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Abstract; The objective of this study was to investigate the effect of supplement urea-molasses lick

block or concentrate on morphological development of small intestine and the expression of nutri-
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ent transporter gene. Eighteen healthy, 1. 5-year-old Tibetan sheep ewes ((29.4+1.79) kg)
were selected and randomly assigned into control group (CON group), urea-molasses lick block
supplementation group (BS group) or concentrate supplementation group (CS group). The CON
group were provided with oat hay ad libitum ., the BS group were provided with oat hay ad libi-
tum and supplemented with lick block ad libitum , the CS group were provided with oat hay ad li-
bitum and supplemented with concentrate (200 g/sheep/day), during 60 days feeding experiment
period. All ewes were slaughtered after the feeding trial. Sampled each segment of the small in-
testine, and then, the morphological development and nutrient transporter gene expression of
small intestine were measured through making sections of small intestine tissue and fluorescence
quantitative PCR. The results showed as follows: (1) Supplementation with concentrate or lick
block significantly increased the intake of digestible energy and crude protein of Tibetan sheep
(P<C0.05), and the CS group was significantly higher than the BS group (P<C0.05); (2) Sup-
plementation with concentrate or lick block significantly enhanced the villus width of duodenum,
jejunum and ileum of Tibetan sheep (P<C0. 05), and the CS group was significantly higher than
the BS group (P<C0. 05), and the villus height of duodenum and ileum were significantly en-
hanced and the crypt depth of jejunum and ileum were significantly reduced in the CS group com-
pared with the CON group (P<C0.05); (3) The relative expression of insulin-like growth factor
binding protein 5 (IGFBP5) mRNA in both of the duodenum and jejunum mucosa were signifi-
cantly enhanced in both of the CS and BS groups compared with the CON group (P<C0.05), and
the CS group was significantly higher than the BS group (P<C0.05), and in the ileum mucosa the
CS group was significantly higher than both of the BS and CON groups (P<C0.05); (4) The CS
group had the higher relative expression levels of cationic amino acid transporters 1 (CAT1), L-
type amino acid transporter 1 (LAT1), peptides transporter 1 (pepT1), Na' -dependent glucose
co-transporter 1 (SGLT1) and facilitative glucose transporter 2 (GLUT2) mRNA in duodenum
mucosa compared with the BS and CON groups (P<C0. 05). The CAT1, pepT1 mRNA relative
expression in jejunum mucosa and the CAT1, LAT1, SGLT1 and GLUT2 mRNA relative expres-
sion in the ileum mucosa in the BS group were significantly higher than both of the CS and CON
groups (P<C0.05). We concluded that supplementation with urea-molasses lick block or concen-
trate increased the intake of energy and protein of Tibetan sheep in cold season, and promoted the
morphological development of small intestine, and the expression of transporter gene mRNA of
amino acids, peptides and glucose were enhanced in duodenum mucosa by supplementation with
concentrate and they were enhanced in both of the jejunum and ileum mucosa by supplementation
with urea-molasses lick block.

Key words: Tibetan sheep; supplementation in cold season; morphological development of small
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Table 1 Nutrient levels of oat hay, urea-molasses lick block and concentrate (air-dry basis)

M H ez T
Item Oat hay
TH /(g kg DM 920. 00
HALRE/(MJ « kg HDE" 9.56
HEA/ (g« kg HCP 92.00
FRVE VR 4T 4k / (g + kg ') ADF 358. 80
SRR 4E/ (g + ke HNDF 579. 60
4% /(g » kg 'HCa 3.68
Wi/(g kg DHP 2.48
#/(mg » kg ') Fe 72.12
#7/(mg + kg 'HCu 8. 64
fifi/(mg + kg ') Mn 26. 69
4/(mg + kg ')Zn 19.12
Mt/ (mg » kg~ 1 0.23
44 /(mg « kg ') Co 0. 05
i/ (mg + kg~')Se 0.07

s fit i
Lick block Concentrate
941. 00 925. 20
6. 81 13. 00
306. 30 157.90
19. 10 69.19
43. 85 154. 38
29.96 5.37
18.17 3.73
2 038.82 85.00
262. 31 18.00
478. 14 38. 00
489. 33 50. 00
9.96 1.50
2.17 0. 30
1.03 0.28

UL A BE D AR R D SE

Y. DE is a calculated value and others are measured values
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Table 2 Primer sequences and parameters
H 3K HH )y 35 ¥ (5'—>3") PR/ bp B GREE/C
Target gene GenBank 1D Primer sequence Products size Annealing temperature
F. AGTCCAAGCATGAGACAGAATACG
IGFBP5 NM_001159276. 1 112 55.95

R: TCAGGTTCGTACTCTGTCTTATGC

) F. ACCACCCATCGCAGCAGTCT
SGLT1 NM_001009404 120 54.5
R: TGGTGGGTAGCGTCGTCAGA

) F. CCAGGAGGTCCAACACCAGTCT
GLUT2 AJ318925.1 ) ) 176 56.7
R: GGTCCTCCAGGTTGTGGTCAGA

F. CCACCTTCCCTCCATCCTCT
LATI AY162432.1 100 55.5
R: GGTGGAAGGGAGGTAGGAGA

F: ACCTAATGTCCATCGGCACTCT
CAT1 XM_012184646. 1 ] ] ] 161 57.5
R: TGGATTACAGGTAGCCGTGAGA

F: TACACCATTGGGCAGGTAGTCA
pepTl NM _001009758. 1 163 55.5
R: ATGTGGTAACCCGTCCATCAGT

F: ATCGGCAATGAGCGGTTCC
Bactin U39357.1 137 56.0
R: TAGCCGTTACTCGCCAAGG

x3 BEEXRVRBENE
Table 3 The nutrients intake of Tibetan sheep

20 5| Group
WiH P i
CON 21 BS 4 CS 4 SEM b
Item P-value
CON group BS group CS group

TR MRS ) H SR & & Daily intake of diets

Mgk T2 /kg Oat hay 1.18 1.22 1.07 0. 04 0. 260
7t /g Lick block 21.00 1.13

¥kl /g Concentrate 200. 00

EBRY Y R Daily intake of nutrients

T¥ 5/ kg DM 0. 96" 1.07% 1.17° 0. 04 0.112
41k fE/MJ DEV 9. 94¢ 11. 07 12. 89° 0.39 0.001
HME H i/ ke CP 0.10¢ 0.12" 0. 14 0.01 0. 007
JiR 11 Pk ¥ £ 4 / kg ADF 0.42 0.43 0. 40 0.02 0. 357
iRk 2T 4k / kg NDF 0.68 0.70 0. 65 0.02 0.453
/g Ca 4. 34" 5.11° 5.02° 0.15 0.043
Wi/g P 2.93" 3.42° 3. 40° 0.11 0. 044

FHHREMEICE S/ mg

The total daily intake of trace minerals
VAR EE I EE AR SR . AT B TP OR R NE B R AR R 25 5 W3 (P<T0. 05) , Jo T BB ) B AR s 22
SARBEP>0.05), FHRHA

D

149.77¢ 223. 34" 174. 84° 11.22 <C0. 000 1

. DE is a calculated value and others are measured values. In the same row, values with different small letter superscripts
showed significant difference (P<C0. 05), while with no letter or the same letter superscripts mean no significant difference
(P>>0.05). The same as below
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Table 4 Effects of supplementation on the development of intestine morphology of Tibetan sheep in cold season

2H 5 Group

R e Pl
Lem CON 41 BS 41 CcS 4l SEM Povaluc
CON group BS group CS group
+ =381 Duodenum
4% F 5 B/ pm Villus height 636. 49" 670. 33 742. 93" 13.43 <£0.000 1
S 55/ pm Villus width 108. 29¢ 129. 82" 155. 37¢ 5.24 <20. 000 1
HEFLWP/ pm® Villus surface 55 783.55°¢ 75 704.53" 96 148. 50° 3 632. 24 <C0.000 1
R %5 % B / pm Crypt depth 249, 56° 231. 14" 215. 54° 4,58 0. 002
YR B/ B IREE V/C 2.55°¢ 2.89" 3. 44° 0.11 <20.000 1
21 Jejunum
4% F 5 B/ pm Villus height 546. 77" 565. 88 580. 86° 5.54 0.021
S 55/ pm Villus width 108.51¢ 117.50" 136.17¢ 3.22 <20. 000 1
ZEFLWB/pm® Villus surface 46 555. 04" 56 278. 53" 61 077. 64° 2 001. 92 <<0.000 1
R %5 % B / pm Crypt depth 239.01° 232.79° 217. 26" 3.63 0.021
YR B/ B REE V/C 2.30" 2. 41" 2. 66 0.05 0. 007
=] 7 Ileum
4% F 5 B/ pm Villus height 447,91" 473.83" 526. 94° 11. 44 0.001
S5/ pm Villus width 112. 83¢ 127. 30" 146, 43° 4.43 <20. 000 1
S EF£ WP/ pm® Villus surface 44 788. 80" 46 975. 47" 54 307, 34° 1473. 04 0. 002
R %5 % B / pm Crypt depth 227. 70 214.53° 193.77" 4. 95 0.003
YR B B REE V/C 1.97¢ 2.21 2.72° 0.10 <C0.000 1

KT CON 4 (P<<0.05), HH BT CS 4 WK
T BS 4 (P<<0.05), FpkasRE CSHRENT
BS fil CON 41 (P<C0.05), &M T EMYE S
JE/BRE R CS A 2 % KT CON 4 (P<C0.05),
Il i 98 6 v R B e 1w AL CS 4 B % KT BS A
CON 41 (P<C0.05), [n] fiz 48 & i B F1 900 6 =1 /B
SEURBE CS Ml BS 414 B % K F CON 4] (P <
0.05), H CSHBFHE AT BSH(P<0.05), Kasig
B CS 41 5% /MT BS F1 CON 41 (P<<0.05),

2.3 RFMAXMBEE/NFERIER IGFBP5S mRNA

RIZEH M
Hi P4 T R B R AR A K 745 &8 5n-
sulin-like growth factor binding protein 5,

IGFBP5)mRNA ik & 7 1+ 248 I F1 %5 I 3 i
CS 1 BS 41 & # & F CON 4 (P<C0.05) . H CS
4 B T BS 41 (P<<0. 05) , 76 [0 JA B i rf CS 41 5
Z 5T BS 1 CON 4H (P<<0.05),

2.4 AFIMAMEENEHREPEFDREZSHRE
mRNA Fi& £ KM

&L S AR fE -+ AR B R P L R R R A

B3 1(L-type amino acid transporter 1, LAT1),
BHEBS 7 & 3% BR %5 12 3 & 1 (Cationic amino acid
transporters 1, CATL) ., fll /N ik 5% iz 2 & 1 (Pep-
tides transporter 1, pepT1)mRNA Fik#E CS 4
FWET BS#1 CON 40 (P<C0.05), fE=5 b,
CAT1 fl pepT1 mRNA ik BS 418 % & F CS
1 CON 40 (P<C0.05),LAT1 mRNA F£ik#H CS 4
WE T BS M CON 41, fERGRE T, CAT1
LAT1 mRNA %3k & BS 418 3% & T CS fl CON
41 (P<0.05), pepT1 mRNA Fik 5 CS Hl BS 411
BERHT CON4(P<0.05,H CSHBERT BS
2 (P<C0.05),

Hi & 6 AT R0 78 48 o R B RS 2 )
BT 5 2K /& 1 (Na™-dependent glucose co-trans-
porter 1, SGLT1) FI{E % %4 ¥ %% 12 2k {& 2 (Facilita-
tive glucose transporter 2, GLUT2)mRNA ik i
CS 4l % & F CON Ml BS 41 (P<C0.05), 7%
FilE ., SGLT1 mRNA k& BS A B F & T
CON 4 (P<C0. 05),GLUT2 mRNA £k & CS &
F FBSHICONA (P<C0.05) . 76 [ Jig Zh B v
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Fig. 1 Duodenum morphological sections(10X )
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Fig.2 Jejunum morphological sections
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Fig. 3 Ileum morphological sections
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Fig. 4 Effects of supplementation in cold season on the
relative expression of IGFBP5 mRNA in intestine
mucosa of Tibetan sheep
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