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ABSTRACT: Trace minerals are essential for the birds growth, and are effective in its performance. The current 
study investigates the effects of organic and inorganic forms of copper, zinc, and manganese on the production 
traits and reproductive performance of Ross 308 broiler breeders aged 33 to 40 weeks. In this study, 240 hens 
and 30 roosters were used. This research was carried out as a factorial experiment (2×3) with three types of 
minerals (copper, zinc, and manganese) and two forms (organic and inorganic) in a completely randomized 
design with six treatments, five replications, and 8 hens and one rooster in each replication. The research was 
conducted as a factorial experiment in the form of a completely randomized design. The factors included the A 
factor (2 levels of organic and inorganic forms) and the B factor (3 levels of zinc, copper, and manganese). The 
number of treatments, repeats, and pens were 6, 5, and 30, respectively. The results of the study showed that the 
use of diets containing organic forms of elements had a significant effect on egg production traits, egg mass, egg 
weight, hatchable eggs, fertility rate, hatchability, and hatched chick weight (p<0.05). In general, the effect of the 
organic form of elements on the studied traits was greater than the inorganic form of the studied elements, and 
the highest and lowest impact of the treatments on the studied traits were related to organic zinc and inorganic 
manganese, respectively. Based on the present results, the use of organic forms of inorganic elements (especially 
organic zinc) is recommended to improve the production and reproductive traits of broiler breeders.
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INTRODUCTION

Limited studies have examined the effects of or-
ganic versus inorganic forms of copper, zinc, 

and manganese on broiler breeder’s production and 
reproductive performance. Minerals (Zn, Mn, and 
Cu) are essential for growing of chicken. Due to 
the low cost and amount needed in the feed, the 
poultry industry has established safety trace mineral 
margins to formulate feeds, consequently increas-
ing mineral losses to the environment (Rezapour 
et al., 2024). Recent studies found Fe, Cu, Zn, and 
Mn requirements of broiler breeder hens using in-
organic sources (Noetzold et al., 2020). Organic 
minerals can positively impact egg production, 
and fertility rates in poultry (Londero et al., 2020). 
In a separate investigation, the effects of chelated 
organic elements on broiler breeders and progeny 
were examined. Findings indicated that organic 
elements enhanced fertility, elevated hatchability, 
and diminished offspring mortality, proving more 
efficacious than mineral sources in avian diets 
(Faghih Mohammadi et al., 2022). Another study 
investigated the effects of dietary zinc sources in 
the form of zinc sulfate (ZnSO4) compared to or-
ganic zinc amino acid complex on the reproductive 
performance of broiler breeders. This study showed 
that egg specific weight, egg production, and chick 
production (hatchability) were more optimal when 
long-term dietary zinc was consumed (Zhang et al., 
2017). The provision of essential nutrients in the 
diet of broiler breeders is crucial for achieving high 
production levels with optimal efficiency (Avila., 
2023). Inadequate levels of minerals significantly 
impact bone tissue formation and health, growth, 
and development (Ghasemi et al., 2020). Zn, Mn, 
Cu, and iron on broiler breeder play important roles 
in digestive, biosynthetic, and physiological pro-
cesses within the body (Wang et al., 2019). Zn de-
ficiency leads to decreased feather growth, leg joint 
swelling, shortened leg bones, and reduced growth, 
production, and hatchability (Sharma et al., 2023). 
Inadequate Zn levels decrease eggshell quality, lead-
ing to reduced egg production and hatching rates. 
Research indicates that an appropriate Zn in eggs is 
necessary for normal embryo production and chick-
en development. Feeding chickens with low zinc 
concentrations (<11 mg/kg) significantly increases 
embryo mortality and results in poor chick quality 
(Zhang et al., 2017). Eggs from copper-deficient 
chicken’s exhibit abnormal size and shape, lack 
proper shells, or display wrinkling. Rough shells 
are attributed to abnormalities in the shell mem-

brane (Wang et al., 2016). A study investigated the 
effects of mineral or organic nutrition, specifically 
Zn and Cu, on chicken performance and mineral 
content in chicken tissue. Chickens fed with both 
mineral sources of copper and Zn showed a lower 
feed conversion ratio than those fed with only the 
mineral source of Zn (Ao et al., 2009). Mn is vital 
for growth and reproduction in laboratory animals, 
playing a crucial role in collagen formation, bone 
development, urea formation, eggshell production, 
and immune system function (Zhang et al., 2021). 
Mn deficiency manifests as abnormal bone forma-
tion, disturbances in carbohydrate and fat metab-
olism, growth retardation, dermatitis, and fertility 
failure (Kimura., 2016). Maternal chickens deprived 
of Mn produce chicken embryos with incomplete 
skeletons (Miao et al., 2021).

The present study aims to the effects of organic 
and inorganic forms of Zn, Mn, and Cu on the pro-
duction traits and reproductive performance of Ross 
308 broiler breeders aged 33 to 40 weeks.

MATERIALS AND METHODS
Birds and experimental conditions: In the study, 
270 birds were used. They were consisting of 240 
hens and 30 roosters of the Ross 308 broiler breed-
ers. They were randomly assigned to 6 experimental 
treatments with 5 repeats, resulting in 30 pens (each 
housing 8 hens and one rooster). The experimental 
area was designed with forty 1.5 × 2.5 m pens, sep-
arated by a fences. This research was conducted at 
Islamic Azad University-Qaemshahr branch, August 
to September 2023. The study was conducted on 
Ross 308 broiler breeders from 33-40 weeks of age 
(peak production).Weeks 29 to 33 were considered 
as adaptation period.

Birds were exposed to 14 h of light and 10 h of 
darkness. The roosters were collected from the ex-
perimental units before darkness, and the next day, 
after lighting and feeding, one rooster was random-
ly added to each experimental unit. Other environ-
mental parameters were the same for all treatments 
including temperature (22°C), drinkers (1 nipple 
drinkers/9 birds), feeder space (15 cm/bird), bird 
density (3.5-5.5 bird/m2), humidity (60–65%), light 
(60 lux) and ventilation. The amount of water and 
feed was the same in all pens.

Ethics declarations: The present study was con-
ducted in accordance with the procedures for sample 
collection and management, as well as the ethical, 
scientific, and administrative standards for animal 
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ic compounds, the amounts needed to satisfy the 
birds’ nutritional requirements for inorganic min-
erals were lower. According to the manufacturer’s 
catalog, the bioavailability percentages for organic 
Cu, organic Zn, and organic Mn were 120%, 185%, 
and 176%, respectively. Consequently, the recom-
mended amounts of elements in organic form, as 
specified by the manufacturer in this study, were 
13.33 mg/kg for Cu, 48.65 mg/kg for Zn, and 73.86 
mg/kg for Mn. The experimental treatments were 
as follows: 1) inorganic Zn (Znso4), 2) organic Zn 
(Zn-methionine), 3) inorganic Cu (Cuso4), 4) organ-
ic Cu (Cu-methionine), 5) inorganic Mn (Mnso4), 
and 6) organic Mn (Mn-methionine).

Egg production percentage: It should be col-
lected the eggs at least 2 times during the day, ac-
cording to the Ross 308 guide. The daily production 
percentage in each experimental pen was calculated 
after egg collection, which occurred at 11:00 AM 
and 7:00 PM to prevent spoilage and experimental 
errors. At the end of the week, the average weekly 
production percentage of each pen was calculated 
using the formula (Kim et al., 2020):

Percentage of egg production= (number of chick-
ens in each pen/ number of eggs in each pen) ×100

Egg weight: Every week, 2 eggs per pen were 

research established by the National Committee for 
Ethics in Biomedical Research of Iran (2018).

Experimental treatments: All diets were formu-
lated using the Ross 308 broiler breeders’ handbook 
(2021) and the NRC diet software (1994). The for-
mulated diet (Table 1) contained the specific com-
position of the supplements. According to the Ross 
308 broiler breeders’ handbook, the requirements of 
Zn, Cu, and Mn of hens during the study were 16 
mg/kg, 90 mg/kg, and 130 mg/kg, respectively. In 
the experimental treatments, the under-study trace 
elements were supplied by their organic and inor-
ganic forms as follows. The inorganic mineral forms 
were Cu sulfate (CuSO4, 5H2O), Zn sulfate (ZnSO4, 
H2O), and Mn sulfate (MnSO4, H2O). GivanChemi® 

(GivanChemi®, Tehran, Iran) formulated them. The 
organic forms of mineral elements were in the form 
of Cu-amino acid (Zinpro® Availa® Cu-10.0%), 
Zn-amino acid (Zinpro® Availa® Zn-12.0%), and 
Mn-amino acid (Zinpro® Availa® Mn-8.0%). ZIN-
PRO (Zinpro®, USA) formulated them. The required 
amounts of inorganic mineral in sulfate form for 
Ross broiler breeder hens were determined according 
to the Ross 308 (2021) catalog. The recommended 
values were 16 mg/kg for Cu, 90 mg/kg for Zn, and 
130 mg/kg for Mn. Given the high bioavailability 
of inorganic minerals when combined with organ-

Table 1 Composition of basal diet supplied to broiler breeder hens from 33 to 40 
week of age
Ingredient composition (%) Nutrient composition 33-40 week
Corn 60.00 Metabolizable energy (kcal/kg) 2795.00
Soybean meal (44%) 17.50 Crude protein (%) 14.45
Wheat meal 9.5 Lysine (%) 0.68
Soybean oil 3.00 Methionine (%) 0.41
Dicalcium phosphate 1.25 Methionine + cysteine (%) 0.66
Oyster shell powder 4.52 Threonine (%) 0.56
Calcium carbonate 3.00 Calcium (%) 3.20
Sodium bicarbonate  0.25 Available phosphorus (%) 0.36
Salt 0.22 Sodium (%) 0.18
Methionine 0.17 Chlorine (%) 0.18
Threonine 0.04 Potassium (%)                                                             0.70
Choline chloride 0.05 DEB3 (mEq/kg)                                                             247
Mineral premix1 0.25
Vitamin premix2 0.25

1- A mineral supplement without copper, zinc and manganese has been used in these diets. 2- The composition of vitamin supplements and 
mineral supplements for each kilogram of diet includes: Vitamin A, 10000 units., D3, 3200 units., E, 130 units., K, 9 mg., B12, 0.07 mg., 
Riboflavin, 20 mg., Calcium pantothenate, 15 mg., Niacin, 70 mg., choline chloride, 1000 mg., biotin, 0.6 mg., thiamine, 6 mg., pyridoxine, 8 
mg. folic acid, 5 mg., iodine, 2 mg., iron, 50 mg., selenium, 200 micrograms., cobalt, 500 micrograms. 3- DEB: Dietary Electrolyte Balance.
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taken as a sample and their quantitative character-
istics were calculated in the laboratory. Egg weight 
was measured using a precise digital scale with an 
accuracy of 0.001 grams. The weight of the eggs of 
each experimental pen was calculated daily and at 
the end of each day using the formula (Oso et al., 
2020):

Average daily egg weight= (number of eggs per 
pen/ total egg weight produced per pen)

Feed intake (FI): To estimate the weekly FI by 
the birds, the feed given in each meal was carefully 
weighed, and the remaining feed was also weighed. 
The weekly FI was determined from the difference 
between the feed given during the week and the re-
maining feed at the end of the week. The average FI 
in each pen was calculated by dividing the amount 
of feed allocated to each pen by the number of birds 
in that pen (Rezapour et al., 2024).

FI= [weekly feed in (g) - weekly feed remaining 
(g)]/ number of birds per pen

Egg mass: Calculation of egg mass based on the 
percentage of egg production and egg weight of each 
pen is calculated daily as follows (Kim et al., 2020):

Egg mass per experimental pen= (percentage of 
egg production per pen× Weight of eggs produced 
per pen) ÷100

Feed conversion ratio (FCR): The FCR was 
calculated based on the daily feed intake and egg 
mass production per pen using the formula below. 
Weekly averages were recorded. So, the weekly FCR 
was calculated (Macellineet al., 2022).

FCR of each pen= feed intake of each pen/ egg 
mass of each pen

Hatchable eggs: To calculate the number of 
hatchable eggs (weekly at 15-18°C and 75-80% 
humidity), small eggs, two-yolk, dirty, and bulbous 
eggs were separated, after weighing. So, hatchable 
eggs were selected and recorded (Abou-Kassem et 
al., 2024).

Fertility rate, and hatchability: The percentage 
of fertility rate and hatched chicks were calculated 
every 7 days. The fertility rate percentage was eval-
uated using candling on day 7 after laying the eggs 
in the incubator (Nowaczewski et al., 2022).

Fertility rate= number of fertilized eggs/ number 
of hatchable eggs x100

Hatchability= number of chicks hatched/ number 
of hatchable eggs x100

Chicken’s weight: The chickens of each pen 
were randomly weighed and recorded every week 
immediately after hatching (Souza da Silva et al., 
2021).

Statistical model and analysis: The data ob-
tained from the research were analyzed using a fac-
torial experiment (2×3) in the form of a completely 
randomized design and SAS(V9.2) software pro-
gram. The LSMeans procedure was used to compare 
the treatments’ means. The statistical model used is 
as follows:

yijk=µ+Ai+Bj+(AB)ij+eijk

Where, yijk is value of each observation, µ is the 
population mean, Ai is the effect of the A factor (two 
levels of organic and inorganic forms), Bj is the effect 
of the B factor (three levels of the effect of zinc, cop-
per, and manganese elements), (AB)ij= Interaction 
effect of two factors, and eijk is the residual effect.

RESULTS
Egg production: The effect of trace elements (Zn, 
Cu, and Mn), mineral forms (organic and inorganic), 
and their interaction on egg production percentage 
during weeks 33-36, 37-40, and the whole period 
(33-40 weeks) were significant (p<0.05) (Tables 2-4). 
During weeks 33-36, Zn (91.26%) and Cu (90.87%) 
had a more significant effect on egg production per-
centage compared to Mn (88.91%) (p<0.05). Also, 
during weeks 37-40, the effect of Zn (91.86%) and 
Cu (90.97%) on the percentage of egg production 
was greater than that of Mn (89.12%) (p<0.05). In 
the whole period, Zn (91.47%) and copper (90.90%) 
had a greater effect on egg production percentage 
compared to Mn (89.05%) (p<0.05). During weeks 
33-36 and 37-40 and throughout the whole period 
(33-40 weeks), the effect of organic forms on egg 
production percentage was greater than that of in-
organic forms (p<0.05). The effect of organic Zn 
on egg production percentage during weeks 33-36 
(91.46%) and 37-40 (91.92%) and throughout the 
whole period (91.65%) was greater than other or-
ganic and inorganic trace elements (p<0.05). The 
effect of organic Cu on egg production percentage 
in weeks 33-36 and 37-40 (90.48% and 90.61%) 
was higher than that of inorganic Cu (90.17% and 
90.28%) (p<0.05). On the other hand, the effect of 
organic Mn on egg production percentage in weeks 
33-36 and 37-40 (88.96% and 89.04%) was high-
er than that of inorganic Mn (88.40% and 88.53%) 
(p<0.05).

Egg weight: The effect of trace elements (Zn, 
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Table 2 The effect of trace elements (Zn, Cu, and Mn), mineral forms (organic and inorganic), and 
their interaction on Ross 308 broiler breeder' hen production traits at 33-36 weeks
Treatment Egg production (%) Egg mass (g) Egg weight (%) FI1(g) FCR2

Trace elements 
Zinc 91.26a 49.62a 54.38a 163.24 3.28
Copper 90.87a 47.23b 51.98b 162.51 3.44
Manganese 88.91b 45.35b 51.01b 162.48 3.58
SEM 0.62 0.53 0.35 2.48 0.21
P. value 0.04 0.03 0.02 0.18 0.23
Mineral forms
Inorganic Minerals 88.71b 45.49b 51.28b 162.17 3.56
Organic Minerals 91.20a 50.11a 54.95a 163.31 3.25
SEM 0.73 0.57 0.49 3.17 0.24
P.value 0.04 0.03 0.02 0.21 0.21
Trace elements × Mineral forms
Inorganic zinc 90.03b 47.73b 53.02b 163.17 3.41
Organic zinc 91.46a 50.27a 54.97a 163.45 3.25
Inorganic copper 90.17b 46.55b 51.63c 162.75 3.57
Organic copper 90.48b 47.19b 52.16b 162.93 3.45
Inorganic manganese 88.40c 45.31b 51.26c 162.54 3.58
Organic manganese 88.96bc 46.57b 52.35bc 162.67 3.49
SEM 0.45 0.46 0.27 2.51 0.15
P.value 0.04 0.03 0.02 0.19 0.22

1. Feed intake, 2. Feed conversion ratio, Non common superscripts in each column are indicate the significant statistical difference (p<0.05), 
SEM: Standard error of the mean, P.value: Probability value, FCR: Feed conversion ratio.

Cu, and Mn), mineral forms (organic and inorgan-
ic), and their interaction on egg weight percentage 
during weeks 33-36, 37-40, and the whole period 
(33-40 weeks) were significant (p<0.05) (Tables 
2-4). During weeks 33-36, the effect of Zn (54.38%) 
on the egg weight percentage was greater than that 
of Cu (51.98%) and Mn (51.01%) (p<0.05).In weeks 
37-40, the effect of Zn (58.72%) on egg weight per-
centage was greater than that of Cu (55.49%) and Mn 
(55.20%) (p<0.05). In the whole period, Zn (56.22%) 
had a greater effect on egg weight percentage com-
pared to Cu (53.51%) and Mn (53.17%) (p<0.05). 
During weeks 33-36 and 37-40 and throughout the 
whole period, the effect of organic forms on egg 
weight percentage was greater than that of inorganic 
forms (p<0.05).The effect of organic zinc on egg 
weight percentage in weeks 33-36 (54.97%) and 
37-40 (58.91%) and throughout the whole period 
(56.61%) was greater than other organic and inor-
ganic trace elements (p<0.05). The effect of organic 
Cu on egg weight percentage in weeks 33-36 and 
37-40 (52.16% and 55.83%) was higher than that of 

inorganic Cu (51.63% and 56.07%) (p<0.05). On the 
other hand, the effect of organic Mn on egg weight 
percentage in weeks 33-36 and 37-40 (52.35% 
and 56.42%) was higher than that of inorganic Mn 
(51.26% and 55.48%) (p<0.05).

Egg mass: In Tables 2-4, the effect of trace ele-
ments (Zn, Cu, and Mn), mineral forms (organic and 
inorganic), and their interaction on egg mass during 
weeks 33-36, 37-40, and the whole period (33-40 
weeks) were significant (p<0.05). In weeks 33-36, 
the effect of Zn (49.62g) on egg mass was greater 
than that of Cu (47.23g) and Mn (45.35g) (p<0.05). 
Also, during weeks 37-40, the effect of Zn (53.94g) 
on egg mass was greater than that of Cu (50.47g) 
and manganese (49.19g) (p<0.05). In the whole pe-
riod, Zn (51.42g) had a greater effect on egg mass 
compared to Cu (48.64g) and Mn (47.34g) (p<0.05). 
During weeks 33-36 and 37-40 and throughout the 
whole period (33-40 weeks), the effect of organic 
forms on egg mass was greater than that of inorganic 
forms (p<0.05). The effect of organic Zn on egg 
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Table 3 The effect of trace elements (Zn, Cu, and Mn), mineral forms (organic and inorganic), and 
their interaction on Ross 308 broiler breeder' hen production traits at 37-40 weeks
Treatment Egg production (%) Egg mass (g) Egg weight (%) FI1(g) FCR2

Trace elements
Zinc 91.86a 53.94a 58.72a 167.61 3.10
Copper 90.97a 50.47b 55.49b 167.08 3.31
Manganese 89.12b 49.19b 55.20b 167.12 3.39
SEM 0.59 0.49 0.48 2.48 0.19
P.value 0.04 0.02 0.02 0.24 0.26
Mineral Forms
Inorganic Minerals 88.95b 49.48b 55.61b 167.17 3.37
Organic Minerals 91.85a 53.98a 58.78a 167.92 3.11
SEM 0.68 0.55 0.60 2.89 0.22
P.value 0.04 0.02 0.02 0.19 0.24
Trace elements × Mineral forms
Inorganic zinc 90.12b 51.38b 57.02b 167.87 3.26
Organic zinc 91.92a 54.15a 58.91a 168.12 3.10
Inorganic copper 90.28b 50.40b 55.83c 167.28 3.31
Organic copper 90.61b 50.80b 56.07b 167.53 3.29
Inorganic manganese 88.53c 49.11b 55.48c 167.23 3.40
Organic manganese 89.04bc 50.23b 56.42c 167.48 3.33
SEM 0.38 0.41 0.37 2.13 0.16
P.value 0.04 0.02 0.02 0.21 0.21

1. Feed intake, 2. Feed conversion ratio, Non common superscripts in each column are indicate the significant statistical difference (p<0.05), 
SEM: Standard error of the mean, P.value: Probability value. FCR: Feed conversion ratio.

mass in weeks 33-36 (50.27g) and 37-40 (54.15g) 
and throughout the whole period (52.98g) was great-
er than other organic and inorganic trace elements 
(p<0.05). Also, the effect of organic Cu on egg mass 
in weeks 33-36 and 37-40 (47.19% and 50.80%) 
was higher than that of inorganic Cu (46.55% and 
50.40%) (p<0.05). On the other hand, the effect of 
organic Mn on egg mass in weeks 33-36 and 37-40 
(46.57% and 50.23%) was higher than that of inor-
ganic Mn (45.31% and 49.11%) (p<0.05).

Feed intake and feed conversion ratio: In Ta-
bles 2-4, the effect of trace elements (Zn, Cu, and 
Mn), mineral forms (organic and inorganic), and 
their interaction on FI and FCR during weeks 33-36, 
37-40, and the whole period (33-40 weeks) were not 
significant (p>0.05).

In weeks 33-36, the highest and lowest FI were 
observed in treatments containing organic Zn 
(163.45g) and inorganic Mn (162.54g), respective-
ly. Also, in weeks 37-40, the highest and lowest FI 
were observed in treatments containing organic Zn 

(168.12g) and inorganic Mn (167.23g), respectively. 
During the whole period, the highest and lowest FI 
were observed in treatments containing organic Zn 
(165.75g) and inorganic Mn (165.11g), respectively.

In weeks 33-36, the highest and lowest FCR were 
observed in the treatments containing organic Zn 
(3.25) and inorganic Mn (3.58), respectively. Also, 
in weeks 37-40, the highest and lowest FCR were 
observed in the treatments containing organic Zn 
(3.10) and inorganic Mn (3.40), respectively. During 
the whole period, the highest and lowest FCR were 
observed in the treatments containing organic Zn 
(3.19) and inorganic Mn (3.51), respectively.

Hatchable eggs: In Tables 5-7, the effect of trace 
elements (Zn, Cu, and Mn), mineral forms (organic 
and inorganic), and their interaction on hatchable 
egg percentage during weeks 33-36, 37-40, and 33-
40 were significant (p<0.05). During week 33-36, 
the effect of Zn (95.23%) on the hatchable egg per-
centage was greater than that of Cu (92.30%) and 
Mn (91.99%) (p<0.05). In week 37-40, the effect 
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Table 4 The effect of trace elements (Zn, Cu, and Mn), mineral forms (organic and inorganic), and 
their interaction on Ross 308 broiler breeder' hen production traits at 33-40 weeks (whole period)
Treatment Egg production (%) Egg mass (g) Egg weight (%) FI1(g) FCR2

Trace elements
Zinc 91.47a 51.42a 56.22a 165.80 3.22
Copper 90.90a 48.64b 53.51b 165.12 3.39
Manganese 89.05b 47.34b 53.17b 165.08 3.48
SEM 0.65 0.51 0.41 2.58 0.19
P.value 0.04 0.02 0.03 0.19 0.19
Mineral forms
Inorganic Minerals 88.82b 47.50b 53.48b 165.12 3.47
Organic Minerals 91.65a 52.17a 56.93a 165.48 3.17
SEM 0.70 0.56 0.60 3.38 0.22
P.value 0.04 0.02 0.03 0.23 0.17
Trace elements × Mineral forms
Inorganic zinc 90.09b 50.16b 55.90b 165.14 3.27
Organic zinc 91.65a 52.98a 56.61a 165.75 3.19
Inorganic copper 90.22b 48.24bc 53.48c 165.08 3.42
Organic copper 90.52b 49.25bc 54.41b 165.31 3.35
Inorganic manganese 88.49c 47.03c 53.15c 165.11 3.51
Organic manganese 88.58bc 48.70bc 54.98bc 165.39 3.39
SEM 0.47 0.44 0.34 2.17 0.18
P.value 0.04 0.02 0.03 0.21 0.21

1. Feed intake, 2. Feed conversion ratio, Non common superscripts in each column are indicate the significant statistical difference (p<0.05), 
SEM: Standard error of the mean, P.value: Probability value, FCR: Feed conversion ratio.

of Zn (95.49%) on hatchable egg percentage was 
greater than that of Cu (92.41%) and Mn (92.16%) 
(p<0.05). In week 33-40, Zn (95.92%) had a greater 
effect on hatchable egg percentage compared to Cu 
(92.63%) and Mn (92.40%) (p<0.05). During weeks 
33-36, 37-40, and 33-40, the effect of organic forms 
on hatchable egg percentage was greater than that of 
inorganic forms (p<0.05). The effect of organic Zn 
on egg weight percentage in weeks 33-36 (95.34%) 
and 37-40 (95.56%), and 33-40 (95.82%) was great-
er than other organic and inorganic trace elements 
(p<0.05). The effect of the organic form of Zn, Cu, 
and Mn on egg weight percentage was greater than 
their inorganic form. Also, the effect of organic Cu 
on hatchable egg percentage in weeks 33-36 and 
37-40 (93.09% and 93.52%) was higher than that of 
inorganic Cu (92.41% and 92.80%) (p<0.05). On the 
other hand, the effect of organic Mn on hatchable 
egg percentage in weeks 33-36 and 37-40 (92.90% 
and 93.26%) was higher than that of inorganic Mn 
(90.30% and 90.71%) (p<0.05).

Fertility rate: The effect of trace elements (Zn, 
Cu, and Mn), mineral forms (organic and inorgan-
ic), and their interaction on fertility rate percentage 
during weeks 33-36, 37-40, and 33-40 were signifi-
cant (p<0.05) (Tables 5-7). During week 33-36, the 
effect of Zn (92.54%) on fertility rate percentage was 
greater than that of Cu (90.12%) and Mn (89.95%) 
(p<0.05). In week 37-40, the effect of zinc (92.77%) 
on fertility rate percentage was greater than that of 
Cu (90.28%) and Mn (90.10%) (p<0.05). In week 
33-40, Zn (92.92%) had a greater effect on fertility 
rate percentage compared to Cu (90.44%) and Mn 
(90.28%) (p<0.05). During weeks 33-36, 37-40, 
and 33-40, the effect of organic forms on fertility 
rate percentage was greater than that of inorganic 
forms (p<0.05). The effect of organic Zn on fertili-
ty rate percentage in weeks 33-36 (92.46%), 37-40 
(92.63%), and 33-40 (92.86%) was greater than other 
organic and inorganic trace elements (p<0.05). Also, 
the effect of organic Cu on fertility rate percentage 
in weeks 33-36 and 37-40 (90.06% and 90.37%) 
was higher than that of inorganic Cu (89.66% and 
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Table 5 The effect of trace elements (Zn, Cu, and Mn), mineral forms (organic and inorganic), and 
their interaction on Ross 308 broiler breeder' hen reproductive performance at 33-36 weeks
Treatment Hatchable eggs (%) Fertility rate (%) Hatchability (%) Chick weight (g)
Trace elements
Zinc 95.23a 92.54a 91.57a 44.19a

Copper 92.30b 90.12b 88.50b 42.11b

manganese 91.99b 89.95b 88.36b 41.91b

SEM 0.23 0.23 0.19 0.18
P.value 0.01 0.01 0.02 0.02
Mineral forms
Inorganic Minerals 90.40b 89.99b 88.45b 42.20b

Organic Minerals 94.70a 92.35a 91.19a 44.11a

SEM 0.34 0.25 0.22 0.23
P.value 0.01 0.02 0.02 0.03
Trace elements × Mineral forms
Inorganic  zinc 92.81b 91.98a 90.89a 42.82b

Organic zinc 95.34a 92.46a 91.53a 44.30a

Inorganic copper 92.41b 89.66b 88.57b 42.19b

Organic copper 93.09b 90.06b 88.96b 42.87b

Inorganic  manganese 90.30c 89.60b 88.45b 41.69b

Organic manganese 92.90b 89.99b 88.83b 41.97b

SEM 0.20 0.18 0.14 0.13
P.value 0.01 0.02 0.03 0.03

Non common superscripts in each column are indicate the significant statistical difference (p<0.05), SEM: Standard error of the mean, P.value: 
Probability value.

90.03%) (p<0.05). On the other hand, the effect of 
organic Mn on fertility rate percentage in weeks 33-
36 and 37-40 (89.60% and 89.78%) was higher than 
that of inorganic Mn (89.99% and 90.17%) (p<0.05).

Hatchability: In Tables 5-7, the effect of trace 
elements (Zn, Cu, and Mn), mineral forms (organic 
and inorganic), and their interaction on hatchability 
percentage during weeks 33-36, 37-40, and 33-40 
were significant (p<0.05). During week 33-36, the 
effect of Zn (91.57%) on hatchability percentage was 
greater than that of Cu (88.50%) and Mn (88.36%) 
(p<0.05). In week 37-40, the effect of Zn (91.81%) 
on hatchability percentage was greater than that of 
Cu (88.69%) and Mn (88.50%) (p<0.05). In week 
33-40, Zn (92.13%) had a greater effect on hatch-
ability percentage compared to Cu (88.89%) and Mn 
(88.72%) (p<0.05). During weeks 33-36, 37-40, and 
33-40, the effect of organic forms on hatchability 
percentage was greater than that of inorganic forms 
(p<0.05). The effect of organic and inorganic Zn on 
hatchability percentage in weeks 33-36 (91.53% and 

90.89%), 37-40 (91.70% and 91.05%), and 33-40 
(91.91% and 91.31%) was greater than other or-
ganic and inorganic trace elements (p<0.05). Also, 
the effect of organic Cu on hatchability percentage 
in weeks 33-36 and 37-40 (88.96% and 89.34%) 
was higher than that of inorganic Cu (88.57% and 
88.98%) (p<0.05). On the other hand, the effect of 
organic Mn on hatchability percentage in weeks 33-
36 and 37-40 (88.83% and 89.14%) was higher than 
that of inorganic Mn (88.45% and 88.87%) (p<0.05).

Chicks Weight: The effect of trace elements (Zn, 
Cu, and Mn), mineral forms (organic and inorganic), 
and their interaction on chick weight during weeks 
33-36, 37-40, and 33-40 were significant (p<0.05) 
(Tables 5-7). In week 33-36, the effect of Zn (44.19g) 
on chick weight was greater than that of Cu (42.11g) 
and Mn (41.91g) (p<0.05). In week 37-40, the effect 
of Zn (44.94g) on chick weight was greater than that 
of Cu (42.30g) and Mn (42.15g) (p<0.05). In week 
33-40, Zn (46.19g) had a greater effect on chick 
weight compared to Cu (42.54g) and Mn (42.40g) 
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Table 6 The effect of trace elements (Zn, Cu, and Mn), mineral forms (organic and inorganic), and 
their interaction on Ross 308 broiler breeder' hen reproductive performance at 37-40 weeks
Treatment Hatchable eggs (%) Fertility rate (%) Hatchability (%) Chick weight (g)
Trace elements
Zinc 95.92a 92.92a 92.13a 46.19a

Copper 92.63b 90.44b 88.89b 42.54b

Manganese 92.40b 90.28b 88.72b 42.40b

SEM 0.24 0.27 0.19 0.20
P.value 0.01 0.01 0.02 0.02
Mineral forms
Inorganic Minerals 90.80b 90.31b 88.91b 42.59b

Organic Minerals 94.99a 93.67a 91.59a 44.66a

SEM 0.27 0.29 0.23 0.23
P.value 0.01 0.02 0.02 0.03
Trace elements × Mineral forms
Inorganic  zinc 93.12b 92.40a 91.31a 43.26b

Organic zinc 95.82a 92.86a 91.91a 44.79a

Inorganic copper 92.80b 90.03b 88.98b 42.65b

Organic copper 93.52b 90.37b 89.34b 43.42b

Inorganic  manganese 90.71c 90.02b 88.87b 42.20b

Organic manganese 93.26b 90.33b 89.14b 42.49b

SEM 0.18 0.23 0.16 0.13
P.value 0.01 0.02 0.03 0.03

Non common superscripts in each column are indicate the significant statistical difference (p<0.05), SEM: Standard error of the mean, P.value: 
Probability value.

(p<0.05). During weeks 33-36, 37-40, and 33-40, 
the effect of organic forms on chick weight was 
greater than that of inorganic forms (p<0.05). The 
effect of organic Zn on chick weight in weeks 33-36 
(44.30g), 37-40 (44.55g), and 33-40 (44.79g) was 
greater than other organic and inorganic trace ele-
ments (p<0.05). Also, the effect of organic Cu on 
chick weight in weeks 33-36 and 37-40 (42.87% 
and 43.42%) was higher than that of inorganic Cu 
(42.19% and 42.65%) (p<0.05). On the other hand, 
the effect of organic Mn on chick weight in weeks 
33-36 and 37-40 (41.97% and 42.49%) was high-
er than that of inorganic Mn (41.69% and 42.20%) 
(p<0.05).

DISCUSSION
The current study finds that organic trace elements, 
particularly Zn, were more effective than inorganic 
trace elements in increasing egg production percent-
age. The inclusion of these compounds in the diets 
is justification for the mentioned trait improvement. 
Organic Zn in the diet affects egg production per-

centage through its interaction with the endocrine 
system (Dikmen et al., 2016). Also, it is reported 
that the addition of organic Zn to the ration has a 
favorable influence on egg production in laying hens 
(Khajaren et al., 2006). Another research showed 
that the use of organic trace elements, rather than 
inorganic trace elements, improved the egg pro-
duction of broiler breeders (Youssefi et al., 2014). 
It is reported that there is a positive effect on egg 
production in laying hens when the ration is supple-
mented with organic Zn. In the research conducted 
on brown laying hens aged 1 to 62 weeks, increasing 
the amount of organic Zn in the diet from 120 to 
210 mg/kg increased egg production from 1.21 to 
1.76% (Prasad and Kucuk, 2002). The results of the 
mentioned studies are consistent with the findings of 
the present research and confirm the positive effect 
of organic Zn on egg production. Zn plays a crucial 
role in egg formation. A Zn deficiency can impact 
the epithelium’s quality as Zn is essential for protein 
synthesis. Zn also has an indirect influence on epi-
thelial secretions, either by altering the epithelium’s 
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structure or directly during eggshell membrane syn-
thesis (Liao et al., 2018). Organic Zn is more easily 
absorbed in the intestine, making it more effective 
(Durmus et al., 2004).

In the recent researches, Zn particularly organic 
Zn, led to a greater increase in egg weight compared 
to other trace elements. It is reported that the utiliza-
tion of zinc-methionine and manganese-methionine 
in the diet of laying hens led to a substantial increase 
in egg weight (Khoshbin et al., 2023). A study on 
broiler breeders reported that different levels of or-
ganic zinc produced a significant difference in egg 
weight (Mahmood & Hazim, 2011). In contrast to 
the current study, it found that adding 60, 10, and 
60 mg/kg of zinc, manganese, and copper to the 
basic diet did not result in a significant effect on 
egg weight in laying hens (Mabe et al., 2003). In 
a study, an increase in egg weight was observed 
in copper-deficient birds due to an increase in egg 
white content. Lacking vitamins and minerals sup-

plement with only 24 ppm Zn, 15 ppm Mn, and 6 
ppm Cu have been shown to decrease egg weight in 
old broiler breeders (62-74 weeks). This Low weight 
was not seen in young broiler breeders (30-40 weeks) 
(Inal et al., 2001).

Based on the results of the present research, the 
effect of zinc especially organic Zn was more ef-
fective than other trace elements on egg mass. The 
egg mass is affected by two factors egg weight and 
production percentage, and due to the influence of 
these two parameters, egg mass has also increased. 
Considering the role of Zn in the deposition of albu-
min in the magnum and the production of egg white 
and that the egg weight comes from its contents, it 
can be said that Zn and Mn can increase the egg 
mass by increasing the white (Klecker et al., 2002). 

In the current study, organic and inorganic trace 
elements showed no significant effect on FI and 
FCR (p>0.05). The reduction in FI can occur due 
to Cu and Zn deficiency (Jahanian et al., 2008). The 

Table 7 The effect of trace elements (Zn, Cu, and Mn), mineral forms (organic and inorganic), and 
their interaction on Ross 308 broiler breeder' hen reproductive performance at 33-40 weeks (whole 
period)
Treatment Hatchable eggs (%) Fertility rate (%) Hatchability (%) Chick weight (g)
Trace elements
Zinc 95.49a 92.77a 91.81a 44.94a

Copper 92.41b 90.28b 88.69b 42.30b

Manganese 92.16b 90.10b 88.50b 42.15b

SEM 0.21 0.24 0.17 0.23
P.value 0.01 0.01 0.02 0.02
Mineral forms
Inorganic Minerals 90.58b 90.16b 88.69b 42.38b

Organic Minerals 94.80a 93.51a 91.35a 44.42a

SEM 0.26 0.27 0.22 0.27
P.value 0.01 0.02 0.02 0.03
Trace elements × Mineral forms
Inorganic  zinc 92.93b 92.19a 91.05a 42.95b

Organic zinc 95.56a 92.63a 91.70a 44.55a

Inorganic copper 92.58b 89.84b 88.74b 42.42b

Organic copper 93.24b 90.10b 89.10b 43.20b

Inorganic  manganese 90.48c 89.78b 88.65b 41.99b

Organic manganese 93.03b 90.17b 88.94b 42.25b

SEM 0.18 0.21 0.14 0.18
P.value 0.01 0.02 0.03 0.03

Non common superscripts in each column are indicate the significant statistical difference (p<0.05), SEM: Standard error of the mean, P.value: 
Probability value.
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antagonistic relationship between Zn and Cu was 
reported (Hall et al., 1979).It has been stated that 
Mn has no affect on FI (Li et al., 2008). A study in-
dicated that the organic minerals (Mn, Zn, and Cu) 
did not affect FI (Xiao et al., 2015). Research has 
shown that the consumption of organic Mn (Wang 
et al., 2012) and Zn (Pimentel et al., 1991). Supple-
ments had no significant impact on FI in broilers. 
Another study investigating the effects of organic 
minerals, including Mn, selenium, and chromium, 
on FI in broiler chickens did not observe significant 
differences (Mohammadi et al., 2015). Moreover, 
research on laying hens (Sohrabi et al., 2018) found 
that organic chromium, Mn, and Zn did not affect 
FI. Found that the use of organic chelates of Zn and 
Mn, compared to their mineral sources, did not sig-
nificantly impact the average FI of broiler chickens 
(Rahimi Fatehkohi et al., 2018). Franklin (2021) 
found that reducing inorganic levels of these min-
erals had no negative effect on broiler performance, 
while Gheisari (2010) reported that lower levels of 
inorganic sources could support broiler performance. 
Another study found that lower levels of organic 
Mn were required for optimal performance com-
pared to inorganic Mn. These studies suggest that 
both organic and inorganic forms of these minerals 
can support broiler performance, with potential cost 
savings and environmental benefits from reducing 
inorganic levels (Carvalho., 2021).In another study, 
no significant effect was found by 50% replacement 
of inorganic trace minerals (Zn, Mn, and Cu) with 
organic sources (Maciel et al., 2010) on FCR in lay-
ing hens. Improvement in FCR when replacing more 
than one inorganic mineral simultaneously with or-
ganic sources has been reported in previous research. 
It was found that partial replacement (50%) of Zn, 
Mn, and Cu with organic sources (Zn-proteinate, 
Mn-methionine hydroxyl analogue chelate, and 
Cu-methionine hydroxyl analogue chelate) reduced 
FI, increased BWG, and improved FCR in Arbor 
Acres female broilers (El-Husseiny et al., 2012).

According on the present research results, the 
effect of Zn was more effective than other trace el-
ements on Hatchable eggs. Trace element supple-
ments are frequently fed to laying hens to reduce 
eggshell breakage (Nys et al., 2004) and eggshell 
quality incomplete sentence in other studies with 
the use of AACM (amino acid complexed miner-
als) in broiler breeders (Araújo et al., 2019) and 
laying hens (Qiu et al., 2020) compared to inorgan-
ic mineral sources. Lastly, found that dietary Zn 
supplementation significantly improved fertility 

traits (Mojaverian et al., 2025) and sperm egg pen-
etration in broiler breeders (Amen and Al-Daraji., 
2011). Similarly, found that organic sources of these 
minerals improved eggshell quality and decreased 
early embryo mortality (Favero et al., 2013). Xie 
(2014) found that Mn supplementation, particularly 
in the inorganic form, improved eggshell quality. 
However, Aksu (2011) found that lower levels of 
organically complexed minerals did not negatively 
impact performance, suggesting that the type and 
level of supplementation may play a role in eggshell 
quality. Eggshell quality has also been considered as 
a factor that affects hatchability (Roque and Soares, 
1994), where thinner eggshell, low specific gravity, 
and poor breaking strength are correlated with lower 
hatchable (Liao et al., 2013).

According on the present research results, the 
effect of Zn was more effective than other trace ele-
ments on fertility and hatchability. The hatchability 
percentage, which can be considered an indicator 
of reproductive success and efficiency, signifies 
the positive strides and advancements in the broil-
er breeders’. A study on brown laying hens aged 1 
to 62 weeks showed that rations with 60 (control), 
90, 120, 150, 180, and 210 mg/kg of dry matter 
had a significant effect on hatchability percentage 
(p<0.05) (Durmus et al., 2004). Another study in-
volving 45-week-old broiler breeders and different 
zinc levels in their diet (0, 50, 75, and 100 mg/kg) 
showed a significant effect on the overall perfor-
mance (total chicks hatched compared to total eggs 
incubated) and the hens’ ability to hatch fertile eggs 
(total chicks compared to eggs from fertile hens). The 
group receiving 100 mg/kg of Zn exhibited the high-
est chicken performance (75.67%) and fertile eggs 
(93.28%) (Mahmood & Hazim, 2011). Furthermore, 
Zhu et al. (2015) supplementing 120-ppm Mn on a 
deficient diet (14.3-ppm Mn in a corn-soybean meal 
diet) have observed improvements in hatchability of 
eggs from broiler breeder hens (88.8–95.1%). But A 
separate study on broiler breeders at 41 weeks of age, 
conducted over 22 weeks, found that supplementing 
a basic diet containing 72 mg/kg of zinc with an 
additional 152 mg/kg of inorganic and organic Zn 
(Zn-oxide and Zn-methionine) did not significantly 
affect hatchability. The limited number of records 
may have contributed to the ineffectiveness of Zn 
supplementation on hatchability (Kidd et al., 1992).
Based on the present research results, the effect of Zn 
especially organic Zn was more effective than other 
trace elements on chick’s weight. The egg’s weight 
is one of the factors that affect the chick’s weight 
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CONCLUSIONS
The utilization of Zn, Cu, and Mn organic elements 
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for maximizing the reproductive and production per-
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in organic form are more bioavailable than their in-
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and utilize them more effectively. The reproductive 
performance of broiler breeders significantly affects 
the quality of the chicks produced. Based on the re-
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ACKNOWLEDGMENT
The authors acknowledge the support of the Islam-
ic Azad University- Qaemshahr branch and the as-
sistance of all individuals who contributed to this 
research. Seyede Atiye Mojaverian Study concept, 
design, Acquisition of data, Analysis, interpretation 
of data, Drafting of the manuscript, and material 
support. Shahabodin Gharahveysi statistical analysis 
and study supervision. Shahabodin Gharahveysi and 
Mohsen Hajipour Critical revision of the manuscript 
for important intellectual content and all authors 
reviewed the manuscript. The authors declare that 
there is no conflict of interest regarding the pub-
lication of this paper. Funding for this study was 
provided by the author’s group, and it received no 
external funding.

CONFLICT OF INTEREST
The authors do not have any potential conflicts of 
interest to declare.



SA. MOJAVERIYAN, S. GHARAHVEYSI, M. HAJIPOUR 9127

J HELLENIC VET MED SOC 2025, 76 (2) 
ΠΕΚΕ 2025, 76 (2)

of supplemental levels of inorganic zinc, manganese and copper 
on growth performance in commercial broilers. Animal: an inter-
national journal of animal bioscience, 15(11): 100394 .

Ghasemi, H.A., Hajkhodadadi, I., Hafizi, M., Taherpour, K., Nazaran, 
M.H. (2020). Effect of advanced chelate technology based trace 
minerals on growth performance, mineral digestibility, tibia char-
acteristics, and antioxidant status in broiler chickens. Nutrition & 
metabolism, 17: 1-12.

Hall, A. C., Young, B. W. and Brenner, I. (1979). Intestinal metal-
lothionein and the mutual antagonism between copper and zincin 
the rat. Journal of Inorganic Biochemistry, 11: 57–66.

Inal, F., B. Coskun, N. Gulsen, and Kurtoglu, V.(2001). The effects of 
withdrawal of vitamin and trace mineral supplements from layer 
diets on egg yield and trace mineral composition. British Poultry 
Science, 42: 77–80.

Jahanian, R., Moghaddam, H.N. and Rezaei, A.(2008). Improved broil-
er chick performance by dietary supplementation of organic zinc 
sources. Asian-Australasian Journal of Animal Sciences, 21(9): 
1348-1354.

Khajaren, J., Khajaren, S., Rapp, C.J., Ward, T.A., Johnson, J.A. and 
Falker, T.M.(2006). Effects of zinc and manganese amino acid com-
plexes (Availa-Z/M) on layer production and egg quality. Poultry 
Science, 55: 322-329.

Khoshbin, M.R., Vakili, R. and Tahmasbi, A.M. (2023). Manganese–
methionine chelate improves antioxidant activity, immune system 
and egg manganese enrichment in the aged laying hens. Veterinary 
Medicine and Science, 9(1): 217-225.

Kidd, M. T., N. B. Anthony, and Lee, S. R.(1992). Progeny performance 
when dams and chicks are fed supplemental zinc. Poultry Science, 
71: 1201-1206.

Kim, E., Wickramasuriya, S. S., Shin, T. K., Cho, H. M., Kim, H. B. 
and Heo, J. M. (2020). Estimating total lysine requirement for opti-
mised egg production of broiler breeder hens during the early-laying 
period. Journal of Animal Science Technology, 62(4): 521-532.

Kimura M. (2016). Nihon rinsho. Japanese journal of clinical medi-
cine, 74(7): 1186–1191.

Klecker, D., Zeman, L., Jelinek, P. and Bunešová, A., (2002). Effect of 
manganese and zinc chelates on the quality of eggs. Acta Universita-
tis Agriculturae et Silviculturae Mendelianae Brunensis, 50: 59-68.

Li, S. F., Luo, X. G., Lu, L., Liu, B., Kuang, X., Shao, G. Z. and Yu, 
S. X. (2008). Effect of intravenously injected manganese on the 
gene expression of manganese-containing superoxide dismutase 
in broilers. Poultry science, 87(11): 2259-2265.

Liao, B., Qiao, H.G., Zhao, X.Y., Bao, M., Liu, L., Zheng, C.W., Li, 
C.F. and Ning, Z. H.(2013). Influence of eggshell ultrastructural 
organization on hatchability. Poultry science, 92(8): 2236-2239.

Liao, X., Li, W., Zhu, Y., Zhang, L., Lu, L., Lin, X. and Luo, X. (2018). 
Effects of environmental temperature and dietary zinc on egg pro-
duction performance, egg quality and antioxidant status and expres-
sion of heat-shock proteins in tissues of broiler breeders. British 
Journal of Nutrition, 120(1): 3-12. 

Londero, A., Rosa, A. P., Luiggi, F. G., Fernandes, M. O., Guterres, A., 
de Moura, S., Hettwer Pedroso, N. and Santos, N. (2020). Effect 
of supplementation with organic and inorganic minerals on the 
performance, egg and sperm quality and, hatching characteristics 
of laying breeder hens. Animal Reproduction Science, 215: 106309.

Mabe, I., Rapp, C., Bain, M. M. and Nys, Y. (2003). Supplementation 
of a Corn-Soybean Meal Rationwith Manganese, Copper, and Zinc 
from Organic or Inorganic Sources Improves Eggshell Quality in 
Aged Laying Hens. Poultry Science, 82: 1903–1913.

Macelline, S. P., Toghyani, M., Chrystal, P. V., de Paula Dorigam, J. C., 
Greenhalgh, S., Selle, P. H. and Liu, S. Y. (2022) Essential amino 
acid recommendations for Isa Brown layers during peak and post 
peak production. Poultry Science, 101(12): 102171. 

Maciel, M.P., Saraiva, E.P., Aguiar, É.D.F., Ribeiro, P.A.P., Passos, D.P. 
and Silva, J.B. (2010). Effect of using organic microminerals on 
performance and external quality of eggs of commercial laying hens 
at the end of laying. Revista Brasileira de Zootecnia, 39: 344-348.

Mahmood, H. M. and Hazim, J. (2011). Zinc Improves Egg Quality in 
Cobb500 Broiler Breeder Females. International Journal of Poultry 
Science, 10(6): 471-476.

Miao, Y., Chen, J., Gao, Q. and Xiong, B. (2021). Generation and 
assessment of high-quality mouse oocytes and embryos following 
nicotinamide mononucleotide administration. STAR Protoc. Jan 
22;2(1):100298. 

Mohammadi, S., Tarani Kohi, H. and Qavi Hosseinzadeh, N. (2015). 
Evaluation of feather mineral content as a biological reagent in 
relation to the mineral status of broiler chickens, Master’s thesis, 
Gilan University, Faculty of Agriculture and Natural Resources.

Mojaverian, S. A., Gharahveysi, S., Hajipour, M. (2025). Investigating 
the organic and mineral forms of copper, zinc, and manganese on 
the productive and reproductive performance of broiler breeder 
hens. Journal of Animal Production, 27(1): 93-105. 

Nowaczewski. S., Babuszkiewicz, M., Szablewski, T., Stuper-Szablews-
ka, K., Cegielska-Radziejewska, R., Tomczyk, Ł., Kaczmarek, S., 
Sechman, A., Lis, M. W., Kwaśniewska, M., Racewicz, P., Jarosz, 
Ł., Ciszewski, A., Nowak, T. and Hejdysz, M. (2022). Effect of 
weight and storage time of broiler breeders’ eggs on morphology 
and biochemical features of eggs, embryogenesis, hatchability, and 
chick quality. Animal,16(7): 100564.

NRC (National Research Council and Subcommittee on Poultry Nutri-
tion),(1994). Nutrient requirements of poultry, 9th rev. ed. Wash-
ington, DC: Natl. Acad. Press.

Nys, Y., Gautron, J., Garcia-Ruiz, J.M. and Hincke, M.T. (2004). Avian 
eggshell mineralization: biochemical and functional characteriza-
tion of matrix proteins. Comptes Rendus Palevol, 3(6-7): 549-562.

Oso, A. O., Lala, O. A., Oke E. O., Williams, G. A., Taiwo, A. G. and 
Ogunsola, Z. O. (2020). Effects of dietary supplementation with 
vitamin E, selenium yeast or both on egg incubation response, 
embryonic development, keet quality, and posthatch growth of 
helmeted guinea fowl breeders. Tropical Animal Health and Pro-
duction. 52(5): 2667-2675. 

Pimentel, J. L., Cook, M. E. and Greger, J. L. (1991). Immune response 
of chicks fed various levels of zinc. Poultry science, 70(4): 947-954.

Prasad, A.S. and Kucuk, O. (2002). Zinc in cancer prevention. Cancer 
and Metastasis Reviews. 21: 291–295.

Qiu, J.L., Zhou, Q., Zhu, J.M., Lu, X.T., Liu, B., Yu, D.Y., Lin, G., Ao, 
T. and Xu, J.M. (2020). Organic trace minerals improve eggshell 
quality by improving the eggshell ultrastructure of laying hens 
during the late laying period. Poultry Science, 99(3):1483-1490.

Rahimi Fatehkohi, A., Kaysari, A., Toghiani, M. and Kaysari, M.M. 
(2009). The effect of using organic chelates of copper, zinc and 
manganese elements in comparison with their mineral sources on 
the performance of broiler chickens, the fourth regional conference 
of new ideas in agriculture, Islamic Azad University, Khorasgan 
Branch (Isfahan), Faculty of Agriculture.

Rezapour, A., Gharahveysi, S., Jafari Khorshidi, K. and Abdolahpour, 
R. (2024). Effects of organic mineral chelates zinc, manganese, and 
chromium on growth performance, physiological, hematological, 
intestinal microflora, immunological, and bone traits in broiler 
chickens. Brazilian Journal of Poultry Science, 26(4): 001-0011.

Roque, L. and Soares, M.C.(1994). Effects of eggshell quality and broiler 
breeder age on hatchability. Poultry science, 73(12): 1838-1845.

Sharma, K., Gulati, R. and Bamel, K.(2023). Effect of zinc concen-
tration on the growth performance of White leg shrimp, Litope-
naeusvannamei Boone. Journal of Applied and Natural Science, 
15(1): 289-296.

Sohrabi, A., Mehri, M. and Shirmohamed, F. (2018). The effect of organ-
ic, inorganic and hydroxy-manganese, zinc and copper sources on 
the performance of old laying hens, Journal of Animal Production 
Research, 8(4): 65-77.

Souza da Silva, C., Molenaar, R., Giersberg, M. F., Rodenburg, T. B., 
van Riel, J. W., De Baere, K., Van Dosselaer, I., Kemp, B., van den 
Brand, H. and de Jong, I. C. (2021). Day-old chicken quality and 
performance of broiler chickens from 3 different hatching systems. 
Poultry Science, 100(3):100953.

Wang, D. H., Li, Y. J., Liu, L., Liu, J. S., Bao, M., Yang, N., Zhuo-Cheng, 
H. and Ning, Z. H. (2017). Traits of eggshells and shell membranes 
of translucent eggs. Poultry Science, 1;96(2): 351-358. 

Wang, F., Lu, L., Li, S., Liu, S., Zhang, L., Yao, J. and Luo, X. (2012). 
Relative bioavailability of manganese proteinate for broilers fed 
a conventional corn–soybean meal diet. Biological Trace Element 
Research, 146(2): 181-186.

Wang, G., Liu, L.J., Tao, W.J., Xiao, Z.P., Pei, X., Liu, B.J., Wang, M.Q., 
Lin, G. and Ao, T.Y. (2019). Effects of replacing inorganic trace 
minerals with organic trace minerals on the production performance, 
blood profiles, and antioxidant status of broiler breeders. Poultry 
Science, 98: 2888-2895.

Xiao, J. F., Wu, S. G., Zhang, H. J., Yue, H. Y., Wang, J., Ji, F. and Qi, 
G. H. (2015). Bioefficacy comparison of organic manganese with 



9128 SA. MOJAVERIYAN, S. GHARAHVEYSI, M. HAJIPOUR

J HELLENIC VET MED SOC 2025, 76 (2) 
ΠΕΚΕ 2025, 76 (2)

inorganic manganese for eggshell quality in Hy-Line Brown laying 
hens. Poultry Science, 94(8): 1871-1878.

Xie, J., Tian, C., Zhu, Y., Zhang, L., Lu, L. and Luo, X. (2014). Effects 
of inorganic and organic manganese supplementation on gonado-
tropin-releasing hormone-I and follicle-stimulating hormone ex-
pression and reproductive performance of broiler breeder hens. 
Poultry science, 93(4): 959-69.

Youssefi, M., Ghabel, M.R. and Ghazikhani Shad A. (2014). Effects of 
organic and inorganic selenium supplements on the performance, 
reproductive, some blood parameters and immune system of broiler 
breeders. Animal Sciences Journal, 102: 12- 19.

Zhang, K. K., Han, M. M., Dong, Y. Y., Miao, Z. Q., Zhang, J. Z., Song, 
X. Y., Feng, Y., Li, H. F., Zhang, L. H., Wei, Q. Y., Xu, J. P., Gu, 
D. C., & Li, J. H. (2021). Low levels of organic compound trace 
elements improve the eggshell quality, antioxidant capacity, immune 
function, and mineral deposition of aged laying hens. Animal : an 
international journal of animal bioscience, 15(12): 100401.

Zhang, L., Wang, Y. X., Xiao, X., Wang, J. S., Wang, Q., Li, K. X., 
Guo, T. Y. and Zhan, X. A. (2017). Effects of Zinc Glycinate on 
Productive and Reproductive Performance, Zinc Concentration and 
Antioxidant Status in Broiler Breeders. Biological trace element 
research, 178(2): 320–326. 

Zhang, L., Wang, J. S., Wang, Q., Li, K. X., Guo, T. Y., Xiao, X., Wang, 
Y. X. and Zhan, X. A. (2018). Effects of Maternal Zinc Glycine on 
Mortality, Zinc Concentration, and Antioxidant Status in a Devel-
oping Embryo and 1-Day-Old Chick. Biological Trace Elements 
Research, 181(2):323-330. 

Zhu, Y.W., Lu, L., Li, W.X., Zhang, L.Y., Ji, C., Lin, X., Liu, H.C., 
Odle, J. and Luo, X.G. (2015). Effects of maternal dietary manga-
nese and incubation temperature on hatchability, antioxidant status, 
and expression of heat shock proteins in chick embryos. Journal of 
animal science, 93(12): 5725-5734.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

