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Effect of Dietary Wine Grape Pomace Supplementation on Rumen Metabolism and

Development in Lambs
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Abstract: The objective of present study was to investigate the effect of dietary wine grape pomace
(WGP) supplementation on metabolism and development of rumen in lambs. A total of 24 Dorper
(%)X Small Tail Han sheep (%) F1 male lambs ((25+1) kg of body weight, 5 month old)
were randomly selected and divided into 4 groups equally. Lambs in 4 groups were fed with diets
supplemented with WGP at 0%, 5%, 10%, 20% on a dry weight basis (group 0%, group 5% ,
group 10%, group 20%), respectively. The experiment lasted for 80 d. At the end of experi-
ment, all lambs were slaughtered, and stomaches were weighted. The rumen fluid was collected
for analyzing rumen fermentation and enzymes activity of microorganism, and rumen tissues were
sampled for epithelial development measurements. The results showed that: 1) No significant

effect of dietary WGP supplementation on rumen pH and total volatile fatty acid (TVFA) concen-
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tration was observed (P>>0. 05). Propionic acid molar ratio was significantly increased, whereas
acetic acid molar ratio and acetic acid/propionic acid ratio were decreased when lambs were fed
with WGP diet (P<C0. 05); meanwhile, decreased concentrations of lactic acid, ammonia nitrogen
and urea nitrogen were observed (P<C0. 05). 2) Amylase, protease and cellulases activity (except
for pectase) were decreased with the increasing WGP supplementation levels (P<C0. 05), while
pectase activity was exhibited as group 10%4>0%>5%>20% (P<0.05), the total protein con-
centration in rumen fluid had no significant difference among different groups (P>0. 05). 3)
Among factors related to VFA absorption and metabolism, relative mRNA expression of MCT1
and AE2 were significantly decreased when lambs were fed with WGP diet (P<C0. 05), whereas
no significant difference at MCT4 and Na™ -K " -ATPase mRNA expression levels among differ-
ent groups were observed (P>>0. 05). 4) Both absolute weight and relative weight of rumen were
not significantly altered among the groups (P>>0.05). The cuticle thickness of lambs in WGP-
added groups was significantly higher than that in group 0% WGP, and ruminal papillae length in
group 20% WGP was significantly lower than that in other groups (P<C0. 05). In conclusion,
WGP could effectively change rumen metabolism, and benefit to rumen development. Moreover,
WGP supplementation amount could not exceed 10% considering the rumen epithelial tissue
development.

Key words: wine grape pomace; lamb; rumen fermentation; microorganism enzyme activity; ru-
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BIIKF- . WGP 7 B2 sl A2 7 w4 o 3t
FheA e .
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Table 1 Nutrient composition of wine grape pomace (air-dry
basis) %

it H TAFL 15 4 4 Bz 18

Item Wine grape pomace

T4 Dry matter (DM) 92.37

HZEH Crude protein (CP) 11.50

HLIE NG Ether extract (EE) 6.53

HLJK 43 Crude ash (Ash) 8.12

FIPEPEIGLF4E Neutral detergent fiber(NDF) 43.83

BRME VR 4E Acid detergent fiber (ADF) 35.12

4% Calcium 1. 20

s Phosphorus 0. 05

BB Total phenols (TP) 0.72
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FLRl H A S BB NRC(2007) 40 £ 8 7 T B ik
H25 kg, HIHE 200 g N 268 W BRI B 7, H
ftb 3 Fh B KL 2> WA N 5%.10% .20 WGP, 1§ % T

x2 RBAMABREFESR(RNTERM)

KR SRR B B X 3 Bl HORBE R LB
i SR R — 2, U HORR Y a4 TR A kL
Tk 4 FhiaEe HOR 2 S R B 57K L 2,

Table 2 Composition and nutrient level of diets (air-dry basis) %
i H Item 1 I} ll| v
#H Ji%, Ingredient
F >k Corn 29.00 27.00 24.95 20. 90
51 Soybean meal 9.00 8. 60 8. 20 7.40
#k Bz Wheat bran 4. 00 4. 00 4. 00 4,00
HFEDE Oil cake of flax seed 5.00 5.00 5. 00 5. 00
iR B Mineral/vitamin premix 5.00 5.00 5.00 5.00
i Y75 4% 25 |2 7 Wine grape pomace 0. 00 5.00 10. 00 20. 00
1 % F Naked oats straw 35.00 34. 65 34.25 33.50
+ 5 % Potato rattan 13.00 10. 75 8. 60 4,20
43t Total 100. 00 100. 00 100. 00 100. 00
H %K F Nutrient level
T4 & Dry matter 88.43 88.57 88.51 89.01
HALGE/(M] « kg™ ') Digestible energy 10. 60 10.53 10. 47 10. 33
& Crude protein 11.73 11.90 12. 21 12.43
HrPE Bk IR 21 4 Neutral detergent fiber 42.85 43. 20 43. 38 44,06
4% Calcium 0. 40 0.40 0. 39 0. 40
#§ Phosphorus 0. 25 0. 26 0. 26 0. 26

T R LR BN (mg + kg ') :Cu 14, Fe 50, Mn 40, Se 0.3, 10.5, Co 0. 2; Gl 4 RN+ (IU » kg ') : VA
20 000, VD 4 000, VE 400, B DE &, Ak} b H A 2555 F7 183 39 0 2 E

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 are measured values

1.2 RWigit

Ve 24 B 5 A R E (254 1) kg BIAEIH X /N
JEoE S S /N S T WL (1228 U IR &0 W S
A4 A 6 H R AR 3R Oy L IE S E S 0.8
m’, HA, 0% WGP 401 M H A T(WGP & &4
0%),5% WGP 411 i H A IIIWGP &8 5%),
10% WGP 41 /) W H B IIT (WGP & & 4 10%),
20% WGP 45 HH IVIWGP &k 20%)
1.3 AFER

R T 201545 AR 8 AL A ERE
FHOW A R w7 B 38 580 S ik A7 . 315X 5 70 40] 4
10 d, i 80 d, 5% mip % 2 56 2 & 47 3 499
B o T RS S HEAT S T SR L DB AN R
BLREREV o AL WU I AT I SR Y A AL SR SR
BT AR (3R 55 2 35 17 SRR 4 5% 45 1 20, IR 6 5 %0

WGP, 10%WGP.20% WGP 41 (%) H A By 5Ll H A
T I B A R e OB . e 0 1 e
£ H A5 T 08:00 Fi 18.00 fAME 2 W, A °F H
KA K

1.4 H@BRE&E

RIGZE R Y R T4 1600, % i A I F 28 6
ARk 16 b JFAEH B4 08:00 AT E . BS)a .
U R AR AW . DU 2 TG 2 A a8 S Sz B
& pH., [RI B BGE 38 )5 M9 B 20 mL, 0%+ 2 A
I5mL EOoEd, REE TRA T, LR E)E
—80 CHRAF#H .

JINGC 30 £ 90 T D LAY B U7 3 S R O T AR R
AR T PR S R S S S
M . SRR E A0 3. 4 /b (L em® A2
) Hrh R AR Z )5 — 80 CLRAF#& AL
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L5 WEHERSFTE

L5198 H WL BRI SE W H W pH R
pH 1 (testo 206-pH1) 24 37l 7€ 5 ¥4 & P4 lig 17 B2 A1)
FHAAHH 6 3% 1Y ( Thermo Fisher, Trace GO) Jll 22 5 &
A HR A BE AR UL A -k SRR BN B (12, R O
66 i (Mapada, UV-1800PC) 5 ; bR % & FLIR
iR I PR 2R UK DN 700 6 A L T A DN ) (e
SR AR ) R AR D W s SR W R
BCA #H [ & il i 7 & (Solarbio) . | F i 45 1
(BioTek,Synergy H1/HIMFD) | 52 .

1.5.2 983 W IB0TH A e 9 R DN o VE B i 15 1
I 5 LA AT PR v A S IS 5 8 B T 39 °CLpH6. 9
(4 268 F ME A S 30 min, il 3, 5- il H K A% R
(DNS) & 1k )R 357K ¥ 10 min, % H % % i, 530
nm A0 I 7 W O B L. A % W R A o ) AR AR o
2 THRAE 23 Bl oK A AT PEVE R BRI 1 emol ) 4 B
s BRI . PR LA Ak R R K R
A 371 2 W Y T R 0 23 S0 AR TP B 2T 4E R 4
R ARRBEMOK R I IEY . 58 E | T 39 C,

x3 EE3IMFT

Table 3 Primer sequences used in this study

pH6. 0 i) 254 F HER /2 % 60 min, il DNS £ |F &
I . W 7K YA 7 min, 540 nm A i 52 WE % BE (L H ok
SR g FH A B A o g 24 5 2R JEC Bl T D2 U B8 B A
T 22 A P R B0 67 B 28 0 43 Bl K
YU 1 ol I JEUH I 75 MBI L IR
3 A P 2 A B R B T
BEFE M E

L.5.3 B WERMAL VEA YR LI mRNA
X 2 s A PRIBUR H 244 50~ 100

mg, il A 750 pL Trizol i 7 ( Thermo Fisher, In-
vitrogen) FF 5] 3, 4% Bt Trizol I |~ K H A UL W $2
IO RNA, G I e B2 K 58 B M 5. Prime-
ScriptTM RT reagent Kit With gDNA Eraser i #l|
£ (TaKaRa A #]) & i cDNA, 5| 4¥ (F 3) 5 K
GenBank H1 {4 3 MCT1 . MCT4 . Na" -K "' -AT-
Pase AE2 2R ¥ 3|, LN RPL13 NS EHRA, FI T
Primer 3 7EZk & 11, i At 52 /S & 8 K3 K B¢ i 6y
AMRAF G VARFE 778 cDNA Sy # Al i 17
S PG E i PCRLZERME 27T 9158

S B 519751 (5'-3) 741/ bp
Gene name Accession No. Primer sequence Product
F. TTAGCAATTATGGCAAGAGT
MCT1 XM_004002335 106
R: TACAAGTCCCATAGAAGGTC
F. GCCCTACTCTGTCTACCT
MCT4 XM_012186383 121
R: GGAGATGCCGAAGAAGAT
F. GAGCTGGGTGGCCTGGGAGAAC
Na' -K " -ATPase NM_001009360 96
R: CATCGTCGGTGTCAAACTGGAAGC
F. TCTTCATCGCCTTCTTCCTG
AE2 XM _ 015095139 126
R: GCTTCTGGGTGTAGGTGTCC
F.:GCAAAAAGGGCCAAGGAAGC
RPL13 XM_015100414 155

R: CAAAGGTCAGACACACCCCA

F. BWE519:R THEs 19

F. Forward primer; R. Reverse primer

L5.4 HEERHALUEEER/FNE ANER
FTRE [ 7 A R i » 22 SRR JE B K — 2R E W)
PAAT i BEAT AL, D) R JE 8 0.5 oy — HOR B 05 B
JE R AR TR ARG e 8 3 min, ZE48 K whk 5~10

min, LY 1 min, ZEE K #p ik 5~10 min, Z &
o RE K R ORGE WY MR B R R AR B
Bi (OLYMPUS) T W ¢ Jf 411 Bt FH &R Ak 28 41 1
(Image-Pro Plus 7. 0) Ml 5498 W 5 % R R B L7 3k
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48 H Excel 2013 %) 45 % #R1 1+ 5, >k
SPSS 22. 0 47 B R 77 22 43 Br - Ak B ] - $4{H R
JH Duncan 2 & HACHAT 22 5 0 FPER 56 . P<<0. 05
FoRES B E L [ R 2R A TR B B
WGP B i i A8 L HEAT HAR S IR I 40 #r

2 & B

HiR WGP iminkEXEFEE & B
MR 4 s, WGP B3 K - X5 45 2F 98 B )
pH Fl TVFA A 2% (P>0.05), ZBREERIL
BE H AR WGP B0k 7 i 42 a2 35 2 v A — it

ERREAR, H 20 7008 4 e AR (P<<0. 05) , N FREE IR
AR b 34 5 Z R A (P<<0. 05) . Z T L WGP
AT T e, L5 o v R i 2k A
fE(P<<0.05), HMEM WGP A 8 2% 42 5 1R
Bl (P<C0. 05), i xF T FR . 5% T BR . 5 SR JBE /K b TG
BFELW(P>0.05), FLERW R WGP 1% finm
A%, H 20% WGP @4l & F & T 0% % 4
(P<<0.05),

d &1 AT B WGP KX 48 F 08 B IR
BRAGRPW B, HAE 10205 20% R in4l 2%
T 0%M 5% R (P<<0.05), REA &
WGP 07K S 1 T 1 328 5 AR (P<<0. 05) , & W]
WGP w] G 23 U9 B iy Z AR

x4 BRBHMWCP MEXEESEBENEI
Table 4 Effect of dietary WGP supplementation on rumen fermentation of sheep
AL PR Treatment P {H P value
Ui H Item S 28 — v Tl
0% WGP 5% WGP 104 WGP 20 % WGP L ;ztﬁa —KE
Treatment Linear Quadratic
pH 7.1940.16 7.2740. 25 7.3740. 62 7.3740.25  0.907 0.486  0.749
2,8/ % Acetic acid 61.7142.82* 59.3543.42" 55,2244,37* 53.14+1.10° 0.039 0.004  0.014
W2/ % Propionic acid 20.6642.22" 23.7541.11" 24.20E1.65" 26.52+£2.06° 0.026  0.003 0.011
T /% Butyric acid 9.61+0.83  10.012£0.98 11.50%=1.00 11.43%1.16  0.107  0.033 0.07
K2/ % Valeric acid 1.70£0. 12"  2.07+£0.28" 2.2540.36° 2.4940.26° 0.039  0.004 0.012
[SA iR /0
#T%‘/_A , 2.624+0.35 1.8240.71 2.79+0. 65 2.534+0.31  0.212 0.684  0.885
Isobutyric acid
B iis /0
#Um‘% , 3.694+0. 28 3.0040.79 4.0440.99 3.90+0.10  0.285  0.39 0. 69
Isovaleric acid
1%‘\ > : B A ( 1.14*1)
FRAAEIRIR (mmo 56.99--16.12 52.714+21.87 41.12-45.46 39.85+18.82 0.542 0.165  0.354
Total VFA (TVFA)
am&t,t L 3.0240.43"  2.5140.25"  2.3040.34" 2.014+0.21" 0.026 0.003  0.008
Acetic acid/Propionic acid
LR/ ( l-L Y
FLAR/ (mmo 0.1940.04°  0.14--0.05"  0.0840.03* 0.04-0.01" 0.039 0.01 0.033

Lactic acid

V0T IR AR 5 B R NE BRI RR A FE R L. 3 R B O S hR e 22

0.05), FFIH

“o/

47 8 b A [l /NG 5 8 R 8 22 57 B 3% (P<

%” means the mole ratio of acids to total volatile fatty acids. Data are expressed as “Mean £ SD”. Values with different

small letters superscripts mean significant difference (P<C0.05). The same as below

2.2 HIR WGP RMAKEMNEFEERPENLE
i 1 B

W 5 Frm. 5 000 W AL AR L o o UE B3 i 15 1
FERIN WGP J5 3 T %, H B WGP 7K 1 2 5 2
B E LR R R R AR L (P<C0. 05) . 45 £F 4k K if§
WEPETE R I WGP J5 R B0 A [6) (1 28 fe ki #4 . 3L
H L BRI 2T 2 3R L 3 2 I B R SROBE i S

WGP 7K - (0 38 i S5 25 2 1 B I (P <0, 05) 4 17 SR
it B 15 PEAE 10% WGP B8 I i 3k 31 B i Hok R
OV TN, f 3 3 T 526 F0 20 % iR 4l (P<<0. 05)
B BTG HERE WGP i 5 i 5 3 B AL (P<<0. 05) ,
HAR WGP 78I 7K - %96 5 W08 25 v B G Wk 355
M (P>>0.05),
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Different small letters in figures mean significant difference at 0. 05 level. The same as below
E1 HRWCGP HZMAKENBEEBEEESEARKEZRSENZMN
Fig.1 Effect of dietary WGP supplementation on rumen ammonia nitrogen and urea nitrogen concentrations of sheep
®5 HMR WGP HRMATENEXEERPHNLEFTENF L
Table 5 Effect of dietary WGP supplementation on rumen digestion enzyme activity of sheep
AL PR Treatment P {H P value
Ui H Ttem k3 25 — i I
0% WGP 5% WGP 10% WGP 20 % WGP A At U
Treatment Linear Quadratic
o JEM i/ (pmol glucose » min ' « mL™') o-amylase
0.6940. 02" 0.51£0.04" 0.47+0. 16" 0.362£0.02" 0.007 0.001 0.003
F2 H L 27 4 Z i/ (pmol glucose » min ' « mL™") Carboxymethyl cellulose
0.3640. 04" 0.272£0.01° 0.28+0.06" 0.15+0.03¢ 0.002 <C0. 001 0.001
(3~ %5 % 7 i / (umol glucose » min~ ' » mL™') B-glucosidase
0.1940. 06" 0.13+0.02% 0.14=+0. 02" 0.09+0.01" 0.036 0.013 0.051
KR AERF/ (pmol xylan « min~' » mL™") Xylanase
1.394£0. 15° 1.0340.18" 0.94+0. 10" 0.7070. 04° 0.001 <C0. 001 <C0. 001
i / (umol D-galacturonic acid * min™' » mL™") Pectase
1.0340. 30® 0.89+0. 13" 1.34+0.17° 0.597+0.03° 0.007 0.153 0.051
M/ (ug tyrosine » min™' « mL™") Protease
28.61+1. 45" 27.9344. 33" 21.54=+7.25" 17.97+2. 20" 0.031 0.006 0.026
BEH/(mg + mL ') Total protein
4,11%£0.08 4.0740.12 3.57+£0.29 3.91+£0. 22 0.276 0.392 0. 300

2.3 HR WGP RmMAKEXNHEEBEHL VFA K
W 5 K159 48 56 B B RIX B0

by it 2 o3 W 45 SR R AR AR HE b R
VEA W2 A5 o0t T R 22 5 E B &
VEA g il 5 £ iy I+ (MCT1, MCT4, Na' -
K- ATPase \AE2) ) mRNA %} ik &, 45
mE 2 prx, MCT1 1 AE2 i 8B 7E 5% .10% F
200 IMAH ¥ B F AR F 0% 4l (P << 0. 05),
MCT4 #1 Na* -K " -ATPase 15 % 4t ¥ 2 [ 5 %
A5 4L (P>>0.05) ,

E/
w

2.4 HM|R WGP FMAKEMBEFEELZENHMI
WS B E R —EBRE L UL EE
oL, M6 I, 5 0% R IN4LA e . 45 2208 1 &
= MO R AW WGP J5 B8 e e H 22
BB E(P>0.05),

FEHIL LR R R mE S L REmA A
FI T HREM LTI RER K4 . MR T AT H A
ST I JRE T T L3k B8 VR 2 H A WGP 3K F- 1
S0 T L3k K BEBE H O WGP /K S (1 388 i 5 3%
LR MR R R R L L 20 20 W8 4 5 KT A
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B2 HiR WGP FmKEX%HEREHLE MCTI MCT4 Nat -K*+ -ATPase AE2 mRNA 1831 K% 2 H 8
Fig. 2 Effect of dietary WGP supplementation on relative MCT1, MCT4, Na® -K* -ATPase, AE2 mRNA expression levels in
rumen of sheep

®6 HIRWGPHMAKEMBFEBTANEERANES N

Table 6 Effect of dietary WGP supplementation on rumen absolute and relative weight of sheep

AL Treatment P {H P value
=]
N 28 M :‘bﬁg
Item 0% WGP 5% WGP 10 % WGP 20 % WGP AL E %% e x )
Treatment Linear Quadratic
B 15 B & /g Weight of rumen
482.67410.53 653.00+34.07 637.00+28. 84 658. 0094, 57 0.129 0. 100 0.094

B 5 EH Ib®E /% Rumen relative weight to complex stomach

57.7540.32 61.2643.00 59.4743.30 60. 6046. 24 0. 705 0.513 0.723
ARG E LT/ % Rumen relative weight to SBW
1.3940. 07 1.8240.03 1.7240.03 1.8140. 39 0.114 0.114 0.127

x7 HBRWCPHRMAENBFXES LRARLEHZMN

Table 7 Effect of dietary WGP supplementation on rumen epithelial tissue development of sheep

5iH Ab# Treatment P {§ P value
Item 0% WGP 5% WGP 10% WGP 20% WGP AEA Atk U
Treatment Linear Quadratic

Zh L / um Mucosa thickness

3 647.934£501.56 3 234.164+194,02 3 053.884260.44 3 657.48+700.39 0. 340 0. 835 0.169
F3k K /um Papillae length

3 071.10£345.16* 2 362. 00399, 66* 2 663. 674355, 85" 1 399.004663. 46> 0,012 0.003 0.012
L3k 9E B / pm Papillae width

924.33+41.05 779.67+115.05 772.00+£302. 31 939.00+195. 43 0.591 0. 756 0. 370

£ 51 )2 )5 /pm Cuticle thickness
92.67+5.77° 60.33410. 97" 53.00416. 09" 57.33414.05" 0.016 0.043 0.005
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