
ABSTRACT 

CRIVELLARI, RAFAEL. The Impact of Alternative Production Systems, Density, Molt, and 

Nutrient Supplements on Performance Characteristics and Egg Quality Parameters in White 

and Brown Egg Laying Hens. (Under the direction of Dr. K. E. Anderson). 

 

Alternative production systems are changing rapidly in the U.S poultry industry 

influencing densities, increasing integration of nutrients supplements to enhance absorption, 

and molting programs to extend production of commercial egg laying hens. This series of 

research projects was conducted in conjunction with facilities associated with the 39
th

 North 

Carolina Layer Performance and Management Test (NCLP&MT) encompassing different 

phases of hen’s productivity life. The rearing procedure was the same for all hens and they 

were reared in the environments to which they would be placed during the laying period, in 

accordance with the 39th NCLP&MT rearing protocol. 

The first project was a comparison on performance of white and brown egg strains to 

evaluate the effects of strain egg color under two densities in enriched colony cages.  

Production characteristics of feed consumption (FCons), daily egg mass (DMass), feed 

conversion (FConv), egg weight (EW), blood and meat spot, shell strength (SS) and elasticity 

(SE), and vitelline membrane strength (VS) and elasticity (VE) showed that the white strain 

was significantly superior to the brown strain. The brown egg strain had significantly 

improved (P<0.05) on grade A, loss, large eggs, albumen height (AH), Haugh unit (HU), and 

significantly darker yolk color (YC) compared to the white strain.  

The second project was a study comparing white and brown egg strain under different 

densities in conventional cages during a 1
st
 cycle and 2

nd
 cycle to assess production 

performance and egg quality. The densities were 445 cm
2
 and 774 cm

2
 (69 in

2
 and 120 in

2
). 

A molt program at 69 wks of age was induced in the flock. When comparing strain egg color 



in the 1
st
 cycle (16 to 69 wks), no differences were identified on performance. When 

comparing egg quality, the brown egg strain showed significantly improved percentage of 

large eggs, grade A, AH, and YC compared to the white strain which had a greater SS, VS, 

EW, and a lower percentage of blood and meat spot. The lower density hens showed a higher 

percentage of XL eggs, higher DMass, increased VE, and a heavier egg. While the higher 

density group showed a lower FCons, better HU, AH, but agreater percentage of smaller 

eggs. During the 2
nd

 cycle (73 to 109 weks), no differences were identified on performance 

except that the white strain showed increased FCons. In terms of egg quality, the white strain 

showed a higher DMass, ST, VS, EW, and lower blood and meat spots while the brown egg 

strain had a higher percentage of XL eggs, greater AH, HU, and YC. The lower density 

group produced a higher percentage of XL eggs, a higher VS and a heavier egg. 

 The third project compared white and brown egg strain in a late cycle on a free range 

system for production parameters, physical egg quality and egg nutrient composition 

comparing the main effects of hen egg color and with or without PrimaLac
®

. The brown egg 

strain hens had significantly higher hen day production, FCons, and mortality. On physical 

quality, the brown strain showed higher blood and meat spots, and VS in comparison with 

the white hen. The PrimaLac
®
 group had significantly higher hen day production, hen housed 

production, mortality, FConv, than the control group.  The PrimaLac
®
 fed hens had higher 

quality VS, and VE compared to the control group. 

The last project compared white and brown strains across seven systems. The systems 

consist of Free Range (FR), Cage Free (CF), Enriched Colony System with a density of 69 

in
2
 and 138 in

2
 (ECS 69 and ECS 138), Enrichable Colony Cage 69 in

2
 (EC 69), and 

Conventional Cage 69 in
2 

and 120 in
2
 (CC 69 and CC 120). Overall, hens kept in a more 



intensive system yielded higher hen day production, lower FCons, lower mortality, and 

higher percentage of large and medium eggs. Hens kept in more extensive environments had 

lower mortality, greater percentage of grade A, lower loss, and XL eggs. Followed by a 

better overall egg internal and external quality. 
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CHAPTER I 

Literature Review 

Today the egg shell and yolk color have a great impact on the perception of the 

consumer, since they believe eggs with darker color of yolks favorably impact egg quality 

and nutrition. In reality, the differences between white and brown egg color strains is 

primarily related to egg production characteristics and internal egg quality. Research has 

shown that the differences between strains has narrowed over the past years due to genetic 

selection (Anderson et al. 2013).  Inheritance of several variables can be improved rather 

quickly, such as shell thickness, albumen height; however, other characteristics, such as egg 

porosity and the ability to transpose yolk color matter from the feed to the yolk, require 

specific selection for each individual strain. 

Several researchers have demonstrated significant differences in egg quality between 

brown and white egg strains.  Curtis et al. (1985) observed that brown egg strains of that 

period had a superior Haugh unit score, an albumen height index indicating brown egg 

strains had a better internal egg quality than white egg strains.  A study examining the 

relationship between egg size and quality conducted by Eisen et al. (1962) showed smaller 

eggs had greater albumen height and higher Haugh unit scores than larger eggs.  Singh et al. 

(2009) observed brown egg strains had a darker yolk color than white egg strains. After 

continuous genetic selection of white egg strains focusing on improving egg production 

characteristics, breeders have breed laying hens with better production, livability, egg 

quality, and feed conversion (Anderson et al., 2013; Silversides et al. 2006). Other studies 

have shown that white egg strains produced heavier eggs, and had lower mortality than 
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brown egg strains (Haas et al. 2013). Similarly, Anderson and Havenstein (2007) reported 

that white egg strains had superior hen-day production, feed conversion, and egg production 

per period. 

Egg production in the United States was more extensive during the 1930s as the free 

range system developed at that time. As research and development on the vaccines and 

disease control progressed, producers were able to increase their egg production by further 

intensifying production, resulting in a shift to cage-free systems with higher profitable 

margins (Anderson 2009). The next progressive step enhanced egg production with larger 

facilities during the  1950s, characterized by the shift from extensive systems to a much more 

intensive cage housing systems that resulted in fewer diseases, environmental effects, and 

parasites Anderson (2009). This intensification of production systems ultimately increased 

the concern of welfare organizations, consumers, and producers and motivated the pursuit of 

alternative housing solutions that balanced the maintenance of animal productivity, 

wellbeing, and economic sustainability.  

The free range system has been extensively studied as it is the first production system 

that was used to produce eggs. Golden et al. (2012) compared a free range system with a 

cage system and demonstrated that hens kept in cages were less susceptible to predators, 

environmental challenges, and other stressors.  Moreover, they observed cage-reared hens 

had superior overall egg production and egg characteristics than the free range group, and 

improved feed conversion, hen-day production, daily egg mass, lower mortality, greater 

Haugh unit scores, and higher percentage of grade A eggs. In studies conducted by Jones and 

Anderson (2013) and Samiullah et al. (2014), free-range hens had higher concentration of 
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Enterobacteriaceae counts on egg shells than hens in a conventional cage system, 

highlighting one of the reasons for changing from a free range to cage production system: 

lower microbial contamination of eggs and lower health risk for consumers. However, one 

positive attribute of the free-range system perceived by many concerned about animal 

welfare is it is a more natural environment where a flock of hens can fully express their 

natural behaviors. 

Another alternative to the free range system that gives free access to the outside is the 

cage-free system, which keeps the flock in a controlled environment and protects them from 

outside risks such as diseases and predators. Lately, the cage-free system has become more 

prevalent in the United States due to passage of Proposition 2 law in California (State of 

California, 2008), which requires animals to be able to turn around freely, lie down, stand up, 

and fully extend their limbs. This law went into effect in 2015. 

Germany adopted the cage-free system in 2010, and with that they decreased by 40% 

their domestic production (Van Horne 2014), however, consumers apparently are willing to 

pay a higher price for eggs that comes from hens kept in more “humane” conditions than a 

cage system even though there may be greater food safety risks. Studies conducted by 

Mollenhorst et al. (2005) showed that hens in the cage-free system produced eggs with 

higher Salmonella Enteritidis contamination than hens in the conventional cage system. 

Moreover, Anderson (2014) showed that labor input increased significantly as the egg 

production system changed from a more intensive to an extensive production system.  The 

man-hour time commitment increased by 45% with the change from conventional cage to 
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cage free system, it increased 279% with the change from conventional cage to free-range, 

and 161% with the change from cage-free to free-range and increment of 161%. 

A more intensive system than the cage-free and free-range systems are the enriched 

colony cage and furnished colony cage systems. During the 1980s, many countries 

introduced some modifications in the design of cages housing small groups of hens. With the 

approval of the directive in the European Union banning conventional cages, the need to 

investigate the benefits of enriched colony cages was evident.  These enriched colony cages 

allowed hens to have a nest area, perch, litter area or sand bath, and they have greater head-

space height than conventional cages (Appleby et al. 2002).  

In contrast to an enriched colony cage system, enrichable colony cages have the same 

basic structure but they have no perches, nest area, and scratch area. Enrichable colony cages 

have dimensional characteristics similar to conventional cages except for the height which is 

the same as the enriched colony cages.  Differences in the safety and performance attributes 

among cage systems were observed. Gast et al. (2014) assessed the effects of conventional 

cages and enriched colony cages on persistence of fecal shedding of Salmonella Enteritidis 

(SE) by infecting the birds orally. Overall results showed the enriched colony cage system 

resulted in fewer SE-positive fecal cultures than the conventional cage system. Neijat et al. 

(2011) observed improved retention of dietary Ca and P (phosphorus) among hens kept in 

enriched colony cage in comparison to a conventional cage. This observation was attributed 

to the greater mobility and exercise of hens in the enriched colony cages, thus improving 

bone mineral density and bone strength, and decreased Ca and P excretion into the 

environment. Similar results were shown by Hughes et al. (1993).  Wall and Tauson  (2007) 
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showed that small groups of hens kept in an enriched colony cage had the production and 

mortality similar to those kept in a conventional cage.  They concluded that with a proper 

design of the enriched colony cage, the hygiene and proportions of cracked and dirty eggs 

can be similar to conventional cages. 

The European Union directive on welfare of laying hens approved in 1999, required 

all conventional cages in Europe to be banned after 2012. Increased concern of animal 

welfare throughout the European Union among people that are not directly involved in food 

animal production forced the changes in how animals are handled, and many of these people 

believe that hens kept in more “free and humane” conditions produce eggs with a better taste. 

Conventional cages offer less opportunity for the animals to stand up, groom themselves, lie 

down, stretch their limbs, and turn around properly. Alternative hen housing, such as 

enriched colony cages, cage-free systems and free-range became feasible options to satisfy 

legislators and consumers and still keep animals in a humane environment with proper 

productivity and profitability.   

With the switch from conventional cages to alternative systems that are less intensive, 

hen group size increase may have important impacts on the animals, social organizations, and 

welfare groups. Zimmerman et al. (2006) showed that there was an increase in the incidence 

of feather pecking in a high density environment as the flock aged (>60 weeks of age), but 

more feather pecking was observed in younger flocks of about 32 weeks of age at a lower 

stocking density. At the age of 32 weeks, these hens also showed a higher level of aggression 

in the low and medium density environment than in the high stocking density group. 

Similarly,  Nicol et al. (1999) showed that hens in smaller flocks maintained at lower 
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stocking densities had a higher level of aggression expressed by feather pecking, which may 

be associated with an attempt to form social hierarchies, whereas hens kept in larger flocks at 

higher stocking densities had less aggressive behaviors. A study comparing bird age, density 

and molt behavior conducted by Anderson et al. (2004) demonstrated that hens kept at a high 

density (361 cm
2
/bird) had decreased daily egg mass and hen-day production, and hens kept 

at the lower density (482 cm
2
/bird) showed more activity during the molt process. Another 

study reported by Anderson and Havenstein (2007) comparing alternative molting programs 

within brown and white egg strain layers under different population revealed that birds at the 

same density (413 cm
2
), confounded with two population (3 or 4 hens/cage), during the 1

st
 

production cycle the 4 hen/cage population showed a higher feed consumption than those in 

the 3 hens/cage population. The white egg strain in a 3 hens/cage population showed a higher 

percentage of crack, lower percentage of grade A, and higher number of large eggs compared 

to the 4 hen/cage population.  Cage density is commonly confounded with cage population.  

Density takes into account the total area that each hen has available, and population has a 

fixed density with different number of individuals sharing the same area. A study conducted 

by Carey et al. (1995), which consisted of four population sizes (6, 8, 12, and 24 bird/cage) 

sharing the same floor space/bird (364.1 cm
2
), showed that cage population had no influence 

on hen-day production, mortality rate, feed conversion, USDA Egg Size distribution, daily 

egg mass, loss of eggs, and percentage of grade B eggs.  However, there were significant 

differences observed in the percentage of grade A eggs, lower percentage of crack eggs, and 

a higher feed consumption among the two groups maintained at higher populations (12 and 

24 birds/cage). The authors assumed increased feed consumption was due to behavioral 
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differences associated with cage dimensions. An increased cage population could cause 

higher hen competition, thus increasing hen activity, causing higher loss of energy due 

increased movement and feed wastage. 

Breeding companies continuously select hens focused on traits for improvements 

associated with egg production and quality.  This requires more specific management 

practices in order to keep the hens at optimal performance and productivity. Since the 1930s, 

molting has been a common practice to reinvigorate flocks and extend their egg production 

and quality for an additional of 25 to 30 weeks Anderson and Havenstein (2007). With critics 

from animal welfare organizations and consumers focused on animal wellbeing, producers 

explored alternative molting techniques to feed withdrawal to rejuvenate their flocks. One 

alternative molting strategy is the use of a non-anorexic diet with low protein, low energy 

and high fiber diet with supplemental Ca that provides for skeletal and muscle maintenance. 

Landers et al. (2005) used alfalfa as an alternative option to induce a molt and showed a 

lower level of “a*” colorimetry of the yolk in post-molt eggs using the Hunter and Harold 

(1987) color value, which consists of a scale of color from green to red (mixed gives the 

yellow color); meaning yolk color was darker. The size and weight of eggs from hens fed the 

alfalfa molt diet was greater than those hens subjected to the feed withdrawal molting 

treatment.  Anderson and Havenstein (2007) subjected white and brown egg strains to a 

nonfasted molting diet or a feed restriction molting treatment and compared their subsequent 

production performance to control groups that were not molted. The brown egg strain control 

group that was not molted group showed the lowest percent mortality rate among the groups, 
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and they had a higher hen-day production rate and hen housed egg number, resulting in $1.18 

more income per hen for both strains (Anderson and Havenstein 2007).  

 Many consumers now prefer to buy eggs produced from hens that are fed “natural 

feed”, that is free of feed additives and animal by-products, because they perceive them to be 

healthier and more environmentally sustainable, although the truth of this perception is 

scientifically suspect. Producers and researcher must now relearn former husbandry systems 

and more primitive feeding technologies using the new commercial egg strains, to validate if 

they are better for the animal’s wellbeing, food safety, and environmental sustainability. 

The use of antibiotics in food of intensive animal productions have been shown by 

some researches, activists, politicians, and social organizations to risk human, animal and 

environmental health. The primary concern is the development of antimicrobial resistance 

due to persistent extensive, and improper use of antibiotics in animal production agriculture 

(Diarra et al., 2007; Heuer et al., 2002; Kassenborg et al., 2016; Singer et al., 2006).  

PrimaLac® is a probiotic Direct-Fed Microbial (DFM) that can be used as an alternative to 

antibiotics. This probiotic feed additive product contains live cultured bacteria claimed to 

improve gastrointestinal tract health and digestive capacity by making poorly digested sugars 

and oligosaccharides more available (Russell and Grimes, 2009; Patterson and Burkholder, 

2000). As the layer industry transitions from intensive egg production in cages to more 

extensive production systems like free-range and a cage-free systems, the use of DFM 

products like PrimaLac® have become more prevalent, and hens are fed diets free of 

additives believed to be detrimental to the environment, animal and consumers. 

Consequently, researchers have been evaluating DFMs during the production cycle of laying 
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hens, some observing improvements in egg production and quality (Davis and Anderson 

2002). 
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CHAPTER II 

COMPARISON BETWEEN WHITE AND BROWN COMMERCIAL EGG STRAINS 

FOR PERFORMANCE AND EGG QUALITY UNDER DIFFERENT DENSITIES IN 

ENRICHED COLONY CAGES  

SUMMARY 

A study comparing the performance of two white egg and two brown egg commercial layer 

strains was conducted at the North Carolina Piedmont Research Station to evaluate the 

effects of different strains under two densities in enriched colony cages.  Production 

characteristics and egg quality were evaluated from 17 through 93 weeks of age. Production 

characteristics monitored were: daily and egg size, egg grade, egg resistance, and internal egg 

quality were monitored at 28 day periods throughout the test. Performance characteristics of 

feed consumption, daily egg mass, feed conversion, egg weight, blood and meat spot, shell 

strength and elasticity, and vitelline membrane strength and elasticity showed a significant 

difference (P < 0.05) with the white strain being superior to the brown strain. The brown 

strain had a greater (P < 0.05) percentage on grade a, loss, large eggs, albumen height, Haugh 

unit, and darker yolk color compared to the white strain. Interactions between egg color and 

stocking density were observed on hen-housed production, loss eggs, egg weight, yolk color, 

and shell strength and elasticity. 

DESCRIPTION OF THE PROBLEM 

Alternative hen housing has become a very common discussion point as consumers, 

egg producers, animal welfare organizations and, legislatures attempt to develop their 



 

16 

perspectives to ensure continuous production of retail eggs in a profitable and welfare 

conscious manner for the animals. Legislations, such as the ban on the use of conventional 

cages in Europe (European Commission, 1999) and a law of minimum hen housing 

conditions in the U.S.A. (US House of Representatives, 2012) have motivated researchers to 

seek new, affordable ways to produce eggs and maintain the production rate. Considerable 

effort has been invested in seeking the best method to house laying hens with a focus on their 

welfare. Enriched cages have become a viable alternative to supply this need, which provides 

a better environmental condition than conventional cage system in order for their layer flocks 

to produce at a consistent and profitable level. Stocking density is a primary consideration for 

animal wellbeing, which is why it has been restricted by government legislations.  In the case 

of European Union, density should not exceed 9 animals per square meter (European 

Commission 1999) and the United States (US House of Representatives, 2012) required a 

density of 800 cm
2
 (124 in

2
) per hen for white egg strains and 929 cm

2
 (144 in

2
) per hen for 

brown egg strains. In comparison to a conventional cage system, the enriched cage provides a 

nesting area, roosts, and in some cases sand baths.  Due to greater space, it is expected that 

hens in enriched cages flourish in a better environment, thereby leading to increased egg 

quality and production.  

Genetic attributes are expected to have a significant influence in how each strain will 

respond to different densities and cage environments. For example, significant differences 

may exist between brown egg and white egg strains, as brown egg strains tend to have a 

greater body and egg weight (Bean and Leeson 2003). In contrast, white egg strains tend to 

have better feed conversion than brown egg strains. These differences could be related to the 
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genotypes from the several inbred strains that are cross-bred to produce today’s commercial 

layer strains. The objective of the present study was to evaluate the production and egg 

quality characteristics of white egg strains and brown egg strains in different densities housed 

in enriched colony cages. 

MATERIAL AND METHODS 

Husbandry Practices  

The eggs were hatched at the North Carolina Department of Agriculture and 

Consumer Services’ Piedmont Research Station and the pullets were reared in a Big 

Dutchman quad deck brood grow cage system.  The dimensions were 60.9 x 66.0 cm (24 x 

26 in) cage during the entire 16 week rearing period. Rearing density was 310 cm
2
 (48 in

2
) 

for both the white and brown egg layers. The pullets were transferred to the laying facility 

from 16 to 17 weeks.  The cage brood-grow system an environmentally controlled, 

windowless brood-grow facility was used to rear the pullets for the conventional cage and the 

enriched colony cage environmental housing system.  The pullets were reared in accordance 

with the rearing protocol of the 39th NCLP&MT (Anderson 2014). Individual birds were 

identified by a permanent identification tag applied at hatch immediately before they were 

transferred to the laying house. Two groups were analyzed during the present study: white 

and brown commercial egg strains. The laying study commenced at 17 weeks. 
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Layer Housing and Environment Description 

The laying house was a standard height, windowless, fan- ventilated house and the 

enriched colony cages utilized a belted manure handling system. There were two densities of 

enriched colony cages, the cage density was dictated by the cage size of 243.8 x 66 cm (96 x 

26 in) and populations of 36 and 18 hens per cage. In the table 5, is shown the cage 

configurations which resulted in one treatment with a floor space of 445 cm
2
 (69 in

2
/bird) 

and feeder space of 6.9 cm (2.7 in) per bird with 36 hens per cage, and another treatment 

with a floor space of 890 cm
2
 (138 in

2
/bird) and feeder space per bird of 13.5 cm (5.3 in) 

with 18 hens per cage. A total of 11 white egg strain and 8 brown egg strain replicates were 

analyzed during this study.  Six white strain replicates were subjected to a 445 cm
2 

per hen 

density (216 hens) and 5 replicates were subjected to an 890 cm
2
 per hen density (90 hens). 

Similarly, 4 replicates of brown egg strains were subjected to either 445 cm
2 

or 890 cm
2
 per 

hen density with 144 and 72 hens, respectively.  A total of 522 hens were observed during 

the whole experiment.  Strain egg color was randomly assigned to the laying replicates. The 

FDI Cage systems (53 Wellington St S., Mitchell, ON N0K 1N0) cages were equipped with a 

nesting area of 60.9 x 22.9 x 30.5 cm or 731.5 cm
2 

(24 x 19 x 12 in or 288 in
2
) and 2 roosts of 

1.9 x 5.1 x 121.9 cm (¾ x 2 x 48 in) positioned 7.6 cm (3 in) off the floor.  These cages have 

an integrated automated feeder system with feed hoppers to supply and monitor feed 

consumption for each individual replicate that allows feed consumption to be determined by 

replicate. The lighting schedule started with 10 hours per day of daylight at 17 weeks, it was 

partially increased until 16 hours of daylight per day which was achieved at 31 weeks. The 
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birds were handled in accordance with NCSU IACUC approved methods and the United Egg 

Producers Animal Care Guidelines (UEP, 2010). 

Data Acquisition 

Feed consumption, egg production, and mortality were monitored daily and 

summarized by replicate every 28
th

 day over 20 periods (17 through 93 weeks). All diets 

were provided ad libitum, based upon the hens feed consumption and productivity over the 

previous 28 d period.  On the third week of each period, eggs produced over the preceding 24 

h were collected for analysis. For each replicate, the eggs were evaluated to determine the 

USDA grades (USDA, 2009) and egg size distribution; then they were refrigerated and 

transported to the laboratory for further egg quality evaluation that included shell reflectance 

using the TSS QCR machine (TSS-York, 2016), albumen height (mm) using the TSS QCH 

machine, Haugh unit, yolk color (Roche index) using the TSS QCC machine, shell and 

membrane strength (g), and shell and membrane elasticity (mm) using the TA-XT Plus 

Texture Analyzer (TA-XTplus, 2016). 

Statistical Analyses 

All data was analyzed using PROC GLM in JMP® SAS Institute (2015), Tukey HSD 

was used to separate using the least square means for the egg color strains and density 

interaction. Student’s T test was used for the densities and the others variables analyzed 

separately. The level of probability at which the null hypothesis was rejected for this study 

was set at P < 0.05. Cages were the experimental unit of this study.  
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RESULTS AND DISCUSSION 

Production Characteristics  

White vs. Brown Egg Hens 

The effects of white or brown egg hens on production characteristics are shown in 

Table 1. There was no difference between the white and brown egg hens on hen-day 

production, hen-housed production, and mortality rate. According to Vits et al. (2005), the 

brown egg hens had higher average egg production per hen housed in furnished cage systems 

than the white egg strain, which did not agree with the findings of the present study. The 

brown egg hens consumed 3.59 g more feed than the white egg hens (P < 0.05), resulting in a 

feed conversion (g egg/g feed) difference in favor of white egg hens close to 0.04 g egg/g 

feed and contributed to a greater (P < 0.05) daily egg mass for the white hens. Similar results 

were recorded for feed consumption, feed conversion, and egg mass were observed by 

Abrahamsson and Tauson (1995). In contrast, Vits et al., (2005) observed different results on 

feed conversion: they observed the brown egg strain had better feed conversion than the 

white egg strain, while no differences were found on feed consumption.  

Density (445 cm
2
 vs. 890 cm

2
) 

The effects of density on production characteristics of laying hens are shown in Table 

1. There was no effect of density on HD production, feed consumption, daily egg mass, and 

feed conversion. When comparing density groups, those housed in the least dense group (890 

cm
2 

per hen) had 7.07% greater hen housed production (P < 0.05),  as observed by Saki et al., 
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(2012). The mortality rate was 0.50% higher (P < 0.05) in the group subjected to the higher 

density (490 cm
2
 per hen) than those in the lower density colony, differing from what was 

reported by Anderson et al., (2004) who found no differences in mortality rates among 

density (361 and 482 cm
2
/bird) treatments in conventional cages, the reason for this 

difference would be due the system used, which conventional cages would offer less injuries, 

stress due hierarchal dispute,  and therefore lower percentage of mortality.  

USDA Egg Grade and USDA Egg Size  

White vs. Brown Egg Hens 

USDA egg grade, and the size categories (United States Department of Agriculture 

2000) are summarized by hen egg color in Table 2. When comparing between egg color 

strains, no differences were identified on grade B, extra-large, medium, small and peewee 

eggs. The brown egg hens produced more Grade A eggs by 2.63% (P < 0.05) than the white 

egg hens.  The white egg hens had greater egg loss due to cracks and leaker eggs by 2.09% 

than the brown egg hens (P < .05).  There were no significant differences observed among 

the egg color strains relating to the distribution of extra-large, medium, small and peewee 

eggs. However, the brown egg hens produced larger eggs by 4.3% than the white egg hens. 

This observation is supported by previous work by Bean and Leeson (2003), who observed 

that brown egg hens generally consumed more  feed, had higher body weights, and tended to 

produce heavier eggs than white strain egg layers. 
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Density (445 cm
2
 vs. 890 cm

2
) 

The USDA egg grade, and size categories are summarized by population density in 

Table 2. Among density treatments, no significant differences were observed with regard to 

the percentages of grade A, grade B, extra-large, large, medium, and small eggs. A 

significant (P < 0.05) density effect was observed on loss and peewee eggs, with the less 

dense group having greater loss and percent of peewee eggs than the higher density group.  

Anderson and Havenstein (2007) observed similar results with hens raised in a lower density 

group having a significantly (P < 0.05) higher percentage of peewee and cracked eggs, which 

is consistent with the losses due to cracked and leaker eggs observed in the present study. 

This higher percentage of cracked eggs on the lower density may be due the extra space birds 

have in the cage, causing more damage to eggs. 

Egg color x density interaction on percentage of egg loss is shown in the Figure 1. 

The white egg strain in the low density group (890 cm
2
 per hen) had greater (P<0.05) 

percentage of loss eggs than the brown egg strain, but no differences were among strains kept 

in the higher density system. 

Egg Physical Quality 

White vs. Brown Egg Hens 

Table 4 provides a summary of the effect of egg color strains on physical egg quality.  

The white egg hen produced eggs that were on average 0.48 g heavier (P<0.05) than the 

brown egg strains. Consequently, the brown egg strain having a smaller egg, had a 
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significantly greater Albumen height and associated Haugh unit.  As reported Eisen et al., 

(1962) smaller eggs commonly display a greater albumen height and a higher Haugh unit.  

Our data shows that heavier eggs that are correspondently bigger, have a lower Haugh unit 

score and albumen height than smaller eggs, therefore showing a lower internal egg quality. 

The brown egg hens produced eggs with a yolk color similar to the white egg hens, 

but the brown eggs had a higher percentage of blood and meat spots than white eggs (P < 

0.05). In comparison, Abrahamsson and Tauson (1998) observed brown and white egg strain 

did not produce eggs differing in yolk color and percentage meat spots, but brown egg layers 

did produce more eggs with blood spots as observed in the present study (Table 4).  Shell 

strength, shell elasticity, vitelline membrane strength, and vitelline membrane elasticity, were 

all significantly greater (P < 0.05) in the white eggs than the brown eggs (Table 3). In 

contrast, Kalmendal et al., (2013) observed greater shell strength of a brown egg strain than a 

white egg strain when fed a diet with different fiber content in a furnished cage system, 

meaning brown hens on that study would have stronger shell, being less susceptible of 

breakage eggs during laying and transportation for instance.   

Density (445 cm
2
 vs. 890 cm

2
) 

The effects of laying hen density on Egg Physical Quality of are shown in Table 4.  

No significant differences were observed with regard to egg weight, albumen height, Haugh 

unit, and percentage of meat spots. The hens housed in the higher density environment had a 

greater (P < 0.05) percentage of blood meat spots than those in the lower density group. The 

yolk color was significant darker (P < 0.05) from hens in the higher than the lower density 
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colony, which it would possibly influence the consumers that prefer a yolk with a more 

yellowish color.  

Egg shell strength and elasticity of hens in a higher density was 1.81 N and 0.015 mm 

greater, respectively and hens in the lower density colony cage (P < 0.05). However, the 

higher density group had a significantly higher vitelline membrane strength by 0.0006 

N/mm
2
 than the lower density group, which would make differences for companies breaking 

eggs, with a stronger vitelline membrane would implicate in a lower number of yolk 

breakage during the process of separation of yolk and albumen. No differences were shown 

with regard to vitelline membrane elasticity.  

Significant egg color strain X density interaction effects were observed on egg weight 

(Figure 2), yolk color (Figure 3), shell strength (Figure 4), and shell elasticity (Figure 5). 

There was difference in egg weight among the strains kept in the high-density environment, 

but the white egg strain had significantly heavier eggs in the low-density environment than 

the brown egg strain. Yolk color among brown egg strains was significantly increased by the 

higher stocking density, density had no significant effect on yolk color of the white egg 

strains (Figure 3).  Similarly, shell strength among the brown egg strains was increased 

significantly as stocking density increase, but not among the white egg strain (Figure 4) 

which had significantly greater shell strength. Finally, shell elasticity was significant 

increased among the brown egg strains in the higher stocking density, whereas no differences 

in shell elasticity were observed among the white egg strain.  Therefore, evidencing brown 

egg strains under a higher density group performed better on internal and external egg quality 
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on yolk color, shell strength, and shell elasticity while no differences between densities on 

the white strain on the same variables were observed, showing that stocking density 

influences the egg quality of brown egg layers more than the white egg strains. 

CONCLUSION AND APPLICATIONS 

1. Differences were identified among egg color strain on egg production parameters, and on 

the physical quality of eggs from hens kept in an enriched colony cage with white egg 

strains demonstrating a greater overall production performance. 

2. Hens maintained at the lower stocking density had superior on production parameters 

than hens in the higher density group. However, the higher density colony produced eggs 

of higher quality than the lower density colony. 

3. Both egg color strain and stocking density must be considered to optimize the production 

objectives of a producer using enriched colony cage systems. 
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Table 1. Effect of white and brown egg commercial hen, density, and interaction on 

production parameters of hens kept in enriched colony cage system from 119 up to 651 days 

(n=19). 

Egg Color 
Hen Day 

Prod. 
(%) 

Hen Housed 
Prod. 
(%) 

Feed Cons. 
(g/bird/day) 

Daily Egg 
Mass 

(g egg/day) 

Feed Conv. 
(g egg/g 

feed) 

Mortality 
(%) 

White 79.86 73.27 107.66 b 59.52 a 0.457 a 18.24 
Brown 77.00 74.05 111.25 a 46.84 b 0.421 b 9.88 
SEM ±1.48 ±1.58 ±0.96 ±0.83 ±0.008 ±3.23 

Density       

445 cm2 76.66 70.12 b 109.96 47.32 0.429 18.81 a 
890 cm2 80.20 77.19 a 108.94 49.04 0.449 9.31 b 

SEM ±1.49 ±1.58 ±0.97 ±0.84 ±0.007 ±3.23 

Color x 
Density 0.7743 0.6908 0.5065 0.6189 0.6846 0.6217 
P Value 

a-b
Means ± SEM (pooled) in a column within main effect with different superscripts are significantly different 

(P < 0.05). 

 

Table 2. Effect of white and brown egg commercial strain, density, and interaction on USDA 

grade and egg size distribution of eggs from hens kept in enriched colony cage system from 

119 up to 651 days (n=19). 

Egg Color 
A 

(%) 
B 

(%) 
Loss 
(%) 

Extra Large 
(%) 

Large 
(%) 

Medium 
(%) 

Small 
(%) 

PeeWee 
(%) 

White 89.31 b 0.30 9.12 a 60.88 24.98 b 8.67 2.65 1.56 
Brown 91.94 a 0.39 7.03 b 57.67 29.28 a 8.67 2.33 0.34 
SEM ±0.94 ±0.13 ±0.64 ±2.18 ±1.37 ±1.21 ±0.90 ±0.61 

Density         

445 cm2 90.66 0.35 7.17 b 58.82 26.13 10.88 2.27 0.00 b 
890 cm2 90.59 0.34 8.98 a 59.72 28.12 7.53 2.71 1.90 a 

SEM ±0.94 ±0.13 ±0.64 ±2.18 ±1.36 ±1.21 ±0.86 ±0.61 

Color x Density 
0.1820 0.8273 0.0094* 0.2251 0.3694 0.3258 0.4529 0.1584 

P Value 
a-b

Means ± SEM (pooled) in a column within main effect with different superscripts are significantly different 

(P < 0.05). 
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Table 3. Effect of white and brown egg commercial strain, density, and interaction on shell 

and vitelline membrane strength of eggs from hens kept in enriched colony cage system from 

119 up to 651 days (n=19). 

Egg Color 
Shell Strength 

(N) 
Shell Elasticity 

(mm) 
Vitelline Strength 

(N) 
Vitelline Elasticity 

(mm) 

White 44.78 a 0.552 a 0.0245 a 5.01 a 
Brown 40.91 b 0.538 b 0.0228 b 4.89 b 
SEM ±0.38 ±0.003 ±0.0002 ±0.04 

Density     

445 cm2 43.75 a 0.552 a 0.0234 b 4.89 
890 cm2 41.94 b 0.537 b 0.0240 a 5.00 

SEM ±0.38 ±0.003 ±0.0002 ±0.04 

Color x Density 
0.0174* 0.0076* 0.4970 0.0521 

P Value 
a-b

Means ± SEM (pooled) in a column within main effect with different superscripts are significantly different 

(P < 0.05). 

 

Table 4. Effect of white and brown egg commercial strain, density, and interaction on 

internal physical quality of eggs from hens kept in enriched colony cage system from 119 up 

to 651 days (n=19). 

a-b
Means ± SEM (pooled) in a column within main effect with different superscripts are significantly different 

(P < 0.05). 

 

 

 

 

Egg Color 
Egg Weight 

(g) 
Albumen Height 

(mm) 
Haugh Unit 

 
Blood 

(%) 
Meat 
(%) 

Yolk Color 
(Roche Index) 

White 61.98 a 6.91 b 81.15 b 0.012 b 0.002 b 4.01 b 
Brown 61.50 b 7.77 a 86.09 a 0.069 a 0.069 a 4.36 a 
SEM ±0.17 ±0.053 ±0.35 ±0.006 ±0.005 ±0.03 

Density       

445 cm2 61.52 7.37 83.81 0.032 b 0.040 4.30 a 
890 cm2 61.95 7.31 83.44 0.049 a 0.030 4.06 b 

SEM ±0.17 ±0.051 ±0.35 ±0.006 ±0.005 ±0.03 

Color x Density 
0.0049* 0.2414 0.4044 0.3871 0.2071 0.0040* 

P Value 
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Table 5. Replicate and cage dimension.  

Density Population Replicate # hens/treatment 
Cage 

dimension 
Feeder Space 

445 cm
2
  

(69 in
2
/bird) 

36 
6 white; 4 

brown 
216; 144 

243.8 x 66 cm  

(96 x 26 in) 

6.9 cm  

(2.7 in) 

890 cm
2
  

(138 in
2
/bird) 

18 
5 white;4 

brown 
90; 72 

243.8 x 66 cm  

(96 x 26 in) 

13.5 cm  

(5.3 in) 

 

 

 

 

 

 

Figure 1. Interaction between white and brown egg commercial strain and density on loss 

eggs. 
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Figure 2. Interaction between white and brown egg commercial strain and density on egg 

weight. 
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Figure 3. Interaction between white and brown egg commercial strain and density on yolk 

color. 
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Figure 4. Interaction between white and brown egg commercial strain and density on shell 

strength. 
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Figure 5. Interaction between white and brown egg commercial strain and density on shell 

elasticity. 
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CHAPTER III 

COMPARISON BETWEEN BROWN AND WHITE COMMERCIAL EGG HENS 

UNDER DIFFERENT DENSITIES IN CONVENTIONAL CAGES PRIOR AND POST 

MOLT ON PERFORMANCE AND EGG QUALITY 

SUMMARY 

This study utilized four commercial strains, two white egg strains and two brown egg strains 

conducted at the North Carolina Piedmont Research Station to evaluate the effects of density 

in conventional cages through the 1
st
 cycle (17 to 69 wks) and 2

nd
 cycle (73 to 109 wks) on 

performance and egg quality. A total of six replicates of white and brown strain submitted 

under 445 cm
2
 (69 in

2
) and a total of six replicates of white and eight replicates of brown 

strain under 774 cm
2
 (120 in

2
). After 69 wks of age a non-anorexic (NA) diet with a low 

protein, low energy and supplemental Ca for maintenance were fed to hens initiating the molt 

period (Anderson 2015). Production parameters of feed consumption, egg production, and 

mortality were monitored daily and summarized by replicate every 28 d. On the third week of 

each period eggs laid over the previous 24 hour were collected for analysis over 23 periods. 

For each replicate, the eggs were evaluated to determine the USDA grades and egg size 

distribution on site, then they were refrigerated and transported to the laboratory for further 

egg quality evaluation such as shell reflectance, albumen height (mm), Haugh unit, yolk 

color (Roche index), shell and membrane strength (N), and shell and membrane elasticity 

(mm). Egg color strain had no significant effect on performance during the 1
st
 cycle. 

However, the brown egg strains had significantly greater percentage of Large eggs, Grade A, 
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Albumen Height, and yolk color than the white egg strains.  In contrast the white egg strain 

had greater shell strength, membrane strength, egg weight, and a lower percentage of blood 

and meat spots than the brown egg strains. Hens in the lower density had a higher percentage 

of extra-large eggs, higher daily egg mass, increased vitelline membrane elasticity, and a 

heavier egg, while the higher density group had lower feed consumption, better Haugh unit 

and albumen height, and a greater percentage of smaller eggs. During the 2
nd

 cycle, no 

significant strain effects were identified on performance except for the greater feed 

consumption by the white egg strains. The white egg strain had a higher daily egg mass, shell 

strength, vitelline membrane strength, and egg weight, and lower blood and meat spots than 

the brown egg strains. The brown egg strains had higher percentage of extra-large eggs, 

greater albumen height, Haugh unit, and yolk color. Hens in the lower density produced 

higher percentage of extra-large eggs, higher membrane strength, and heavier eggs than those 

in the higher density group during the second cycle. In conclusion, stocking density and egg 

color strain must be considered to improve eggs production. 

DESCRIPTION OF THE PROBLEM 

Genetic selection of commercial egg strains has been continuously improved towards 

greater egg production, so management conditions must be concurrently optimized to realize 

the full genetic potential.  Molting is a practice that has been used since the 1930s so as to 

rejuvenate flocks and economically extend egg production and improve egg shell quality for 

an additional 25 to 30 weeks (Anderson and Havenstein 2007). However, inducing molt by 

feed withdrawal for commercial laying hens was progressively criticized by animal welfare 
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communities and is currently banned by all animal care certification programs. Pressure from 

animal welfare organizations and government legislators has forced producers and 

researchers to develop alternative molting solutions to maintain egg production and animal 

well-being that is economically sustainable. In the present study, a non-anorexic molt 

program was used with the hens, which used a low protein, low energy and high fiber diet 

with supplemental Ca to provide skeletal and muscle maintenance. Stocking density is 

another factor that is considered from an animal well-being standpoint, since new animal care 

programs are requiring specific densities for brown egg hens and white egg hens (929 cm
2
 

and 800 cm
2
 per hen, respectively).  Animal care programs and other laws like the California 

Proposition 2 that requires animals to be able to turn around freely, lie down, stand up, and 

fully extend their limbs, will go into effect in.  Such programs and laws force producers to 

consider how density and population can affect the productivity and wellbeing of laying 

hens. Studies have shown that stocking density may have a significant effect on animal 

production, such as differences in egg weight, feed consumption, egg size (Anderson and 

Havenstein, 2007; Lee 1989; Tauson,1998, and Saki et al.,2012).  Indeed, stocking density is 

an important factor for consideration that may influence the production and welfare of 

commercial laying hens throughout a complete cycle of commercial egg hens. 

MATERIAL AND METHODS 

Husbandry practices  

The eggs were hatched at the North Carolina Department of Agriculture and 

Consumer Services’ Piedmont Research Station facilities and the pullets were reared in 
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accordance with the rearing program for the NCLP&MT (Anderson 2014). Individual birds 

were identified by a permanent identification tag applied at hatch then retagged at the time 

they were transferred at 16 weeks of age to the laying house. The brood-grow system was 

used to rear the pullets for the conventional cage. The brood house was an environmentally 

controlled, windowless brood-grow facility with Big Dutchman quad-deck brood grow cages. 

The cage dimensions were 60.9 x 66.0 cm (24 x 26 in/bird). Rearing density was 310 cm
2
 (48 

in
2
) for both the white and brown egg layers for a total of 13 birds/cage. Four strains were 

used, 176 Bovans white, 88 Hy-Line Silver Brown, 88 Hy-Line Brown and 88 Tetra 

Americana White, for a total of 264 commercial white egg strain layers and 176 commercial 

brown egg strain layers. Cages were analyzed as replicates. 

Layer Housing and Cage Layout Description: 

The house contained an automatic feeding system that allowed feed consumption to 

be recorded by replicate. The replicates were equipped with feed hoppers to supply and 

monitor feed consumption for each individual replicate. The conventional cage laying house 

was a standard height, windowless, forced ventilated house with four rows of a Ford 

Dickenson Tri-Deck Stacked Layer Cage System that utilizes a belted manure handling 

system. The cage row was divided so each side was designated as a bank. Each bank is 

divided into six 3 m (10 ft) cage row sections consisting of four cages per section with a 60.9 

cm (24 in) space between cage sections for feed hoppers and feed recovery. In the Table 11 is 

shown the replicates distribution. This study utilized 14 replicates as the experimental units 

each consisting of four 60.9 x 50.8 cm (24 x 20 in) cages. Two densities were analyzed, - 1) 
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445 cm² (69 in²), which allowed to place seven hens per cage for a total of 28 hens per 

replicate and 2) 774 cm² (120 in²), which allowed to place 4 hens per cage for a total of 16 

hens. A total of 6 replicates of white and brown strain was submitted to the 445 cm² and a 

total of 6 replicates of white and a total of 8 replicates of brown strain was submitted to the 

774 cm² density. A total of 560 hens including brown and white commercial egg strains were 

evaluated for egg production performance and egg quality. The lighting schedule started with 

10 hours of light per day at 16-17 weeks and it was incrementally increased to 16 hours light 

per day by 31 weeks. 

Layer Management (molting) 

A non-anorexic (NA) diet with low protein, low energy and with supplemental Ca for 

maintenance were fed to hens under the molt program is shown in the Table 12. The induced 

molt was started at 69 weeks of age.  

Molting Procedural Steps:  

The NA program was designed to keep hens out of production and provide a balanced 

nutrition for body maintenance only. The birds under the molting program were weighed on 

days seven and nine to measure body weight loss, as shown in the Table 13. They were then 

weighed every other day until target weight was reached, at which time that replicate and 

sister replicates were provided the resting diet until the end of the molting period.  

Specific monitored criteria for all the molt programs included the following: Birds 

were to attain approximately 20% body weight ±3%. House temperature was maintained at 
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80±5º F, but the birds did not pant. House temperature was managed to compensate ambient 

environmental temperatures and weight loss rates. 

The light schedule for the post-molt production period is described in the 39th 

NCLP&MT Final Report, Vol.39, No. 2, and was the guide by which the lights were adjusted 

following the molt. The hens ceased egg production by day 6-10 of the molt program. 

However, some of the brown egg strains never achieved zero egg production. The molting 

ration was designed to keep hens out of production, yet provide sufficient nutrition for 

skeletal and muscle maintenance. This program resulted in excellent livability. 

Data Acquisition 

Production parameters of feed consumption, egg production, and mortality were 

monitored daily and summarized by replicate every 28 d. All diets were provided for ad 

libitum consumption, based on the hen’s feed consumption and productivity over the 

previous 28 d period.  On the third week of each period, the eggs laid during the previous 24 

hours were collected for analysis over 23 periods.  Weeks 17 through 73, which included the 

molt period, represented the period prior to molt, and weeks 73 through 109 weeks 

representing the post-molt period. For each replicate group of hens, the eggs were evaluated 

to determine the USDA (USDA,2009) grades and egg size distribution, then they were 

refrigerated and transported to the laboratory for further egg quality evaluation, including 

shell reflectance using the TSS QCR machine (TSS-York, 2016), albumen height (mm) using 

the TSS QCH machine, Haugh unit, yolk color (Roche index) using the TSS QCC machine, 
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shell and membrane strength (g), and shell and membrane elasticity (mm) using the TA-XT 

Plus Texture Analyzer (TA-XTplus, 2016). 

Statistical Analyses 

All data was analyzed using PROC GLM in JMP® SAS Institute (2015) and Tukey 

HSD was used to separate using the square means for the strains colors and density 

interaction. Student’s T test was used for the densities and the others variables analyzed 

separately. The level of probability at which the null hypothesis was rejected for this study 

was set at P < 0.05. Cages were the experimental unit of this study. 

RESULTS AND DISCUSSION 

First Production Cycle (pre-molt), 17 to 69 weeks of age  

Production Characteristics 

The effects of stocking density and white or brown egg layer on production 

performance of the hens are shown in Table 1. No significant effects were present on hen day 

production, hen housed production, feed consumption, feed conversion, mortality, and total 

eggs.  These results differed from findings reported by Anderson and Havenstein (2007) who 

did observe differences between egg strain color and density. Similarly, density and egg 

color did not affect hen housed production, which takes into account the mortality and the 

actual number of hens actively laying eggs.  

Feed consumption in the less populated cage (774 cm
2
, 4 hens/cage) was greater (P < 0.05) 

than the 445 cm
2
 – 7 hens/cage, as reported by Anderson and Havenstein (2007) which had a 
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fixed cage density of 413 cm
2
 however had different cage population, 3 and 4 hens per cage.  

Evidently, hens with more space have greater access to feed due to the increased feeder 

space. However, Anderson and Adams (1992) did not find differences in feed consumption 

among cage densities when feeder space was held constant. No difference in feed 

consumption was identified between the brown and white egg strains in this study, which 

was supported  Abrahamsson et al. (1995) also did not observe differences in feed 

consumption between white and brown egg strains (Table 1). Similar to Abrahamsson et al. 

(1995), we found no significant density and egg color strain effects on feed conversion (g 

egg/g feed), average egg weight, mortality, and total eggs per period (Table 1).  

Egg Weight, USDA Egg Size, and USDA Egg Grade 

Egg weight, egg size by USDA size categories, and the USDA egg grades (USDA, 

2000) are summarized by strain egg color and population density in Table 2 and table 3, 

respectively. 

Consistent with Anderson and Havenstein (2007), we also observed no significant egg color 

strain effects on average egg weight, extra-large, medium, small and peewee eggs, except 

they did report a significantly lower percentage of small and peewee eggs for the brown. We 

observed the brown egg strain laid a higher percentage of large eggs than the while egg 

strain.  In contrast, Anderson and Havenstein (2007) reported that at higher density brown 

egg strains produced more small eggs during the first production cycle.  

Stocking density had a marginal effect on egg size distribution.  There was no 

difference in average egg weight, medium and peewee eggs between the main effect densities 
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treatments of 445 cm
2
/hen (7 birds/cage) and the 774 cm

2
/hen (4 birds/cage). However, the 

placed in the lower density environment produced a significantly (P < 0.05) higher 

percentage of extra-large eggs than those in the higher density group, supporting the idea that 

the hens in the lower density treatment had less feeder space competition and thus ate more 

feed. As expected, the higher density showed a greater percentage of large eggs and small 

eggs than those in the lower density group, which is likely a result of increased feeder space 

competition; the aggressive birds ate more feed and thus produced larger eggs, while the less 

aggressive birds consumed less than needed and thus produced smaller eggs.   

There were no significant strain effects on the percentage of grade B eggs, check, loss 

eggs, and daily egg mass, however, the brown egg strain produced a higher percentage of 

grade A eggs than the white egg strains (Table 3). The density treatments also had no 

significant effect on grade A eggs, grade B eggs, check, and loss eggs, as observed by 

Anderson and Havenstein (2007), although they did observe the brown egg strain under a 

higher density group produced proportionally more peewee and small eggs than their 

counterparts in a lower density environment. Corresponding with our findings on the 

proportion of extra-large eggs, daily egg mass from hens in the lower density group was 

significantly higher (P < 0.05) than in the higher density group. 

Shell Integrity 

The shell integrity variables are summarized by strain egg color and population 

density in Table 4. The white egg strain produced eggs with significantly better shell strength 

than the brown egg strains, as was also reported by Potts and Washburn (1974). Similarly, 
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the white strain also produced eggs with higher shell elasticity and membrane strength than 

the brown egg strains. Membrane elasticity was greatest in eggs from hens kept in the lower 

density population. 

Internal Egg Quality 

The internal egg quality variables are summarized by strain egg color and density in 

Table 5.  The brown egg hens produced eggs with attributes of significantly better internal 

quality than the white egg strain, including improved albumen height, Haugh unit, and yolk 

color. These observations are in contrast to those reported by Abrahamsson and Tauson 

(1998) who reported that white egg strains had better albumen height and Haugh unit. 

Sharing results with Abrahamsson and Tauson (1998), we observed that white egg strain 

produced heavier eggs with a lower percentage of blood and meat spots than the brown egg 

strain. 

Hens at a lower population density produced heavier eggs than the higher density 

group (Table 5).  Similar results were observed by Anderson and Havenstein (2007), which is 

hypothesized to be due to less competitive access to food. Even though hens in the high 

density produced smaller eggs than hens in the lower density, therefore showing a superior 

albumen height, and Haugh unit as consequence for having smaller eggs. Our data shows that 

heavier, consequently bigger eggs, possesses lower Haugh unit and albumen height 

compared to the smaller eggs. 

Density had no significant effect on shell color, blood and meat spots, or yolk color.  

Aitken et al. (1973) also observed that density did not affect the incidence of blood and meat 
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spots in eggs. However, Saki et al. (2012) did find differences between densities: the group 

housed at a lower density expressed a yellowish yolk, which led them to conclude that it was 

due to higher feed intake and associated greater carotenoid pigment intake. We also observed 

that the low density group produced heavier eggs and consequently a lower albumen height 

and Haugh unit scores than the high density group that produced smaller eggs. 

Second Production Cycle (post-molt), 73 to 109 weeks of age 

Production Characteristics 

The effects of stocking density and egg color strain on production performance of 

laying hens during the second production cycle are shown in Table 6.  Compared to the 

brown egg strains, the white egg strain had a significantly higher hen-day egg production, 

better feed conversion (g egg/g feed), and a higher egg production per period, similar to 

results reported by Anderson and Havenstein (2007). No significant difference in strain 

effects were observed on hen housed production, feed consumption, and mortality. 

Density had no effect on layer performance except for the higher feed consumption 

observed among hens in the lower density group (Table 6). Anderson and Havenstein (2007) 

observed similar results with regard to density on feed consumption, though they observed 

that brown egg strain had greater feed consumption in the more dense house situation, which 

was in contrast to our present study. In experiment conducted by Anderson et al. (2004), hens 

subjected to a lower population density had a higher percentage hen-day egg production did 

not impact feed consumption, contradicting the present study where lower density hens 

consumed more feed than the higher density group.  
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Egg Weight, USDA Egg Size, and USDA Egg Grade  

Egg weight, egg size by USDA size categories, and the USDA egg grades (USDA, 

2000) are summarized by strain egg color and population density in Tables 7 and 8, 

respectively. 

There was no significant strain effect on average egg weight, or the proportions of 

medium, small, and peewee eggs produced. However, the brown egg strain produced 

proportionally more large eggs (P < 0.05) (Table 7), than the white egg strain, agreeing with 

the results of Anderson and Havenstein (2007).  

Density did not have a significant effect on average egg weight, or the proportions of 

medium, small, and peewee eggs. However, the lower density produced a significantly higher 

percentage of extra-large eggs than the higher density group (P < 0.05). In contrast, Anderson 

and Havenstein (2007) reported that only the brown egg strains produced a greater 

percentage of extra-large eggs when kept in the lower density group. 

There were no significant strain effects observed within the proportion of grade A, 

grade B, check and loss eggs, except for the daily egg mass in favor of the white strain (Table 

8). Similarly, density did not have a significant effect on the proportions of grade A, grade B, 

check, loss eggs, and daily egg mass. 

Shell Integrity 

The shell integrity variables are summarized by strain egg color and density in Table 

9. The white egg strain produced eggs with greater (P<0.05) shell strength, and membrane 
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strength than the egg brown strain. Ahmed et al. (2005) have shown that molted hens 

produced eggs with stronger shells than non-molted hens of similar age. In contrast to our 

results, Kalmendal et al. (2013) reported that the brown egg strain had significantly greater 

shell strength. In the present study, there was no strain effect vitelline membrane elasticity 

during the period pre-molt; however, as the hens age increase, the yolk gets bigger generating 

a greater strength on the vitelline membrane causing to stretch and consequently lose 

membrane elasticity (Kirunda and McKee, 2000). The hens in the lower density produced 

eggs with a higher membrane elasticity than those in the higher density (Table 9). 

Internal Egg Quality 

The internal egg quality variables are summarized by egg color strain and density in 

Table 10. The white eggs strains had heavier average egg weights than the brown egg strains, 

which agreed with the findings of Millet et al. (2006) but contradicted the findings of Singh 

et al. (2009). Eggs from the white egg strains also had a lower percentage of blood and meat 

spots than the brown egg strains, which is in agreement the findings of Jeffrey et al. (1945). 

However, the brown strain produced eggs with higher internal egg quality (albumen height, 

Haugh unit, and yolk color), likely because they produced smaller eggs than the white egg 

strains.  Better internal egg quality in the brown egg strains observed is this study is in 

contrast to the findings of Singh et al. (2009).  Interestingly, there was strain X density 

interaction observed on egg shell color (Figure 1).  Although there was no difference in egg 

shell color from white egg strains raise from the different density populations as expected, 

brown egg strains from the lower density population (774 cm
2
) had darker brown shells than 
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those from the higher density population. A strain X density interaction effect was also 

observed on egg weight: density had no effect on egg weight among the brown egg strains, 

but the lower density population produced heavier eggs among the white egg strains.  

CONCLUSION AND APPLICATIONS 

1.  As expected, significant strain effects were observed on production characteristics and 

egg quality.  

2.  Population density had no influence in the present study, although it could have an effect 

on egg quality depending on the egg color strain, such as shell strength and membrane 

elasticity, shell elasticity, egg weight, and lower percentage of blood and meat spots for 

white egg strains.   

3. Both egg color strain and stocking density must be considered to optimize the production 

objectives of a producer using different production practices. 

1st cycle 

Egg strain color effects 

As shown in previous studies, the white egg strains produced eggs of higher external quality, 

while the brown egg strains produced eggs of superior internal egg quality. In general no 

differences among strains were identified on egg production performance. 

Density effects 

Hens kept under a higher density produced light weight eggs than those hens kept lower 
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density, but the lower density group produce eggs of higher internal and external egg quality. 

 

2nd cycle 

Egg strain color effects 

The white egg strains recovered better from the induced molt than the brown egg strains and 

as a result had with higher performance on hen day production, feed conversion, egg weight, 

daily egg mass, and shell and membrane strength.  

Density effects 

The low density hens had a higher feed consumption leading to heavier eggs, higher 

percentage of extra-large eggs and a stronger membrane strength. 
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Table 1. Effect of hen egg color and density on hen-day production, hen housed production, feed consumption, feed 

conversion, and mortality during the first production cycle (17-63 wks) (n=24). 

Source of Variation 

Hen-day 

production 

(%) 

Hen housed 

production 

(%) 

Feed 

consumption 

(g hens per d) 

Feed conversion 

(g of egg/g of feed) 

Mortality 

 

(%) 

Total eggs 

(per/period) 

Strains 
Brown 84.82±1.64 84.05±1.62 103.68±0.95 0.487±0.010 1.77±1.05 23.75±0.47 

White 82.09±1.75 80.57±1.74 101.81±1.02 0.482±0.011 3.57±1.13 22.99±0.50 

Density 
445 cm

2
 81.47±1.75 80.70±1.74 97.85±1.02 

b
 0.490±0.011 3.26±1.05 22.81±0.50 

774 cm
2
 85.44±1.64 83.92±1.62 107.63±0.95 

a
 0.480±0.010 2.08±1.13 23.93±0.47 

Interaction 0.6479 0.5803 0.3237 0.9594 0.9905 0.6489 
a–d 

Means with unlike superscripts differ significantly. *P ≤ 0.05. 
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Table 2. Effect of hen egg color and density on average egg weight, extra-large eggs, large eggs, medium eggs, small eggs, 

and peewee eggs during the first production cycle (17-63 wks) (n=24). 

a–d 
Means with unlike superscripts differ significantly. *P ≤ 0.05. 

 

Table 3. Effect of hen egg color and density on grade A eggs, grade B eggs, check eggs, leaker eggs, and daily egg mass 

during the first production cycle (17-63 wks) (n=24). 

Source of Variation Grade A 

(%) 

Grade B 

(%) 

Check 

(%) 

Loss 

(%) 

Daily egg mass  

(g of egg/hen per d) 

Strains Brown 96.27±1.10 
a
 0.32±0.43 2.70±0.34 0.24±0.09 50.52±1.05 

White 93.00±1.17 
b
 1.05±0.46 2.49±0.37 0.29±0.10 49.77±1.12 

Density 445 cm
2
 95.22±1.17 1.12±0.46 2.65±0.37 0.37±0.10 48.57±1.12 

b
 

774 cm
2
 94.02±1.10 0.25±0.43 2.53±0.34 0.16±0.09 51.73±1.05 

a
 

Interaction 0.7189 0.0908 0.1114 0.2239 0.6975 
a–d 

Means with unlike superscripts differ significantly. *P ≤ 0.05. 

 

 

Source of Variation 

Average. Egg 

weight 

(g) 

X-large 

(%) 

Large 

(%) 

Medium 

(%) 

Small 

(%) 

PeeWee 

(%) 

Strains 
Brown 58.58±0.72 52.07±2.34 32.67±1.51 

a
 12.04±1.33 2.71±1.10 0.04±0.034 

White 57.66±0.77 57.34±2.51 24.39±1.61 
b
 10.89±1.42 4.18±1.17 0.00±0.036 

Density 
445 cm

2
 58.00±0.77 49.83±2.51 

b
 31.44±1.61 

a
 12.82±1.42 5.27±1.17 

a
 0.00±0.036 

774 cm
2
 58.23±0.72 59.58±2.34 

a
 25.61±1.51 

b
 10.10±1.33 1.62±1.09 

b
 0.04±0.034 

Interaction 0.7249 0.8280 0.9562 0.8559 0.1024 0.4212 
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Table 4. Effect of hen egg color and density on shell strength, shell elasticity, membrane strength and membrane elasticity 

during the first production cycle (17-63 wks) (n=24). 

a–d 
Means with unlike superscripts differ significantly. *P ≤ 0.05. 

 

Table 5. Effect of hen egg color and density on egg weight, albumen height, hHugh unit, blood spot, and meat spot during the 

first production cycle (17-63 wks) (n=24). 

Source of Variation 
Egg Wt 

(g) 

Albumen Height 

(mm) 
Haugh Unit 

Blood Spot 

(%) 

Meat Spot 

(%) 

Yolk Color 

(Roche Index) 

Strains 
Brown 59.79±0.22 

b
 8.68±0.07 

a
 92.16±0.37 

a
 0.047±0.007 

a
 0.036±0.005 

a
 3.98±0.03 

a
 

White 61.13±0.18 
a
 7.50±0.05 

b
 85.31±0.31 

b
 0.015±0.006 

b
 0.000±0.004 

b
 3.79±0.02 

b
 

Density 
445 cm

2
 59.91±0.20 

b
 8.25±0.06 

a
 89.76±0.34 

a
 0.036±0.006 0.016±0.005 3.86±0.03 

774 cm
2
 61.01±0.20

 a
 7.93±0.06 

b
 87.71±0.34 

b
 0.026±0.006 0.021±0.005 3.91±0.03 

Interaction 0.5432 0.4623 0.2038 0.4698 0.4146 0.0685 
a–d 

Means with unlike superscripts differ significantly. *P ≤ 0.05. 

 

 

 

Source of Variation 
Shell Strength 

(N) 

Shell Elasticity 

(mm) 

Membrane Strength 

(N) 

Membrane Elasticity 

(mm) 

Strains 
Brown 44.84±0.49 

b
 0.54±0.014 

b
 0.0227±0.0003 

b
 4.97±0.06 

White 49.31±0.40 
a
 0.60±0.011 

a
 0.0242±0.0002 

a
 5.11±0.05 

Density 
445 cm

2
 46.93±0.44 0.57±0.013 0.0232±0.0003 4.94±0.06 

b
 

774 cm
2
 47.21±0.44 0.57±0.013 0.0237±0.0003 5.13±0.06 

a
 

Interaction 0.2308 0.6221 0.4341 0.3731 
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Table 6. Effect of hen egg color and density on hen-day production, hen housed production, feed consumption, feed 

conversion, and mortality during the second production cycle (73-109wks) (n=24). 

 

 

 

 

 

a–d 
Means with unlike superscripts differ significantly. *P ≤ 0.05. 

 

Table 7. Effect of hen egg color and density on average egg weigh, textra-large eggs, large eggs, medium eggs, small eggs, 

and peewee eggs during the second production cycle (73-109wks) (n=24). 

Source of Variation 
Average. Egg weight 

(g) 

X-large 

(%) 

LARGE 

(%) 

Medium 

(%) 

Strains 
Brown 64.27±0.48 88.06±0.89 

b
 11.56±0.86 

a
 0.38±0.15 

White 65.63±0.51 91.81±0.95 
a
 7.94±0.92

 b
 0.25±0.16 

Density 
445 cm

2
 64.69±0.51 88.26±0.95 

b
 11.38±0.92 

a
 0.36±0.16 

774 cm
2
 65.21±0.48 91.62±0.089 

a
 8.11±0.86 

b
 0.27±0.15 

Interaction 0.5174 0.9821 0.9916 0.8455 
a–d 

Means with unlike superscripts differ significantly. *P ≤ 0.05. 

 

Source of Variation 

Hen-day 

production 

(%) 

Hen housed 

production 

(%) 

Feed 

consumption 

(g hens per d) 

Feed 

conversion 

(g of egg/g of 

feed) 

Mortality 

 

(%) 

Total eggs 

(per/period) 

Strains 
Brown 72.57±1.06 

b
 69.66±1.06 105.74±1.10 0.443±0.007 

b
 5.21±1.10 23.75±0.47 

White 76.39±1.14 
a
 70.88±1.13 104.45±1.17 0.485±0.007 

a
 5.73±1.17 22.99±0.50 

Density 
445 cm

2
 74.24±1.14 71.17±1.13 103.09±1.17 

b
 0.468±0.007 4.17±1.17 22.81±0.50 

774 cm
2
 74.72±1.06 69.38±1.06 107.11±1.09 

a
 0.460±0.007 6.77±1.10 23.93±0.47 

Interaction 0.8877 0.9880 0.6574 0.7976 0.7478 0.6489 
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Table 8. Effect of hen egg color and density on grade A eggs, grade B eggs, check eggs, leaker eggs, and daily egg mass 

during the second production cycle (73-109wks) (n=24). 

Source of Variation 
Grade A 

(%) 

Grade B 

(%) 

Check 

(%) 

Loss 

(%) 

Daily egg mass 

(g of egg/hen per d) 

Strains 
Brown 96.22±0.64 0.17±0.16 2.85±0.50 0.77±0.26 46.61±0.78 

b
 

White 95.52±0.68 0.45±0.17 3.31±0.54 0.72±0.28 50.60±0.83 
a
 

Density 
445 cm

2
 96.16±0.68 0.18±0.17 3.21±0.54 0.45±0.28 48.05±0.83 

774 cm
2
 95.59±0.64 0.44±0.16 2.94±0.50 1.03±0.26 49.17±0.78 

Interaction 0.3579 0.1641 0.2170 0.4885 0.9099 
a–d 

Means with unlike superscripts differ significantly. *P ≤ 0.05. 

 

Table 9. Effect of hen egg color and density on shell strength, shell elasticity, membrane strength, and membrane elasticity 

during the second production cycle (73-109wks) (n=24). 

Source of Variation 
Shell Strength 

(g) 

Shell Elasticity 

(mm) 

Membrane Strength 

(g) 

Membrane Elasticity 

(mm) 

Strains 
Brown 3414.42±80.74 

b
 0.464±0.010 2.69±0.04 

b
 5.21±0.08 

White 3729.02±65.93 
a
 0.481±0.008 2.83±0.03 

a
 5.32±0.07 

Density 
445 cm

2
 3575.28±73.71 0.473±0.009 2.66±0.04 

b
 5.19±0.08 

774 cm
2
 3568.16±73.71 0.471±0.009 2.86±0.04 

a
 5.33±0.08 

Interaction 0.4937 0.1655 0.6536 0.1408 
a–d 

Means with unlike superscripts differ significantly. *P ≤ 0.05. 
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Table 10. Effect of hen egg color and density on egg weight, albumen height, Haugh unit, blood spot, and meat spot during 

the second production cycle (73-109wks) (n=24). 

Source of Variation Shell Color* 
Egg Wt 

(g) 

Albumen 

Height 

(mm) 

Haugh Unit 
Blood Spot 

(%) 

Meat Spot 

(%) 

Yolk Color 

(Roche 

Index) 

Strains 
Brown 29.54±0.46 

b
 65.40±0.25 

b
 7.52±0.08 

a
 83.38±0.53 

a
 0.060±0.010 

a
 0.111±0.010 

a
 4.76±0.04 

a
 

White 80.13±0.37 
a
 66.40±0.21 

a
 6.90±0.06 

b
 79.87±0.43 

b
 0.032±0.008 

b
 0.008±0.008 

b
 4.27±0.03 

b
 

Density 
445 cm

2
 53.02±0.42 

b
 65.14±0.23 

b
 7.20±0.07 81.93±0.48 0.037±0.009 0.063±0.009 4.47±0.04 

774 cm
2
 56.65±0.42 

a
 66.67±0.23 

a
 7.21±0.07 81.33±0.48 0.056±0.009 0.056±0.009 4.56±0.04 

Interaction <0.0001* 0.0175* 0.8555 0.5239 0.4643 0.4084 0.0627 
a–d 

Means with unlike superscripts differ significantly. *P ≤ 0.05.  

* Shell Color is based on reflectance, the lower the number is, brownish the shell will be. 
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Table 11. Replicate and cage dimensions. 

Density Population/rep Replicate # hens/treatment 
Cage 

dimension 

445 cm
2
 (69 in

2
/bird) 28 

6 white; 6 

brown 
168; 168 

60.9 x 50.8 cm 

(24x 20 in) 

774 cm
2
 (120 in

2
/bird) 16 

6 white;8 

brown 
96; 128 

60.9 x 50.8 cm 

(24x 20 in) 
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Table 12.   39
th

 NCLP&MT Laying periods feed formulations molt and resting diets 

Ingredient Molt Diets 

 Low ME Resting 

Corn 702.50 1427.70 

Soybean Hulls 1164.77 226.00 

Soybean Meal 48% - 117.00 

Wheat Midds 18.26 186.50 

Coarse Limestone 17.78 16.50 

Phosphate Mono/D 69.84 4.00 

Salt 9.16 5.00 

Methionine 2.69 1.30 

Vit. premix 1.00 1.00 

Min. premix 1.00 1.00 

T - Premix 1.00 1.00 

Fat 9.99 10.00 

MYC-OUT 65 1.00 2.00 

0.06% Sel Premix 1.00 1.00 

Total 2000 2000 

Calculated Analysis   

Protein % 9.92 11.75 

Me kcal/kg 1650 2859 

Calcium % 1.33 3.80 

T. Phos % 0.88 0.44 

Lysine % 0.42 0.55 

TSAA % 0.35 0.49 
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Table 13. Molting procedural steps. 

 

 

 

 

 

 

 

Day Molt Procedure 

-7 
A sample of birds were weighed to determine the pre-molt weight. The target 

weight loss was determined at 20% of body weight, the pre-molt weight was used 
to calculate the weight goal. 

0 
NA program started with the remaining layer feed being removed and replaced 

with the NA molt diet and day length was reduced to 9 hours. Morbid birds were 
removed before the start of the molt program. 

+7 
Body weights were determined for two replicate groups from each strain and 

density in the conventional cages. 

+9 

Body weights were determined for two replicates from each strain and density in 
the conventional cages. Based on daily weight loss from the start of the NA 

program (day 0), the hens were predicted to achieve 20% weight loss. This was 
verified by weighing the birds. 

+28 
Body weights were determined then the birds were fed the layer diet and they 

were light stimulated. 
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Figure 1. Interaction between hen egg color and density on shell color during the second 

production cycle (73-109wks). 

 

 

 

 

 

 

 

 

 

Figure 2. Interaction between hen egg color and density on average egg weight during the 

second production cycle (73-109wks). 
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CHAPTER IV 

IMPACT OF PRIMALAC
®
 ON PRODUCTION, QUALITY AND COMPOSITION 

OF EGGS FROM LATE CYCLE FREE-RANGE CHICKENS 

SUMMARY 

Two groups, white and brown hens in a free range system from 90 wk until 110 wks of age 

were divided in two groups consisting of four replicates containing 50 hens, control-fed and 

Direct-Fed Microbial (DFM). The production periods consisted of five 28 day periods. Hens 

performance was evaluated based on their production parameters, USDA egg size and grade 

distribution, physical egg quality and egg nutrient composition, to measure differences 

between egg color strains and with or without PrimaLac
®
. The brown egg strain hens had 

significantly higher (P < 0.05) hen-day production, feed consumption, and mortality rate. The 

brown egg strains produced eggs with a higher incidence of blood and meat spots and greater 

vitelline membrane strength than the white egg strains. The PrimaLac
®
 treatment 

significantly (P < 0.05) improved hen-day production, hen-housed production, mortality rate, 

and feed conversion.  The PrimaLac
®
 fed hens also had higher (P<005) physical quality 

vitelline strength and elasticity than the controls. There were no significant treatment effects 

on USDA egg size and grade distribution, or on egg nutrient composition.  
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DESCRIPTION OF THE PROBLEM 

The market and its influential customers have been forcing large integrated egg 

producers and even those that produce smaller quantities of eggs in their backyards towards 

husbandry practices that are more extensive and perceived to be more humane for the hens. 

This transition in production system is sustained by the demand from some consumers for 

eggs produced from hens that are fed “natural” feed, free of feed additives and animal by-

products, which they assume to be noxious to consumers and the environment (Guyonnet 

2012). Market research has validated this trend in popularity of animals reared in a “natural” 

environment that are fed diets free of potentially harmful ingredients for both the animal and 

the humans. The use of antibiotics in animal feeds is believed by many researchers, activists, 

politicians, and social/animal welfare organizations to have negative impacts on human, 

animal, and the environmental health due to development of antimicrobial resistance. 

Excessive and persistent use of antibiotics for growth promotion and disease control can 

result in the development of bacteria that are highly resistant to antibiotics (Diarra et al., 

2007; Heuer et al., 2002; Kassenborg et al., 2016; and Singer et al., 2006). One alternative to 

antibiotic feed additives and associated risk of antimicrobial resistance is the usage of 

probiotics.  Probiotics (classified as direct-fed microbials) are a mix of live cultured bacteria 

added to the feed or drinking water to improve the gastrointestinal health of poultry, and also 

improve the availability of indigestible sugars, and oligosaccharides (Russell and Grimes, 

2009; Patterson and Burkholder, 2000).  Dietary supplementations of direct-fed microbials 

(DFM) have resulted in varying degrees of efficacy on poultry gut health and dietary nutrient 
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utilization, and also improved host immunocompetancy against exogenous pathogens by 

competitive exclusion (Choct 2009). 

Researchers and producers are seeking to improve the welfare of food production 

animals, while still maintaining productivity, efficiency, and economic sustainability. There 

is also evidence that dietary supplementation of DFM may help increase productivity of 

laying hens during their later stage of production, and may also improve egg quality 

characteristics (Davis and Anderson 2002). Hence, the objective of the present study was to 

determine if dietary supplementation of the commercial DFM PrimaLac
®

 for hens kept in a 

free-range housing system during the late production cycle will improve egg production and 

egg quality. 

MATERIAL AND METHODS 

Husbandry Practices  

The project was conducted at the close of the single cycle component of the 39
th

 

North Carolina Layer Performance and Management Test (NCLP&MT), which assessed the 

commercial layer lines used in the U.S. on different management systems, including the free 

range system. Two laying hen range house facilities at the North Carolina Department of 

Agriculture and Consumer Services Piedmont Research Station were utilized.  Each range 

house consisted of four pens with adjoining paddock areas. Four current commercial egg 

layer strains, currently available for purchase by the U.S. egg producers. The replicates 

distribution is shown in Table 6. The four replicates of brown egg layer strains and the four 

white egg layer strains utilized in the study.  Eight replicates of each treatment group were 
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divided between the two houses (4 replicates/house).  Due to the potential movement of the 

probiotic from one replicate to another the treatments were divided by range house.  House 1 

was assigned to the control feed additive group, with a total of 50 hens per pen/paddock for 

each replicate with a total of 100 white strain and 100 brown hens. House 2 was assigned to 

the PrimaLac
®
 feed additive group, following the same experimental design as in house 1, 

with a total of 200 hens for each egg color.  The animal caretakers always entered the control 

house 1 then moved to the PrimaLac® House 2.  They could not go back to house 1 without 

a change of PPE and boots. 

The Control and PrimaLac
®

 treatment diets were introduced to the hens when they 

were 90 weeks of age and continued until they were 110 weeks of age, a total of 5 periods, 

with each period consisting of 28 days.  All the hens were weighed at 90 and 110 weeks of 

age. The hens were fed two feed phases (Table 5) during the whole experiment: the first feed 

phase lasted until the end of the second period, and the second feed phase started on the third 

period and lasted until the end of the experiment. The diet changes were associated with the 

production and feed consumption rates of the hen to maintain consistent nutrient intake. 

Layer Housing and Environment Description 

The dimension of each range paddock was 18.3 m x 18.3 m (60’ x 60’), enclosed by a 

1.8 m (6 ft) high fence. The outside area (porch area) was a 3.04 m x 4.6 m (10’x15’) shaded 

area. Each range hut, measuring 3.7 m x 2 m (12.1’ x 6.5’), was equipped with 8 nipple 

drinkers inside each pen and 8 nipple drinkers outside (porch area).  Each hut had one feeder 

inside and a covered feeder outside providing 8.3 cm of feeder space/hen. Density was based 
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on a 720 hen/acre or 5.56 m
2
/hen (60 ft

2
/hen).  The hens were provided with a minimum of 

929 cm
2
/hen (144 in

2
) in the range hut pens with slatted floors, 13 cm of roosting space/hen, 

and 1 nest per 5 hens. For greater forage replenishment, each of the paddocks was divided in 

half with a diagonal fence providing space of 2.78 m
2
/hen (30 ft

2
/hen) that was rotated every 

4 wks.  One week prior to rotation the paddocks were mowed to an approximate height of 15 

cm (6 in.).  Hens had free access to the paddock area by a gate that allowed access to one half 

of the paddock at any point in time. The duration of light exposure was controlled by a timer, 

and a supplemental propane heater was used to maintain the interior of each hut above 7.2° C 

(45 F). Despite the free access to the paddock area during the rearing period, the hens were 

trained to return to the hut during the dark period for roosting and protection. Water and feed 

were supplied ad libitum throughout the study.  

Data Acquisition 

For each 28-day period, all eggs produced during the previous 24-hour period was 

examined by candling light and graded according to USDA (USDA, 2009) standards for egg 

quality, weighed and sorted by size. Extra-large, large, medium, small and peewee 

categories. Percentages of eggs within each size category, average egg weight, and average 

egg mass (hen-housed and hen-day) was calculated and summarized. The eggs were then 

refrigerated and transported to the laboratory for further egg quality evaluation, including 

albumen height (mm) using the TSS QCH machine (TSS-York, 2016), Haugh unit, yolk 

color (Roche index) using the TSS QCC machine, shell and membrane strength (N), and 

shell and membrane elasticity (mm) using the TA-XT Plus Texture Analyzer (TA-XTplus, 
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2016). For periods 1, 2, and 3, egg samples were frozen and analyzed by a laboratory for 

nutrient composition. At the beginning and end of each period, residual feed was weighed 

and together with weighed feed allocations during that period, feed consumption was 

calculated to factor with other production characteristics. 

Statistical Analyses 

All data was analyzed using PROC GLM in JMP® SAS Institute (2015), Tukey HSD 

was used to separate using the least square means for the strains colors and supplement 

treatment interaction. Student’s T test was used for PrimaLac
®
 and the others variables 

analyzed separately. The level of probability at which the null hypothesis was rejected for 

this study was set at P < 0.05. Cages were the experimental unit of this study. 

 

RESULTS AND DISCUSSION 

Production Parameters 

White and Brown Egg Commercial Strain 

The effects between white and brown egg hens on production parameters is shown in 

the Table 1. No significant effects were present in hen-housed production, daily egg mass, 

and feed conversion throughout the periods analyzed. During period 4, the brown egg hens 

had significantly greater hen-day production than the white egg hens (P < 0.05), which 

agreed with the observations of Singh et al. (2009). Riczu et al. (2004) observed that hen-day 

production for brown and white egg hens was similar, whereas Grobas et al. (2001) reported 
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that white egg strains had greater Hen-Day production than brown egg hens when fed diets 

differing in fatty acid composition. During period one and throughout the production cycle, 

the brown egg strain in our study had higher feed consumption than reported by Grobas et al. 

(2001). Bean and Leeson (2003), who fed hens different levels of flaxseed in the diet, did not 

observe differences in feed consumption between brown and white egg hens. In our study, 

the brown egg strain had 4.5% higher mortality during period 2 than the white egg hens 

following, which agreed with the results of  Haas et al. (2013) who also compared brown and 

white egg hens during late cycle stage.  

With and without PrimaLac
®
 

The effects between P+ diet compared to P- diet on production parameters is shown 

in the Table 1. There were no differences between feed consumption at any period. During 

the period 4 an increment of 5.81% of hen day production of hens offered PrimaLac
® 

diet 

was observed. The PrimaLac
®
 group increased hen housed production by more than 6% 

during period 4 and overall compared to the control group which agreed with results shown 

by Khan et al. (2011) who analyzed a DFM supplementation in the diet of laying hens 

compared to a control group. The mortality rate among the P
+ 

group was lower by 3.5% in 

comparison to the control group during the P2. The P
+
 group produced eggs that were on 

average 3.29 g heavier than the control group and consequently had a daily egg mass 

superior, similar to results shown by Khan et al. (2011). During P2, P4, and overall the P+ 

treatment showed a significant improvement in feed conversion over the control group with 
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an average of 0.05 g egg/g feed increase throughout the respective periods, similar with Khan 

et al. (2011) findings. 

USDA Egg Size, and USDA Egg Grade 

White and Brown Egg Commercial Strain 

The effects between white and brown egg hens on production parameters are shown 

in the Table2. There were no significant effects on grade A, grade B, loss, extra-large, large, 

and medium eggs when comparing between egg color hens throughout the periods of the 

present study sharing findings with Anderson and Havenstein (2007) which compared 

different egg color strain hens after a molt treatment on conventional cages. 

With and without PrimaLac
®
 

The main effects of dietary supplementation of PrimaLac
® 

on production parameters 

is shown in the Table 2. No dietary treatment effects were identified in relation to the 

percentage of grade A, grade B, loss, extra-large, large, and medium eggs throughout the 

periods of the present study.  These results contradict the results of Khan et al. (2011), who 

reported that multi-species probiotic
 
significantly increased egg weight of laying hens, and 

Davis and Anderson (2002), who reported PrimaLac
®

 increased the percentage of extra-large 

eggs. 

Physical Quality 

White and Brown Egg Commercial Strain 
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The effects between white and brown egg hens on the physical quality of egg are 

shown in the Table 3. No significant strain effects were identified on egg weight, yolk color, 

shell strength, and shell elasticity during all periods analyzed. During late laying periods (P4 

and P5) and also throughout for the whole laying cycle, the white egg hens produced eggs of 

significantly greater (P < 0.05) albumen height and Haugh unit than the brown egg hens.  

These results are in agreement with Grobas et al. (2001) and Singh et al. (2009), but  differed 

from Bean and Leeson (2003) who that observed that the brown egg hens had greater 

albumen height. During the P2 and overall periods, the brown egg hens laid eggs  with a 

higher percentage of blood and meat spots (P5 and overall) than the white egg hen, in 

agreement with Jeffrey et al. (1945). The brown egg hens also produced eggs with greater 

vitelline membrane strength during the P5 than the white egg hens, but the white egg hen had 

higher vitelline membrane elasticity during P2 and overall. In contrast, Jones et al. (2010) 

could not identify differences between egg color hens with respect to vitelline membrane 

strength and vitelline membrane elasticity. 

With and without PrimaLac
®
 

The effects of dietary PrimaLac
®

 supplementation on the physical quality of egg is 

shown in the Table 3. There were no significant dietary treatment effects identified on egg 

weight, albumen height, Haugh unit, and the incidence of blood and meat spots in eggs laid 

during all periods analyzed. Interestingly, dietary PrimaLac
® 

supplementation resulted in a 

significant reduction in yolk color index, shell strength, and vitelline membrane strength 
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during P2, but significantly increased vitelline strength during P3 and also increased vitelline 

elasticity during periods P3 though P5, and overall. 

Egg Nutrient Composition 

Throughout the study, there were no main effects of egg color strain or dietary 

PrimaLac
® 

supplementation on the concentration in the eggs of vitamin D, vitamin E, total 

fat, saturated fat, monounsaturated fat, and polyunsaturated fat (Tabel 4). However, there 

were some strain X diet interaction effects observed, as illustrated by figures 1, 2, 3 and 4.  

Of particular significance was the observation that the white egg strain produced eggs with 

higher saturated fat content than the brown egg strain when fed the control diet. The 

Primalac
®
 supplemented diet did not differentiate between white and brown strains. 

CONCLUSION AND APPLICATIONS 

1. Differences was identified between strain egg color on production parameters, and on 

physical egg quality with the white strain showing lower feed consumption, greater 

albumen height, Haugh unit, lower blood and meat spots, and a stronger vitelline 

membrane compared to the brown strain. 

2. The Direct-Fed Microbial treatment positively influenced production parameters, and 

physical egg quality, and also increased the productivity and economic sustainability of 

egg production, regardless of egg color strain. 

3. Dietary DFM supplementation can be an effective application to improve productivity 

and egg quality for both small and larger egg. 
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Table 1. Treatment (egg color, supplements, color x supplement) effects on production parameters of hens kept in free range 

system from 623 up to 763 days (n=8). 

 

W= white strain; B= brown strain; P += with Primalac; P -= without Primalac ; a-bMeans with different superscripts are significantly different (P < 0.05). 

 

 

 

Color Effect 
P1 P2 P3 P4 P5 Overall 

W B W B W B W B W B W B 

Hen Day Prod. (%) 64.00 66.13 60.05 59.74 54.50 58.50 52.50 b 56.73 a 47.33 53.04 55.67 58.83 

Hen-Housed Prod. (%) 63.14 65.32 58.38 56.96 51.59 52.70 48.05 49.64 42.29 46.14 52.69 54.15 

Feed Cons. (g/bird/day) 113.99 b 121.14 a 110.88 113.37 98.04 107.88 98.31 114.49 102.97 109.26 104.84 b 113.23 a 

Mortality (%) 2.5 2.5 1.5 b 6.0 a 2.5 3.0 3.5 1.0 - - 2.0 2.5 

Daily Egg Mass (gEgg/day) 43.67 45.50 40.91 40.69 35.80 39.23 35.43 40.19 31.61 35.92 37.48 40.08 

Feed Conv. (gEgg/gFeed) 0.378 0.371 0.359 0.343 0.347 0.329 0.332 0.301 0.301 0.285 0.343 0.326 

Primalac Effect 
P1 P2 P3 P4 P5 Overall 

P+ P - P + P - P + P - P + P - P + P - P + P - 

Hen Day Prod. (%) 67.12 63.00 62.19 57.60 57.05 55.95 57.52 a 51.71 b 52.34 48.03 59.24 55.26 

Hen-Housed Prod. (%) 66.70 61.77 60.95 54.39 54.41 49.88 53.09 a 44.61 b 47.57 40.86 56.54 a 50.30 b 

Feed Cons. (g/bird/day) 117.47 117.66 111.65 112.61 101.36 104.57 104.59 108.21 110.63 101.59 109.14 108.93 

Mortality (%) 1.5 3.5 2.0 b 5.5 a 3.0 2.5 2.5 2.0 - - 1.8 2.7 

Daily Egg Mass (gEgg/day) 46.15 43.02 42.34 39.26 38.00 37.03 40.19 34.31 35.46 32.07 40.43 a 37.14 b 

Feed Conv. (gEgg/gFeed) 0.390 0.359 0.372 a 0.329 b 0.360 0.316 0.357 a 0.277 b 0.316 0.270 0.359 a 0.310 b 

Color x Primalac 
P1 P2 P3 P4 P5 Overall 

Color x Primalac Color x Primalac Color x Primalac Color x Primalac Color x Primalac Color x Primalac 

Hen Day Prod. (%) 0.4915 0.3299 0.3843 0.1719 0.8282 0.2450 

Hen-Housed Prod. (%) 0.3945 0.2359 0.2619 0.1656 0.4409 0.1375 

Feed Cons. (g/bird/day) 0.7134 0.9519 0.6275 0.5061 0.3100 0.9536 

Mortality (%) 0.4601 0.6779 0.7247 0.1709 - 0.2337 

Daily Egg Mass (gEgg/day) 0.4598 0.6265 0.6430 0.6403 0.8854 0.4187 

Feed Conv. (gEgg/gFeed) 0.2797 0.1923 0.8086 0.7644 0.3180 0.1785 
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Table 2. Treatment (egg color, supplements, color x supplement) effects on USDA grade and egg size distribution of hens 

kept in free range system from 623 up to 763 days (n=8). 

Color Effect 
P1 P2 P3 P4 P5 Overall 

W B W B W B W B W B W B 

Grade A (%) 95.61 96.44 94.04 98.03 96.95 95.50 95.45 100.0 96.38 96.36 95.69 97.26 

Grade B (%) 0.83 0.83 1.66 0.00 0.00 0.83 - - 1.66 0.83 0.83 0.50 

Loss (%) 3.33 3.33 5.83 1.66 2.50 4.16 1.66 0.00 0.83 3.33 2.83 2.50 

Extra Large (%) 95.71 91.76 95.65 93.07 94.60 89.64 68.05 94.31 98.00 94.48 90.40 92.55 

Large (%) 4.16 6.66 2.50 6.66 4.16 6.66 14.16 4.16 0.00 3.33 5.00 5.50 

Medium (%) - - - - 0.00 2.75 - - 2.00 0.96 0.40 0.74 

Primalac Effect 
P1 P2 P3 P4 P5 Overall 

P+ P - P + P - P + P - P + P - P + P - P + P - 

Grade A (%) 97.44 94.61 95.83 96.24 96.45 96.00 95.45 100.0 94.97 97.77 96.03 96.92 

Grade B (%) 0.00 1.66 0.83 0.83 0.00 0.83 - - 0.83 1.66 0.33 1.00 

Loss (%) 3.33 3.33 5.00 2.50 4.16 2.50 1.66 0.00 4.16 0.00 3.66 1.66 

Extra Large (%) 95.59 91.88 93.33 95.39 89.64 90.09 72.72 89.64 94.48 98.00 89.15 93.80 

Large (%) 3.33 7.50 5.00 4.16 5.83 5.00 10.83 7.50 3.33 0.00 5.66 4.83 

Medium (%) - - - - 2.75 0.00 - - 0.96 2.00 0.74 0.40 

Color x Primalac 
P1 P2 P3 P4 P5 Overall 

Color x Primalac Color x Primalac Color x Primalac Color x Primalac Color x Primalac Color x Primalac 

Grade A (%) 0.7615 0.7973 0.6879 0.3739 0.9817 0.4716 

Grade B (%) 1.000 1.000 0.3739 - 0.5946 0.4359 

Loss (%) 1.000 0.6186 0.4418 0.3739 0.5072 0.8088 

Extra Large (%) 0.7489 0.3701 0.2160 0.4899 0.0640 0.9743 

Large (%) 0.8568 0.1648 0.5655 0.6316 0.1161 0.5129 

Medium (%) - - 0.0647 - 0.2529 0.0558 
W= white strain; B= brown strain; P += with Primalac; P -= without Primalac ; a-bMeans with different superscripts are significantly different (P < 0.05). 
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Table 3. Treatment (egg color, supplements, color x supplement) effects on egg physical quality of hens kept in free range system 

from 623 up to 763 days (n=8). 

Color Effect 
P1 P2 P3 P4 P5 Overall 

W B W B W B W B W B W B 

Egg Weight (g) 68.26 67.11 66.82 67.30 65.64 66.43 66.82 68.06 65.73 67.84 66.67 67.35 

Albumen Height (mm) 6.74 6.28 6.96 6.44 7.15 6.66 7.37 a 5.72 b 7.28 a 5.77 b 7.10 a 6.17 b 

Haugh Unit 77.87 75.60 79.64 75.79 81.21 76.70 80.59 a 68.99 b 82.45 a 70.05 b 80.35 a 73.42 b 

Blood Spot (%) 0.041 0.166 0.000 b 0.375 a - - - - - - 0.008 b 0.108 a 

Meat Spot (%) - - 0.000 0.041 0.000 0.083 0.000 0.041 0.000 b 0.167 a 0.000 b 0.067 a 

Yolk Color (Roche Index) 5.41 5.12 5.87 5.54 6.04 5.87 5.08 5.04 5.20 5.04 5.52 5.32 

Shell Strength (N) 31.60 31.06 27.44 29.72 29.21 26.16 29.80 29.61 25.82 30.43 28.77 29.40 

Shell Elasticity (mm) 0.51 0.45 0.41 0.42 0.49 0.45 0.47 0.44 0.44 0.43 0.46 0.44 

Vitelline Strength (N) 0.026 0.026 0.025 0.023 0.021 0.024 0.018 0.019 0.018 b 0.020 a 0.021 0.022 

Vitelline Elasticity (mm) 5.24 4.62 5.15 a 4.14 b 5.48 5.64 5.18 5.25 5.12 4.58 5.40 a 4.68 b 

Primalac Effect 
P1 P2 P3 P4 P5 Overall 

P+ P - P + P - P + P - P + P - P + P - P + P - 

Egg Weight (g) 68.29 67.17 68.09 66.03 64.84 67.23 67.35 67.53 66.40 67.18 66.99 67.03 

Albumen Height (mm) 6.33 6.69 6.99 6.41 7.13 6.67 6.15 6.95 6.43 6.62 6.61 6.67 

Haugh Unit 75.01 78.46 79.92 75.50 80.74 77.17 73.00 76.58 75.91 76.58 76.92 76.86 

Blood Spot (%) 0.125 0.083 0.166 0.208 - - - - - - 0.058 0.058 

Meat Spot (%) - - 0.041 0.000 0.000 0.083 0.000 0.041 0.083 0.083 0.025 0.041 

Yolk Color (Roche Index) 5.20 5.33 5.29 b 6.12 a 5.87 6.04 5.12 5.00 5.37 4.87 5.37 5.47 

Shell Strength (N) 29.88 32.78 25.42 b 31.74 a 27.93 27.43 30.86 28.55 27.00 29.25 28.22 29.95 

Shell Elasticity (mm) 0.47 0.49 0.39 b 0.45 a 0.49 0.45 0.45 0.46 0.46 0.42 0.45 0.45 

Vitelline Strength (N) 0.027 0.026 0.024 0.023 0.025 a 0.020 b 0.019 0.017 0.020 0.018 0.023 0.021 

Vitelline Elasticity (mm) 5.13 4.73 4.66 4.63 6.08 a 5.04 b 5.86 a 4.58 b 5.28 a 4.42 b 5.23 a 4.85 b 

Color x Primalac 
P1 P2 P3 P4 P5 Overall 

Color x Primalac Color x Primalac Color x Primalac Color x Primalac Color x Primalac Color x Primalac 

Egg Weight (g) 0.6761 0.5963 0.0890 0.9044 0.1421 0.9862 

Albumen Height (mm) 0.0905 0.2887 0.6534 0.1387 0.1006 0.1583 

Haugh Unit 0.0837 0.2899 0.7636 0.3240 0.1814 0.2380 

Blood Spot (%) 0.6446 0.6873 - - - 0.5764 

Meat Spot (%) - 0.3228 01451 0.3228 1.0000 0.4677 

Yolk Color (Roche Index) 0.6349 0.7640 0.4321 0.1952 0.4262 0.1145 

Shell Strength (N) 0.9454 0.2902 0.8294 0.5709 0.6026 0.8246 

Shell Elasticity (mm) 0.7442 0.2124 0.9728 0.6223 0.8534 0.5381 

Vitelline Strength (N) 0.1040 0.5426 0.5137 0.3470 0.1279 0.3403 

Vitelline Elasticity (mm) 0.2080 0.0969 0.9422 0.0764 0.8397 0.0560 
W= white strain; B= brown strain; P += with Primalac; P -= without Primalac ; a-bMeans with different superscripts are significantly different (P < 0.05). 
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Table 4. Treatment (egg color, supplements, color x supplement) effects on egg nutrient composition of hens kept in free 

range system from 623 up to 763 days (n=8). 

Color Effect 
P1 P3 P5 Overall 

W B W B W B W B 

Vitamin D (IU/100g) 131.25 134.75 103.77 91.42 77.12 79.37 104.05 101.85 
Vitamin E (IU/100g) 2.73 2.59 1.91 2.36 3.52 4.43 2.70 3.13 

Total Fat (%) 8.22 7.66 8.87 7.73 7.99 7.35 8.36 7.58 
Saturated Fat (%) 2.71 2.42 2.94 2.41 2.51 2.22 2.72 2.35 

Monounsaturated Fat (%) 3.51 3.32 3.72 3.30 3.23 3.06 3.49 3.22 
Polyunsaturated Fat (%) 1.55 1.51 1.72 1.61 1.82 1.68 1.70 1.60 

Primalac Effect 
P1 P3 P5 Overall 

P+ P - P + P - P + P - P + P - 

Vitamin D (IU/100g) 125.50 140.50 89.12 106.07 84.05 72.45 99.55 106.34 
Vitamin E (IU/100g) 2.59 2.73 2.16 2.11 4.04 3.92 2.91 2.92 

Total Fat (%) 8.00 7.88 8.61 8.00 7.46 7.88 8.02 7.92 
Saturated Fat (%) 2.57 2.56 2.78 2.57 2.29 2.43 2.55 2.52 

Monounsaturated Fat (%) 3.44 3.39 3.61 3.41 3.07 3.21 3.37 3.34 
Polyunsaturated Fat (%) 1.56 1.51 1.75 1.58 1.69 1.81 1.67 1.63 

Color x Primalac 
P1 P3 P5 Overall 

Color x Primalac Color x Primalac Color x Primalac Color x Primalac 

Vitamin D (IU/100g) 0.7625 0.3666 0.2733 0.2476 
Vitamin E (IU/100g) 0.1947 0.8882 0.9222 0.7873 

Total Fat (%) 0.3108 0.4624 0.2201 0.0255* 
Saturated Fat (%) 0.3399 0.5410 0.2724 0.0494* 

Monounsaturated Fat (%) 0.3064 0.4204 0.1959 0.0213* 
Polyunsaturated Fat (%) 0.2798 0.4933 0.2344 0.0338* 

W= white strain; B= brown strain; P += with Primalac; P -= without Primalac ; a-bMeans different superscripts are significantly different (P < 0.05). 
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Table 5. Control and Primalac diet from period 1 trough period 5. 

 

 

 

 

 

 

 

 

 

Color Effect Units 

Diet 1 
P1, P2 

Diet 2 
P3, P4, P5 

Control 
Control + 
Primalac 

Control 
Control + 
Primalac 

Primalac % 0.00 0.15 0.00 0.15 

Protein % 16.5 16.5 16.0 16.0 

Fat % 3.7 3.7 4.0 3.99 

Fiber % 2.2 2.2 3.7 3.7 

ME/lb kcal 1290 1290 1212 1212 

Lys % 0.87 0.87 0.74 0.74 

Meth % 0.36 0.36 0.33 0.33 

M+C % 0.63 0.63 0.59 0.59 

Tryp % 0.185 0.185 0.169 0.169 

Thr % 0.62 0.62 0.569 0.569 

Ca % 3.95 3.95 3.80 3.80 

A. Phos % 0.35 0.35 0.425 0.425 

Na % 0.175 0.175 0.203 0.203 

CL % 0.21 0.21 0.204 0.204 

K % 0.74 0.74 0.759 0.757 

Choline mg/kg 1210 1210 696 650 

ME/kg kcal 2849 2849 2545 2544 
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Table 6. Replicate and cage dimensions. 

Treatment Population/rep Replicate # 
hens/ 

treatment 
Hut Dimension 

Paddock 

Dimension 

Porch 

Dimension 

Feeder 

Space 

PrimaLac
®

 50 2 white; 2 brown 100; 100 
60.9 x 50.8 cm  

(24x 20 in) 

18.3 x 18.3 m 

(60’x60’) 

3.04 x 4.6m 

(10’x15’) 
8.3 cm 

Control 50 2 white;2 brown 100; 100 
60.9 x 50.8 cm  

(24x 20 in) 

18.3 x 18.3 m 

(60’x60’) 

3.04 x 4.6m 

(10’x15’) 
8.3 cm 
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Figure 1. Interaction effect on strain color and DFM supplementation on Total Fat. 
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Figure 2. Interaction effect on strain color and DFM supplementation on Saturated Fat. 
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Figure 3. Interaction effect on strain color and DFM supplementation on Monounsaturated 

Fat. 
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Figure 4. Interaction effect on strain color and DFM supplementation on Polyunsaturated Fat. 
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CHAPTER V 

EFFECTS OF SEVEN HOUSING SYSTEMS ON TWO BROWN EGG STRAIN ON 

PRODUCTION, AND EGG QUALITY FROM 17 THROUGH 69 WKS OF AGE. 

 

SUMMARY 

Research associated on the impact of alternative production systems in layers is beginning to 

develop; however, direct comparisons of multiple production systems are rare. This study 

was conducted at the North Carolina Department of Agriculture and Consumer Services’ 

Piedmont Research Station Poultry Unit, utilizing 2 brown egg strains in the NC Layer 

Performance and Management Test. The performance and egg quality of the two strains were 

collected during the first cycle (17 to 69 wks).  The seven system consisted of Free Range 

(FR), Cage Free (CF), Enriched Colony System with a density of 445 cm
2
 and 890 cm

2
 (ECS 

69 and ECS 138), Enrichable Colony Cage 445 cm
2
 (EC 69), and Conventional Cage 445 

cm
2
 and 774 cm

2
 (CC 69 and CC 120). There were 2 replicates for each of system.  A total of 

1016 hens consisting of 508 Hy-Line Brown (HB) and 508 Hy-Line Silver Brown (HSB) 

were analyzed. Overall, hens kept on a more intensive system had higher hen-day production, 

lower feed consumption, lower mortality, and higher percentage of large and medium eggs 

than those in the extensive system. Hens kept on more extensive system had greater 

percentage of grade A, fewer loss, and fewer extra-large eggs.  
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DESCRIPTION OF THE PROBLEM 

Starting about the year 1930, egg production began shifting from free range system to more 

intensive systems to help control diseases and improve production efficiency. As producers 

strove to meet the increasing demand for affordable eggs, they switched to yet more intensive 

cage systems beginning about 1950, which consisted of confining laying hens in cages inside 

houses, thus controlling environmental effects and protecting their flocks from predators and 

parasites (Anderson, 2009). However, the trend towards more efficient intensive egg 

production systems began to be refined and changed with the UEP Animal Care standards 

(UEP, 2006).  Then in 2008, the California Proposition 2 (2008) in a referendum, vote 

ratified as law in 2010, restricted use of battery cages and required egg producers to offer 

hens the chance to lie down, freely turn around, extend their limbs, and stand up. The passage 

of Proposition 2 is forcing producers and poultry researchers to find alternative egg 

production systems that improve animal well-being and still maintain high egg production, 

production efficiency, and economic sustainability.  

The European Union (1999) approved the directive on animal welfare, which requires all 

conventional layer cages to be replaced by alternatives systems, such as cage free system, 

enriched colony cages, and free range, by 2012. Animal rights groups, requiring greater 

animal welfare, promoted changes of how animals are handled and housed.  Many people 

believe that eggs from hens kept in more “humane” conditions are healthier and of higher 

quality, but whether general public will pay more for these eggs is debatable.  Indeed, labor 

and other input costs increase significantly, as layer farms change their systems to more 

extensive ones.  Anderson (2014) reported that man-hour time investment increased 45% by 



 

88 

changing from a conventional cage to a cage-free system, but it increased 279% by changing 

from a conventional cage system to a free-range system. Further research and development 

work is necessary to optimize the cost and perceived welfare benefit of alternative systems to 

conventional cage systems. 

In the 1980s, research began in the European Union with the objectives of modifying cages 

to contain small groups of hens (Tauson, 2005). Although the European animal welfare 

directive banned conventional layer cages, they initially approved enriched colony cages for 

laying hens, which included nest areas, perches, litter area or sand bath, and increased height 

as compared to conventional cages (Appleby et al., 2002).  However, the ban on conventional 

cages (European Commission 1999) set for 2012 ultimately banned the use of enriched 

colony cages as well. 

In the U.S., comparisons between enriched colony cage and conventional cages has shown 

persistent fecal shedding of Salmonela Enteritidis after oral infection, whereas cage free birds 

exhibited a lower positive load (Gast et al., 2015). Neijat et al. (2011) showed birds in the 

enriched colony cage had better Ca and Phosphorus retention than hens kept in conventional 

cages, which was attributed to greater freedom of movement in colony cages. Improvement 

in bone mineral density and strength by movement exercise was also found by Hughes et al. 

(1993) to be associated with decreased Ca and P excretion, thus reducing environmental 

polution. Wall and Tauson (2007) observed mortality rate and percentage cracked and dirty 

eggs to be similar for hens kept in enriched colony cages or in conventional cages. 

Although free-range production may have apparently greater appeal to consumers because 

they give free access to outdoors, it may not be superior for animal welfare.  Anderson 
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(2009) showed a negative impact of free-range production on performance due to predation, 

and mortality rate was observed to be from 12.8 to 28.4 %.  In contrast, cage-free hens kept 

in a controlled environment are protected from outside pathogens, predators and 

environment. In comparison to a free-range system, hens in cage-free environments have 

better egg production and egg characteristics, with improved feed conversion, hen-day 

production, daily egg mass, lower mortality, higher Haugh unit, and higher percentage of 

grade A eggs (Golden et al., 2012). Hence, the objective of the present study was to 

determine if a more extensive or intensive system would impact on egg production and egg 

quality from two brown egg strains during 52 weeks. 

 

MATERIAL AND METHODS 

Husbandry Practices  

Two commercial strains were used for comparisons: the Hy-Line Brown and Hy-Line Silver 

Brown. Each strain was assigned to two replicates groups within each of the production 

systems. Hens were reared in the same environments to which they were placed during the 

laying period, in accordance with the 39th NCLP&MT rearing protocol (Anderson, 2014). 

During the rearing, the management was the same for both strains in each of their respective 

environments to facilitate optimal production throughout the test’s production cycle (39th 

NCLP&MT Grow Report, Vol.39, No. 2).  

Layer Housing and System Description 

The study was conducted from 17 to 69 wks of age and managed in accordance with the 39
th

 

North Carolina Layer Performance and Management Test (NCLP&MT) (Anderson, 2015). 



 

90 

There was a total of 480 Hy-Line Brown (HB) and 480 Hy-Line Silver Brown (HSB) with a 

total of 960 brown egg strains divided among seven systems (Table 4). They consisted of 

Free Range (FR), and Cage Free (CF), with a density of 1212 cm
2
 (188 in

2
); Enriched Colony 

Cage (ECS) with a density of 445 cm
2
 (69 in

2
) and 890 cm

2
 (138 in

2
) ECS 69 and ECS 138 

respectively, Enrichable Colony Cage 445 cm
2 

(69 in
2
) (EC 69), and Conventional Cage 445 

cm
2
 (69 in

2
) and 774 cm

2
 (120 in

2
) (CC 69 and CC 120). Each strain was represented in all 

systems with two replicates, and each replicates consisted of a total of hens as followed; FR 

and CF had 120 HB and 120 HSB each system, a total of 480 hens in those systems. The 

ECS 69 had 72 hens for each strain, a total of 144 hens. The ECS 138 had 36 hens for each 

strain, total of 72 hens. The EC 69 had 72 hens for each strain, total of 144 hens. The CC 69 

and CC 120 respectively had 56 and 32 for each strain, a total of 112 and 64 hens for those 

systems and a total of 1016 hens among systems.  The dimensions of the FR pens were 18.3 

m x 18.3 m (60’ x 60’), enclosed by a fence 1.8 m (6 ft) with the lower chain link section 

being 1.2 m (4 ft) high. The outside area (veranda area) was a 3.04 m x 4.6 m (10’x15’) 

shaded area that was uncovered soil. Each range hut measured 3.7 m x 2 m (12.1’ x 6.5’), 

providing 8 nipple drinkers inside each pen and 8 nipple drinkers outside (veranda area).  

Each hut had one feeder inside and a covered feeder outside, providing 8.3 cm of feeder 

space/hen. Density was based on a 720 hen/acre equivalent to 5.56 m
2
/hen (60 ft

2
/hen).  The 

hens were provided with a minimum of 1212 cm
2
/hen (188 in

2
) in the range hut pens, which 

had all slatted floors, provided 13 cm of roosting space/hen, and 1 nest/5 hen. For greater 

forage replenishment, each of the paddock was divided in half with a diagonal fence, 

providing 2.78 m
2
/hen (30 ft

2
/hen), and rotated every 4 wks.  One week prior to rotation the 
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paddocks were mowed to an approximate height of 15 cm (6 in.).  Hens had free access to the 

paddock area by a gate that allowed access to one half of the paddock at any point in time. 

Water and feed were supplied ad libitum at all ages throughout the life of the flock.   

The CF system was a remodeled high house with a slat-litter floor, and each pen provided a 

total of 80 in
2
/pen. The density was 188 in

2
 following the same rearing protocol as the caged 

hens. Feed and water space was arranged to meet UEP (2010) Guidelines for cage free and 

all other facilities. Roosts were used to teach hens how to use vertical space, improving their 

utilization of nest area. 

The ECS 69, ECS 138 and the EC 69 were maintained in the same house. The replicates 

contain either four 60.9 cm (24 in, EC 69) cages or a single 243.8 cm (96 in, ECS 69 and 

ECS 138) cage.  The 243.8 cm (96 in) cages were equipped with a nesting area of 60.9 x 22.9 

x 30.5 cm or 731.5 cm
2
 (24 x 19 x 12 in or 288 in

2
) and 2 roosts of 1.9 x 5.1 x 121.9 cm (¾ x 

2 x 48 in) positioned 7.6 cm (3 in) off the floor. The cages in both houses are 66.0 cm (26 in) 

deep.  

The conventional cage house was a standard-height, windowless, and enclosed force-

ventilated house.  Each replicate was divided in four 60.9 x 50.8 cm (24 x 20 in) cages.  Two 

stocking densities were evaluated: 125.3 cm
2
 (69 in

2
) per hen, consisting of 7 hens per cage 

for a total of 28 hens per replicate (CC 69); and 304.8 cm
2
 (120 in

2
) per hen, consisting of 4 

hens per cage for a total of 16 hens per replicate (CC 120).   

Egg Quality 

On the 3
rd

 week of each 28-day period, all eggs produced during the previous 24-hour period 

was examined by candling light and graded according to U.S.D.A. standards for egg quality, 
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weighed and sorted by size, as: extra-large, large, medium, small and pee wee. Percentages 

of eggs within each size category, average egg weight, and average egg mass (hen-housed 

and hen-day) was calculated and summarized (USDA, 2009). From 17 wks throughout 69 

wks (364 days), the eggs were then refrigerated and transported to the laboratory for further 

egg quality evaluation, including albumen height (mm) using the TSS QCH machine (TSS-

York, 2016), Haugh unit, yolk color (Roche index) using the TSS QCC machine, shell and 

membrane strength (N), and shell and membrane elasticity (mm) using the TA-XT Plus 

Texture Analyzer (TA-XTplus, 2016). At the beginning and end of each period, residual feed 

was weighed and together with weighed feed allocations during that period, feed 

consumption was calculated to factor with other production characteristics. 

Statistical Analyses 

All data was analyzed using PROC GLM in JMP® SAS Institute (2015) and Tukey HSD was 

used to separate using the least square means for the egg color strains, and housing system 

interaction. Student’s T test was used for others variables analyzed separately. The level of 

probability at which the null hypothesis was rejected for this study was set at P < 0.05. Cages 

were the experimental unit of this study. 

 

RESULTS AND DISCUSSION 

Production Parameters 

Strain Effects  

There were no significant effects between the Hy-Line Silver Brown and Hy-Line Brown in 

the seven systems with regard to most of the production parameters (Table 1). Hen-day 
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production, hen-housed production, daily egg mass, and feed conversion were not 

significantly different between the strains. However, the HB had a lower feed consumption 

by 3.36 g/bird/day compared to the HSB and 3.77% lower mortality compared to the HSB, 

which for producers looking for improvement on egg production is an advantage. 

Production Systems 

The effects of housing systems (FR, CF, ECS 69, ECS 138, EC 69, CC 69, and CC 120) on 

production parameters is shown in the Table 1. There were no significant differences 

identified of the housing system on hen-housed production, daily egg mass and feed 

conversion. However, as the hen housing evolved from intensive to a more extensive 

production system, hen-day (HD) production decreased significantly. The CC 120 had the 

highest HD production, 12.85% higher than FR, which had the lowest HD production 

percentage of all the systems. These findings contradicted those observed by Singh et al. 

(2009) when they compared a CC system to an equivalent to the CF system used in the 

present study, and found that the more intensive system had a lower hen-day production 

between 46 to 50 weeks of the flock age. Golden et al. (2012) reported that the CC hens had 

a greater HD production rate than the FR group. Feed consumption was lowest for hens in 

the CC 69 system and highest in the CF system. The higher consumption by the more 

extensive group is likely due to the greater requirement to compensate for the energy 

expenditure associated with the greater space and mobility.  This is similar to the density 

effects shown by Anderson (1993,1995), where the hens given the greatest floor space had 

the highest feed consumption. The mortality percentage of the FR and CC 69 was the lowest 

among all systems, while the CF system had the highest mortality rate.  Golden et al. (2012) 
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also found hens kept in a more intensive system had lower mortality. However, it is 

noteworthy that the lower mortality rate of the FR group in this study was due to the use of a 

net on top of the paddock area, which kept hens safe from possible predation. 

USDA Egg Size, and USDA Egg Grade 

Strain Effects 

USDA Egg Grade and percentage loss was not different between the Hy-Line Silver Brown 

and Hy-Line Brown as shown in the Table 2.  The HB had a significantly (P < 0.05) higher 

percentage of extra-large eggs than the HSB, consequently, the HSB showed a greater 

percentage of medium eggs.  This indicates a major shift in size from medium to extra-large 

in the HB as compared to the HSB, which had the greatest percentage of mediums. 

Production Systems 

The treatments effects on USDA egg size, and USDA egg grade is shown in the Table 2. No 

differences were identified in grade B among systems, with the highest percentage of grade 

A eggs observed in the FR and CF system, and the lowest were in the ECS 69 and ECS 138.  

In contrast, Golden et al. (2012) showed that hens kept in an intensive system (CC) had 

higher grade A percentage and fewer loss eggs. Interestingly, the more intensive systems had 

similar percentages of Grade A eggs as FR and CF systems. The percentage of loss eggs 

were significantly (P < 0.05) higher in the ECS 138 and the lowest in the FR, and CF.  The 

FR system showed a significantly (P < 0.05) greater percentage of extra-large egg in 

comparison to all the other systems, while CC 69, CC 120, ECS 69, ECS 138, and EC 69 

showed at least 14% less extra-large egg compared with the FR system. There appears to be a 

shift to larger egg sizes as the hens were exposed to more extensive systems. As expected, 
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the percentage of large and medium eggs in the CC 69, CC 120, ECS 69, ECS 138, and EC 

69 treatments were greater compared to the FR. As a consequence of the FR hens producing 

a higher percentage of extra-large eggs, the large and medium eggs were higher among the 

other groups that had fewer extra-large.  Even though Golden et al. (2012) observed no 

significant difference on extra-large eggs of hens kept in free-range with conventional cages, 

our findings were different from the USDA Egg Size distribution perspective.  Evidently, 

hens kept in an extensive production system in the present study showed large eggs and 

lower egg losses than hens kept in the more intensive groups. 

Egg Physical Quality 

Strain Effects 

The effects of Hy-Line Silver Brown and Hy-Line Brown kept in the 7 systems on egg 

physical quality are shown in Table 3. No difference was identified with regard to egg shell 

color. The HB had a significantly (P < 0.05) higher egg weight, which will result in eggs with 

superior albumen height and Haugh unit scores.  The HSB had higher (P<0.05) shell strength 

being 1.63 N higher than the HB, which could be related to the HB having the greater egg 

weight.  Interestingly, shell elasticity between the two strains was the same.  The vitelline 

strength and elasticity was higher (P<0.05) in the HB than the HSB. Overall, the HB 

exhibited more positives aspects on internal egg quality and a heavier egg, while the HSB 

presented a few good qualities.   

Production Systems  

The effect of the system (FR, CF, ECS 69, ECS 138, EC 69, CC 69, and CC 120) on 

egg physical quality are shown in the Table 3. The shell color reflectance in the FR group 
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had a lighter brown egg shell color than all the other systems, and the darkest egg shell was 

in the CF. Samiullah et al. (2014) compared CC and FR system and they observed similar 

results on shell reflectance as the present study. Egg weights were the heaviest in the most 

extensive environment (FR) being 1.26 g heavier (P < 0.05) than the CF eggs and eggs from 

both extensive systems were heavier than the eggs from their caged counterparts.  These 

findings are also supported by Singh et al. (2009) who compared cage free and conventional 

caged hens with the more extensive group that had a heavier egg weight. Ahammed et al. 

(2014) also reported that the extra space system had a heavier egg than a more intensive 

group. However, the albumen height and Haugh unit (Haugh unit is a correlation on egg 

weight and albumen height), were shown to be higher in eggs from CC 69 and the lowest in 

the EC 69 colony cage, which shares some of the environmental enrichments with the FR and 

CF groups.  Similarly, Samiullah et al. (2014) and Ahammed et al. (2014) showed that 

albumen height and Haugh unit in more intensive system was greater than the more extensive 

system. An interaction of strain X housing system on egg weight is shown on the figure 1, in 

which the Hy-Line Brown on free range, and cage free system show a heavier egg as 

compared to the others systems. A study conducted by Golden et al. (2012) reported results 

different from the present study on egg weight, in which no difference was shown. The eggs 

from FR had the darkest (P<0.05) yolk color as compared to the eggs from the CF hens, both 

being darker than the more intensive systems.  This appears to indicate that the forage and 

recycling of feed pigments alternatives in food source in the FR and CF influenced the yolk 

color in accordance with Ahammed et al. (2014) and in contrast with Samiullah et al. (2014). 

The shell strength and elasticity, with the CF group having a stronger (P < 0.05) and elastic 
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shell compared to the other more intensive groups, however EC 69 group did have 

comparable strength and elasticity, but the ECS 138 had the weakest shell and least elastic of 

all systems, that might be due more intensive exercise that transferred calcium to the skeleton 

other than to shell surface. Samilullah et al. (2014) and Ahammed et al. (2014) also reported 

similar results on shell strength as those in our study. When comparing vitelline membrane 

strength and elasticity, the higher and the lower group was the FR, and EC 69, respectively. 

Interaction of strain X housing system on shell egg color is shown in the figure 2, where the 

HSB in the free range system shows a more brownish egg shell compared to all systems.  The 

conventional system on both studies (Samilullah et al., and Ahammed et al. 2014), had a 

greater Haugh unit differing from our findings. They also did not find differences in vitelline 

membrane elasticity, while we found statistical difference between more extensive hens 

being greater than more intensive systems. 

 

CONCLUSION AND APPLICATIONS 

1. Hens kept in more intensive system had higher hen day production, lower feed 

consumption, lower mortality, and higher percentage of large and medium eggs. 

However, hens kept in more extensive system had greater percentage of grade A, 

lower loss, and extra-large eggs, followed by better overall egg internal and external 

quality. 

2. The HB strain showed an overall better production performance, USDA Egg Size, 

and internal egg quality than the HSB strain. 
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3. From a field perspective, producers that are seeking to improve production, internal 

and external egg quality while maintaining a good welfare of the animals, the present 

study can assist producers with the housing systems that they have available and 

guide which traits the would rather chose for improvements. 
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Table 1. Main effects of housing systems on Hy-Line Silver Brown and Hy-Line Brown on production parameters (n=28). 
 

a-cMeans ± Pooled SEM in a column with different superscripts are significantly different (P < 0.05). 

Commercial Cage=CC; Enrichable Cage=EC; Enriched Colony Housing System=ECS; Cage Free = CF; Free-Range = FR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 H-day Prod H-Housed Prod Feed Cons. Mortality Daily Egg Mass Feed Conv. 

Strain Effect (%) (%) (g/bird/day) (%) (g egg/day) (g egg/g feed) 

Hy-Line Silver Brown 82.76 82.03 109.08 
a
 5.85 

a
 48.82 0.449 

Hy-Line Brown 79.44 79.51 105.72 
b
 2.08 

b
 48.44 0.459 

SEM ±1.59 ±1.59 ±1.01 ±1.04 ±1.01 ±0.01 

System Effect       

FR 74.49
b
 79.29 107.37 

b
 0.78 

b
 47.27 0.461 

CF 80.57
ab

 80.37 117.56 
a
 8.84 

a
 49.93 0.424 

ECS 69 79.75
ab

 76.30 105.44 
b
 6.89 

ab
 46.75 0.438 

ECS 138 82.49
ab

 81.87 108.87 
b
 2.73 

ab
 48.69 0.445 

EC 69 81.04
ab

 79.33 105.08 
bc

 5.07 
ab

 47.67 0.450 

CC 69 82.03
ab

 81.93 97.32 
c
 0.91 

b
 48.20 0.490 

CC 120 87.34
a
 86.30 110.14 

ab
 3.12 

ab
 51.89 0.473 

SEM ±2.98 ±2.99 ±1.90 ±1.95 ±1.89 ±0.02 

Strain x System  0.9557 0.9592 0.0627 0.6758 0.9266 0.8318 
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Table 2. Main effects of housing system on Hy-Line Silver Brown and Hy-Line Brown on USDA grade and egg size 

distribution (n=28). 

a-cMeans ± Pooled in a column with different superscripts are significantly different (P < 0.05). 

Commercial Cage=CC; Enrichable Cage=EC; Enriched Colony Housing System=ECS; Cage Free = CF; Free-Range = FR 
 

 

 

 

 

 

 

 

 

 

 

 

 Grade A Grade B Loss Extra  Large Medium Small PeeWee 

Strain Effect (%) (%) (%) (%) (%) (%) (%) (%) 

Hy-Line Silver 

Brown 
95.66 0.23 3.00 49.29 

b
 30.87 14.74 

a
 3.77 0.19 

Hy-Line Brown 95.88 0.23 3.87 59.85 
a
 28.01 9.10 

b
 2.88 0.13 

SEM ±0.67 ±0.08 ±0.42 ±2.15 ±1.43 ±1.19 ±0.99 ±0.16 

System Effect         

FR 99.03 
a
 0.19 0.77 

c
 72.07 

a
 18.66 

c
 5.77

 b
 3.48 - 

CF 98.07 
a
 0.12 1.79 

c
 68.81 

ab
 21.25 

bc
 5.76 

b
 4.16 - 

ECS 69 92.23 
b
 0.10 5.73 

ab
 46.88 

c
 32.73 

a
 15.90 

a
 2.55 - 

ECS 138 92.38 
b
 0.56 7.04 

a
 46.19 

c
 32.73 

a
 13.44 

ab
 4.62 1.04 

EC 69 97.04 
ab

 0.19 2.76 
bc

 48.71 
c
 31.40 

ab
 16.50 

a
 3.37 - 

CC 69 97.04 
ab

 0.33 2.61 
bc

 45.38 
c
 35.97 

a
 15.56 

a
 3.07 - 

CC 120 94.60 
ab

 0.11 3.35 
bc

 53.98 
bc

 31.41 
ab

 10.51 
ab

 2.02 0.13 

SEM ±1.27 ±0.15 ±0.79 ±4.02 ±2.68 ±2.23 ±1.86 ±0.30 

Strain x System  0.9632 0.9620 0.6543 0.8854 0.3939 0.5224 0.8962 0.9594 
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Table 3. Main effects of housing system on Hy-Line Silver Brown and Hy-Line Brown on egg physical quality (n=28). 

 

a-cMeans ± Pooled in a column with different superscripts are significantly different (P < 0.05). 

Commercial Cage=CC; Enrichable Cage=EC; Enriched Colony Housing System=ECS; Cage Free = CF; Free-Range = FR 
1
The higher the number indicates a lighter color egg shell 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Shell Color
1 Egg 

Weight 

Albumen 

Height 

Haugh 

Unit 

Yolk 

Color 

Shell 

Strength 

Shell 

Elasticity 

Vit. 

Strength 

Vit. 

Elasticity 

Strain Effect (Reflectance) (g) (mm)  
(Roche 

Index) 

(N) (mm) (N/mm
2
) (mm) 

Hy-Line Silver Brown 27.65 59.90 
b
 8.17 

b
 89.23 

b
 4.37 

a
 46.76 

a
 0.56 0.0219 

b
 4.84 

b
 

Hy-Line Brown 27.15 61.61 
a
 8.91 

a
 92.85 

a
 4.20 

b
 45.13 

b
 0.56 0.0234 

a
 5.09 

a
 

SEM ±0.20 ±0.14 ±0.06 ±0.30 ±0.03 ±0.36 ±0.006 ±0.0002 ±0.04 

System Effect          

FR 30.86 
a
 63.88 

a
 8.63 

ab
 90.24 

b
 5.49 

a
 47.15 

abc
 0.58 

ab
 0.0248 

a
 5.35 

a
 

CF 25.36 
d
 62.62 

b
 8.58 

ab
 90.77 

ab
 4.76 

b
 49.31 

a
 0.60 

a
 0.0225 

b
 4.99 

bc
 

ECS 69 28.00 
bc

 59.87 
c
 8.42 

ab
 90.85 

ab
 3.94 

c
 45.52 

bc
 0.56 

abc
 0.0214 

b
 4.86 

bc
 

ECS 138 26.26 
d
 59.96 

c
 8.42 

ab
 90.87 

ab
 3.83 

c
 42.14 

d
 0.53

 c
 0.0221 

b
 4.90 

bc
 

EC 69 28.51 
b
 59.42 

c
 8.35 

b
 90.25 

b
 4.03 

c
 47.82 

ab
 0.58 

ab
 0.0224 

b
 4.74 

c
 

CC 69 26.09 
d
 59.32 

c
 8.81 

a
 92.88 

a
 3.92 

c
 45.07 

bc
 0.54 

bc
 0.0226 

b
 4.84 

bc
 

CC 120 26.72 
cd

 60.24 
c
 8.55 

ab
 91.43 

ab
 4.04 

c
 44.60 

cd
 0.53 

bc
 0.0229 

b
 5.10 

ab
 

SEM ±0.38 ±0.26 ±0.10 ±0.57 ±0.06 ±0.7 ±0.01 ±0.0004 ±0.09 

Strain x System  <.0001* <.0002* 0.2644 0.5325 0.3124 0.4141 0.6068 0.3395 0.6129 
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Table 4. Replicate and cage dimensions. 

 

 

 

 

 

 

 

 

 

 

System Population/rep Density Replicate # 
hens/ 

treatment 

FR 60 188 in
2
 2 HB, 2 HSB 120; 120 

CF 60 188 in
2
 2 HB, 2 HSB 120; 120 

ECS 69 18 69 in
2
 2 HB, 2 HSB 36; 36 

ECS 138 36 138 in
2
 2 HB, 2 HSB 72; 72 

EC 69 36 69 in
2
 2 HB, 2 HSB 72; 72 

CC 69 28 69 in
2
 2 HB, 2 HSB 56; 56 

CC 120 16 120 in
2
 2 HB, 2 HSB 32; 32 
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Figure 1. Interaction of the main effects of housing systems on Hy-Line Silver Brown and 

Hy-Line Brown on egg weight. 
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Figure 2. Interaction of the main effects of 7 housing systems on Hy-Line Silver Brown and 

Hy-Line Brown on shell color.
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CHAPTER VI 

Final Conclusions 

The egg industry is under a constant pressure since the past two decades’ due 

requirements from consumers and legislators that are requiring eggs that come from animals 

raised under a humane and sustainable system. Therefore, to achieve such requirements, they 

are seeking for alternatives which could offer such demand. Because the European Union has 

a major influence in the world market, their development and research on alternative housing 

systems is strongly reflecting in the United States and in other continents. 

The objective of this thesis was through a highly complex and unique housing system 

anywhere in the United States with several breeds currently available in the U.S. egg 

industry, evaluate egg quality in general, which was the common comparison throughout the 

whole studies conducted, and production parameters under different housing systems, varied 

densities, induced molt, and finally addition of probiotics which could affect commercial egg 

strains during an average period of 17 to 52 weeks of age. 

In the second chapter, white egg strains demonstrated superior egg physical quality, 

and production parameters when reared in an enriched colony cage. Hens maintained at 

lower stocking density even though demonstrated superior production parameters, shown 

significant decrease on egg physical quality. For the industry, this can be a useful tool for 

selecting breeds with superior egg quality and better performance under a denser system to 

improve production and keep egg physical quality to attend a highly demanding consumer. 

Future research should focus more on stress hormones which can influence egg qualities for a 
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more precise and rich results that would improve even more the adequacy in regard to the 

industry to increase production and improve egg quality.    

In the third chapter, during the prior molting period overall brown and white egg 

strains in conventional cages had equivalent physical egg quality. Birds in lower density 

groups, was able to produce bigger eggs, and keep a balanced internal egg quality. In the post 

molt period, overall white egg strains had superior physical egg quality. To a complete molt, 

white egg strains are able to go under a molt faster compared to the brown egg strain, 

explaining the reason which they had superior egg quality compared to brown egg strain. The 

industry could take advantage by exploring breed crosses to reduce time of molt recovery. 

For further research, induce molt in an enriched colony system with different densities, and 

analyzing stress hormones, would be interesting to collect information in regard of animal’s 

behavior and egg quality and production parameters. 

In the fourth chapter, at a late stage of free range simulating back yard flock hens 

offered the PrimaLac
®

 showed superior production characteristics, and equal egg quality 

parameters. With that, allows a more detailed information to the industry, that can prolong 

free range flock production with a profitable margin keeping production even though with a 

simpler diet. For further research, would be interesting introduce the probiotic in earlier 

stages to and in different housing systems for comparison of the present results. 

In the fifth chapter, the Hy-Line Brown presented superior results on production 

characteristics and internal egg quality overall. Hens confined in a more intensive housing 

system showed superior results on production characteristics while hens in a more extensive 

housing system shown superior internal egg quality. This allow to show to consumers and 
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legislations that if we think hens in a more extensive system would be better, the present 

study shows traces that this might not be completely true. Hens exposed to a more extensive 

system, would share of more space and therefore fight to conquer a position in the flock. This 

process would cause stress that would impact on production. This study allows the industry 

to analyze housing systems from another perspective, to which they would be able to select 

specific breeds with lower stress levels to fit in more extensive system and try negotiate with 

legislators some inputs that would improve hens a more humane rearing. For further 

research, assessment of different stressor hormone levels, and general behavior would be a 

great addition for the present result shared in the chapter. 

Overall this present thesis allowed to show that consumers need to be exposed for a 

more explained and detailed how housing production systems can impact on the behavior and 

wellbeing of hens and therefore impact on egg production. The more intensive system, 

assuming that is the conventional cages, still shows to be more sustainable for hens (higher 

disease control, more environment efficient by controlling emissions and manure, and more 

productive and therefore profitable). Relies now on the industry how to proper expose these 

results without affecting the consumer and legislator’s idea of a perfect rearing housing for 

hens.  


