The Journal of Agricultural
Science

cambridge.org/ags

Animal Research Paper

Cite this article: Gil ET, Olgun O, Kiling G,
Gokmen F, Yildiz A, Uygur V, Sevim B,
Sarmiento-Garcia A (2024). Effect of using
hydroxychloride as a copper source on
performance, eggshell quality, tibia properties,
mineral excretion, and antioxidant capacity of
yolk in layer quails. The Journal of Agricultural
Science 162, 150-157. https://doi.org/10.1017/
$0021859624000236

Received: 4 December 2023
Revised: 27 March 2024

Accepted: 12 April 2024

First published online: 30 April 2024

Keywords:
antioxidant; copper; hydroxychloride; mineral
excretion; quail

Corresponding author:
Ainhoa Sarmiento-Garcia;
Email: asarmg00@usal.es

© The Author(s), 2024. Published by
Cambridge University Press. This is an Open
Access article, distributed under the terms of
the Creative Commons Attribution licence
(http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted re-use, distribution
and reproduction, provided the original article
is properly cited.

CAMBRIDGE

7 UNIVERSITY PRESS

Effect of using hydroxychloride as a copper
source on performance, eggshell quality, tibia
properties, mineral excretion, and antioxidant
capacity of yolk in layer quails

Esra Tugce Gull @, Osman Olgun!, Gézde Kiling?, Fatih Gékmen?3,

Alponder Yildiz!, Veli Uygur?, Behliil Sevim® and Ainhoa Sarmiento-Garcia®’

1Department of Animal Science, Agriculture Faculty, Selcuk University, 42130, Konya, Tirkiye; 2Department of
Food Processing, Suluova Vocational Schools, Amasya University, 05500 Amasya, Tlrkiye; 3Department of Soil
Science and Plant Nutrition, Agriculture Faculty, Igdir University, Igdir, Tarkiye; “Department of Soil Science and
Plant Nutrition, Agriculture Faculty, Applied Sciences University of Isparta, Isparta, Tiirkiye; °Department of Food
Processing, Aksaray Technical Sciences Vocational School, Aksaray University, 68100, Aksaray, Tiirkiye; SArea de
Produccion Animal, Departamento de Construccion y Agronomia, Facultad de Ciencias Agrarias y Ambientales,
Universidad de Salamanca, 37007, Salamanca, Spain and "Estacion Tecnoldgica de la Carne, Instituto Tecnoldgico
Agrario de Castilla y Ledn (ITACyL), 37770, Guijuelo, Salamanca, Spain

Abstract

This research aimed to examine the impact of varying levels of dietary copper (Cu) hydro-
xychloride on the performance, egg quality, yolk antioxidant capacity, tibia traits, and mineral
excretion in laying quails. 125 female 10-week-old quails were randomly distributed into five
experimental groups with five replicates, each consisting of five quails. Five experimental iso-
nitrogenous and isoenergetic diets were designed to contain different Cu hydroxychloride
(54% Cu) levels at 7.20 (basal diet), 15, 30, 45 and 60 mg/kg respectively. Quails were fed
with trial diets for 12 weeks. Performance, egg production, eggshell quality, and biomechan-
ical traits of the tibia were not impacted (P> 0.005) by variations in dietary Cu levels. Yolk
antioxidant capacity, measured as yolk DPPH value, exhibited an increase (P <0.01) in the
high-dose group (60 mg/kg). Regarding tibia mineral concentration, Cu concentration
decreased linearly (P < 0.001) with increasing Cu level, manganese and zinc content recorded
the highest values in quails that had received 60 mg/kg Cu in the diet (P <0.01), while the
lowest phosphorus content was described for 45 and 60 mg/kg. Contrarily, increases (P <
0.01) in dietary Cu resulted in raised faecal Cu content, while phosphorus, manganese, and
zinc, were reduced when Cu was added. It can be inferred that adding Cu to the diet of laying
quails would not be necessary, which in turn decreases Cu excretion and prevents substantial
environmental harm.

Introduction

Copper (Cu) is an indispensable and crucial trace mineral for livestock (Olukosi et al., 2019).
Cu is involved in several physiological processes that influence growth development, stimulate
the immune system against infections, red blood cell production, repair damaged tissues, and
eliminate reactive oxygen species which enhances antioxidant capacity (Mroczek-Sosnowska
et al., 2016; Hill and Shannon, 2019; Abdullah ef al., 2022). These improvements are linked
to Cu’s role in the development and activity of certain metalloenzymes (such as superoxide
dismutase, ceruloplasmin or cytochrome oxidase), which are involved in several metabolism
processes including cellular respiration, red blood formation or glucose and cholesterol metab-
olism (Scott et al., 2018). For these reasons, poultry diets frequently incorporate Cu supple-
mentation (Olukosi et al., 2019; El Sabry et al., 2021).

The National Research Council (1994) suggests incorporating Cu into the diet of laying
quails at a rate of 5mg/kg. However, standard poultry feeding practices include high doses
of Cu (150-200 mg/kg) to improve certain aspects of avian production such as performance
(Olgun and Aygun, 2017; Wu et al, 2019; Deo et al., 2023), eggshell quality (Kaya et al,
2018; Cufadar et al, 2022), and antioxidant capacity (Kara et al, 2021; Abdullah et al,
2022; Ali, 2018). Despite the improvements observed, an excess of dietary Cu may potentially
hinder the bioavailability of specific minerals like iron or calcium and could pose a hazard to
the environment due to increased excretion in faeces and urine (Kara et al, 2021; Ibrahim
et al., 2022). Some countries have already limited the dietary content of Cu in species such
as pigs to levels of 75-100 mg/kg of feed (Kara et al, 2021). Therefore, it is necessary to
find safe sources and doses of Cu that improve animal production without compromising
the environment (Lin et al., 2020).
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Cu supplements are generally added to the avian diet such as
ionic forms. Ionic sources such as Cu sulphate (CuSO,), are
extremely sensitive in contact with water and can be degraded
readily both in the feed and in the intestinal tract. This process
decreases its absorption in the small intestine due to its inter-
action with other nutrients (including vitamins, enzymes, or
fats), and consequently increases its excretion into the environ-
ment (Olukosi et al., 2019; Deo et al.,, 2023). Hence, the use of
new mineral additives has attracted the attention of the poultry
industry in recent years, as an alternative to traditional trace min-
eral sources (Olukosi et al., 2018; Lin et al., 2020). Cu hydro-
xychloride is an organic salt, which is chemically more stable
and bioavailable than Cu sulphate, which leads to enhanced
absorption and consequently a reduction in excretion into the
environment (Olukosi et al., 2019).

Quail production has increased in recent decades, mainly due
to their ease of management and high production rates
(Sarmiento-Garcia et al., 2023). Nonetheless, unlike conventional
avian species, fewer investigations have been carried out concern-
ing the nutritional aspects of laying quails and are generally based
on the nutritional values reported by the National Research
Council (1994) 30 years ago (Olgun et al., 2022). To the best of
our knowledge, the number of studies on the Cu requirements
of laying quails is quite limited, and even more so when alterna-
tive sources such as hydroxychloride are involved. Therefore, the
objective of this study is to investigate how different levels of
hydroxychloride copper in laying quail diets affect various para-
meters, such as performance, eggshell quality, yolk antioxidant
capacity, tibia characteristics, and mineral excretion.

Materials and methods
Ethical approval

The following study was performed using farm animals; for this
reason, there were no special requirements for keeping experi-
mental animals. However, it is noteworthy that the criteria out-
lined in the European Animal Protection Policy (EPCEU, 2010)
were strictly adhered to during the entire trial period.

Experimental design

The study was conducted according to a completely randomized
design and took place on a farm in Selguklu (Konya, Tiirkiye)
at coordinates 38°1'36”N, 32°30'45”E. On arrival, one
hundred-twenty-five female Japanese quails (Coturnix coturnix
Japonica), were weighed (244 +12.3 g) and randomly allocated
into five treatment groups with five replicates. All pens were stan-
dardized to identical size (30x45cm) and upheld in well-
ventilated, hygienic, and sanitized conditions. The ambient
room temperature was controlled at 22°C (+ 2.0), with a 16-h
lighting schedule programme imposed. Additionally, each enclos-
ure was outfitted with separate feeders and drinkers, allowing
unrestricted access to both food and water.

Throughout the 12-week duration, all quails were provided
with the identical basal diet comprising corn and soybean meal,
characterized by a crude protein content of 200 g/kg, metaboliz-
able energy of 12.14 MJ/kg, and copper content of 7.20 mg/kg,
as detailed in Table 1. The basal diet containing 7.20 mg/kg of
copper was employed for the diet devoid of supplemental hydro-
xychloride copper (54% Cu). According to the literature reviewed,
the hydroxychloride Cu was incorporated into the basal diet at the
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Table 1. Basal diet and its nutrient content (as fed)
Ingredients g/kg Nutrient composition g/kg
Corn 544.0 Metabolizable energy 12.14
(MJ/kg)
Soybean meal 344.0 Crude protein 200.1
Soybean oil 36.5 Crude fibre 28.3
Limestone 56.0 Crude fat 58.4
Dicalcium 11.4 Moisture 1283
phosphate
Salt 35 Lysine 10.9
Premix® 2.5 Methionine 4.5
DL-methionine 2.1 Cystine 3.7
Total 1000.0 Calcium 25.0
Total phosphorus 6.4
Available phosphorus 3.5
Copper (mg/kg) 7.20

?Premix (vitamin-mineral mixture) as contained per kg feed: vitamin A, 20000 IU; vitamin D3,
10000 1U; vitamin E, 125 mg; vitamin K3, 5 mg; vitamin B12, 0.0275 mg; biotin, 0.30 mg; folic
acid, 2.5 mg; nicotinic acid, 112.5 mg; pantothenic acid, 37.5 mg; pyridoxine, 3.75 mg;
riboflavin, 10 mg; thiamin, 5 mg; iodine, 3 mg; iron, 50 mg; manganese, 60 mg; zinc, 50 mg;
selenium, 0,75 mg.

expense of corn to meet the desired concentration of Cu for the
corresponding treatment at inclusion rates of 15, 30, 45 and 60
mg/kg Cu. The mash-formulated basal diet was formulated with
the nutrient requirements recommended for laying quails accord-
ing to the National Research Council (1994), except for Cu. The
chemical composition of the basal diet was analysed using the
methods specified by AOAC (2006). The basal diet’s chemical
composition was determined by subjecting samples to inciner-
ation and drying to ascertain ash content (method 942.05 analys-
ing protein and fat levels using Kjeldahl (method 990.03) and
Soxhlet techniques (method 2003.06), and analysing moisture
content (method 2001.12) through drying at 105°C. Table 1 out-
lines the chemical composition and ingredients of the basal diet.

Evaluation of performance indicators and egg production

To establish performance parameters, all experimental quails
(n=125) underwent individual weighing at the beginning and
conclusion of the study (+ 0.01g). Subsequently, changes in
body weight (g) were determined based on the weight difference.
Feed intake (g/quail/day) was calculated following the method-
ology outlined by Olgun et al. (2022) which involved monitoring
the total feed dispensed and the remaining amount in the feed
boxes. Egg production was evaluated by dividing the daily egg
count by the total laying quails and multiplying the result by
100, expressing the result as per egg/100 quails. Additionally,
every egg collected during the final three days of the study under-
went weighing using a high-precision balance (+£0.01 g) to ascer-
tain egg weight. Egg mass (g/quail/day) and feed conversion ratio
were determined according to the procedures delineated by
Sarmiento-Garcia et al. (2023).

Assessment of eggshell quality parameters

A total of 300 eggs were collected and sent to the Egg Quality
Laboratory at the Faculty of Agriculture, Selcuk University,
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Konya, Turkey, for evaluation of eggshell quality. Eggs gathered
during the final three days of the trial were assessed for both
internal and external quality parameters under ambient tempera-
ture conditions. Throughout the experiment, any instances of
broken, damaged, or cracked eggs were noted and expressed as
a percentage of the total egg count (n=300). Shell strength was
measured using the Egg Force Reader (Orka Food Technology
Ltd., Ramat Hasharon, Israel) applied to the blunt part of the
egg. Eggshell thickness was determined utilizing a micrometre
(Mitutoyo, 0.01 mm, Japanese), with measurements taken at
three different locations on the shell (equator, blunt, and pointed),
and subsequently averaged. Relative eggshell weight was com-
puted by weighing the cleaned and dried shells and dividing
them by their respective egg weights.

Determination of yolk MDA and DPPH values

Malondialdehyde (MDA) and 1-diphenyl-2-picrylhydrazyl
(DPPH) concentrations were determined on 100 fresh eggs to
establish the lipid peroxidation of the yolk. The thiobarbituric
acid reactive substances (TBARS) test was carried out to establish
MDA value using a modified method reported by Kilic and
Richards (2003) and Sarmiento-Garcia et al. (2021), where each
sample was measured in triplicate. MDA concentration was quan-
tified by measuring absorbance at 530 nm wavelength using a
spectrophotometer (Perkin Elmer, USA), based on a blank
curve of MDA containing 1 ml of trichloroacetic acid (TCA) solu-
tion (7.5% TCA, 0.1% EDTA, 0.1% Propyl gallate) and 1 ml of
thiobarbituric acid (TBA) solution (0.02 M). The results were
reported as umol MDA/kg yolk.

The antioxidant capacity of the hydrolysates obtained was
checked using a modified technique described by Sacchetti et al.
(2005) and Olgun et al. (2022), which relies on the scavenging
effect of DPPH radicals. Each sample was measured in triplicate
to establish the average value. Absorbance at 517 nm was mea-
sured using a spectrophotometer (Perkin Elmer precisely UV/
VIS Spectrometer) and compared against a blank curve substi-
tuted with 95% ethanol. Equation (1) was utilized to assess the
scavenging effect:

[(control absorbance — sample absorbance)
DPPH values =

control absorbance
x 100

Assessment of bone biomechanical properties

As the experiment ended, one female quail from each replicate
(n=25) was randomly euthanized via cervical dislocation. The
right tibia was then removed, cleaned of tissue and cartilage,
and stored at —20°C until the determination of bone biomechan-
ical properties and mineral concentration. Before the examin-
ation, the samples were allowed to reach room temperature over
6 h in a controlled air environment. Cortical bone thickness, cor-
tical bone cross-sectional area, shear force, and shear stress of
bone were assessed according to protocols outlined by Giil et al.
(2022), Armstrong et al. (2002), and Wilson and Ruszler (1996).

Analysis of mineral content in faeces and tibia

The mineral levels in faecal (n = 25) and tibia tissue (n = 25) sam-
ples were analysed using a wet digestion method following the
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protocol by Olgun and Yildiz (2014). Samples from faeces and
tibia, previously dried at 105°C for 24 h, were weighed (0.3 +
0.01 g) and placed on Teflon-coated digestion plates (Milestone,
Sorisole, Bergamo, Italy). A mixture of nitric acid (5ml, 63.01
M) and perchloric acid (3ml, 70%) was added to each plate.
The samples were then heated in a microwave oven at 190°C
for 40 min (CEM Corp, 3100 Smith Farm Road, Matthews, NC,
USA). After cooling, the resulting supernatant solution was
diluted with distilled water to 50 ml. Subsequently, 0.1 g of each
ash sample was weighed to determine the mineral content, includ-
ing concentrations of copper, calcium, phosphorus, manganese
and zinc, using inductively coupled plasma atomic emission spec-
trometry (ICP-OES) with a Thermo Scientific 7200 analyser
(Thermofisher Scientific, Waltham, United States).

Statistical analysis

The data were analysed using analysis of variance (ANOVA) in
SPSS 22.0 software (SPSS Inc., Chicago, IL, USA). Each cage rep-
licate was considered as the experimental unit, and values pre-
sented in the Tables are displayed as means with Standard error
means (S.E.M). Statistical significance was set at P <0.05.
Linear, quadratic, and cubic regressions were employed to exam-
ine the relationship between the dependent variable and increas-
ing copper levels across all parameters.

Results
Performance indicators and egg production

Table 2 illustrates the effects of dietary Cu levels on the perform-
ance traits of laying quails. No statistically significant differences
in performance traits were found among the experimental groups
(P>0.05). The range of values for these parameters was as fol-
lows: final body weight (265-277 g), body weight gain (22-32
g), egg production (90.4-92.1 per egg/100 quails), egg weight
(12.6-13.3g), egg mass (11.4-12.1g/quail/day), feed intake
(31.4-33.7 g/quail/day), and feed conversion ratio (2.70-2.85).

Eggshell quality

The eggshell quality parameters are expressed as damaged egg,
egg-breaking strength, shell ratio, and shell thickness, as shown
in Table 3. The effect of Cu supplementation in the diet of laying
quails appeared to have no impact on eggshell parameters, as all
values were similar (P > 0.05). Those values ranged from 0.2 to 1.6
per egg/100 eggs for damaged eggs, 12.0 to 12.9 N for egg-
breaking strength, 8.18 to 8.72 g shell/ 100 g egg for shell ratio
and 222 to 230 um for egg-shell thickness.

Yolk DPPH and MDA values

The oxidative stability of the yolk measured as MDA and DPPH
value is shown in Table 4. The MDA value was not impaired
(P>0.05) by Cu supplementation. Contrarily, a significant effect
was described for the DPPH value, which significantly increased
(P<0.01) at 60 mg/kg of Cu compared to the rest of the experi-
mental groups.

Tibia biomechanical traits

Data on tibia biomechanical properties are shown in Table 5.
Cortical bone thickness (0.323—0.378 mm), cortical bone cross-
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Table 2. Effect of dietary Cu levels on performance in laying quails (n=125)
Dietary Cu levels (mg/kg) Regression
Parameters 7.20 15 30 45 60 S.EM. P-value L Q C
Initial body weight (g) 243 249 246 242 243.63 2.5 0.924 0.732 0.846 0.421
Final body weight (g) 269 271 277 265 274 3.5 0.887 0.910 0.903 0.451
Body weight gain (g) 26 22 32 24 30 1.9 0.512 0.490 0.972 0.741
Egg production (per egg/100 91.2 92.1 91.7 90.9 90.4 0.69 0.960 0.570 0.706 0.733
quails)
Egg weight (g) 13.0 12.9 13.0 126 133 0.14 0.587 0.799 0.276 0.352
Egg mass (g/quail/day) 11.9 11.9 11.9 11.4 12.1 0.16 0.786 0.939 0.514 0.350
Feed intake (g/quail/day) 324 33.7 321 314 33.0 0.43 0.537 0.698 0.430 0.156
Feed conversion ratio 2.73 2.85 2.70 2.74 2.74 0.031 0.683 0.667 0.879 0.507

s.e.M., Standard error means; L, Linear; Q, Quadratic; C, Cubic.

sectional area (1.22-1.30 mm?), shear force (131-154N), and
shear stress (100-119 N/mm?) were not affected by the Cu level
(P>0.05). Nevertheless, a linear regression (P < 0.05) was set for
cortical bone thickness, which was linearly reduced from 0.378
to 0.323 mm, with increasing Cu content in the diet.

Tibia mineralization

Table 6 summarizes the tibia mineral concentration of laying
quails in response to rising levels of Cu supplementation. Tibia
Cu content decreased linearly (P < 0.01) with increasing Cu levels
in the diet, resulting in higher values in the non-supplemented
quails than in the quails receiving 30, 45 and 60 mg/kg of Cu.
Contrarily, as the dietary Cu level increased (P <0.01) the tibia
manganese content linearly rose, recording the highest value at
60 mg/kg Cu than those reported for 15 mg/kg Cu diet and non-
supplemented diets. Similarly, zinc concentration increased with
enhanced Cu supplementation levels, and this increase was sig-
nificant (P <0.01) at 60 mg/kg Cu compared to other levels.
The effect of Cu supplementation on tibia calcium content
appeared to be not significant (P> 0.05). There was a significant
effect (P < 0.01) of Cu supplementation on tibia phosphorus con-
tent, quails receiving 15 and 30 mg/kg diets had considerably
higher P levels than the quails receiving 45 and 60 mg/kg Cu.

Mineral excretion

Faecal mineral content (Cu, manganese, zinc, calcium and phos-
phorus concentration) in response to the Cu diets are presented in

Table 3. Effect of dietary Cu levels on eggshell quality (n=300) in laying quails

Table 7. Increasing the dietary Cu level from 7.20 to 60 mg/kg
resulted in a linear increase in faecal Cu level from 18 to
56 mg/kg. Contrarily, the study indicated that the groups
supplemented with Cu had considerably lower (P <0.01) zinc
and manganese (280-281 mg/kg) faecal content than the non-
supplemented group. Faecal calcium content was not affected
by dietary Cu level (P>0.05), whereas a quadratic regression
(P<0.05) was observed with minimum values at 15 mg/kg of
Cu. Faecal phosphorus was found to be significantly higher in
the non-supplemented group compared to the laying quails
supplemented with 15 and 30 mg/kg Cu.

Discussion

Trace elements, including Cu, are crucial in the diet of poultry to
ensure optimum performance, since these elements due to these
elements are involved in several biochemical processes (Olukosi
et al., 2019). However, the optimal dose of Cu supplementation
to ensure optimal performance without compromising the envir-
onment is still controversial (Cufadar et al., 2022). In this study,
the addition of hydroxychloride copper did not yield any discern-
ible impact on performance parameters. Comparable results have
been reported by previous researchers in studies involving laying
quails (Kara et al, 2021; Cufadar et al., 2022) and broilers
(Nguyen et al., 2020). On egg production in laying hens, similar
to the current findings, Olukosi et al. (2019) observed no effect
of Cu hydroxychloride supplementation, which is in line with
that described by Cufadar et al. (2022) and Kara et al. (2021)
when organic Cu was added to the diet of quails. Olukosi et al.

Dietary Cu levels (mg/kg) Regression
Parameters 7.20 15 30 45 60 S.EM P-value L Q C
Damaged egg (per egg/100 egg) 1.7 0.5 0.3 15 0.2 0.32 0.452 0.440 0.834 0.097
Eggshell-breaking strength (N) 124 12.9 12.0 12.2 12.8 0.14 0.155 0.885 0.101 0.139
Relative eggshell weight (g shell/ 8.72 8.29 8.18 8.48 8.41 0.073 0.172 0.539 0.095 0.070
100 g egg)
Eggshell thickness (um) 222 227 225 230 224 1.2 0.186 0.366 0.100 0.650

s.e.M., Standard error means; L, Linear; Q, Quadratic; C, Cubic.
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Table 4. Effect of dietary Cu levels on DPPH and MDA values of yolk (n=100) in laying quails

Dietary Cu levels (mg/kg)* Regression
Parameters 7.20 15 30 45 60 S.EM. P-value L Q C
MDA value (umol MDA/kg) 17 2.4 14 2.4 19 0.16 0.192 0.776 0.912 0.691
DPPH (% reducing) 7.3 7.2 6.6 7.5 9.1 0.19 <0.001 <0.001 <0.001 0.707

s.e.m., Standard error of means; L, Linear; Q, Quadratic; C, Cubic; DPPH, 2,2-diphenyl-1-picrylhydrazyl; TBARS, thiobarbituric acid reactive substances.

(2019) proposed that the absence of differences could be attribu-
ted to the hens being at peak production, a circumstance consist-
ent with the age of the quails in this study. In this research, the
concentration of Cu in the basal diets approached the minimal
requirement (6 mg/kg) reported for quails by the National
Research Council (1994). Therefore, the comparative performance
and egg production traits of quails fed a diet without copper sup-
plementation imply that the basal diet, primarily composed of
corn, did not exhibit a significant Cu deficiency. Therefore,
based on these results and as pointed out by previous authors
(Nguyen et al., 2020; Cufadar et al., 2022), it could be suggested
that additional dietary Cu supplementation is not necessary to
ensure optimal growth or egg production in laying quails.

Egg-shell quality remains a critical problem for avian produc-
tion which accounts for large economic losses for the avian indus-
try. Therefore, it is important to ensure that shell quality
parameters are preserved (Giil ef al., 2022). The current research
found that the hydroxychloride Cu supplementation did not
affect the eggshell quality (in terms of damaged egg, eggshell
breaking strength, relative eggshell weight, and eggshell thick-
ness). Similarly, Olukosi et al. (2019) described an absence of dif-
ferences in eggshell thickness and relative eggshell weight of the
eggs from hydroxychloride Cu-fed hens, which follows those
described by El Sherif et al. (2019). These findings align with
those reported by Kara et al. (2021) who stated that the addition
of propionate Cu (organic form) at the level of 80 mg/kg did not
affect eggshell quality. However, Olgun et al. (2020) reported that
administration of 20 mg/kg organic Cu to the basal diet (35.95
mg/kg Cu) decreased eggshell breaking strength and shell index,
but conversely increased eggshell thickness. Similarly, Cufadar
et al. (2022) demonstrated that incorporating high levels of
organic copper (150 or 225 mg/kg) into the diets of laying quails
enhanced eggshell thickness and eggshell ratio without affecting
eggshell breaking strength. As can be perceived, there are several
discrepancies between previous studies. Factors such as laying age,
basal Cu doses, or the supplementation with organic, inorganic,
or chelated Cu sources, among others, can impact the perceived
effects. Nonetheless, the consensus is that using organic or hydro-
xychloride Cu sources rather than inorganic sources could result
in improved eggshell quality, which may or may not, be projected
in eggshell thickness (Olukosi et al., 2019). In any case, the lack of
differences in eggshell traits suggests that the Cu provided in the
basal diet would be enough to ensure the eggshell quality of the
laying quails.

Cu serves as a vital component of the antioxidant system,
enhancing the activity of antioxidant enzymes (Kara et al,
2021), but, excess of dietary Cu could act as a prooxidant due
to the formation of hydroxyl radicals leading to lipid peroxidation
(Ali, 2018; Lin et al., 2020; Nguyen et al., 2022). In the present
investigation, the addition of Cu hydroxychloride at the max-
imum level (60 mg/kg) resulted in an improvement of the
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DPPH value in comparison to the rest of the experimental
diets, without promoting oxidative stress in any case. Those
results are partially following those reported by Nguyen et al.
(2022). These results suggest that Cu hydroxychloride, even at
high doses, would have a reduced release of Cu ions, resulting
in a significantly reduced reactivity potential and less production
of reactive oxygen species leading to less oxidation (Lin et al.,
2020). Scarce data about the effect of Cu hydroxychloride dietary
supplementation on the antioxidant capacity of the yolk have
been reported. Most previous studies have focused on the effect
of other dietary sources of Cu (inorganic or organic) or the com-
bination of hydroxychlorinated minerals on the antioxidant cap-
acity of different tissues. For example, Kara et al. (2021) reported
that the administration of Cu proteinate at the level of 80 mg/kg
reduced yolk MDA. Abdullah et al. (2022) noted an increase in
serum SOD activity and a decrease in MDA values in broilers
that had received Cu nanoparticles in the diet. Similar outcomes
have been described by Wu et al. (2019), who found increased
antioxidant protection (measured by SOD and GSH-x activities)
in the serum of broiler chickens supplemented with organic Cu,
which agrees with those described by Ali (2018). These authors
found a reduction of serum MDA value in quails fed with dietary-
containing Cu (cupric sulphate pentahydrate) regardless of the
doses. It would appear that, overall, dietary Cu would have
some antioxidant effect on different tissues. On the other hand,
El Sherif et al. (2019) proposed that the total antioxidant capacity
in the serum of laying hens was enhanced as the dietary Cu sul-
phate was reduced, while Nguyen et al. (2022) revealed that
including 200 mg Cu/kg to the broiler diet did not affect liver
MDA values. Nonetheless, it is important to note that the animals
in the El Sherif et al. (2019) experiment were reared under stress-
ful environmental conditions. The differences among studies are
probably due to the dosage, the source of Cu involved, the age
of the animals, and the environmental conditions.

The absorption of trace elements is crucial for the develop-
ment of the skeletal system, potentially affecting overall bone
health. In this sense, Cu is an important mineral to preserve
the skeletal system as it serves as a cofactor for lysyl oxidase.
This enzyme binds collagen and elastin proteins and is necessary
to ensure structural integrity (Nguyen et al., 2020). Furthermore,
the antioxidant capacity of Cu has a major role in neutralizing the
radicals which stimulate the osteoclasts. Hence, a deterioration of
the biomechanical parameters of the tibia suggests a deficit in Cu
requirements. As previously stated, no alteration of tibial bio-
mechanical traits linked to dietary Cu level was described,
which agrees with the results of previous reports (Nguyen et al.,
2020; dos Santos et al., 2023). This observation supports the
hypothesis that the Cu content of the basal diet would be enough
to satisfy the requirements of laying quails.

Tissue mineral contents are commonly determined to assess
mineral availability in livestock (Lin et al., 2020) and are a good
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Table 5. Effect of dietary Cu levels on biomechanical traits of tibia (n=25) in laying quails
Dietary Cu levels (mg/kg) Regression

Parameters 7.20 15 30 45 60 S.E.M. P-value L Q C
Cortical bone thickness (mm) 0.378 0.340 0.333 0.324 0.323 0.0074 0.102 0.022 0.209 0.449
Cortical bone cross-sectional area (mm?) 1.42 1.22 1.29 1.23 1.30 0.027 0.116 0.314 0.094 0.368
Shear force (N) 144 131 132 131 154 515} 0.616 0.510 0.167 0.931
Shear stress (N/mm?) 102 110 100 108 119 4.4 0.690 0.317 0.477 0.651

s.e.M., Standard error means; L, Linear; Q, Quadratic; C, Cubic.

Table 6. Effect of dietary Cu levels on mineral contents of tibia (n=25) in laying quails

Dietary Cu levels (mg/kg) Regression

Parameters 7.20 15 30 45 60 S.E.M. P-value L Q C
Copper (mg/kg) 3.1 2.6 2.3 1.9 1.7 0.12 <0.001 <0.001 0.272 0.734
Manganese (mg/kg) 9.0 10.7 12.0 12.0 14.7 0.55 0.008 0.001 0.941 0.202
Zinc (mg/kg) 290 303 297 290 338 4.3 <0.001 <0.001 0.002 0.001
Calcium (g/kg) 210.9 237.6 2229 2223 229.4 0.63 0.771 0.721 0.827 0.322
Phosphorus (g/kg) 157.7 173.9 176.5 138.4 137.8 0.46 0.004 0.004 0.073 0.016

s.e.M., Standard error means; L, Linear; Q, Quadratic; C, Cubic.

marker of bone mineralization (Nguyen et al., 2020). Interestingly,
a reduction in the Cu content of the tibia was reported as the diet-
ary Cu level was increased. This fact could be related to its role in
phytase inhibition, vitamin degradation, and increased oxidation
which could indirectly result in reduced bioavailability and
decreased absorption of Cu in the tibia, as reported by Lin
et al. (2020). The increase of Cu levels in faeces confirms these
results. An increase in tibial zinc and manganese contents was
only recorded in quails that had received the highest dietary Cu
levels. At the same time, phosphorus showed the lowest values
when dietary Cu levels were increased (45 and 60 mg/kg) which
is by those described by Nguyen et al. (2020). It has been
described that high doses of Cu could impair the bioavailability
of phosphorus by the formation of an insoluble phytate-C com-
plex as occurs in this research. Moreover, dietary Cu did not
alter the deposition of calcium which is following those reported
by Nguyen et al. (2020). However, according to the previous lit-
erature, the effects of dietary Cu on the tibia mineral content
are controversial. Dos Santos et al. (2023), described that dietary

Cu in hydroxychloride form (at a level of 150 mg/kg) did not
affect the Cu and phosphorus contents of the tibia in broilers,
but reduced the calcium and zinc, while Nguyen et al. (2020)
found that the majority of tibia minerals assessed remained
unaffected by Cu dietary supplementation. Lin et al. (2020) sug-
gested that the variations observed in previous research could
stem from differences in factors such as the ages of the animals,
forms and levels of copper supplementation, duration of the
experiments, as well as the composition of the diets, among
other factors. Nevertheless, our findings suggest that non-
supplemented Cu diets are enough to ensure normal bone min-
eralization and absorption processes.

In the current study, dietary supplementation with Cu resulted
in increased faecal excretion of Cu but decreased excretion of
manganese, zinc, and phosphorus. As far as we know, there
have been no studies investigating the effect of dietary copper
on faecal mineral excretion in laying quails or hensSomewhat
congruent with these observations, Nguyen et al. (2022) observed
that adding hydroxichloride Cu at high doses (200 mg/kg) to the

Table 7. Effect of dietary Cu levels on mineral contents of faecal (n=25) in laying quails

Dietary Cu levels (mg/kg) Regression
Parameters 7.20 15 30 45 60 S.E.M. P-value L Q C
Copper (mg/kg) 18 24 39 49 56 3.0 <0.001 <0.001 0.001 0.468
Manganese (mg/kg) 343 281 280 281 281 6.3 <0.001 0.001 0.003 0.010
Zinc (mg/kg) 304 242 241 247 247 57 <0.001 0.001 <0.001 0.001
Calcium (g/kg) 49.6 42.8 44.4 42.9 50.5 0.13 0.172 0.675 0.032 0.880
Phosphorus (g/kg) 214 17.8 179 20.0 19.6 0.04 0.014 0.843 0.026 0.005

s.e.M., Standard error means; L, Linear; Q, Quadratic; C, Cubic.
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broiler diet” resulted in an increased Cu in distal ileum content,
but did not influence the excretion of other minerals (calcium,
phosphorus, zinc, and manganese). Mineral absorption is a com-
plex process, and microminerals can use the same transport
medium to be assimilated by the cell (dos Santos et al., 2023).
Consequently, even if the mineral content is equal, variations in
the dietary components or the presence of chelating agents may
lead to different results in the absorption process (Lin et al,
2020). Hence, additional study is warranted to validate the mech-
anism underlying mineral excretion.

Conclusions

Copper plays a crucial role in maintaining, developing, and pro-
moting the growth and overall health of animals. However,
there seems to be no consensus on the appropriate dose to
improve the development of laying quails without compromising
the environment. This study revealed that while dietary intake of
hydroxychloride copper at a level of 60 mg/kg had a beneficial
impact on egg yolk antioxidant status, the basal diet composed
of corn and containing 7.20 mg/kg copper could be sufficient to
meet the requirements for animal development, egg production
traits, egg quality, and bone biomechanical properties of laying
quails, without compromising any of these parameters. It should
be noted that reducing the dietary inclusion of Cu to basal levels
would result in less Cu excretion to the environment, which
would contribute to its protection.
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