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Abstract: In this study, hens received experimental diets in a 3 × 3 factorial arrangement of three

levels of supplemental dietary iron (15, 30 and 60 mg Fe/kg) and three levels of supplemental dietary

copper (5, 10 and 20 mg Cu/kg). The basal diet, without iron and copper supplementation, was

considered as a control diet. Accordingly, a total of 10 experimental diets were formulated (3 × 3=

9 + control diet = 10 diets). One thousand and five hundred White Lohmann Selected Leghorn (LSL)

laying hens of 27-week-old were randomly assigned to 10 dietary treatments of 150 hens in 5

replicates of 30 hens each. Hen-day egg production percentage was the highest when added Fe with

Cu at levels of 30 and 20 mg/kg, respectively. Fe with Cu combination did not affect egg weight.

Significant effects on feed intake and conversion ratio (FCR) due to Fe levels, but not with Cu levels

were noticed. Increasing Cu level from 0 to 20 mg/kg within each Fe level up to 60 significantly had

affected body weight gain. Increasing dietary Fe and Cu did not affect yolk and albumen weight,

except the significant effect of Fe up to 30 mg/kg on Haugh unit score. The addition of 30 mg Fe/kg

and 20 mg Cu/kg to basal diet improved egg shell thickness and serum total immunoglobulin titres

(STIT) compared to control diet. Blood haemoglobin, serum iron and ferritin were increased in almost

Cu/Fe formulated diets; the highest increase was observed by the moderate concentration of dietary

copper (10 mg/kg diet). Negative correlation between phosvitin-Fe and either transferrin or transferrin-

Fe were observed. Moreover, egg iron significantly increased in formulated diets containing 10 mg

Cu/kg. However, egg copper slightly increased in diets containing 20 mg Cu/kg. The balance between

the consumption of dietary copper and iron may give excellent response in laying performance, egg

quality, iron turnover and utilization.
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INTRODUCTION

Iron (Fe) plays an important role in nutrition of both human and animals. Iron acts as a component of

hemoglobin in red blood cell, as myoglobin in muscle, as transferrin in serum, as uteroferrin in placenta, as

lactoferrin in milk and as ferritin and hemosiderin in liver (Ducsay et al., 1984). In addition, iron is also

necessary for several enzymatic processes and metabolism steps in the body (Chen et al., 2008). However,

most of above mentioned functions can't be accomplished when iron present as simple ion form, while over

90% of the iron is present in complex bound to porphyrins in some different ways. Content of iron in hen

blood is 45–55 mg/kg living mass. Majority is in blood, which contains 10–12 times more iron than other

organs (Holoubek et al., 2002). Iron is as essential for living function, as it is essential for many subsequent

physiologic and biochemical steps (electron transport and connected formation of energetic “stocks” – ATP).

It is active in respiratory chains of mitochondria. Iron is also necessary for storage, activation and transport

of oxygen, and its deactivation, for synthesis of nucleotides and many another functions. Iron is required by

virtually all living cells for many biochemical reactions, especially for aerobic and anaerobic energy metabolism

and cell proliferation (Cazzalo et al., 1990). Therefore, iron supplementation in mineral premix (generally as

ferrous sulfate form), as well as additional organic form iron, has been widely applied when formulate hens

diet due to the low availability. Such suggestion was approved by Park et al. (2004) who reported that both

inorganic and organic form of iron supplementation over the requirement had positive effects on egg quality

parameters. 
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Copper (Cu) is often added to poultry diets as an antimicrobial agent. Previous study which conducted by

Skrivan et al. (2006) suggested that dietary copper supplementation in poultry diet had beneficial effects on

growth performance. In addition, Berger (2006) also observed a copper deficiency in the laying hen diet results

in anemia and the production of eggs that are abnormal in size and shape, and some eggs have wrinkled and

rough shells. Consequently, Cu deficiency in hens results in abnormal eggshell formation (Baumgartner et al.,

1978) and the eggshell of Cu-deficient hens is characterized by an abnormal distribution of the shell membrane

fibers due to alterations in lysine-derived cross-links, which results in egg shape deformation and abnormal

mechanical properties. 

The intimate relationship between Cu and Fe metabolism has been recognized for many years. In fact, Cu

was identified as an ‘anti-anemic’ factor as far back as 1928, when studies demonstrated that Cu could

facilitate haemoglobin formation (Hart et al., 1928). Indeed, the Cu–Fe connection had been acknowledged for

at least 100 years previous to this finding (Fox, 2003), but it is only relatively recently that the molecular basis

for the biological interactions between these two metals has begun to be understood. The discovery of

caeruloplasmin, the Cu-dependent ferrioxidase, formed the initial bridge between Fe utilization and Cu status.

However, in recent years it has become apparent that Cu–Fe interactions occur at the dietary and intestinal

level. The molecular mechanisms underlying these interactions suggest that the Cu–Fe relationship may be

more complex than it was first thought (Sharp, 2004). Caeruloplasmin has subsequently been shown to act as

a ferrioxidase, converting ferrous (Fe ) to ferric (Fe ) (Curzon and O’Reilly, 1960), and to increase the rate2+ 3+

of loading of Fe onto transferrin (Osaki et al., 1966). There is good evidence for a role for Cu in intestinal

Fe absorption (Sharp, 2004). Microminerals including copper and iron are essential to immunity and health.

In general, microminerals deficiencies, may have widespread effects on nearly all components of immune

response, these effects can be reversed by supplementation. However, it may be possible to modulate immune

function and ultimately reduce the severity of infections through micronutrient supplementation. Thus,

microminerals contribute to the maintenance of the balance between immunity and health (Muñoz et al., 2007)

and some immune responses were altered by iron deficiency (Dallman, 1987 and Kuvibidila et al., 1989).

However, few studies on Cu-Fe interactions have been performed in poultry until now. The objective of current

study was to evaluate whether feeding Fe/Cu supplemented diets for laying hens would positively influence

iron turnover and utilization, subsequently improve the immune response, performance and egg quality of

laying hens.

MATERIALS AND METHODS

Experimental Birds and Management: 

One thousand and five hundred Lohmann (LSL) White laying hens, 27 weeks of age were used. Hens

were randomly distributed into 10 groups of 150 hens in 5 replicates of 30 hens each. Hens were kept in

cleaned and fumigated cages of wire floored batteries in closed system house. Feed and water were available

ad-libitum  all over the experimental period (16 weeks) from 27 to 42 weeks of age, under a total of 16 hours

light per day regimen.

Experimental Diets:

The experimental diets and their chemical composition are presented in Table (1). The basal diet containing

14.29 mg Fe/kg and 3.44 mg Cu/kg. The experimental diets were formulated to contain three levels of iron

15, 30 and 60 mg/kg. Within each iron level there was three copper levels i.e. 5, 10 or 15 mg/kg diet. Iron

4 2 4 2and copper were added as FeSO .7H O (99%) and CuSO .5H O (98%), respectively. Ten experimental diets

were formulated using Linear Programming to be isoenergetices (2784 kcal ME/kg) and isonitrogenous (18.58%

CP). The experimental diets were formulated to meet the nutrient requirements according to the recommended

allowances of the Lohmann White breed.

Nutritional Measurements: 

Hen day production (H.D.) was assessed daily and then divided into 4 time periods of 28 day each. Hen

day production is the total egg production for a period divided by the total hen days for that period multiplied

by 100.  Daily feed intake was calculated every 28 day and fresh diets were provided every 14 day intervals

during the experimental period. All birds of each treatment were weighed at the beginning (initial live body

weight) and at the end of experimental period (final live body weight) to calculate body weight gain. Eggs

were collected and weighed every 4 weeks during the experimental periods (16 weeks). Records of egg

production, egg weight and feed consumption were used to calculate the amount of feed (kg) which was

required to produce one kilogram of eggs per hen or to calculate feed conversion ratio (FCR). Egg shell
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thickness was determined using a dial pipe gauge digital. Haugh unit were measured according to the HU

formula (Eisen et al., 1962) based on the height of albumen as determined using a micrometer. Proximate

analyses of dry matter (DM), crude protein (CP), ether extract (EE), crude fiber (CF), Nitrogen free extract

(NFE) and organic matter (OM) in the feed and dried excreta were done by the methods of A.O.A.C. (1990).

Digestibilities of nutrients (DM, CP, EE, CF, NFE and OM) were determined according to Abo-Raya and Galal

(1971). Faecal nitrogen was determined according to Jakobsen et al. (1960). 

Table 1: Ingredients and chemical composition of the basal diet  

Ingredients %

Yellow corn 63.05

Soybean meal 18.50

Concentrate  10.001

Limestone 7.50

Bone meal 0.50

NaCl 0.25

Vitamins and minerals mixture 0.102

M ethionine 0.10

Total 100.00

Calculated analysis 3

M E, kcal/kg 2784

Protein, % 18.58

M ethionine, % 0.46

Lysine, % 1.01

M ethionine + cystine, % 0.66

Calcium, % 3.64

Available  Phosphorus, % 0.47

Iron (Fe), mg/kg 14.29

Copper (Cu), mg/kg  3.44

Each one kg of concentrate containing: CP 503 g, CF 16.2 g, EE 52.9 g, Ca 61.6 g, available P 28 g, methionine 13.6 g, methionine1 

3 3+ cystine 20 g, Lysine 34.7 g, M E 2554 kcal, vitamin A 120000 I.U, vitamin D  30000 I.U, vitamin E 100 mg, vitamin K  25 m g, vitamin

1 2 6 12B  10 mg, vitamin B  50 mg, vitamin B  15 mg, vitamin B  0.2 mg, pantothenic acid 100 mg, niacin 400 mg, folic acid 10 mg, biotin

0.5 mg, choline chloride 2550 mg, m anganese 800 mg,  zinc 600 mg, iron 450 mg, copper 50 mg, iodine 5 mg, selenium 3 mg, cobalt

1 mg.

3 Each one kg of vitamins and minerals m ixture containing: vitamin A 4000000 I.U, vitamin D  1166667 I.U, vitamin E 6667 mg, vitamin2

3 1 2 6 12K  1000 mg, vitamin B  1000 mg, vitamin B  2667 mg, vitamin B  1000 mg, vitamin B  5 mg, pantothenic acid 4000 mg, niacin 13333

mg, folic acid 500 mg, biotin 16.7 mg, choline chloride 200 g, manganese 26.7 g,  zinc 25 g, iron 13.33 g, copper 3.33 g, iodine 0.66

3g, selenium 0.1 g, cobalt 0.083 g and carrier (CaCO  ) to 1 kg. 

According to NRC (1994).3  

Biochemical Measurements:

Blood samples of each hen were collected from the wing vein in dry clean non-heparinized centrifuge

tubes and centrifuged at 3000 rpm for 15 min to separate the serum. The clear serum was then pipette into

epindorff tubes and stored at –20 C until biochemical analysis. Five samples of yolk and albumen mixture foro

each replicate were freeze-dried and stored at –20 C to determine iron and copper in the mixture.  o

Serum total immunoglobulin titres were determined according to Van der Zipp et al. (1983). Blood

hemoglobin was determined by using a whole blood sample according to the method described by Henry et

al. (1974). Serum iron was determined calorimetrically according to the method of Smith et al. (1984) using

Dade Behring, Inc. kit (DF49A). Serum Ferritin concentration was measured according to Franco (1987), by

a two-site sandwich immunoassay using direct chemiluminometric technology, using ADVIA Centaur FER kit.

The levels of serum transferrin-bound iron (Tf-Fe) were measured using Dade Behring, Inc. kit (DF84)

according to Yamanishi et al. (1997). Transferrin was measured according to Beilby et al. (1992). The

concentration of phosvitin-Fe (Pv-Fe) was calculated according to Planas et al. (1961) as in the following

equation:  

Pv-Fe (μg/dl) = Total serum iron - (Tf-Fe)

Total content of egg iron and copper were determined according to Allen et al. (1997) using inductively

coupled plasma (400) emission spectrometry (PERKIN ELEMER Emission spectrometer).

Statistical Analysis: 

Data were statistically analyzed by using the General Linear Model procedures (GLM) described by

S.P.S.S. (1999) as follows: 
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ijl i j  ij ijlY  = ì + F  + C + (FC)  + e

ijl i where, Y is the observation of the parameter measured,  ì is the overall means, F  is the iron levels effect,

j  ij ijlC  is the copper levels effect, (FC)  is the interaction among iron and copper and e   is the random error term.

Differences among treatment means were tested using Duncan’s multiple range test (Duncan, 1955) and

differences were significant at (P�0.05).

RESULTS AND DISCUSSION

Laying Hens Performance: 

Results in Table (2) showed that hen-day egg production percentages increased gradually with increasing

dietary Fe levels up to 30 mg Fe/kg, with no influence of different dietary Cu levels. However, a significant

7effect on egg production was due to Fe and Cu interaction, where T  recorded the highest value (94.44%),

10while T  gave the least value (80.71%). Moreover, the difference between experimental records and control

9 10were increased except T  and T . The differences in egg production due to the antagonistic interaction between

Fe and Cu which were affected on status of sexual hormones. There is a marked possibility that the high

dietary Cu level (20 mg/kg) has suppressed estrogen and possibly testosterone and progesterone production

either at the level of the ovary or possibly by inhibition of follicle-stimulating hormone and luteinizing

hormone production by the anterior pituitary. This would presumably result in a reversal of the liver weight

and lipid content changes cited associated with the attainment of sexual maturity and egg-laying. The regression

of the oviduct is similar to that observed when the hen ceases to lay due to natural moult or the onset of

broodiness (Brown and Jackson, 1960). However, the possibility that the effects on the oviduct and liver are

caused by decreased nutrients intake rather than by a direct effect on the endocrine system cannot be ruled

out (Jackson, 1977). Egg production was not significantly affected by diet containing Cu up to 250 ppm from

Cu sulfate (Banks et al., 2004). Cu can form a chelate with phytate. The resulting complex is insoluble at the

pH of the small intestine, and therefore none of the components of the complex are available to the chick for

absorption. As such, Cao et al. (2000) hypothesized that different Cu sources would react differently with

phytin-phosphorus in the digestive tract. Copper sulfate was included as a Cu source as it is the typical form

used by the poultry industry. Also, Holoubek et al. (2002) reported that the supplement of iron and copper is

suitable for wide practice for egg production for human consumption.        

Egg weight (Table 2) was significantly affected by Fe levels, and the diets containing 30 mg Fe/kg

recorded a higher egg weight (60.84 g), while the diets containing 60 mg Fe/kg produced the lower value

(58.30 g), this seems due to feed consumption and the level of Fe supplementation. However, the differences

between Cu levels were not significant and the combination between Fe and Cu up to 60 and 20 mg/kg,

respectively, had no effect on egg weight. The present results indicated that 30 mg Fe/kg or 5 mg Cu/kg diet

is adequate for maximum laying rate and egg weight during 27 – 42 weeks of age of Lohmann White hens.

In general, Fe with Cu combination had no effect on egg weight. The main effect due to iron level up to 30

mg Fe/kg was significant and no effect was appeared due to Cu addition. This indicates that Lohmann White

laying hens perform well over a wide range of copper. These results were confirmed by Banks et al. (2004)

who observed that the supplementation of 250 ppm Cu sulfate resulted in no significant differences in egg

weight. Abdallah et al. (1994) suggested that remove supplemental iron or some other kind of minerals (Cu,

Zn or Mn) from the laying hen's diets did not affect the egg weight of hens. This result indicates that egg

weight may not significantly influenced by the change of dietary iron concentration. Even though those

minerals are necessary for poultry nutrition, due to the body regulatory mechanisms for mineral absorption and

utilization, so such deficient or exceed mineral concentration in diet during a certain period may not present

decrease performance criteria of laying hens (Chen et al., 2008). According to the literature, the effect of

mineral supplementation on egg weight is inconsistent. Mabe et al. (2003) concluded that the addition of 60,

60 and 10 mg/kg of Zn, Mn and Cu, respectively, to the basal diet did not significantly influence egg weight

in the youngest group of hens (32 to 45 week), The negative effects on egg weight were generally not

accompanied by significant changes in the percentage of eggshell measurements nor in the shell weight per

unit surface area values (eggshell index). These results imply that the same amount of shell material was being

produced irrespective of the dietary treatment. Moreover, Holoubek et al. (2002) showed negligible increase

of egg weight in supplemented group which containing Fe and Cu in feed mixture (+0.03 g) while decreases

of 1.59 g were observed in control.

A significant effect on the amount of feed consumed (g/hen/day) was observed due to Fe levels (Table

2). Hens receiving the basal diet consumed (P<0.05) more significantly feed than those receiving 15, 30 and
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60 mg Fe/kg diets. However, no significant differences in feed intake were due to increasing dietary

supplementation of Cu from 0 to 20 mg Cu/kg in the diets. Feed intake decreased gradually with increasing

Fe and Cu levels in the diets. Hens consumed more feed in case of basal diets to meet their increased Fe and

Cu requirements. No significant differences in feed intake of hens fed the control diet compared to those fed

10 1  the other experimental diets except T . The control diet (T ) consumed the highest feed intake (109.88

10 g/hen/day) while, T gave the least value (105.78 g/hen/day). The present results are in line with those reported

by Holoubek et al. (2002) who found that reduced daily consumption of feed from 122 to 120 g/hen/day when

copper and iron were added to feed mixture. Jackson (1977) observed that the daily feed intakes were very

markedly depressed (P<0.001) with increasing copper sulphate groups from the start of the experiment. 

The average values of feed conversion ratio (FCR) calculated as amount of feed (kg) required to produce

1 kg of eggs were significantly differences (P<0.05) among Fe levels. The diets containing 30 mg Fe/kg

improved FCR (1.90) compared to the control diet, 15 and 60 mg Fe/kg diets, where the control diet recorded

the worst FCR (2.16). These results may be attributed to the different amounts of feed consumed and egg

production. Feed conversion ratio was good and not statistically influenced by Cu levels for egg production.

The effect of interactions between Fe with Cu on FCR was significant. Diet containing 30 mg Fe/kg + 20 mg

7 10Cu/kg (T ) recorded the best value of FCR (1.88) while, the diet containing 60 mg Fe/kg + 20 mg Cu/kg (T )

gave the worst FCR value (2.28). The best feed conversion ratio was noticed with all diets containing 30 mg

Fe/kg with Cu supplementation compared to the control diet and all diets containing 15 and 60 mg Fe/kg. In

general, the dietary concentrations of the trace mineral (Cu) did not have any effect on zootechnical

performance in terms of egg production, egg weight, feed intake and feed conversion ratio. This finding means

that the respective dosages did not induce any deficiency during the 16-week trial. Holoubek et al. (2002)

observed that the supplement of iron and copper combination in laying hens diets affected significantly on FCR

values.  

Table 2: Effect of experimental treatments on laying hens performance.  

Experimental treatments Egg production Egg weight Feed intake Feed conversion Body

(H.D.%) (g) (g/hen/day) ratio (g of feed weight

/g of egg) gain (g)

T1 (control) 85.57 59.51 109.88 2.16 432 bcd  a  ab  a

T2   (15 mg Fe/kg + 5 mg Cu/kg) 86.06 59.98 109.47 2.12 407 abcd  ab  ab  b

T3   (15 mg Fe/kg + 10 mg Cu/kg) 87.10 59.85 108.44 2.09 357 abcd  ab  bc  c

T4   (15 mg Fe/kg + 20 mg Cu/kg) 88.99 59.72 108.30 2.04 357 abcd  ab  bcd  c

T5   (30 mg Fe/kg + 5 mg Cu/kg) 91.72 61.12 107.82 1.93 332 abc  ab cd  d

T6   (30 mg Fe/kg + 10 mg Cu/kg) 93.01 60.98 107.23 1.89 132 ab  ab  d  f

T7   (30 mg Fe/kg + 20 mg Cu/kg) 94.44 60.41 106.96 1.88 132 a  ab  d  f

T8   (60 mg Fe/kg + 5 mg Cu/kg) 90.52 58.63 106.72 2.01 332 abc  ab bcd  d

T9   (60 mg Fe/kg + 10 mg Cu/kg) 83.09 58.63 105.87 2.18 232 cd  ab  ab  e

T10 (60 mg Fe/kg + 20 mg Cu/kg) 80.71 57.65 105.78 2.28 332d  b  a  d

± Pooled SEM ±2.591 ±1.039 ±1.160 ±0.059 ±4.564

Probability 0.0226 0.4024 0.05341 0.0013 <0.0001

Iron effect

0 mg Fe/kg 85.57 59.51 109.88 2.16 432.00 b  ab  a  a  a

15 mg Fe/kg 87.38 59.85 108.73 2.08 373.67 b  ab  ab  a  ab

30 mg Fe/kg 93.06 60.84 107.34 1.90 198.67 a  a  bc  b  c

60 mg Fe/kg 84.77 58.30 106.12 2.15 298.67 b  b  c  a  b

± Pooled SEM ±1.580 ±0.931 ±0.607 ±0.038 ±21.308

Probability 0.0065 0.0228 0.0088 0.0003 <0.0001

Copper effect

0 mg Cu/kg 85.57 59.51 109.88 2.16 432.00 a

5 mg Cu/kg 89.43 59.98 108.00 2.02 357.00 ab

10 mg Cu/kg 87.73 59.82 107.18 2.05 240.33 c

20 mg Cu/kg 88.05 59.26 107.01 2.08 273.66 bc

± Pooled SEM ±1.953 ±0.637 ±0.691 ±0.052 ±27.735

Probability 0.7865 0.8895 0.1947 0.6029 0.0038

The mean values with different small letters within a column indicate significant differences (P �  0.05).

Fe or Cu levels up to 60 and 30 mg/kg, respectively, and their interactions had an influence on body

1weight gain (Table 2). Hens fed control diet (T ) gave the highest body weight gain (432 g), while those

6 7received T  and T  recorded the lowest values (132 g). This result of decreasing body weight gain in diets

containing 30 mg Fe with 10 or 20 mg Cu/kg may be refer to the highest egg production rate for hens fed

these diets. Increasing supplemented Cu level from 5 to 20 mg/kg within each Fe level up to 60 mg/kg were

significantly affected body weight gain compared to control diet. The results are in fair agreement with results
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obtained for hens (Goldberg et al., 1956), chicks (King, 1972) and ducklings (King, 1975). Jackson (1977)

showed a significant linear relationship (P< 0.001) between body weight gain and low levels of dietary copper

concentration. The low levels of Cu tended to promote growth while high levels depressed growth. However,

the position in the mature hen is rather different to that in the young, growing chick. In the former, at the high

levels of Cu addition, about 20 % of the weight loss could be attributed to liver weight loss and the marked

oviduct regression. Therefore, the body weight loss can be attributed mainly to the decrease in feed intake.

In addition, statistical analysis confirmed these results which indicated that, there was positive correlation

between feed intake and body weight gain (r = 0.602, P � 0.033). Skrivan et al. (2000) showed that the

addition of copper to the poultry diets effect on their growth performance.

Egg Quality:

The differences in yolk and albumen weight were not significant (Table 3) due to either Fe or Cu levels

in the diet. The average values of Haugh units were not influenced significantly by Cu level, but influenced

by Fe level, 30 mg Fe/kg diets recorded the highest  Haugh units (63.01) compared to other levels. Therefore,

the effect of interactions between Fe with Cu on yolk and albumen weight and Haugh units were not

significant. These results were confirmed by Holoubek et al. (2002) who make evident that the addition of

copper and iron to feed mixture has not significant impact on the quality of albumen and egg shell. Chen et

al. (2008) found that Haugh unit increased with the increased Fe supplementation levels, this indicated the

higher storage profile by the Fe supplementation. However, the exactly mechanism for this effect was unclear

and further study should be continued to evaluate and confirm such effect.

The supplemental Fe and Cu had significant effect on egg shell thickness (Table 3). The results revealed

that the level of  30 mg Fe/kg or 20 mg Cu/kg  gave a higher egg shell thickness (0.403 and 0.395 μm,

respectively) compared to control which recorded the lowest values of egg shell thickness (0.355 and 0.355

μm, respectively). It is clear that there were 13.52 and 11.27% increase in egg shell thickness when fed with

30 mg Fe/kg and 20 mg Cu/kg diets, respectively. Statistical analysis (copper effect) indicated positive

correlation between dietary Cu and shell thickness (r = 0.955, P � 0.023). Moreover, a significant effect on

egg shell thickness due to Fe and Cu interaction was observed. Egg shell thickness ranged from 0.355 to 0.433

1 7μm for T  (control) and T  (30 mg Fe/kg + 20mg Cu/kg), respectively. The addition of Fe or Cu up to 30 and

20 mg/kg, respectively, to basal diet improved egg shell thickness. Moreover, increasing Cu level within each

Fe level increased egg shell quality significantly compared to the control diet. These findings are in agreement

with only some of the data available from the existing literature. Trace elements may affect eggshell quality

either by their catalytic properties as key enzymes involved in the process of membrane and eggshell formation

or by interacting directly with the calcite crystals in the forming eggshell. The enzyme lysyl oxidase is a Cu-

proenzyme and is involved in conversion of lysine to cross-linked desmosine and isodesmosine (Chowdhury,

1990). Consequently, Cu deficiency in hens results in abnormal eggshell formation, the eggshell of Cu-deficient

hens is characterized by an abnormal distribution of the shell membrane fibers due to alterations in lysine-

derived cross-links, which results in egg shape deformation and abnormal mechanical properties. As previously

mentioned, trace elements may also directly affect eggshell structure through a modifying effect on calcite

crystal growth mechanisms (Mabe et al., 2003). Therefore, O’Connor-Dennie (2004) reported that the addition

of trace minerals has been shown to improve egg production and egg quality due to the effects of trace

minerals on the organic membrane of the eggshell. The source of the trace mineral may determine how

effectively additional trace mineral supplementation improves egg production and egg quality. The organic

membrane and its relationship with the shell in addition to the mamillary and spongy matrix play a critical

role in eggshell strength and quality (Lavelin et al., 2000). Therefore, shell thickness is the main factor, but

not the only factor that determines strength (Butcher and Miles, 2002). It could be hypothesized that trace

element supplementation promotes early fusion during the initial stages of shell formation and hence improves

the mechanical strength of the egg irrespective of its thickness. Focus has been directed to the inclusion of

trace minerals that aid in the proper formation of the organic matrix (Mabe et al., 2003). 

Immune Response: 

The average values of serum total immunoglobulin titres (STIT) were significantly (P�0.05) affected by

Fe supplementation (Table 3). STIT values were higher for hens fed diets containing 30 mg Fe/kg. This means

that Fe at level of 30 mg/kg improved STIT (9.74). While, the diets containing 0, 15 and 60 mg Fe/kg

decreased STIT values (7.70, 8.72 and 7.34 mg/kg respectively). However, no significant differences in STIT

were observed with increases dietary Cu concentration from 0 to 20 mg/kg in the diets. However, 20 mg/kg

level of Cu had insignificantly higher STIT value (8.73) than other levels 0, 5 and 10 mg Cu/kg (7.70, 8.48
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and 8.60, respectively). Highly significant differences (P�0.0001) in STIT due to Fe and Cu interaction were

noticed. The results indicated that treatment containing 30 mg Fe + 20 mg Cu/kg gave a higher STIT (9.97)

than those fed other formulated diets. These results indicated that Cu supplementation at level of 5, 10 and

20 mg/kg in diets including 30 mg Fe/kg resulted in higher STIT compared to other combinations. There were

significant differences in STIT between the control diet and the other interactions. Fe level up to 30 mg/kg

7with 20 mg Cu/kg (T ) significantly improved STIT compared to the control. The high immune response in

7 T may be the reason for recorded the best performance of laying hens and egg quality characteristics. The role

of iron and copper nutrition on immune functions (STIT) were significantly affected by Fe levels but a slightly

insignificant increase in STIT with increased Cu levels was observed. Based on published data, the two

extremes of iron nutritional status – iron deficiency and iron overload – both have detrimental effects on cell-

mediated and non-specific immunity. Iron deficiency and iron overload will therefore affect susceptibility to

certain types of infections, and the severity and duration of infection will vary according to host and parasite

factors (Kuvibidila and Baliga, 2002).  Iron deficiency reduces the proportion of total T-cells, helper T-cells,

cytotoxic/suppressor T-cells, B-cells and Ig levels in the spleen (Kuvibidila et al., 1990). Iron concentrations

in neutrophils are affected by the iron status of the host; they can be low in iron deficiency and elevated in

iron overload. Neutrophils can take up iron from iron saturated transferrin (Brieland and Fantone, 1991).

Moreover, serum concentrations of IgE increased several-fold in iron-overloaded mice compared with mice with

normal iron status (Mencacci et al., 1997). The mechanisms by which iron deficiency impairs cell-mediated

and non-specific immunity are not fully understood, but they are multifactorial. They include, though are not

limited to, reduce activity of iron-dependent enzymes (especially ribonuclectide reductase), reduced cytokine

secretion, reduced number of immunocompetent T-cell and, very probably, altered signal transduction. Specific

steps of signal transduction pathways that are potentially regulated by iron (Kuvibidila et al., 1999). On the

host’s side, too little iron may impair immune responses, especially those that require cell proliferation and

bacterial activity. Too much iron is toxic to cells, as it induces peroxidation of intracellular and cell membrane

macromolecules, and may be also impair immune functions. Thus, there must be a suitable amount of iron

available to support immune function. The importance of this suitable balance probably that have been made

with regard to the influence of iron status on susceptibility to infection (Patruta and Horl, 1999).    

Table 3: Effect of experimental treatments on egg quality and immune response.  

Experimental treatments Yolk and  albumen Shell  thickness Haugh unit STIT

weight (gm) (ìm)

T1 (control) 53.38 0.355 57.74 7.70 d  f

T2   (15 mg Fe/kg + 5 mg Cu/kg) 54.06 0.374 59.66 8.33 bcd e

T3   (15 mg Fe/kg + 10 mg Cu/kg) 54.10 0.377 59.51 8.67 bcd d

T4   (15 mg Fe/kg + 20 mg Cu/kg) 53.81 0.381 57.23 9.17 bcd  c

T5   (30 mg Fe/kg + 5 mg Cu/kg) 55.30 0.385 60.36 9.47 bc  b

T6   (30 mg Fe/kg + 10 mg Cu/kg) 55.25 0.391 61.32 9.80 b  a

T7   (30 mg Fe/kg + 20 mg Cu/kg) 54.53 0.433 67.34 9.97 a  a

T8   (60 mg Fe/kg + 5 mg Cu/kg) 52.69 0.367 57.05 7.63 bcd  f

T9   (60 mg Fe/kg + 10 mg Cu/kg) 52.96 0.360 55.77 7.33 cd  g

T10 (60 mg Fe/kg + 20 mg Cu/kg) 52.45 0.370 54.56 7.06 bcd  h

± Pooled SEM ±1.049 ±0.009 ±2.589 ±0.076

Probability 0.5408 0.0003 0.1067 <0.0001

Iron effect

0 mg Fe/kg 53.38 0.355 57.74 7.70 b  ab  c

15 mg Fe/kg 53.99 0.377 58.80 8.72 b  ab  b

30 mg Fe/kg 55.03 0.403 63.01 9.74 a  a  a

60 mg Fe/kg 52.70 0.366 55.79 7.34 b b  d

± Pooled SEM ±0.538 ±0.006 ±1.474 ±0.098

Probability 0.5389 0.0005 0.0161 <.0001

Copper effect

0 mg Cu/kg 53.38 0.355 57.74 7.70 b

5 mg Cu/kg 54.02 0.375 59.02 8.48 ab

10 mg Cu/kg 54.10 0.376 58.87 8.60 ab

20 mg Cu/kg 53.60 0.395 59.71 8.73 a

± Pooled SEM ±0.623 ±0.008 ±1.780 ±0.347

Probability 0.8968 0.0667 0.9538 0.5220

The mean values with different small letters within a column indicate significant differences (P �  0.05).

Digestibility Coefficients of Nutrients:

Digestion coefficient of the nutrients (Table 4) revealed that different Fe levels, especially 30 mg/kg diets

significantly improved the digestion coefficient values of almost all the nutrients compared to the control diet and
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diets containing 15 and 60 mg Fe/kg except for EE and CF digestibility were not significant. Increased Fe level

from 0 to 30 mg/kg increased gradually all nutrients digestibility. Increasing Fe level (60 mg Fe/kg) recorded the

worst values of all nutrients digestibility. However, the addition of Cu at levels of 0, 5, 10 and 20 mg/kg to the

diets had no significant effect on all nutrients digestibility. Moreover, the effects of interaction between Fe and

Cu on all nutrients digestibility were significant except EE and CF digestibility were not significant. The diets

7containing 30 mg Fe + 20 mg Cu/kg (T ) resulted in a higher DM (72.51%), CP (96.00%), NFE (83.34%) and

10OM (84.69%) digestibility. Meanwhile, the diets containing 60 mg Fe/kg + 20 mg Cu/kg (T ) gave the lowest

corresponding values 71.88, 93.37, 80.19 and 82.15%, respectively. The difference between the control diet and

10 7T was significant in all nutrients digestibility, and it was not significant with T  in all cases except OM

digestibility. This is may be due to different amounts of feed consumed which produced the lower passage of the

feed for low feed intake had lower digesta passage time associated with an increase in the utilization of feed

nutrients in intestinal tract. This result may be explained the improved performance and egg quality for diets which

containing 30 mg Fe/kg (it recorded the best nutrients digestibility). The diets containing 30 mg Fe/kg was the

best digested values of all the nutrients compared to the other diets. There were no significant differences due to

Cu levels up to 20 mg Cu/kg. However, a significant difference in the digestion coefficient of almost the nutrients

values were observed depends on different combinations between Fe and Cu.   

Table 4: Effect of experimental treatments on the digestibility coefficient of nutrients of the experimental diets.  

Experimental treatments DM CP EE CF NFE OM

T1 (control) 72.29 94.78 83.82 25.52 82.16 83.53 a  abc  a  b

T2   (15 mg Fe/kg + 5 mg Cu/kg) 72.31 94.86 83.88 27.61 82.16 83.69 a  abc  a  b

T3   (15 mg Fe/kg + 10 mg Cu/kg) 72.32 94.97 83.98 27.88 82.24 83.70 a  abc  a  b

T4   (15 mg Fe/kg + 20 mg Cu/kg) 72.32 95.28 84.01 27.92 82.25 83.74 a  ab  a  b

T5   (30 mg Fe/kg + 5 mg Cu/kg) 72.45 95.60 84.05 28.37 82.27 83.78 a  ab  a  b

T6   (30 mg Fe/kg + 10 mg Cu/kg) 72.48 95.82 84.18 28.42 82.61 83.80 a  a  a  b

T7   (30 mg Fe/kg + 20 mg Cu/kg) 72.51 96.00 84.20 28.43 83.34 84.69 a  a  a  a

T8   (60 mg Fe/kg + 5 mg Cu/kg) 72.26 94.48 83.72 27.02 82.07 83.44 a  bcd  a  b

T9   (60 mg Fe/kg + 10 mg Cu/kg) 71.99 93.77 83.65 26.77 82.06 83.32 b  cd  a  b

T10 (60 mg Fe/kg + 20 mg Cu/kg) 71.88 93.37 83.68 23.85 80.19 82.15 b  d  b  c

± Pooled SEM ±0.085 ±0.383 ±0.638 ±1.993 ±0.450 ±0.262

Probability 0.0006 0.0015 0.9997 0.8171 0.0190 0.0006

Iron effect 

0 mg Fe/kg 72.29 94.78 83.82 25.52 82.16 83.53 a  b  ab  ab

15 mg Fe/kg 72.32 95.02 83.96 27.80 82.22 83.71 a b ab  a

30 mg Fe/kg 72.48 95.81 84.14 28.41 82.74 84.09 a  a  a  a

60 mg Fe/kg 72.04 93.87 83.68 25.88 81.44 82.97 b  c  b  b

± Pooled SEM ±0.092 ±0.220 ±0.324 ±1.048 ±0.299 ±0.194

Probability <.0001 <.0001 0.8276 0.2740 0.0410 0.0037

Copper effect 

0 mg Cu/kg 72.27 94.78 83.82 25.52 82.16 83.53

5 mg Cu/kg 72.34 94.98 83.88 27.67 82.17 83.64

10 mg Cu/kg 72.26 94.84 83.94 27.69 82.30 83.61

20 mg Cu/kg 72.24 94.89 83.96 26.73 81.93 83.53

± Pooled SEM ±0.080 ±0.347 ±0.329 ±1.09 ±0.346 ±0.249

Probability 0.8310 0.9889 0.9974 0.7208 0.8958 0.9895

The mean values with different small letters within a column indicate significant differences (P �  0.05).

Biochemical Evaluations: 

Summarized in Table (5) is the effect of different formulated diets which including the different Fe and Cu

levels on blood haemoglobin, serum iron, ferritin, transferrin, transferrin-bound iron (transferrin-Fe) and phosvitin-

bound iron (phosvitin-Fe). The serum iron increased in almost formulated diets compared with control diet, the

highest increase was recorded when layers fed diet with 15 mg Fe + 10 mg Cu/kg diet. No significant effect of

dietary iron alone on serum iron, however the effect being significant, the serum iron increase when the copper

content in the diet increase up to 10 mg Cu/kg diet. At 20 mg Cu/kg diet, serum iron significantly decreased again

and is almost as in the control diet. The decrease may be due to the dietary effect of copper in reducing the

absorption of dietary iron. These results are in agreement with that obtained by Tennant et al. (2002) who reported

that when intestinal cells are exposed to high Cu levels Fe uptake is markedly decreased, suggesting that the

absorption of these two metals may be closely related. Subsequent studies have shown that, there is direct

competition between Cu and Fe for uptake across the apical membrane (Tennant et al., 2002 and Arredondo et

al., 2003).

Blood haemoglobin was influenced by dietary iron and copper levels and their interactions, being increased

with the increased their dietary levels. The 30 mg Fe/kg diet was recorded the highest content of blood
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haemoglobin (iron effect), while the 10 mg Cu/kg diet was the highest content of it (copper effect). Blood

haemoglobin slightly insignificantly decreased again in laying hen fed on formulated diets containing 60 mg Fe/kg

(iron effect), and those containing 20 mg Cu/kg (copper effect). The decrease in blood haemoglobin at 20 mg

Cu/kg diet (copper effect) may be due to decrease in serum iron (high concentration of dietary copper reduced

the absorption of dietary iron) and serum transferrin (Tennant et al., 2002). The degree of iron utilization is

significantly dependent on the presence of copper, which activates not only production of haemoglobin but is also

active as a catalyst of the metabolism of protein. It increases egg production and has positive impact on

development of young animals (Holoubek et al., 2002 and Fox 2003). In order to Fe  bind to transferrin it must2+

be oxidized to Fe .  The oxidation of Fe  to Fe  during binding to transferrin ensured by another plasma enzyme,3+ 2+ 3 +

caeruloplasmin, which copper-dependent ferrioxidase. Indeed, copper deficiency causes an anemia indistinguishable

from that of iron deficiency, except that it is cured by administration of copper but not of iron (Sharp, 2004). 

Serum ferritin significantly increased in only three diets that containing 10 mg Cu/kg diet compared with the

other diets. Feeding 15 mg Fe + 10 mg Cu/kg recorded the highest content of serum ferritin followed by the level

60 mg Fe + 10 mg Cu/kg and then 30 mg Fe + 10 mg Cu/kg diet. The same was recorded for serum iron.

Statistically ferritin was positively correlated with serum iron (r = 0.711, P � 0.011). Serum iron increased either

blood haemoglobin or serum ferritin. Synthesis of the major proteins associated with iron transport (transferrin)

and iron storage (ferritin) appear to be regulated by available iron, although the mechanisms which mediate these

responses are unclear. It has been suggested that iron overload induces ferritin synthesis by removing a repressor

from ferritin mRNA, thereby increasing its translational efficiency (McKnight et al., 1980). That is accurse when

iron absorption significantly increased in diets containing 10 mg Cu/kg. Copper effect illustrated that 10 mg Cu/kg

diet significantly increased serum ferritin (2-fold) compared with control diet and 5 mg Cu/kg diet, this elevated

value was significantly decreased again at 20 mg Cu/kg diet. Statistical analysis (copper effect) observed positive

correlation between serum iron and ferritin (r = 0.711, P � 0.013). In Cu-deficient rats there is a decrease in

ferritin protein levels in enterocytes that leads to a reduced mucosal non-haem-Fe content (Thomas and Oates,

2003). It can be concluded that the moderate concentration of dietary copper (10 mg/kg diet) recorded the highest

content of serum iron, ferritin and blood haemoglobin. 

Table 5: Effect of experimental treatments on blood haem oglobin and serum iron, ferritin, transferrin, transferrin-Fe (Tf-Fe) and phosvitin-Fe

(Pv-Fe) in White Lohmann laying hen.  

Experimental treatments Iron Haemoglobin Ferritin Transferrin Tf-Fe Pv-Fe

(ìg/dl) (g/dl) (ng/dl) (ìg/dl) (ìg/dl) (ìg/dl)

18.20 4.80 404 505 99 T1 (control) 604  c  ef cd  bc c
 ab

18.70 453 58 T2 (15 mg Fe+5 mg Cu/kg) 624  c 5.08  bc 566 de
 ab  e  ab

23.94 11.48 512 640 81T3 (15 mg Fe+10 mg Cu/kg) 721  ab  a  b  a  cd
 a

21.82 4.07 380 475 50T4 (15 mg Fe+20 mg Cu/kg) 525  b  ef  de  cd  ef
 b

22.76 5.02 415 519 95T5 (30 mg Fe+5 mg Cu/kg) 614  ab  e  cd  bc  c
 ab

23.59 6.96 465 581 99T6 (30 mg Fe+10 mg Cu/kg) 680  ab  c  bc  ab  c
 ab

24.35 6.01 468 585 23T7 (30 mg Fe+20 mg Cu/kg) 608  a  d  bc  ab  f
 ab

T8 (60 mg Fe+5 mg Cu/kg) 621 22.46 3.08 335 419 202 ab  ab  g  e  d  b

T9 (60 mg Fe+10 mg Cu/kg) 710 24.20 9.11 582 628 82 a  ab  b  a  a  cd

T10 (60 mg Fe+20 mg Cu/kg) 681 23.35 4.02 336 420 261 a  ab  f  e  d  a

± Pooled SEM  ± 6.84 ± 0.948 ± 0.6.25 ± 5.38 ± 6.02 ± 4.07

Probability 0.002 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

Iron effect 

18.20 4.80 404 505 990 mg Fe/kg 604  c     b
 

21.49 6.88 448 560 6315 mg Fe/kg 623  b     b
 

23.57 6.00 449 562 7230 mg Fe/kg 634  a     b
 

23.34 5.40 417 489 18260 mg Fe/kg 670  a     a
 

± Pooled SEM ± 8.30 ± 1.26 ± 1.60 ± 8.99 ± 8.89 ± 7.15

Probability 0.382 < 0.0001 0.537 0.715 0.171 0.0001

Copper effect 

18.20 4.80 404 505 990 mg Cu/kg 604  c  b  b  b
 b 

21.31 4.39 401 501 1185 mg Cu/kg 620  b  b  b  b
 b

23.91 9.18 520 616 8710 mg Cu/kg 704  a  a  a  a
 a

23.03 4.70 395 493 11320 mg Cu/kg 605  a  b  b  b
 b

± Pooled SEM ± 7.52 ± 1.21 ± 1.17 7.59 8.03 8.59

Probability 0.004 < 0.0001 <0.0001 0.0002 0.001 0.826

The mean values with different small letters within a column indicate significant differences (P �  0.05).

Fe delivered to the tissues for metabolic utilization or storage is carried in the circulation by transferrin, which

binds to specific receptors on the cell surface allowing transferrin-bound Fe to be internalized via endocytosis

(Andrews, 2000). The transferrin was influenced by dietary iron and copper levels and their interactions. Statistical
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analysis cleared positive correlation between transferrin and ferritin (r = 0.857, P � 0.001). Insignificant decrease

of serum transferrin at 60 mg Fe/kg level in the diet was found compared with 0, 15, 30 mg Fe/kg diet. These

finding are in agreement with those obtained by McKnight et al. (1980). Statistical analysis of iron effect cleared

positive correlation between transferrin and ferritin (r = 0.905, P � 0.047). The results of copper effect revealed

a significant decrease in serum transferrin at 20 mg Cu/kg diet (24.94%) compared with 10 mg Cu/kg diet. This

finding may be due to high dietary copper increase converting Fe  to Fe  via copper dependent ferrioxidase and2+ 3+

to increase the rate of loading of Fe onto transferrin. Positive correlation (copper effect) was found between serum

transferrin and ferritin (r = 0.995, P � 0.002) and serum iron (r = 0.988, P � 0.006). The results of transferrin-Fe

go parallel with the transferrin protein.

The presence of appreciable amounts of phosphate results in phosvitin having a strong affinity for bivalent

metals such as calcium, magnesium and iron. At low pH iron binds more tightly to phosvitin than to transferrin.

The presence of two iron-carrier proteins in the bird is well known. The existence of a transferrin auxiliary

mechanism was suggested by studies on serum iron in laying hens. Iron in serum of estrogenized chickens might

be bound to phosphoprotein (phosvitin) and analyzed the Fe  oxidative properties of the phosvitin and the2 +

migration of iron from this phosphoprotein to transferrin and its possible significance in the iron metabolism of

laying hens. However, the quantitative variation of the iron bound to both protein carriers during the course of

the adult life span in females has been studied (Osaki et al., 1975). The iron bound to transferrin represented about

2 to 25 fold the percentage of total serum iron more than the iron bound to phosvitin (Table 5). 

Variations and distributions of serum iron between transferrin and phosvitin, as well as the values of total iron

binding of transferrin and the phosphoprotein (phosvitin) concentrations, in around a lot of some laying hens at

27 to 42 weeks of age are figured in Table (5). The hens had very low phosvitin-Fe concentration (3.78% of total

serum iron), and serum iron was mainly bound to the transferrin (96.22% of total serum iron) when the laying

hens fed diet containing 30 mg Fe + 20 mg Cu/kg diet. The present data showed that during the laying period,

phosvitin-Fe carried from 3.78 to 38.33% of total serum iron. Transferrin-Fe at this time was near the saturation

level of 61.67 to 96.22% of total serum iron and phosvitin acted as an auxiliary transport mechanism. Both

transport mechanisms work. It seems that the physiological destination of iron bound to each carrier is not the

same. From stand point of view, no phosvitin-bound iron can be detected before the saturation of transferrin with

iron (Osaki et al., 1975). Statistical analysis confirmed these results which indicated negative correlation between

phosvitin-Fe and both of transferrin and transferrin-Fe (r = - 0.609, P � 0.031). 

The effect of different Fe/Cu supplemented diets on egg iron and copper was presented in Table (6).  Egg

iron was significantly increased when hens fed all formulated diets containing 10 mg Cu/kg diets at different levels

of iron and that containing 60 mg Fe + 20 mg Cu/kg diet. The highest content of egg iron was observed when

hens fed diet containing 15 mg Fe + 10 mg Cu/kg diet, and the least was significantly noticed when those fed

diet containing 15 mg Fe + 20 mg Cu/kg diet. These results confirmed by the statistical analysis which indicated

that an increase in serum iron concentration was followed by increasing egg iron concentration (r = 0.947, P �

0.000). The results of iron effect indicated that, the increase in dietary iron significantly increased serum iron

which followed by significantly increase in egg iron (r = 0.972, P � 0.014). The copper level has positive

influence with egg iron up to 10 mg Cu/kg diet, and egg iron again significantly decreased to reach the content

when hen fed the control diet (copper effect). The decrease in egg iron at 20 mg Cu/kg diet may be due to copper

reduction of iron absorption and that decreased serum iron (Tennant et al., 2002). 

Egg copper slightly increased when fed all diets containing 20 mg Cu/kg diet. The highest level of egg copper

was recorded when laying hen fed diet containing 15 mg Fe + 20 mg Cu/kg, while the least was recorded by

those fed diet containing 60 mg Fe + 5 mg Cu/kg. The level of egg copper was lied in the normal level at

different concentrations of iron and copper. Therefore, negative correlation between dietary iron and egg copper

(r = -0.920, P � 0.040) was noticed. High concentration of dietary iron decreased the absorption of dietary copper

which cause decrease in egg copper (iron effect). These results are in a good agreement with the results of Skrivan

et al. (2006)

Iron is an important metal in food and health sciences. There are several potential mechanisms by which

copper can alter the intestinal absorption of iron as illustrated by Sharp (2004), (1) Recent data suggested that

copper and iron compete for uptake into duodenal enterocytes via divalent metal transporter (DMT1). (2) Copper

specifically regulates the expression of the iron-responsive element (IRE)-containing isoform of DMT1, possibly

by modulating the RNA-binding activity of cytosolic iron regulatory protein (IRP). (3) Efflux of iron out of

enterocytes is dependent on the presence of hephaestin, a caeruloplasmin homologue that acts as a multicopper

ferrioxidase to facilitate the loading of iron onto transferrin. (4) Copper exposure increases the RNA and protein

expression of the efflux transporter IREG1 with a concomitant increase in iron export from the cell (Fig. 1). 
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The available experimental evidence suggests that there is a close relationship between the metabolic roles

of copper and iron (Holoubek et al., 2002; Fairweather-Tait, 2004 and Gambling and McArdle, 2004).

Table 6: Effect of experimental treatments on egg iron and copper of W hite Lohmann laying hen.  

Experimental treatments Egg iron (ìg/egg) Egg copper (ìg/egg)

98.47T1 (control) 517  ab
 b

93.53T2 (15 mg Fe+5 mg Cu/kg) 542  ab
 b

100.6T3 (15 mg Fe+10 mg Cu/kg) 866  ab
 a

102.0T4 (15 mg Fe+20 mg Cu/kg) 430  a c

80.0T5 (30 mg Fe+5 mg Cu/kg) 530  b 
b

85.7T6 (30 mg Fe+10 mg Cu/kg) 810  ab
 a

93.9T7 (30 mg Fe+20 mg Cu/kg) 522  ab
 b

79.6T8 (60 mg Fe+5 mg Cu/kg) 539  b 
b

80.5T9 (60 mg Fe+10 mg Cu/kg) 850  b 
a

87.4T10 (60 mg Fe+20 mg Cu/kg) 811  ab
 a

± Pooled SEM . ± 6.71 ± 2.78

Probability < 0.0001 0.006

Iron effect 

98.470 mg Fe/kg 517  a b

88.7215 mg Fe/kg 613  a a
b

86.5330 mg Fe/kg 621  ba
b

82.4860 mg Fe/kg 733  b 
a

± Pooled SEM . ± 12.73 ± 2.85

Probability 0.192 0.0008

Copper effect 

0 mg Cu/kg 517 98.47 b  

84.45 mg Cu/kg 537   
b

88.9210 mg Cu/kg 844   
a

94.44 20 mg Cu/kg 588
 b

± Pooled SEM . ± 10.21 ± 3.15

Probability < 0.0001 0.096

The mean values with different small letters within a column indicate significant differences (P �  0.05).

Fig. 1: Copper–iron interactions in the intestine (Sharp, 2004).

Tf, transferrin; Hp, hephaestin; DRA, dietary reducing agents; ORF, open reading frame.

Phosvitin become the major storage sites for trace minerals such as zinc, iron, copper and manganese within

the granule subfraction of yolk (Richards, 1997). The high phosphorus content of phosvitin is responsible for its

strong affinity for metal ion, particularly with iron: 95% of yolk iron is bound to phosvitin (Guérin-Dubiard et

al., 2002). Minor protein fractions derived from hen plasma are also incorporated into yolk including transferrin

and its bound iron (Richards, 1997).

Figure (2) which illustrated by Osaki et al. (1975) and modified as Richards (1997) mention shows the

mobilization and transfer of iron in egg-laying hens. The iron storage cells include not only those from liver, but

also the duodenal cells, where absorbed iron is stored temporarily as ferritin. Fe(II) produced by a ferritin reducing

system (Fred) may be mobilized by two mechanisms (1) directly mobilized by the activity of caeruloplasmin (Cu-
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dependent ferrioxidase) which oxidizing Fe  to Fe  and loading of Fe onto transferrin (Osaki et al., 1966 and2+ 3+

Sharp, 2004). Transferrin and its bound iron may be incorporated into egg yolk (Richards, 1997). (2) The Fe  may2+

bind initially to intracellular phosvitin. The Fe(lI)-phosvitin complex then migrates to the blood plasma where it

2can be oxidized in the higher-pO  environment of the blood. It is unlikely that a rapid oxidation of Fe(II)-phosvitin

2can occur at the low O  concentration inside the cell. Fe(III)-phosvitin also may form from the binding of Fe3+

produced by caeruloplasmin (Cu-dependent ferrioxidase). Planas and Frieden (1973) have found that no phosvitin-

bound iron can be detected before the saturation of transferrin with iron. In a dynamic equilibrium under conditions

in vivo, if Fe  comes out from a storage cell bound to phosvitin, iron is rapidly transferred from phosvitin to3 +

apotransferrin which helps to maintain an adequate iron supply for haemoglobin biosynthesis in the hen and egg.

Fig. 2: Diagram of possible iron mobilization and transfer in hen plasma (Osaki et al., 1975 and Richards, 1997)

Pv, phosvitin; Fox, ferrioxidase; aTf, apotransferrin; Fred, ferritin-reducing system; IEC, immature

erythroid cells; t*, half-time for Fe -transfer reaction. The asterisk indicates that the reaction is only3+

2feasible at relatively high O  concentrations.

Majority of iron consumed in feed mixtures, recommended in norms, fluctuates depending on variety of

poultry from 20–30 mg/kg feed mixture. The exigencies of copper in feed mixture vary in relation to variety of

poultry from 3–15 mg/kg (Holoubek et al., 2002). The requirement for copper set by the National Research

Council is 6-8 mg/kg (NRC, 1984). There are some poultry scientists, however, who feel that a higher level is

needed and prefer a level of 10 mg/kg in the diet (Berger, 2006).

Based on results of the present study, it can be concluded that the diet containing 30 mg Fe/kg and 20 mg

Cu/kg, adequate for maximum Lohmann W hite laying hens performance, egg quality and good immune response

during 27 – 42 week of age period. But, the level of 10 mg Cu/kg diet with different levels of dietary iron have

some beneficial effect on both blood parameters (haemoglobin, iron, ferritin, transferrin, transferrin-Fe and

phosvitin-Fe) and egg iron content, this Fe/Cu levels in blood can be adequate for good Fe and Cu turnover

metabolism. In addition, it can be suggested that the balance between intake of dietary copper and iron may give

an excellent results. However, it is still necessary to conduct more research of copper and iron interaction in laying

hens, as well as other livestock species, due to the limited data are available in this area.
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