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Fig.1 The measured temperature of programmable artificial climate chambers
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WLZR 1, H I8 H S IOl 2248 E 1R 772 T
(2014) Y 47,

x1 EMAREARKREFRKE(FHRERM)
Table 1 Composition and nutrient levels of

the basal diet (DM basis) %

i H Items 1 Content

JE B} Ingredients

E K Corn 64.96
=t Soybean meal 23.00
£t} Fish meal 1.00
£1 ¥ Limestone 8.00
MR 255 CaHPO, 1.00
il Soybean oil 0.70
DL-#E% % DL-Met 0.04
Eh NaCl 0.30
TRkl Premix" 1.00
A 11 Total 100.00
35K Nutrient levels?

fRi§HRE ME/ (MJ/kg) 11.48
HEH BT CP 16.40
5 Ca 3.31
S TP 0.58
B AP 0.38
iR Lys 0.81
E XK Met 0.31
FEH R+ AR Met+Cys 0.60

R AL A A T 5 4 K 4 it The premix provided the
following per kg of the diet: VA 8 000 IU, VD, 3 000 IU, VE
10 IU,VK 2 mg,VB,, 0.04 mg, VB, 4.5 mg, VB, 2.5 mg,
VB, 3 mg, {Z & pantothenic acid 5 mg, #{ i nicotinic acid
20 mg, "R folic acid 0.3 mg, 4= ¥ % biotin 0.1 mg, JHHK
choline 500 mg,Mn (MnSO, : 5H,0) 80.00 mg,Zn (Zn-
SO, - 7TH,0) 65 mg,Fe (FeSO, - 7H,0) 80 mg,Cu ( Cu-
SO, - 5H,0) 8 mg,I (KI) 0.5 mg,Se (Na,SeO,) 0.3 mg,

3 #(H Calculated values.,

1.3 HEXESNUE
1.3.1  FEg = PERE

IR T i e 25 A o I R B XS AR IR AR g
LIPS Ry I R VA TR 3 -9 K S N P N SNk
BRI SEE AR E P HRE R
PR WER CPYEE R,
1.3.2 FEACRES I E

K FH 4 Wi 26 e I 2 R RS A B AR I 5 I Ui
i, A 25 R, BAEEER L AN (3 Hi)
22 3 d HERRIC SRR R 2, DU M v 4 R

T TR A L 3 d W R
HEME S (W ZERE R R R B S 24 IR B 14T,
PEF B, M e, 1 40 B G 05 HE s A
W B o, A R v
5 AR (% ) = 100x (F5E B & A 5 —
B o I ) /A B AR
P i (g/d) = FSEBEE AR -
5 s R T

R 26 K, BRALBEHLE 18 MUY & (HAE
2 380 . F EMT5200 £ 3168 5 i 43 #r A% ( Ro-
botmation 23 ], H A%) I 2 fE57C 58 & 26 & B
G 2R % 2 {5 ; J NEN380 ( FHK A, H A%)
W B e Bty P B 3 AL R B O 2{E
S EE e R AP IR R CH o =R S, I H
ST 7600 4 [ Sl AE AR A
1.4 HESITESH

K SAS 9.2 A H H) ANOVA X 21 €
IR 27 ~30 CHEH =i 29~ 35 CHHH i
AT R T Z 00, T E 0B EE XM
Duncan [REMEAT L2 5 3 ; R SAS 9.2 B ¢
Krga Xt 21 C R X241 Al 29 ~ 35 C A 34 e T 41
BHEIEATEORT £ 4656 50 BT, 245 5 35 L)V 359 1 £ 45
ZFIR,P<0.05 HZ R, 0.05<P<0.10 HfT
AR

2 H#RE5SWH
2.1 EARFENEBEFEENZN

Y % 2 A0, 906 B0 R R R XSS H H
SRR JEER O E R R R R
Fro 521 CEIRAHM L ,27~30 CHEH R4 E
RS R B i P ¥ M R R IR (P<
0.05),  "HREKEEILZEFARZE(P>0.05);
29~35 CHEHRRAEG T HRE® J2EE,
X B M MR Y W E L (P<0.05), 5
21 CHREW XA L, 29 ~35 CIEH = 20 5 Y
IR B E AL (P<0.05) , BHE L B 3548 5
(P<0.05) .
22 FEAREERNELBERERRIME

12 3 T, O IR 6 R R R AR X AR 5T A
521 CEIR4IAHLL, 27~ 30 CTHHH w4 s
B SRR (P<0.05) ,29 ~ 35 C G FF & i 41 /& 72
JEEE ST W PR (P<0.05) , kA4 I 5 T
1 (P<0.05) , 521 CREBXFHMLL,29~35 C



2692 o oE R ¥ 29 %
A st 4 Y e B A AR 3 (P<0.10) 8 (P<0.05),
ERATFEBEH(P=0.10) , FETiRE W& K

x2 BERHEXNEBESEEEHN NG
Table 2 Effects of cyclic ambient temperature on performance of laying hens
413 TRIR P TR L P
Groups Av.erage daily feed Egg production/% Aver?ge egg Feed/egg Body.welght
intake/( g/d) Weight/g gain/g

H i RE Ad libitum
21 C 115.17+5.29° 87.65+5.02" 63.31x1.14" 2.08+0.17 239.11+68.83"
27~30 C 99.08+1.84" 80.36+4.93" 61.44£0.81° 2.02+0.14 62.20£60.14°
20~35 C 84.40£7.05°¢ 72.37+8.64° 59.99+1.09° 1.96+0.13 —51.62+83.96°
P {H P-value <0.000 1 0.003 5 0.000 2 0.286 0 <0.000 1
F[E K& The same feed intake
HEXT Pair-feeding 85.90+5.59 76.89+2.71 62.24+1.12° 1.80+0.07" —13.38+72.54
29~35 C 84.40+7.05 72.37+8.64 59.99+1.10° 1.96+0.13° —51.62+83.96
P {f P-value — 0.166 4 0.000 7 0.049 4 0.106 5

[FIFV B A AR A RN G FREFR IR 26 53 B3 (P<0.05) MR FRESCRAR T 15 FOR 27 A B3 (P>0.05) . TR,
In the same column, values with different small letter superscripts mean significant difference ( P<0.05), while with the

same or no letter superscripts mean no significant difference ( P>0.05). The same as below.

x3 BEASEMNEBEZREHNZIE
Table 3 Effects of cyclic high ambient temperature on egg shell quality of laying hens

205 IR TR WA
Groups Egg shell thickness/mm Shell strength/( N/cm?) Broken egg rate/%
AR E Ad libitum

21 C 0.38+0.02° 49.75+3.61° 0.35+0.31°
27~30 C 0.37+0.01* 43.71£2.32° 1.52+0.86™
29~35 C 0.36x0.01° 43.42+3.69" 2.62+2.23"
P {H P-value 0.017 6 0.006 5 0.041 1
FH[FE] & The same feed intake

it X} Pair-feeding 0.37+0.02° 45.57+4.33" 0.85+0.89
29~35 C 0.36+0.01° 43.42+3.69° 2.62+2.23
P {H P-value 0.072 1 0.005 1 0.101 0

2.3 BIAEEMNELSBEA G
A 2 ] 0 906 B R TS B e B | B AR

R (P<0.05) ,29~35 CIE & 4 8 1S
R B £ 8 J 3 R AR ( P<0.05) |, DB BA i T X

R H AR Bk, 5 21 TEEA
AHLG 2 NG PRI R 4 40 B AC i R 2 B
ZHF(P>0.05) , H55 BRI B E IR (P<
0.05), 521 CREMXTAHMIL,29~35 CHEH
o T 2 B Tl AR R R i Y T B 2
(P>0.05) ,
24 ERHENEBBEMRRIZN
i 2% 4 AT 0, 06 B e TR R W XS 2R R
=1

. 5
21 CIEEAHM L, 27 ~30 CIE & i 41 8 & 5 {0

A BBy K B RT3 = A B 3 R e (P>
0.05) ;15 21 CREEXTH AL ,29~35 CHEIFE
TR £H 2 2 v I ) 3 TR (P<0.05)

3 3 i
3.1 EHREERNEBES AN

Bifi 5 RUHIL— 18 77 46 R Ul R e 1) 3 S, L ZR LA
EE XY 2 N Y IR 3R AR AT DL R I 7E 30 T L
T A PR SN B 20 T R
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M, ASHFSE & L, 27 ~ 30 CIE I & i B AL &
XS H R B & ARG E DL &, R UIRD
i e PR R 5, 2w AT mT S 2 5 e A XS 1Y
FEEERE . WSS UK A SR 8 RS 3 X
A7 3B R, XY & B T AE 29 ~ 35 C K
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XGFBIH R A E PR S EEY D
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Date columns with different letter superscripts mean significantly different (P<0.05).

B2 fEIAEEXEGEHAAH R

Fig.2 Effects of cyclic ambient temperature on metabolism of calcium and phosphorous of laying hens

*4 BAFENEBBERRNI N
Table 4 Effects of cyclic high ambient temperature on egg quality of laying hens

25 HHmE iy PG EA Ao HEGE JIE [ 7t b =g
Groups Albumen height/mm  Haugh unit Yolk color TC/(mg/g) TG/ (mg/g)
H HR T Ad libitum

21 C 8.35+0.31° 90.06+2.18 7.79+0.46" 13.28+0.67 9.56+0.41
27~30 C 8.06+0.26"™ 89.18+1.94 7.36+0.24" 13.72+£0.97 9.48+0.34
29~35 C 7.89+0.24° 88.97+1.52 7.16£0.15" 14.26+1.19 10.15+0.82
P {§ P-value 0.030 4 0.584 4 0.009 7 0.245 1 0.133 8
AHIFSR & The same feed intake

BEEX} Pair-feeding 8.03+0.66 88.69+4.02 7.27+£0.29 11.28+1.96" 9.84+1.54
29~35 C 7.89+0.24 88.97+1.52 7.16+0.15 14.26+1.19° 10.15+0.82
P {H P-value 0.610 1 0.864 5 0.209 1 0.014 7 0.660 7
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B2 m R PR BT T B R R | KT R R
FeORJE ESCEE M EST LR
3.4 BEASEMNEBLBERRNZMW

AW KB, 27 ~ 30 THEIF = i AL T 7
Hi€8,,29 ~ 35 CAE e Tk AR T 8 1 o B R AR
Bifs . Usayran 2527 fF 5840 & B 35 °C 4745 w0 iR
KRB, Bozkurt 25 BUHF s X E Z 5l
AR E AR T X ENE N &, AR,
FEAR AR & 09 54 R, 29 ~ 35 T3 & 1 5 2K
F v 5 B € TG S 3 ), 3 B R R R IR R

F RSO ] REHCR B i PR 58, A
1o JEE A2 X0 3 v e B A B S T (8
B TR R TUBUA &, DI e il R 2 1 v
A FBI AT Rt TR AR, FEESE A R
IR R AR B R R, NIRRT e S AR
BRI TUR, R E s R R, A
WS B, FE R AR A T, 20~ 35 T
T g X R L e, SR T R A
DERR R 5 I s a2 e R X 8 i S A S i S5 L
PRIRI ISR IIADE ™ AR, R iR e R &
JEERE PRI A 2 IR e 12 ) e i g
SEFRALNR WS ORI g TR I [ B R A i
IR AT — 22

4 & g

@ B 204 16 B AE 27 ~ 30 C I 3 i 3 B AIK
XGNP ARG AN E P EEMELS
J 5 1§ 29 ~35 CBREFAG LR R AR A1, 38 1 38 A% 7
BERMAGE N E A EMEESG,

@ iR AT RE L% R W ST B B, AT
TG B SR T A T B 5 T

@) B R XS P R R RE AR 1 B RN AR A
AR P RE S5 R i T A K,

SE WK

[ 1] ROLAND D A.Research note;egg shell problems: es-
timates of incidence and economic impact[ J].Poultry
Science,1988,67(12) :1801-1803.

[ 2] ST-PIERRE N R,COBANOV B,SCHNITKEY G.Eco-
nomic losses from heat stress by US livestock industries
[J].Journal of Dairy Science,2003,86(S) :E52—E77.

[ 3] ROBERTS J R.Factors affecting egg internal quality
and egg shell quality in laying hens[ J].The Journal of
Poultry Science,2004,41(3) :161-177.

[ 4] PEGURI A,COON C.Effect of temperature and dieta-
ry energy on layer performance [ J].Poultry Science,
1991,70(1) :126-138.

[ 5] MARSDEN A, MORRIS T R, CROMARTY A S.
Effects of constant environmental temperatures on the
performance of laying pullets|[ J ].British Poultry Sci-
ence,1987,28(3) :361-380.

[ 6] LILLIE R J,OTA H, WHITEHEAD J A, et al.Effect of
environment and dietary energy on caged Leghorn pullet
performance[ J ] .Poultry Science,1976,55(4) :1238—1246.

[ 7] UGURLU N, ACAR B, TOPAK R. Production per-

formance of caged layers under different environmen-



8 1

et B IR RS RN 2B R A b R

A& aw kAl 2695

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

tal temperatures [ J |. Archiv fiir Gefliigelkunde, 2002,
66(1) :43-46.

PAYNE C G.Practical aspects of environmental tem-
perature for laying hens[J].World’ s Poultry Science
Journal,1966,22(2) :126-139.

DENG W ,DONG X F,TONG J] M, et al.The probiot-
ic Bacillus licheniformis ameliorates heat stress-in-
duced impairment of egg production, gut morphology,
and intestinal mucosal immunity in laying hens [ J].
Poultry Science,2012,91(3) :575-582.

DE ANDRADE A N,ROGLER ] C,FEATHERSTON
W R, et al.Interrelationships between diet and elevated
temperatures ( cyclic and constant) on egg production
and shell quality [ J].Poultry Science, 1977,56 (4) ;
1178-1188.

ROZENBOIM I, TAKO E, GAL-GARBER O, et al.
The effect of heat stress on ovarian function of laying
hens[ J].Poultry Science,2007,86(8) :1760—1765.
FRANCO-JIMENEZ D J, SCHEIDELER S E, KIT-
TOK R J, et al. Differential effects of heat stress in
three strains of laying hens [ J]. Journal of Applied
Poultry Research,2007,16(4) :628—634.

EMERY D A, VOHRA P, ERNST R A, et al. The
effect of cyclic and constant ambient temperatures on
feed consumption, egg production, egg weight, and
shell thickness of hens[ J].Poultry Science, 1984, 63
(10) :2027-2035.

MASHALY M M, HENDRICKS III G L, KALAMA
M A, et al.Effect of heat stress on production parame-
ters and immune responses of commercial laying hens
[ J].Poultry Science,2004,83(6) :889-894.

DE ANDRADE A N,ROGLER J C,FEATHERSTON
W R.Influence of constant elevated temperature and
diet on egg production and shell quality [ J].Poultry
Science, 1976,55(2) :685-693.

BALNAVE D, MUHEEREZA S K.Improving eggshell
quality at high temperatures with dietary sodium bicar-
bonate[ J | .Poultry Science,1997,76(4) :588—593.
MILLER P C, SUNDE M L. The effects of precise
constant and cyclic environments on shell quality and
other lay performance factors with Leghorn pullets
[ J].Poultry Science,1975,54(1) :36—46.

WA, Bt oo, SR 7 Y5 Ao A X A e i ) A a5
PE(T].F 58 ,2010,42(11) :93-96.
MAHMOUD K Z,BECK M M, SCHEIDELER S E,
et al. Acute high environmental temperature and calci-
um-estrogen relationship in the hen [ J]. Poultry Sci-
ence,1996,75(12) :1555-1562.

ODOM T W ,HARRISON P C,BOTTIJE W G.Effects

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

of thermal-induced respiratory alkalosis on blood ion-
ized calcium levels in the domestic hen [ J]. Poultry
Science, 1986,65(3) :570-573.

5K IR B BT PR X 7 A A e AR DL R A 5T R
CaBP-d28k PMCA FiK 1550 [ D ] A2 00 1 3.
T2z AR Al K2, 2014,

MARSDEN A, MORRIS T R. Quantitative review of
the effects of environmental temperature on food in-
take, egg output and energy balance in laying pullets
[ J].British Poultry Science,1987,28(4) :693—704.
XM B il AR AR H RO [R) A8 RE AR F1 UK P
X AR Az 7 BE RN AR B AR R [ DRI 2 i
SCRBL AR AR R, 2009,

FEAR, RIREE RIEAE, 45 AR AT Bl HE XY 4 A IR
BE AT A C /7 A A5 3R 85 3 Ol il 158 I e 2
AR 23 B P [ 7 O DR 2 23 2012 AR 2 RAE S N
S A T R O R AR R AR A AR 2
2B CHE—TO01 7 & i 5 IR HoR €l e
B E PO R 2 2012,

SRYLIE , X B, k4 R, 55 A b i DX 2 A0 4 B
BERBLIA AR FE[ V] RIS R, 2008(12) :1-5.
YAHAV S, SHINDER D, RAZPAKOVSKI Vet al.
Lack of response of laying hens to relative humidity at
high ambient temperature[ J].British Poultry Science,
2000,41(5) :660—663.

USAYRAN N,FARRAN M T,AWADALLAH H H,
et al. Effects of added dietary fat and phosphorus on
the performance and egg quality of laying hens subjec-
ted to a constant high environmental temperature[J ].
Poultry Science,2001,80(12) :1695-1701.
WOLFENSON D,SKLAN D,GRABER Y,et al. Ab-
sorption of protein, fatty acids and minerals in young
turkeys under heat and cold stress[ J].British Poultry
Science,1987,28(4) :739-742.

AT, A A0 R, 45 AR N XS LA B KT
W[ 1] AR AR}, 2008,17(5) :28-29,27
BOZKURT M, KUCUKYILMAZ K, CATLI A U, et
al.Performance , egg quality, and immune response of
laying hens fed diets supplemented with mannan-oli-
gosaccharide or an essential oil mixture under moder-
ate and hot environmental conditions[ J].Poultry Sci-
ence,2012,91(6) :1379-1386.

ZH W R T IR TN BN OGS X U g 7 A 0 5
Wi [ D] A2 A8 S0 Z8 2 I AR ARl K, 2011
AKIBA Y, TAKAHASHI K,KIMURA M, et al.The influ-
ence of environmental temperature, thyroid status and a
synthetic oestrogen on the induction of fatty livers in
chicks[ J ].British Poultry Science,1983,24(1) :71-80.
YOSHIDA N, FUJITA M, NAKAHARA M, et al.



2696 I/ S 29 &

Effect of high environmental temperature on egg pro- ence,2011,48(3) :207-211.
duction, serum lipoproteins and follicle steroid hor- [34] 5P RIS T N [a] 35 R Y PR XS R I 1 bR % g
mones in laying hens[ J].The Journal of Poultry Sci- PUBLAL AR SE [ D] b a . b BB B , 2007.

Effect of Cyclic High Temperature on Performance, Egg Shell Quality and
Metabolism of Calcium and Phosphorous of Laying Hens

DIAO Huajie'> FENG Jinghai'® ZHANG Minhong' DIAO XinpingZ ZHOU Ying'
LI Meng'? WANG Xuejie'
(1. Institute of Animal Sciences, Chinese Academy of Agricultural Sciences, Beijing 100193, China; 2. College of Animal
Science and Technology, Northeast Agricultural University, Harbin 150030, China)

Abstract; The aim of present experiment was to simulate the variation of high ambient temperature in laying
hen house in summer, and evaluate the effects of different cyclic high temperature on performance, egg quality
and metabolism of calcium and phosphorus of laying hens. A total of 288 Hy-Line Brown hens at 28 weeks of
age were randomly divided into 4 groups with 6 replicates each and 12 hens in each replicate and housed in 4
artificially controlled environment chambers. Four groups were 21 C normal thermal group (ad libitum) , 27
to 30 C cyclic high-temperature group ( ad libitum) , 29 to 35 C cyclic high-temperature group (ad libitum)
and 21 C pair-feeding group (fed the last daily feed consumption of chickens in 29 to 35 C high cyclic tem-
perature group ), respectively. The experiment lasted for 4 weeks. The results showed that compared with
21 C normal thermal group, the average daily feed intake, body weight gain, average egg weight, egg shell
strength and yolk color were significant decreased in 27 to 30 C cyclic high-temperature group ( P<0.05) , and
there was no significant difference in the other egg quality related indices between two groups ( P>0.05),
while the average daily feed intake, body weight gain, average egg weight, laying rate, egg shell strength,
egg shell thickness, albumen height and yolk color were all significant decreased ( P<0.05) in 29 to 35 C cy-
clic high-temperature group. Meanwhile, the metabolic rates of calcium and phosphorus of chickens in 27 to
30 C cyclic high-temperature group and 29 to 35 C cyclic high-temperature group had no significant differ-
ence compared with 21 ‘C normal thermal group ( P>0.05) , but the absorption of calcium and phosphorus was
significant decreased ( P<0.05). Compared with 21 C pair-feeding group, the average egg weight and shell
strength were significantly decreased ( P<0.05), and the ratio of feed to egg was significantly increased ( P<
0.05) , while the egg quality, metabolic rates and absorption of calcium and phosphorus were not significantly
different (P>0.05) in 29 to 35 C cyclic high-temperature group. The results of present study demonstrated
that body weight gain, average egg weight and egg shell quality were significantly decreased under 27 to 30 C
and 29 to 35 C cyclic high temperature, while the laying rate, albumen height and yolk color were also signifi-
cant decreased under 29 to 35 C. The effects of high ambient temperature on laying performance, albumen
height and yolk color of laying hens may be associated with the decrease of feed intake. The high temperature
may have direct effects on egg shell formation, or the decreasing in absorption of calcium and phosphorus un-
der high temperature may also affect the egg shell quality. [ Chinese Journal of Animal Nutrition, 2017, 29
(8):2689-2696 ]

Key words: cyclic high temperature; laying hens; laying performance; egg shell quality; metabolic rate of

calcium; metabolic rate of phosphorous

# Corresponding author, associate professor, E-mail: fjh6289 @ 126.com )%\’E‘C Y E’F H 3.9 )



