COPPER CHLORIDE

TECHNICAL NOTES

THE BRIEF ON COPPER AS WE KNOW IT
The mineral copper was shown to be an essential nutrient for hemoglobin
synthesis in animals in 1928. One of the earliest conditions found to be
associated with copper deficiency is iron deficiency anemia, which could
only be corrected with copper supplementation. Copper deficiency impairs
iron absorption, reduces heme synthesis, and increases iron accumulation in
storage tissues1.
The NRC (2012) reports a nutrient requirement estimate of 6 mg/kg of Cu
for pigs weighing less than 11 kg body weight (BW) and suggests that the Cu
requirement decreases to 5 mg/kg for pigs between 11 and 135 kg BW.
many U.S. swine nutritionists formulate nursery pig diets to contain between
11 and 250 mg/kg Cu. This is likely because previous data have demonstrated
increased growth performance of pigs to be associated with feeding high
concentrations of Cu through 250 mg/kg3.

THERE IS NO SHORTAGE OF DATA SHOWING COPPER HAS A BENEFIT IN NURSERY AND FINISHER PIGS.
Recent research has indicated that feeding high levels of zinc until pigs reached 12 kg, then feeding high levels of copper for the remainder of the
nursery period, was the most cost-effective strategy2.
Table 1. Zinc and copper requirement estimates and recommended pharmacological levels for nursery pigs

High dietary levels of Cu stimulate growth rate, feed in take, and efficiency of feed utilization in weanling pigs4, and the responses to high levels of
dietary Cu are additive to those obtained from the feeding of antibiotics5.
Copper has a direct growth promoting effect by increasing the expression of Ghrelin and feed intake related genes6. Higher level of copper
improves gut health by decreasing the intestinal crypt depth and lymphocytes7 and it also increase the intestinal lipase activity particularly in the
young animals8 .

SOMETIMES THE KIDS DON’T PLAY NICELY IN THE PLAYGROUND, COPPER HAS SPECIAL RELATIONSHIPS.
In general, because of its electron configuration, its lower proportion in grains, and its susceptibility to being tightly bound to certain
macromolecules and to some low molecular- weight ligands, copper tends to become displaced, its intestinal absorption easily inhibited, and its
bioavailability decreased. In these elemental confrontations, copper appears to be a “victim” nutrient. The most relevant
cases involve divalent cations. Zinc, Iron, Magnesium, and Calcium would be examples of these.
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Since copper is a pro-oxidant, using forms with minimized solubility are key to reducing the oxidation of vitamins such as Vitamin E and
A. Whenever moisture is introduced to the feed mixture, copper sulfate would be “moisturized” into free copper drastically increasing its
ability to destroy the vitamins in the feed. Moisture comes from various places like the environment in the form of humidity, from steam
conditioning which is used for pelleting, and grains during grinding. All of this moisture starts a process of oxidation via hydrolysis when is
a irreversible reaction. These effects are seen with copper levels as low as 15ppm. The same is true for copper promoting the oxidation of
fats which is why copper fittings are never used in feed mills for the handling of lipids.

THE ANTAGONISTIC EFFECTS OF SULPHATE ARE ELIMINATED WHEN USING COPPER CHLORIDE
Because it has low hygroscopicity and is <1%
soluble in water, it should be a less reactive and
less destructive form of Cu when combined
with vitamins in base mixes, supplements,
and diets. Studies with chicks indicate that
Cu chloride is equal in bio-availability to Cu
sulfate9 .
When using copper chlorides in premixes or
vitamin trace mineral products, the inclusion
rate is 2.3x (58% compared to 25.2%) less
making more room or other nutrients or
reducing the size of the premix.
Understanding an ingredients particle size is
part of making sure every feeding event has
the proper nutrient amount required. When
using ingredients like copper chloride which
are finer as shown in the chart below, it ensures
that less feed is needed to be consumed in order to ingest the proper amount of copper from a larger particle size. The charts below show clear
difference where copper sulphate is 4x larger than copper chloride.
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MINERAL BIOAVAILABILITY
Mineral bioavailability has been defined as the efficiency with which a natural or manufactured source of an element delivers the element to
storage or supplies it to metabolically active tissue or to a protein.
Relative bioavailability of Cu chloride has consistently been equal to or exceeded that for Cu sulfate. In addition to the experiments discussed
above, Norvell et al. (1974) reported a value of 110% for Cu from Cu chloride compared with 100% for Cu sulfate when based on liver Cu
concentration in chicks fed 720 ppm added Cu for 8 wk. In later experiments with the same sources and dietary concentrations, Norvell et
al. (1975) reported that Cu from Cu chloride was 106% as available as that in their standard source, Cu sulfate. All of those experiments were
three-point assays with a control diet containing approximately 15 ppm Cu10.

Table 1. Inorganic sources of trace minerals and respective mineral content
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HOW COPPER AFFECTS IMMUNITY…CONSIDERING ALL REALMS OF COPPER FACT AND THEOREM
Infections are known to affect mineral metabolism and requirements.31 During a bacterial infection iron is sequestered into storage tissue
(reticuloendothelial-bone-spleen-liver). This is a normal response since bacteria require iron in order to proliferate; therefore, the body removes this
nutrient source from the serum.32 33 Secondarily, serum copper rises due to its removal from storage tissues thereby improving the capability to mount
an attack and overcome the invading organism. The opposite is seen in the tissue mineral concentrations. In chronic infectious states, the tissue iron
increases while the tissue copper decreases. This tissue mineral pattern (elevated iron/copper ratio), is strongly indicative of a chronic infection.
Viral infections produce an anabolic response, while bacterial infections produce a catabolic response. Tissue copper deficiency is commonly seen with
chronic bacterial infections,34 35 36 37 Generally speaking, we find that copper deficiency causes a disturbance in cellular immunity, while copper excess
causes a disturbance in humoral immunity.
This information indicates that any factor that antagonizes copper retention can be considered as having anti-viral properties. Those that are synergistic
such as vitamin D, B1, B12, and B10, which enhance copper retention, can be considered as having anti-bacterial properties . As an example, vitamin A,
which is considered to be an anti-infectious vitamin, can specifically be categorized as anti-viral. This is also true of vitamin C and zinc. However, zinc,
vitamin C, and vitamin A are mutually antagonistic to copper; if taken in excessively high dosages by individuals with a copper deficiency, they can
actually promote infectious processes — especially those of bacterial origin.
Copper absorption studies have shown that chronic candidiasis is frequently associated with copper excess. Therefore, minerals and vitamins
antagonistic to copper can be considered to have anti-fungal and anti-yeast properties.
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THEORIES ON THE ANTI-MICROBIAL PROPERTIES OF COPPER
Copper is an essential nutrient as well as bacteria, but in high doses, copper ions can cause a series of negative
events in bacterial cells. The precise chemical and molecular mechanisms responsible for copper’s
antimicrobial capabilities are still being researched, however, several theories exist. They include
concepts that elevated copper levels:
1. Copper damages the respiratory chain in Escherichia coli cells.21 and is associated with
impaired cellular metabolism.22
2. Excess copper causes a decline in the membrane integrity of microbes, leading to
leakage of specific essential cell nutrients, such as potassium and glutamate. This leads
to desiccation and subsequent cell death.
3. Microbes require copper-containing enzymes to drive certain vital chemical reactions.
Excess copper, however, can affect proteins and enzymes in microbes, thereby inhibiting
their activities. Researchers believe that excess copper has the potential to disrupt cell
function both inside cells and in the interstitial spaces between cells, probably acting on the
outer envelope of cells.25
4. Elevated copper levels inside a cell causes oxidative stress and the generation of hydrogen
peroxide. Under these conditions, copper participates in the so-called Fenton-type reaction — a
chemical reaction causing oxidative damage to cells
5. Copper can interact with lipids, causing their peroxidation and opening holes in the cell membranes, thereby
compromising the integrity of cells.20 This can cause leakage of essential solutes, which in turn, can have a desiccating
effect.
6. The 3-dimensional structure of proteins can be altered by copper, so that the proteins can no longer perform their normal
functions. The result is inactivation of bacteria or viruses.14
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