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Abstract: This experiment was conducted to investigate the effect of wine grape pomace supple-
mentation to base diet on reproductive performance and antioxidant ability of testis in ram. A to-
tal of thirty 5-month-old with average weight of (25+1) kg Dorper ( ) X Small Tail Han sheep
(%) F1 male lambs were randomly selected and divided into 5 groups equally. To establish a
stress model, lambs in one of groups were raised freely, while the other 4 groups were confined
in stall. Lambs raised freely were fed with a base diet without grape pomace, and other lambs
were fed with diets supplemented with grape pomace at 0%, 5%, 10%, 20% , respectively. The

experiment lasted for 80 d. At the end of experiment, all lambs were slaughtered and sampled.
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Testis coefficient, epididymal sperm indicators, antioxidant levels of testis were analyzed, and
moreover, expression of Cu/ZnSOD, CAT, GPx4, Nrf2 mRNA and protein in testis were de-
tected. The results showed that, compared with free group, MDA and ROS level of testis signifi-
cantly increased (P<C0. 01), testis weight of lambs significantly decreased (P<C0. 05), and the
organ coefficient of testis had a trend to be lower (P =0. 06) in confined group with 0% wine
grape pomace; epididymal sperm density, acrosomal integrity and motility were lower (P<C0. 05
and P<C0. 01, respectively), while epididymal sperm deformity higher (P<C0. 01), in confined
group with 0% wine grape pomace than those in free group. These results showed that ram raised
in confined condition could cause oxidative stress and affect the reproductive performance. How-
ever, compared with confined group with 0% wine grape pomace, epididymal sperm density and
motility were higher., while deformity lower, in wine grape pomace-added groups (P<C0. 05).
MDA level of testis significantly decreased (P<C0.01), but SOD, CAT and GSH-Px activity sig-
nificantly increased (P<C0.01,P<C0.05 and P<C0.01) in wine grape pomace-added groups. Fur-
thermore, the mRNA expression of Cu-ZnSOD and protein expression of Cu-ZnSOD, GPx4 and
CAT in testis significantly increased (P<C0. 05) in wine grape pomace-added groups. The results
indicate that wine grape pomace can enhance antioxidant capacity in testis and improve the repro-
ductive performance of separated-raising lambs.
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Table 1 Nutrient composition of wine grape pomace (air-dry

matter basis) %
i H Ttems R34 4 75 Je WGP
F4 i Dry matter(DM) 92. 37
Hl&E 1 Crude protein(CP) 11.50
MRS B Ether extract(EE) 6.53
HLIK 4y Crude ash(Ash) 8.12
P R U 4T 4 NDF 43.83
FR M R U 4T 4t ADF 35.12
4E Calcium 1. 20
i Phosphorus 0.05
By Total phenols(TP) 0.72
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Table 2 Composition and nutrient level of diets (air-dry matter basis) %
J7 8} Ingredient 1 1 1 I\
E K Corn 29.00 27.00 24.95 20. 90
K1 Soybean meal 9. 00 8. 60 8. 20 7.40
#k 2 Wheat bran 4. 00 4. 00 4. 00 4. 00
8RR GE Oil cake of flax seed 5.00 5.00 5.00 5.00
iR Al Mineral/vitamin premix 5.00 5. 00 5. 00 5.00
T 75 75 75 2 15 Wine grape pomace 0. 00 5.00 10. 00 20. 00
1 FFE Naked oats straw 35.00 34.65 34.25 33.50
+ ©.%i Potato rattan 13.00 10.75 8. 60 4.20
411 Total 100. 00 100. 00 100. 00 100. 00
E #/KF Nutrient level
T4 Dry matter 88.43 88. 57 88.51 89.01
W1LHE/(M] » kg ') Digestible energy 10. 60 10.53 10. 47 10. 33
#l & 4 Crude protein 11.73 11. 90 12. 21 12. 43
TR PR 27 4t Neutral detergent fiber 42.85 43.20 43.38 44.06
45 Calcium 0.40 0.40 0. 39 0. 40
# Phosphorus 0.25 0. 26 0. 26 0. 26

AR I E T E G INE (mg » kg ') :Cu 14, Fe 50, Mn 40, Se 0.3, 10.5, Co 0. 2; k44 ZRns (U « kg ') : VA
20 000, VD 4 000, VE 400, [ DE 8, falfel b H A 25 8 3% 543 14 8 5200
Additive mineral premix(mg * kg'):Cu 14, Fe 50, Mn 40, Se 0.3, 1 0.5, Co 0. 2; Additive vitamin premix(IU « kg™'): VA

20 000, VD 4 000, VE 400. Beside DE, the composition of diet was measured by analyzing really

R3 MERBRES

Table 3 Ingredients of the diluent of epididymis

J& 4y Ingredients H: 727 % Manufacturer %5 No. &/ /(mg + 100 mL ") Content
NaCl bR T AR TR R ] 7647-14-5 800. 0

KCl F R TAR Y TR R ) 7447-40-7 20.0

MgSO, « 7H, O RET ME R K RBAERA A 10034-99-8 53.3

NaH, PO, « 2H,O KT ME R LA BRA A 13472-35-0 6.5

NaHCO;, KEDGR A TR A IRA 7 144-55-8 100. 0

H % %% Glucose bR T A TRA R 7447-40-7 100. 0

CaCl, « 2H,O KT MR K RAE R A A 10035-04-8 26.5

SR B AR fE 1 (T-AOC) | 48 F 4L W IE; 4k 1
(SOD) A3 Jbk H Ak o S AL P i (GSH-PxO) | 2o S A6 W)
fiti (CAT) T - (MDA 13 P 48 (ROS) 1l 2 128 57
&0 8 FE A AR W TR F 59X BT s PrimeScript™
RT reagent Kit with gDNA Eraser %] & .SYBR®

Premix Ex Taqg™ [l i 7 & W H TaKaRa 2 &;
Goat-Cu/ZnSOD £ 5 & —4$1 (sc-8637) . Goat-Cata-
lase £ #ifE—$i (sc-34281) \Rabbit-GPx4 £ i —
P (sc50497) ) B Santa Cruz Biotechnology 7% #J ,
Rabbit-Nrf2 £ 5 & — $t (LS-C31637) Il [ LifeS-
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pan BioSciences %% F], B-Tubulin Antibody W H
Cell Signaling Technology /2 %], Donkey Anti-goat
IgG-HRP (sc-2020) — $t Ml Donkey Anti-rabbit
IgG-HRP(sc-2313) —HL W H Santa Cruz Biotech-
nology 2~ #l .
1.1.3  FEALHS I 4% (Olympus, BH2 %) |
it b5 {X (BioTek Synergy H1/HIMFD) . 52 B} 3¢ 6
£ PCR ¥ (Mx3000, Stratagene, 3 [# ) . Western
bolt HL ¥k ¢ ( Bio-Rad Mini-PROTEAN,
CATI1658001)
L2 gt

WM 30 H 5 Hib. 4k 25 kg 243 i AETH X/
e Y A WA SIS W odi [EEU Wl -8 (4 S W 7
AR %2 2L Bt FF 30 Hils FREvL 5
h 5B 6 KA B.C.D R SR, I S
3 0.8 m* E 4 6 HFiRa R, HgA ik, &
HAESEEGshyE [l 2,00 m* . ALVE 410 mE H AR 1
(WGP &3 00 B A i M H AR ITIWGP 35 45
5% C Al H AR TIICWGP & 52 10%0) 3D 414
R TVAWGP &y 20000 . Jod. A 41 (i IR
45 E AR T A W s A
1.3 zh¥iAFER

T 2015 4 5—8 ATEIITUA A EH AT
A BRA w AR SR 5 3 AT . SR 90 d, Horb i
T 10 d IER 80 d. iR g A X R IS A A AT
T FE  IF X6 3 EAT e TR 5 R0 L H B AL/
S B . TE U I AT IR SR R o A
LR AR o Aol a0 25 B R A SR A B T 50 O A
B.C.D 411 H M JE il H O 2 ¥ 3k 8 21 A N 1Y)
s H AR,

TEF 5 2 B H T ML 3 S 81 00
F118:00, 4% ZH - 1) M HAH B 1Y HORL . BT A3 °F B |2k
B Aok IR R RS RRE R,
1.4 HE&EXE

FEIR IR 45 R 2 K N4 1600, %F BT 47 3 56 o 2%
- A%9K 16 ho JFER A B4 8.00 {7 B S, B
J&i o W — DB 52 41 8L 40 mL B S2 R B L iR
R LT L E 15 min DURERSE B A KS 1 72 0 iR
th L SRS T J2 S B AR 5 42Uk i L 1 UK T B
PUIAERS 20 B COR B4 5 I — {00 52 540 4 259 i
NP RCR R R — 80 CLRAF, T I E dH 2 Bt SR Ak

FRPR DL R BUE RNA 5 88 H.
L5 MEHRBSHIE
L5 1 SAEBRELBILAEBIE EEE
TR BT 0 52 AL 25 I S (L 445 4 4 R R B A =2 L
SRR EILREL A BRI = (S
o/ ARE) X100 %0 5 B LKL P8R T SR L
PRF AR T (em®) = K X 58 X &,
1.5.2 Ki¥or#r K78 B WA B 0.1
m L K R T B 2 00 R WK LA R 20 £ RS
B 20 p L V3 T M40 T ASORR L R T LB TR AR
LIS TRE

K 1% 3h 3 BOKS 20| 10 pL 3 T8 A b
b5 8 ARG T WS 5 S LEF L T4 200 VK
IR Ve SCEL [ R RE R

K WE 2 R BRI RIAER R Db P A
IR Eh AR TE o XI5 A AR 2 G v g £ 1 h S i K
e BB WA, KT WIE R () = (RIE K T50/
K 7 M E0 X 100% .

TOUIA 58 232 . 5 i A0 381 [RDRG - WO 23, T {4 50 4
R = (TR SN T80/ 06 T RO X 100%
1.5.3  SALALA AL nl i Tk 2
BAE —80 C LRAF Iy 2 ALFE i 75 A P 78 70 BiF IS
R PRI R 1 g, 4% 1+ 9 By Lol m A vk
A FRER K AL BV ALY 3K 5~10 min, i B 10 %
AR AI K EF RS9 4 °C L3 500 r » min™ ' i
L 10 min, JCETF AT T — 280 .

AL H E3E T-AOC,SOD,CAT ,GSH-Px i
P K MDA (ROS /K- 45 48 A5 T 72 #2 B 50 2 i 2
) P A ) G U ] AR
1.5.4 mRNA HxFRBEGM & Trizol %
PRIBCEE AL 2H 215 RNA L K I vk FE Je 56 % P J5 s DA
RNA B4t AR , ] PrimeScript™ RT reagent Kit
with gDNA Eraser i) &4 il cDNA, 5[¥(F 1)
28 GenBank | B % R4 CuZnSOD .CAT,
GPx4 & Nrf2 5 ¥4, LL RPL13 NS A,
FI A Primer Premier 5. 0 #4531 5 X ¢ 57 ¥ 51
Y R E R T R S W 5 NCBI KR R84 e o 17
1P HEXF O AT R S A I ol G oS S AR
PRIRHE B A RS W B . DA BCFL 5377 1 cDN A
BOMR AT S 9 g it PCRL &5 Rl 48 2 22T ikt
",
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Table 4 Primer sequence

S R

Accession No.

51475 (5'-3")

Primer sequence
F. GGAGACCTGGGCAATGTGAA
NM 001145185.1 182
R: CCTCCAGCGTTTCCAGTCTT
F:GAGCCCACCTGCAAAGTTCT

79 /bp

Gene name Product

Cu-ZnSOD

Catalase XM_004016396. 3 148
R: CTCCTACTGGATTACCGGCG
F: TCGCTGCTGGCTATAACGTC
GPxd XM 015096017, 1 ] 189
R: GACCATACCGCTTCACCACA
F: TGTGGAGGAGTTCAACGAGC
Nrf2 XM_015098735. 1 , - 88
R: CGCCGCCATCTTGTTCTTG
F:GCAAAAAGGGCCAAGGAAGC
RPL13 XM_015100414. 1 , 155
R: CAAAGGTCAGACACACCCCA
1.5.5 Western blot 434 ) FH 2R 1 2 i 3R nett P45 A0 HLAH 5 X IR BT 22 57 B R .

B2 JL4H 2 A T 1, SDS-PAGE Hi 3k , £ 8% 5 1]
Ja AR —$i .4 C L0, Bk 5 0 & AN 41, 2 g B

2 h BEYE . ECL A6 G AT ot . K ig
64 R A Image Lab 840 B HEH 5N
Z B-Tubulin (8 B & &, H 8 & B0 H X R
w=HMEH /B Tubulin EH & &,
1.6 H|HH

i F Excel 2013 %25 3 BFNTHER 1 @ 57
PRI B (A 415 E 41Dk A SPSS 22. 0 #477h
SEAEAS ¢ K5 43 A s RS AR R 1Y 4 B (ALBLC.D
1)K SPSS 22. 0 i#47 HL I R J5 2243 17 . 3F F Dun-

2.1 AFARNEFEEMENTM
MESATUEH. ARHESIHAEFEIEE R
FE TR (P<<0.05) . 2 AR BB A T,
ARHIEZEXETE(P>0.05) ;5 [ M & sh gl 1
FAURE ZH 4 A SR LA B L T R AR Y B 2 R AR (P <<
0.05),BEFLEEMEZER(P>0.05; HH G4
YRR SRS 7% B R TR S8 R R T A A
(P<C0. 05) , 1 2l 2 g 3 M =g T HR 2 4 (P <<
0. 01) K T W T R M b 2 AIG T A2 41 (P<<0. 01)

RS AFAXNIBFEEEENTM

Table 5 Effect of feeding model on reproductive performance of ram

17 3% )7 1, Feeding model

i Ttem B % Separated H B i 3h Free SEM F

LT /g Weight of testis 316. 00 430.00" 18. 03 0. 024
EALZRE/ % Coefficient of testis 0.93 1.09 0. 04 0. 062
2L K /em Length of testis 10. 23 11.30~7 0.37 0. 045
I3 /em Width of testis 5.77 6.17 0.12 0.033
#91J5% /em Thickness of testis 4.50 4.57 0.16 0. 690
I/ em® Volume of testis 265. 58 318.24" 16. 34 0. 030
KT8 JE/(X10" » mL ') Sperm concentration 17.63 44, 63" 7.48 0.023
TG 83/ % Sperm motility 64.68 86.53" " 4.03 0.006
T2/ % Sperm deformity 21.21 12.04"" 1.71 0. 006
Tk 524 % /% Acrosomal integrity 52. 88 63.10" 2.58 0. 020

FATHRA « FoR SXT A2 R B E (P<0.05) 45 H » » KR X RAZFHREEH (P<0. 0D, AHERREZRARE (P>
0.05) . Tl
In the same raw. values with * mean significant difference with control group at P<C0. 05, % % mean significant difference

with control group at P<{0.01, no * means no significant difference with control group (P>>0.05). The same as below
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2.2 EAFAFRAMEEZHARASHKFERZN
AW PR F 2 AL T-AOC 5 H K
HO M A T EmEE G EHER AR E (P>0.05)

(E 1A)., MDA Fil ROS #B & #L 44 & Ak 0 i A= 1)
HEY AT A2 L4141 MDA ) ROS /K
S AE RS ) R S AR TR (P<<0. 0D (F] 1B.O),

A B C _
% 519 X £ 40- rx
g T =2 1= g
2 T =
S o2 2 1.0 &= 304
RS = £ §
< g B 320
= & <05 g
¥ g # 2 10
A ) &
) 0- . T K 0 T 8 0 - T
£] #{Free  Ffi4] Separated 4 FRt4] Separated o~ H 4 Fift4f] Separated
TiFE 77 2 Feeding model 1WFE )7 R, Feeding model 1177772 Feeding model
* %, P<C0.01
Bl AFARXNEFEHMAL T-AOC(A) MDA (B)F ROS(C) & E &
Fig. 1 Effect of feeding model on testicular T-AOC (A), MDA (B) and ROS (C) level of ram

2.3 HRPAMBRBEFEEENBFEEALRER
MEBFHNERNZM

22 6 AT LA L 7R WGP 3 ASAb B2 (it 2250,
PR A & H 22 AR 3 (P=>0. 05) ;s 2L R 4K
FARTA AL (P>>0. 05) , ] fig J& 1 T 52 JL 5 3 i
AN T AR BN B R I R 80 IR E AR I WGP
G ARG AR TG 12 5 L (P>>0. 05) 5 5 %] ff
HHAHEE o 3 AT N B S U T8 B )RR AR AR Y R
P AR (P>>0.05), 10% 1 20 % WGP ¥ fin 4
50T BT A LL B 528 %% B2 B R 1% R (P<<0. 01D,
SYCURTNALRE T % FE i X 4 K, 2 7 B (P<
0.05); i i WGP w] DL = 45 26K 11 3 3, FE IR
R F L 2%, Hodr 500 1 10 26 B8 in 41 9 0KS 106 2l %
P00 2 8 T B4 (P<<0. 05), 10 % ¥ Jin 41 (4 ks 7

R6 WGPFHEMAKERAGBELEEENZME

W T R 3 2K T X B4 (P<<0. 05), 20 % B N4l 5
Xof B AR PR S 30 G 35 22 S (P =>0. 05) 5 %S /il AR
AT B2 L TR 52 8RR T A (HR I B 3
225 (P>>0.05) . fF 58 3 B . PR A7 8 25 B 0 AT DA
R i IR N AR B A MR .
2.4 HIRPAMBRBAGRENGFEEAAL0
S iERZm

H& 7 LLE 4 2 T-AOC K
Z 3 WGP R IK -0 8w (P=>0. 05), SILH A
i) MDA & BEAER I WGP J5 44 BT FEAIK . 3 AN 38 i
H I B AR TR B2 (P<<0.01), CAT.GSH-Px
B SOD LI N FALER) 3 Bl 3= BEhT AL . U H 2
GSH-Px J SOD fEZh ¥ S AU H S & A vy, I
PET DAAT B0 B SE AL U B SR AL R T . AR ST

Table 6 Effect of wine grape pomace on reproductive performance of ram

WGP %7k ¥/ % Level of grape pomace

645 Ttem

SEM P

5 10 20
2L F /g Weight of testis 316.00  340.50  336.50  352.50 20. 79 0. 457
BILFEE/ Y% Coefficient of testis 0.93 1. 01 0. 83 0.92 0.11 0. 467
#9,% /cm Length of testis 10. 23 11. 57 11.03 11.27 0.77 0. 390
1,95 /cm Width of testis 5.77 6. 60 5.83 5.37 0. 64 0. 330
S HLJE/ cm Thickness of testis 4.50 4.57 4.23 4,27 0.18 0. 250
L IR/ em® Volume of testis 265.58 351. 02 270.05 257.76 41.55 0.170
T /(X107 « mL ') Sperm concentration 17. 63 25.50 38.25" " 34.50"" 4.13 0. 004
KT IG5 3%/ % Sperm motility 64. 68 78. 88 76.07" 71.83 3.63 0. 020
A T 2R/ % Sperm deformity 21. 21 19. 98 13.84" 17. 64 1.75 0.013
TR 528 %/ % Acrosomal integrity 52. 88 54. 64 58.55 56.73 3.13 0.357
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3 M P EAL RIS TETE TR I WGP J5 48 H B T A [A)
BB, Hodr 50 F 1 20 R4l CAT 15 P 5. 3%
BT (P<<0.01) , 10 % 74 CAT 3 Ve

zT WOPHEMAKERFEFEHAALMALERNT N

TR HERARE 2 (P>0.05);3 MRMAMWN
GSH-Px 1§13 & & & T % IR 4H (P<C0. 05), SOD
TEYEM 2 TR R4 (P<<0.01)

Table 7 Effect of wine grape pomace on testicular anti-oxidative status of ram

WGP %K/ % Level of wine grape pomace

Fhr Item ) i T 20 SEM P

T-AOC/(U *« mg™ ) 2.15 2.09 1. 54 1.51 0.33 0.170
MDA/(nmol * mg ') 1.21 0.76"" 0.65 0.60" 0.10 0.001
CAT/(U+*mg ") 4.29 4.76"" 4.55 4.75 0.10 0.005
GSH-Px/(U * mg 71.56 96.46" 121.75 102. 00" 11.11 0.034
SOD/(U * mg ) 5. 88 7.00"" 8.04" 6.86" 0.16 0.001

2.5 A[E WGP FMAKETHFEEAHALH Cur-
ZnSOD .CAT .GPx4 1 Nrf2 mRNA g3t &% 2
Nri2 &ML BT A AL A5 53 1 i — 4> S5
F.CuZnSOD .CAT .GPx4 J2&=HF e # 3% BH , o 45
PUAALEE 2R 0k 5 HLRPU ALK P B TIA G, A&
W52 2 RPL13 mRNA XS AL 4141 Cu-Zn-
SOD .CAT.GPx4 #1 Nrf2 mRNA it & #H 17 K

A
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E.HGOEm g R WK 2, B 2A ATLE
1026 F1 200 WGP B 4 %2 4L 40 80 Cu-ZnSOD
mRNA A 3235 i 25 5 F 6 I 41 (P<C0. 05).5%
TSI 5% BALAH H BE AR T 22 R (P>>0. 05) 5 H A
2B~D "] WL, A fa] WGP &8 /K F 5 52 0L 24H 4
CAT.GPz4 Fl Nrf2 mRNA X} 33k G i 2 M
ZFR(P>0.05),
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5
17 3 1
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