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Fig.1 Layout of measuring points and thermostatic drinking system in open shed
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RIGIER 180 HAR /= (WIdhA & (1.240.1) kg)
FHIT) 47 HEAEREWT T %, BN N 2 4, B4 90
W, FAFRTE R — MRS T T s e s, R
TFE 3 Ko KA (WW) 78 S a2 BoK s 23 e ik
kRS, RITEKESMEGERL (RFEHM, SN-EA)
A6 mm JE IR} E A CR IR 38 e g ) A A KR
355°C (1) 3 BKE (CW) BRI KRZ N s,
ZaNIRER, KIEN 1.6~123 C. RI&MAE, 2
I RN TR, HBREFIOK, ®R 10:00-10:30
Rl REGIETT 48 d.
1.3 HNIEMRR A
1.3.1 IFEARAFBAKB N T

BIS AR, AR A3l A (25 179-TH)
R AR ANAE SR RS, S IS0 8 AN E A
(B 1D, MESEERN 1T m, FACE 2 MRIRE AN
KA, B 10 min HANGFEEWE 1 k. RHAFRAINE
1 (%5 GT901) Al A ALBE I & X (45 Telaire7001)
TR 6:30. 10:30. 14:30. 18:30 MIE & NS (NH3)
AR (COy) MREE, M e A 0 v B [ Ui i o
PRI AR, RN XEE T (85 TEST0905-T1) %
3 dF 11:00 5 i /K ZH A K BV ROKIE R - iRk
A /K 7KHR 2 5 35.5 F1 5.8 Co
1.3.2 A& FHAedsirmie

RIGIAN], FFRICTE 2 LI e i R A R R =
IEFSH R ER; ERSAM THRE 47, 58, 70, 82,

94 Hit 2 il R s H P HE i E, 1
ANEBY B 2 56 S PRk & b CRI R & =%
M BCFS H R B EAFHERE) » Rl 2 Hilk
REE AT R4, b EARE 2 ARt
B QU =W BT R THU/ S B R 7 a0 FIgE
KA (JIERER=5BIEE T8/ & B a1 &2
0 .
1.3.3 oA edg4mm e

RIS 58+ 70 82 HESHS, M 2 ZH Bl HLIEH (g
BEREE 15 B, IEME, -80 CHAF, JFilidEgE 4
P W PR 6 I e IS A EREE A (TgA) « BEA
(TP) . A4/ 18 (IL-18) « B4/ 10 (IL-10)
KRR T 1 (TGF-A1) &,
1.3.4 ABLBEHRFEEMALR KL

RIS B 58+ 70 A1 82 HEAHT, M 2 ZH A B ALige B {g
RS 15 X, RABSEIKEEMIER R, WEE.
BN AY, EEAE. MR, B LR B BN,
THHZB RN BERIEREREME) o A Trizol
AR 2 ARG EARRI 7 RNA, ARYE R
(https://www.ncbi.nlm.nih.gov/) & K 15K 751, H Primer
premier 6.0 KRBT GI4, WL q-PCR ARG R
MC2R (L3514, TCTCAGTGCCTACGAGAACTC;
514, TGGAGATGCTTGTTCTTGAC) « %% THRa
( F351%), GACCATGTCAGGGTATATCC: Fisl4,
CGCTTCGAGTCATCTAGAAC) Al THRA ( LiF5I4,
AGCGAGACTCTAACCTTGAAC : F W 51 ¥ ,
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TTGGCCAAAAGTGTGTCAC ) HJ mRNA 7K %, LA
GAPDH ( L3754, TGGTGAAGGTCGGAGTGAAC;
TSI, ATGTAGTGGAGGTCAATGAATGG) 1E N
ZHEA
1.3.5 P phEpme

TEARIG R 58+ 70 AT 82 HEEHS, M 2 ZH A Bl HLiEEL
BRER RS 15 R, KRABSEKEIEGIER 4, Wk
HIAEY, KM 16S ¥ F Loath, BEES
LA A& e,
1.4 Sitoth

{81 H SPSS19.0 R A58 43T 2 4K S NS K A= %6

15+ - @&Wndoor =+ #4IOutdoor

FIFET 2R HAFRFRIE M AEA TSI AT 41 E %,
FERHARAHE M7 (Two-way ANOVA) F3H 7K AN
HEs W E o . 25 1B 0L “PIgELFR IR FoR,
P<0.05 RoREFRBE, P<0.0] FREZNTE.

2 HBREHH

2.1 AHRERERINMESHBEDTEL

AL 2 W%N, AR, & N AR H 224551 6.6~
10.1 f1-3.31~5.5 C, & NAIEBUK, 714 8.9 C, KT 10 C
FIBTTE] Y 77.1%, AP35 ERN 0 °C o 5 PRI RHE R |
NH; 1 CO, W73 31N 74.6% 11.4 mg/m® F10.13%.
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Fig.2 Diurnal variation of air temperature, relative humidity, NH; and CO, concentration in open shed

2.2 RERKSTER T A A RE RIS M

& 1 w51, WKHEKE KHFKRE 47~58
o 47~94 H 0 FOF % H 8GR & 5 o8 KA
60.58 g« A/KH 4547 g FIE/KA 41.00 g AKA
39.06 g, WKHTKT AR ZESE S T 33.2% (15.11 g/d)

Al 4.97% (1.94 g/d) (P<0.05) , 5 CW 4L,
WW 4 47~58 H & 76 H 5K 1 50k it & LG FEAR T
18.2% (P<0.05) . Utah, ZKIEANH #5 H #2002
BISF35 HR & & P38 & DL TR R & T
(P<0.05) .
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Table 1 Effects of drinking warm water on production performance of weaned rabbit

AEA S _
WiH 13 H#JEEl Age range/d P ﬁMP value
v A =] A
Items Group 47~58 47~70 47~82 47~94 Al HiR A< H
Water temperature Age Water temperaturexAge
EFHHRERE EK 167.52+0.90 168.24+0.89  177.55+0.98 190.48+1.35A
Average daily A <0.01 <0.01 0.04
feed intake/g Bk 165.91+1.20 165.96+1.15  174.49+1.33 182.10+1.34B
PR i K 1.94+0.05A 2.27+0.04 2.72+0.05 3.15+0.03 <0.01 <0.01 0.02
Body weight’kg 47k 1.76+0.04 B 2.20+0.04 2.70+0.05 3.07+0.04
SPEIHMERE K 60.58+1.99A 45.08+1.36  42.63+1.28  41.00+0.48A
Average daily " <0.01 <0.01 <0.01
weight gaing 77 K 45.47+2.34B 42.61+1.15 405+ 1.19  39.06x0.81B
SEERbR R K 3.0240.11A 3.7740.12 4.06+0.09 4.65+0.06
A feed t <0.01 <0.01 0.04
verage eed o ok 3.69+0.16B 3824009 4312012 4.76+0.09

gain ratio

FE: 1D AR HESASE AL 2 8] 22 5 B 2 AN E RS 2R R (P<0.05) 5 AHRIALBEAS[E] H ks 2 8] 2 55 0 2 AN /NS ZRER R (P<0.05) , FAl.
2) 47~58, 47~70. 47~82 HIEFH 5Kt i~F 2 H 48 5 B A0 P4 ko bR T B 14t 7.

Note: 1) Different uppercase letters mean significant difference in different treatments at the same age (P<0.05), different lowercase letters mean significant difference in

different ages at the same treatment (P<0.05), the same as below.

2) The average daily weight gain and average feed to gain ratio from 47 to 58 days, 47 to 70 days, 47 to 82 days results were from previous data

2 RIS SR BT R IC I B AR, 5851 (71~94
HE D & WA H 8.8 FHIKE 6.7 CH, WW HitE:
RIEERAEFEZERT CW 41 (P<0.05) . H4o, WH
TR AR 2 AR T AN RIS S IRYS A2, [
CW 4K T 25.6% (P<0.05, #2) .

2.3 RARKITEIFREEE X BMREIERIREN

HZ 3 w5, 2 AAEKAYE Fijfet. BIREAEKmE
Bt H S AR B E AR (P<0.05) , PR, HBalsAE i

[17]

B H R E N (P<0.05) , /KX E_EAREEL
BIed. BHfetoem i (P<0.05) , KB HBRZHEY
Wi T R HE _ERRTEEL (P<0.05) . H1% 4 A&, WW 4
70 HIERE A IgA. TP FIL-18 & &K, %70 H
WML, 82 HESFARIMIE IgA Al TP SEHHIEFRE T
29.4%K1145.4% (P<0.05) , IiF IL-18 S EREKT 58 H
WIS ) (P<0.05) o WRAIR/KZERK T 58 HidiL
RE LIRS 70 HES RIS R IIE TGF- 18 KF
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(P<0.05) , BEHESE 1 58 HESIS S M IL-18 A1 IL-10
K (P<0.05)
=2 RABRKETMFRIEEAZE RN TR

Table 2 Effect of drinking warm water on the incidence of
diarrhea and mortality of weaned rabbit

=24
2

2.4 RRARKNENFRIAERKFEHMEIREENR
E~ESE vy : DAL

A 2 AR5 B N A S E SRR AL
SRS R ACT A AR R, WW AR R E W
WAENYIZ K& Roseburia FIF-FEREA H I INIZH T =

AL ﬂ%%ﬁi*%“f” B JEHAE 82 HidH B, & 58 HERM 6.9 £ (P<0.05) , 1M
N naoor air ncidence o . \ A ~
H %4 36 FEl 1;52!_( ii temperature/C diarrhea/% Mortality/% Ccw Zﬂ—f&gﬁ ‘EE&MT%EE%H{ﬁiEMXE Anaer OPlasma E/‘JEF
ample : 2 ; 2y
Agerange oo gy WKWK K K FEBEE HIS B IR E RS (P<0.05) o IR /K3 FRIK
JG#E Range Average \‘Z:trg ‘S:tl;ir \threr? S;tléir T 70 Hid %S iy A FE J& Lachnoclostridium
47~58 90  34~159 10 178 222 11 0 FIFRE, PAR A FARBR R 3214 o A1 B (THRa A1 8
50~70 75 29~148 103 392 413 0 0 ) mRNA 7KF- (P<0.05) , @3 #EmE T 82 Hidikia & 'E I
71~82 60 2.3~153 8.8 34B 233A 0 0 H]% MC2R E{] mRNA 7}{5'2 (P<0.05) . %%?E%Eﬁ THRﬁ ﬂ&[]
83~94 45 05~134 67 22B 133A 23 4.4 S . N e
= MC2R ) mRNA 7K~F-52 H % H R 128 L5 2
Mit Total 90  -05~159 89 533B 789A 22 22
(P<0.05) (GR4FIES .
F=3 RABKNEHIMFREELENZN
Table 3 Effects of drinking warm water on organ development of weaned rabbit
- o i Age/d P& Pval
WiH e gl i Age _ i P value —
Items Organ Group 58 70 32 7K e K Fe
Water temperature  Age  Water temperaturexAge
b= .15+0. . +(). . 18+0.
¥ Ll K 0.15+0.01 0.169+0.01 0.18+0.01 <001 036 0.4
Bk 0.16£0.01 0.17£0.01 0.18+0.00
K 1.5240.07b 1.65+0.11 1.95+0.17a
R E 0.45 <0.01 0.28
WK 1.46£0.04b 1.95+0.11a 1.95+0.13a
=y e Bl N =) ) j: . . j: . X j: 3
g g Bk i K 4.84+0.30b 5.59+0.24 6.01+£0.27a 0.19 <0.01 0.53
Organ weight/g K 4.34+0.26b 5.20+0.23a 6.05+0.20a
M .56+1. 38+1.
- K / 62.56+1.77b 68.38+1.53a 078 <001 0.90
Bk / 62.80+1.40b 69.02+1.40a
i -+ +
%, {,myk / 29.48+0.72 31.29+0.80 <001 0.04 0.94
WK / 29.69+0.88 31.10+0.56
. e .08+0. .07+0. .07+0.
" {mﬂk 0.08+0.01Ba 0.07+0.00 0.07+0.00b <001 <001 0.04
%K 0.10£0.01Aa 0.07+0.00 0.07+0.00b
N b= .79+0. .81+£0. .76+0.
W K 0.79+0.05 0.81+0.06 0.76+0.08 024 0.63 0.64
Bk 0.80+0.04 0.89+0.05 0.74+0.05
R E T K 2.32+0.09 2.46+0.10 2.18+0.09
) ] 0.14 0.64 0.44
Organ index/% o WK 2.40+0.12 2.36+0.10 2.30+0.04
K 26.89+1.01 24.86+0.41
15117} 0.05 0.00 0.48
- %K / 29.22+1.12a 25.97+0.59b
vH
i K / 12.95+0.20a 11.42+0.20b 0.06 <001 0.94
%K / 13.48+0.31a 11.98+0.27b
F4 RABKNFREREREESRIFERNZN
Table 4 Effects of drinking warm water on immune indicators and energy metabolism genes of weaned rabbit
IEA
iH 5] His Age/d _ P {E\ P-value S
Items Group 58 70 82 7K H#& 7K > H 5%
Water temperature Age Water temperaturexAge
HAE 10 K 22.2543.1A 17.27+4.20 17.2042.30
1 ! 0.72 0.88 0.21
IL-10/(pg-ml”) %K 15.35+2.0B 22.91+4.36 20.60+2.78
HAr IL-18 /K 21.2043.67Aa  10.71£2.90b 16.58+2.52 0.41 0.56 0.08
~ IL-1B/(pg-ml”) K 12.86+1.67B 16.68+5.04 12.54+1.90
L 752 AL ALK T L K 80.88+£14.40  66.44+8.08B 79.1049.37
Serum ‘ A OeE A, N 0.08 0.92 0.28
biochemical index _ LOF-AU/(pgml™) — ¥7K  81.21+10.11  97.20+6.85A  90.20+7.65
GERRED A K 3.82+0.18 3.33£0.19b 4.31+0.30a
Y 0.16 0.06 0.20
IgA/(pg-ml™) HK 3.69+0.22 4.301+0.51 4.51+0.20
P R N=]
MEH } K 19.17+1.16 13.58+1.25b 19.75+2.40a 0.29 0.04 033
TP/(mg-ml™) %K 16.34+1.15 15.01+1.91 16.87+1.16
TR 1 IR o HEK 0.57+0.15b 0.39+0.09b 2.25+0.39Aa
ity ! 0.59 <0.01 0.04
FZ A MC2R Bk 0.28+0.06b 1.22+0.37a 0.99+0.28B
WMRZ M FURIRE R 2k o K 1.22+0.28 0.84+0.07A 1.31+0.05
: 0.11 0.40 0.08
Hormone receptor THRa %K 1.08+0.20 1.57+0.23B 1.5240.20
A FE ) 7, N=]
HURISE 2k g K 0.69+0.16a 0.90+0.23A 1.50+0.05b 0.09 <0.01 0.02
THRp %K 0.76+0.08a 1.79+0.34Bb 1.34+0.13b
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Table 5 Effects of drinking warm water on microbial abundance at cecum level of weaned rabbit
TiH 25 Hi% Age/d
Items Group 58 70 32
A 74 8 . 14 K 0.045 9620.052 47 0.066 910.084 79 0.028 9820.013 64
Akkermansial% Bk 0.047 74+0.035 64 0.044 24+0.042 25 0.024 28+0.026 74
R4S AR Rk 0.001 50£0.003 43 0.000 05£0.000 08 0.000 08£0.000 24
Anaeroplasmal% Bk 0.000 47+0.001 31a 0.000 12:0.000 16 0.000 06+0.000 11b
T A 2 S K 0.000 7240.000 51 0.000 29+0.000 28B 0.001 6020.002 90
Lachnoclostridium/% Bk 0.001 84+0.002 62 0.001 00+0.001 05A 0.000 41+0.000 26
B E R Rk 0.039 14+0.016 37 0.040 49+0.021 30 0.037 63+0.177 75
Ruminococcaceae_NK4A214_group/% Bk 0.058 15+0.034 26 0.035 13£0.012 85 0.035 71+0.016 24
G R K 0.000 46+0.000 35a 0.000 7120.000 37 0.003 1620.004 39b
Roseburial% Bk 0.004 90+0.011 82 0.000 58+0.000 32 0.001 28+0.001 45
3 W ® IR R AR (THRa A1 B) B AR AR H LUK T e

FoRAEH, &NHEIR R, KR ni
BHON R, FE0E4E 5 1A D> B 5 R A7 7
WA T R R A& B PSR JE E, e fedb i
[X A& Z= i R FH SRR i ) DA PRl R A B, 3 R T
WF RIS R A RFERBIREHAINIMmET SRR
VA TAH G IR AE M B R B TR, d e AR N e &
THEE, AR TS A, BE A KEE
Roseburia F JRE S JFARE Anaeroplasma 7] UL R W AL 56
) BESEKAL S A ERRAH R 7, (2 2k B3 X8 F= Y o
MR, U A KSR R R, et &
Wy, BEE HE RSN, WHEKES T X RE B
HEMZ KB Roseburia WL, TR IKIEL T IREA
XA IE Anaeroplasma WIFFE, XU H/KIR S E
55 SR S A SOSOR DR TR SR R, 2R T AT e 22 5 )
FRHMFEE., s, WHAKEST 58 HRRRE L
IRYEE, FAE R R DIReTE g . RiFE A
iR 2 S A SR I B e R AR R Y, XA R
FE TR IKH 58 H I K AR R A TR KA . BE R BT
FEHZE GR 6 RNk ED AU A K
RALRE R, SEYD Marvinbryantia 7] FfEARTER 247
AR TR, AR msEA R At s ok IR, [
VR 9 AR A I /K AR 1 T 58 H i 5K H S b K2 K
RXARE mRNA K, FEAK T HE N ED T 8K
) Marvinbryantia W35 R AR T RRIMIKRED, Xb
k5 U W iR /K AT I e 05 5 ) (47~ 58 H e FED
FRMaeEsk, REHAK, R, ZMBRERImiE
HOIL-18 K mr, 4HBR PR+ TL-18 Al i (2 2k LA 40 A
HEHEFEIZ R A 4 (GLUT4) BS540, HREE sk UL 8 4
BERIRSCRI A, (et LA K, BRI, IR
FIRK SRS T 47~94 HIEYE BRI Gt ~F 35 H 3R
&, HEFEARARFTREE 70, 85 fl 94 HIS A ZER,
JE PR AT B AR K AP 1 A S BN BN (40~45¢) 5 H.
25 WP B Em D, R4 H T = R D b —
AR FIRA (WA 20 1 000 g) B, PR %
il 2 AR HMEIA B 2 2 1Tk

NG OUT SRR P AR R R i O

EIHFER AR, SR e S e RSP ma®
B, Wi AF e H 3G B 5 K718 NS BT B E
Lachnoclostridium )7 25k P2, ARuF 7T, KA
TR T 70 HEE K 42+ THRo A1 THRS 1] mRNA
ACF, P> TS G T A RS RO BE A

B & i N AR PR, IR RK B BRAK T AR K
JEAF RBIIEIE KR, RS AR AN T FK Rl
THEH ) IgA TP B & 84 K. shWaiE W &Y+ s BT
W& Lachnoclostridium FERIEIMEMIEH SR R
IEFISEB, Aokl 71~82 HIR G R i sk 5 HE
Jor S e = BE IS B B8 Lachnoclostridium —
B AMNEIEOT, T - E A (HPA)
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ORI, AR K T WA 5K G 2 i OB R
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BN KA 60.58 g YUK 45.47 g AIE /K4 41.00 g.
KA 39.06 g, RHRAK HIEZERS T 15.11 g/d Al
1.94 g/d (P<0.05) .
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Roseburia FFESE, & 58 HIEHI 6.9 5 (P<0.05)
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Promoting the growth of weaned rabbits in open shed in winter using
thermostatic drinking system

Shan Chunhua?, Fu Wei'?, Tang Yuhan'?, Guo Yao!, Wang Qiangjun®, Du Haoxuan?, Li Mingyong®, Liu Man?,
Liu Zhongying!, Wu Zhonghong*
(1. State Key Laboratory of Animal Nutrition, College of Animal Science & Technology, China Agricultural University, Beijing 100193,
China; 2. College of Animal Husbandry and Veterinary Medicine, Southwest University for Nationalities, Chengdu 610041, China;

3. Zhaotong Technology Promotion Workstation of Animal Husbandry and Veterinary Medicine, Zhaotong 657000, China; 4. Qingdao
Kangda Rabbit Industry Development Co., Ltd., Qingdao 266400, China)

Abstract: Cold stress of livestock easily occurs in open sheds of cold areas during winter, due mainly to the relatively low
thermal insulation under the low temperature conditions. As such, cold drinking water can further deteriorate the health and
growth of young livestock. The objective of this study was to investigate the effect of drinking warm water in winter on the
health and growth performance of weaned rabbits. A total of 180 weaned rabbits (47 days of age) with similar body weight
(initial body weight 1.240.1 kg) were randomly assigned to two groups, either warm water (WW) or cold water (CW) (90
rabbits in each group). An electrical heating wire was also used to heat the warm water, where the water pipe was covered with
insulated foam coating. A thermostatic controller was selected to remain at a constant temperature (35.5 + 1.1 °C) during the
experiment. The cold water was prepared at (5.8 + 2.3)°C without heating. A 48-day test was carried out to measure various
indicators. The results showed that: 1) The indoor average air temperature was (8.9+3.2)°C during the experiment. The
average daily weight gain of rabbits in warm water group was significantly higher than that in cold water group during
47-58 days and 47-94 days, respectively, by 15.11 kg/d and 1.94 kg/d (P<0.05).. 2) The feed-weight ratio of rabbits was
significantly lower in the warm water group than that in the cold water group during 47~58 days (18.2%) (P < 0.05). But
there was no significant difference during the rest. In addition, the risk of diarrhea in rabbits drinking warm water was
significantly reduced by 25.6% during 47~94 days (P < 0.05), compared with the cold water group. The expressions of
thyroid hormone receptor a and f (THR a and f) in jejunum were significantly down-regulated on 70 days in rabbits drinking
warm water (P < 0.05). 3) The contents of immunoglobulin A (IgA) and total protein (TP) in serum increased significantly for
the rabbits drinking warm water, with the increase of age, especially on 82 days (P < 0.05). Moreover, the abundance of
Roseburia increased in the cecum of rabbits on 82 days in the warm water group, relating to nutrient digestion and absorption,
indicating 6.9 times higher than that of 58-day old rabbits (P < 0.05). Consequently, the constant temperature drinking system
in the open sheds in winter can be expected to improve the immunity, intestinal digestion, and absorption capacity, thereby
promoting the growth and health of weaned rabbits. The finding can provide theoretical support to improve the survival rate
and production efficiency of weaned rabbits in open houses in cold areas.

Keywords: temperature; animals; open shed; winter; weaned rabbits; thermostatic drinking system; production performance
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