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Abstract The aim of this study was to investigate the
influence of mineral sources on broiler breeders and
their offsprings. Broiler breeding hens were fed with
diets containing either organic or inorganic trace
minerals at equal levels, i.e., (1) control group was fed
with basal diet supplemented with inorganic trace
minerals; (2) OZ group was fed with organic Zn instead
of sulfate; and (3) OTM group was fed with organic
Cu, Mn, Zn, and Se instead of inorganic sources.
Results indicated that OTM supplementation decreased
plasma cholesterol and triglyceride and increased yolk
triglyceride via increasing high-density lipid protein
cholesterol and decreasing low-density lipid protein
cholesterol and very low-density lipid protein (VLDL)
in plasma. OZ diets decreased plasma cholesterol and
triglyceride mainly by reducing VLDL concentration.
For control group, increased lipid concentrations
resulted in increased lipid peroxidation in serum and
malondialdehyde retention in yolk. Zn retention was not
affected. Otherwise, OZ diet was observed to decrease
Cu in yolk and albumen. While for OTM group,
albumen Cu, albumen Se, and hepatic Se of hatched

chicks were increased, but yolk Cu was decreased.
Moreover, organic mineral supplementations improved
broilers’ growth performance. In conclusion, organic
mineral supplementation in breeders’ diets protected breeders
from lipid peroxidation, increased egg nutrition retention, and
benefit for growth of broilers.
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Abbreviation
Cu Copper
Zn Zinc
Mn Manganese
Se Selenium
Apo Apolipoprotein
SOD Superoxide dismutase
GSH-Px Glutathione peroxidase
TC Total cholesterol
TG Total triglyceride
LDL-C Low-density lipid protein cholesterol
HDL-C High-density lipid protein cholesterol
VLDL Very low-density lipid protein
T-AOC Total antioxidant capacity
MDA Malondialdehyde
ROS Reactive oxygen species

Introduction

Maternal nutrition was found to play important roles in fetal
growth and organogenesis and could permanently change
growth, physiology, and metabolism of offsprings [1, 2].
Therefore, researchers paid more attention to the relations
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between maternal nutrition and “fetal programming” or
“fetal origins of adult disease.” For animal husbandry, it is
necessary and useful to understand the relations between
maternal nutrition and growth of the offsprings. In
poultry, embryos develop outside of hen’s body. Nutri-
tional status in egg is crucial to its development.
Maternal nutrition could affect embryo development by
modulating nutrients delivery from breeders’ blood to
egg. As essential elements for animals, minerals were
proved to play critical roles in embryo development [3].
Triglyceride, as a key energy source during bovine oocyte
maturation, could maintain normal blastocyst formation
and cell oxygen consumption [4]. And cholesterol was
found to be indispensable in maintenance of membrane
structure and action of developmental gene expression [5].
On the other hand, maternal health condition could also
affect forms of nutrient retention in egg, so as to affect
embryo development.

Copper (Cu), zinc (Zn), manganese (Mn), and selenium
(Se) participate in a wide variety of physiological processes
of animals [6]. Cu, Zn, Mn, and Se were found to be
important for apolipoprotein (apo), the major structural
protein of lipoprotein, so as to participate in lipid
metabolism [7–11]. Cu, Zn, Mn, and Se are also essential
for catalytic activity and proper spatial conformation of
antioxidant enzymes such as superoxide dismutase (SOD),
catalase, and glutathione peroxidase (GSH-Px) and thereby
play important roles in the antioxidant defense and lipid
peroxidation [12]. In accordance with mechanism above, Se
was observed to exhibit protective roles on risks of
oxidative damage by lowering lipid concentrations and
increasing antioxidant enzyme activities when animals were
challenged with cigarette smoke and enflurane anesthetized
[13, 14]. For poultry, lowered lipid peroxidation in plasma
might reduce lipid peroxidation product retention in yolk
via nutrient deposition so as to benefit embryo and
offsprings’ development.

Recent data indicated that inclusion of organic trace
minerals in broiler breeder diets improved livability [15],
cardiac output, immune system endpoint [16], and mineral
retention [17] but did not affect growth performance [15,
18] or organ development of their progeny [19]. But
reasons behind were not well discussed. Based on the roles
of Cu, Zn, Mn, and Se play in lipid metabolism and
antioxidant defense and improved bioavailability of organic
minerals, we hypothesized that organic minerals might alter
lipid metabolism, antioxidant enzyme activities, and min-
eral metabolism in breeders so as to affect nutrients
retention in egg and finally affect the development of
offsprings. This study was designed to estimate the effects
of Cu, Zn, Mn, and Se sources on blood lipid metabolism
and antioxidant status of broiler breeders, mineral retention
in yolk, and the growth of their offsprings.

Materials and Methods

Experimental Diets and Breeder Husbandry

The design and conduct of this study were approved by the
Institutional Animal Care and Use Committee of China
Agricultural University. A total of 120 31-week-old Cobb
48 broiler breeder hens were randomly assigned to three
treatments (five replicates of eight hens each) and fed with
three different diets containing either organic or inorganic
trace mineral supplementations at equal levels. The control
group was fed with basal diet supplemented with inorganic
trace minerals (Cu 8 mg from CuSO4, Zn 50 mg from
ZnSO4, Mn 60 mg from MnSO4, and Se 0.3 mg from
Na2SeO3 separately per kilogram of diet). The second (OZ)
group was fed with organic Zn (Mintrex-Zn) instead of
sulfate. The third (OTM) group was fed with organic Cu,
Mn, Zn (Mintrex-Cu, Mn, Zn, Novus Intl., USA), and Se
(selenium yeast, ALLtech Inc., USA) instead of inorganic
sources. The diets were formulated based on NRC [20].
Feed composition is listed in Table 1. Trace minerals in

Table 1 Composition of diets of broiler breeders

Ingredient, % as is CON OZ OTM

Corn 63.45 63.45 63.45

Soybean meal 24.40 24.40 24.40

Limestone 8.20 8.23 8.26

Soybean oil 2.00 2.00 2.00

DL-methionine 0.100 0.075 0.036

Choline chloride 0.12 0.12 0.12

Dicalcium phosphate 0.96 0.96 0.96

Sodium chloride 0.35 0.35 0.35

Flavomycin 0.015 0.015 0.015

Antioxidants 0.03 0.03 0.03

Phytase 0.04 0.04 0.04

Trace mineral premixa,b 0.30 0.30 0.30

Vitamin premixc 0.035 0.035 0.035

Total 100 100 100

Eliminated the effect of methionine activity of organic mineral ligands
and calculated to contain 2.81 Mcal/kg metabolizable energy, 17.3%
crude protein, 3.20% calcium, 0.30% available phosphorus, 0.38%
methionine, and 0.85% lysine
a Trace mineral premix provided the following from either inorganic or
organic sources (per kilogram of diet): Cu 8 mg, Zn 50 mg, Mn
60 mg, Se 0.3 mg, Fe 80 mg, and I 0.7 mg
b Cu, Mn, Zn, and Se in basal diets were Cu 4.7 mg, Zn 46 mg, Mn
35.3 mg, and Se 0.18 mg/kg of diet based on actual analysis
c Vitamin premix provided the following (per kilogram of diet):
vitamin A 15,000 IU, vitamin D3 3,000 IU, vitamin E 22.50 IU,
vitamin K 3 mg, vitamin B1 3 mg, vitamin B2 8 mg, vitamin B6 6 mg,
vitamin B12 0.03 mg, pantothenate acid 17.64 mg, niacin 44 mg, folic
acid 1.49 mg, and biotin 0.15 mg
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basal diets were Cu 4.6 mg, Mn 35.3 mg, Zn 47 mg,
and Se 0.18 mg/kg diet based on actual analysis. All diets
were iso-energetic, iso-nitrogenous, and iso-methionine.

All birds were housed in a completely enclosed,
ventilated, conventional caged-breeder house in which the
lighting program was 16:8 L/D. Breeder hens were allotted
160 g of feed for each at 6:00 am every day. Male breeders
were caged and given a commercial diet. Hens were
artificially inseminated, and hatching eggs laid during
39 weeks of age were incubated.

Broiler Husbandry and Experimental Design

Hatched chicks were collected and vent sexed. Healthy
male chicken were randomly selected and reared regarding
to hens’ treatments, housed in six cages with six chicks for
each treatment. All birds were fed with a common
commercial ration with inorganic minerals (supplemental
Cu 8 mg, Zn 50 mg, Mn 60 mg, and Se 0.3 mg per kg diet).
Feed intake and body weight of male chicks were
determined at 42 days.

Lipid and Antioxidant Profile Analysis

Plasma, serum, and yolk were obtained from breeders at the
end of 35 and 39 weeks of age. Total cholesterol (TC), low-
density lipid protein cholesterol (LDL-C), high-density
lipid protein cholesterol (HDL-C), triglyceride (TG), very
low-density lipid protein (VLDL) concentration, and total
antioxidant capacity (T-AOC) were determined in plasma.
CuZn-SOD, GSH-Px activity, and malondialdehyde (MDA)
concentration were measured in serum. TC and TG in yolk
were also determined.

TC, TG, LDL-C, HDL-C, T-AOC, CuZn-SOD, GSH-Px,
and MDA were measured using commercial analytical kits
(Nanjing Jiancheng Bioengineering Institute, Nanjing,
China). TC and TG concentration in yolk were determined
with preparation methods described by Menge et al.

[21]. VLDL concentration was determined as previously
described by Griffin and Whitehead [22].

Mineral Retention

Cu, Mn, Zn, and Se were determined in yolk and albumen
collected at 39 weeks of age and liver of 1-day-old chicks.
Cu, Zn, and Mn were determined from microwave wet
digests with inductively coupled plasma atomic emission
spectrometry (Iris Intrepid, Thermo Elemental, USA) after
microwave (MARS 5, CEM Corp., USA) wet digestion in
nitric acid. For Se determination, samples were wet
digested using nitric/perchloric acid mixture on sand-
bath. Se was detected as 4,5-benzopiaselenol, product of
reaction between Se and 2,3-diaminonaphthalene, by
fluorescence spectrometer (Hitachi 850) at 520 nm after
excitation at 376 nm according to method described by
Li and Wang [23].

Statistical Analysis

All data were analyzed by one-way ANOVA using the
SPSS for windows (version 16.0) program. And a post hoc
Duncan’s multiple-range test was used to separate means
that significantly differ at P<0.05.

Results

Lipid Profile

Plasma TC, TG, HDL-C, LDL-C, and VLDL were
measured in plasma (Table 2). No differences were
observed at age 35 weeks except plasma TG. Breeders fed
with OTM diet showed decreased (P<0.05) TG in plasma
collected at age 35 weeks. Plasma lipid profiles greatly
differed among treatments at age 39 weeks. Plasma total
cholesterol content was decreased (P<0.01) by organic

Table 2 Effects of mineral
sources on plasma lipid profiles
of breeders

Means with no common
lowercase letter differ
significantly (P<0.05), n=5

TC total cholesterol,
LDL-C low-density lipoprotein
cholesterol, HDL-C high-density
lipoprotein cholesterol, VLDL
very low-density lipoprotein,
TG total triglyceride

Age Item CON OZ OTM SEM P value

35 weeks TC, mg/dl 326.76 223.45 232.56 23.49 0.129

LDL-C, mg/dl 302.46 199.48 195.80 24.32 0.111

HDL-C, mg/dl 4.64 5.20 5.16 0.35 0.791

VLDL 2.07 1.77 1.55 0.11 0.151

TG, mg/dl 238.48 a 146.73 ab 96.53 b 25.65 0.047

39 weeks TC, mg/dl 250.82 a 201.88 b 144.04 c 14.48 0.001

LDL-C, mg/dl 228.86 a 174.28 a 97.82 b 18.15 0.001

HDL-C, mg/dl 4.22 b 4.90 b 22.82 a 3.26 0.016

VLDL 2.24 a 1.89 b 0.90 b 0.77 0.005

TG, mg/dl 305.14 a 178.44 b 113.76 b 29.54 0.013
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minerals supplementation and lowest in OTM group.
Feeding with OTM diet significantly decreased (P<0.01)
LDL-C but increased (P<0.05) HDL-C in plasma. No
differences were observed in LDL-C and HDL-C in OZ
group compared with control. However, VLDL was
decreased (P<0.05) by supplement of both OZ and OTM
diets. A decrease in plasma TG concentration was also
observed (P<0.05) in both OZ and OTM groups.

No difference was observed in TC concentration in
yolk (Table 3). But yolk TG concentration was increased
(P<0.01) in OZ and OTM groups at age 35 weeks and
OTM at age 39 weeks.

Antioxidant Profile

Plasma T-AOC and serum MDA concentration of breeders
were not affected (P>0.10) by mineral sources at age
35 weeks (Table 4). However, supplementation of OZ
and OTM diets increased (P<0.01) GSH-Px but decreased
(P<0.01) CuZn-SOD activity in serum at age 35 weeks. At
39 weeks of age, a decrease was observed (P<0.01) in
plasma T-AOC and serum MDA concentration when feeding
breeders with organic minerals. No difference was observed
(P>0.10) in serum GSH-Px activity. But an increase in
serum CuZn-SOD activity was detected (P<0.01) in both
OZ and OTM groups.

Yolk MDA concentration was also determined on samples
collected at 39 weeks of age. OZ and OTM supplementations
decreased yolk MDA concentration (control, 15.03 nmol/ml;
OZ, 8.99 nmol/ml; OTM, 9.59 nmol/ml; SEM=0.77; P<0.01).

Mineral Retention

Effects of mineral sources on mineral retention in yolk,
albumen, and liver of 1-day-old chicks were showed in
Table 5. Zn was not affected by mineral sources in all
tissues (P>0.10). Cu concentration in yolk was decreased
(P<0.05) by supplementing organic minerals. While in
albumen, Cu was increased (P<0.05) in OTM group,
while decreased in OZ group. No differences were
observed (P>0.10) in hepatic Cu concentration. Supple-
mentation of OZ diet did not affect Se retention (P>0.10).
However, OTM supplementation showed increased Se
concentration in albumen (P<0.01) and liver of 1-day-old
chicks (P<0.05).

Broiler Performance

The average feed intake at 42 days did not differ among
chicks from breeders fed different sources of minerals
(Table 6). However, chicks from OZ and OTM dams
weighed more than control at 42 days (P=0.051). Feed

Table 3 Effects of mineral sources on yolk TC and TG concentration

Age Item CON OZ OTM SEM P value

35 weeks TC, mg/g 22.93 22.96 23.90 1.00 0.912

TG, mg/g 184.74 b 207.06 a 205.38 a 3.11 0.001

39 weeks TC, mg/g 20.07 21.36 21.61 1.01 0.816

TG, mg/g 250.51 b 250.96 b 284.35 a 5.44 0.009

Means with no common lowercase letter differ significantly (P<0.05), n=8

TC total cholesterol, TG total triglyceride

Table 4 Effects of mineral sources on antioxidant and oxidant values in blood of breeders

Age Item CON OZ OTM SEM P value

35 weeks T-AOC, U/ml 46.36 44.86 34.22 6.20 0.716

GSH-Px, U/ml 516.49 b 703.92 a 736.77 a 33.74 0.004

CuZn-SOD, U/ml 180.51 a 141.78 b 107.76 b 10.93 0.009

MDA, nmol/ml 10.24 7.58 9.20 0.51 0.102

39 weeks T-AOC, U/ml 59.28 a 38.60 b 20.48 c 4.65 0.000

GSH-Px, U/ml 804.06 800.16 785.08 22.37 0.946

CuZn-SOD, U/ml 94.64 b 204.22 a 173.72 a 16.37 0.006

MDA, nmol/ml 24.80 a 11.53 b 13.45 b 2.02 0.002

Means with no common lowercase letter differ significantly (P<0.05), n=5

T-AOC total antioxidant capacity, GSH-Px glutathione peroxidase, CuZn-SOD copper–zinc superoxide dismutase, MDA malondialdehyde
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conversion ratio was decreased due to replacing inorganic
minerals by a combination of organic forms (P<0.05).

Discussion

Lipid Profile

Cholesterol and triglyceride are considered as essential agents
in embryonic development [4, 5]. Decreased cholesterol and
triglyceride in plasma and increased in yolk could be good
for breeders’ health and progeny development.

In this study, supplementations of organic Zn and a
combination of organic Cu, Zn, Mn, and Se were found to
decrease total cholesterol and total triglyceride levels in
plasma at 39 weeks of age, also accompanied with
alterations in plasma LDL-C, HDL-C, VLDL concentra-
tions, and yolk TG level. LDL, HDL, and VLDL were
proved to be major cholesterol and triglyceride transporters
in laying hens [24]. HDL could clear cholesterol from
plasma via promoting cholesterol delivery from the periph-
ery to liver and excretion in the bile or to ovarian tissues
[25]. In this study, OZ diets seemed to affect plasma TC and
TG mainly by reducing VLDL concentration. While for the
OTM group, increased HDL-C and decreased LDL-C and
VLDL induced lowered TC and TG in plasma. Apo B,
whose mRNA editing is zinc dependent [11], is the major

structural protein for both VLDL and LDL [26]. Zn might
affect lipid metabolism by alteration of apolipoprotein
expression. Moreover, Cu, Mn, and Se were also reported
to be associated with apo B [10], apo E [9], and apo A [7]
synthesis, which playing critical roles in lipoprotein
metabolism. Different sources of minerals might change
lipid metabolism by regulating apolipoprotein synthesis.

Antioxidant Profile

Antioxidant defense is organized at three principal levels of
protection: prevention, interception, and repair [27]. Anti-
oxidant systems involved in interception period contain
enzymatic and nonenzymatic antioxidant systems. GSH-Px
and CuZn-SOD are two major enzymes in the enzymatic
system and participate in antioxidant defense by clearance
of reactive oxygen species (ROS) [27].

From this study, organic Zn or Cu, Mn, Zn, and Se
combinations was observed to play protective roles in lipid
oxidation, such as decreased TC, TG, and MDA concen-
trations in plasma. Protective roles of Se were also found
when animals were challenged with cigarette smoke and
enflurane anesthetized [13, 14]. But an inconsistence was
observed between T-AOC and MDA (product of lipid
peroxidation). In this study, no differences were observed in
T-AOC in plasma at 35 weeks of age, but an increase was
found in control group at age 39 weeks. Higher T-AOC

Table 5 Effects of mineral
sources on mineral
concentrations in hatching
eggs and liver of hatched
chicks, milligrams per
kilogram fresh tissue

Means with no common
lowercase letter differ
significantly (P<0.05), n=5

Tissue Item CON OZ OTM SEM P value

Yolk Cu 2.06 a 1.77 b 1.73 b 0.05 0.012

Mn 1.13 1.08 1.15 0.04 0.827

Zn 38.25 38.44 39.22 0.78 0.882

Se 0.57 0.54 0.51 0.01 0.122

Albumen Cu 0.23 b 0.17 c 0.29 a 0.02 0.002

Mn 0.03 0.04 0.05 0.00 0.133

Zn 0.52 0.45 0.43 0.03 0.500

Se 0.08 b 0.11 b 0.16 a 0.01 0.001

Liver Cu 3.81 3.83 4.09 0.12 0.631

Mn 2.37 2.37 2.37 0.09 1.000

Zn 37.38 36.32 36.68 2.24 0.984

Se 0.70 ab 0.65 b 0.81 a 0.03 0.024

Table 6 Growth performance of 42-day-old chicks from breeders fed different sources of minerals

CON OZ OTM SEM P value

Body weight, kg 2.099 b 2.179 ab 2.247 a 0.026 0.051

Feed intake, kg 3.575 3.596 3.723 0.045 0.446

Feed conversion ratio 1.704 a 1.711 a 1.671 b 0.006 0.014

Means with no common lowercase letter differ significantly (P<0.05), n=6
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indicated stronger antioxidant defense and might decrease
oxidative damage. However, MDA was increased accom-
panied with the increased T-AOC. The inconsistent results
between T-AOC and MDA can be explained by adaptive
response. The body exhibits adaptive responses to oxidative
challenge for cell survival [27]. Increased plasma TC and
TG levels in control group lead to increased risks of lipid
peroxidation. The body modulates antioxidant system, such
as CuZn-SOD and GSH-Px activity, to scavenge ROS. And
when the ROS scavenging fails, these species lead to
increased MDA formation which results in an increased
MDA deposition in yolk.

In accordance with the adaptive response hypothesis
above, CuZn-SOD, as the first line of defense against ROS
[28], was transiently increased in control group during the
initial antioxidant defense at age 35 weeks due to the
increased risks of lipid peroxidation and then decreased at
age 39 weeks which indicated a lower bioavailability of
inorganic mineral in maintenance of CuZn-SOD activity.
GSH-Px is a selenoprotein which reduces lipidic or
nonlipidic hydroperoxides as well as H2O2 [28]. Supple-
mentation of Se yeast in broiler diet increased plasma GSH-
Px activity via modification of enzyme structure [29]. But it
is hard to explain why GSH-Px activity was increased by
organic Zn supplementation. Increased GSH-Px activity
was also observed by Bun et al. [30] when feeding broilers
with increased organic zinc levels.

Mineral Retention

Antagonism between Zn and Cu was observed by Hall et al.
[31]. Skrivan and his co-workers also found a decreased Cu
concentration in yolk when fed with 80 mg/kg Zn. In
accordance with results above, Cu concentration in yolk
was decreased by supplementation of organic Zn and the
combination of organic Cu, Zn, Mn, and Se. However, an
increase was observed in albumen Cu by OTM supple-
mentation, which may indicate increased Cu absorption by
organic Cu supplementation. One perceived benefit for
organic minerals is facilitating the absorption of other
minerals [32]. However, Zn-MHA did not benefit for Cu
absorption, which may indicate exist of antagonism between
Zn and Cu and separation of Zn and its ligands in the body.
Supplementation of OTM showed increased Se deposition in
albumen and increased uptake of Se of embryo which was
consistent with results of Paton et al. [33].

Broiler Growth Performance

Maternal nutritions, such as Zn, Mn, and Se, play important
roles in embryo development [3]. Some researchers found
no differences in growth, livability, and carcass composition
of chicks from breeders fed with different sources of Cu,

Zn, or Mn [15, 18, 34]. However, others found increased
livability [14] and bone development [35] of 1-day-old
chicks from breeders fed with organic minerals.

In this study, increased body weight and feed efficiency
were observed in chicks from dams fed OTM diets at
42 days. Supplementation of organic zinc slightly increased
body weight but did not affect feed efficiency. Minerals,
triglyceride, and cholesterol were proved to be critical to
embryo development [3–5]. Increased egg nutrition depo-
sition and decreased lipid peroxidation product retention in
yolk might play a role in the increased growth performance
of chicks.

Conclusion

In conclusion, supplementations of organic Zn and a
combination of organic Cu, Zn, Mn, and Se in breeders’
diets were observed to have protective effects on breeders
via increasing cholesterol and triglyceride clearance from
plasma and decreasing plasma lipid peroxidation. Maternal
nutrition could affect chicks’ development by regulating
amounts and forms of nutrients retention in egg. Supple-
mentations of organic minerals increased triglyceride
delivery and decreased lipid peroxidation product retention
in yolk, which may be reasons induced improved growth
performance of chicks. Moreover, the combination of
organic Cu, Zn, Mn, and Se appeared to be much more
effective than that of organic Zn. For poultry husbandry,
these results seem to be useful. We suggest the uses of
organic Zn and combination of organic Cu, Zn, Mn, and Se
in breeders’ diets due to its beneficial effects on offsprings’
growth and development. However, more studies should be
done to uncover the underlying causes of long-term effects
of growth of chicks.
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