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Abstract: The objective of this study was to evaluate the effects drinking water temperature on production per-
formance, apparent digestibility of nutrients and blood biochemical parameters in fattening sheep in winter, and
rumen structure was also observed using a microscope. Information on the ideal temperature of drinking water
for fattening sheep might well lead to improved production efficiencies through mechanisms such as alleviation
of cold stress. A flock of 135 healthy fattening sheep with similar weight were randomly assigned into three
groups, with drinking water supplied at 2, 8 and 20 °C for the respective groups. Each treatment contained
three pens (15 sheep « pen™'). The experiment duration was 28 days. It was found that: 1) Compared with the
2 °C group, the 8 and 20 “C groups had increased daily water consumption (P<C0. 05). Although there was no
statistical difference (P>>0.05) in daily feed intake and daily gain between any of the groups, the feed conver-
sion efficiency in the 20 C group was higher than that in 2 ‘C group (P<C0.05). 2) There was a difference
(P<C0.01) between groups in the serum glucose (GLLU) contents. The GLLU content in 8 and 20 °C groups was
1.39 and 1. 14 times higher, respectively, than that in the 2 ‘C group, and the 20 ‘C group had decreased the
serum cholesterol (P<C0. 05). The serum urea nitrogen, total protein and serum hormone (triiodothyronine,
thyroxine and growth hormone) contents did not differ between groups (P>>0.05). 3) The length, width, and
surface area of rumen papilla in the 20 °C group were increased (P <C0. 05) compared with the 2 and 8 C
groups. The group drinking water at 20 “C had reduced rumen muscle layer thickness (P<C0. 05) and increased
submucosal thickness (P<Z0.05). However, there was no difference (P>>0. 05) in thickness of mucosal epi-
thelium among groups. 4) With increase in drinking water temperature, the apparent digestibility of crude fat,
neutral detergent fiber (NDF) and phosphorus (P) increased (P<C0. 05), especially P and NDF, while the di-
gestibility of other nutrients did not differ between treatment groups (P >>0. 05). The results showed that
drinking warm water improved the feed conversion efficiency of fattening sheep. In addition, drinking warm
water may improve rumen function and promote the digestion and absorption of nutrients.
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Table 1 Composition and nutrients level of the basal diet (dry matter basis)

JEBF Material & 1 Content B FEKF Nutrient levels 4t Content
F 2k Corn (%) 54.5 R fiE Metabolizable energy (ME, MJ « kg™!) 9.75
M1 Soybean meal (%) 10.0 #LE 1 Crude protein (CP, %) 10. 60
AE4E Bl Peanut seedling (%) 30.0 R P 4T 4 Neutral detergent fiber (NDF, %) 20. 09
/NJR4T Baking soda (%) 1.0 TRk Uk 1 47 4k Acid detergent fiber (ADF, %) 15.61
3 NaCl (%) 0.5 MG Ether extract (EE. %) 2.33
WR AL Premix” (%) 4.0 5 Calcium (Ca, %) 0. 64
4 Total (%) 100. 0 W Phosphorus (P, %) 0.31

D &T SR B & One kilogram of premix contained the following: 140 mg,Fe 600 mg,Cu 260 mg,Mn 750 mg,Zn 680 mg,Se 15 mg,Co 10

mg.Va 117000 IU, Vg 180 IU.

1.4 #omREHLRE

TRl R R SRR IR 5 26 ~28 RIELE 3 d WOAEDREAE S AL ZEAE . B0RS HDRHIR & 3950 )5 SR F Y 93 125 Wi 4 ) et
FE . SIS SR I S R B AL AE 5 H 3 MM HE H o e 24, 4 H SR I 4R 300 g, 2 20y, — 13
10 % #hR (5 100 g ZEMHE 10 mL 10 %08 LA CP & &t 5 53— AR L& I T4 2 (dry matter, DM) \EE,
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> 15 min, B EZIMEF 1.5 mL B0 H . —20 CARAF R i BEAE 48 %
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Fig. 2 Ambient temperature and relative humidity curve in sheep shed
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WOK IR E X B IR E A K RE R m 45 SR 3k 2 iR . WROK &R E .8 F1 20 CALER ADW B & F 2 °C
H(P=0.023;P=0.043) . F4LFE ) ADW 51 2 ‘C4 £ 0.51 F10.43 L, BARARFEKKIREL ADG fil AD-
FI G #2255 (P>0.05) {0 20 ‘CHM ADG I & T 2 M 8 CA s, s m b 2 18 ‘C4l & 18. 15 Al
13.53 g.ifi H 20 CHM F/G BFMT 2 CHP=0.039).,
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Table 2 Effect of drinking water temperature on production performance of fattening sheep

I H Ttems 2C 8 C 20 C
H#4%0K 2 ADW (L) 3.4740.05b 3.9840. 16a 3.90+0.11a
H¥R & & ADFI (kg) 2.9140.03 2.9220. 05 2.8640.06
Hig# ADG (g) 301. 7644, 34 306. 3847, 40 319.91411. 38
BELL F/G 9.6540. 23a 9.5240. 06ab 8.95+0. 15b

T AT EE ARG 8 3808 28 5% 2 3% (P<<0. 05) , T .,

Note: The different lowercase letters in the same row means significant difference among treatments (P<C0. 05). The same below.

2.3 AROKIBERTH R i AR A L IRAT Y H R

R TR BE X 75 M0 3 o 3 45 TR B AL RS AR A S A AN SR 3 o, iR T, T, M GH R &4l 5 A8
F(P>0.05),fH8 f 20 CHM S HIEE T2 CH., GLU & 8&4HME BB EEZESF(P=0.002;P=0.015),8
120 CAM GLU &40l & 2 CALry 1.39 A 1. 14 F5. 3R 3 rlFE i, TC Ml BUN 55 HAth B AL 45 A5 2 2L 1Y
WA A HE Bl ROK R T R PR, 20 CHR TC HEEEMT 2 CHP=0.012),
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Table 3 Effect of drinking water temperature on serum biochemical parameters of fattening sheep

i H Items 2°C 8 C 20 °C
SRR AR R R Ty (ng » mL~1) 27.55+2.47 32.34+2.58 32.64+1.98
BRI Ty (ng » mL™1) 806.07+18. 27 812.07+42. 82 818.80+10. 43
KM% GH (ng» mL™ D) 1.2740.09 1.35%+0.08 1.3620.23
WA GLU (mmol « L™ D 2.1440.04B 2.9740.15A 2.43+0.12B
JEEEE TC (mmol « L™ 1) 2.0040. 25a 1.51+0. 0lab 1.2140.09b
JRZ % BUN (mmol « L™ 1) 5.1540. 54 4.5340.19 4.18+0.13
BEH TP (g LD 62.00=1.53 63.671.20 64.33+2.19

T« AT B AN R RS 5 B 3R 28 Sl 25 (P<<0. 0D, T 1A,

Note: The different uppercase letters in the same row means very significant difference among treatments (P<C0.01). The same below.

R4 RABEXNBERFEEHAEHMH M

Table 4 Effects of drinking water temperature on rumen tissue structure of fattening sheep

T [ Ttems 2 C 8 C 20 C
L3k K ¥ Papilla length (pm) 2055. 05+ 134. 75Bb 2163.24+103. 70ABb 2551, 58+65. 28Aa
L3k 58 ¥ Papilla width (pm) 400. 3948, 48Bb 406. 5244, 41ABb 439. 40412 44Aa
L3k # i A Papilla superficial area (pm?) 746885. 33427952. 63b 778576.52440611. 87b 914660. 1850617, 74a
WLUZE B Muscle layers thickness (pm) 1860. 02430. 97a 1837.92+33. 59 1687.36+67. 04b
T 22 ¥ Submucosal thickness (pm) 363.19+26.91b 408.59=+7. 38ab 460. 83+24. 79a
B L B2 JEJE Epithelial thickness (pm) 127.23+16.17 117.07+10. 77 96.23+7. 46

2°C o 8 °C 20°C
B3 AEKRKEBETERFBEEALEHHNEMEL
Fig.3 Microscopic changes of rumen papilla structure of fattened sheep at different drinking water temperatures (4X 10 times)

1. 9% E ¥k Rumen papilla.

7 ‘ 8% 20°C
B4 ARRKEETERFESIERFREAAEMHEREN
Fig. 4 Microstructure of rumen muscle layer and mucosa of fattened sheep at different drinking water temperatures (4 X 10 times)

1. % H JUJZ Rumen muscularis; 2. ZiiX N /2 Submucosa layer;3. ZifiX [ % Epithelium mucosae.
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AR 52 ) 2 R B G ROKOIR BE T e R T R B R 0 35 4 L B R A T DR A AR

T3 AN AR R 8~20 “CH/K B4R T AR M OK X 5 A S I T A SR AR — B A
IREIR(—13.9 C) M FALR Gt 47 48 A Ay 7K 12 IR IFK (1.6 °CO) 19 PRk =T AR T AR EE L i AR K (14,1
OOk e 2, THFEACT P RE 2D, i) HLAK T IR K SF AR T B 3026 5 UG R ™ B A Iir 4 &
Huuskonen %5 3¢ T84 K (9B 78 0 32 BT, B2 4 W 3 Bt AOK TREE DA 6~8 C 4 3] 16 ~18 °C i, B4R 1 1k
K & B A
3.2 BRKIBEAME R F f i AL ARG YR

IV A PR AE ARG bR A AR BE b S il 3 M HLAR A B A BEATLRR AR . 1EH AR S5 1R LA ol R 7 L AR
FIBTAL TP ERRAS . UK E 32 380 MM R b T 988 R 58 v, K& 5 4 7 P i DLE R RBP4, 3l 3 19 0
TL.GLU AT R ALK RE . 24 GLU Ay Ak Bl B2 JC 12 0l A2 ALK 5 5K I 23 3l B3R oA 189 28 10 5 IR 7y 047 90 e S 3
M TP & &R AR £k, BUN FI TC A 25 50 A0 i 107 00 A8 ™ Wt 23 & A AR AE AR, At & I8 0
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AN [R]85 7K R % 300 IV BRAR AR A A T AN R R BE AR Ak ROK R BE R 8 R 20 CEFIMLYE GLU Ml TP & ¥ & T
2 °C, UK K I B O 38 sk 20 T R TR G A 9 VA 1 Y AR B B R T O R E AR KR 2R SR EE R
TP 7 5 (0 385 o DEE i A 3 1 308 B T AR I 7K RT3 AL AR 1 3 3R R 0, B AR g 0 A R T S R R A
K. ARMFFTEIR L BESE POKIRE A TS BUN F TC & 2R &% BUN A TC 2 BI4E Sk 8 E 5 RIE Wi
O3 f AR 0 7, LB v I R W TR P RN U ) o0 A AR AR . R A IR O ke L Y LB R L MEA
Ji I R 3G 5T B o 0 2 1 B R B R 4 e AR e A R R L B BUN s m. o W, &8 E KM
T K AT LA S2E ML 6T 8 55 0 5 1 W SO 1) 8 A AL IR X = R s

T, T, AR R4 50 R B B A A 32 25 9 43 6 37 3R SR LR 1 A K R B AL U fb i 35 VR T L T
2 500 28 2 G0 RN G038 22 GE i VRTG53 0 T LA a2 R D S A R TR D 0 A B B IR AR 7 A DL e AL
PR E N . GH EZESEFHR NAMBENER S FEENER LT RE CHEMEMEN. AR
SERFRW] R 8~20 CHYIR/K ATAE HEE AL F L3 T, o Ty A GH 5943 36, Ui B AR A 3R K 7T LB i 3 it 98 %4 3R
B IR HTRE E LA BT 2 00 A K A B L X RN AR BF 5 HoAh 25 SR A W A
3.3 BRRBEMFRFEE LM IELEEG R

o E e R Ah Y E B IE LA B R RE R AR 1 3Lk vT S R ORE 5 D 25 W 1 4 i B L £ SR R T A T
RIS, S E A R R S R AR EE R LR E RN R A E R R R
B RKE MR RIOK g R W EEE R RV R E Ak R B MR R 2 e T
PROoK T8 S W g A I AF SR 880 . Rozsa 25 El Ouazzani P 1 BFs2 200, 3h ¥ B % 18 TP 7710 16 32 14,
PRI, 18 W T %o 3 3 A Ry R AROK R LR R R P A R B IR . AR AR R B R SE I 20 C K
RSN TR E FL R KR L ST R AR T AR L X ] 20 CIRKICE TR E RIE ALK A R TR SR T
A TR 3 5 AR 5 FR AR 20 C KA Bl T 82 i3 22 A KPR e A AL PR RE A0 25 SR A0 — 2. 0 B U2 6
RS 2 50 7 T A W A i) o B 21 2 2 0, LR R ) AR b 4 R 5 7 I AILAEORT A ) 2 T A A R L AR BIF 5 K
FH 2 CV K 0 RE 98 B U2 R B AR I L i SRR 35 & F 20 “C UK, P RE 2 P R I8 B ILJZ 3248 7K 1 ol %, 5 471
WA IR R L) TS 3 A 2 3 X A PR 1 — R AR A S

ARSI FE v G F AR R K 52w B0 S T AR B R 25 S B L 20 °C AR ORF £ i R 43 1) L b SR 3 A O [R) AR
(4 R, JC 2 NDF R P 30T fb e i £ v B O | 3, 31X 5 20 "C R K S50 T 18 203k 1 B | 9 3 0 2 1 AR Y
InLL B g B UZ IR A VIR A S A T 20 °CAROK 4R = T 1RDR R R A 45 AW A X SR R T AR A
FEPERE AR . KK B K T AP B I B S AE AT A A DG HRGE ST R A R R g R T
WHAFAE AR 30 °C il /K A By F 2 v B iR B fiff ' R &7 ok a2 B HESS A R T 3R 40 AE B W v A T R 1 B
V) A5 9 P W A o AT A3 A1 5 X CPLEE Fll Ash AR LI L%,

4 it

DR 8~20 “CoKEE R T B LM mBHR R, JCHE 20 CHlbK, 13548 & T F A fRDRHRI TR

2R 8~20 CoKEE T & NE A M i AL M g L $ m TIvE GLU & &b, BRAK T 1 7 IR W

3) K R K AT A IR B ) S G S A R L B R R S AR I T BE . 20 CCRK B R TR E ALk K E .
T B LR I TR B AT R REE

4) B 5 ROK IR EE B, EE LNDF #l P9 32 ULTHE 1k 356 2 34 i, Jo 2 P #il NDF,

g5 LRTR B R4 R IR KA B % i I TR0 2 0 AS ) 52 i), i 5 2 09 e Rl R 36, el 3508 1 g L (Rt
B T I A R A
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