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Nowadays we realise more and more
that not the temperature settings of
the incubator, but the temperature

that the embryo experiences is very impor-
tant.
Embryo temperature determines embry-

onic development and chick quality, but is
difficult to measure without killing the
embryo. Therefore, eggshell temperature is
used as an indicator for embryo tempera-
ture.

Effects of high temperatures

High eggshell temperatures (>102°F) are
often observed in practice due to problems
with cooling capacity or air velocity in the
incubator.
Compared with normal eggshell tempera-
tures (100°F), high eggshell temperatures
reduce hatchability and chick quality.
The differences in hatchability and chick
quality may be related to differences in
nutrient use or the efficiency of nutrients
absorbed from the egg.
The embryo develops from a nutrient sup-
ply that is fixed at lay. An egg contains water

(73.6%), protein (12.8%), fat (11.8%), and a
small amount of minerals (0.8%) and carbo-
hydrates (1.0%).
Fat and carbohydrates are mainly used as
an energy source and proteins are the build-
ing blocks during growth.
Nutrients that are not used for embryonic
development are retracted in the body cav-
ity before hatch.
Differences in the amount of nutrients that
are used for development as well as the effi-
ciency in nutrient use from the egg may lead
to differences in chick development and,
consequently, chick quality.
We need to take a closer look at the
eggshell temperature because this influences
chick quality.
Several researchers investigated the effects

of different eggshell temperatures on chick
quality and found that an eggshell tempera-
ture of 100°F is optimal and results in the
best chick quality.
An eggshell temperature of 102°F, espe-
cially in the second half of incubation,
decreased chick quality, expressed by a
shorter chick length, a lower yolk free body
mass, and a poorer navel quality.
In summary, embryos incubated at high
eggshell temperatures were less developed
at hatch.
One of the reasons for the reduced devel-
opment with a high eggshell temperature is
the shorter incubation time, which reduces
the time for nutrient use from the egg and
embryonic development.

The key question

The question remains: Do embryos incu-
bated at high eggshell temperatures also
change the efficiency of their nutrient use?
To answer this question, we calculated the
efficiency in nutrient use for growing
embryos. The FCR (Feed Conversion Ratio)
in the growout period expresses the kg of
feed that a bird consumes to gain 1kg in
weight. Using this concept, we can calculate
a similar ratio for growing embryos and call
this ratio the egg conversion ratio (ECR).
The ECR expresses how efficiently nutri-
ents are used during incubation for chick
development. The ECR is calculated by
dividing the total energy use during incuba-
tion by the total energy content of the yolk
free body mass (Fig. 1).
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The impact of high
eggshell temperatures
during incubation

Energy content (kJ)
Normal EST High EST

Total egg, start incubation 374 374
Yolk free body mass* 208 187
Residual yolk* 38 49
Energy loss* 128 138
ECR** 1.62 1.74

*12 hours after emerging from the eggshell
**Egg Conversion Ratio = Energy use during incubation (kJ)/energy content yolk free body mass (kJ); Fig. 1.

Table 1. Energy content of egg and chickens incubated at a normal (100°F) or a high
(102°F) eggshell temperature (EST) from day seven until hatch.

Fig. 1. Egg Conversion Ratio.

ECR =
Energy use = energy content initial egg
minus energy content residual yolk

Energy content yolk free body mass =
energy content chicken

minus energy content residual yolk
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The yolk free body mass is the hatchling
without the residual yolk and is therefore
the true development of the bird during
incubation.
The lower the value of ECR (or FCR), the
more efficient the bird is in utilising the avail-
able nutrients for growth.

Experiment to calculate ECR

The HatchTech research department per-
formed an experiment to calculate the ECR
of two eggshell temperatures.
Eggs were incubated from day seven until

hatch at a normal (100°F) or a high (102°F)

eggshell temperature. The ECR was 1.62 for
the normal eggshell temperature embryos
and 1.74 for the high eggshell temperature
embryos (Table 1).
The high ECR of 1.74 demonstrated that
the high eggshell temperature embryos used
more nutrients for their growth and were
less efficient than the normal eggshell tem-
perature embryos, which is comparable
with a higher FCR in growing animals.
Embryos incubated at a high compared
with a normal eggshell temperature, are less
developed and have a poorer chick quality
at hatch.
This effect might be caused by a shorter
incubation time, or lower efficiency in nutri-
ent use.

The results of higher eggshell tempera-
tures during incubation are not only seen at
hatch.
The impact of high eggshell temperatures
can also be seen in a decrease in develop-
ment and feed efficiency in chickens at
slaughter age.
This is expressed by a lower slaughter
weight and a higher FCR.
In conclusion, high eggshell temperatures
during incubation can negatively affect body
development and nutrient efficiency of
broiler chickens.
Therefore, ECR during incubation should
be optimised by controlling the eggshell
temperature to obtain the highest nutrient
efficiency of broiler chickens from the start
of incubation. �
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Yolk free body mass and residual yolk of
embryos incubated at a high eggshell
temperature.

Normal eggshell
temperature (100°F)

High eggshell
temperature (102°F)

Yolk free body mass*

Yolk free body mass

Residual yolk

Residual yolk

Yolk free body mass and residual yolk of
embryos incubated at a normal eggshell
temperature. *Yolk free body mass =
body weight – residual yolk.


