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Abstract In this experiment, 320 laying hens of Hy-
Line W-36 strain were used in a 2× 2× 2 factorial ar-
rangement with 8 treatments with 8 birds in each pen,
including 0 and 400 mg.kg of iron salt (Fe), 0 and 450
mg.kg of iodide (I) and 0 and 0.1 mg.kg of vitamin B12
in 5 replicates and replicate in from 26 to 39 weeks in
a completely randomized design. Dietary experiments
had significant effects on the performance of laying hens
at the end of the experiment period (P < 0.05). The
use of I, B12 and Fe salts had significant effects on the
content of these microelements of egg yolks in the main
effects and interactions (P < 0.05). In the interaction
of Fe and I, the use of 450 mg.kg of I and 0 level of Fe
increased the I content of egg yolks (P < 0.05). In 400
mg.kg of Fe combined with I, or the use of 400 mg.kg
of Fe with 0 level of iodine salt caused a sharp decrease
in the I content of eggs (P < 0.05). Supplementation
of laying diets with Fe and I had no significant effects
on egg yolk content of Fe and Cobalt (Co) (P > 0.05).
However, I content in yolk was significantly reduced
(P < 0.05). In the interaction of treatments containing
Fe and vitamin B12, the lowest amount of Co and the
highest level of I were observed at the 0 level of both of
these supplements (P < 0.05) whereas, the combined
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use of Fe and vitamin B12 increased the level of cobalt
and decreased the iodine content of eggs (P < 0.05). In-
teractions of I and vitamin B12 showed the lowest levels
of I and cobalt at 0 levels of these two salts in hens’
diets, while the combined use of these salts increased
the iron, cobalt and iodine content of eggs (P < 0.05).
In the three-way effects between these salts, iron con-
tent, cobalt of eggs increased and the highest amount of
iodine was observed in the third treatments which con-
tained iodine without vitamin B12 and iron (P < 0.05).
Treatments had no significant effects on cobalt content
of eggs (P < 0.05). Overall results showed that the
use of iron, iodine, and vitamin B12 salt supplements

has improved the performance of hens, as well as the
egg content, including iron, iodine, and cobalt, and im-
proved some of the economic characteristics of hens.

Keywords Cobalt, Ferrous sulfate, Iodine, yolk,

Vitamin B12.

1 Introduction

Nutrition of laying hens can be precisely divided into

different phases according to the genetic and produc-
tions of birds at different climate conditions. The iron
is of great importance to animals’ good growth and pro-
duction, such as laying hens. It scientifically is proven
that the poultry need for iron varies from 75 to 80
ppm.kg of feed [1]. NRC (1994) recommends for Hy-
Line W-36 that the iron content in the feed should be 80
ppm for each day. Minerals and vitamins exhibit several
functions in different cells and organs of animals and
men, including antioxidant activities with the ability to
improve internal and external quality of eggs. Iron (Fe)
is one of the important biological elements for poultry
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as well as men. The involved biochemical processes in-

clude electron transport, peroxidase, and catalase ac-

tivities, oxygen transport and storage (hemoglobin and

myoglobin) porphyrin metabolism, collagen synthesis,

lymphocyte and granulocyte function and neurotrans-

mitter anabolism and catabolism [2].

Iodine is an essential microelement for humans and

animals, and it is required for the synthesis of triiodothy-

ronine, thyroid hormones thyroxine, and iodinated amino

acid tyrosine. The deficiency of Iodine reduces the pro-

duction of thyroid hormones in animals and humans

causing morphological and functional to change the thy-
roid gland and reduction of the secretion of thyroxin [3].

Naber and Squires (1991) showed that it is also possible

to increase the content of an egg through using vitamin

B12. By increasing the feed dose of vitamin B12 from

0.5 to 16 µg/kg (28 to 70 wk) by using commercial
white leghorn flocks, there was a 11-folding increase in

yolk vitamin B12 level (in normal eggs, the level of B12

in egg yolk is 0.4 µg/kg/100g).

Many studies related to egg vitamin and minerals

enrichment through nutrition experiments, with special

attention paid to fat-soluble vitamins E, A, D, but also
to vitamin B12 and folic acid are now available [4–7].

Findings have classified the transfer effectiveness of vi-

tamins from the diet of laying hens to yolk, which was

very high for vitamin A, high for riboflavin, pantothenic

acid, biotin, and vitamin B12, medium for vitamin D3

and E, and low for vitamin K, thiamine and folacin,

however, the combined effects of vitamin premix and

vitamins on vitamin and mineral deposition in eggs are

rare [8]. Therefore, the purpose of this study was to

investigate the possibility of enhancing Potassium io-

dide, Vitamin B12, and Ferrous sulfate administration

on yolk, Iodine, (Co) and Fe content in eggs through

their supplementation in laying hens’ diets and to deter-

mine the effects of these microelements on egg quality

parameters and poultry production performance.

2 Material and Methods

2.1 General

320 Hy-Line W-36 hens ages from 26 to 39 weeks (1.48-

1.52 kg) were kept for 13 weeks in a completely random-
ized design with 2× 2× 2 factorial arrangements. West

Azerbaijan Province Khoy city in Aghlary farm center

in 18th November 2019 until 17th January 2020. Diets

included 8 treatments at the levels (0 and 400 mg.kg

of Fe), (0 and 450 mg.kg of I), and 0 and 0.1 mg.kg

of vitamin B12 were prepared and used. Each experi-

ment group consisted of five replicates with 8 birds in

each replicate. Two adjacent cages, each cages dimen-

sion (40 × 20 × 25cm) containing 4 hens were consid-
ered as the experimental group. Hens received 16 h/d of

artificial lighting and ventilation at a natural ambient

temperature. Feed and water were provided ad libitum

throughout the experiment period. The experiment was

conducted in poultry farm in Khoy city named Aghlari

in 18th November 2019 until 17th January 2020. After

10 days of adaptation, data such as number of eggs,

eggs weight, loss rate were collected and the amount

of feed intake was measured daily. The feed conversion

ratio was calculated based on grams of feed intake per

gram of eggs produced. Produced eggs were collected

daily and calculated as a percentage of egg production

for each hen. The produced eggs throughout the week

were used to calculate the weekly average of produced

eggs. After 13 weeks, 20 eggs were randomly selected

from each treatments and sent to The laboratory mea-

surements of cobalt and Fe in the research department
of chromatography, Iranian Academic Center for Ed-

ucation, Culture and Research (ACECR), Urmia,West

Azerbayjan, Iran.

2.2 Experimental diets

A corn-soybean meal basal diet was formulated accord-

ing to nutrient requirements of National Research Coun-

cil (1994) for laying poultry (Table 1). Experimental di-
ets were obtained by supplementing the basal diet with

synthetic 0 and 400 mg.kg of Fe, 0 and 450 mg.kg of

I, and 0 and 0.1 mg.kg of vitamin B12.

2.3 Chemicals for analysis

2.3.1 Laboratory process for the evaluation of iron and

cobalt in egg samples

To analyze the chemicals, 2.5 g of the yolk sample was

weighed and placed inside the crucible. The crucible

was then placed inside the kiln heated to temperature

550◦ C for ashing. After preparing the whole ash, the
crucibles were allowed to cool, then a solution of nitric

acid was used to dissolve the ash on the heater at 75◦

C. Then the contents of the cruise were transferred into

a 25cc balloon with a funnel and the cruise was rinsed

several times with distilled water and transferred to the

balloon. The laboratory measurements of cobalt and Fe

were done in the research department of chromatogra-
phy, Iranian Academic Center for Education, Culture

and Research (ACECR), Urmia, Iran.

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 



Title Suppressed Due to Excessive Length 3

Table 1 Ingredients and chemical composition of basal diet
of laying hens (%, as feed basis)..

Ration %

Corn 58.10
Soybean Meal 22.18
Oyster shell 10.00
Wheat Bran 6.00
Soybean Oil 2.0
Dical. Phos 1.60
Mineral Premix11 0.03
Vitamin Premix22 0.03
L-Lysine HCl 0.025
Common Salt 0.025
DL-Methioni 0.013
Total 100

M.E 2700
Protein 15.88
Calcium 4.42
Avail Phosphorus 0.52
Sodium 0.31
Methionine 0.58
Lysine 0.94
Methionine + Cysteine 1.36
Arginine 1.06
Linoleic Acid 1.91
Threonine 0.68
Tryptophan 0.31

1 Mineral supplement per kg of diet: 2.4 mg of copper, 0.34
mg of iodine, 30 mg of iron, 29.76 mg of manganese, 0.08 mg
of selenium, 25.87 mg of zinc.
2 Vitamin supplement per kg of diet: 3520Iu Vitamin A,0.59
mg vitamin B1, 1.6 mg vitamin B2, 13.86 mg niacin, 13.3 mg
pantothenic acid, 1 mg B6, 0.06 mg biotin, 80 mg choline,
0.004 mg vitamin B12, 0.19 mg B9, 1000IU vitamin D3, 8.8
IU vitamin E, 0.88 mg K3, all calculations are evaluated
based on the requirements of (1994) NRC.

2.3.2 Preparing a standard solution

The standard 1000 ppm of iron and cobalt was pre-
pared and the atomic absorption rate of the samples

was recorded by using the atomic absorption appara-
tus made in Perkin Elmer model: analyst 800. After
reading the standard adsorption, its amount was calcu-

lated using calibration and was expressed in 100 g of

the sample.

2.3.3 Laboratory process for the evaluation Iodine in

egg samples

After 13 weeks, 20 eggs were randomly selected from

each treatments and sent to the relevant laboratory in

order to calculate the iodine content in egg yolk. This

was carried out almost exclusively by using kinetic spec-

trophotometric method called the Sandell–Kolthoff re-

action [9, 10]. The laboratory measurements of Iodine

were done in the research department of chromatogra-

phy, Iranian Academic Center for Education, Culture

and Research (ACECR), Urmia, Iran.

3 Statistical analysis

Data were subjected to using the PROC GLM proce-
dure of SAS 9.4 software. Data were log-transformed
before analyzing in case of unequal variances. Means
were compared using Tukey’s multiple range test at α

= 0.05.

4 Results

4.1 Egg Internal Micronutrients Composition

The effects of using different experimental supplements

on egg internal micronutrients Composition are shown

in Table 2. Regarding the main effects of iron and io-
dine salts and vitamin B12, it was observed that only

iron had not a significant effect (P > 0.05) on Fe Com-

position but B12 and iodine salts increased the levels

of Co and I in egg yolk respectively (P < 0.05). In the

interaction of Fe and I, the use of 450 mg/kg of I along

with zero level of Fe, increased the I content of eggs

(P < 0.05). If 400 mg/kg of Fe combined with I, or
the use of 400 mg/kg of Fe with zero level of iodine

salt caused a sharp decrease in the I content of eggs

(P < 0.05). Supplementation of laying diets with Fe

with I had no significant effects on egg Fe and Cobalt

(Co) content (P > 0.05). But the I content in yolk was

significantly reduced (P < 0.05). In the interaction of

treatments containing Fe and vitamin B12 supplemen-
tation, the lowest amount of Co and the highest level

of I were observed at the 0 level of both of these sup-

plements (P < 0.05). While the combined use of Fe

and vitamin B12 increased the level of cobalt and de-

creased the iodine content of eggs (P < 0.05). Interac-

tions of I and vitamin B12 showed the lowest levels of I

and cobalt at zero levels of these two salts in chickens’
diets, while the combined use of these salts increased

the iron, cobalt and iodine content of eggs (P < 0.05).
In the three-way effects between these salts, iron con-

tent, cobalt of eggs increased and the highest amount of

iodine was observed in the third treatment which con-

tained iodine without vitamin B12 and iron (P < 0.05).

Treatments had no significant effects on cobalt content
of eggs (P < 0.05).

4.2 Performance

The effects of using different experimental supplements

on performance of laying hens are shown in Table 3, the

use of iron salt in the diet for laying hens has signifi-

cantly increased the percentage of egg production and
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4 Mir Nima Aghdashi 1 et al.

Table 2 Effect of dietary Potassium iodide, Vitamin B12 and Ferrous sulfate administration on yolk, Iodine, Cobalt and Iron
content.

Effects
Iron Cobalt Iodine
Available (mg/kg) Available (mg/kg) Available (mg/kg)

Ferrum

0 11.4025 0.1342 0.7073b

400 12.9721 0.1433 0.5449a

SEM 0.8079 0.0151 0.0083
P-value 0.1720 0.6703 < .0001

Iodin

0 10.7247b 0.1216 0.4175b

450 13.6499a 0.1559 0.8347a

SEM 0.8079 0.0151 0.0083
P-value 0.0116 0.1096 < .0001

B12

0 12.1412 0.0868b 0.6183
0.1 12.2334 0.1907a 0.6338
SEM 0.8079 0.0151 0.0083
P-value 0.9358 < .0001 0.19

Ferrum× Iodin

0× 0 8.2478995b 0.1351 0.3817d

0× 450 14.5571011a 0.1334 1.0328a

400× 0 13.2014874a 0.1082 0.4533c

400× 450 12.7426356a 0.1784 0.6365b

SEM 1.1836 0.0220 0.0122
P-value 0.0036 0.0936 < .0001

Ferrum×B12

0× 0 11.5197 0.0789c 0.7485a

0× 0.1 11.2853 0.1896ab 0.6660b

400× 0 12.7627 0.0947bc 0.4880d

400× 0.1 13.1815 0.1919a 0.6017c

SEM 1.1836 0.0220 0.0122
P-value 0.7756 0.7516 < .0001

Iodin×B12

0× 0 12.4388a 0.0728b 0.3612d

0× 0.1 9.0106b 0.1704a 0.4737c

450× 0 11.8436a 0.1008ab 0.8754a

450× 0.1 15.4562a 0.2111a 0.7940b

SEM 1.1836 0.0220 0.0122
P-value 0.0025 0.7667 < .0001

Ferrum× Iodin×B12

0× 0× 0 5.7323c 0.0742 0.3157f

0× 0× 0.1 10.7635bc 0.1959 0.4476e

0× 450× 0 17.3070ab 0.0835 1.1814a

0× 450× 0.1 11.8072bc 0.1833 0.8843b

40× 0× 0 19.1452a 0.0714 0.4067e

40× 0× 0.1 7.2578c 0.1450 0.4999e

40× 450× 0 6.3801c 0.1180 0.5693d

40× 450× 0.1 19.1051a 0.2389 0.7036c

SEM 1.6101 0.0300 0.0166
P-value < .0001 0.4177 < .0001

a, b, c, d, e, and f means within each column with different superscripts are significantly different (P < 0.05).

egg mass, but reduced and improved the conversion ra-

tio (P < 0.05), Iron did not have any significant effect

on the average egg weight and Feed Intake (P > 0.05).

Generally, iron in the diet for laying hens improved eco-

nomical traits. This effects was not observed for iodine

salt and vitamin B12. The use of these microelements

did not have any significant effects on the performance

of laying hens in this study (Table 3).

However, in the case of bilateral effects, the situ-

ation was slightly different. Concomitant use of iron

with iodine increased the percentage of egg production

compared to when iodine was used alone in the diet

and shows that dietary iron improved the iodine yield

of the diet. This trend was also achieved for egg mass

production, and iron improved iodine efficiency in the

diet. The feed conversion ratio, which is one of the im-

portant traits of laying hens, was affected by these two
microelements and was improved. But this reduction
was not significant. However, it was decreased by 5%,

which is numerically significant. The combined use of
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Table 3 Effect of dietary Potassium iodide, Vitamin B12 and Ferrous sulfate administration on laying hens performance.

Experimental Mwegg PP FI MP
FCR

Treatments gr % gr gr

Ferrum

0 61.859 78.85b 110.6 48.699b 1.8255a

400 62.241 81.55a 111.75 50.659a 1.768b

SEM 0.2547 0.76 0.54 0.4616 0.0189
P-value 0.2918 0.0143 0.1365 0.0037 0.0373

Iodin

0 62.144 80.1 111.35 49.681 1.798
450 61.955 80.3 111 49.677 1.796
SEM 0.2547 0.7603 0.5401 0.4616 0.0189
P-value 0.6023 0.853 0.6481 0.9945 0.9409

B12

0 62.337 79.15 110.7 49.175 1.808
0.1 61.762 81.25 111.65 50.163 1.785
SEM 0.2547 0.7603 0.5401 0.4616 0.0189
P-value 0.1151 0.0547 0.2176 0.1268 0.3947

Ferrum× Iodin

0× 0 62.02 79.8ab 111.2 49.377ab 1.809
0× 450 61.697 77.9b 110 48.022b 1.842
400× 0 62.268 80.4ab 111.5 49.986ab 1.787
400× 450 62.214 82.7a 112 51.332a 1.75
SEM 0.3602 1.0752 0.7638 0.6528 0.0268
P-value 0.7099 0.0497 0.2694 0.0422 0.1968

Ferrum×B12

0× 0 62.031 77.3 110 47.838b 1.848
0× 0.1 61.686 80.4 111.2 49.561ab 1.803
400× 0 62.643 81 111.4 50.512a 1.769
400× 0.1 61.839 82.1 112.1 50.806a 1.768
SEM 0.3602 1.075 0.7638 0.6528 0.0268
P-value 0.526 0.3555 0.7444 0.0277 0.4155

Iodin×B12

0× 0 62.549 80.5ab 110.2 50.19ab 1.763ab

0× 0.1 61.739 79.7ab 112.5 49.173ab 1.833ab

450× 0 62.125 77.8b 111.2 48.16b 1.854a

450× 0.1 61.786 82.8a 110.8 51.194a 1.738b

SEM 0.3602 1.0752 0.7638 0.6528 0.0268
P-value 0.5153 0.0087 0.0814 0.0027 0.0009

Ferrum× Iodin×B12

0× 0× 0 62.188 79.8ab 110 49.53ab 1.786ab

0× 0× 0.1 61.852 79.8ab 112.4 49.224ab 1.832ab

0× 450× 0 61.874 74.8b 110 46.146b 1.91a

0× 450× 0.1 61.52 81ab 110 49.898ab 1.77ab

40× 0× 0 62.91 81.2ab 110.4 50.85a 1.74ab

40× 0× 0.1 61.626 79.6ab 112.6 49.122ab 1.834ab

40× 450× 0 62.376 80.8ab 112.4 50.174ab 1.798ab

40× 450× 0.1 62.052 84.6a 111.6 52.49a 1.702b

SEM 0.5094 1.5206 1.0801 0.9233 0.03799
P-value 0.4994 0.04853 0.8449 0.049957 0.049409

a and b means within each column with different superscripts are significantly different (P < 0.05).

iron and vitamin increased the trait of egg mass by 3
grams, which is economically important, and the trait
of conversion factor was decreased by 4%, which was

not statistically significant.

The simultaneous use of iodine and vitamin im-

proved the performance of economical traits of laying

hens. Interestingly, it is seen again that vitamin im-

proved the effect of reduced yield due to iodine and

increased the percentage of production, egg mass and

feed conversion ratio decreased significantly. The statis-

tical probability of feed conversion ratio is lower than

0.0009 (p < 0.0009) which is statistically significant and
needs further research (6% reduction).

The previous trend regarding the effect of iodine
on production percentage, egg mass and feed conver-

sion ratio can also be seen in this part of the table, and

the simultaneous use of these 3 microelements increases

the production percentage of egg mass, and the reduc-

tion of feed conversion ratio is statistically significant.

However, none of the experimental treatments changed

significantly compared to the control group and these
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effects are only compared to other microelements com-

pared to the use of iodine alone.

5 Discussion

During 28-36 weeks of age, there were no significant
differences about FI [11] and in another study it was

observed that feed intake decreased significantly with
iron supplementation in broiler hens’ diets [12]. In this

study, however, there were no significant effect of Iron

on FI. In agreement with the present study, some re-

searchers reported similar results on Mandarah layer

hens and Gimmezah layer as local strains [11, 13, 14].

Supplementing poultry diets with Iodine had no signif-

icant effect on production of eggs and egg mass [15–17].

However, Christensen et al., (1991) reported that egg

weight increased to 3.5 mg.kg due iodine supplementa-

tion. They reported egg weight increased only in British

United Turkeys and no differences in egg weight in
Nicholas Turkeys were reported. A decrease in produc-
tion of egg and performance after 12 weeks of pro-

duction was reported when a diet without B12 was

used [18]. Eggs were smaller when no vitamin B12 was

added and specific weight was inversely proportional to

the size of the egg, generally Vitamin B12 increased egg

size [19].
Because of improved production traits in new strains

of poultry, it seems that microelements requirement rec-

ommended by NRC for laying poultry needs to be re-

vised. Thus, to meet the real requirement of minerals

and vitamins in industrial poultries, it is necessary to

conduct some relevant studies. Egg yolk has a good po-

tential for enrichment by the supplemented diets with

different minerals and vitamins. It is possible to signif-

icantly increase vitamin content of eggs through forti-
fication of the laying hen diet with synthetic vitamins,
and table eggs can be changed to one of the rich sources
of natural synthetic microelements [20–26]. The cobalt

is not considered as an essential mineral for hens even

though it may consist as much as 4% of the composition

of the molecule of vitamin B12. Therefore, in this study

the cobalt is investigated as an indicator of B12. Table 2

shows that when laying hens diet is supplemented with

B12, the level of cobalt increases significantly. Adding

vitamin B12 to the diet had no effect (P > 0.05) on

cobalt concentration in the liver and yolk [19].
Furthermore, the levels of Fe and I were improved

and increased in egg yolk when the levels of these mi-

croelements in diets were elevated. When Fe and I are

both added to the salt, the I is transformed to ele-

mental I, which can vanish, and therefore lost rapidly.

Earlier trials by Burgie et al (1986) indicated that the

iodine moiety of the double-fortified sait was unstable

due to the loss of iodine as a result of evaporation and

catalytic oxidation of I- to I2 in the presence of ferrous
ions and air oxygen [27]. Anemia and goiter are the two

major nutrition-related illnesses which lead to serious

consequences on mental and physical development in

one in three people. The present study showed that by

increasing the levels of Fe in the diet, the amount of
iodine in the egg decreases, indicating the antagonistic

effect of iron on iodine. On the other hand, these two

elements are among the essential nutritional needs of

society. According to Table 3, in order to enrich eggs

with iron, special attention should be paid to the lev-

els of iodine in the diet since by reducing the iodine in

eggs, the nutritional value of this food decreases.

6 Conclusion

Generally, the use of iron, iodine, and vitamin B12 salt

supplements has increased the performance of chickens,

as well as the egg content, including iron, iodine, and

cobalt, and improved some of the economic character-

istics of chickens. This study showed that in order to

enrich eggs yolk with iron, special care should be paid

to the levels of iodine in the poultry diets. This study

showed that when laying hen’s diet supplemented with

B12 the level of cobalt raised significantly.
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