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INTRODUCTION
The objective of this research is to examine the effect of
trace mineral forms on the mechanical properties of hen
eggshell. Trace mineral dietary supplementation has been
confirmed to influence eggshell quality. Minerals such as
zinc, manganese, copper, magnesium and selenium are
important in eggshell formation and are routinely
incorporated into hen feed1. Research has shown that by
chelating inorganic trace elements with an organic bonding
group, such as a peptide, trace mineral bioavailability can
be enhanced2,3. The increase in absorption that organic
trace minerals (OTMs) may provide could influence
eggshell properties.
As hens age, their eggs become larger and shells become
thinner, ultimately an undesirable development for egg
longevity4. This outcome has proven hard to combat and
OTMs may aid in this problem by influencing the eggshell
ultrastructure; potentially strengthening eggs.
Eggshell material properties have been a major obstacle for
the poultry industry to tackle. 7-10% of eggs produced for
consumption are discarded due to defects from handling5.
Weaker eggshells are prone to develop defects, which
increases the risk of bacterial penetration through the shell.
This is a financial drain on the industry, along with
contributing to the increasing problem of global waste and
foodborne infections. Developing measures to increase the
strength of eggshells may be beneficial to this endless
conundrum.

MATERIALS AND METHODS
Two groups of aged matched (33 weeks) Lohman Lite hens
were used. One group were supplemented with OTMs
(Bioplex®) from 20 weeks of age. The other group were
supplemented with inorganic trace minerals.
Nanoindentation was used to assess hardness and elastic
modulus within the shell. Scanning electron microscopy
(SEM) and atomic force microscopy (AFM) was used to
observe shell ultrastructure. Further analysis of fracture
toughness7 in compression was assessed by creating a
biaxial stress state in a pre-notched egg sample.

Figure 2. Nanoindentation data obtained. A. Hardness against
contact stiffness. B. Reduced modulus against contact stiffness.

Figure 1. shows the transverse section of OTM supplement
eggshell. The structure and layers are seen. Figure 2.
Indicates the OTM diet appears to have a clear effect on the
mechanical properties of hen egg shells, increasing both the
hardness and reduced modulus at the nano-scale.

DISCUSSION
This preliminary research has demonstrated that trace mineral
form can influence egg shell properties. The data collected
shows an obvious difference in the properties of eggs
produced through dietary supplementation with OTM and
inorganic minerals. These initial nanoindentation studies
demonstrate the impact OTMs have on physical eggshell
characteristics such as hardness and contact stiffness.
Further research in this area may provide more in-depth
information on the beneficial impacts that may accrue
following OTM supplementation. Fracture toughness studies
may provide knowledge on OTM influences within the shell.
Although hardness and reduced modulus were impacted, the
eggshell’s ability to resist fracture may not. Therefore,
additional testing should occur on the influence the OTM diet
has on eggshell properties, for a comprehensive
understanding to be generated.
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Figure 1. SEM images of eggshell on OTM diet.
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