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Abstract Amino acid chelated iron is the third generation of iron additive, which is featured by high biological efficiency, low environmental pol-

lution and high safety, and is widely used in pig industry. The mechanism of action of amino acid chelated iron, application of amino acid chelated

iron in pig production and its application prospect are reviewed in the paper, so as to provide the basis for pig production.
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s an essential trace element for

pigs, iron is very important for

pig production, and plays an
important role in sow performance, growth
and development of piglets, metabolic
process and physiological defense!' ™. Tron
is a cofactor of catalase in the body’s anti-
oxidation system, which plays an impor-
tant role in preventing lipid oxidation and
maintaining meat flavor. Iron is an indis-
pensable activator of enzymes involved in
redox reaction, such as superoxide dismu-
tase (SOD), catalase (CAT), xanthine oxi-
dase (XOD) and succinate dehydrogenase
(SDH), which can reduce superoxide anions
to hydroxyl radicals and generate water
under the action of catalase or peroxidase,
and reduce the damage of free radicals to
meat, thus improving the quality of meat!¥.
Studies have shown that the CAT activity
in liver, thymus, spleen and bursa of
fabricius of iron-deficient rats is signifi-
cantly lower than that of normal rats, in-

dicating that the ability of iron-deficient
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animals to scavenge hydrogen peroxide
(H,0,) is reduced®.

The development of iron additives has
gone through three stages!®. In the first
stage, Inorganic salts were commonly
used, such as ferrous sulfate and ferrous
carbonate, etc. Due to the low price and
low cost, they had been widely used for a
long time. However, inorganic iron sources
easily absorbed moisture and aggregated
and destroyed vitamins in feed, resulting
in low absorption and utilization rate, and
certain pollution to the environment!’. In
the second generation, simple organic acid
salts were commonly used, such as ferrous
citrate, ferric fumarate, etc. However, the
above two generations had low biological
value, and affected other components in
the feed. Meantime, with the gradual
strengthening of people’s environmental
awareness, researchers were encouraged to
develop more effective and safe iron addi-

tives. Hence, the third generation of iron

additive, chelate iron came into being.
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This kind of iron preparation has good
chemical stability, high bioavailability, no
stimulation and no toxicity, etc., which
can supplement iron for the fetal suckling
pigs via umbilical cord to placenta, with
significantly better clinical application ef-
fect than the previous two generations of

products®,
1 Mechanism of Action of
Amino Acid Chelated Iron

At present, the mechanism of amino
acid chelated iron is still controversial.
There are two main hypotheses: one is
that amino acid chelated iron is completely
absorbed by the absorption mechanism of
peptides and amino acids, rather than by
the absorption mechanism of inorganic
iron in the small intestine. The core of
this view is that iron ions bond with the
ligand of amino acids by covalent bonds
and ionic bonds, and are protected in the
core of the complex, and the iron amino
acid complex enters the blood as a whole
through chorionic membrane of small in-
testine cells, mucosal cells and basal cell
membrane. This is the hypothesis of com-
plete absorption. However, there is no di-

rect experimental evidence to prove that
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amino acid iron complexes are absorbed
in a monolithic form through the absorp-
tion mechanism of amino acids or pep-
tides!®!. Another view is that iron at the
center of the chelate with five- or six-
membered rings can be absorbed as
pinocytosis through the brush border of
intestinal villi, and all chelates may be
absorbed as amino acids or small peptides'®.
The high absorption and utilization rate of
amino acid chelated iron can be explained
by competitive mechanism: the iron ele-
ment in amino acid chelated iron is pro-
tected by amino acids when entering into
the intestine, which will prevent iron from
antagonizing with other substances in the
intestines into insoluble compounds, and
iron will directly reach the brush border
of small intestine and hydrolyze in ab-
sorption sites. The metals enter the in-
testinal epithelial cells as ions and are
absorbed into the bloodstream, so the
amount of iron entering the body increases.
This view is known as the hypothesis of
competitive absorption, which emphasizes

that more iron reaches the absorption site

than the inorganic form.

2 Application of Amino Acid
Chelated Iron in Pig Produc-
tion

2.1 Prevent anemia of piglets, im-
prove immunity and promote growth
A large number of studies have shown
that amino acid chelated iron can increase
feed intake and daily gain of piglets, im-
prove feed conversion rate, reduce the di-
arthea rate of piglets, and enhances the
body immunity! ", Tong et al.! found
that amino acid chelated iron increased
the daily gain of piglets by 9.24% and the
growth rate by 1.56%. Piglets at 15-20

days of age had rosy skin, bright hair color
and red visible mucosa, indicating that
amino acid chelated iron increased
hemoglobin level and improved iron-defi-
ciency anemia of piglets. Xu et al.™ con-
ducted the experiment of glycine iron
chelate and copper methionine chelate to
prevent anemia in piglets. Sows in experi-
mental group were fed diets supplemented
with 150 mg/kg chelate iron glycine (Fe)
and 10 mg/kg chelate iron glycine (Cu)
before delivery to two weeks after deliv-
ery, and piglets were not injected with any
iron preparation. The piglets in the control
group were intramuscularly injected with
1 mL of ferric dextran on the 2nd day af-
ter birth, and were repeatedly injected
once at the age of 2 weeks. The results
showed that there were no significant dif-
ferences in birth weight, litter weight at
birth, body weight at two weeks of age
and daily gain from O to 2 weeks between
the two groups. The litter size at 2 weeks
of age in the experimental group was sig-
nificantly higher than that in the control
group. The litter weight at 2 weeks of age
in the experimental group was significant-
ly higher than that in the control group. In
2010, Li et al." explored the effects of
iron and zinc glycine on production per-
formance and blood biochemical indexes
of weaned piglets. The results showed that
dietary supplementation of iron and zinc
glycine increased the activities of Cu-Zn
superoxide dismutase, glutathione peroxi-
dase and ceruloplasmin; improved the
contents of serum iron and zinc, showing
an upward trend with the increase of
chelate supplemental amount; decreased
the excretion of iron and zinc, and the
content of fecal copper decreased with the
addition of iron and zinc glycine. There-

fore, adding iron and zinc glycine in the

high copper diet could improve the activity
of antioxidant enzymes and the contents of
iron and zinc in serum, promote the ab-
sorption and utilization of trace elements,
reduce the excretion, and improve the
production performance of weaned piglets.
Yu et al." also found that when low-dose
zine glycine was added to the feed instead
of zinc sulfate, the daily gain and feed
conversion ratio of growing pigs were sig-
nificantly improved. Sun " reported that
compared with the addition of ferrous sul-
fate, adding amino acid iron complex to
the diet of growing pigs improved the
growth performance and apparent di-
gestibility of iron, as well as skin redness
and blood biochemical indexes. Ma et al.™
found that dietary supplemented with iron
glycinate increased the activities of SDH,
CAT, XOD and AKP in serum to different
degrees, and reduced the contents of
serum nitrogen (SUN), calcium and phos-
phorus. Therefore, it affected the antioxi-
dant capacity and serum biochemical in-
dexes of piglets and improved the produc-
tion performance of piglets. Meantime, it
also reduced the emission of trace element
iron in feces ™. Xia et al.” reported that
when 3/4 of inorganic iron in the basal
diet was replaced by 3/8 amino acid
chelated iron, the iron content in feces of
growing pigs was reduced by 11.89%. Cai™
studied the effects of different concentra-
tions of iron glycine on growth perfor-
mance and fur of weaned piglets. When
the supplemental level was 0.029%, the
daily gain was increased by 3.18%, the
feed conversion ratio was decreased by
7.82% , and the skin color and clothing
hair of piglets were significantly improved.
2.2 Improve the production perfor-
mance of sows Iron glycine mainly im-

proves production performance and blood
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biochemical indexes of sows. Darneley !

reported that if first farrowing Landrace x
Large white sows were daily fed with 56.7 g
of amino acid chelated iron from 28 d
prior to delivery, the conception rate of
sows at first mating was increased by 9%,
and the first elimination rate was reduced
by 4.2%; the neonatal mortality of piglets
was decreased by 3.2%, and the number
of piglets per fetus was increased by 4.4%;
meantime, as sows were fed with amino
acid chelated iron, the body condition of
sows changed steadily, and the piglet
breeding rate was still high until the 8th
fetus, while the total feed intake and feed
intake per sow were significantly reduced®.
Gundel™ put forward that if iron chelated
feed was added to the diets of pregnant
sows and suckling sows and the piglets
were fed with iron chelated feed after
birth, the litter size and litter weight of
sows fed iron chelated diets were signifi-
cantly increased. In 2002, Tong et al.™
added ferrous sulfate and iron glycine
chelate to the diet of sows, and the total
litter size, live litter size and birth litter
weight were increased by 3.60%, 3.77%
and 4.75%, respectively, compared with the
control group. Wang et al.™ added ferrous
glycinate chelate to the diet of sows one
month before birth; the birth weight of
piglets was 42.4% higher than that of the
control group and the mortality rate was
improved by 6.4%; the blood iron content
was increased by 24.9% , and the iron
content in colostrum of sows was 245%
higher than that of the group without iron
preparation. In 2009, Wang™ added iron
glycine chelate to the diet of sows and
analyzed blood biochemical indexes such
as hematoctet and hemoglobin content,
and the results showed that iron glycine

chelate had significant blood tonic effect

and significantly reduced the incidence of
anemia in sows and piglets. Both sows and
piglets had not been attacked by epery-
throzoosis throughout the trial period. The
litter death rate and mummified fetus rate
in experimental group were significantly
decreased, and the growth rate of suckling
piglets in experimental group was signifi-

cantly higher than that in control group.

3 Application Prospect of
Amino Acid Chelated Iron in
Pig Industry

In conclusion, as the third generation
of iron additives, amino acid chelated iron
has significant effects on increasing feed
intake, improving growth rate, promoting
immunity, and perfecting production per-
formance of pigs, and has an important
role in protecting the environment, with
broad application prospect. In the future,
in-depth research should be carried out
from the following aspects.

(I) Optimization of manufacturing
processes. At present, the cost of amino
acid chelated iron is high, and its selling
price is more than 10 times that of inor-
ganic iron. Therefore, the product formula
and process design should be improved to
optimize the process route and simplify
the production procedure, thereby reduc-
ing the production cost.

(2) The absorption mechanism and
metabolic principle of amino acid chelated
iron and its effect on hematopoietic func-
tion of the body should be further studied,
so as to provide the theoretical basis for
the wider application of amino acid
chelated iron in the future.

(3) The qualitative and quantitative
amino acid

detection  technology  of

chelated iron should be further improved,

to provide a basis for the correct applica-

tion of the product.
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