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ABSTRACT This study was conducted to investigate
the effects of replacing inorganic trace minerals (ITM)
with organic trace minerals (OTM; complexed glyci-
nates) on reproductive performance, blood profiles, and
antioxidant status in broiler breeders. A total of 648, 23-
week-old healthy broiler breeders (ZhenNing), with
similar body weight (1.40 6 0.002 kg), were randomly
divided into 4 groups with 6 replicates in each group (27
hens/replicate) and fed the respective experimental diets
for 14 wk (including 2 wk for adaptation). The experi-
mental treatments consisted of T1: Cont., commercially
recommended levels of ITM (Cu, Zn, Fe, and Mn sul-
fates); T2: Mix, half trace minerals (TM) were provided
from ITM and half fromOTM (glycinates); T3:M-OTM,
TMwere provided from glycinates and reduced to 70% of
T1; T4: L-OTM, TM were provided from glycinates and
reduced to 50% of T1. The results showed that com-
mercial level of inorganic trace minerals replaced by low-
dose complexed glycinates (T3 and T4) exhibited no
significant effects on laying performance, 50% ITM
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replaced by complexed glycinates (T2) numerically
improved laying rate by 1.23% than cont. treatment
(T1). Broiler breeders fed complexed glycinates tended
to produce more qualified eggs (P 5 0.05) in T3, with
better yolk color (P , 0.01) and eggshell thickness
(P 5 0.05) in T2 treatment. Replacement of low-dose
complexed glycinates reduced fertilization rate
(P , 0.01), while it did not affect hatchability. There
were no significant differences in serum reproductive
hormones such as estrogen and progesterone among the
treatments. Serum total protein, albumin, and phos-
phorus were increased respectively with the replacement
of ITM by low-dose OTM from complexed glycinates
(P , 0.05). Total liver antioxidant capacity in M-OTM
and L-OTM treatment was higher than that of Cont. and
Mix treatments (P, 0.01). In conclusion, replacement of
high levels of ITM by lower levels of OTM in the form of
complexed glycinates is beneficial for egg quality and
liver antioxidant status in broiler breeders during the
peak laying period.
Key words: antioxidant status, broiler breeder, blood
 profile, complexed glycinates, production performance
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INTRODUCTION

Trace minerals are indispensable in the diet of breeder
birds due to their critical role in eggshell formation,
embryonic development (Leeson, 2005; Richards et al.,
2010), and other vital biochemical processes (Bao et al.,
2007; Richards et al., 2010). Trace element, such as
copper (Cu), is an essential component of many enzyme
systems and serves as a cofactor for cytochrome oxidase
and superoxide dismutase (Swiątkiewicz et al., 2014).
Moreover, it plays a key role in regulation of lysyl oxidase
activity (Jensen, 2000); thus, its deficiency may lead to
malabsorption syndromedue to damage in connective tis-
sues of digestive system (Dermauw et al., 2013). Iron (Fe)
is another essential micro element, involved in cellular
respiration, cell proliferation, and oxygen transport
(Milanovic et al., 2008). Manganese (Mn) is an essential
component of metalloenzymes and involved in meta-
bolism of glucose, fatty acid, and amino acid (Crowley
et al., 2000), and adequateMn intake is crucial for cellular
energy production, which is required for all systems of the
body to work properly. The function of zinc (Zn) is
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associated with immunomodulation in birds as a
cofactor of different enzymes and hormones (Kidd et al.,
1996). In most cases, trace minerals (TM) are supple-
mented in the diet due to their deficiency in feed ingredi-
ents (Leeson, 2005) and they are mainly obtained from
inorganic compounds: sulfates, oxides, chlorides, and
phosphates due to cost and availability at a commercial
level (Nollet et al., 2007). Inorganic trace minerals
(ITM) are unstable and rapidly dissociate in gastrointes-
tinal tract and interact with other compounds leading to
their loss before absorption (Aksu et al., 2011). Owing to
low digestibility of ITM, higher levels of dietary ITM are
supplemented tomeet the requirements of birds (Yan and
Waldroup 2006; Mezes et al., 2012), which eventually
increase the cost of production and environmental
problems. These problems could be overcome by
substituting ITM with organic trace minerals (OTM).
Organic trace minerals are either chelated or complexed
form of minerals with organic compounds such as amino
acid(s), protein, or organic acid. OTM are more stable
due to their organically bound structure with better
digestion and absorption in intestine (Ammerman
et al., 1998), which in turn increase their bioavailability
and assimilability (Bhoyar, 2015) and consequently
reduce the fecal and urinary excretion (Wang et al.,
2019b).
Glycinate minerals complex are preferred organic

source of TM due to their good stability, palatability,
and electrical neutrality (Zhang et al., 2017). Glycine be-
ing the lowestmolecularweight amino acid favors the sta-
bility of chelate compounds and avoids the release of TM
in the stomach and intestine (Kulkarni et al., 2011).
Glycine chelate of iron (Fe-Gly) and Zn (Zn-Gly) are
most studied glycinate TM than others. Absorption effi-
ciency of Fe-Gly is 2Xhigher than ferrous sulfate (FeSO4)
(Layrisse et al., 2000). Fe-Gly reduced the oxidative
stress and faecal Fe excretion in broilers (Bao et al.,
2007; Ma et al., 2012), improved immunological and
hematological parameters of weanling pigs (Feng et al.,
2007), and well absorbed and utilized in rats (Pineda
and Ashmead 2001) than FeSO4. Similarly, Zn-Gly
showed better results than zinc sulfate (ZnSO4) (Ma
et al., 2011). Zn-Gly improves intestinal absorption of
Zn which is positively linked with growth performance
of broilers (dos Santos et al., 2010; Feng et al., 2010;
Ma et al., 2011). Zn-Gly showed significantly higher Zn
retention in the muscle, liver, and albumen than ZnSO4
at the same dose ratewith positive effects on reproductive
performance of broilers breeders (Zhang et al., 2017).
Zn-Gly supplementation significantly improved the in-
testinal maturity (Ma et al., 2011), which is related to
the better growth performance of broilers.
Based on the hypothesis that organic minerals are

biologically more available, the trend on the use of inor-
ganic mineral has been shifted to organic minerals. In
literature, several studies reported the superior efficacy
and stability of organically complexed or chelated trace
minerals in comparison with inorganic forms (Aksu
et al., 2011; Yang et al., 2011; Manangi et al., 2012;
Wang et al., 2019a,b). El-Husseiny et al. (2012) reported
that partial replacement of ITM with OTM enhanced
the growth, and carcass characteristics with improved
tibial and liver TM retention accompanied with reduced
excretion in broilers. In another study, replacement of
ITM with OTM improved the egg weight with signifi-
cant reduction in egg loss without compromising the
feed efficiency and eggshell quality in older laying hens
(Maciel et al., 2010). Similarly, the results of Wang
et al., (2019 a,b) stated that replacement of ITM with
organically bound trace minerals enhanced the mineral
retention in tissues and beneficial for productive and
reproductive performance of broiler breeder with
reduced mineral excretion. However, conflicting results
are reported in other studies which demonstrated no
significant difference on organic and inorganic trace
minerals feeding (Nollet et al., 2007; Yang et al., 2011).
These contradictions may be due to different reasons
including basal level of trace mineral, chemical
structure, source of organic trace mineral used, and
duration of feeding trial.

Most of the available literature studies concentrate on
the glycinate complex of single TM and limited experi-
ments are conducted on simultaneous use of glycinate
complex of different trace elements in broiler breeders.
Therefore, the present study was designed to investigate
the effect of substitution of ITM (Cu, Fe, Mn, and Zn)
with complexed glycinates on reproductive performance,
egg quality, blood, and antioxidant profile in broiler
breeders at peak period of laying.
MATERIALS AND METHODS

Birds and Management

All the experimental procedures and protocol used
during this experiment were approved by the Animal
Science College of Zhejiang University (Hangzhou,
China), on the care and use of experimental animals.
A total of 648, 23-week-old healthy broiler breeders of
native dual-purpose breed ZhenNing (Liu et al., 2019),
with uniform body weight (1.40 6 0.002 kg), were used
in the feeding trial that lasted for 14 wk (including
2 wk for adaptation). Experimental birds were divided
into 4 groups (Cont., Mix, M-TOM, and L-TOM);
each group consists of 6 replicates (27 hens/replicate)
and 3 hens were kept in a cage (cage dimensions:
50 ! 50 ! 50 cm3). Feed and water were provided ad
libitum, and temperature (25�C), humidity (50–60%),
and light (light/dark 16:8 h) were artificially controlled
throughout the experiment. Artificial insemination was
carried out every 5 D to maintain the fertilization.
Massage collection technique (Gee and Sexton 1979)
was used to get semen from male birds (1-year-old) of
same breed and its quality was ensured by using sperm
quality analyzer (McDaniel et al., 1998).
Diets and Experimental Group

The basal diet was formulated to meet nutrient
requirement of broiler breeder according to



Table 2. Experimental treatments and levels of trace minerals
(mg/kg).

mg/kg Cont. Mix M-OTM L-OTM

Supplemental
Cu 8.0 8.0 5.6 4.0
Fe 60.0 60.0 42.0 30.0
Zn 80.0 80.0 56.0 40.0
Mn 60.0 60.0 42.0 30.0

Analyzed
Cu 22.0 22.5 20.8 18.3
Fe 331.5 337.3 320.7 305.7
Zn 165.3 164.6 140.2 123.4
Mn 147.8 153.5 136.9 124.6

Cont.: inorganic minerals (sulfates salts), Mix: 50% inorganic 1 50%
glycinates.

Glycinates minerals were used in both M-OTM and L-OTM, and
inclusion level was reduced to 70% and 50%, respectively.
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recommendations of National Research Council, 1994 to
achieve the actual production needs, modifications were
done according to NY/T 33-2004 (2004) (Table 1). The
supplemental doses and sources of mineral premix are
presented in Table 2. (1) Cont., commercially recom-
mended levels of ITM (Cu, Zn, Fe, and Mn sulfates);
(2) Mix, half TM were provided from inorganic source
and half from organic source (glycinates by BASF Ani-
mal Nutrition, Germany); (3) M-OTM, TM were pro-
vided from glycinates and reduced to 70% of the Cont.;
(4) L-OTM, TM were provided from glycinates and
reduced to 50% of the Cont. The feed samples of treat-
ments were subjected to microwave digestion and
analyzed the content of Cu, Zn, Fe, and Mn by flame
atomic absorption spectrophotometer (Thermo Scienti-
fic S Series, Thermo Fisher Scientific Inc.), and the
analyzed data were included in Table 2.

Samples Collection and Measurement

Laying Performance During the feeding trial, daily
eggs production (number and weight), no. of qualified
eggs, cracked eggs, soft-shelled eggs, and mortality for
each replicate were recorded. Feed consumption was
recorded on a weekly basis, and daily feed intake (g/
bird/day) and feed to egg ratio (kg of feed/kg of egg)
were calculated at the end of trial.
Reproductive Performance Twenty qualified eggs per
replicate (total 480) were randomly collected at the
third, sixth, ninth, and 12th wk, respectively, for hatch-
ing (total 1,920). Incubation was done in a commercial
incubator with automatic egg turning at 37�C and 65
to 75% relative humidity (Liu et al., 2019). On day 19,
no. of fertile eggs was recorded and transferred to
hatcher to find the hatchability of fertilized eggs. To
determine the levels of reproductive hormones (E2;
estradiol and P4; progesterone), blood samples were
Table 1. Ingredient and nutrient composition of basal diet.

Ingredients (%) Nutrient (%)

Corn 63.50 ME4(MJ/kg) 11.41
Soybean meal 19.00 CP 16.73
Fish meal 2.50 EE 4.08
Wheat bran 1.50 CF 3.29
Soybean oil 1.60 Lys 0.84
Shell powder 7.50 Met 0.39
Limestone 1.80 Ca 3.88
CaHPO4 1.10 TP 0.61
NaCl 0.20
NaHCO₃ 0.30
Met 0.10
Choline (50%) 0.10
Titanium dioxide 0.30
Vitamin premix1 0.20
Trace element premix2 0.30
Phytase3 1
Total 100.00

1Provided per kilogram of diet: VA 8000IU, VD 1600 IU, VE 5 mg, VK
0.5 mg, VB1 0.8 mg, VB2 2.5 mg, VB5 2.2 mg, VB3 20 mg, VB6 3 mg, VB7
0.1 mg, VB9 0.25 mg, VB12 0.004 mg.

2Premix according to the experimental design.
3BASF SE, Natuphos E 10,000, 50 g/t feed, which was premixed with

vitamin and trace mineral premixes before feed preparation.
4ME based on calculated values; others are measured values.
collected from the wing vein of 3 birds per replicate at
8:00 am (blood samples were collected from all birds in a
very short duration) on the last day of experiment and
Automatic Biochemical Analyzer (AU5421, Olympus
Crop., Japan) was used for this purpose (Wang et al.,
2019a,b).
Egg Quality At the 12th wk, 6 eggs per replicate (total
144) were collected to measure egg quality indexes (egg
weight, eggshell strength, yolk color, eggshell thickness,
albumen height, and Haugh unit) using a digital egg
tester (DET-6000, Nabel Co., Ltd., Kyoto, Japan)
according to the methods of Xiao et al. (2014) and
Yilmaz et al. (2015).
Blood Profiles and Antioxidant Profile On the last
day of experiment, 3 hens per replicate (total 72) were
selected randomly for blood collection from the wing
vein and serum was extracted by centrifugation of blood
at 630 ! g for 15 min using TDL-80-2B centrifuge
(Shanghai Anting Scientific Instrument Factory, China)
and stored at 220�C until further analysis. Total
protein, albumin, alkaline phosphatase, uric acid, serum
glucose, calcium, and phosphorus were analyzed using
Automatic Biochemical Analyzer (AU5421, Olympus
Crop., Japan). Ceruloplasmin and hemoglobin were
analyzed using ELISA kits (Jining Bioengineering
Institute, Shanghai, China).
Liver tissue samples were collected and immediately

washed with cold PBS followed by storage in liquid ni-
trogen until further analysis. Antioxidant status was
evaluated on the basis of enzymatic activities of
following enzymes in liver and serum samples: gluta-
thione peroxidase (GSH-Px), total superoxide dismutase
(T-SOD), Cu/Zn superoxide dismutase (Cu/Zn-SOD),
Mn superoxide dismutase (Mn-SOD), and concentration
of malondialdehyde (MDA) by using biochemical kits
according to the instructions of manufacturer (Nanjing
Jiancheng Biological Engineering Institute, China).
Statistical Analysis

All the data collected from this trial were subjected to
one-way ANOVA techniques using SPSS 23.0, in which
dietary treatments were served as independent variables
and one dietary treatment as the experimental unit,
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while each replicate was served as the statistical unit.
Data were expressed as the mean 6 SEM. A significant
level of P , 0.05 and extremely significant level of
P, 0.01 were used to find significant difference between
treatments through the LSD test.
RESULTS

Production Performance

The data concerning production performance of
broiler breeders fed different sources of TMwere summa-
rized on a triweekly basis (Table 3). No significant
(P . 0.05) difference was observed by feeding different
sources of TM or by reduced levels of organic TM than
conventional levels on overall (1–12 wk) laying rate,
feed intake, and feed to egg ratio during this trial. Simi-
larly, no significant (P . 0.05) effect was found on any
production performance parameters during different
intervals of trial, except on feed intake during 7 to
9 wk of period. Although there was no significant effect
of dietary treatments on production performance of
broiler breeders, the results of L-OTM were numerically
comparable with control group and the best performance
regarding laying rate and feed to egg ratio was observed
in Mix group (50% ITM and OTM).
Reproductive Performance

Fertilization rate (%) of control group was higher
(P , 0.05) than feeding lower levels of TM in the form
of glycinate complexes, but no difference (P . 0.05)
Table 3.Effects of inorganic traceminerals repl
performance.

Parameters

Tre

Cont. Mix

1–3 wk
Laying rate (%) 79.14 79.69
Feed intake (g/bids/D) 97.54 96.20
Feed to egg ratio 3.19 3.16

4–6 wk
Laying rate (%) 77.90 79.95
Feed intake (g/bids/D) 103.47 103.00
Feed to egg ratio 3.25 3.45

7–9 wk
Laying rate (%) 74.83a,b 75.63a

Feed intake (g/bids/D) 104.44a 104.30a

Feed to egg ratio 3.27a,b 3.26a

10–12 wk
Laying rate (%) 68.21 69.73
Feed intake (g/bids/D) 100.00a 99.89a,b

Feed to egg ratio 3.42 3.33

1–12 wk
Laying rate (%) 75.02 76.25
Feed intake (g/bids/D) 101.36 100.85
Feed to egg ratio 3.28 3.30

a,bValues within a row with different superscript l
are presented as mean 6 SEM, n 5 6.

Cont.: inorganic minerals (sulfates salts), Mix: 50
Glycinates minerals were used in both M-OTM

70 and 50%, respectively.
was found between control and Mix group at different
weeks and during whole experimental period; however,
hatchability rate (%) remained unaffected (P . 0.05).
Highest performance concerning fertility and hatch-
ability was observed in the control group (Figure 1; A
and B). Similarly, levels of reproductive hormones were
not changed significantly (P . 0.05) by dietary treat-
ments in this trial (Figure 2; A and B).
Egg Quality

The glycinate TM presented positive effects on some
egg quality traits (Table 4). Significant improvement
in the rate of qualified eggs (P 5 0.05), yolk color index
(P , 0.01), and eggshell thickness (P , 0.05) was found
in the experimental group. Highest percentage of quali-
fied eggs was observed in the M-OTM group, while bet-
ter yolk color was found in group Mix (P , 0.05).
However, highest values of Haugh unit and albumin
height were exhibited by the M-OTM group.
Blood Profile

The overall analysis of blood profiles was shown in
Table 5. The substitution of recommended ITM with
low-dose glycinate TM (M-OTM) significantly improves
the levels of albumin (P , 0.05) and phosphorus
(P , 0.01); similarly, highest (P , 0.01) level of total
protein was found at reduced level of TM (L-OTM).
Similar trend was found in other components of blood
profiles, but the difference was non-significant
(P . 0.05) among the treatments.
aced by complexed glycinates on production

atments

SEM P-valueM-OTM L-OTM

78.06 78.00 0.662 0.780
96.21 95.48 0.376 0.281
3.20 3.18 0.032 0.970

76.18 76.90 0.881 0.484
102.30 102.51 0.267 0.432

3.35 3.29 0.068 0.784

69.39b 75.33a 1.032 0.095
103.28b 104.44a 0.143 0.002

3.57b 3.38a,b 0.049 0.078

68.07 69.61 0.898 0.883
99.95a,b 99.77b 0.038 0.155
3.49 3.35 0.057 0.776

72.92 74.96 0.711 0.444
100.44 100.55 0.171 0.226

3.40 3.30 0.036 0.635

etters are significantly different (P, 0.05). Data

% inorganic 1 50% glycinates.
and L-OTM, and inclusion level was reduced to



Figure 1. Effects of inorganic trace minerals replaced by complexed glycinates on fertility% (A) and hatchability% (B). Data are presented as
mean 6 SEM, n 5 6. An asterisk * indicates the significant difference between 2 different treatments where P , 0.05.
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Antioxidant Status

As shown in Table 6, no significant (P. 0.05) effect of
dietary treatments was found on antioxidant indexes,
except total antioxidative capacity of the liver which
was significantly high (P , 0.001) in broilers fed on M-
OTM and L-OTM diet. Improved activities of superox-
ide dismutase and Mn-SOD in the serum were found in
the group L-OTM. Similarly, better activities of serum
GSH-Px and Cu/Zn-SOD were exhibited by the group
M-OTM. Correspondingly, improved levels of antioxi-
dant enzymes were found in the liver tissues of broilers
fed on glycinate TM than ITM.
DISCUSSION

The aim of the present study was to compare the effect
of ITM substituted with glycinate OTM on productive
and reproductive performance with some other parame-
ters in broiler breeders. The results showed no significant
difference in the production performance of broilers by
reducing the levels of OTM in the form glycinate com-
plexes. No significant difference (P . 0.05) was found
in overall rate of eggs production by 50% reduction of
the levels of TM when provided as glycinate complexes
than the control group. However, best results were
obtained by feeding diet containing 50% OTM and
ITM. These findings support the idea that OTM have
the potential to enhance the production performance of
Figure 2. Effects of inorganic trace minerals replaced by complexed glycin
P4 (B). Data are presented as mean 6 SEM, n 5 6.
boiler breeders. Our findings are also supported by
Swiatkiewicz and Koreleski (2008) because they found
no effects of replacing ITM (Zn and Mn oxides) with
metal-amino acid complexes on laying performance
parameters. In another study, no significant effect was
found by 50% replacement of ITM (Zn, Mn, and Cu)
with organic sources (Maciel et al., 2010) on egg produc-
tion and feed conversion ratio in laying hens. Alterna-
tively, significant increase in laying performance was
found by Klecker et al. (2002), by replacing 20 or 40%
Mn and Zn from inorganic to organic chelates form.
The difference in the structure of OTM, age and breed
of birds, and duration of feeding trial along with other
factors might be the reason of contradiction in the
finding of different studies (Yenice et al., 2015). Simi-
larly, overall (1–12 wk) feed intake was not affected by
dietary treatments as found in our previous trial
(Wang et al., 2019a). Our findings are also supported
by Leeson and Caston (2008); they found no difference
in feed intake by ITM (Fe, Cu, Zn, and Mn) compared
with reduced levels of OTM.
Results showed negative effect of reducing TM levels

on the rate of fertilization because it was significantly
reduced by lowering TM levels. However, hatchability
and reproductive hormones (E2 and P4) were not
affected significantly by dietary treatments. Positive
relationship was detected between fertility and levels of
TM, and lowest rate of fertilization was found at 50%
reduction of TM in the form of glycinate complexes.
ates on reproductive hormones; serum estradiol E2 (A) and progesterone



Table 4. Effects of inorganic trace minerals replaced by complexed
glycinates on egg quality.

Parameters

Treatments

SEM P-valueCont. Mix M-OTM L-OTM

Rate of qualified
eggs (%)

65.31a,b 63.04b 68.91a 64.78a,b 0.798 0.054

Egg weight (g) 45.87 46.16 45.47 45.45 0.301 0.829
Eggshell weight (g) 5.85b 6.09a,b 6.13a 5.93a,b 0.048 0.124
Yolk color (YCF) 7.92b 8.58a 8.25a,b 8.50a 0.082 0.009
Eggshell strength (Kgf) 4.22 4.31 4.20 4.56 0.077 0.343
Eggshell thickness (mm) 0.33b 0.35a 0.34a 0.35a 0.003 0.023
Albumen height (mm) 4.80 4.68 4.93 4.75 0.089 0.808
Haugh unit 72.65 71.68 73.67 72.88 0.669 0.796

a,bValues within a row with different superscript letters are significantly
different (P , 0.05). Data are presented as mean 6 SEM, n 5 6.

Cont.: inorganic minerals (sulfates salts), Mix: 50% inorganic 1 50%
glycinates.

Glycinates minerals were used in both M-OTM and L-OTM, and
inclusion level was reduced to 70 and 50%, respectively.
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Similarly, level of progesterone was also reduced by
reducing TM levels. From present results, it appears
that reduced levels of OTM are not adequate to
completely achieve the TM’s reproductive requirements
of broiler breeders, as TM have very critical role in repro-
duction. Because minerals also influence the secretions of
hormonal (Peters and Mahan, 2008) which are essen-
tially required for proper follicle development and preg-
nancy maintenance (Sakumoto et al., 2014), for
example, Cu has vital role in synthesis and maintenance
of the proper level of follicle-stimulating hormone in the
serum (Rajeswari and Swaminathan, 2014), whereas Zn
is the component of special type of proteins which are
involved in genetic expression of reproductive hormone
(Tapiero and Tew, 2003). Mn has a role in steroid hor-
mones synthesis as it is involved in the metabolism of
cholesterol (Xie et al., 2014) and its deficiency reduced
the reproductive hormones in layer hens (Yang, 2008).
However, OTM has a positive effect on reproductive
performance when provided in sufficient amount, as
OTM enhance the no. of fertilized oocytes in heifers
(Lamb et al., 2008), increase the rate of conceptions
Table 5. Effects of inorganic trace minerals replaced by complexed
glycinates on the blood profiles.

Parameters

Treatments

SEM P-valueCont. Mix M-OTM L-OTM

Total protein (g/L) 57.66b 57.02b 63.25a,b 70.33a 1.660 0.006
Albumin (g/L) 21.03b 22.48a,b 23.75a 23.71a 0.398 0.036
ALP (U/L) 691.50 644.83 455.75 584.00 64.298 0.624
Ca (mmol/L) 5.01 5.07 5.28 5.58 0.127 0.402
Glu (mmol/L) 12.83 12.57 12.61 13.47 0.190 0.333
P (mmol) 1.42c 1.62b,c 1.91a 1.84a,b 0.061 0.008
Uric acid (mmol/L) 208.42b 217.67a,b 266.33a 231.33a,b 11.797 0.340
Ceruloplasmin
(U/L)

159.73 160.50 298.85 266.69 27.462 0.158

Hemoglobin (U/L) 317.03 264.12 545.83 468.92 57.597 0.287

a,b,cValues within a row with different superscript letters are signifi-
cantly different (P , 0.05). Data are presented as mean 6 SEM, n5 6.

Cont.: inorganic minerals (sulfates salts), Mix: 50% inorganic 1 50%
glycinates.

Glycinates minerals were used in both M-OTM and L-OTM, and in-
clusion level was reduced to 70% and 50%, respectively.
per services in beef cattle (Stanton et al., 2000), and
also improve the reproductive performance in sows
(Peters and Mahan, 2008) as compared to feeding on
ITM.

As far as the egg quality parameters are concerned,
these were not affected by the dietary treatments except
yolk color index, which was better in group fed 50%
OTM and ITM and eggshell thickness in all experi-
mental groups than the control group. TM have critical
importance for eggshell because they are involved in its
formation through different ways. Eggshell and its mem-
branes have high contents of Cu and varying levels of Zn
and Mn. Similarly, Zn and Mn are the components of
carbonic anhydrase which involved in calcium meta-
bolism (Richards, 1997; Leeson, 2009). It has been
reported that deficiency of Cu could be the reason of
improper egg weight, eggshell structure, pigments, and
thin albumen portion (Leeson, 2009). In the present
study, highest egg weight was found in 50% OTM and
ITM group and it decreased as the levels of TM reduced.
Comparable trend was found byWang et al. (2019a) and
Gheisari et al. (2011) in egg weight of broiler breeders
and laying hens, respectively, by feeding OTM than
ITM. Maciel et al. (2010) also reported that 50% replace-
ment of ITM with OTM has a positive effect on egg
weight, without affecting egg production or eggshell
quality. But, Favero et al. (2013) found significant
improvement in eggshell weight and thickness by replac-
ing ITM with OTM.

It is well recognized that hematobiochemical parame-
ters are auspicious indicators of health and performance
(Ghasemi et al., 2013), and under this experiment, blood
biochemical parameters indicated that broiler breeders
performed better by feeding reduced levels of TM in
the form of glycinate mineral complexes. Highest concen-
trations of total protein, serum calcium, and glucose
were found in broilers by feeding low levels (50%) of gly-
cinate complexes than ITM. Similarly, better contents of
phosphorus, ceruloplasmin, and hemoglobin were also
observed in broilers fed on low levels (70%) of OTM as
compared to ITM. In accordance with the current find-
ings, the results of other experiments have found that
organic Zn in guinea pigs (Shinde et al., 2006) and Cu
in broilers (Mondal et al., 2007) had no significant effect
on plasma glucose concentrations. In general, present
findings agree with previous results (Wang et al., 2007;
Feng et al., 2010). Similarly, under the present study,
organic form of TM positively affected the calcium and
phosphorus levels in the serum, but the difference was
non-significant, as reported in previous studies (Idowu
et al., 2011; Yenice et al., 2015). Organic form of TM
might reduce the formation of free TM ions at the
intestinal level, thereby reducing the chance of
insoluble calcium compound formation with other TM
which ultimately increase the serum calcium level. In
addition, during this trial, higher blood glucose and
hemoglobin levels were found in OTM groups. This
increase might be due to their higher availability of
TM in the form of glycinate complexes than ITM,
which ultimately enhance the biochemical processed in



Table 6. Effects of inorganic trace minerals replaced by complexed glycinates on anti-
oxidant status in the serum and liver.

Parameters

Treatments

SEM P-valueCont. Mix M-OTM L-OTM

Serum
T-AOC (U/mL) 10.52 11.97 10.32 11.16 0.679 0.846
GSH-Px(U/mL) 16.72a,b 18.43a,b 19.75a 16.08b 0.632 0.155
MDA (nmol/mL) 5.98 6.46 5.64 4.70 0.553 0.742
T-SOD (U/mL) 338.87 332.87 355.03 356.70 5.133 0.279
Cu/Zn-SOD (U/mL) 302.31a,b 298.27b 316.90a 307.74a,b 3.055 0.149
Mn-SOD (U/mL) 36.56 34.60 38.14 48.96 3.787 0.585

Liver
T-AOC (U/mL) 0.59b 0.52b 1.95a 1.35c 0.153 ,0.001
GSH-Px (U/mL) 49.08 62.30 47.69 50.64 3.904 0.560
MDA (nmol/mL) 0.40 0.38 0.35 0.40 0.027 0.915
T-SOD (U/mL) 11.77 11.26 13.03 13.87 0.502 0.249
Cu/Zn-SOD (U/mL) 10.06 8.96 10.61 10.93 0.409 0.354
Mn-SOD (U/mL) 1.96 2.31 2.42 2.93 0.214 0.474

a,bValues within a row with different superscript letters are significantly different (P , 0.05).
Data are presented as mean 6 SEM, n 5 6.

Cont.: inorganic minerals (sulfates salts), Mix: 50% inorganic 1 50% glycinates. Glycinates
minerals were used in both M-OTM and L-OTM, and inclusion level was reduced to 70% and 50%,
respectively.
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the body (Richards et al., 2010) which subsequently
increase the blood glucose and hemoglobin.

As for the antioxidant status, broilers fed on lower
levels of OTM or 50% OTM and ITM were under lower
oxidant stress status than fed on ITM as depicted from
the results of the present study. Because most of the in-
dexes studied to examine the antioxidant status were
better in OTM group. The activities of glutathione
peroxidase and SOD, MDA concentration and T-AOC
capacity could be used to represent the antioxidant sta-
tus in animals. Glutathione peroxidase and SOD are
directly involved in inactivation of reactive oxygen
species, GSH-Px convert hydrogen peroxide to water
while SOD has a vital role in defeating oxygen-free
radicals (Zinnuroglu et al., 2012). TM such as Zn, Cu,
and Mn are essential cofactors of SOD (Aksu et al.,
2010), and it has been reported that SOD works
efficiently if cofactors are available in a suitable amount
(Underwood and Suttle, 1999; Ma et al., 2011). It is
worth mentioning that higher activities of SOD in
broilers fed on glycinate mineral complexes showed
their protective role in oxidative stress, or glycinate
mineral complexes might enhance the availability of
TM which reduce the accumulation of reactive oxygen
species. Similarly, Cu/Zn-SOD and Mn-SOD levels
were also higher in OTM groups. Zn as a component of
Cu/Zn-SOD protects proteins and enzymes from radical
attacks, and second, Zn prevents the free radicals’ for-
mation from other metals (Fe and Cu) (Kucuk, 2008).
It is also demonstrated in previous studies that broiler
breeders showed better antioxidant status by feeding
organic Zn as compared to inorganic form (Zhang
et al., 2017) and reduced the level of serum and liver
MDA (Sahin et al., 2005; Sun et al., 2012). In line with
the present findings, it is suggested by other studies
that broiler breeders show better antioxidant status by
feeding OTM compared with ITM (Wang et al.,
2019a). Based on the current trial results, it could be
concluded that glycinate TM even at lower levels have
the potential to meet the broiler requirements for antiox-
idative defense.
CONCLUSION

Replacement of commercially recommended levels of
ITM by lower levels of OTM in the form of complexed
glycinates is beneficial for egg quality and liver antioxi-
dant status in broiler breeders during the peak laying
period. Medium dose of OTM (70% glycinate mineral
complex) is enough to cope with oxidative stress with
better blood profile, but for maximum production and
better reproductive performance, mix TM of 50%
OTM and ITM is the best option in this regard.
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