
by Ken Laughlin, Group V. P. Policy and Strategy

Following on from the Avia-
gen articles in Internat-
ional Poultry Production

during 2006 we will be produc-
ing a series of articles with an
incubation and hatchery theme
for International Hatchery Prac-
tice during 2007.

The process of incubation and
transport of eggs to, and chicks
from, the hatchery is critical to
the success of a poultry produc-
tion operation.

Improvements in hatch en-
hance the measure of breeder
performance and equally the
quality of the day old chick de-
livered to the broiler farm will
have a significant affect on the
broiler performance.

The latter is increasingly im-
portant as the growing time for
broilers reduces.

Focus on quality
Hatchability and chick quality is
therefore an important focus
for the managers of poultry
operations.

The former is easily measured
and can be broken down into
various components, whilst the
latter is much more subjective
and may, in fact, vary between
the time of dispatch from the
hatchery and the time of re-
ceipt at the farm.

Critical to assessing hatching
success is an understanding of

the difference between hatch
of set and hatch of fertile,
whilst the former is a useful
overall measure it gives little in-
formation about the possible
causes of week to week and
flock lifetime variations.

Therefore, adequate, consis-
tent, standardised record keep-
ing is essential for good
hatchery management.

This must include a routine
breakout of unhatched eggs at
a time when meaningful inter-
pretation of the cause of losses
can be made. Breakouts around
6-8 days are essential if an as-
sessment of fertility is envis-
aged and this must then be
linked to a breakout of hatch
debris on the same sample to
allow an accurate assessment of
total losses.

In this regard it cannot be
overstated that hatch of fertile
eggs is the responsibility of the
hatchery manager and this is
what must be known and moni-
tored to provide a measure of
the success of the hatchery
process.

Having decided to follow this
routine of comparative data
collection it will be necessary to
understand some of the princi-
ples of incubation which may
contribute to improvements in
hatch of fertile.

Therefore, in this series of arti-

cles we will consider some of
the basic principles which are
relevant to successful incuba-
tion.

Weight loss from eggs is criti-
cal to success but this process
must be understood in terms of
the interaction between the
conditions of temperature and
humidity in the environment
and the porosity, or more cor-
rectly the gas conductance
characters, of the egg shell.

Subsequent articles will cover
the principles and practice of
this topic.

The requirements for egg
storage and the consequences
of not meeting these will be ex-
amined.

Total incubation times (set to
pull times vary around the
world) and the factors which af-
fect these and the critical
‘hatch window’ will also be cov-
ered. 

Many articles have appeared
in recent years concerning the
heat production of modern
strains of broiler breeders and
this topic, along with changes in
setter and hatcher manage-
ment, will be the subject of
subsequent articles.

Recognising the hatchery as
the meeting point of breeder
and broiler performance will be
an underlying theme of these
future articles.                         u
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by Dr Steve Tullet, Poultry Consultant

I
n order to avoid the need to re-
turn to water to breed, reptiles,
birds and mammals have had to

evolve ways of ensuring an ade-
quate supply of water for the de-
veloping embryo. 

For most mammals and a few
reptiles, this was by the embryo
developing within the mother’s
body. For most reptiles and birds
it was by the development of a
‘shelled’ egg.

Most snake and lizard eggs have
shells that are often described as
flexible, leathery or parchment-
like. Harder pliable shells are found
in many turtles, whilst some
lizards, turtles, crocodiles and alli-
gators lay hard, rigid-shelled eggs.

Nevertheless, the shells of reptile
eggs do not allow them complete
freedom on the land. In particu-
larly harsh environments, some
reptiles retain and incubate the
eggs inside the oviduct. When in-
cubated outside the body, the
eggs have to be incubated in a
damp environment.

In fact, so damp is the nest usu-
ally that most reptile eggs do not
lose water during incubation and
flexible-shelled reptile eggs usually
take up moisture from the nest
environment.

Birds lay hard-shelled eggs which
have allowed them access to
more secure and drier nesting
sites, for example in trees and on
cliff faces. 

However, the eggshell has to be
porous because the developing

embryo needs to take up oxygen
from the atmosphere and lose the
carbon dioxide produced as a re-
sult of metabolism.

Therefore, water loss from the
egg needs to be controlled either
through nest location, nest design
and/or behaviour of the incubat-
ing bird in the wild or through
control of incubator humidity in
commercial hatcheries. 

For practical purposes, any loss
in weight of eggs is due to the
loss of water which in turn affects
the water balance of the embryo.

Obviously, if an egg loses too
much water during incubation
then the embryo may not hatch
because it becomes too dehy-
drated. Water loss from eggs af-
fects both hatchability and chick
quality.

In addition to maintaining a
suitable state of embryo hydra-
tion, the correct egg weight loss
during the setter period appears
to be important in order to de-
velop an air cell of a suitable size
from which the embryo will ini-
tially ventilate its lungs before pro-
ceeding to escape from the egg.

How we know whether we have
achieved the optimum incubator
humidity can be learned from
birds incubating in the wild.

Irrespective of bird or egg size,
there appears to be a common
rule in nature that, on average,
bird eggs lose 15% of their fresh
weight during the total incubation
period. Of this, 12% is lost until

the time the embryo first makes a
hole in the shell (‘pips’ the shell)
and a further 3% is lost during the
hatching process itself. 

Multi-stage setters run with one
humidity setting whilst modern
single-stage machines give us the
ability to develop elaborate pro-
grammes for changing humidity
as incubation progresses. 

Both types of incubator enable
us to adequately control the water
loss from the eggs. 

Yet many hatcheries still do not
routinely weigh eggs during incu-
bation to confirm that their hu-
midity programmes result in eggs
losing 12% of their fresh weight to
the time of transferring the eggs
to the hatcher. If every bird on the
planet is following this rule, why
do we so often ignore the rule
with our poultry species? 

Accurate electronic scales are
relatively cheap and using them to
monitor weight loss from trays of
eggs in various locations in all your
incubators is an invaluable way to
check that your eggs are receiving
the ideal humidity conditions. 

The use of this method helps
you check that your humidity pro-
grammes and your humidity con-
trol systems are working in all your
machines and across all flock ages
and strains. 

Quite simply, the routine weigh-
ing of eggs is an essential man-
agement tool in the hatchery.   �
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by Dr Steve Tullett, Poultry Consultant

I
n the last article, achieving a 12%
fresh egg weight loss by the time
of egg transfer to the hatcher

was suggested as an important
management goal in the hatchery.

Essentially, egg weight loss is due
to water loss. The rate of water loss
is determined by the eggshell
porosity and the difference be-
tween the water vapour pressure
inside and outside the egg.

The hen determines the porosity
of the eggshell, although bad egg
handling and sanitation techniques
can change it. Eggshell porosity
varies widely between eggs (the co-
efficient of variation in one tray of
eggs can be 25%) and monitoring
individual eggs is not practical in
commercial situations. The per-
centage weight loss should be
measured by weighing whole trays
of eggs.

Egg temperature must be held
within a narrow range to maintain
hatchability. Egg temperature de-
termines the water vapour pressure
inside the egg, so this shows little
variation. Therefore, the only signifi-
cant way to influence egg weight
loss is by altering the water vapour
pressure outside the egg by alter-
ing the humidity in the incubator.

By monitoring egg weight losses
in the setter, it is easy to correct any
machines that are not achieving
the suggested 12% egg weight
loss. In a multi-stage setter, a
change of 1% in weight loss (for ex-
ample from 13 to 12%) is achieved
by a change of about five percent-

age points in relative humidity or a
change in wet bulb temperature of
1°C or 2°F. Increasing the relative
humidity or wet bulb temperature
will decrease the loss in weight
from the egg, and vice versa.

In the single-stage incubation
programmes where the setter ven-
tilation may be closed for the first
8 -10 days of incubation, the egg
weight loss during this period may
be as low as 2% of the fresh egg
weight. This means the eggs then
have to lose 10% of their fresh
weight during the 8 -10 days re-
maining to transfer.

When ambient humidity is high,
achieving the correct egg weight
loss may not be possible. Eggs ben-
efit from the high humidity at the
start of incubation when the setter
is closed up, but switching off the
humidity system for a number of

days later in incubation when the
machine is being ventilated may
help. If weight loss to transfer has
been 12% of the fresh weight and
the chicks are taken from the
hatcher at the optimum time, then
the chick weight at take-off will be
about 67% of the fresh egg weight.

Measuring average chick weight
from trays where egg weight loss
has been monitored is an essential
hatchery management tool. It
helps ensure good practice in rela-
tion to the setter humidity pro-
gramme. If eggs lose 12% to
transfer and the chicks are not 67%
of the fresh weight then the take-
off time of the chicks may need to
be adjusted by monitoring the
‘hatch window’.

These targets are recommended
for broiler chicks which can usually
be sent to farms quickly after
hatching. However, when hatching
breeding stock, which may require
several procedures before dispatch
or extended delivery times, then a
reduction of weight loss to 11%
could be considered. The chicks
could also be pulled earlier, but it is
recommended that the weight at
take-off should be no more than
about 69% of the egg weight.

Egg weight losses and percent-
age chick weights show wide varia-
tion. Good hatchery practice is
about achieving the correct aver-
ages as a percentage of the fresh
egg weight.                                   �
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FRESH EGG WEIGHT 100%

Egg weight loss to 
transfer to the hatcher 12%

Egg weight loss from transfer 
to the emergence of the chick 3%

Shell and residue weight at 
the time of emergence of 
the chick from the egg 11%

Chick weight at the time 
of emergence from the egg 74%

Chick weight loss from time 
of emergence from the egg 
to optimal take-off time 7%

Chick weight at 
optimal take-off time 67%



by Dr Steve Tullett, Poultry Consultant

S
everal articles have appeared
in the poultry press suggest-
ing that as a result of the ge-

netic selection for rapid growth in
the yield-type broiler, modified in-
cubation programmes were now
required to deal with the in-
creased heat output of broiler
eggs.

However, in the scientific litera-
ture, there is no evidence that the
heat production of broiler eggs
has changed over recent years.

At the end of the setter phase,
O’Dea et al (2004) found identical
carbon dioxide production (about
0.5 litres per day) from eggs of a
broiler line that had remained uns-
elected from 1978 and broiler
lines selected either for the whole
bird market or for high breast
meat yield. Embryos use fat as the
main energy source (RQ [CO2:O2
ratio] ~ 0.71), so the oxygen con-
sumption would be about 0.7
litres per day (29.2 ml/hour).

Animals generate about 20
watts of heat for each ml of oxy-
gen consumed per second. Thus,
the peak heat production would
have been 0.162 watt/egg in all
three broiler lines.

Janke, Tzschentke and Boerjan
(2004) reported peak setter oxy-
gen consumptions of up to 28
ml/hour (0.156 watts/egg) in Ross
308 and 508 broiler eggs. They
refer also to Tullett and Deeming
(1982) and Burton and Tullett
(1983) who measured oxygen
consumptions in broiler eggs of

about 30ml/hour on days 17 and
18 of incubation – equivalent to
0.167 watts/egg.

Thus, it appears in the setter
phase that a broiler egg produces
a maximum of about 0.167 watts
of heat and this value has not
changed for more than 20 years,
despite intense selection for
growth and yield in the adult
broiler. This may be because the
simultaneous selection for better
FCR has improved metabolic effi-
ciency.

Egg laying strains generally have
a lower embryonic heat produc-
tion than broiler strains which may
be related to the specific selection
for shell quality in layer strains
which influences gas exchange.

Janke, Tzschentke and Boerjan
(2004) measured a peak setter
oxygen production in the Loh-
mann White Leghorn of almost 20
ml/hour – equivalent to almost
0.111 watts/egg.

Over the last 20 years there has
been a modest rise in fertility
(about 2%) and in the hatchability
of fertile eggs in broilers (2-4%
depending on strain) which will
have increased the total heat pro-
duction in incubators. 

In addition, some setters had
their setting capacity increased
through the addition of more
trays in each stack. There has also
been a move away from multi-
stage towards single-stage incuba-
tion. 

By day 18 of incubation, a sin-

gle-stage machine has to deal
with about 2.5 times the heat
production found in an equivalent
sized multi-stage machine.

Embryos are resistant to periods
of cooling, but short periods of
heat stress can be lethal.

Therefore, it is prudent to regu-
larly monitor eggshell tempera-
tures for signs of overheating of
older embryos. This can be done
using a relatively cheap infra-red
thermometer such as the Braun
Thermoscan. The work of Lourens
et al (2005) suggested that an
eggshell temperature of 37.8°C
may be an appropriate bench-
mark.

All setters have ‘hot spots’ and
‘cold spots’ and it is important to
check eggs in the hot spots, espe-
cially during days 16-18 of incuba-
tion. Eggshell temperatures up to
38.3°C are probably tolerable. If
eggshell temperatures approach
38.9°C then some heat stress of
the embryos is likely.

Eggshell temperatures of
39.4°C are almost certainly detri-
mental to hatchability and chick
quality and necessitate a reduc-
tion in the incubator temperature.

In the hatcher, heat production
almost doubles as the hatchlings
ventilate their lungs, escape the
confines of the egg and become
active. Thoughtful reduction of
hatcher temperature is essential in
order to prevent heat stress and
preserve chick quality as the hatch
progresses. �

Heat production44
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by Dr Steve Tullett & Dr Ken Laughlin

L
ook in any textbook and it will
tell you that the incubation
period for a chicken egg is 21

days. However, a recent survey by
Technical Service Managers at Avi-
agen has revealed a wide variation
in the incubation period for broiler
breeder eggs around the world. 

The total incubation time allo-
cated to Aviagen strains ranged
from 500 to 525 hours, with
peaks at about 504, 512 and 520
hours. The shortest incubation pe-
riods were in the USA, Middle East,
Southern Europe and Far East. The
mid-range was mainly from West-
ern Europe, with the exception of
the UK where the longest incuba-
tion periods were found.

Incubation temperature affects
the total incubation period, but in-
cubation temperature also has a
major effect on hatchability and
therefore varies little from country
to country. 

Whether the geographical re-
gion itself is an important influ-

encing factor on incubation pe-
riod is not clear. Initial investiga-
tions suggest that of more
importance is the way the hatch-
ery building and incubators are
ventilated. The make of incubator,
seasonal temperature effects,
strain of bird, egg size, eggshell
porosity, flock age, length of egg
storage and pre-warming treat-
ments are also known to influence
embryo development. 

All this demands that the hatch-
ery must have a dynamic ap-
proach in deciding which eggs to
set together and what setting and
chick take-off times are appropri-
ate to maximise chick quality and
uniformity.

Good day-old chick quality and
uniformity is essential for broiler
growers who have to meet the
weight sensitive demands of pro-
cessing plants and supermarkets.

The hatcher environment is
harsh for young chicks and being
able to remove the chicks at the

optimal time without jeopardising
hatchability will add greatly to the
ability of the broiler farm to rear a
better and more uniform broiler
flock.

Chicks that have been held too
long in the hatcher will become
dehydrated and it is well known
that the sooner day-old chicks can
be given feed and water, the bet-
ter their posthatch performance
will be in terms of bodyweight
gain, FCR and mortality.

It is therefore critical that set
and pull times are planned to give
the best chick quality, but equally
it is clear that practices (total
hours) vary worldwide.    

Hatchery managers can assess
whether the chicks are being re-
moved from the hatcher at the
optimal time in their hatchery by
monitoring the ‘hatch window’
which will be explained in the next
article.                                        �

Incubation periods and
hatch windows55
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by Dr Steve Tullett & Dr Ken Laughlin

T
he term ‘hatch window’ was
first used by Mark Bollinger,
who was Hatchery Specialist

for Nicholas Turkeys, to describe
the period of time over which
chicks are hatching. The hatch
window has also been called the
‘spread of hatch’ and it is assessed
relative to the time of taking the
chicks out of the hatcher. 

Thus, for the Ross genotype, we
know that ideally about 1% of the
chicks should be hatching around
30 hours before chick take-off.

About 30% should have hatched
by 20 hours before chick take-off,
and 90% by 10 hours before chick
take-off. 

Of that 90%, about 10% will still
be wet. Looking across all broiler
strains, the spread of hatch should
not be more than 36 hours and
certainly no more than 1% of the
chicks should be hatching 36
hours before take-off  (Fig. 1).

Different Ross products have dif-
ferent hatch windows (Fig. 2).

Given the large spread of incu-
bation times worldwide attention
must be paid to ensure that the
hatch window to pull time is cor-
rect. 

Every setter has hot spots and
cold spots and the amount of in-
ternal variation in temperature will
influence the spread of hatch.

In order to take account of this
spatial variation in temperature,
the trays used for monitoring the
hatch window should come from
several different locations. 

For example, top, middle and
bottom trays, front and back, left
and right of the machine.

Incubator manufacturers are
predicting that with improve-
ments in design, and particularly
the achievement of more even
temperatures throughout the set-
ter, the spread of hatch may even-
tually be as short as 18 hours.

In addition to counting the
hatched chicks at regular intervals
during the hatching process, other
observations may be made during
monitoring of the hatch window
that will help the hatchery man-
ager judge if the hatch is occur-
ring too early or too late.

If there is a lot of meconium on
the shells, all the chicks are dry
and the wing feathers of the
chicks have spread a lot from the
end of their sheaths then the
hatch is probably occurring too
early. An even spread of hatched

chicks on the hatcher tray during
monitoring of the hatch window
and reasonably clean eggshells at
chick take-off are indicators of
good conditions during incuba-
tion and the correct take-off time.

Female chicks tend to hatch first
therefore where chicks are sexed
and placed separately observation
of more dehydration in females
would indicate the hatch window
starts too early relative to take off.

Equally, fewer males may indi-
cate the pull is too early. Some
hatchery managers do not like
opening their hatchers during the
hatching process, but the count-
ing of chicks on hatcher trays can
be done very quickly and does not
affect hatchability or chick quality. 

Enlightened managers find there
is a lot to be gained from monitor-
ing the hatch window in detail as
it can result in significant improve-
ments of chick quality and even
hatchability. �

Hatch windows66
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by Dr Steve Tullett 

L
arge differences exist in the
number of hatching eggs and
chicks produced per breeder

hen in the best and worst per-
forming companies worldwide.

The strategic direction of the
Aviagen programme means that
further genetic improvements in
egg production in the future will
be small,  as genetic selection fo-
cuses on improving the commer-
cially important broiler and health
and welfare traits. But what scope
is there for improving the hatcha-
bility of fertile eggs in commercial
practice?

As a result of cell division in
the oviduct, the blastoderm
in the fertile chicken egg
comprises about 60,000
cells in a small area on the
top of the yolk. 

About 500 of these cells are
the embryo itself, the rest are
the beginnings of the forma-
tion of the extra-embryonic
membranes (for example yolk
sac membrane, amnion, allantois).

The blastoderm cells are fragile
and eggs need to be handled
gently if the integrity of the blas-
toderm is to be maintained. 

But, many farm and hatchery
staff forget that the fertile egg
contains a delicate living embryo
and we see instances when eggs
are subjected to shaking and jar-
ring as they are collected, sorted,
trayed, transported, maybe re-
trayed again and then moved
around the hatchery. Any disrup-

tion to the blastoderm cells that
has occurred on the farm or in
transport can be partially rectified
by allowing the eggs time to set-
tle in the egg store in the hatch-
ery for 24 to 48 hours before
setting. 

This period of settling will allow
the cells to regroup and hatchabil-
ity will be improved compared to
setting the eggs directly on arrival
at the hatchery.

The important message is that
everyone who handles

and transports eggs
should be aware

that

the
embryo is fragile and

that small improvements in the
manner in which eggs are handled
and transported will make a differ-
ence to hatchability. 

More careful handling will also
reduce the number of cracked
eggs which can introduce con-
tamination into the hatchery and
to other eggs.

The idea of pre-storage incuba-
tion is not new and is based on

the assumption that the blasto-
derm is not at the most ideal
stage for egg storage when it ar-
rives at the hatchery. Incubating
eggs for up to six hours before
placing in storage has been shown
to be beneficial for eggs stored
for 14 days. 

However, there may be benefits
for shorter storage periods also.
The final article in this series will
look in more detail at egg storage
practices.

If storing eggs for more than
seven days, then they benefit
from being stored upside down
(small end uppermost). 

Whilst it is not usually recom-
mended to incubate eggs upside
down, there are reports of bene-

fits if eggs are incubated upside
down for the first week of incu-

bation. Eggs that have been de-
liberately or accidentally set
upside down can be inverted up
to day eight of incubation.

Hatchability is adversely af-
fected if eggs are inverted from
day nine onwards because the
some of the extra-embryonic
membranes begin to attach to
the inner shell membrane at this
stage and inversion of the egg can
rupture the membranes and
blood vessels.

These and other possibilities
may have to be explored if im-
proving the hatchability of fertile
eggs becomes a major priority in
your company.                        �

Increasing chick numbers77

www.aviagen.com



by Dr Steve Tullett 

E
gg storage has important
consequences for maximum
hatchability and chick quality.

Eggs usually hatch best after stor-
age for 2- 4 days but after this,
even with the best storage condi-
tions, you should expect a dec-
rease in hatchability of about 0.5%
per day. And, for every day in stor-
age, the incubation period will also
be longer by about one hour.

Storage must be at a tempera-
ture below ‘physiological zero’.
That is, the temperature that al-

lows the blastoderm cells to di-
vide. Try to cool eggs to below
‘physiological zero’ within 4- 6
hours of lay.

Estimates of physiological zero
have ranged from 19 to 27°C but,
recently, Keith Bramwell (Univers-
ity of Arkansas) found that blasto-
derms of broiler breeder eggs only
enlarged during storage when the
temperature was more than
23.9°C. A physiological zero of
about 24°C fits with other recent
observations on egg storage (see
Table 1).

The relatively low temperatures
used in egg storage can cause
problems when the eggs are

moved into a warm environment.
For example, when eggs are
moved out of the farm egg store
to the hatchery or when eggs are
moved from the hatchery egg
store to begin incubation there is a
risk that condensation may form
on the eggshell. This is called egg
‘sweating’, but the source of the
water is vapour in air around the
eggs which condenses on the cold
surfaces. When the surface of the
egg becomes wet there is a risk of
bacteria on the shell surface pass-

ing through the pores and causing
contamination, rots and exploding
eggs during incubation. 

Dew Point is the temperature at
which water vapour in the air con-
denses.  The eggshell must be

maintained above Dew Point tem-
perature to prevent sweating.
Table 2 gives the Dew Points for a
variety of ambient temperatures
and humidities. 

Thus, an egg stored at 1188°C will
sweat if exposed to 20°C and
90%RH; 25°C and about 67%RH;
30°C and 50%RH; 35°C and
40%RH. It can be seen that an egg
stored at 18°C could be pre-
warmed in a setter room at 25°C
if the humidity was less than about
67%RH. It can also be seen that
when the egg has a shell tempera-
ture of 2255°C it could be moved to
an incubator at about 38°C, pro-
vided the humidity is no more
than 50%RH.

There is a trend towards using
the higher storage temperatures
within each of the time periods
given in Table 1. This can reduce
energy costs, but it can also help
reduce the risk of sweating when
the eggs are removed from stor-
age. Conversely, storing at lower
temperatures increases the risk of
condensation.                             �
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TTaabbllee  11..  RReeccoommmmeennddeedd  ccoonnddiittiioonnss  ffoorr  ddiiffffeerreenntt  eegggg  ssttoorraaggee  ppeerriiooddss..

SSttoorraaggee TTeemmppeerraattuurree HHuummiiddiittyy  PPrree--wwaarrmmiinngg  
ppeerriioodd  ((ddaayyss)) ((°°CC)) ((%%RRHH)) ppeerriioodd  ((hhoouurrss))

1-3 20-23 75 4
4-7 15-18 75 8
>7 12-15 80 12
>13 12 80 18

TTaabbllee  22..  DDeeww  ppooiinntt  tteemmppeerraattuurreess  ffoorr  vvaarriioouuss  aammbbiieenntt  ccoonnddiittiioonnss..

TTeemmppeerraattuurree                        PPeerrcceennttaaggee  rreellaattiivvee  hhuummiiddiittyy  ((%%RRHH))
((°°CC)) 4400 5500 6600 7700 8800 9900

15 11 13
20 12 14 16 1188
25 10 13 16    19 21 23
30 14 1188 21 24 26 28
35 1188 21 25 28 31 33
Incubator 21 2255 28 31 34 36
40 23 27 30 33 36 38




