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Phosphorus (P)
Chromium (Cr)
Cobalt (Co)
Lead (Pb)
Iron (Fe)
Selenium (Se)
Sodium (Na)
Calcium (Ca)
Silver (Ag)
Cadmium (Cd)
Mercury (Hg)
Aluminum (Al)
Copper (Cu)
Manganese (Mn)
Potassium (K)
Molybdenum (Mo)
lodine (1)
Magnesium (Mg)
Zinc (Zn)
Silica (Si)
Arsenic (As)
Florine (F)
Sulfur (S)

Direction of arrows denotes interference:
Arrows aimed at each other denote mineral synergy
Arrows aimed away from each other denote antagonism

“Nutriment is both food and poison. The dosage makes it either poison or remedy.”
T. B. von Hohenheim




About The Mineral Wheel

The original wheel depicted the mineral interrelations between soils and plant growth. It has been
modified and revised many times since then. In many cases the original wheel was used to show the
interrelationships of minerals in animals. Though, the relationships are different in animals than they
are in soil. No one wheel can accurately show all relationships. When applied to livestock nutrition
there are several variables to consider. Not all species metabolize minerals the same way - e.g. non-
ruminant calves vs. adult ruminants, ruminants vs. mono-gastric, etc. Nevertheless, the concept is a
valuable tool to illustrate the complexity of the interrelationships that do occur in many animals. It
assists in understanding the general interactions and guiding nutritional planning, even though specific
adaptations are necessary for different species and contexts.

“A high intake of Calcium decreases intestinal zinc adsorption, while an excess intake of zinc can
decrease copper absorption.”

Nutrient Interrelationships: Mineral - Vitamins - Endocrines. David L. Watts, D.C .., Ph.D., F,A,C,E,P.
Trace Element. Inc. P.O. Box 514, Addison, Texas 75001

How to Interpret The Mineral Wheel:

An arrow pointing from one element to another indicates that an excess of the mineral from whence the
arrow originates may interfere with the absorption or metabolism of the mineral to which the arrow
points. For example: An excess of Calcium may interfere with the utilization of Zinc.

Two major elements, Calcium and Phosphorus, affect the utilization of most other elements.

It visually represents the interactions between different minerals, highlighting both synergistic and
antagonistic relationships. This tool is often used in nutritional science to understand how the presence
of certain minerals can affect the absorption and utilization of others, aiding in the design of balanced
diets and supplementation strategies.

Mineral antagonism: occurs when the presence of one mineral inhibits the absorption or utilization of
another.

Mineral synergy: occurs when the presence of one mineral enhances the absorption or utilization of
another.

The balance of copper with other minerals is crucial for health because both deficiencies (though rare)
and excesses can lead to serious health issues. We can optimize nutrient utilization with interactions to
enhance nutrient absorption contributing to better health outcomes. For example, zinc and copper
compete for absorption through the same transport mechanisms in the intestine, primarily via a protein
called metallothionein, which binds both metals. High zinc levels inhibit copper absorption by
outcompeting copper for binding sites on the transport proteins. Iron and copper share similar
absorption pathways in the gut. Iron can compete with copper for binding and transport proteins.

Understanding the intricate interactions between copper and other minerals is essential for managing
copper storage disease in animals. By leveraging knowledge of antagonists and synergists, veterinary
professionals can develop effective dietary and medical strategies to mitigate the effects of this
condition. Regular monitoring and tailored interventions are key to maintaining the health and well-
being of affected animals.



*This wheel only demonstrates minerals in the diet. With the mineral wheel concept illustrating the
interdependent relationships among minerals and their impact on overall health, balancing a dog's diet
entails providing all adequate amounts of protein, fats, carbohydrates, and vitamins and minerals.

Complete and Balanced Diets:

In veterinary nutrition science, the terms "complete,” "balanced," and "complete and balanced" are key
descriptors used to define pet food formulations that meet specific dietary requirements for pets. Here’s
what each term means:

Complete

A "complete" diet contains all the essential nutrients required by your pet to maintain health. This
means that the food provides adequate amounts of all the necessary vitamins, minerals, proteins, fats,
and other nutrients that an animal needs on a daily basis.

Balanced
A "balanced" diet not only contains all the essential nutrients (making it "complete") but also has those
nutrients in the correct proportions and ratios to each other to the amount of energy consumed. This is
crucial for optimal absorption and utilization. Balanced diets prevent nutritional imbalances that could
lead to health issues.
Complete and Balanced
"Complete and balanced" is a term used to describe pet foods that meet both of the above criteria. This
means the food:

* Contains all essential nutrients required for health.

* Provides these nutrients in the correct proportions and amounts.

In the context of pet food regulation, the "complete and balanced" designation is often verified by
adherence to nutrient profiles established by organizations like the Association of American Feed
Control Officials (AAFCO) or by passing feeding trials that demonstrate the food supports overall
health.

Fueling Your Pet's Health: Keeping the Nutritional Engine Running Smoothly Example 1
Imagine your pet's diet as a finely tuned engine, running smoothly on a balanced combination of
nutrients. Each nutrient plays a specific role, much like gears in this engine. Now, let's say the balance
is like a perfectly calibrated set of gears, working together harmoniously to keep the engine running.
When a pet owner starts adding extra treats or fresh food to the diet, it's akin to tossing an extra gear
into the engine. Initially, it might seem harmless, even exciting, like adding a shiny new cog to the mix.
However, just like tossing in an extra gear without proper calibration, this addition can upset the entire
mechanism.

The delicately balanced system suddenly finds itself struggling to synchronize, some parts working
harder than others, and the smooth operation starts to falter. In the same way, the added toppers might
throw off the delicate balance of nutrients in the pet's diet. Too much of one nutrient or too little of
another can disrupt the overall health and well-being of the pet, much like an engine sputtering and
stalling when the gears are out of sync.

In essence, just as a well-oiled machine needs all its parts to work together in perfect harmony, a pet's
diet requires a careful balance of nutrients to ensure optimal health and vitality.



Balancing Your Pet's Diet Like a Puzzle Master Example 2

Picture your pet's diet as a completed jigsaw puzzle, where each piece represents a specific nutrient
required for their health. Each piece fits together perfectly to create a complete and balanced picture of
their nutritional needs.

Now, let's say you decide to add a treat or a piece of fresh food to your pet's diet as a topper. It's like
trying to fit an extra puzzle piece into the completed jigsaw. At first, it might seem harmless, just one
additional piece, but it disrupts the meticulously arranged puzzle. Suddenly, the once perfect picture
becomes distorted and incomplete.

Similarly, adding a treat or fresh food to your pet's diet can upset the delicate balance of nutrients. Just
like how the extra puzzle piece disrupts the harmony of the completed image, the addition of new foods
can throw off the balance of vitamins and minerals and other essential nutrients that your pet needs to
stay healthy. This imbalance can lead to nutritional deficiencies or excesses, potentially causing health
issues over time.

Treats are fine, but they are just that — treats! To ensure the overall diet is complete and balanced, it is
important the 90% of their calories come from a complete and balanced diet, and the remaining 10%
can come from treats.

*This rule is a well recognized cornerstone of pet dietary guidance, which emerged from extensive
research and consensus among the American College of Veterinary Nutrition (ACVN) guidelines and
adopted widely by veterinarians and pet owners alike. It's further supported by findings in Small
Animal Clinical Nutrition by Michael S. Hand, Craig D. Thatcher, Rebecca L. Remillard, Philip
Roudebush, and Bruce J. Novotny.

Therefore, it's important to be mindful of how each new "piece" fits into the overall nutritional puzzle
of your pet's diet to ensure they maintain a balanced and healthy eating routine.

When it comes to dogs, the impact of unbalanced diets, particularly in the context of copper storage
disease, can be even more pronounced. The liver, already burdened, is further stressed. An unbalanced
diet can exacerbate the copper accumulation. Conversely, in diets deficient in essential nutrients,
especially those that support liver health, dogs with copper storage disease may face additional
challenges. Insufficient intake of antioxidants, amino acids, and other essential nutrients can
compromise the liver's ability to handle the existing copper burden and may accelerate the progression
of the disease.

I hope you’ve found this helpful. Thanks for reading, Copper Champions!



