i A A5 A% TFN—y RSG5 | 502 B PCR T IE 12 . [ IFN—y RS G
I 1 A G BER A AR M 30 h A IA IR S BG AE AT A IR, HAGR @ A% A 5t )P R
NGV ZR A B

LT B PCR J5 1545 IFN—y MRS N6 — 4 BAT B0 B SO AR S, R X B g g
SR et P25 1 G I i R MR, N A DR R S R AR X AR e SR A A it e 4 T Y B
B TR A A 5 th AR AR BRI 53 A0, R ) JSAS G TEN—y A S G I 3 568 2 g, A
AT R AU I PRAGRE , 1T Ak 2 BUZEA% 1 3R S WAL S I MRS i Bh 2 05 ik 2 —

4 # 8

P TR A B 2R B A AR 2 R o 0 S S (A S AR T D i TR N—y RSG5 1
15 PCR 7 BN AR BB 15 , AT SE DRG0 75 20 25 R PP 2 TFN—y RS M 60 T L A5 2 e BR300
TR S0 A | ORI L B AS 455 T 2% HE L G DR T LA Sy 24 50 205 0 8 2% g PR 2 245 B I 6 )
B2 7 0 DA

5% 3Lk

[1] BHEw, TH. FL50R LR 5 X B2 s 1. Jb 4ol 2025(10) :25.

(2] BEHERK, A RAR , ARIEB, A5 DUJI G F8 43 DX A S5 R A DL R A ). DU A RS B2, 2024, 51(2):17-19.

[3] CORNER L L. The role of wild animal populations in the epidemiology of tuberculosis in domestic animals : how to assess the
risk[J]. Veterinary Microbiology, 2006, 112(2/3/4):303-312.

(4] BREE, TR, R, & y— T4 350 0 Rz 28 25 5 10 X AG I 7% 4 45 25 14 L A2 (D). vh N3 jR i 241, 2011,
27(2):97-100.

[5] POLLOCK J M, NEILL S D. Mycobacterium bovis s infection and tuberculosis in cattle[J]. The Veterinary Journal, 2002, 163
(2):115-127.

40



20264E 1 H B 1A 236 1) HEZRE AT

[6] ROMERO B, RODRIGUEZ S, BEZOS J, et al. Humans as source of Mycobacterium tuberculosisInfection in cattle, Spain[J].
Emerging Infectious Diseases, 2011, 17(12):2393-2395.

[7) B E . 450 PO E it PCR T ORI y—T IR SIS Wi 5 i 0L [D). 2822 - AR R, 2024,

[8] W5 . VA R S A A 7 - QDRI 5 A2 A X A MBS s S G 5 TR [ D, 558 AR 5% < A il K2, 2024,

(9) LA, )i oT, AR Xy, A Rk A S A B P SR (R B R ). B K, 2010(1) :76-77.

[10] MURRAY C J, LOPEZ A D. Global mortality, disability, and the contribution of risk factors: global Burden of Disease Study
[JI. The Lancet, 1997, 349(9063) : 1436-1442.

[11] BoB3E, Sk, Tk, 45 . Bt b X 52 454 Va2 (], vh B Sh ke s , 2009, 26(7) :50-52.

[12] K=, SRS, Ean, 5 SHoB 3 r 3 B S RO B P Pk i 0 g SR mg (1], b B LRERE,2024,26(5) : 199-211.

[13]World health statistics 2023 infection with Mycobacterium tuberculosis complex|[Z].Geneva: World Health Organization, 2023.

[14] ALVAREZ A H, GUTIERREZ-ORTEGA A, GOMEZ-ENTZIN V, et al. Assessment of antigenic supplementation of bovine
purified protein derivative for diagnosis of subclinical infection with Mycobacterium bovis in cattle[J]. Microbial Pathogenesis ,
2017(108) : 114-121.

[15] YANG J F, LI'Y Q, LIU Z J, et al. Molecular detection and characterization of Anaplasma spp. in sheep and cattle from
Xinjiang, northwest China[J]. Parasites & Vectors, 2015(8):108.

[16] ZHOU S, HUANG LY, LIN Y, et al. Molecular surveillance and genetic diversity of Anaplasma spp. in cattle (Bos taurus)
and goat (Capra aegagrus Hircus) from Hainan island/province, China[J]. BMC Veterinary Research, 2023, 19(1):213.

[17] ALMAZAN C, MEDRANO C, ORTIZ M, et al. Genetic diversity of Anaplasma marginale strains from an outbreak of bovine
anaplasmosis in an endemic area[J]. Veterinary Parasitology , 2008, 158(1/2):103-109.

(18] 2= W], S 7, SIS, 45 . 2018 4F LR 44 1 T /0N 2 2 B2 S OR B 18 98 2 [0, b Bl sh 5%, 2018, 35
(10):25-27.

(19] E i B B BLE R, I SARMEAL S B2 51 2> . Sh 45 o 2 Wi HOR < GBIT 18645—2020(S]. At 5t « v [ 1 Hi bt
1, 2020.

[20] BOW L . Bev 56 bt X 93 4= 25 2 A 2 55 PCR AR T iE ISR (D], 4 - AL MR K2, 2009.

[21] E28, WU 425205 k3 2 MR Jr i LD, A H & WS =, 2017, 33(11):4, 2.

[22] ZHOU M Y, YU G Y, YANG X T, et al. Circulating microRNAs as biomarkers for the early diagnosis of childhood
tuberculosis infection[J]. Molecular Medicine Reports, 2016, 13(6) :4620-4626.

[23] SR . WA SR A T 2= A BF AR . ol 5 & 9, 2008(12) :39-43.

[24] KING H C, KHERA-BUTLER T, JAMES P, et al. Environmental reservoirs of pathogenic mycobacteria across the Ethiopian
biogeographical landscapel[J]. PLoS One, 2017, 12(3):173811.

[25] Fib=, B, Eam, &5 =R RIS Jr 278 A= S5 AT N b i LA )], "B K F L 2022(2) :33-38.

[26] BROUGHAN J M, JUDGE J, ELY E, et al. A review of risk factors for bovine tuberculosis infection in cattle in the UK and
Ireland[J]. Epidemiology and Infection, 2016, 144(14):2899-2926.

[27] TAYE H, ALEMU K, MIHRET A, et al. Global prevalence of Mycobacterium bovis infections among human tuberculosis
cases : systematic review and meta—analysis[J]. Zoonoses and Public Health, 2021, 68(7):704-718.

[28] VORDERMEIER H M, JONES G J, BUDDLE B M, et al. Bovine tuberculosis in cattle: vaccines, DIVA tests, and host
biomarker discovery[J]. Annual Review of Animal Biosciences, 2016(4) :87-109.

[29] 25wz, ARITAL, BREHE, 45 245 N2 S AT BURD). sha Rk, 2021, 42(12):116-121.

[30] CARRERE-KREMER S, RUBBO P A, PISONI A, et al. High TFN- release and impaired capacity of multi-cytokine
secretion in IGRA supernatants are associated with active tuberculosis[J]. PLoS One, 2016, 11(9):e0162137.

41



20264E 1 H A5 1 (A 2361) HEHEGUAT])

[31] 3w H, ToEAs, X, 56 . 4Fp A= o0 BOFT B S VR 3 B PCRAGIN 7 25 09 EL AR 5 BRAN (D). B 05 541, 2023, 55(12)
55-61.

[32] sk A, 2 R0, SO, &6 R AR BUT B R S 3E B PCR ik 9 LA (D). Tl 2 3, 2020, 47(3):782-791.

(331 Z=0F, #RIEH, gk, % 4458 y—T 0 Je.0 ELISA Rk 7 & 0 A il 5 BEAN (7). o G382 3, 2017, 33
(12) :1060-1065.

[34] YANG J F, HAN R, LIU Z J, et al. Insight into the genetic diversity of Anaplasma marginale in cattle from ten provinces of
China[J]. Parasites & Vectors, 2017, 10(1) :565.

[351 B, Xty , SZUETE, 5. A S5 y— T IR IR0 L A e oA 28 25 Sy 2 AR Wi R A I e i FH(T. wh 5 4R, 2019(5)
33-36.

[36] ks, A/NE, E7E, & 2R EER R rE 228 W os v R ], h [ 5 BE 2447, 2018, 38(6) : 1250-1254, 1259.

[37] KECHIN A, OSCORBIN I, CHEREDNICHENKO A, et al. Selection of 136110 conserved regions for the detection of
Mycobacterium tuberculosis using qPCR and LAMP[J]. Archives of Microbiology, 2023, 205(2):71.

Investigation and Analysis of Bovine Tuberculosis in Altay Region

LUO Pengfei', LV Shuangyan'", ZHAO Yukang", YERKEN:Habulihan', SAILIKE - Bahedawulieti',

YELEKEN - Tuoliugen ', TIAN Yanxia', CHANG Yuliang', ZHENG Ruyun', DU Yanbin®, LI Xin’
(1. Animal Disease Control and Diagnosis Center of Altay Region, Altay,XinJiang 836500, China;
2. Animal Disease Prevention and Control Center of Yizhou District, Hami, XinJiang 839000, China;

3. Heilongjiang Provincial Center for Animal Disease Prevention and Control , Harbin, Heilongjiang 150000, China)

Abstract: [Objective] Bovine tuberculosis (bTB) , caused by the Mycobacterium tuberculosis complex, is a chronic wasting
zoonotic disease that seriously affects the healthy development of the cattle industry and poses a severe threat to public health and
the physical well-being of the general population. [Methods] According to the national standard of Diagnostic Techniques for
Animal Tuberculosis (GB/T 18645—2020) , 1 190 cattle of different ages across seven areas in Altay were subjected to a
preliminary screening using the tuberculin skin test, with the goal of identifying tuberculosis—positive or suspected cattle. Then
confirmatory diagnosis was performed using the interferon—gamma (IFN-y) release assay and fluorescent quantitative PCR, and
the advantages and disadvantages of different methods, either individually or in combination, in the detection of bTB were
analyzed and compared.[ Results] The results showed that the positive rate of bTB detected by tuberculin skin test was 1.51% (18/
1 190), with the highest infection rate observed in cattle aged 3 to 4 years. The 18 positive samples along with 301 other randomly
selected samples were tested using the IFN-y release assay and fluorescent quantitative PCR, and the results were compared with
those of the tuberculin skin test. It was found that 15 tuberculosis—positive cattle were detected by all three methods, with a Kappa
value of 0.71, indicating a high degree of consistency among the test results. The positive coincidence rates of both IFN-vy release
assay and fluorescent quantitative PCR method with tuberculin skin test were 83.33% (15/18), and the negative coincidence rates
were 99.00% (298/301) , with an overall coincidence rate of more than 85.00%, indicating that the detection methods had
satisfactory results. [ Conclusion] The tuberculin skin test exhibited high sensitivity but low specificity, and it can be supplemented
by IFN-1y release assay or fluorescent quantitative PCR method to more accurately identify tuberculosis—positive cattle. Given its
particular effectiveness in detecting early—stage tuberculosis, the I[FN-+y release assay was proposed for clinical promotion as an
auxiliary confirmatory method to the tuberculin skin test, considering its accuracy, cost—effectiveness, and other relevant factors.

Key words: bovine tuberculosis, tuberculin; IFN—vy release assay; fluorescent quantitative PCR
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10.16863/j.cnki.1003-6377.2026.01.006
RIS FMERERICETFRY
R HE b 32 K Iz FH R i

AR KRB, FWE R AR, REZ BT W E, EMR, L AT
(U T Sh e TR 42 il vl Bt % 839000)

i BB RGO EN T kA A S KR (F AR ) 2 B P B SR M e R, AT 4 7 ok R AR 3, # e S
AT FEG T RENN R RSN T E(FTEIREHBAEETREBRETE S B AR REE G N F ik, 55 F
AT R 36 (CAT) | JB 21 AR 5 £ R 30 (RBT) L %95 B AT % (ICA) 5 95 4 B 5k %, 70 MR 36 (cELISA) $EAT A3, 344 cELISA
& N AR, K F Excel 2010 38 #4347 71 51, SPSS 25.0 K R #EAT A 1H % 247, Med Cale 1.92 8 4 2% ROC # % 31 115 AUCHE,
# 3T Kappa th I 1B 0 4 7 v 0y — Btk [ 45 R ) 480 7 sk 2R B M 2 40 51 4 - ICA 50.57%(134/265) .CAT 49.06%(130/265) .RBT
49.43%(131/265) .cELISA 53.96%(143/265) . 2447 CAT # FAATE T, 4 (1:25++) B BUR M 8 93.51% 4 5 M 89.19% fF 4
4 91.45%; F (1:50++) BB 4 90.67% 5 M 92.31% FF 4% H 91.15%, — % 5 cELISA 1 Kappa {8 24 % 0.80.0.82
(— B EMA), ROCH % B 7,047 CAT 87 AUCE (4 0.93. 3 0.94) % T % — I 7 15(0.92) , H 3% T ICA(0.89) F# RBT
(0.86) [ £t PR A “o 4 M4 0% — % — A A" WP 3% 2 40 0 7T % F CAT(1:25++) 3 ICA, ¥ 37 % i 4 S 2 A CAT
(1:50++), FAPEAF AR cELISA B A%, 7 58 5 7 42 7 A7 7 % A0 AL, IR AR A P fe S 132 0 MU

KB A G KW ;24 F 5 WO B IGR 30 (CAT) s - ] FR AT VE 5 70 BT RE 5 T 5 SR Al O %

P E 425 :5855.12 SCERARIRAD : A X ERE1003-6377(2026)01-0043-07

A1 B TR CTRTRR A 5 ) 1 by ph A 8 EQBA 5 A 1N 38 R BB A% g , AN (0™ 3 Ja ol 2 2 75 b ik
SRR R FEEEE T R m 1R 30% ~ 50% A ANE R 15% , b1 B R GG, 30 B4R K A
T BUN R PO LI LB ISR 5 20T, A Bk B AR A R A i S B0 B Bl 5 4 301236
I6 s A AT 38 Ao R e S W AR B R R A BGIR B T IR R AR Y A N B R R TR
S AR, 02 P R HR R B A0 2k A ARk 22,39, A BRAFAE R 45 N\ A i 19168 50 T3 451 @, PRk, A
o PR S B P N B R 2 — o S s T 440 (OTE ) K HL 3 Ry b 2004 45 1) sh i 16
T [ R g A CHE F K sl W 289 Bl 1 FL R (2021—2035 4F ) ) 31 5 v A R, 0 A B s 4
IR E A X AR AR 2R P X (2023 AR EUE R B A B R AR X AR SE AR 2 Y 12.6%) , FLS
A FRFE A v Ak T AR B A PR DI B Ol AT R4k & J 5 8 36 AR e e A% 0T 5519

A7 955 A A2 W 2 v b T AE R SC BTG 42, B I PR R A R 7 3k A 4 1R A1 T Al e A 1
(RBT) S 2 M5 (ICA) 58 4 it 1K G0 928 W FFHR B8 ( cELISA ) B Sl Bt i 96 (CAT) 55 . Hirpr,
RBT [A 4 4 i f# (20 min/fy ) AR JE (29 3 50/ ) , #3228 )2 900 0, 18 HRR: SR 41K
(80% ~ 85%) , oy % AL S MBI T4, 78 S e B4 v B B 6 0T T 28 209%™ 5 ICA A A B 33 /35 2

E&TE MA B TR A AR TR0 “ A58 [CFRIORE /N X (5 ik ) QR i S B ” (2024XNRC-001)
YEB BN AT (1986—) , 5 Wi+, M -5 B, WFGE 7 10 R S AZ 4 . E-mail:291262741@qq.com

BIEEE: DRIL(1974—) B AR R HARMET R85, WS 028 & HOEEE . E-mail:1580109096@qq.com

Wr#s B #:2025-11-18, 1& B H #§:2025-12-19
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(10 ~ 20 min/fy , 240 43/h) P e, 38 T R FRBLRE A i A, {5 Al BH P 238 3 w8 (B 28 3 3 v ik
19.2%) , 5 S 30 FE TR, HAG I A B (2 20 7040 ) , AN 8] R0 & ARG I — S5 A7 et 2 2%
5t (Kappa fH 4 0.62~0.78)™; cELISA 1 J E R A TA & b i, SRR ME 15 0 5 1 24018 98 % , (R 454 & 24
(FFINEE T e 8 AL TR ) A I E WK (4 ~ 6 W/ 4it) B AS B8 i (24 15 745 ) | ME LA 2 A
SR I 7 B AT 1 75 2K s CAT AR 8T Y LT 22 A I 2 AR e HLARAEMEHE M (30 min/hy) 52 Wi
B M, 3 AT R AE A 95 12 W b i R 2 T 22 L SR, ST CAT 22 2R FH 52— A BHAR #E (s i >
1:40++) , K75 AR 2 5 DU KT 9 R R S 1 22 S —— R AT 9% 2 B, e e 2 S PR 4
T 1:20~1:40 (74K 1:30) , e MIEHUARL M B T 1:30~1:60 (R 5 1:45)M, i —FbrifE 5
A2 (W12 14.6% ) KRR M (R BAYER 13.79%)", [FlE} %207 B = KEEAR 2 Wk gE ot
FTIAIE , HL T XA [R] RS S 58 7 0 R 77 AR AL BE AT B B =2 1) 3 5 “ W PRl S M 2 WA v I AN
SR IR AT — 5 SEIR  BE T AT LA cELISA bRl , R0 a4 Rh 5 BB Wik BE , E15
TR CAT Rl BEARE (4= 1:25++ 2F 1:50++) B8 FHE , B 20 5 3 FH TS [ AR 2 5 3 ) B A
R 7 58, AR TF IR A 2R A v ARG TR, B AIG B 45 AR S E R 44l

1 ME57%

1.1 7
1.1.1 HX

TEBT 2 7R A 36 DX ST A0 0 S & B AL 248 S FB AL 2E 7 | SR 46 265 3 28 2 1L Ty
(4152 43 F 113 43)

1.1.2  FEXHA]

RBT i &4 A 5 & WA R A R R LS 1100125105 cELISA 3057 & A 5 5 57 WA
PR A R AR S : 201624135 1CA 355 & W [ 3% BH 3 A= {5 BB A BRA R L b5 . F250701
6 R[] < 20 min/ 40y 5 CAT 35570 & W 2R I B R A= ) BB BR S A, 41645 : 20250812, 46 30 B[]
30 min/f5} -

1.1.3 FZMNE

LB DAL [ BRI 2 A YR AT BR A R, 15 . LT-C100, 5 K55 3 5 000xg ; BRI F
25 FE AR A w TS  ELX808, % 1 Bl : 340~900 nm ; 1H IR & 4R W [ LI RS20 A PR 7, 7
5 BSD-400, T EERE B - £0.5 °C5 2O s AT AU B 1% FH B E W B R B 5 B A1 BR A W], B
FIC-H1,

1.2 A&
1.2.1 #&m 5k
RBT Z: W E AR (W4 & R I2 Wi R ) (GB/T 18646—2025 ) 454 45 18 K 4% FL A 52 b v

CAT ICA Fl cELISA R S0451E A2l S 10 5 Y4280 S Ul BB U T o
1.22 ##Mda4r

U E = PR (BRI B+ B PE 20 X 100% 5

5 S = B PR B L B P+ A B 550 X 1009% 5

156 = CEL PH I ELBA R0 LA AR ST x100% 5

1 BHH 28 = BHPEE /(BB PR+ B A 550 < 100% 5

s AP 2R =1 B PR 550 (B PR PR+ B PR 20 x 100%

YBFR B =B+ R -1
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AUC(ROC 4 FTIAR) : AUC>0.9 M2 REL F5 , 0.8<AUC<0.9 HIZ WAk ik R 4f,0.7<AUC<0.8
S WRE— R ™
123 %it#ik

K 1 Shapiro—Wilk 16 56 B EFEA KR 1E 251 (P>0.05 AR A IES /M) s K002 K56 LA
6] 7% ORI R 2 WA BE 22 5 5 R F De Long £ 56 LA AN [A] ROC H1 £ 11 AUC 22 5 ; Kappa K 50 1F
Hr— 3k : Kappa=0.8 I 4T, 0.6<Kappa<0.8 Ky R 4f, 0.4<Kappa<0.6 iy 1 45 U0 kG 55 /K 1 =0.05, if
A 344 % F Excel 2010 ,SPSS 25.0 Med Cale 19.2 #4458 i "7,

2 HBRESH

2.1 HWiER
i CAT .RBT . ICA Fll cELISA 4 Fh 5 25 265 43 13 , G045 152 434+ L7 (cELISA BH: 82 43 (]
PET0 65 ) F 113 43210375 (cELISA BHE 614y L H1E 52 4% ) AT , 76 BUR S8 3T CAT 43R WG 33
B3 W Fh AR UE RN R G — bR 1:40++, WK 1,
F1 AT E S DA

: 4 1fiL 3% (n=152) F I3 (n=113) #R (n=265)
o PR %R /% PR PR/ % /%
CAT(SrHFhrie) 76 50.00 58 51.33 50.57
CAT(JF G —HrHE 1:40) 68 44.74 62 54.87 49.06
RBT 72 47.37 59 5221 49.43
ICA 78 51.32 62 54.87 52.83
cELISA 82 53.95 61 53.98 53.96

XKL 56 25 R B R - CAT SR A Wy Rl bR ME e )5 L 28 1003 PH M R 48 5 48— A i 48 T 5.26%
(x>=3.89,P=0.048) , 2 IfIL 3 FHME KA 3.54% (x*=4.02, P=0.045 ) ; BAKBAYE R 5 cELISA 22 % L4t
X (x*=1.26,P=0.262) , Tl G —HrifE 5 cELISA ALK PHME R 22 5 Gi ¢ (P <0.05) .

22 CATIEREME
22.1 AP AN A AT

A= 1M3E (n=152) 1 cELISA FHVEZH (82 13 ) BN A& T 1:25~1:80(96.34% ,79/82) , Hirr 1:25 &t
28 13 (34.15%) . 1:40 BN A 3513 (42.68% ) 5 cELISA FIPEZH (7043 ) Rt B2 v T 1:10~1:25(94.29%,
66/70) , Hrb 110X A 3243 (45.71%) (1:25 KU A1 3443 (48.57% ) AL 253 (2.86% ) B IA 1:25++,

FIMTE (n=113) 1 cELISA FHYEZ (61 43) B4 T 1:50~1:160(98.36%,60/61) , Hrfr 1:50 2 fir
F 2265 (36.07%) \1:80 R #7 25 145 (40.98% ) ; cELISA BT (5243 ) Bt B2 v T 1:25~1:50(96.15%,
50/52) , Horp 1:225 800 A 2843 (53.85% )  1:50 B A 22403 (42.31%) AL 143 (1.92% ) R ik 1:50++
222 AR R SN B 6 5 BT AR Y AR

DL cELISA S @ hnifl , CAT 23 W AP AN [R] 25 A0 (B 2 sl RE , L3k 2.

z2 CATHWFRERM BERISHIEE (95% CI)

CATZAME
Wk yﬁﬁ?mﬁ TR /% 5% BRER% BRI 4B AUC(95%CT)
(++ XU )
100.00 45.71 54.29 0.00 0.73
4 >1:10 0.46
(95.56~100.00)  (33.72~58.03)  (41.97~66.28)  (0.00~4.44) (0.66~0.80)
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CATELMH I ;
wER éﬂf{)ﬁ At/ % Rtk ERMER  RATER/%  Z9BAREC AUC(95%CD)
3.51 89.1 10.81 6.4 0.93
4 >1:25 o 9-19 o 0.83 ?
(86.02~97.64)  (79.34~95.32)  (4.68~20.66)  (2.36~13.98) (0.88~0.97)
85.37 94.29 5.71 14.63 0.90
4 >1:40 0.80
(76.21~91.87)  (85.75~98.41)  (1.59~14.25)  (8.13~23.79) (0.84~0.95)
- 105 100.00 47.12 52.88 0.00 0.47 0.74
(93.28~100.00)  (33.28~61.23) (38.77~66.72)  (0.00~6.72) (0.66~0.81)
. ) 2.31 ) . 94
- 150 90.67 92.3 7.69 9.33 0.83 0.9
(80.25~96.58)  (81.55~97.84)  (2.16~18.45)  (3.42~19.75) (0.89~0.98)
. ) . 1.92 21.31 )
- 120 78.69 98.08 9 3 077 0.88
(66.15~88.23)  (89.47~99.95)  (0.05~10.53) (11.77~33.85) (0.81~0.94)

SEIR R A TSRO = 1:25++ B 240 85 46 50k 51 (0.83) , SUEE 93.519% (I i2 561, ¥ 3L 1:20
(1 cELISA FHMEREA) R 89.19% (112 8 19, 34 AL M 1:25+1 cELISA FIHEAEAS ) ,AUC i 2w T
A =1:10(P<0.001) F1=1:40 (P<0.05) ; 3 LT R =1:50++ 5 24 548 B0 = (0.83) |, flUR 4 90.67%
(Ii2 6 B, ¥4 854 1:40 1) cELISA PHMEFEAS) R 51 92.31% (IR12 4 6], ¥ R854 1:50+ cELISA
FAPEREAS ) , AUC 1 25 5 T2 =1:25(P<0.001) F1=1:80( P<0.05) .,
223 Gt FBIELGERAAE

De Long K5 2 7% « 248 L7 CAT=1:25++1 AUC(0.93) A E 1175 >1:50++19 AUC(0.94) , # g & &
TG —FrUE 1:40 1 AUC(0.92,P<0.05) . Z5&IRIRTG 2K, 4 M5 > 1:25++ 3 F AR A T 12 7 61 (s
R 14.63% [%ZE 6.49%) 5 - ML TE = 1:50++ 55 J5 A5 A Bk 2 115 BHAE 3 461 (A BH % 6 MK 13.73% B &
7.69%) o Fe 2 A5 CAT 2 Wi 24 A 9 ) BHAR HE N B0 1:25++ B DL 132 W 245 0 240 BHAR HE D R
1:50++ K DL I

2.3 SHTRIBELLER
Ph cELISA N & Anife , CAT 439 Fh#I FHARHETTHEE. , 4 FpOr 78 4R 2 0 h ez Wi, Wk 3.
R3 AT EB S P FIS HT AL
, - " P Kappa
i Yy UM% R 5% TFE %1% EAIRE (= (95%CI)
. 93.51 89.19 91.45
CAT * (86.02~97.64)  (79.34~95.32)  (86.03~95.12) 083 0.80(0.71-0.89)
. 90.67 92.31 91.15
CAT * (80.25~96.58)  (81.55~97.84)  (84.52~95.53) 083 0.82(0.72-092)
86.59 82.86 84.87
RBT * (77.43~92.98)  (72.11~90.67)  (78.45~90.03) 0.69 0.68(0.57~0.79)
. 85.25 84.62 84.96
RBT * (74.01~92.87)  (73.05~92.73)  (77.98~90.45) 0.69 0.69(0.58~0.80)
95.12 84.29 89.47
1eA * (88.21~98.57)  (73.68~91.83)  (83.26~94.01) 0.79 0.75(0.65-0.85)
. 95.08 80.77 87.61
1ea * (85.81~98.96)  (68.54~89.92)  (80.13~93.05) 0-76 0.72(0.61~0.83)
100.00 100.00 100.00
¢ELISA * (95.56~100.00) (94.59~100.00) (97.57~100.00) 1.00 1.00(1.00~1.00)
CELISA o 100.00 100.00 100.00 100 1.00(1.00~1.00)

(93.28~100.00)

(92.31~100.00)

(96.81~100.00)
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45 W5 7K, CAT . RBT 1 ICA Z [] , 8UEME ICA £ & (4 95.12% . - 95.08%) , CAT K Z (4
93.51% .7 90.67%) , RBT # (4 86.59% . - 85.25%) , {H CAT 5 ICA 2 R L4512 5 X (P>0.05) ;
FRSEPE CAT 55 (4 89.19% . 7F 92.31%) , & 3 & T 1CA (4 x*=4.21, P=0.040; - x?=5.83,P=0.016)
FI RBT (P <0.05) ; — &P J5 i CAT 5 cELISA [ Kappa {53 45 (43518 4+ 0.80 . 0.82; 4~ 1.00.,
#1.00) LT ICA(40.75.50.72) FIRBT (4 0.68 .5 0.69) .

24 fRELHRAENER

G5G5rRh CAT FIRARIE , LAk 533 =43 Rl W 200507 28, AR # i R BR A (CAT 8 JT/M7

RBT 376/ \ICA 20 76/f53 \cELISA 15 JC/M ) IFEM BEAS (2 70/ ) A, WLk 4.
F4 FEMIEFHEFHOTHEN R
SR KA

i n l i i N/ 3
FIGAE W W KR i, e TR
KH N - BORRGQA000M) BB R E S, (A T
(F3k) 95.120%, i & Ft ik e ¢ e L L
PN o CAT(1:50e4) RSP R 92.31% B FHTERAR ELISA 841549205 5K R BICA FE IR
(i H) ' (7.69%) /0546 TAHE R ¢ T 309, B FEAR<8%
) A CAT(12544) BURIES 93.519% WSL MUK L o o) sy TTEFSIN%, PR
(T%) ' (120 f3/h) ¢ T S
L . — T (Kappa=0.82) , JC
CAT(1:50 -ELISA 8+15+2=25 f“%></91%, i fa
() (15084) o it ‘ #1502 ROt BRI
UNItE] 4  RBI-CAT FARBAMIG (RBT 3T6/63), 1 e isigigg o AL CAT
(F%) (125++)  FLI CAT&IE [ PR ME ¢ T BRI 15%, B < 1%
/N e BBToCAT FARHABIG I CATHRIE o o er1s40mng PAHTEH< 8% IG5
(HH) (1:50++)  HpRE T BN

R, L P e e B CAT (1:50++) B , 2 1M 37 ICA R PH 2R (19.23% ) 18 3 = T CAT R BH
%(7.69%) , LA 1 00043 = L35 R ], CAT Wt AN 5 52462 58 143, ICA W) i e B2 A5 62 53, CAT H) i ] ik 2>
BT AR

INFYLE S R 38N “RBT—CAT” — 201 , RBT MM FHME 2R 17.14% , 28 CAT(1:25++ )18 1E J5 %
% 10.81% , TELRUEAE HERE 1 [R] B , BRAEARAT) 7 A 45 I B AR P 35 (B SR BARE AR 0 A W A 2 7L (R 25
BB R BA AR B BRSO .

3 1 g

TR0 G 22 PRI 2% WA AT AR — Oy R S8 9 0, T M AR R O IE R PR35 — 25 . RBT
PRAETTE SASRERE A RE S AR X AR, 25 2 W — Se AR S SO 1584 R R 5 ICA #4436
F IS PR i 2, (H AR e R, AN TR) ol R ot R ARG DU RE A 7E 25 575 cELISA PRI = e Sk L 6 i
VETT L2V (R G b U, 75 28 M A AR A A5 45, XA N B B SR A ey, ARG ) s [) 4 % A
K, BBy REAKG I AR 18 7 755 T RBT L CAT. 24 CAT R0 Rl EbnifE (24 >1:25++, F:>1:50++)
Ja , He Witk e A5 2 LAl AR T IRAE TR SR BRI 3, S5 R0 & UL AL AE T RBT Al
SAT, et T 5L J2 00 5L 5 AR 85, 2 Pl T 27 IR IE 5 % .

ARPFGEAUESE , Ge— W ARE TCIE S T BT A W i, 43 W) Fiaz W7 vl Re 2 £ oA D00 of 6 2 114 G 5t A
Fo A SRR LVE UK A7 AR B35 1 W R 25 5 X R R 25 S 0T R 5 4R SR 10 B R R
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FIGRE N B AN AT 56 o A B Fh O 8 (1:30) I T2 (1:45) , 27 R FH R S8 — A ifE 1:40, 28
12 151 (14.63% ) A Ab T~ 1:25~1:40 2Z [A] A SR 2R 51 R B E B 71611 (11.48%) 540 Ab T 1:40~1:50 2
] P G 2 AR N BRE o A3 MR ARTE (4 1:25++ 3F 1:50++) EA R0 Ak — ) B30, B 4= Fp i T i 3R
M 14.63% [ % 6.49% , “EhRHEAR B R M 13.73% [ 25 7.69% , 3% 7] fig 15 “ W Fl e S Pk o AR B9 41 A
Koo BEE S EARAE A DU, AR MLV 1:25++ 3F LT 1:50++ (0 BE 4 15 5 15 i (DLIE R R K
%>3 mm) , B2 FIE—EMEIL 96.7% (JFARE T 4 89.2% ) , /D I M A S8 A iR 22 o 1AM, CAT
A& PR Bt AR ARG |, i — IR T HRAE R EEN: , 5 E A iz CAT IR & ik
(R AH R IE 4 SR — B

A FEREAS R FUB R AE SR A X R — 5 2 B, AR o6 E S IX IR SR X AR J%
YL 5 HUARZCH AT HETE AR (1:20~1:30) , TR IAIE 1:25++J2 75 5 SO B 7E 5 AF S X 25 B s oAk iy
A HE T 5 (1:60~1:80) , 7 39 9IE 1:50++ 2 75 5 B BA Pk 5 A B 9% 26 03 FE AR (113 £ ) 2> T 4= I
(152 17 , AT e S WA “F 175 12 WA BB 25 SR I e 1 , AR e 7 R 2 LT AE AR i 28 200 17 L, LA T
SRR O ARHFIE AR AN R SE 0 S PR BT A (AN W8 ) X CAT BEAE 58 (1) 52 )

TV BB SRR AR ABIEFE 5 0] 3R LA 5 T« IR 22 DX AN R G IR A i A AR
GG AE , B TR i S R A - R — b I = 4 SRR B2 Wi il i XL SR k. =
2 OTE(2018) 4 11 X Sl ff S M2 Wb i " HE R BR AR &) T & “TRE B3GR CAT b 4%
U/ PR DR 2 T[] B 4 S ARG Esk ] ( H AR B 2 20 min/f5) ) s BIF9T CAT 5 1CA 64 F (41 CAT 47
0 BE P A AR P TCA PR 2 A% ) I 2 s R , i 3k 22 1 R BRI T R O 2 2508 g 2 S 3 AT s 15
RO SR BR AR, E— 2D AR TG I OR 756 BB B AF (2025) B2 1 1 22 0 ik AR B

4 & i

TEA A0 B IS AT v, CAT R 0 PRI BHARAE (4 1:25++ 5 1:50++) 25 G2 Wl
Rt o LAY, 4 i i BB R 93.51% 4 5 ME o 89.19%, - Il 1 LB M R 90.67% ¢ 5 M
92.31%, 35 cELISA 15 itk F— (P (Kappa=0.80) , . T RBT 5 ICA .

AL T Sk FH 3 AP R i —-c ELISA B A" Wi 251 . KAV 0 Se 16 4% 1CA 91 (R 3%
), PRI P CAT (1:225++ ) W (ks IE ) s K B R3S e 3 CAT (1:50++ ) 77 5 (AR Al B 4
) s/ NAER T “RBT—CAT” Z ) i G A SREERE ) o %05 58 7T Wb 3 B IR A A ke S Pk i
12 RIS, TR A A e v A AR AR BORS U R A BOR S

S ik

(1] 38 SRVLE . A6 QRS 7ETR IR A T BUIR K B it ntal ). b = sh P fdd, 2023, 25(11):1-2.

[2] LAINE C G, JOHNSON V E, SCOTT H M, et al. Global estimate of human brucellosis incidence[J]. Emerging Infectious
Diseases, 2023, 29(9):1789-1797.

(31 ik, XUBL. #EE AR BiAE S5 AR 0] b E s, 2025, 27(4) :199-200.

(415528, XET, IMUIZ, 55 YMuT RERA R I TIH 00 B e kil S SR e 2R 1], vh B 2%k, 2025, 61(8) :8-14.

(5] BsR4EE /R B X EHCE R . BR4EE /R A6 DX F A0 QB B 45 TR T 3l 58 (2022—2026 4F)[Z]. 2022.

(6] SKAERT . 3710 6 FQ BRI Y B 12 5 AL SR )], & Mol #7858, 2025(12) :56-57.

(71 ¥ 5, Bt W, AT, 46 . 7 FhAin & [G I ELISA /il i) & iy vk e L2101 o E sl ez , 2025, 42(3):101-105.

(8] BREH, sk, ARERZE, A% RN [RI RS 5 VA 76 A 6 QR A I v i 7 AR 72101 BRAR & OB L 2025(8) :67-69.

(9] AR, ZRZTY, FRUR . ZhW A6 QTR 5 Fi s 27 A DU 75 vk A g FH LSRN A BT P )], B K% L 2020(2) : 56-60.
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[17] JRIARHE, WRoe, 2008, 4 AR F A0 QTR 12 W R G 0 A DAL RE DAL B 5 1)), AR & 4R, 2025(8) :50-52.
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Performance Comparison of Microcolumn Gel Agglutination Test in

Diagnosis of Bovine and Ovine Brucellosis and Its Application Strategy

YANG Yiping, ZHANG Guoxin, GULIBAHAER - Kadeer, MAIWULAN - Zikeya,
YAO Weitao, LI Pengtian, MA Chunjiang”
(Hami Center for Animal Disease Prevention And Control, Hami, Xinjiang 839000, China)

Abstracts: [Objective] The study was to systematically compare the sensitivity and specificity of different detection methods in
the diagnosis of bovine and ovine brucellosis, analyze the cost—effectiveness of each method, and to determine the optimal testing
scheme applicable for brucellosis eradication in large—scale farms. [Methods] Sera were collected from cattle and sheep
vaccinated against brucellosis in a township of Xinjiang Uygur Autonomous Region, and tested using the microcolumn gel
agglutination test (CAT), Rose Bengal plate agglutination test (RBT) , immunochromatographic assay (ICA), and competitive
enzyme—linked immunosorbent assay (cELISA). With cELISA serving as the gold standard, data were computed by Excel 2010
software and statistically analyzed by SPSS 25.0 software, then the ROC curve was plotted using Med Calc software, and AUC
value was calculated, and finally the consistency between methods was evaluated by the Kappa test. [ Results] The overall positive
rates of brucellosis detected by the four methods were as follows : ICA 50.57% (134/265), CAT 49.06% (130/265), RBT 49.43%
(131/265) , and cELISA 53.96% (143/265). Under the species—specific CAT positive judgment criteria: for cattle (1:25++) , the
sensitivity was 93.51%, specificity was 89.19%, and coincidence rate was 91.45%; for sheep (1:50++ ) , the sensitivity was
90.67%, specificity was 92.31%, and coincidence rate was 91.15%. The Kappa values of these two criteria with cELISA were
0.80 and 0.82, respectively, indicating an excellent consistency. The ROC curve showed that the AUC values of species—specific
CAT (0.93 for cattle, 0.94 for sheep) were higher than that of the unified cutoff value (0.92), and all were higher than those of
ICA (0.89) and RBT (0.86). [Conclusion] It was recommended to adopt the two—step method of "species—specific primary
screening + unified re—examination" : for cattle farms, CAT (1:25++) or ICA can be used for primary screening, while for sheep
farms, CAT (1:50++) was preferred. Re—examination by cELISA was required for positive samples to improve the accuracy of
Brucella purification and to reduce the risk of species—specific misdiagnosis.

Key words: brucellosis; cattle and sheep; microcolumn gel agglutination test (CAT) ; species—specific positive judgment

criterion; diagnostic performance; two—step detection scheme
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BE LB ERFHRER

LS £ L
CLARRAET/R 16 X B BORR B 0l B R PRIERIF S BT, 4780 1 14 AC5F 8300115
2SI LB R B, BT 5 K FF 830063)

M OE:(EN/EXTREHERMEARTR AR BRI HS FEEREL TR, RAG R ERREN EKEHF A, X
HMDRBERFGRARR, A TRV REMRREE R [HRIVFRAEZ DA RET, AR ERGES
BRI R R, R A AR R AR R AR R F AR G A Bk, A B R
WEFRFRIAM AN &M FH ZHBERERRSASHNERT R, SR aERELKR, BHEH
RSt AR ANAREEREREM(E R REERARFLE AT EAMRAEERE ZFRG @RS, B FAE
FARELGHRE, A RETRLAENER, AR AL CREEFRATEXEE, ARFH - FBEMAMREEE, 4
B AR AE AR LT T s R B R B A, M ATIR 20 B9 T SR U G 4 R P3R5 B Bt R S BRI R A, R E F R A S 5L
WA BB ARF L THELRE,

KB B D R R ERFR

B4 255821 SCHERFRIDED : A MLEHS:1003-6377(2026)01-0050-09

iz g w5 R G S MR AR IR G5 3 D UL AR N BR S AL L, AR e S s S g
WA A B FR b an ™), B R B (RS OR R TR GE Sh U0 o Y ai [ Bz 3l S i A S
TR TSRS, IR I AR b DR IR I SR A B VT T AR G2 SR BN IR, oA i ] 3R
(458 D VCANMARRAE Sh A P 4 ARDR S 5 1R W i, LUARDRHE FRPPAl A% O BTN 5 5K ) 7l fif i
— A I s 3 B SR A SR T ST, A oo A 2 DU AR BRARAE 5 55 IR ML I I HRe 8 7oK, BEfE
D UEPERE , 1o Byl e o i e SR P (I S04

1 B ERELERRE

L1 HUREEHIIRE

AR S A B B E S, A R GRS A AR E L A iE", Hrh A
W A B TE R S AT AR A I S BT R BUR R K I RE T 3 O 5 T N
TR AL T BEARAL L 24 7 I AL 25 58 19 30.0%" . 5 A YIANIR], Dy Kk 9 B 45, H
REHL AN % Z MR R L E W I PSR R B I, HErb R ™ R O S PRI TR (VEA) B 1 2 15
WML 1 AR LR RE 7 oK

E&TE SHmmdeE/R A X E ST AT H 92 3 g SR A R AR S (2022B02027-1)
EBE R 5% T (2004—) , 2, ARL, FEMNFHYEFMIETAE, E-mail:1018175996@qq.com
BEMESE: R (1985—) , 2o, Wit , FH0W , 2N YL w58 TAE. E-mail:544860745@qq.com
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1.2 HERERES

Slg THEY, B EEARR, 45 HAE AR 8.5% M T4 B 1Y 1/7~1/8; B ia K H
BRUR R T FEAH RIS RE" s B S5 RRR, DRI TR AR AT 15E s, HE2S R, e
S B8 2~6 h, /N B2 DA 4 SRS R A R B AR E R WIBEAE IS IS K i — 2P L /Y. S5 R4 s
LU, S AL A TR A S MG, TDRE Ao 27 2 5 38 5 AN BB o 30.0% , 2R 4E 5 R AE 15.0% LA B
HOHAROR 542 To I ik 25 5 s AR BT AL RE 0 5 I A sh e AE X BRI T Ak BE Ty e 25,
1.3 AEFFHEIHRRA LR

12 o) T 5 BT e () e e KT DL R AR B AR PR REY  WF 98 T, LA 26 km/h L BE 58 A S km 18 }U) |, 2 5
LR G REIFE A% T35 Bl NRC (national research council ) il i F 4E 3575 22 £ 1 20.0% ~ 30.0%"",
F T2 50 T A I A A B A, HL R R T M R R, SAASTAMOINEN M 25 5% R B, R[]
A BRI S VE X 8 BT 77 K SHAFE 2 5 WG B M S G A i, iz sh 5 AR S &
A LA B D)3 3 SRR AN AR o A S VT Az Bl B R 4 L, B St YRR IR B[R] B, XoF 2 1 5T A e
LR YL R A IS E TR R WA B
2 EBEHSEREXK
2.1 BEERBEX

RETE & S VCiz sh Y FE R 2R | 1a B BT e FE AT W 2558 ) . AR T2 diRas IR B iz
BT BE R IHAEIG N T 20.0%, I o iz 2 N, W AT A B L ek S R i T oK it 1y 257, iz 8h Sig e
TR BB, Z 1B B B R R E EERE S AR ZEm . MR YESE E NRC(2007) #1XL,
—PC 500 kg J8AE ThAb TR 1% shit A H 75 1 FE 63.39 MJ AY4ERERE &, i s o TAE SO RS
NI 144.31 MJ™, 3830 60 VT 545 H W I 4 A 2 A0 %8 EBERT M AEIWF5R 45 2 8 S H
PR he (ME) 75K 2 4 0.118 MJ/kg /R H (BW) , LR B4 7 A9 F- 2 RE LI AE R 0.023 MJ/kg BW, T 7E
Frat— N4, H BRI R AR 5 9 0.018 MJ/kg BW . M2 B 1A T 1 RE R WS AEIFAT g il 2
ANl B VE 1 8 SR p At 1 Bkl S H%, WAk 1,

1 DESAMERZEE

A R Hi/kg THALRE/MI HEH/ /g Wh/g Y 2 A/1 000 TU
200 38.91 370 11.0 8.0 9.0
275 62.47 595 17.8 13.3 15.8

R 400 70.29 670 20.0 15.0 18.0
450 78.24 745 225 16.5 20.0
500 85.77 820 25.0 18.0 22.0
200 46.44 444 14.0 10.0 9.0
275 74.48 714 223 153 15.8

AR 400 84.10 804 25.0 17.0 18.0
475 98.32 939 28.8 20.0 21.0
500 102.93 984 30.0 21.0 22.0
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(i R H/kg THALRE/MT R Mg /g /g 4= 2 A/1 000 TU
200 61.92 592 18.0 13.0 9.0
350 87.03 832 25.5 18.0 13.5
% 400 112.13 1072 33.0 23.0 18.0
450 124.68 1192 36.5 26.0 20.0
500 137.24 1312 40.0 29.0 22.0

ARG 5[5 NRC A3, T SE T304 [ (4 H EH DE 9 38 FR i oK, ATERKCR" BT A AL g 491, 71245
TR fGo ) AQFRA RS TR T A 75 A 500 AR S VE A SEPRARTE , 1M 00, w0, 70306 B NRC s 1 WL E
F8 T DA P A EAF s 4 SE PR AR w0 A T 0o, R, Z 18], 8 FR W) B 24 £ o) Y THER P 22 BB NRC Fp 1
HAPA S o, IRFOS 07 B85 Ry L AR T g a0, IRE XS 1 Hﬁﬁﬁgij‘j%o AT

SfQw)=n+(n,—n, )*

MR A AT AT, —DLAR TR 450 ke E’J:J“%ﬁﬁfﬁtaaﬁ%n%ﬂ: 124.68 MJ, FLEEFI T 1 192 g, 45
36.5 g FlIE 26 g
22 EAREEER
EHFEDILAERET MRAER A8UEE M B E B T b f W EEEREY, B D&
JOT ) i 2 e | PR S Bl e A T &k B WL IR AL i LR A K T LA B R
ek A EA BRI 2 508 , 75 AR B I, DRI o O B 8 1 i S 2 R IR 1 34
B, ARAESEE NRC(1989) (LB FRbriE) , 4R AR S Y H MR F B & s e A 3 7.2%, i
o R S B0 A DT U] 43 1 8.8% ,9.4% . 10.3%"™, {H 3k i ml K W R M v 2R P HOAR T RE & S S I
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Research Progress on Precision Feeding of Sport Horses

LUO Yu',WU Jingjing”, CHEN Xinwen'
(1. Institute of Animal Husbandry Quality and Standards, Xinjiang Academy of Animal Sciences, Urumqi, Xinjiang 830011,
China;2. Xinjiang Agricultural TV and Radio School , Urumqi, Xinjiang 830063, China)

Abstracts: [ Purpose/Significance] Conducting research on precision feeding of sport horses can not only dynamically balance
nutrient supply and demand to improve the competitive stability of horses and extend their sports lifespan, but also reduce resource
waste and breeding costs, laying a foundation for the scientific development of the equestrian industry. [Progress] Focusing on
precision feeding of sport horses, this study first clarifies their digestive characteristics as monogastric herbivores—relying on
intestinal microorganisms to decompose crude fiber, with time and dose sensitivity in the absorption of proteins and carbohydrates.
On this basis, the dynamics of nutritional requirements are explored, and it is found that horse breed, age, exercise intensity and
health status all affect nutritional needs. Furthermore, a precision feeding system is constructed, covering feed selection,
intelligent technology application and management process standardization. [ Conclusion/Prospect] Precision feeding must combine
the individual physiological, sports and health status of horses to scientifically regulate feed composition and feeding amount, so
as to provide sufficient and balanced nutrition, which is crucial for improving the health and competitive level of horses. In the
future, it is necessary to further enhance individual precision and optimize formulas based on intestinal flora characteristics;
deepen technology integration to build an Al-driven demand prediction and feeding closed loop; and promote technology
popularization by formulating implementation guidelines for stables of different scales, contributing to the sustainable development
of the equestrian industry.

Key words:Sport horses; Precision feeding; Monogastric animals; Nutritional requirements
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Research Progress on Pasture Utilization Behaviors of Herders in Natural
Grassland Areas and Their Evolution

DONG Jiayu, LIN Jingwen", SHI Mengyao

(College of Economics and Management, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010013, China)

Abstract: [ Objective] This study aimed to investigate the pasture utilization behaviors of herders and their evolution in natural
grassland areas in certain banners (counties) of Xilingol League, clarify the evolution process and existing issues in the utilization
practices, and to provide insights for future research on herders’ pasture utilization behaviors. [ Methods] Through multiple field
investigations and literature reviews conducted in 2025, the pasture utilization behaviors of herders in natural grassland areas in
selected banners (counties) of Xilingol League were studied. [ Results] Three major types of pasture utilization behaviors were
identified among 137 herder households in selected banners (counties) of Xilingol League. These behaviors exhibited slight
variations across different periods, while their evolution was influenced by multiple contributing factors. [ Conclusion] Through
detailed review, in—depth discussion, and reference to existing work, potential future research directions for herders’ pasture
utilization behaviors were proposed, along with countermeasures and suggestions for their improvement.

Key words: natural grassland; herders’ pasture utilization behavior; evolution process; driving factor
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Research Progress on the Application of Selenomethionine in Livestock

Production

WU Yinglian'?, QIN Rongyan'?, LIU Yanfeng'”, ZHANG Linfeng”, WANG Wenqi'*
(1. Feed Research Institute, Xinjiang Academy of Animal Science, Urumgi, Xinjiang 830011, China;
2. Xinjiang Key Laboratory of Feed Biotechnology for Herbivorous Livestock, Urumqi , Xinjiang 830011, China;
3. Grassland Research Institute, Xinjiang Academy of Animal Science, Urumqi, Xinjiang 830011, China)

Abstracts: [Objective/Significance] This paper aims to systematically review the physicochemical properties, biological
functions, and application effects of selenomethionine (Se—Met) in livestock production, provide a theoretical reference for its
scientific utilization, so as to promote its rational application in animal husbandry. [ Progress] As the organic selenium source with
the highest bioavailability, Se—Met can effectively improve animal growth performance, meat and egg quality, and reproductive
efficiency. In poultry production, Se—Met improves intestinal health, alleviates heat stress, and enhances meat quality and egg
selenium content; in swine production, it helps mitigate oxidative stress, improves pork quality, and promotes the growth of
piglets; in ruminant production, Se—Met enhances antioxidant capacity, increases milk selenium content, and improves meat
quality indicators. Its mechanisms of action involve enhancing the activity of selenoproteins and modulating signaling pathways
such as Keapl/Nrf2 and NF-kB. [Conclusion/Prospect] Se—Met has great potential in livestock production, where it could
effectively replace inorganic selenium sources to enhance animal health and production efficiency. Future research should focus on
further elucidating its mechanisms and optimizing supplementation strategies for different animal species and farming systems to
maximize its practical value.

Key words: selenomethionine ; biological function; absorption and metabolism; livestock production
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Challenges and Opportunities in Genomic—wide Selection for Sheep in

Xinjiang

SUN Xiaomei, LIU Jigiang, ZHANG Jiawei, YUN Peng, MA Zhenxin, LI Xiaobo"

( Xinjiang Kangpusen Biotechnology Co., Ltd., Changji, Xinjiang 831100, China)

Abstract: [Objective] This study aimed to explore the challenges and opportunities faced in the process of genomic—wide
selection for sheep in Xinjiang, so as to provide a reference for promoting its development. [ Methods] By systematically reviewing
the research and application status of genomic—wide selection for sheep in Xinjiang, the core difficulties in practices were
analyzed, and the potential for industrial development was explored. [Results] According to in—depth analysis of the current status
of genomic—wide selection for sheep, issues were found, such as insufficient collection and recording of precise phenotypic data,
difficulties in constructing core reference populations, technical challenges in establishing and evaluating the algorithm model,
and deficiencies in infrastructure and personnel capacity, which greatly limited the scale of industrial development. However, the
genomic—wide selection for sheep in Xinjiang still held great potential. A series of countermeasures were proposed to promote
industrial development, including intelligent trait collection, collaborative breeding, establishment of appropriate algorithm
model, and strengthening infrastructure and personnel training. [Conclusion] Unprecedented opportunities were faced by the
genomic—wide selection for sheep in Xinjiang. Practitioners needed to overcome technical challenges in the breeding process and
stay aligned with market demands in order to promote the sustainable development of the Xinjiang sheep industry.

Key words: Xinjiang; sheep; genomic—wide selection; biological breeding
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