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Abstract
This experiment aimed to investigate the effects of dipeptide-chelated iron on
growth performance, serum iron, and antioxidant indices in piglets. Eighty
healthy 40-day-old three-way crossbred piglets were selected and randomly di-
vided into two groups: a control group and an experimental group, with 4
replicates per group and 10 piglets per replicate. The iron supplementation
level in the diets of both the control and experimental groups was 180 mg/kg
(as iron), with ferrous sulfate being the sole iron source in the control group and
dipeptide-chelated iron being the sole iron source in the experimental group.
The experimental period lasted 21 days. The results showed that compared
with the control group, the average daily gain (ADG) of the experimental group
increased by 10.37% (P ＞ 0.05), and the feed-to-gain ratio (F/G) decreased by
5.59% (P<0.05); the serum iron content in the experimental group was signif-
icantly higher than that in the control group (P<0.05), while serum ferritin
and hemoglobin contents were higher than those in the control group (P ＞
0.05); serum superoxide dismutase (SOD) activity in the experimental group
was significantly higher than that in the control group (P<0.05), and serum
malondialdehyde (MDA) content was significantly lower than that in the con-
trol group (P<0.05). These results indicate that dipeptide-chelated iron can
significantly promote growth, improve iron metabolism status, and enhance an-
tioxidant capacity in piglets.
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Abstract

This study investigated the effects of ferrous N-carbamylglycinate chelate (Fe-
CGly) on growth performance, serum iron status, and antioxidant indices in
piglets. Eighty healthy 40-day-old Duroc×Landrace×Large Yorkshire crossbred
piglets were randomly allocated to two groups with four replicates per group
and ten piglets per replicate. Both groups received diets supplemented with 180
mg/kg iron, with the control group receiving ferrous sulfate and the experimen-
tal group receiving Fe-CGly. The 21-day trial revealed that compared with the
control group, the experimental group exhibited a 10.37% increase in average
daily gain (ADG) (P > 0.05) and a 5.59% decrease in feed-to-gain ratio (F/G)
(P < 0.05). Serum iron content was significantly higher in the experimental
group (P < 0.05), while serum ferritin and hemoglobin levels were elevated but
not significantly (P > 0.05). Additionally, serum superoxide dismutase (SOD)
activity was significantly higher (P < 0.05) and serum malondialdehyde (MDA)
content was significantly lower (P < 0.05) in the experimental group. These re-
sults demonstrate that Fe-CGly can effectively promote piglet growth, improve
iron metabolism, and enhance antioxidant capacity.

Keywords: ferrous N-carbamylglycinate chelate; hemoglobin; antioxidant;
piglets

Introduction
Iron is an essential trace element for animal growth and development, serving
as a critical component of hemoglobin and myoglobin and playing vital roles in
numerous biochemical reactions. Iron deficiency in piglets can lead to anemia,
reduced growth rates, and compromised disease resistance. Amino acid chelated
iron represents the third generation of iron feed additives that have developed
rapidly in recent years. These supplements closely resemble the natural form
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of iron in animals and offer advantages including high bioavailability, efficient
absorption, chemical stability, and environmental friendliness, making them a
focal point of current research and development in China. Studies have shown
that peptide and free amino acid absorption operate through independent, non-
interfering pathways. Peptides are transported via peptide transport systems
that are electrogenic and pH-gradient driven, offering benefits such as low en-
ergy consumption, rapid transport, and carriers that are not easily saturated. In
contrast, amino acids are absorbed through sodium-dependent active transport.
Although both utilize transport mechanisms, peptides have relatively lower os-
motic pressure and their carriers demonstrate superior quantity and transport
capacity compared to amino acid carriers. Consequently, dipeptide chelated
iron may achieve higher absorption rates and efficiency than single amino acid
chelated iron. However, research on dipeptide chelated iron remains scarce both
domestically and internationally. Therefore, this study examined the effects of
dipeptide chelated iron on growth performance, serum iron status, and antioxi-
dant indices in piglets to provide a theoretical basis for its application in piglet
diets.

1.1 Experimental Materials

Ferrous N-carbamylglycinate chelate was synthesized by the Institute of Sub-
tropical Agriculture, Chinese Academy of Sciences (patent publication number:
CN102093467A), with an iron content of 14.9% and chelation rate of 84%. Fer-
rous sulfate (FeSO4・7H2O, analytical grade) was purchased from China Na-
tional Pharmaceutical Group Shanghai Chemical Reagent Company.

1.2 Experimental Design

Eighty healthy 40-day-old Duroc×Landrace×Large Yorkshire crossbred piglets
were selected and adapted for 4 days in nursery pens before fasting and weigh-
ing. The piglets were randomly divided into two groups based on body weight:
a control group receiving ferrous sulfate and an experimental group receiving
Fe-CGly. Each group comprised four replicates with ten piglets per replicate.
The control diet was supplemented with 488 mg/kg ferrous sulfate (providing
180 mg/kg iron), while the experimental diet contained 932 mg/kg Fe-CGly
(also providing 180 mg/kg iron). The trial lasted 21 days. The basal diet was
formulated according to NRC (2012) standards, with composition and nutrient
levels shown in .

1.3 Feeding Management

The experiment was conducted at the breeding base of Xinjiang Tiankang An-
imal Husbandry Biotechnology Co., Ltd. Piglets were group-housed in nursery
pens and managed according to standard protocols for disinfection and immu-
nization. Prior to the trial, piglets were fed creep feed for 4 days before tran-
sitioning to experimental diets. During the trial, feed was provided at 07:00,
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12:00, and 18:00 daily. Piglets had ad libitum access to feed (with slight resid-
ual feed remaining after satiation) and water. Daily feed intake was recorded.
Severe diarrhea or illness cases were treated or removed from the study.

1.4 Sample Collection and Processing

On day 21, piglets were weighed and two piglets per pen were randomly selected
for blood collection via anterior vena cava puncture. Two blood samples were
collected from each piglet: one in an anticoagulant-containing tube and another
in a 10 mL tube without anticoagulant. The latter was left overnight at 4 °C,
centrifuged to prepare serum, aliquoted into EP tubes, and stored at -20 °C for
subsequent analysis.

1.5 Measurement Indicators and Methods

Growth performance parameters including initial and final body weight (on days
1 and 21) were recorded to calculate average daily feed intake (ADFI), average
daily gain (ADG), and feed-to-gain ratio (F/G). Serum iron content and total
iron-binding capacity were measured using a Beckman CX4 automatic biochem-
ical analyzer. Serum ferritin was determined by enzyme-linked immunosorbent
assay (ELISA). Hemoglobin content was measured using an automatic hematol-
ogy analyzer. Superoxide dismutase (SOD) activity, total antioxidant capacity
(T-AOC), and malondialdehyde (MDA) content were determined using assay
kits from Nanjing Jiancheng Bioengineering Institute.

1.6 Data Processing and Analysis

Data are expressed as mean ± standard deviation. Statistical analysis was
performed using SPSS 16.0 software, with independent samples t-test used for
inter-group comparisons. Differences were considered significant at P < 0.05.

2.1 Effects of Ferrous N-carbamylglycinate Chelate on Growth Per-
formance of Piglets

As shown in , dietary supplementation with Fe-CGly improved piglet growth
performance. Compared with the control group, ADG increased by 10.37% (P
> 0.05) and F/G decreased by 5.59% (P < 0.05) in the experimental group.

2.2 Effects of Ferrous N-carbamylglycinate Chelate on Serum Iron
Indices of Piglets

demonstrates that compared with the control group, serum iron content
increased by 11.26% (P < 0.05) in the experimental group. Ferritin and
hemoglobin levels increased by 9.02% and 1.45%, respectively, while total
iron-binding capacity decreased by 2.06%, though these differences were not
statistically significant (P > 0.05).
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2.3 Effects of Ferrous N-carbamylglycinate Chelate on Serum Antiox-
idant Indices of Piglets

As presented in , serum MDA content decreased by 26.55% (P < 0.05) and SOD
activity increased by 21.40% (P < 0.05) in the experimental group compared
with the control group, while T-AOC showed no significant difference (P >
0.05).

Discussion
Ferrous N-carbamylglycinate chelate is a novel chelate product developed from
amino acid chelated iron, with limited research reported worldwide. Li et
al. used peptide chelated iron as an iron supplement in pregnant and lactat-
ing sows and piglets, finding it more effectively transferred into breast milk and
increased milk iron content compared with ferrous sulfate. Zhang et al. demon-
strated that dipeptide chelated iron significantly improved iron metabolism in
an iron-deficient rat model. The present study is the first to investigate the
effects of completely replacing dietary ferrous sulfate with Fe-CGly on weaned
piglet growth performance. The results showed that Fe-CGly improved growth
performance, reduced feed-to-gain ratio, and promoted growth in weaned piglets,
consistent with previous findings on amino acid chelated iron supplementation.

Iron is a component of hemoglobin, myoglobin, cytochrome oxidase, and peroxi-
dase, and is closely related to erythropoiesis and antioxidant status. Hemoglobin
and serum ferritin are specific indicators reflecting iron storage and primary
metrics for evaluating iron status in piglets, showing significant correlation with
liver iron content. Hemoglobin concentrations above 100 g/L are considered
appropriate in piglets, with values below 80 g/L indicating anemia. Previous
studies reported that dietary amino acid chelated iron significantly improved
iron status and increased serum iron and hemoglobin levels. In this study, Fe-
CGly supplementation significantly elevated serum iron content, enhanced iron
reserves, increased serum ferritin and hemoglobin levels, and decreased total
iron-binding capacity, indicating improved iron metabolism. However, except
for serum iron, no significant differences were observed in ferritin, hemoglobin, or
total iron-binding capacity between groups. This may be attributed to the strict
iron absorption regulation mechanism in animals. When dietary iron meets
physiological requirements, the hepcidin-ferroportin1 iron regulatory axis and
iron-responsive element/iron regulatory protein (IRE/IRP) system act on iron
absorption proteins in the upper small intestine, downregulating iron absorp-
tion. This reduces ferroportin-mediated iron transport across the basolateral
membrane of enterocytes and iron export from macrophages, thereby decreas-
ing serum iron and transferrin saturation to maintain iron homeostasis. In this
study, hemoglobin levels in both groups approached 100 g/L, within the normal
appropriate range, which may explain the lack of significant differences in serum
iron, total iron-binding capacity, and hemoglobin between Fe-CGly and ferrous
sulfate groups.
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Iron is a major participant in abnormal oxygen free radical generation under
pathological conditions. Iron proteins are vulnerable to attack by reactive oxy-
gen species (O2・), releasing ferric iron which is reduced to ferrous iron, thereby
liberating iron from ferritin and generating hydroxyl radicals (OH・) through
Fenton reactions. Hydroxyl radicals can react with virtually any biomolecule
at extremely rapid rates, damaging biological macromolecules. Excess iron can
also induce massive production of reactive oxygen species (ROS), and when
ROS production exceeds antioxidant defense capacity, oxidative stress occurs,
leading to DNA damage, lipid peroxidation, protein modification, and other
destructive effects. However, toxicological evaluations of Fe-CGly have demon-
strated its safety and non-toxicity, showing no teratogenic or mutagenic effects
and no tissue damage in rat liver or kidney even at high doses, though its ef-
fects on the antioxidant system remain unreported. The body generates oxygen
free radicals through enzymatic and non-enzymatic systems that attack polyun-
saturated fatty acids in biological membranes, initiating lipid peroxidation and
forming lipid peroxides such as aldehydes, ketones, and hydroxyl compounds.
Therefore, this study evaluated the effects of Fe-CGly on oxidative-antioxidant
status by measuring serum SOD activity, T-AOC, and MDA content. Compared
with the control group, dietary Fe-CGly supplementation significantly reduced
serum MDA content and increased SOD activity, indicating that Fe-CGly can
enhance antioxidant enzyme system activity and free radical scavenging capac-
ity, thereby reducing lipid peroxides and maintaining homeostasis.

In conclusion, dietary supplementation with Fe-CGly at 180 mg/kg iron can
significantly promote piglet growth, increase serum iron content, improve iron
metabolism, reduce serum MDA content, enhance serum SOD activity, and
strengthen antioxidant capacity in piglets.
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