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Abstract

Aim of study: An experiment was carried out aimed to evaluate the effects of different levels and sources of trace mineral to laying pullets
with two initial body weights (BWs).

Area of study: The experiment was carried out in Federal University of Goias, Goiania, Goids, Brazil

Material and methods: Two hundred and eighty eight Bovans White pullets aged 12 weeks old were allotted in a completely randomized
design and a 2x3 factorial arrangement, wherein the main effects included initial BW (light-weight and heavy-weight) and three dietary tra-
ce mineral sources and levels (100% inorganic, 100% chelated and low-dose corresponding to 50% chelated), totalizing six treatments with
eight replicates of six birds. The performance, the metabolizability coefficient of nutrients, and the onset of lay were evaluated at rearing
phase (12 to 20 weeks). At 17th and 20th weeks of age, the relative weight of reproductive and digestive organs, abdominal fat, and tibia
quality were assessed. A residual effect was evaluated at production phase on productive performance and egg quality.

Main results: The mineral source did not affect the performance of pullets. Birds fed 50% chelated mineral produced the lowest eggshell.
The heavy-weight birds showed higher egg weight and eggshell quality. The lighter birds showed lower abdominal fat weight and lower
tibia robustness index.

Research highlights: The replacement of 100% of inorganic mineral for chelated mineral do not result in decrease of bird performance
at rearing and at production phase, but a minimum amount should be provided to ensure growth and nutrient metabolizability.
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Abbreviations used: BW (body weight); BWG (body weight gain); CMDM (coefficient of metabolizabilization of dry matter); CMN
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SG (specific gravity); TRI (Tibia robustness index)
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Introduction to the productive efficiency of laying hen. According to

Melnychuk et al. (2004) the lack of uniformity in body

The rearing phase of commercial laying hen is known
to prepare physiologically the bird to onset of lay. At this
phase, the development of reproductive organs and of
the liver, the increase of both calcium in medullary bo-
nes and of abdominal fat deposition occur simultaneous-
ly. Therefore, the ideal development of pullets is related

weight (BW) at the time of photostimulation leads to
greater variation in the rate of reproductive development
of breeder hens.

The trace mineral are nutrients required to support
pullet development and to improve the productive pe-
riod of laying hens (Lilburn et al., 2019; Pereira et al.
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2020). Copper (Cu) is an essential trace mineral for poul-
try and acts mainly to promote enzyme function, inclu-
ding ceruloplasmin, cytochrome oxidase, lysyl oxidase,
superoxide dismutase, and tyrosinase (Klasing, 1998).
Ceruloplasmin is necessary for iron (Fe) transport and
plays a role in the acute phase of immune response as
well as the use of high dietary level of Cu promoted the
elevation of circulating ceruloplasmin concentration
in broilers (Song et al., 2009). Cu deprivation impairs
eggshell quality, since Cu most likely plays an important
role in thickening of the eggshell membrane, and, there-
fore, it is expected to affect eggshell breaking resistance
(Berwanger et al., 2018).

Manganese (Mn) and Zinc (Zn) act as cofactors of
metalloenzymes responsible for carbonate and muco-
polysaccharides synthesis and play an important role in
eggshell formation (Swiatkiewicz & Koreleski, 2008).
Xiao et al. (2015) reported that dietary supplementation
with either organic Mn or inorganic Mn significantly en-
hanced the thickness, breaking strength, and elastic mo-
dulus of the eggshells. To laying hens, Zn is especially
important, because plays an important role as a co-factor
of carbonic anhydrase.

Trace minerals can be supplemented in diets as inor-
ganic or chelated sources. The trace minerals complexing
to small size organic molecules enhance their absorption
and improve the metabolic utilization (Abdallah et al.,
2009). Mineral proteinates show higher retention rates
and relative bioavailability values than inorganic salts
and in fact, the antagonism between minerals such as Zn
and Cu could be avoided by using organic forms (Ao &
Pierce, 2013). Chelated minerals have been satisfactorily
included in the diet in substitution of inorganic minerals
for broilers (Tavares et al., 2013; El-Katcha et al., 2017,
Mwangi et al., 2017, 2019; Lopes et al., 2017), laying
hens (Xiao et al., 2015; Sarlak et al., 2020) and broiler
breeders (Wang et al., 2019). However, there is limited
research work of chelated minerals in laying pullet diets.

The replacement of inorganic minerals by chelated
minerals in poultry diets has resulted in some benefits
in poultry diets. Rutz et al. (2007) related that the use of
chelated minerals resulted in lower levels of inclusion
in diets, and lower waste and excretion to environment,
due the higher bioavailability. The utilization of chela-
ted trace minerals improved eggshell thickness and im-
mune response in laying hens (Manangi et al., 2015),
egg production (EP) and egg mass (Sousa et al., 2017),
eggshell breaking strength and resistance to fracture
(Mabe et al., 2003), and Fe content of eggs (Sarlak et
al., 2020). Zhang et al. (2017) verified that organic Zn
enhanced carbonic anhydrase activity in laying hens. In
addition, the dietary supplementation of organic trace
minerals in low doses reduced fecal mineral excretion
without negatively impacting hen performance and egg
quality (Qiu et al., 2020).
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The objective of this experiment was to evaluate the
effects of different levels and sources of trace mineral
(inorganic, chelated and low-dose chelated) to Bovans
White pullets at 12 weeks of age with two initial BWs
(light and heavy) on rearing phase performance, produc-
tive performance, egg quality, organs development and
nutrient metabolizability coefficients.

Material and methods

An experiment was carried out in Goiania, Goids,
Brazil. This research project was approved by the Ethics
Committee on Animal Use (CEUA; case n.013/13).

Two hundred and eighty eight Bovans White pullets
aged 12 weeks old, were allotted in a completely rando-
mized design and a 2x3 factorial arrangement, wherein
the main effects included two initial BW (light-weight
and heavy-weight) and three trace mineral source or
level (100% inorganic, 100% chelated and low-dose
corresponding to 50% chelated), totalizing six treat-
ments with eight replicates of six birds each.

Experimental diets were isonutritive and formulated
according to Rostagno et al. (2011) (Table 1). The diets
were formulated to provide 2,900 kcal of metabolizable
energy, and 100% of trace mineral inorganic, 100% of
trace mineral chelated and low-dose of 50% of mineral
chelated. The experimental diet relative to 50% mineral
chelated was made providing reduction of 50% of re-
commendation of mineral chelated supplement. The Mn,
Zn, Fe an Cu content (mg kg-1) in treatments 100% of
trace mineral inorganic, 100% of trace mineral chelated
and low-dose of 50% of mineral chelated were respec-
tively: 60-60-30-9, 25-20-15-3, and 12.5-10-7.5-1.5. To
constitute the treatments with chelated mineral, the mi-
neral supplement “Bioplex TR SE- Poultry®” was used
containing Mn, Zn, Fe, Cu, iodine (I), and selenium
(Se)- amino acid chelated.

Birds were acquired from a commercial farm aged
11 weeks old and separated in two groups: light-weight
(mean of 750 g + 75g) and heavy-weight (mean of 850
g + 85g). The standard weight recommended by Bovans
White guidelines at 11 weeks of age is 775 grams. Befo-
re the experimental period, the birds were subjected to a
week of adaptation to house and diets. The laying hens
were housed in conventional laying shed, covered with
clay tiles, and screened on sides. Galvanized metal wire
cages were equipped with aluminum trough type feeders,
nipple type drinkers and egg collectors. The conventio-
nal cages size was 50 x 45 cm and 32 cm of height, with
two divisions of 25 cm. A 16-h lighting program was
adopted using an automatic light timer, following the re-
commendations for the lineage manual (Bovans White
Guidelines: www.bovans.com/en/product/bovans-whi-
te). At the beginning of the laying phase, 15 min of light
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Table 1. Ingredients and chemical composition in the experimental diets (g kg-1) fed to pullets from 12 to 20 weeks of age
and the laying hens diets fed to birds from 21 to 32 weeks of age

Treatment 100% Inorganic  100% Chelated 50% Chelated  Laying hen diets
Corn grain 747.47 747.47 747.47 621.39
Soybean meal 450.0 g kg 152.29 152.29 152.29 251.26
Wheat bran 73.73 73.73 73.73 0.00
Calcarium 12.01 12.01 12.01 97.25
Dicalcium phosphate 11.37 11.37 11.37 11.21
Salt 1.57 1.57 1.57 2.52
Vitamin supplement [ 1.00 1.00 1.00 1.00
Mineral supplement 0.50 0.00 0.00 0.50
Mineral chelated supplement ! 0.00 0.50 0.25 0.00
Oil vegetable 0.00 0.00 0.00 9.27
DL-Methionine 0.00 0.00 0.00 2.72
L-Lysine HCL 0.06 0.06 0.06 0.49
L-Treonine 0.00 0.00 0.00 0.46
Calculated nutritional composition
Metabolizable energy (kcal/kg) 2,900 2,900 2,900 2,800
Crude protein 140.0 140.0 140.0 165.0
Digestible Methionine + Cystine 4.24 4.24 4.24 7.31
Digestible Methionine 2.17 2.17 2.17 5.03
Digestible Lysine 5.69 5.69 5.69 8.03
Digestible Treonine 4.70 4.70 4.70 6.10
Calcium 8.00 8.00 8.00 40.20
Avaiable phosphorus 3.10 3.10 3.10 3.00
Sodium 1.50 1.50 1.50 2.25

1 Vitamin supplement: Vit. A 8,000 UL, Vit. E 15,000 mg, Vit. D3 2,300 UL, Vit. K3 1,000 mg, Vit. B1 200 mg, Vit. B2 3,000 mg,
Vit. B6 1,700 mg, Vit. B12 10,000 mcg, Niacin 20,000 mg, Folic acid 500 mg, Biotin 15.00 mg. ! Mineral supplement: Mn 120,000
mg, Zn 120,000 mg, Fe 60,000 mg, Cu 18,000 mg, I 2,000 mg, Ca 9,600 mg. ! Bioplex TR SE poultry® (per kg): Mn 50 g, Zn 40

g Zn, Fe 30 g, Cu 6g, 1 400 mg, Se 180 mg.

were added per week until achieve 16 h in the peak of
production. The birds were fed with the experimental
diets from 12 to 20 weeks old, and then they received
the same diet from 21 to 32 weeks of age. Birds had free
access to water and diets during the experimental period.
The experimental period lasted 20 weeks.

The variables studied on the rearing phase (12 to 20
weeks) were feed intake (FI), body weight gain (BWGQG),
feed conversion ratio (FCR) and age at first egg: FI (g/
bird/day) was calculated by the difference between the
amount of feed supplied and leftovers of rearing period;
FCR was determined as a direct relationship between FI
and BWG; BWG (kg) was estimated by weighing each
bird on the first day and the last day of the rearing pe-
riod (12 to 20 weeks). Additionally, a biweekly BW (g)
from 11 to 19 weeks of age were measured to attend the
growth development of pullets.

The total excreta were collected at 14th and 20th
weeks of age of birds to calculate the coefficient of me-
tabolizabilization of dry matter (CMDM) and of nitro-
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gen (CMN) and the N balance according to the method
proposed by Sakomura & Rostagno (2016). The total
excreta collection was performed twice a day. After
collection, the excreta were conditioned in identified
plastic bags and then frozen. The FI was recorded in
order to calculate the CMDM and CMN. At the end of
the experiment, the excreta were defrosted and homo-
genized, and a sample of 300 g was taken to the analy-
sis. The dry matter content of excreta and feed samples
was determined by drying in an oven (105°C), and the
crude protein by the micro-Kjeldahl method (nitrogen
distiller Tecnal® TE-0364). The analysis of dry mat-
ter and N was determined according to the procedures
described by Silva & Queiroz (2006). The nitrogen ba-
lance (NB) was calculated by the difference between N
ingested and N excreted. The CMDM and CMN were
calculated as following:

CMN = (Ningested - N excreted/DM ingested x 100)
CMDM = (DM ingested - DM excreted/DM ingested x 100)
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At 17 and 20 weeks of age, four birds per treatment,
totalizing eight birds per treatment, were euthanized by
cervical dislocation to collect the following organs: ovary,
oviduct, digestive organs, liver, pancreas, tibia, crest,
dewlap, and abdominal fat. The data were presented as
relative weight (g per 100 g BW). The lengths (cm) of
oviduct and intestine were measured.

Tibias were cleaned of adhering tissue, dried, extracted
with ethyl ether and weighed (g). A caliper was used to
record the diaphysis width (mm) and length (mm). The
tibia robustness index (TRI) was recorder according to
Monteagudo et al. (1997), as follows:

TRI = tibia length
3//tibia weight

At laying production phase (21 to 32 weeks) the resi-
dual effect of diets was evaluated on productive perfor-
mance and egg quality. The BWG (g/bird), FI (g/bird/
day) and FCR (kg/dozen) and egg production (%) were
evaluated. FI (g/bird/day) was calculated by the differen-
ce between the amount of feed supplied and leftovers of
production period. BWG (g/hen/day) was estimated by
weighing each bird on the first day and the last day of
the experiment. FCR was determined as a direct relations-
hip between FI and dozens of eggs produced (kg/dozen).
Eggs were collected once a day, and EP (%) was calcula-
ted by dividing the total amount of eggs per experimental
unit by the number of laying hens.

At the last days of the 26th week of age four eggs/
replication, totalizing 192 eggs, were selected to evaluate
egg weight, eggshell weight, and eggshell thickness. In-
dividual egg weights were recorded. Each egg was sub-
sequently broken, the contents were discarded, and the
eggshell were washed and air-dried for 24 hours. Shell
thickness was measured with a digital calliper in two
points at the middle-transversal area of the shell, from
which an average measure expressed in mm was obtained
for statistical analysis.

The specific gravity (SG) was determined following
Hamilton (1982): eggs were immersed in saline solutions
with densities varying from 1.065 to 1.110, with intervals
0f 0.005, and when floating, they were removed and iden-
tified as to the treatment.

Statistical analysis

Data were subjected to analysis of variance (ANOVA).
Treatment differences among means with p<0.05 were
accepted as representing statistically significant differen-
ces. Means were compared by the F test and Tukey test. A
2x3 factorial arrangement, wherein the main effects (two
initial BW and three trace mineral source or level), with
six treatments and eight repetitions were used. Statistical
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analyses were performed by the R 3.1.1 (2013) software.
The proposed mathematical model was as follows:

Yijk = u + ai + bj + (ab)ij + Eijk
in which Y = value observed in the initial BW,; (i = 1, 2),
trace mineral sourcej (j =1, 2, 3) and repetition k (k=1, 2, 3,
..., 8); u=overall mean of the experiment; a; = fixed effect of
the initial BW;; b; = fixed effect of the trace mineral source j;
(ab); = fixed effect of the interaction between initial BW, and

trace mineral source j; and & = random error in the initial
BW,, trace mineral source j, and repetition .

Results

There was no significant interaction between the two
factors on performance of pullets (p>0.05) (Table 2).
The mineral source did not affect FI, BWG and FCR of
pullets. The initial BW affected FI, FCR and the age at first
egg. The heaviest birds presented higher FI (p=0.044),
lower FCR (p= 0.034) and produced first egg early than
the lighter birds (p<0.001) (Table 2).

The biweekly BW was evaluated to attend the growth de-
velopment of pullets in the rearing phase (Table 3). It was
verified that the mineral source did not influence the BW of
pullets, however, the initial BW interferes on biweekly BW
(p>0.05). Differences in the initial BW at the beginning of
experiment among the groups continued to the end of expe-
rimental period, evidencing that birds that started the rearing
phase below of ideal BW cannot regain the BW and achieve
the target BW at production phase (»p<0.001).

Table 2. Effects of experimental diets on feed intake (FI, g/hen/
day), body weight gain (BWG, g/hen/day), feed conversion ra-
tio (FCR, g/g), and age at first egg (AFE, days) of pullets from
12 to 20 weeks of age

Factor!!! FI BWG FCR AFE
IBW
Light-weight 6450B 727 891A 14145A
Heavy-weight 66.93A 7.63 8.80B 135.83B
MS
100% Inorganic 66.37 7.70 8.77 137.87
100% Chelated 65.44 7.45 8.83 139.62
50% Chelated 65.32 7.31 8.97 138.44
ANOVA (p value)
IBW 0.044  0.131  0.034 <0.001
MS 0.595 0.598 0.840 0.987
IBW x MS 0.592 0974 0.896 0.897
CV (%) 3.18 10.63  10.21 3.44

I TBW: initial body weight. MS: micromineral source. CV: coeffi-
cient of variation. Means followed by different letters in a column
differ from each other by the F Test (p<0.05).
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Table 3. Biweekly body weight (g) of pullets from 11 to 19 weeks of age

Factor ! Initial 13 weeks 15 weeks 17 weeks 19 weeks
IBW
Light-weight 732.60B 908.27B 1000.90B 1072.35B 1190.89B
Heavy-weight 855.81A 1001.07A 1121.58A 1215.52A 1336.80A
MS
100% Inorganic 792.03 962.14 1084.67 1153.66 1269.50
100% Chelated 796.84 953.08 1088.09 1158.13 1265.61
50% Chelated 793.73 951.33 1083.82 1140.79 1261.87
ANOVA (p value)
IBW <0.001 <0.001 <0.001 <0.001 <0.001
MS 0.963 0.723 0.933 0.884 0.787
IBW x MS 0.797 0.771 0.825 0.689 0.884
CV (%) 6.32 495 5.89 5.94 5.59

WIBW: initial body weight. MS: micromineral source. CV: coefficient of variation. Means followed by
different letters in a column differ from each other by the F Test (p<0.05).

There was no significant interaction between the two
factors on NB and CMDM and N of laying hens ate 14
and 20 weeks of age (p>0.05) (Table 4). The mineral font
did not influence the nutrient metabolizability coefficients
at 14 weeks of age (p>0.05). However, at 20 weeks of age,
diets containing 50% of chelated mineral resulted in lower
CMDM. It was verified that the initial BW of hens influen-
ced the CMDM (p<0.05) at 14 weeks of age. The lighter
birds presented higher CMDM than the highest birds.

There was no significant interaction between the two
factors on relative organs weight of pullets at 17" and 20™
weeks of age (p>0.05) (Tables 5 and 6). At 17" weeks

of age the birds showed the same relative organs weight
and intestine length despite the treatments (p>0.05). The-
refore, neither the reproductive organs nor the digestive
organs improved the development according to trace mi-
nerals source or initial BW of the birds. At 20th weeks of
age, the initial BW but not the mineral source influenced
the relative weight of spleen and abdominal fat of birds
(»<0.05). The lighter birds showed higher spleen relative
weight and lower abdominal fat weight (Table 6).

Initial BW and mineral source showed no interac-
tion for tibia quality (p>0.05) (Table 7). The tibia qua-
lity was not influenced by using inorganic or chelated

Table 4. Nitrogen balance (NB) and coefficient of metabolizability of dry matter (CMDM,
%) and nitrogen (CMN, %) of laying hens at 14 and 20 weeks of age

Factor I 14 weeks of age 20 weeks of age

NB(gg CMDM CMN NB(gg CMDM CMN

IBW

Light-weight 7.71 76.50A 47.70 11.26 75.43 46.13

Heavy-weight 7.04 73.36B 40.07 11.98 75.19 47.14

MS

100% Inorganic 6.72 74.36 40.21 10.73 77.29A 47.71

100% Chelated 7.07 73.93 42.55 12.24  75.72AB  47.13

50% Chelated 8.33 76.49 48.90 11.90 72.93B 45.07

ANOVA (p value)

IBW 0.361 0.028 0.095 0.391 0.850 0.747

MS 0.187 0.263 0.264 0.313 0.032 0.766

IBW x MS 0.220 0.230 0.112 0.435 0.807 0.553

CV (%) 23.80 4.30 24.22 17.35 4.06 16.18

I IBW: initial body weight. MS: micromineral source. CV: coefficient of variation. Means
followed by different letters in a column differ from each other by the F Test (p<0.05) and Tukey

test (»p<0.05).
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Table 5. Relative weight (%) of organs and intestine length (cm) of pullets at 17 weeks of age

Factor!" Liver Intestine Pancreas Spleen Bursa Dewlap Crest Abdominal Oviduct Ovary Intestine

fat length

IBW

Light-weight 1.92 3.77 0.19 0.19 0.24 0.04 0.07 1.75 0.19 0.08 123.50

Heavy-weight 2.04 3.64 0.21 0.20 0.27 0.03 0.05 1.85 0.23 0.07 124.00

MS

100% Inorganic 2.05 3.65 0.20 0.18 0.20 0.03 0.05 1.59 0.23 0.08 120.37

100% Chelated 1.94 3.62 0.20 0.22 0.26 0.05 0.08 1.93 0.17 0.08 124.12

50% Chelated 1.95 3.83 0.19 0.19 0.29 0.03 0.05 1.88 0.24 0.07 126.75

ANOVA (p value)

IBW 0.194 0.479 0.223 0.869 0518 0312 0.272 0.803 0.722 0.944 0.921

MS 0.607 0.593 0.955 0.252 0211  0.087 0.074 0.738 0.827 0.366 0.583

IBW x MS 0.556 0.660 0.657 0990 0957 0.870 0.440 0.385 0.223 0.627 0.889

CV (%) 11.27 11.78 20.82 25.62  39.09 43.43  47.58 50.44 28.00 30.52 9.81

U IBW: initial body weight. MS: micromineral source. CV: coefficient of variation. ANOVA (0¢=5%).

minerals. The TRI was lower in lighter pullets at 17
weeks of age (p<0.05), while the tibia weight, tibia leng-
th, and tibia width were lower in lighter hens at 20 weeks
of age (p<0.05).

The residual effect of the experimental diets was stu-
died on production phase of laying hens. Initial BW and
mineral source showed no interaction for performance at
production phase (p>0.05) (Table 8). BWG, FI, FCR and
EP were similar among the birds (20 to 32 weeks age) fed
inorganic or chelated mineral.

There was no significant interaction between the two
factors on egg quality of laying hens (p>0.05) (Table 9).
Despite the egg weight, the eggshell weight was affected
by mineral source used in diets (p<0.05; Table 9); birds

fed 50% chelated mineral produced the lowest eggshell
compared to birds fed diets supplying 100% of inorganic
micromineral. The eggshell thickness and the SG were
not affected by diets (p>0.05).

Discussion

The use of a low-dose of 50% of chelated mineral
was sufficient to ensure the birds performance on rearing
phase. According to Sun et al. (2020), replacing dietary
inorganic trace mineral with low-dose complexed glyci-
nate minerals increases the apparent bioavailability of Fe,
Mn, and Zn in broiler breeders. The best bioavailability of

Table 6. Relative weight (%) of organs and intestine length (cm) of pullets at 20 weeks of age

Factor!!l Liver Intestine Pancreas Spleen Crest Dewlap Abdominal Oviduct Ovary Intestine Oviduct

fat length length

IBW

Light-weight 2.38 4.30 0.18 0.14A 042 0.20 0.52B 3.61 2.89 116.71 56.33

Heavy-weight 2.35 4.02 0.19 0.10B  0.55 0.20 0.86A 3.45 2.97 118.50 62.08

MS

100% Inorganic 2.30 4.04 0.16 0.12 0.47 0.22 0.78 3.68 291 117.62 59.62

100% Chelated 2.30 4.09 0.20 0.12 0.50 0.20 0.61 3.59 3.11 122.06 59.83

50% Chelated 2.51 4.34 0.19 0.12 0.47 0.21 0.68 3.33 2.78 113.12 58.37

ANOVA (p value)

IBW 0.878  0.248 0.539 0.035 0.057 0.994 0.021 0.580 0.795 0.704 0.145

MS 0.635  0.528 0.318 0.989 0.880 0.656 0.612 0.612 0.695 0.314 0.952

IBW x MS 0.807  0.904 0.570 0.448 0.496 0.220 0.559 0.115 0.263 0.638 0.335

CV (%) 20.77 13.74 30.86 3401 3192 22.60 45.65 20.61 25.90 17.34 15.62

M TBW: initial body weight. MS: micromineral source. CV: coefficient of variation. Means followed by different letters in a column differ from

each other by the F Test (p<0.05).
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Table 7. Tibia weight (g), tibia length (mm), tibia width (mm), and tibia robustness index (TRI) of birds at 17 and 20 weeks

of age
Factor!" 17 weeks of age 20 weeks of age
Weight Length Width TRI Weight Length Width TRI

IBW
Light-weight 8.11 117.97 7.02 58.75B 6.72B 112.50B 6.97B 59.70
Heavy-weight 7.84 119.30 6.96 60.16A 7.56A 118.23A 7.44A 60.32
MS
100% Inorganic 8.12 118.63 6.87 59.02 7.10 113.59 7.16 59.19
100% Chelated 7.74 117.93 7.10 59.74 7.19 116.51 7.14 60.48
50% Chelated 8.06 119.36 7.01 59.57 7.13 116.01 7.32 60.37
ANOVA (p value)
IBW 0.221 0.311 0.692 0.042 0.008 0.002 0.012 0.506
MS 0.310 0.661 0.526 0.715 0.971 0.323 0.618 0.446
IBW x MS 0413 0.700 0.449 0.394 0.462 0.890 0.393 0.632
CV (%) 6.45 2.62 5.58 2.60 9.78 3.48 5.65 3.67

U TBW: initial body weight. MS: micromineral source. CV: coefficient of variation. Means followed by different letters in a column

differ from each other by the F Test (p<0.05).

trace minerals could explain the performance of pullets
fed low dose of trace mineral chelated.

The lighter birds showed lower FI, probably due to the
lower maintenance requirements. It was verified a delayed EP
in light-weight hens, suggesting that the BW below to the tar-
get BW recommended by manual affects negatively the onset
of lay. Van der Klein et al. (2018) related that the increased
BW accelerated sexual maturity. According to these authors,
sexual maturity is delayed, EP is reduced in hens reared on

Table 8. Residual effects of experimental diets on body
weight gain (BWG, g/hen-day), feed intake (FI, g/hen-day),
egg production (EP, %), feed conversion ratio (FCR, kg/dozen)
of laying hens from 21 to 32 weeks of age

increased photoperiod and the effect of rearing photo schedule
on sexual maturity and EP is dependent on BW.

At 20 weeks of age, diets containing 50% of chelated
mineral resulted in lower CMDM. Zn supplementation
can improve the dietary dry matter and crude protein use
in broilers. According to Wang et al. (2016), considering
the biochemical functions of several Zn-dependent enzy-
mes and numerous other enzymes, it is possible that high
dietary Zn concentrations stimulate enzyme activities

Table 9. Residual effects of experimental diets on egg weight
(EW, g), eggshell weight (ESW, g), eggshell thickness (EST,
mm) and specific gravity (SG) of laying hens at 26 weeks
of age

Factor ! BWG FI EP FCR Factor [ EW ESW EST SG
IBW IBW
Light-weight 98.84 100.80 68.12B  2.189A Light-weight 5491B 490B 0.38B 1095B
Heavy-weight 79.10 101.64  79.62A 1.769B Heavy-weight 56.21A 545A  0.39A 1097A
MS MS
100% Inorganic 71.72 100.60 73.42 1.958 100% Inorganic 55.46 5.38A 0.39 1096
100% Chelated 108.08  101.99 78.29 1.832 100% Chelated 55.60 5.27AB 0.39 1097
50% Chelated 87.11 101.08 69.89 2.149 50% Chelated 55.62 487B 0.38 1095
ANOVA (p value) ANOVA (p -value)
IBW 0.231 0.359 0.001 0.009 IBW 0.001 0.001 0.030 0.019
MS 0.198 0.449 0.125 0.245 MS 0.943 0.010 0.315 0.463
IBW x MS 0.888 0.750 0.461 0.399 IBW x MS 0.224 0.314 0.597 0.295
CV (%) 63.30 3.10 15.46 26.76 CV (%) 4.30 17.19 0.52 8.24

U TBW: initial body weight. MS: micromineral source. CV: coeffi-
cient of variation. Means followed by different letters in a column
differ from each other by the F Test (p<0.05).
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U IBW: initial body weight. MS: micromineral source. CV: coeffi-
cient of variation. Means followed by different letters in a column
differ from each other by the F Test (p<0.05) and Tukey test (p<0.05).
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involved in nutrient utilization. The results indicated
that it is possible to reduce the dietary level of trace mi-
neral but there is a limit to ensure growth and nutrient
metabolizability.

It was observed at 20 weeks of age, that the lighter
birds showed higher spleen relative weight and lower
abdominal fat weight. However, the mineral source and
levels did not affect the organs development. El-Katcha
et al. (2017) verified that organic Zn or nano Zn supple-
mentation in diets of broilers lymphoid organs weight and
improve intestinal villi length, width, and crypt depth of
broiler chicken. The decreased of abdominal fat demons-
trates the difficult of birds in regain BWG during the rea-
ring phase achieving the sexual maturity with less energe-
tic reserves, which could impact on egg productivity and
egg quality.

The TRI was lower in lighter pullets at 17 weeks of age,
while the tibia weight, tibia length, and tibia width were
lower in lighter hens at 20 weeks of age. These results agree
with the lower BW of hens observed at 19 weeks of age.
Birds presenting lower initial BW at rearing phase showed
lower FI, worse FCR and lower development of tibia. This
result suggests that the bird under the ideal weight at on-
set lay has bones more fragile, and lower Ca reserves to
eggshell production. In fact, in the present study we obser-
ved lower eggshell weight produced by lighter hens com-
pared to heavier hens.

The residual effect of experimental diets was studied in
the production phase of laying hens. The source of mine-
ral had no interference on FI, FCR, BWG and EP, neither
when the diets are provided on production phase. Indeed,
some experiments indicated that the replacement of die-
tary inorganic for chelated minerals did not improve FI,
BWG and FCR, but enhanced eggshell and bone quality
(Manangi et al., 2015; Qiu et al., 2020). These results oc-
cur because the amount of inorganic mineral supplemen-
ted in diets is enough to ensure bird performance.

The highest initial BW of birds resulted in higher EP
and better FCR. These results are according to Ekmay et
al. (2012), who observed that hens reared to 20% under
standard BW achieved sexual maturity later and produced
fewer eggs than hens reared on the standard BW curve.
Cadirci (2011) verified that FI increases wight increasing
BW of layers at onset of lay. In the present study, the FCR
was influenced by BW of pullets, but no the FI. The FCR
was better to heavy-weight birds because they presented
higher EP (79.62 vs 68.12%).

There were no residual effect of experimental diets
offered at rearing phase on egg weight. Leeson & Cas-
ton (2008) also did not verify differences in egg weight
produced by laying hens fed inorganic or organic trace
mineral.

The eggshell thickness and the SG were not affected
by diets. The production eggshell is related to carbonic
anhydrase activity, an enzyme dependent of Zn. Zhang
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et al. (2017) cited that dietary Zn supplementation, up
to 140 mg/kg feed, could increase eggshell thickness
by enhancing carbonic anhydrase activity in the plasma
and eggshell gland of aged layers. In addition, Min et al.
(2018) verified that methionine hydroxyl analog chelated
Zn improved Zn and Ca concentrations of eggshells and
liver carbonic anhydrase activity. So, we conclude that the
low dose of chelated mineral was insufficient to prove the
carbonic anhydrase activity.

According to Mabe et al. (2003), the concentrations of
Mn and Cu were generally much higher in the eggshell
compared to the yolk, but levels in the eggshells did not
increase with the corresponding increase in the mineral
content of the diet. In addition, these authors related that
the Zn levels were much lower in the eggshells than ob-
served in the yolk and apparently decreased when hens
were fed higher levels of Zn in the diet. When the chela-
ted mineral is fed to birds in production phase, the qua-
lity of eggshell is improved (Zhang et al., 2017) and the
loss of egg is reduced (Qiu et al., 2020). Therefore the
use of organic complexes of Zn and Mn can alleviate the
negative effect of hen age on eggshell breaking strength
(Swiatkiewicz & Koreleski, 2008). The influence of trace
mineral on eggshell structure and quality should me better
explained at further studies.

The heavy-weight birds showed higher egg weight,
eggshell weight, eggshell thickness, and SG than the lighter
birds. According to Lacin et al. (2008), lighter birds have
lower feed intake and produce lower egg weight.

In summary, probably there are an oversupply of tra-
ce mineral from inorganic mineral supplement, since the
replacement of inorganic mineral for chelated mineral
did not result in decrease of bird performance at both
rearing and production phases. The replacement 100%
of inorganic mineral for chelated mineral did not result
in decrease of bird performance at rearing and at pro-
duction phase, but there is a minimum limit that should
be provided to ensure growth and metabolizability
of nutrients.
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