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Introduction:

Mineral supplements are an important component of the diet of laying hens to improve
biochemical processes, embryonic development, and bone structure (Leeson, 2005).
Micronutrients are involved in the structure of hundreds of proteins and hormones as
intermediates in metabolism (Tom Dieck et al., 2003). Nowadays, micronutrients are added
to the diet in inorganic form at levels much higher than those recommended by the National
Research Council (NRC) (Leeson, 2005; Bao et al., 2007).Research shows that the addition
of micronutrients of organic origin increases the bioavailability of the elements and improves
performance due to their insoluble nature and organic complexation (Mézes et al., 2012).
Consequently, formulating laying hen diets with trace elements from organic sources due to
their higher bioavailability is considered a strategy to reduce the excretion of minerals in the
animal’s feces. However, these sources are significantly more expensive, making them
difficult to access for general use and increasing the cost of the feed. Hydroxychloride
structure Trace mineral elements have several advantages due to their special crystalline
structure (Hawthorne & Sokolova, 2002).

Materials and Methods: This experiment was conducted with 240 laying hens of the Hy-
Line strain (W-36) from 40 to 50 weeks of age for 10 weeks in a completely randomized
design with 8 treatments in 5 replications and 6 birds per experimental unit. The experimental
treatments included: Treatment 1- negative control (without zinc supplementation),
treatments 2, 3 and 4, respectively, included the negative control diet with 80, 120 and 160
mg/kg zinc sulfate with a purity of 34%, and treatments 5, 6 and 7, respectively, included the
negative control diet with 50, 75 and 100 mg/kg zinc hydroxychloride with the chemical
formula CI2.H20 (Zn5 (OH8) with a purity of 55%, and treatment 8 included the negative
control diet with 124 mg/kg zinc-methionine complex with a purity of 22%. The chickens
were transferred to 40 metal cages (6 birds per cage) in a completely random manner within
the weight range of 1590 + 25 g. The composition of the basal diet was adjusted based on the
guidelines for the (W-36) strain and the age of 40 to 50 weeks according to Table 1. The
temperature range of the house was 24 + 2 °C and the lighting schedule was set to 16 hours of
light and 8 hours of darkness throughout the day according to the recommendations of the
breeding guidelines.

During the experiment, egg mass produced, laying rate, percentage of defective eggs, and
survival rate were measured calculated, and reported for the duration of the experiment.
Serum levels of zinc, copper and manganese concentration of soluble zinc, copper and
manganese were measured using an atomic absorption spectrophotometer (Dozier et al.,
2003).

—

- - 2 > < Y T 5 t =

Y
¥
Y
\#
\\%
A
4

A
Yy
Yy
YY
Yo
\t4
v
YA
Y4

)
vy
"
vF
o
ve
%
*A
*q

¥
¥Y
fr
¥F
¥o
¥5
v
¥A
¥


https://orcid.org/0009-0004-5348-3103
mailto:%20eng.aliafshar@yahoo.com
https://doi.org/10.22067/IJASR.2025.94243.1256

Bioavailability (retention of zinc, copper and manganese) To measure the levels of zinc,
copper and manganese in the breast muscle, liver and tibia, one chicken was randomly
selected from each replicate and slaughtered at the end of the experiment.

The results were analyzed in a completely randomized design. For this purpose, the GLM
procedure of SAS software version 9.4 (2015) was used, and Duncan's test at a significance
level of 0.05 was used to compare the means.

Results and Discussion: The results of Table 2 show zinc storage in the pectoral muscle
showed that with increasing levels of zinc supplementation in the diet, its storage increases
linearly. These changes are affected by the bioavailability of its sources and levels. As is also
known in the tibia, the storage of zinc is strongly affected by the levels and type of its source.
Therefore, the zinc storage index in the tibia is a better criterion for measuring its
bioavailability in the body. It was found that with increasing zinc in the diet, the storage level
of copper in the pectoral muscle decreased and showed a negative correlation, so that with
increasing levels of 160 mg/kg of the sulfate form and 100 mg/kg of the hydroxy form, we
see a significant decrease in copper storage in the tissue. The results of this study are in
agreement with the findings that state that the level of zinc in the pectoral and tibia muscles
depends on the type of source and its levels in the diet, so that with increasing it in the diet,
its storage in the tissue increases. This increase in the organic form is due to the specific
absorption mechanism of the element chelated with the organic peptide (Afshar Bakeshlo et
al., 2024; Hu et al., 2022).

The results of Table 3 show that the survival rate in the flock was not affected by the source
and level of zinc in the diet (P<0.05). As is clear from Table 3, egg mass was not affected by
the treatments and it seems that the bird tried to compensate for the zinc deficiency by
reducing the egg-laying rate in the negative control treatment. Also, the increase in egg mass,
due to the biological limitations of the bird, is more affected by the amount of energy and
protein in the diet than by the zinc element. In confirmation of these findings, it has been
reported that different sources and levels of zinc, copper and manganese do not affect the
production rate and egg weight in laying hens (Chen et al., 2022; Domel et al., 2024).
Conclusion: The use of sources with higher bioavailability and longer retention in the bird's
body is proposed as a new strategy for enriching animal products. Increasing the amount of
zinc with conventional inorganic forms, such as zinc sulfate, can reduce copper absorption
and lead to negative biological consequences. On the other hand, the use of an organic
source, despite retention, is associated with increased production costs and difficulty in
supply. Therefore, it is recommended to use a level of 75 mg/kg of zinc hydroxychloride to
improve the zinc storage index in eggs, while also enhancing the biological response of the
hens.
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Available phosphorus (%) 0.45
(3403) s
Na (%) 0.18
(20 ) gste
Methionine (%) 0.38
(323) Otams —(yigie
Met+cys (%) 0.65
(a0p) Y
Lysine (%) 0.80
(223) ¢3)]
Arginine (%) 0.90
(20p) O8gy
Threonine (%) 0.58
(PSS 2 p 25 ko) s
Zinc (mg/kg) 30

*Vitamin supplement composition for each kilogram of ration includes 3,000,000 international units of vitamin A, 1,300,000
international units of vitamin D3, 750 international units of vitamin E, 980 mg of B12, 5 mg of vitamin K, 2000 mg
riboflavin, 3000 mg niacin, 4 g choline chloride, 250 mg biotin, 3 mg thiamine, and 4 mg pyridoxine. ** Mineral supplement
composition for each kilogram of basic ration includes 75 mg of manganese, 75 mg of iron, 5 mg of copper, 0.76 mg of
iodine, and 0.1 mg of selenium. Zinc supplement in different forms (organic and inorganic) was added to the diet of the
control group in the amounts tested. The net zinc levels in the diet were as follows: T1 (30 mg/kg diet), T2, T5, and T8
contained 57.2 mg/kg, T3 and T6 contained 70.8 mg/kg, and T4 and T7 contained 84.4 mg/kg.
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Log ple $9) p OglSainndS Cundg doo (B0 Cunglie GLIEI Lty CudS dgp Coles
bl oo & a5

Ly Caglie (85 (sloadlhe g o3> LLIBI IS 30 (lEje 3 1) eandS jl odlatul 1550 5 59y polie (S okas
SigryS mpl cllled 5l camles dbul Bk jl g9y pmaic 298 (Mabe et al., 2003) wisu o deu |,
g LS Aoy b b gy (y9h Sl e (i Gl i 3 9 oS 0 GBS e il
Oen 5 Sjg0 slaaidly w3 0l 555 ol (Mabe et al., 2003; Nys et al., 2001) 55,5 o Cguno
Spbioe g S (Slapabls dgp s o Liie b (g5 paie JoSo (35 il w0 Ly & 3y
layles 13U cov A5 (5B 8k ¢ sl jasuie ¥ oyled Jod> 3 & jshailen ((Moreng et al., 1992)
Ol 3l Camgye Sl syt (o Gde (g9 paie 391eS Sl Jols G g o0 a5 12850 1,8 il
rais &l 500 g jlg 4Bl (el )18 olusd )3 (Sase dlge o (Ul (e GIEIL )1 8 pate
Sl S8l )3 g5y pais 03 iRl s 4 gy sl mlie G Eren3S ol i3I L s,
Gub gy pais 1l Gl ghlSen 5 eudls daasl ul glisly )3 bl bjlasd G ColiS e S
L35 ibgS laangr > Sleoksj 5 LRl G siliwS] SIS GielS g el w3 e
.(Hudson et al., 2004)

p o Sno$ gl S5 13 55y 8> e Camg Dbl 5 b 53 (53) emlilio i & 5
13 0aS a3 ol Sy e (S5 S 1S5 hb S pdse ©ygo 5L oty ) b milio 1 o0lizul
Gl paie pld wyiwd il
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TABLE 2- The effect of different sources and levels of zinc on the quantitative performance of laying hens
e EropsS 0358 SMHSR5S £ e e Sleodij &y
rameter (39 [&1p %) (+2) (+2) (32)
Sesd Egg mass Laying rate Broken Durability
Treatment (g/hen/day) (%) eggs (%) (%)
T1 56.25 87.22° 1.56¢ 91
T2 55.17 91.23* 0.84 94
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T3 56.58 92.64° 0.79° 97
T4 56.48 90.50° 1.39¢ 94
T5 56.93 91.71° 0.76° 97
T6 58.69 92.39° 0.572 94
T7 57.28 92.61° 0.62% 97
T8 56.87 91.74 0.65? 97
SEM 0.726 0.24 0.039 0.35
P-VAIUE 0.0576 0.0082 0.0357 0.7684
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el Gisie =55y SkeS £S5k ) p)S oo WYl o ol Al 9 (595 IS (S £S5l 3 p)S e Vee g VO B0+ e S 0 — Jold G
SEM: :S5ke 5, il (slbas (P>0.05) 5l 5 sz coglis S juitio Ggpo b bS5l yiw o
The experimental treatments included: T1- negative control (without zinc supplementation), treatments T2, T3 and T4,
respectively, included negative control diet + 80, 120 and 160 mg/kg zinc sulfate, and treatments T5, T6 and T7,
respectively, included negative control diet + 50, 75 and 100 mg/kg hydroxychloride, and T8, including negative control diet
+ 124 mg/kg zinc-methionine complex
a,b.c: Within columns, mean values with common superscript (s) are not different (P>0.05). Standard error of the mean
(SEM)
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Chart 1 - Regression equation for defective and broken eggs
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1.4 y-=0.325x2-1.025x +1.54
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0.6

Lo pd = WSS £y 03
(%) Broken eggs

0.4
Zinc 27.2 mg/kg Zinc 40.8 mg/kg Zinc 54.4 mg/kg
— Ol g solfa 0.84 0.79 1.39
— Sk M 0.76 0.57 0.62
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o9, ks > b . (Afshar Bakeshlo et al., 2024; Hu et al., 2022) cul yuiw JI awio b odds &S puaie
P 235 o digw dlde ) g9y pais (Il Caw (igsie 59y SheS 03)S (Al pale ogld pdaw
et 5 Slilgus IS5 93 (e Sglite Dl p3lSe > & ol g 0 MBI ol > 15 ol ()55
g pae g bb o il g9y paie JoSo w jli JI g jl ookl le; o .(Jahanian et al., 2008) wib .
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Avradjo et al., 2019; Fatima et al., 2024; Mohammadi ) 33,5 o Sy p o Sldgw JSKb 4 Cos
308 sldl e e Oldgw IS5 4 (59, pdaw il b amd o L Y oledd Jages Wassly (et al., 2015
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TABLE 3- The effect of different sources and levels of zinc on the retention of zinc, copper, and manganese in laying hens

e Breast (MG/KQ) (¢ 55k 5o o5 he)inw aliae Liver (mg/Kg) ¢ 35ks 55 o5 o) 5 Blood serum ;s
arameter TCED) e FEIA X S BESN ED) S BEN
e Zn Cu Mn Zn Cu Mn Zn Cu Mn
Treatment
T1 24.54° 1.992 0.11 49.68° 6.542 2.43 1.52°¢ 30.65 3.914
T2 28.58° 1.64% 0.08 57.47° 5.932 2.11 1.95° 32.48 4,084
T3 31.62%® 1.42% 0.07 61.26° 4.61° 1.34 1.96° 34.97 4.072
T4 30.59% 1.17° 0.06 55.11° 7.28% 3.02 1.90° 38.18 5.117
T5 29.68% 1.85% 0.07 74.942 8.26° 2.86 1.99° 40.46 4,125
T6 34.232 1.73® 0.09 69.37% 7.76% 267 2.31¢8 42.73 4,127
T7 35.852 1.69% 0.10 76.182 9.27¢8 3.35 2.342 39.28 4.128
T8 33.942 1.82%® 0.09 72.542 8.842 3.66 2.248 38.43 5.130
SEM 0.487 0.032 0.004 2.17 0.485 0.091 0.058 0.146 0.124
P-VAIUE 0.03254 0.0057 0.0781 0.0029 0.0063 0.0712 0.0442 0.0914 0.999
e | Tibia (MG/KQ) (p 5ok > ¢85 o) 5 e Yolk (Mg/kg) (p55kS » 5 k) 5 Eggshell (Mg/kg) (s S5k 3¢ 5 ) e aiogy
_ Rarameter 30 e BEIA S0 O BEA S50 e BEA
Shed Zn Cu Mn Zn Cu Mn Zn Cu Mn
Treatment
T1 125°¢ 2.82@ 4.91 27.93° 3.46° 0.797 2.56 2.87 1.420
T2 136 2.61° 4,75 31.53° 3.012 0.845 3.24 2.42 1.638
T3 150°¢ 2.54b¢ 4.13 30.00° 2.84% 0.784 3.03 2.53 1.334
T4 1630 2.39¢ 5.48 29.60° 2.57° 0.813 3.14 2.04 1.236
T5 186° 2.97% 5.73 30.73° 3.25% 0.852 3.17 2.67 1.543
T6 2778 2.992 6.92 41.47° 3.342 0.911 3.56 2.49 1.841
T7 2992 3.022 6.07 49.332 3.428 0.849 4.36 2.78 1.645
T8 275? 3.012 5.73 41.20° 3.17¢2 0.833 3.28 2.36 1.746
SEM 3.52 0.142 0.093 0.938 0.164 0.064 0.203 0.112 0.017
P-VAIUE 0.001 0.0491 0.990 0.0001 0.0258 0.9612 0.9665 0.7512 0.8892

589 S Sy pS5LS )3 p S o Vor g VO D + (ke J S oy = Jold i 4V 55 D log « Slilgu p 5SS 1 08 o VP g WWe A e J35S 0 Jolb i 4 F oYY leg (i) JeSe a) i JS ) (ol alol sl e
SEM: S5l 3kl sl .(P>0.05).55)115 )l ne oglis o jttio B9 o b InSilin (g 50 53 sl (igein =595 (oSS p55hS10 p)5 (oo WF +anld o Joli Alos
The experimental treatments included: T1- negative control (without zinc supplementation), treatments T2, T3 and T4, respectively, included negative control diet + 80, 120 and 160 mg/kg
zinc sulfate, and treatments T5, T6 and T7, respectively, included negative control diet + 50, 75 and 100 mg/kg hydroxychloride, and T8, including negative control diet + 124 mg/kg zinc-
methionine complex. a,b.c: Within columns, mean values with common superscript (s) are not different (P>0.05). Standard error of the mean (SEM)
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(Chart 2 - Copper element retention in laying hen tibia (mg/kg

3.1 a ab

3

ab
2.9
28 b
2.7 bc
26
25
24
23 B .

V¥ ool L g9y lilg pS5kS 53 p S slo V80 5 WWe e+ il 1S 0p Jold i 40 ¥ 5T Y o (g9 JoSo cige) it JS =) (ol otlojl (sl los vy
PSS oS ke WY +aald oy Jold Ajlasd 5 (595 )5 Sgyun £ 5kS 13 p )5 o Voo g VO e 4 ile J)iS oy —Jeld ci 4V 55 D o g oy vvf
Oigie =85y Sl Yvo

The experimental treatments included: 1- negative control (without zinc supplementation), treatments 2, 3 and 4, Yv§
respectively, included negative control diet + 80, 120 and 160 mg/kg zinc sulfate, and treatments 5, 6 and 7, respectively, vy
included negative control diet + 50, 75 and 100 mg/kg hydroxychloride, and treatment 8, including negative control diet + YVYA
124 mg/kg zinc-methionine complex. v
YA
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Chart 3 - Regression equation of zinc storage in eggs in the eighth week
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