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Review Article  

A REVIEW: THE EFFECT OF TRACE MINERAL SUPPLEMENTATIONS ON 

EGG PRODUCTION AND QUALITY 

 

ABSTRACT 

This review aimed to study and discuss the effects of organic and inorganic sources of trace 

minerals; zinc, copper, and manganese in the diet of laying hens on egg production and 

quality. These trace minerals are required in producing proteins that are involved in various 

biochemical reactions, hormone secretion pathways, eggshell formation, antioxidative 

properties, immune system defence, etc. The results of different studies were not always 

consistent, mainly concerning the egg quality indices; however, most of the findings have 

shown positive effects of these trace minerals on laying hens. Recent studies have shown 

organic minerals are a more effective source than inorganic. The benefit of using organic 

sources is their lower inclusion rates due to their better absorption rate and the low output 

through excreta. 

Keywords: trace minerals, egg production, egg quality, Zinc, Copper, Manganese, Iron, 

Chromium 

INTRODUCTION 

Minerals are important micronutrients which require for various anabolic and 

catabolic biochemical reactions and different physiological functions. Minerals are needed 

for the production, growth, and reproduction of animals. Minerals in poultry nutrition are 

mainly classified into macrominerals and micro/trace minerals depending on the levels 

needed in the diet. The macro minerals mainly include Calcium (Ca), Phosphorus (P), 

Chlorine (Cl),  Magnesium (Mg), Potassium (K), Sodium (Na) and Sulphur (S). And the 

micro minerals mainly include Cupper (Cu), Iodine (I), Iron (Fe), Manganese (Mn), Selenium 

(Se) and Zinc (Zn). Trace minerals are required in producing proteins which are having a role 

in various biochemical reactions, hormone secretion pathways, eggshell formation, 

antioxidative properties, immune system defence, etc (Tom Dieck et al., 2003; Yatoo et al., 

2013).  



 

2 
 

The feedstuffs usually added in poultry diets present marginal deficiency of minerals. To 

avoid such deficiencies, feeds are commonly supplemented with inorganic sources, such as 

carbonate, sulphate, or chloride salts. But, due to the pH variations that naturally occur in the 

digestive tract of poultry, there are chances of antagonism and interactions among the trace 

minerals, as well as with other compounds may occur and prevent their absorption into the 

body (Saripinar et al., 2012). The organic form of trace elements may protect against the 

formation of indigestible complexes with some other anti-nutritive dietary compounds in the 

gastrointestinal tract and mineral antagonisms. The benefit of using organic sources is their 

lesser inclusion rates due to their better absorption rate and the low output through excreta 

(Zafar et al., 2018). 

Numerous studies have demonstrated that consuming trace minerals enhances the quality of 

eggs. As cofactors of specific enzymes, microelements like Zn, Mn, and Cu have an impact 

on the mineralization and microstructure of eggshells, which can have an impact on 

egg quality. For example, Zn as a cofactor of carbonic anhydrase is closely linked to eggshell 

formation (Li et al., 2019); Mn is a cofactor of metalloenzymes necessary for the synthesis of 

carbonate and mucopolysaccharides and is important in the formation of eggshells 

(Swiatkiewicz et al., 2008); Fe increases egg production while also increases blood 

haemoglobin (Taschetto et al., 2017); and Cu serves as a component of lysyl oxidase, and a 

deficiency of Cu led to abnormal eggshell formation (Gheisari et al., 2011). The absorption of 

inorganic trace minerals is constrained by interactions with dietary components and cross-

interactions between various trace minerals (Xie et al., 2019). A pictorial representation of 

various effects of trace minerals in egg production and egg quality is given in Fig. 1. In this 

article, we are going to discuss the effects of organic and inorganic sources of various trace 

minerals on egg production and quality. 
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Fig 1. Pictorial representation of various effects of trace minerals in egg production and egg 

quality 

ZINC (Zn) 

Zinc is an important egg component. Supplementation of zinc in the diet shows 

visible effects on egg hatchability and egg quality. Zinc is a cofactor of carbonic anhydrase, 

which catalyses the conversion of carbon dioxide into bicarbonate ions, and it influences the 

crystal and texture morphologies of the shell, which is directly related to the formation of 

eggshell (Li et al., 2019).Supplementing broiler breeder hens with a combination of inorganic 

and organic zinc sources have improved the quality of eggshell and reduced the chances of 

laying the cracked egg. The sources used in the study were zinc sulphate (ZnSO4) andzinc 

amino acid complex (ZnAA). The hens supplemented with the combination of these two 

showed the highest hen-housed egg production (Hudson et al., 2004). Supplementation of 

Zinc, Copper & Manganese resulted in greater shell thickening indicating better eggshell 

formation (Stefanello et al., 2014). The use of organic Zinc supplements as zinc chelate 

increased both eggshell strength and thickness in older hens (Manangi et al., 2015). Another 

study on older hens using zinc amino acid complex as the source also showed similar results 

(Swiatkiewicz et al., 2008). Supplementing a diet with 40 ppm of organic Zinc to laying 

quails positively affected the fertility, hatchability, and weight of eggs (Abd El-Sameeet al., 

2012). Dietary Zn supplementation could improve performance and shell quality in laying 
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ducks at the late phase of production when supplemented at 80ppm (Zhang et al., 2022). 

These studies show the positive effect of zinc on egg production. 

But some other studies indicated the negative effect of zinc supplementation on egg 

quality and production. When hens were supplemented with zinc methionine (Zn-Met) and 

zinc manganese methionine (Zn-Mn-Met), they showed decreased egg production and the 

highest incidence of softshell and broken eggs (Lim et al., 2003). A reason for this may be the 

antagonistic interaction of zinc and manganese while they compete for absorption sites. 

Another experiment with organic zinc in post-moult hens resulted in a significant decrease in 

mortality and an increase in egg production, but a reduction in egg albumen and shell weight 

also followed (Stanley et al., 2012).  A study done by Stahl et al. (1986), showed no benefits 

of zinc supplementation except for a reduction of feather fraying. In this study, a basal diet 

containing 28 ppm of zinc was supplemented with zinc at four different levels (0, 10, 20, and 

40 ppm). There were no significant differences in egg production, feed intake, fertility, or 

hatchability noticed, making the researchers conclude that the level of zinc in the basal diet 

was sufficient for normal production parameters and extra supplementation was not 

necessary. On critical review, more studies suggest that extra zinc supplementation has 

positive effects on laying hens. 

MANGANESE (Mn) 

Manganese is an essential nutrient for poultry. Birds require an adequate amount of 

manganese in their diet for reproduction, development, eggshell formation, nutrient 

absorption, and preventing perosis. Research conducted to assess Manganese requirements of 

broiler breeder hens showed when hens were fed diets having 48.5 to 168.2 ppm Mn the 

number of defective, cracked and contaminated eggs decreased, and the hatchability and the 

eggshell thickness increased (Noetzold et al., 2020). An experiment conducted to find the 

effects of environmental temperature and dietary Manganese on egg production performance 

and egg quality of broiler breeders found that dietary supplementation of either inorganic or 

organic Manganese improved eggshell strength and thermo-tolerance and the organic 

Manganese could alleviate the detrimental effect of heat stress on egg production (Zhu et al., 

2015). A work conducted for comparing the effects of supplementation of manganese from 

its inorganic and organic sources (Manganese sulphate or Manganese chelate of protein 

hydrolysate or Mn- chelate of glycine hydrate) on performance and some parameters of egg 

quality of laying hens showed, the weight, thickness and index of eggshell were noticeably 
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increased in all the groups supplemented with Manganese. And also found feed 

supplementation with organic manganese sources is more effective for preventing yolk lipid 

peroxidation during the cold storage of eggs than that from an inorganic source (Venglovska 

et al., 2014).Particularly at the supplement level of 40 mg/kg, inorganic Mn increased egg 

production and mass while decreasing FCR in laying ducks (Zhang et al., 2022). Along with 

these positive effects, some studies claimed Manganese does not have much effect on egg 

production. A study on laying ducks, fed with 15, 30, 45, 60, 75, or 90 mg Mn/kg in the form 

of Manganese sulphate for different treatment groups showed that dietary Manganese 

supplementation didn’t affect the egg production, egg mass, and egg quality but higher levels 

increased manganese content in their egg yolk. 

COPPER 

Copper is related to iron metabolism and absorption, elastin and collagen synthesis, 

bone formation, feathers development, etc and it is a part of blood protein (Scheideler, 2008; 

Uauy et al., 1998). In an experiment to compare the effect of organic and inorganic copper 

sources for poultry, that diet supplementation with organic Copper (yeast enriched) increased 

copper concentration in the egg content and eggshell, which proved the superior availability 

of organic copper compared to inorganic copper sulphate (Dobrzanski et al., 2008). Bovan 

Nera layers of twenty weeks old were used for the twelve-week experiment to find the effects 

of two sources of dietary inorganic copper supplementation (Copper Oxide and Copper 

Sulphate) in layer diets. The various levels of inclusion with the two dietary sources of 

copper had a significant influence on the egg albumen weight, albumen height, yolk index, 

yolk length and egg mass. The study concluded that the hen could tolerate these two Cu 

sources up to 300 mg/kg without any detrimental effects on the egg qualities (Adu et al., 

2017). These studies showed the advantages of copper supplementation in poultry diets. But 

in an experiment using Lohmann Brown hens of 16 weeks of age, to compare three different 

supplemental dietary copper sources on layer performance and egg yolk cholesterol, layers 

were fed diets containing 0 (control) or 250 ppm of Cu from Copper sulphate, Copper 

proteinate, or Copper lysine for 24 weeks. No differences were observed between Copper 

sources for body weight, egg mass, egg specific gravity and egg yolk cholesterol. 

Supplementation with 250 ppm of Coppersulphate improved egg production but reduced egg 

weight as compared to the other diets. Supplementation with Copper proteinate resulted in 

decreased feed intake. The eggshell thickness of layers fed with the Copper sulphate and 

https://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-635X2015001000087#B20
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-635X2015001000087#B26
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Copper lysine diets was lower than the shell thickness of layers fed with the control diet 

(Pekel et al., 2011). 

IRON 

One of the most crucial trace elements for poultry is iron (Abbasi et al., 2015). Iron increases 

egg production along with increasing blood hemoglobin without influencing the eggshell 

color or egg components(Taschetto et al., 2017). It participates in a variety of crucial 

processes, such as the movement and storage of oxygen, energy supply, protein metabolism, 

antioxidant activity, and immunity (von Drygalski and Adamson, 2013; Abbaspour et 

al.,2014). Dietary iron content affects egg quality and hatchability, hen hematocrit and 

haemoglobin, and lay performance (Taschetto et al., 2017). Egg iron concentration could be 

increased by providing a suitable concentration of Fe (Bess et al., 2012). According to 

research, amino-chelated or proteinated sources of iron are preferable to FeSO4 as a form of 

iron supplementation (Creech et al., 2004, Mohammadi et al., 2015 ). Then again, other 

studies discovered that the inorganic and organic sources (amino acid complexes) were 

equivalent in terms of mineral retention and eggshell quality (Xie et al., 2019). When Fe-Lys-

Glu was given to hens at a dosage of 45 mg/kg, the yolk Fe content was higher (p <0.05) than 

when FeSO4 was added at the same dosage (Cao et al., 2022). Fe-Gly supplementation 

increased egg quality and iron enrichment when given at a rate of 60 mg Fe/kg. According to 

the study, there were no appreciable differences between the control group and the Fe-Gly 

(40 mg Fe/kg) group in terms of albumen height, Haugh unit, or Fe concentration in the 

eggshell and yolk. This study showed that a lower concentration of Fe-Gly could replace 

FeSO4 and that Fe-Gly might even be better for laying hens' eggs than FeSO4 (Xie et al., 

2019).  

Fe recommendations found in the literature at the moment are based on statistical analyses 

and estimates derived from a variety of models (Taschetto et al., 2017). It's relevant to note 

that the majority of recent references for the use of Fe focus on fast-growing broiler breeder 

lines like Arbor Acres, Cobb, etc. There is a lack of information on feeding slower-growing 

hens the right amount of Fe supplements (Gou et al., 2020). 

SELENIUM (Se) 

Selenium, an essential element in birds, is a crucial component of the unusual amino acids 

selenocysteine and seleno-methionine in laying hens. The physiological status, immune 

response, and growth performance of chickens were all improved by Se supplementation. 
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Better growth performance and immune response were seen in chicken-fed organic diets 

supplemented with Se (Elnaggar et al., 2020). Several enzymes, including glutathione 

peroxidases and some varieties of thioredoxin reductase, use selenium as a cofactor for their 

antioxidant activity (Rotruck et al., 2010, Ferguson et al., 2012). Se additives can be added to 

the diets of hens to produce selenium-enriched eggs.  

Sodium selenite (SS), an inorganic source of selenium, is one of the most well-known Se 

enhancements used, but organic sources showed a better effect than SS (Muhammad et al., 

2021). Compared to other sources of Se, organic Se increased Se deposition in the egg and 

improve egg quality (Asadi et al., 2017). Due to the animal's better utilisation and absorption 

of Se yeast, some researchers suggested it might be a more advantageous organic source of 

selenium than other selenite sources (Delezie et al., 2014; Hanet al., 2017). When compared 

to the Se non-fed group, organic Se-fed hens significantly (p <0.05) increased eggshell-

breaking strength and Haugh unit (Muhammad et al., 2021). There was no difference in egg 

weight, Haugh units, yolk colour, eggshell strength, or eggshell thickness when selenium 

nanoparticles were added to laying hens' feed (Qu et al. 2017). Urso et al. (2015) showed that 

increasing the Se in the diet by 0.15 to 0.3 mg/kg caused an increase in the Se content of egg 

yolks. Laying hens produce eggs at significantly higher rates when selenium levels are 

increased in their diets, and selenium yeast (0.5 mg/kg) supplementation is more effective 

than sodium selenite at increasing selenium deposition in the yolk (Liu et al., 2020). Hens-fed 

nano-selenium at a level of 0.2 mg nano-Se/kg diet might lessen the severe effects of heat 

stress in hot desert conditions, and it can have a positive impact on productive performance 

and egg quality (Elfiky et al., 2021). However, when laying hens were given glycine nano-

selenium (NS-Gly) at 0.60 mg Se/kg as a feed supplement, there was no difference between 

the treatment groups in terms of egg quality (Zhou et al., 2022). 

IODINE (I) 

Iodine-enriched eggs could be a good source of iodine in the human diet because some 

people in developing nations suffer from iodine deficiency diseases. According to the WHO 

2019, 8.5% of the world's population consumes less iodine each day than is necessary. It is a 

crucial microelement for egg-laying hens as well. It is a part of the thyroxin hormone, which 

controls body metabolism and has a significant impact on the development and productivity 

of hens (Lewis, 2004). Iodine can be added to poultry diets in the form of inorganic salts like 

potassium iodide (KI), potassium iodate (KIO3), and calcium iodate (Ca(IO3)2; CIOD), or it 
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can be added as an organic salt to mineral mixtures like ethylenediamine dihydroiodide 

(EDDI) (European Commission 2016). 

The increased iodine content may also have an antibacterial effect on the egg yolk, adding to 

the value of eggs as nutritious food items. Iodine helped to improve production performance 

indices like laying production, egg weight, and FCR when I was added to diets for laying 

hens (Damaziak et al., 2018). This study found that adding 10 mg/kg of calcium iodate to the 

diet improved the laying performance of hens in terms of egg production, egg weight, and 

feed conversion efficiency. However, another study discovered that as iodine 

supplementation increased to 8 mg/kg, egg production gradually decreased (Sarlak et al., 

2020). When hens were fed diets containing 3.13 mg I/kg, they produced eggs with higher 

eggshell strength than those produced by hens fed diets containing 10.65 mg I/kg 

(Bakhshalinejad et al., 2018). 

 

CHROMIUM (Cr) 

In the poultry industry, heat stress is one of the major environmental stressors that contribute 

to poor performance, an imbalance in the antioxidant system, and compromised immune and 

health statuses in egg-laying birds around the world (Sahin et al., 2018, Luo et al., 2018). Cr 

supplementation in a poultry diet can lessen the effects of heat stress on laying hens' egg 

production by acting as an allostatic modulator or feed additive (Sahin et al., 2018). Cr's 

potent antioxidant properties may help to reduce the risk of lipid peroxidation brought on by 

heat stress (Stpniowska et al., 2020). 

When exposed to heat stress, laying ducks' laying rate, egg quality (yolk colour score, 

albumen height, and Haugh unit linearly), and antioxidant function may all benefit from 

dietary supplementation with Cr in the form of chromium propionate, especially at 800 g/kg 

(Chen et al., 2021). Cr functions as a structural element of egg albumin or in protein cross-

linking, which is required for the synthesis of albumen proteins and makes it easier for 

cations to enter egg albumin during the uterine process of uterine enlargement, and it is 

proposed that Cr is required to preserve albumin's physical state (Khan et al., 2014). When 

laying hens were under heat stress, adding Cr, Zn, or Vit C (400 g/kg diet, 30 mg/kg diet, or 

250 mg/kg diet, respectively) increased some egg quality parameters (Karami et al., 2018). 

Sahin et al. (2018) reported an improvement in the Haugh unit of eggs when birds were 

supplemented with chromium histamine. But Siloto et al., (2021) reported, there was no 
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significant impact on the bird's feed intake, egg weight, egg production, egg mass, intact 

eggs, feed conversion ratio, or egg quality when four levels of Cr supplements (0, 0.2, 0.4, 

and 0.8 ppm as chromium yeast) were fed to the birds. 

Effects of trace minerals on egg quality based on recent studies conducted 

Table 1: Effect of organic trace mineral supplementation on egg production and quality 

Supplementation Bird species/ breed/ 

variety 

Results Reference 

80 and 120 mg Zn-

methionine/kg 

Laying hens Eggshell thickness 

significantly 

improved 

Mehrabani et al., 

2021 

Copper 

Polysaccharide 

complex at 8 and 4 

mg/kg diet 

Isa Brown hens Reduced egg yolk 

cholesterol contents 

Reduction of 

cracked egg 

percentage 

El-Katcha et al., 

2022 

25% sulfate 

Manganese and 75% 

organic Manganese 

chelated 

Leghorn laying hens The lowest feed 

conversion ratio  

Increased egg 

production, egg 

weight, and egg 

mass 

Khoshbin et al., 

2022 

0.3 mg/kg of Se 

from Se yeast 

Laying hens Increased the egg 

yolk color 

Wang et al., 2022 

2 or 4 mg/kg of 

iodine as 

Ethylenediamine 

dihydroiodide 

Shaver white layers Increased the iodine 

content of eggs 

Sarlak et al., 2020 

Organic Cr (400 

µg/kg) 

Layer chickens Improved shell-

breaking strength, 

shell weight, and 

shell thickness 

Sathyabama et al., 

2017 

75 mg Fe/kg as Fe- Beijing White laying Decrease in feed Cao et al., 2022 
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Lys-Glu hens conversion ratio 

Increased the laying 

rate and average 

daily egg weight 

 

Table 2: Effect of inorganic trace mineral supplementation on egg production and quality 

Supplementation Bird species/ 

breed/ variety 

Results Reference 

ZnSO4 at 80 mg/kg Longyan 

laying ducks 

Improved egg production 

(4.3%)  Increased egg 

mass (5.7%) 

Reduced FCR (2.9%) 

The shell-breaking 

strength (15.8%) was 

higher 

Improved shell 

ultrastructure 

 

Zhang et al., 2022 

Application of 

copper waterline 

Laying hens Increased egg weight  

Increased the Cu level in 

eggshell 

Ma et al., 2022 

40 mg/kg MnSO4 Longyan 

laying ducks 

Egg production and mass 

increased, and FCR 

decreased 

Increased egg albumen 

height and Haugh unit 

Zhang et al., 2022 

2 or 4 mg/kg of 

iodine as calcium 

iodate 

Shaver White 

layers 

Increased the iodine 

content of eggs without 

adverse effects on hen 

performance and egg 

quality traits 

Sarlak et al., 2020 

800 μg/kg Cr as Laying ducks Improved laying rate Chen et al., 2021 
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chromium 

propionate 

increase in albumen height 

and the Haugh unit 

30, 60, and 120 

mg/kg of added iron 

as ferrous sulfate 

Shaver White 

layers 

Enhanced laying rate, egg 

weight, and egg quality 

Sarlak et al., 2021 

 

CONCLUSIONS 

In reviewing the research data, it can be concluded that most of the works done on 

poultry about the effect of trace minerals on egg production and quality have shown the 

efficacy of organic and inorganic sources of zinc, copper and manganese-added feedstuffs are 

superior to traditionally used ones. Among these two, organic sources are showing better 

results than inorganic ones. However, some studies perhaps have shown the null effect or 

negative effect of these minerals when they are added extra to the basic diet. Consequently, 

adequate levels of dietary organic and inorganic trace minerals can be added with positive 

influences on egg production indices, egg quality measurements, and the growth performance 

of birds. 
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