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Six trace minerals that influence eggshell quality

Ioannis Mavromichalis, MSc, PhD

This issue examines six trace minerals, their roles in eggshell formation, and the distinction between
practical supplementation benchmarks and experimental interventions.

Eggshell quality remains an important economic
characteristic of commercial egg production.
Cracked and broken eggs represent direct losses,
particularly as laying cycles extend and shells
deteriorate with advancing hen age. Calcium
receives most attention because the shell consists
predominantly of calcium carbonate, but calcium
alone cannot produce a strong shell. Formation
also requires an organic matrix, sound
membranes, and healthy reproductive tissues.
Trace minerals contribute to these processes,
although their mechanisms and the evidence
supporting supplementation differ considerably.
Evaluating the complete feeding program helps
distinguish these possibilities before changing the
premix, particularly when older hens produce
larger eggs or feed intake falls.

Trace mineral sources include conventional
inorganic compounds, organic forms, including
amino acid complexes and chelates, and
alternative inorganic sources. These differ in
concentration, solubility, reactivity, stability, and
biological availability; dietary interactions also
affect utilization. Their relative advantages
deserve a separate article. Here, supplementation
benchmarks refer to elemental mineral added per
kilogram of complete feed, excluding the
contribution from ingredients. They summarize
commercial laying-period recommendations
rather than minimum requirements or
guaranteed shell-quality responses.

Manganese builds the shell matrix
Manganese supports enzymes involved in
synthesizing glycosaminoglycans and other
components of the organic matrix that regulates
calcium carbonate deposition. Deficiency can
disrupt shell ultrastructure and reduce strength
even when calcium intake is adequate. Most
authorities converge on 100 mg supplemental
Mn/kg for laying hens. Supplementation has
improved shell characteristics in some
experiments, but responses depend on basal
supply, source, and flock conditions. Even in aged
hens, improved production does not necessarily
coincide with improved breaking strength.
Correcting inadequate manganese supply is
therefore different from increasing an already
adequate specification.

Zinc supports shell calcification

Zinc is a component of carbonic anhydrase, which
catalyzes the conversion of carbon dioxide and
water into bicarbonate. This provides substrate
for the carbonate incorporated into the shell. Zinc
also supports proteins involved in mineralization
and crystal organization. Recommendations span
60—80 mg supplemental Zn/kg. Inadequate
supply can compromise calcification despite
satisfactory calcium intake. However,
supplementation responses depend on existing
supply, availability, and hen age. A nutritional
role does not establish that progressively
increasing zinc will continue to improve shells.



Copper supports shell membranes

Copper contributes to the structural integrity of
shell membranes, which provide the framework
for shell mineralization. It is required by lysyl
oxidase, an enzyme involved in cross-linking
structural proteins. Deficiency can therefore
impair normal shell development. Most
authorities about 10 mg supplemental Cu/kg for
laying hens. Trials combining copper with
manganese and zinc have reported improvements
but cannot attribute every response to copper
alone. Excessive supplementation can disturb
mineral balance.

Selenium supports cell protection
Selenium contributes mainly through
selenoproteins, including glutathione
peroxidases, that protect cells against oxidative
damage. This supports reproductive tissue
function without making selenium a major
structural constituent of the shell. Breeder
supplementation benchmarks span 0.20-0.30
mg Se/kg. Some experiments in aged, selenium-
depleted hens have improved shell
characteristics, but other trials found no
improvement in shell thickness or strength.
Results from deficient birds should not be
assumed to apply to adequately supplemented
commercial flocks. Selenium supplementation
requires accurate mixing and attention to the
permitted source, supplemental allowance, and
total dietary concentration under applicable
regulations.

Iron supports general metabolism

Iron supports oxygen transport, cellular
respiration, and enzyme systems in the tissues
responsible for egg production. Its direct
contribution to shell structure is less clearly
established than that of manganese, zinc, or
copper. Selected breeder guides specify 25—40 mg
supplemental Fe/kg. Ingredients often contribute
substantial iron, but measured concentration
alone does not establish availability. Additional
iron should therefore be assessed against
ingredient supply and mineral interactions.

Boron remains experimental

Boron has been investigated for effects on
calcium metabolism, bone mineralization, and
eggshell quality, but has no established
commercial-layer requirement or breeder
supplementation range. One White Leghorn
experiment using 40 mg supplemental B/kg
reported improved calcium retention and shell
thickness, with fewer cracked eggs than the
calcium-inadequate treatment. This is a research
dose, not a commercial recommendation. Other
experiments have produced variable responses,
and high supplementation can depress intake and
production. Boron therefore remains an
experimental intervention requiring further
evidence, rather than a routine replacement for
established mineral nutrition.

In Brief, strong shells require adequate calcium
and balanced trace-mineral nutrition.
Manganese, zinc, and copper have established
roles in shell formation; selenium and iron
provide broader physiological support, while
boron remains experimental. Breeder
benchmarks guide supplementation, but
increasing inclusion beyond an adequate supply
does not guarantee better shells.
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