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Incubation for good chick quality

e & AT

= Machine temperature # embryo temperature
JHLBRNRIRE + RIREE

= Balance between heat loss and heat production (HP)
7 R SRR

= Factors that affect heat loss
MM BRI R 2

= Factors that affect HP
2L AN [PS

= Effects of uncontrolled embryo temperature
ARG R R B 220

LIVESTOCK RESEARCH
WAGENINGEN DN

28/07/2017



Il (g o KD

LIVESTOCK RESEARCH
WAGENINGENDNEN

. - 3
Machine temperature # embryo temperature
i} N=] VAN=]
IEERMELERE # RAREE
development growth plateau phase internal | external
pipping | Pipping
RE K FEH WE | WE
300 . 40,0
-RE TR
250 4 =heat production =¥t T395
5 § ~heat loss by evaporation 7/ &5
o % 200 { 1 39,0
= 8 ~==embryo temperature pfj4;s
f ‘g 150 | ——machine temperature §i3 {1285 i Lags
£ 5
I3
#2100 — T380
g
2
50 4 1375
e
0 T T y T T T T T T T T T T T T T T T T T 37,0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
time (d)

temperature (°C)
SREE (A

1 oC)

LR NELRE # RARRE

Machine temperature # embryo temperature

Il (g o KD

LIVESTOCK RESEARCH
WAGENINGENDNEN

development growth plateau phase internal | external
. o pipping | Pipping
B 33 TEaH BE | W
300 ——
RelE
250 = heat production 7 T
5 s ——heat loss by evaporation 7% 4
[P 1
o 2 ——embryo temperature fFj4;i5 &
g 2
~ ©° = machine temperature FF{LE5MIEE
.. 51501 L
= 8
=8
Eind =)
o8
& 2100 —\ !
- 8
£
50 4 T
—
0 T T y T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
time (d)

40,0

39,5

39,0

38,5

38,0

37,5

37,0

temperature (°C)
SREE (A

°C)

28/07/2017



Machine temperature # embryo temperature
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Machine temperature # embryo temperature
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Machine temperature # embryo temperature
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Machine temperature # embryo temperature
PHMEERARIRE « BIREE
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Machine temperature # embryo temperature
PHEERARIRE « BIREE

“ MT = ET only at 1 point, when heat loss = heat production
RAEEE—HENE S MT BMEESRE) =ET (BMRE) | HHEPE=pE
= timing depends on air velocity across the eggs
P ] s T 3G 25 T R 9 22 U AR
= differences between incubators
TR ER
= differences between positions in the incubator
ERLBR P RRGLBHES
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ET: balance between heat production and heat loss
RERRE - &4 SRERLZ HIER

Embryo temperature (°C) FER&RE

W W W W W W w w b
& & N N md o oD
o U0 O o1 O o O U O

Heat production &4
Heat loss HBHA : - Time / development i [a]/%% &t B
- Evaporation 7% : 5 - Physical factors #)3# K%
- Heat transfer HgEER % - Biological factors & #1E %
- temperature difference J2EE R Environmental factors FfS5Az
- heat capacity %58 ] k
- air velocity ZSREE

; y
; 1
; s
——

1. Factors that affect heat loss B2 72 fR 2=

2 components that determine heat loss: R & #i 21 NR 2=
Evaporation (latent HP) 7& &
* relative humidity and air temperature #8V7/37/& 55550/

* eggshell quality Zx/7 &
Heat transfer S\& 5%

¢ temperature difference between egg and environment

NG G BH i fE 7
* heat capacity of air (relative humidity) ZF<S#IHAZE (FHVE/E)
° air velocity £S5/
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Heat loss by evaporation 7&% #i4:fH&
30 1

254 "+ . 12%
.. Average egg (10% at 37.8°C x 55% RH)

e TR E
) (10% : fAT-37.8 H[LJE 555%MAEHEE T )

20 1

154 =

10 4

Heat loss (mW) #E#i%k (KER)

Relative humidity (%) FEYHEE
| LIVESTOCK REEE_ARCH
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Heat loss: evaporation z&& $i 5=y

Weight loss: 10.000 eggs of 60 g loose 0.6% of initial weight per day
EEHiL 1 10000160gHIG K 11k HATIAEE £170.6%

Eggs incubated at 37.5°C MT and 55% RH

TR /E37.5 CHEYT 7 /Eo5% FIF 1L 7 HH 7T

Total weight loss: 150 ml water per hour
HHEENR | £ HTLIS0EH

ET is decreased by 0.2°C
NGB i 2 H0.2°C

Uniform at all places in the incubator

WL & & ML B

| LIVESTOCK RESEARCH
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Heat loss: evaporation z& % #iJ-Hy#i &

PASY

Weight loss: 10.000 eggs of 60 g loose 0.6% of initial weight per day
EEHiL © 100001 60gH91G E KAV K H YA E &190.6%
° Eggs incubated at 37.5°C and 55% RH 72 /E37.5 CHEV 7 /E55% HIEIL #8 E 4 1T HENE
* Total weight loss: 150 ml water per hour A ZEE/75 - £/ \#/150 Z7H#
°® ET is decreased by 0.2°C £/ .8 /£ 1£0.2°C
© Uniform at all places in the incubator ZJE1E£35 T z B 746/
Spray nozzles or humidifying discs: m2 [ 5 505 & @ £
* Local cooling effects /&5 4134 E
© 150 ml water per hour at 10% of the eggs: ET is decreased by 2.0°C!

©10% BN HELE I HIFELB0 ZH K - EFZAHEEE TI#2.0°C
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Heat loss: heat transfer

RERK - HEFE

40
35k
30l Van Brecht
251
201

15

—o— Horizontal air flow £1757
—©— Vertical air flow ZEESE
—B- Kashkin, 1961

—A— Meijerhof and van Beek, 1993

10F

Convection coefficient (W/mZ-°C)

(3]
T

1 1.5 2 25
Air speed (m/s)
SHEE (m/s)
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Heat loss: heat transfer stg#14: : s
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Calculated for eggs incubated at the same MT

HRMIMESRREEE THISE
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2. Factors that affect heat production 2R E ™ 4E YR 2
= Age of the embryo (time) BERARI% B ES
= Physical factors #1I2E %
® storage conditions, egg turning /Z7=Z14E - BIELH)
= Biological factors &£ &%
® egg size, breed, breed age YGEA/) » ZFF 0 HEE
= Environmental factors ¥ igNZ

¢ oxygen, carbon dioxide, humidity, temperature
5, ZHILHE. EE. EE

—

LIVESTOCK RESEARCH
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CO; —mt T\

0, HO % + \\\\ +O

= Heat s ﬂ |
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PhyS|caI factors: egg storage %IEIEE X"—ﬁ%ﬂ’]fﬁ% |

160 4
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Hague et al., 1996

LIVESTOCK RESEARCH
WAGENINGENDNEE

Physncal factors: egg turnlng %IEI% HE ?”'“%'J

150
—~ g ------------
L‘Es 5100
Z s
3
:H.] _§ —a— Turned
1 2 B
0% % so0-
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Kz
0 T T T T T T
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Pearson et al., 1996 R ()
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Biological factors: egg size E%I?— R AN

250

N - Hoyt (1987)

el —— Vleck et al. (1987

EE 200 (1987)

%5

= & 150 -

]I[ =)

g i 100

2 g

= 50

K

[e0]

—

= 0 T T T T T )

o 50 55 60 65 70 75 80
Egg weight (g)
WEER ()

LIVESTOCK RESEARCH
WAGENINGENDNEE

Biological factors: egg size £¥IA % : XWE AN

200

- o- Large eggs X %

150 ~ —— Small eggs |\ .8

100 4

HEFE RRISMYE)
2

Heat production (mW/egg)

0 4
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Time (d)
Lourens et al., 2006 W ()
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Biological factors: egg size £¥IR % : XE A/
39.0
- ©- Largeeggs K
g 38.5 —&— Small eggs /|
© &
-
Eé‘ £ 380
B
M E
= 5 375
37.0 T T T T T 1
0 3 6 9 12 15
Time (d)
Lourens et al., 2006 e (R)
nuvzsﬂ:nx RESEARCH
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Biological factors: breed £¥IE 3 : S

Metabolic heat production (mW per egg)
RugfF=sad OLRE™gE)

d R308* R508* Layer* Traditional**
B VORI

17 151 160 133 130

18 156 149 130 137

19 164 161 127 124

20 252 239 131 169

*Janke, Tzschenktke and Boerjan (2004)
** Romijn and Lokhorst (1960)
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D|fferences between lines, genetic background

R P L AR R SR AT A R 72 5

Not much “hard” information FARZM| [MZ (ARIEFEME) | MIER
. Mainly focus on layers vs broilers EE{I| & TE 5 AEHIXH

But practical experience B 2 &£ F 27425 : Easy g;ég -}
. Vedette, AA

- Ross 308, hubbard classic, Hybro PN

. Ross 508,

. Ross 708, cobb 500, Hybro G+, Hubbard HY

. Cobb 700, male lines Difficult Xﬁ

LIVESTOCK RESEARCH
WAGENINGENDNEE

¥

<

General trend KEBIEHA-

. More meat yield => higher heat production

. EEMRMTE EEprinE

. Better shell quality more sensitive for heat
. ERMEERE TP WAREHE

If people change breed, look where they come from
MRBMEAETE - MBS ENEREZE T2

. Ross to Cobb: possible problems &I &E H HH Y ()&
. R508 to R308: more easy ER 5
. Cobb 500 to Cobb 700: be aware FEFE

0.5 to 1°F higher embryo temperature at same setting RIFE1%E T » FRHGIRE o] LA 0.5 — 1 °F
6-12 hours earlier hatch $2#i16-12/Mif H7%

More chick quality issues if temperature not adjusted 31 R & EGENE » HERS2 LI EHE 215 &7
i)

LIVESTOCK RESEARCH
WAGENINGENDNEE
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g e, 2 A v
Biological factors: breed ¥R % : M
= Broiler and layer hatching eggs incubated at the same constant MT
ML RRR B R — BB T A A Ly S &Y
= Differences in egg size X A/NAK[E]
= Eggshell temperature at d18 for layer eggs: 38.3°C
B 18RI » HEXGEFTHRE738.3°C
=Eggshell temperature for broiler eggs: 0,6 — 0,8°C higher
WS - AYEFRESHO0.6 —0.8°C
° metabolic rate higher B & 8L 1%
® HP and ET are linearly related #E /= 4: 5 IR E 24 M
* oxygen conductance in broiler eggs higher? (poor eggshell quality?) B ESESESHTES 2 (5
By BRAREE?)
* Broiler embryos contain and utilize more energy? BIXSHRRGHTE S TF=ERVREE T 2

* Efficiency of energy utilization?? R i FAZE

LIVESTOCK RESEARCH
WAGENINGENDNEE

= Experiment with broiler hatching eggs (Lourens et al., 2007):

s {FERARYYEHITIFES2EE ( Lourens et al., 2007 )

o Eggs of similar size XZEA/NEDL: 60 — 65¢
o EST between d8 — d19 B{i$8-198H]VE = R 37.8°C or 38.9°C
o 02 &8 E: 17%, 21% or 25%

LIVESTOCK RESEARCH
WAGENINGENDNEE
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Climate Respiration Chamber (CRC)
SRV IR LG % (=)
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Control Room H{%E=E

LIVESTOCK RESEARCH
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1T 7Y AY A LR s
t . 4 .A ;  p— AL . T |
Source of variation 9 10 11 12 13 14 15 16 17 18 19
EST g%;mg gﬁ * * * *x **k *x * - - - -
02 as8 - - _ - _ * Kok ok KAk ok Ak
EST x O2 - - - - - - - - - * *
ERE<ESE
EEREESE 160 - A
EST x02 .
_ 1401 —e—378°Cx17% -
ﬁ % 1204 —®—37.8°Cx21%
Tz —a—37.8°C x 25%
< % 100 4 ’
@ ;’ - ©- 38.9°Cx17%
I® 2 80 - . .
2 B - 8- 38.9°C x 21% .
- 5
u T 60 1 - A- 38.9°C x 25%
h S
B 5 407
¥ I
v 20 -
O ) ) ) ) ) ) ) ) ) ) 1
8 9 10 11 12 13 14 15 16 17 18 19
Time (d) Bt (X)
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EST Z&if
37.8°C
38.9°C

19.7
19.8

37.42
35.8°

4.0
4.0

41.52
39.8°

LIVESTOCK RESEARCH
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HW
©)

0.402
0.33°

LW
()

1.652
1.53P

HT

(d)

20.52
19.8°

cm @ (@ (9
EST ZEXdZF

37.8°C 19.7 415% 3743 40
38.9°C 19.8 39.8° 358° 4.0
02 g#5#

17% 19.0¢ 40.6 35.3> 5.32
21% 19.9° 40.6 36.92 3.7°
25% 20.42 40.7 37.7@ 3.0°

No interactions

LIVESTOCK RESEARCH
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HW
(@)

0.402
0.33°

0.36
0.35
0.38

LW
©)

1.652
1.53P

1.49
1.63
1.65

(d)

20.52
19.8°

20.2
20.2
20.2

28/07/2017
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—37.8Cx17% ——37.8°C x 21% - - - 37.8°C x 25%
—38.9°C X 17% ——38.9°C x 21% - - - 38.9°C X 25%
100 | |
| |
| |
| |
75 4 y I
ET =38.9°C )-‘ :
2 g ERAE i !
= ~ |
# £ 501 ‘
o f-‘(; ET =37.8°C !
g g BEEE |
LR B 4 S . |
| |
| |
| |
04 : . |
THIS IS TAKING TOO LONG - WE'LL
L HAVE 1O INDLICE HATCHING. 190 195 200 205 210 215
8
Time (d)
Bit ()

LIVESTOCK RESEARCH
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In general, ®&fi=E2
» For eggs of the same size, hatch time decreased when flock age

increased
KNARIBIAGEE > BEEGEE LIRS, WL a4
» Increased oxygen conductance in eggs of older flocks increased HP
BIERANGENRSE SRS, MEP 4R
» As a result, ET increased as well, which decreased hatch time!!
L5 ERORIEIRS - WG (R 4E
= What factor determines HP? Bt R REHET=4 ?
o Energy utilization 8E2#IA

o Efficiency %= CO, —gpe \
[ $
o, fox+ & 0+ 0
-
" Heat s 4@

LIVESTOCK RESEARCH
WAGENINGENDNEE

28/07/2017

20



Eyes = YFB(K)) x100%
Albumen (kJ) + Yolk (kJ) = RY (kJ)
EB(FE) BH(TH)

o, T\

0, H,O0 + Q?\ + 0
heat %@L

YFB RY

LIVESTOCK RESEARCH
WAGENINGENDNEE

EST#EZ IR E 0,558

37.8°C 38.9°C 17% 21% 25%
Albumen (kJ) Z&H 73 76 73 75 76
Yolk (kJ) &% 280 282 282 281 281
YFB (kJ) 1702 158P 1500 1723 1712
RY (kJ) 48 46 682 43v  31c
Utilized (kJ) BE&fEA 305 311 286¢ 3130 3262
Eves (%) 55.72  50.8P 525 54.9 52.4
HP at d18 (mW.eggl) 131> 1482 119¢ 138b 1522

A By 18RINHIRE B A5 5

After Lourens et al. (2011).

LIVESTOCK RESEARCH
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Energy utilization Eves
RE B Al
Egg weight WWEE & Yes & No+5
Breed i fil Yesj& No#
Oxygen HS & Yesf& Nof5
Eggshell temperature No# Yessz
BT

LIVESTOCK RESEARCH
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—

Environmental factors &K 2=

Eggshell conductance

EEMBESM .
Altitude;g = e HE
”‘4 COz:i{tw ; \\
Concentration ..» 0, HOxs+ =+ O
=8 ’)d‘/
YR ’.:"g;g Heat s

Q
K3

Air pressure
S

“‘
.
.
. .t
-----
-----------
---------------------------------

Oxygen availability to the embryo (red blood cells)
LIVESTOCK RESEARCH
waseNINGENDER SSARARHLEITRES) (ML AAA)

28/07/2017
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/4 . - - ‘ "' .:
Environmental factors: H,O HIERZE /Ko7

= RH, MT, and conductance determine weight loss during incubation
EYHEE - I LR ERERAESMIE T EH R R E S B
Development of air cell, required for internal pipping S ZE MIZ5(LR1% B RIS YIS (4

But focus on ET first... (B2E &1 T HEBIRIGLE

Ventilation early in incubation removes water from the machine

TR AL BB AT 30 R SRR LA T AR S
Not required 271

Creates cold spots & F /4 m X 8
Spray nozzles / humidifiers to add moisture i ZE s VT ST © FEEIEE

High CO, level during week 1 stimulates development of membranes to support gas exchange later in
week 3 WEEE—BREF RS0 — SARHKE T DUR N R ORI R - HET /7 85 = I I S T4r

Ehi
High RH during week 1 needs to be compensated later Wb 5 — Bl & HIAH T & R AR S M T 00

BiEE

LIVESTOCK RESEARCH

n WABGENINGENDNEN

Heat loss &%k
- Evaporation 7%
- Heat transfer # & %

Heat production $&7=4:

- Time / development Bif%/% &
. - Physical factors #1E Rk
“._ - Biological factors ££#E &

5. Environmental factors ¥R Z

- temperature differend.e
-RE

- heat capacity #\%7 &

- air velocity ZSREE

ET: balance between heat production and heat loss

LIVESTOCK RESEARCH
REE  ERES A S R SO

n WABGENINGENDNEN BERA:




Heat loss #&iizk
- Evaporation &%
- Heat transfer & %55

Heat production $PE=4
- Time / development B/ &
- Physical factors ¥ E &
- Biological factors 4 ¥E %
= - Environmental factors ¥ HiRZ

- temperature difference ;&2
- heat capacity #7588

- air velocity ZZESRBE

n“"’““’“ RESEARCH  ET pzlance between heat production and heat loss
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Treatment 1-7 days 7-14 days 14-21 days
A3 H1TKR #7114 R 2/ 14-21 K
98 100 100
“multi-stage” 98 100 102
ZH B
“single-stage” 100 100 100
LN1d2 ¢

100 100 102

temperature values are egg shell temperatures BSBEEXEE

nuvzsﬂ:nx RESEARCH
WARENINS .. Lourens et al, 2005
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value YFBM Length %hatch 7db.w. Heart
(9) (cm) ) (9)

98-100-100 37.1b 19.0ab 78.9a 147.7a 0.33ab

98-100-102 33.8a 18.3a 77.8a 148.0a 0.28a

100-100-100 37.9b 19.4b 84.7b 154.6b 0.36b

100-100-102 38.0b 19.3b 77.6a 151.9ab 0.31ab

LIVESTOCK RESEARCH
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Take home message /]M5:

Eggshell temperature is the key!!!
ERRERRXHEN

To know EST, you have to measure it
FREETEETEEACENE

Keep EST close to 37.8°C constantly
R E TR E YL FF{£37.8°CHIKF
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Thanks for your attention!!

KRR !
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