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R E A8 R AL 4 /y 4 20 HF 12 R E EA AR R AR E o 314N 0 (AP 4) (10
(10GSPs 28) .20(20GSPs #1) .40 mg/kg BW (40GSPs 41) # GSPs, X413 60 d, 2+ X 4
15d, EXH0 45 d, 2 E £ .1)10GSPs #= 20GSPs 283 0 3 & foF- 34 B m/ﬁ'?fé.i’i%% F 5t
B 40 A= 40GSPs 28 ( P<0.05) ,40GSPs 20 5 xJ 120 2 F R 2 % (P>0.05) , #M4 GSPs x4 ¥ b %
"R EE(P>0.05), 2)GSPs AMALAM W E T2 ¥ 2 F &5 T B (P<0.05) , F 4 W F45 4
EAWER AR EZF(P>0.05), 20GSPs #= 40GSPs 2L 69 itk 7 % £ & % 5 T 10GSPs 48 = 5t
MR (P<0.05) 45 F o5 & B F4K T 2 B4 ( P<0.05) . 3)20GSPs #= 40GSPs 40 S . W £ 40 47
¥ BARAAEE H (T-AOC) | B BrH Ak i A AL B (GSH-Px ) F 1 B F & T2 B 41 (P<0.05)
GSPs A7) 28 i S48 AL S LB (SOD) 134 2 % 3 T 2 B 41 ( P<0.05) ,20GSPs #= 40GSPs
N MEAL TR B (MDA) 4 E 2 EMKT 10GSPs fext 28 ( P<0.05) , 4) FH L8P,
20GSPs 2069 SOD mRNA A8 & £ & 2 % & T 10GSPs 204w 3+ PR 28 ( P<0.05) ,40GSPs 28649 5k
H kit B AL B 4 ( GPx4) mRNA A8t &5 5 2 % & T 10GSPs 4875w 2 B 20 ( P<0.05) ,4 4819 49
i BACABE(CAT) Fo 4% B T E2 48 % B F 2(Nrf2) mRNA A8 3 R X & 2 5+ R 2 (P>0.05) ;
FW L P ,20GSPs = 40GSPs 41 SOD mRNA AAsf & ik & 2 % & T A B4 (P<0.05),%5 10GSPs
£ F R EF(P>0.05) ;GSPs #4440 GPx4 mRNA A8t ki 39 2 % & T2 B4 (P<0.05);
20GSPs #= 40GSPs 41 Nrf2 mRNA A8 4f 2 ik & 2% & T B4 (P<0.05) , % L 4MAiEF GSPs
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RE T RE ™, L, 7ER AL IR AT, B ST
TSR AE o 7 A B e B SR IO BB TSR TR i R
AHEE L,

AR ALTT R (GSPs) R Z BRI G
A R, AR A R R B R A DL KA
ERF A AR AE . BUA WFSE A BL, GSPs ] LI i
WER A2 2GS E T AR TR
P SR ST AL RE T, 1 ALK S 5 S i,
AEJI . THL, GSPs 75 3l ¥y 4 B | e 20 7 T A
AL O (E . BF 5832 10, TR TS 4 2 Bz o m]
VAAT 25 5 fifk B AR 37 5 1R 1 23 40 3 52 LS K B
W B PR ST 5 SR AR T R AT DL o 3 A K
¥ B2 A F 2(Nrf2) ~Hi E AL 5 B TC/F ( ARE)
5 10 R M T K S e B S 1) BRSO S A
M,

i, AR LA </ N IE 28— A RN
WX G, BAERFST GSPs X 4 1] 24 76 5 52 JU AT
SEHCE ORI A B S S R RS2 SR A R Y B
Wi, LAY O O 2 20 2 T3 BE 1R AR08 i 79 2 43 B 3
65, i i 2 SRR i AR B4R (R S

1 #MRlERZE
1.1 R R EER

GSPs 4 H i st B AE W R AT BR AN A, 22
WA JRAET % (96.400% ) JLZRZ (0.533%) %
LA #E (0.239%) REBTILKZEE TR
(0.225%) FRILKREE TR (0.171%) .

KT 2019 4 6—8 A 7EEZ KW FE =+ AR
TR AR IR B A (Ll 7 ) 1 B i AT . 1R
R R 58 2 AL 8 3 h, 4 A A
[ (22.75%1.20) kg] M FIAX/NEFEF 38—
A48 H s ks  BEDL A 4 4, 4 12 2
e, 7 T A R ] MR A3 S AR O (XA |
10( 10GSPs 4H) .20 (20GSPs 41) .40 mg/kg BW
(40GSPs 41) ) GSPs,, X523 60 d, H: b it 11
15 d,1EiH 45 d,

PRI TF 4 F X 3 Ay R AT 4 T A TE U TH A, X
WIS TEAT ST | TIPS 24 5528 8 1 R
EFR S, R 5 H 07:00,18:00 4 91 4 M 1
U, FERR AR AR 4 A B8 IRk LR 1, A R IR
K,V EHICERER,

&1 ERARAMREFRKT (RTFEM)
Table 1 Composition and nutrient levels of the

basal diet (air-dry basis) %

i H Items 1 Content

JEB} Ingredients

FKFEFF Corn straw 20.0
AFE Millet straw 10.0
E K Corn 46.0
EtH Soybean meal 7.0
HAFFHI Cottonseed meal 5.0
# %k Wheat bran 5.0
£1#; Limestone 0.3
kiR 24 NaHCO, 1.0
£3h NaCl 0.7
il El Premix" 5.0
A1t Total 100.0
# 3% /KF Nutrient levels®

T DM 90.3
HLE H 5T CP 14.5
Mg EE 3.2
TPV 4T 4 NDF 29.5
M Ve U 47 4t ADF 15.3
KK Ash 8.3
MfiE GE/(MI/kg DM) 18.8

1) & F 5 WAL &7 Contained the following per kg of
the premix:Cu 15 mg,Fe 55 mg,Zn 25 mg, Mn 40 mg, Se
0.3 mg,I 0.5 mg,Co 0.2 mg, VA 20 000 IU, VD 4 000 IU,
VE 40 IU,

2) SE{E Measured values,

1.2 HRXE&E

IERWIE 1K 08:00 XF A A i3 56 °F 25 16 FR
B AEWGRE, 2 E RS A RE, iR F
HRERE, 45 ] K 0800 25 JEFRE,
ERZARETE, FMRBRE RS RFENARE
o Rk T OF S H I E (ADG) CFHHRE
i (AFDI) AR E L (F/G)

TEIRIISE R K 1800, B BENLIEE 6 HF
A K 12 h, K H 06:00 BT B %, BH%)E,
B4 200N B 52 R A 2780 35 mL B S22 5 B,
T AR BT B RE ORS00 s P 8 g 25
AR OSBRI TS 18 4 2 b7 5 41
S B A 0 52 KU B S22 AU VR R TR, -80 T
TRAF, T A8 A AL bRl 2 FILEL RNA $2HC,
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BRI AETT FO N S5 TR AR R RE RS IR0 ot L 52 AU RS 52 70 AR A8 b 1) 52 i) 2243

1.3 MNEIERSFE
1.3.1 S0 B S8 dE Ew RAREO T

RIS B 52 5 T BT 7 0 52 U RN 2 2
% S8 L 25 4 1 21, 2 ) R RS2 JU R 52 o i, 1108
T EAREL

SEHUHN SRR (g/kg) = SE LR 52
Fi(g) /SR E(kg) .
1.3.2 KMo

K% B RSO HS F2 0 4 11 100 pL,
T S2 AR BEIORS B 20 £, SR G B 15 WL A T-#
B, A RS 7 & 43 AT 4 ( Olympus BX53F, H
A K 0 SR

K05 R B AR H 10 uL K T2 0% T 2%
R b RS 7 0 & A A ORI 12 5% 5 A4S 1R
TS TG,

Hh B2 3 R IO S8 B 32 MRS 14K, LA
TP R SR s, KT S I B g e e, 1 h
Ja Mk, WA R, 1E 5% 300 MR TR,

K FRIE R (%)= (WA T

KT B0 x100;
TR TE R (%) = (TR TSRS T4/
1 M%) %100,

[T B SE R P L R RS I 3k | 4 i AR 8
WM L& BORE T B 10 pL FEOE S,
W 100 pL MAKB W W,37.5 CEMUTIHE
30 min, B 10 pL MR WIR & WK R, A SRR T
o, BT UOGIE B W AUEE (400 ) THAM BEHLIE
HUDY K 3B ALET | 118 300 MK

R SERE A (%o ) = (USRS T8/

KT S50 <100,

1.3.3  SJL B SE A S A I

B 200 mg A KR/NBISEAL B S22, 53,
2= R D = N A S S A S N 71 = W L Al =0 )|
(T-AOC) | ALY B LT (SOD) | i 4 Ak ) il
(CAT) AWt ko A Ak Py g ( GSH-Px ) i P S
“RE(MDA) i, M E T A S A AR T
PO iR G v Y 45 . BTS2 BV 2 IR 42 A
PRI R M R R S R A WA ER
JrEEC ), AR TR N BRI 1 g #I A L8 ¢
NaCl, 1 g NaHCO,, 200 mg KCl, 265 mg
CaCl, - 2H,0.,533 mg MgSO, -+ 7H,O0 F1 65 mg
NaH,PO, - 2H,0 ¥ T 500 mL ZE @K, EAX &
1 000 mL, £ ; TB Green™ Prenix Ex Taq™ II i
7% . PrimeScript™ RT Reagent Kit with gDNA E-
raser {A57 & H TaKaRa 2\ A,
1.3.4 mRNA ik &K

K Trizol 2 F2 U AL | W 52 4 21 4L RNA, JF
Kl RNA JiT & F e3P, 7 0L RNA gk A,
H PrimeScript™ RT Reagent Kit with gDNA Eraser
KF &4 M cDNA, SOD, CAT 4 It H kit Sl 1k
VIl 4 (GPx4)  Nrf2 A% Wi R % 4 L13 (RPL13)
(WNZ) RHEGIWHAE TAEY TR L) KA R
WNEIE B SIT AN LR 2, DU S 7= 1) cDNA
SRR, FH 92 I 5 O 5 i PCR ¥ ( Bio-Rad CFX
Connet™ , 788BR07190) fl TB Green™ Prenix Ex
Taq™ 11050 & 47 52 B 26 22 1 PCR, 45 S AR 4%
27T

®2 EE5IMFT

Table 2 Primer sequences of genes

P2 Bk 519751 KE
Gene names Primer sequences (5’ —3’) Length/bp
F:GGAGACCTGGGCAATGTGAA
1 b 1 A :
BRAAEALH SOD R:CCTCCAGCGTTTCCAGTCTT 182
F. TCGCTGCTGGCTATAACGTC
N Ny :
A H LRI 4 GPrd R:GACCATACCGCTATAACGTC 189
) F:GAGCCCACCTGCAAAGTTCT
i AT : 14
AL C R:CTCCTACTGGATTACCGGCG 8
\ F: TGTGGAGGAGTTCAACGAGC
K+ E2 K 2 .
BT B2 HCHT 2 Nif2 R:CGCCGCCATCTTGTTCTTG 88
F.GCAAAAAGGGCCAAGGAAGC
EpEAE H L13 RPL13 ’ 155

R:CAAAGGTCAGACACACCCCA
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1.4 HESH

FIH] Excel 2013 #4710 56 B4k 00 20 B B, >k
H SAS 9.2 # {4 one-way ANOVA HE47 )7 22 43
#r, K H Duncan [GiEiE 1T 2 HE S, P<0.05 & X

2 & R
2.1 GSPs W AFRFEKMERENZIM

H 2 3 mI A0, K 5 SE B0 b MR A O, (H
10GSPs Fl 20GSPs 2 Wy 2 R 1A 5 35 5 T X 41
(P<0.05),5 40GSPs L 2 F A& (P>0.05) ,
10GSPs 1 20GSPs 41 ~F-3) H 3 & AP H R 2 =
22 T X B4 F 40GSPs 41 ( P<0.05) ,40GSPs
H 5 %) R4 22 F RN B3 (P>0.05) , #Mi GSPs X

B R AN .35 (P>0.05) .
22 GSPsMAXFEN MEXZEREFIEIRN
=AU

i % 4 v %1, GSPs #h i 21 1) [ 52 & 35 i 1 X
HEZH (P<0.05) (HS2HLEE | S8 IUHE 550 M B 2 48 20
4 HRIJE R FE 2S5 (P>0.05) K TR b5+, 20GSPs
H1 40GSPs 41 (1) Th 4 52 % 2R &g 35 55 T % B 41 Ml
10GSPs 41 ( P<0.05) , Jit 5 52 3R A T 19 i 3
(P=0.084) ,20GSPs 1 40GSPs 4 ¥k F Wi & %
BZEAL T X4 (P<0.05) ,{H 10GSPs 4 5 %} #&
A 22 3R 8% (P>0.05) , [AIEF, GSPs #Ma 41
TE R T % BUE A T B R 2= 5
A E (P>0.05)

R3 GSPs X AEFERMEERIMM
Table 3 Effects of GSPs on growth performance of ram

Y= 205 Groups P
SEM

Items XTHR Control  10GSPs 20GSPs 40GSPs P-value
WA A E IBW/ kg 28.4 29.1 28.6 29.3 0.82 0.846
KK RE FBW/kg 41.6° 43.9* 43.5" 42.6™ 0.70 0.049
S H B E ADG/ (g/d) 280.4° 314.1* 315.9* 283.6" 10.21 0.040
- H R EE ADFL/(g/d) 1885.1° 2 010.6" 1 994.0° 1 874.6° 31.74 0.012
BE L F/G 6.76 6.42 6.31 6.65 0.210 0.430

[FATER B AR B B e R AR R 22 R A B (P>0.05) , ANF/NG FRFRZERF B3 (P<0.05) . FHEF,

In the same row, values with no letter or the same letter superscripts mean no significant difference ( P>0.05), while with

different small letter superscripts mean significant difference ( P<0.05). The same as below.

R4 GSPs M NEFEE MR

ekl

Table 4 Effects of GSPs on reproductive performance of ram

WiH 2H 3] Groups P
SEM

Items XTHR Control  10GSPs 20GSPs 40GSPs P-value
I HE Weight of testes/g 278.01 281.62 299.20 293.82 17.59 0.809
[f} 52 E Weight of epididymis/g 24.03° 29.21° 28.64° 27.84° 1.18 0.028
SZILFEAN Index of testes/ (g/kg) 7.34 6.90 7.39 7.30 0.44 0.845
[} 52 $5 %% Index of pididymis/ ( g/kg) 0.63 0.74 0.71 0.69 0.03 0.205
TR A SE# A Acrosomal integrity/ % 61.28° 66.48" 76.76" 75.69° 2.68 0.002
K T % Sperm deformity/ % 27.58" 24.75" 20.03° 19.89" 1.85 0.015
A F 153 Sperm motility/ % 50.12 55.41 54.54 55.79 2.09 0.237
JE 552 A Membrane integrity/ % 0.44 0.42 0.50 0.50 0.03 0.084
¥5 T Sperm concentration/ ( X10° />/mL) 89.89 88.91 105.57 101.50 5.93 0.108

23 GSPsHWAEFEH MEALMEAHLER
=AU

H12 5 W1, #ME GSPs J5 52 4L | B 52 41 214t

AL AR T AR R E R T, SIS,
20GSPs il 40GSPs 41 1) T-AOC 3 & T % B4
F1 10GSPs 4 ( P<0.05) , 10GSPs 41 5 %}l £ 2% 5
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AN E(P>0.05) ; 20GSPs Fll 40GSPs 4H ) CAT,
GSH-Px i P ¥4 1 25 5 T X7 B 241 il 10GSPs 4,
MDA & & & 3 Ik T X B 41 1 10GSPs 41 (P <
0.05) , #5411 SOD i M It & 2 % (P>0.05) ,
B 52 2 21 P 20GSPs Hl 40GSPs 41 #J T-AOC .,
GSH-PxiG B & & TX A (P<0.05),5

10GSPs 4 2% %A W2 ( P>0.05) , GSPs #MM# 2H i)
SOD WM B 2 & F X4 (P<0.05), Ifi
20GSPs 11 40GSPs 2H () MDA & 1+ il 2 % T % I
2RI 10GSPs 41 ( P<0.05) , CAT {& 7 4 4 18] G

WEZESF(P>0.05)

RS5 GSPsXAEFEH MEBAAMAMNINGER M

Table 5 Effects of GSPs on testicular and epididymis antioxidative function of ram

o ZH %] Groups P
i H SEM &
Items %18 Control  10GSPs 20GSPs 40GSPs P-value
BAiEALEE S T-AOC/(U/mg) 1.21° 1.34° 1.91° 1.81° 0.09 <0.001
it EALE W CAT/(U/mg) 3.37° 3.60° 4.38° 3.92% 0.17 0.003
=29 ALY B LAEE SOD/(U/mg) 4.91 5.27 6.01 5.90 0.32 0.072
Testis A e H Rt E e e .
39.82¢ .13¢ .69° . 2.73 <0.001
GSH.Px/(U/mg) 39.82 45.13 66.69 55.75
N & MDA/ (nmol/mg) 0.84* 0.60° 0.42° 0.47° 0.03 <0.001
BPiE LBE S T-AOC/(U/mg) 1.07° 1.23% 1.41° 1.38° 0.07 0.009
S E LAl CAT/(U/mg) 3.94 3.92 4.68 4.76 0.29 0.088
[} 2 ALY LB SOD/ (U/mg) 5.91° 7.51° 8.46° 8.28° 0.45 0.004
Epididymis A B H ikt S ey i . )
: 75" .02¢ 5.32° 5.81 0.020
GSH-Px/(U/mg) 82.44 90.75 108.02 105.32
P MDA/ (nmol/mg) 0.86" 0.73° 0.40° 0.42° 0.06 <0.001

2.4 GSPs X % F £ fL, Mt £ CAT, SOD,
GPx4 FANrf2 mRNA 83t RiEx = 89800

HE 1-A FflE 1-B 7T LLE H, #Mi GSPs Xf
2L CAT mRNA HIXF ik 5 %A B
(P>0.05) , 1M 20GSPs 41 () SOD mRNA H %} % ik
W E S T X4 10GSPs 41 (P<0.05), 5
40GSPs 41 F A . (P>0.05), HE 1-C #0
B 1-D#] DL & i, 40GSPs 4 % #1 4H 41 b GPx4
mRNA AHXF 3R 5 7 W 3 T X B4 AT 10GSPs 4
(P<0.05) ,5 20GSPs 1 2 7 A3 (P>0.05) ;1M
Nrf2 mRNA F X} K5 S 7E 4 400 JC 8 & 122 7
(P>0.05) .

TEMT a2 b B 8 2—A A0, %M GSPs X
B S2ZH 21 CAT mRNA FHX 35 5 1 5 AR B 3%
(P>0.05), ME 2-B Z & 2-D A A1, %M GSPs
AT DAAS [) 2 B2 b 2 5 B 52 20 21 SOD | GPx4 il
Nrf2 mRNA A % % ik &, H 1, 20GSPs Fil
40GSPs 41 SOD mRNA A% & 1k & k2 5 T X HR
20 (P<0.05) , 5 10GSPs £ F A3 (P>0.05) ;
3 /1> GSPs #MrIZLFf 5241 21 GPx4 mRNA FHX] 3
R E S T XA (P<0.05); 20GSPs Al

40GSPs 41 Nrf2 mRNA [ HH X} 2 15 1 8 3 & F X
WE2H ( P<0.05) , H 20GSPs 5 10GSPs 4 22 5% A i
#(P>0.05)

3 3 i

TEE A TR, & & A 77 808 R E
P R B BT AR R A RS R R R
FE TR AR ZR B[R], X ] B S sl W AL AR AR
R K, BB HLIRSA LN 3 0 7= A ] BE IR T
TFEAREE ML BN R, HaEm, &
P AR SR SR T B R SR R R
TR AN S PR A SR A G RORS TR IR R, SE AL
41 MDA FIiG 4 (ROS) & i B & THi ™,
FA B A 7 e R v ORGSR R A e e 2R K
BE , (H =R R & 3 s W WLAR SR b Dy 3, &
e A RS e B, A4 sl A R RS R L 91
55% , LR BT B AL BE 1 T 4R T B, ELRS BEZK -
L HURTE B (R AR M ES . WO R E R
BREEHEAR 5 & 29 B R R SRR A 2R
LT S 5 & 2ok T M T, BEIRA 4%
FERE A FARBR ™ AR BALALIN S Z A
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A, 51 K LERG AT, 5 S AL BRI 1 %
AR, W E R Th et BTN R,
Bt EAET RN AR A R AR B L)
AT DA E Bl 4 A A T EL AT LG22 i DR SRR A
SRS A, 12 A A PURALRE ST, s

A _
o 3
5
=
g .S -
H g 9 T
#® s 2|
poll =
s .qé' 1 |I==|
< =
Z 3
o =
g« o = |
0 N
%Xﬂﬁ Control 10GSPs  20GSPs ~ 40GSPs

203 Groups

C

©

5 4
i S a
) % 3 ab
E 2 -
<Z: g P
Z 5 e
g %: |I==|

g

%H#8 Control 10GSPs  20GSPs
25 Groups

40GSPs

BhaTERE . ABEFET, DIHRLLE 7:3 By @R R AR
5 R AR LR A AL B, 1R EGE i GSPs R R K
PERE W E 2T, SR S R L R B E R
F W] GSPs A D)4 = 4 S ALK BT A AL g

o]

mRNA relative expression level

L, 3

mRNAA N F 5 &

o LE R |
%8 Control 10GSPs 20GSPs  40GSPs

203 Groups

D—
o
5 3
i S 3
X 3 A
"ﬁ%%z 1
g =
= z
231 :
£ = :

Xt H#& Control 10GSPs 20GSPs  40GSPs
205 Groups

BHRFEARE CF R 8 RS P RR 27 A B E (P>0.05) , NFE/NG FHERRZ 5 5% (P<0.05), FEE,

Value columns with no letter or the same letter superscripts mean no significant difference ( P>0.05), while with different

small letter superscripts mean significant difference ( P<0.05). The same as below.

1 GSPs WAZEFEZEHHAL D CAT(A) .SOD(B) .GPx4( C) F Nrf2( D) mRNA 183t R %2850
Fig.1 Effects of GSPs on mRNA relative expression levels of CAT (A), SOD (B),
GPx4 (C) and Nrf2 (D) in testis of ram

W5 & BR, 1) VR i 1) 22 W A ) 2 B 2%
T3 A R e ] M e g ) 0 o
SR i, A0 AL T Ak AR E 4 R I A AR
KT WRgE & B, AE TR A 2 AR P 0
10% 1 20% #4510 % 2H 356 2 1) H 1 548 0k i
AR 38% ,20% 20 G HRZH 22 AR B
AF ) L v S N 1) 22 I 2 I T DL R sh A R
S O S = 5 A L Q7 O N E SR NS s I
10GSPs 1 20GSPs ZHF-34 H 34 & F1°F- 3 H R & 1
Y80 T RR A, — Ty T SRR AT BB 2 GSPs /E K
KRBT E ALY 5T BB 4% A RO BRI 9 A i 2 B
R E T RSN S A RS SR AR 2]}
PRAEFRAR DL 5 5 — 7 11 0 fig 2 PR R 19 25 ) I B AIG
TARRR R 10 LR R A R 0 TR T /N

i v el S e AR R PR A B T R B AR R
WMTEZMRIPED, RAashys ALk
Y 2 AN R B B A B R AR R
e, A AT sh kK Wk, ARG 5
40GSPs A5 = (1) °F- 3 H 3% & B E (X T 10GSPs
1 20GSPs 2H 1] (8 2 1 41 45 290 8 ik W 2 30
il TR AL BRI
EERMSERR - ERE LR T SRE
) % AT REIR B0, Xt RIS BF 58 48 5 A P S 2k
PIFEEME S, MR TR E M H 2
YT, Bk S ok i 5 B T 0 OB T Sl RS W
Jo, AR AT 45 % 3 I 4% 41 3 56 3 22 AL 7 o8 4R 4
Z SRR EE  BAMA GSPs 35 #2057 A
20GSPs Fl 40GSPs 41050 = (4% - T4 57 4 2 g
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Fw T IR R R I TR MR AL RO g B
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PP 4 2 K U AT DA 2 4R A RS T R R
J1, RS 15 B F9E 33508 TAGLI A5 0, il e 2
AR AR T A A X /S R A TR R
I8, KT 22 W%k /0N B A= B0 2 B B2 W J7 1 ) AF 52
WR W) Z By e 98 5 HEVE Sh ) AR Tl o B K B A

>
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mRNAM X RIEE

mRNA relative expression level
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ZH 5 Groups
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22 .
o £ 15
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< 2 1.0
Z =
Q
T E 05
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ZH 5 Groups
& 2

DRE e BAE L RE U5 A T AR, e g
T LA fiff 52 HLHH 7 5 B0 A B 20 O T DA
& A DR R/ 15 7, FEIRIEDE R REAS 2L
8 52 2R 7 R T 500 /N B A A i s S 2
ot T L2 22 M DR s T g X /) B 2 B A 32
IR, A5G T 22 Wy S A8 ) $1 I 22 A fi 8 5
A BE A B SR S AR TR S5 Y BILBE A

I AE
Bg 25
>
r 2.0 ;a 2
I 2 ab E {
® 5 ——
.'v'_{ o o=
z g 10 =
< 8 2
g B 05 s
E <« g o
g 0 °
S X8 Control 10GSPs  20GSPs  40GSPs

ZH 5 Groups

D 3
55
w & ;
K g4
® = b
.'P'_<'53 be
m O
>
i?'gg C _I_
%@ e
< 1
g
E 0
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Effects of Grape Seed Procyanidins on Growth Performance, Semen
Quality, Antioxidant Indexes in Testis and Epididymis of Ram

MU Chuntang YANG Wenjun WANG Pengju REN Guodong JU Hao REN Youshe
HAO Xiaoyan® ZHANG Jianxin"
( College of Animal Science and Technology, Shanxi Agricultural University, Taigu 030801, China)

Abstract: The aim of this experiment was to investigate the effects of feeding grape seed procyanidins ( GSPs)
on growth performance, semen quality, testis and epididymis antioxidant indexes of male lambs. A total of for-
ty-eight 4-month-old Dorper ( &) xsmall Tail Han sheep ( € ) F1 male lambs with similarly weight of (22.75+
1.2) kg were randomly selected and divided into 4 groups equally. All the lambs fed a basal diet and supple-
mented with O ( control group), 10 ( 10GSPs group), 20 (20GSPs group) and 40 mg/kg BW (40GSPs
group) GSPs, respectively. The experiment was conducted over 60 d, with the first 15 d for adaptation and
45 d for test. The results showed as follows: 1) average daily gain ( ADG) and average daily feed intake ( AD-
FI) in 10GSPs #11 20GSPs groups were significantly higher than those in the control group and 40GSPs group
(P<0.05) , with no significant difference between 40GSPs group and control group ( P>0.05). No significant
difference was observed in feed conversion ratio among GSPs groups ( P>0.05). 2) The weight of epididymis
in the GSPs groups was significantly higher than that in the control group ( P<0.05) , and the indexes of testis
and epididymis had no significant difference among the four groups ( P>0.05). The acrosome integrity in
20GSPs and 40GSPs groups was significantly higher than that in 10GSPs and control groups ( P<0.05) , and
the rate of sperm malformation in 20GSPs and 40GSPs groups was significantly lower than that in control group
(P<0.05). 3) The activity of total antioxidant capacity ( T-AOC) and glutathion peroxidase ( GSH-Px) in
testis and epididymis in 20GSPs and 40GSPs groups were significantly higher than those in control group ( P<
0.05). The superoxide dismutase (SOD) activity in epididymis in three GSPs groups was significantly higher
than that in the contol group ( P<0.05) , and the malonaldehyde (MDA ) content in the testis and epididymis
in 20GSPs and 40GSPs groups was significantly lower than that in 10GSPs group and control group ( P<0.05).
4) In testis, the relative expression levels of SOD mRNA in 20GSPs group and glutathione peroxidase 4
(GPx4) mRNA in 40GSPs group were significantly higher than those in 10GSPs group and control group ( P<
0.05). There was no significant difference among four groups in the relative expression levels of catalase
( CAT) and nuclear factor E2 correlation factor 2 ( Nrf2) mRNA (P>0.05). In epididymis, the relative ex-
pression levels of SOD mRNA in 20GSPs and 40GSPs groups was significantly higher than that in control
group (P<0.05), but had no significantly difference compared with 10GSPs group ( P>0.05). The relative
expression level of GPx4 mRNA in three GSPs groups was significantly higher than that in control group ( P<
0.05). Additionally, the relative expression level of Nrf2 mRNA in 20GSPs and 40GSPs groups was signifi-
cantly higher than that in control group ( P<0.05). In summary, dietary supplementation of GSPs can promote
the growth and improve the antioxidant status of testis and epididymis of ram, thereby improving semen quali-
ty. The optimal GSPs supplemental level is 20 mg/kg BW under the condition of this experiment. [ Chinese
Journal of Animal Nutrition, 2020, 32(5) .2241-2250 |
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