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Simple Summary: The poultry industry is considered relevant to global food security. Eggs and
chicken meat remain a crucial, essential source of human nutrition. Currently, consumers of animal-
origin food products are concerned about animal welfare in intensive production systems, the harmful
effects on animal health, and the quality and safety of products; the conventional cage (CC) housing
system is one of the most common egg production systems in several countries. This study compared
the egg quality parameters produced by laying hens in two egg housing systems, CC and Cage Free
(CF), under commercial conditions up to the 82nd week (wk) in the Andean tropics. The results
suggest that the conditions of the housing systems evaluated can affect internal and external egg
quality parameters.

Abstract: Egg consumers worldwide have increased their concerns about laying hens” welfare and
its impact on final egg product quality. This study compared the egg quality parameters under the
conventional cage (CC) and cage-free (CF) egg production systems in the tropics. The study was
conducted on a commercial farm in Colombia using Hy-Line Brown pullets, reared under the same
conditions for the first 15 wks. At 16 wks, the hens were distributed into two housing systems, CC
and CF, on the same farm. The hens were fed the same diet for each phase in both systems and feed
intake varied slightly. Egg samples were collected every six wks, from 22 to 82 wks of age. A total
of 3960 eggs were analyzed at 11 sampling times. Parameters such as albumen height, egg weight,
yolk color, eggshell thickness, eggshell strength, and Haugh units were determined using a DET-6000
machine. At 22 and 82 wks, screening for Salmonella spp. status was conducted using environmental
and egg samples. Additionally, at 34, 64, and 82 wks, yolk samples were obtained for fatty acid
profiles and crude protein (CP) analysis. The data were analyzed in a completely randomized block
design with repeated measures (11 times): mean separation by Student’s ¢-test yolk pigmentation,
Haugh Units, and albumen height (p < 0.001) were higher in the CF compared with the CC between
38 and 69 wks of age, and eggs at 63 and 82 wks (p < 0.05) were heavier in the CF compared to the
CC. Likewise, eggs from the CC had better eggshell strength from 57 to 82 wks. In the egg yolk
fatty acid profile at the 34th wk, the pentadecanoic, palmitic, and heptadecanoic acids had higher
concentrations in the CF systems than the CC. At the 64th wk, the egg yolk fatty acids—lauric,
myristic, and heptadecanoic—had higher concentrations in the CF; likewise, at the 82nd wk, egg
yolks from the CC had higher concentrations of lauric, heptadecanoic, and nervonic fatty acids than
the CF. The eggs and environmental samples were negative for Salmonella spp. throughout the whole
production phase. These results indicated that the production system might impact internal and
external egg quality measures, potentially due to various stressors, including environmental factors
or behavior restrictions.
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1. Introduction

The table egg industry is already considered a relevant and sustainable food produc-
tion system [1]. It continues to play an increasing role in global food security, given its
ability to supply affordable, high nutritional value protein and essential micronutrients for
the human population [2,3]. However, providing high-quality food for the increasing world
population and improving the efficiency of protein production sustainably is a challenge for
animal agriculture [3]. Therefore, in response to population growth and living standards,
the poultry sector has increased its production systems to supply global food demand [4].
Notwithstanding, the conventional cage (CC) housing system is one of the most common,
which allows enhanced egg production with high hen populations housed in small areas,
and it represents 90% of global egg production [5-7].

Nevertheless, the CC system has been questioned due to the restriction of move-
ment that limits natural behaviors and increases cloaca pecking, aggression, and plumage
damage, which can generate changes in the transcription of genes related to productivity,
immunity, and metabolism [8,9]. Currently, consumers of poultry products are increasingly
aware of the egg production systems and have strong opinions on hen welfare [10]. There-
fore, to guarantee the welfare of their hens, some producers are changing to a cage-free (CF)
system with conditions perceived as being better for animal welfare, which now represents
10% of egg production globally and is rapidly expanding [7].

In poultry production, birds can be susceptible to diverse stressors, including adverse
environments, transportation, and infection, among others [11]. The deleterious effect
of stress on egg quality includes a decrease in egg weight, shell thickness, yolk weight,
and low albumen weight, possibly due to the reduction in feed intake, changes in gene
expression, and other neuroendocrine responses in birds [11-14]. Housing systems can
impact all these factors, and considerable research has been developed in the past 30 years to
evaluate its effects on egg quality. However, controversial results have been found among
studies evaluating the effects of egg production systems on egg quality, performance,
foot injuries, and feather scores between hens housed in CC, enriched cages, and non-
restrictive production systems. These differences could be due to a lack of standardization
in the methodologies [15-18]. Nevertheless, several factors can influence egg quality,
such as the genetics and age of the laying hen, the season or prevalent environmental
conditions, nutrition, and health conditions. Some authors suggest that all factors should
be studied simultaneously to verify the effect of different housing systems under the same
experimental conditions and understand how each will influence egg quality [15]. However,
such a study remains a major methodological challenge.

However, the housing, hen and egg management, and environmental conditions in the
tropical Andes differ from European, North American, and Brazilian production systems.
For example, since the weather in the Andean Tropics is not as severe as in Europe or North
America, no poultry company invests in total environmental control or complete wall
and ceiling thermal insulation. Flock body weight gain is controlled more frequently, and
grading selection by weight is more common in the Andean region than in other countries
where labor is more expensive. Eggs are not washed or refrigerated in the Andean region
as in other countries. Consequently, research under these conditions is needed to quantify
the impact of these housing systems on egg quality.

This research compared the internal and external egg quality, including fatty acids
and protein in yolk, from hens housed in two egg production systems, CC and CF housing
systems, until the 82nd wk, and the possible effect of the egg production system on the
presence of Salmonella spp.
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2. Materials and Methods
2.1. Study Population and Sample Collection

The study was conducted on a commercial farm located in Ibague city, department
of Tolima, in the central area of Colombia, between 02°52'59” and 05°19’59" north lat-
itude, and 74°24'18" and 76°06'23" west longitude, at 1250 m above sea level, with an
average temperature of 25°C. The Tolima district is located between the central and eastern
mountains of the Colombian Andes.

Under commercial conditions, 60,000 one-day-old Hy-Line Brown pullets were placed
in cages (Modular Manure Belt Brood Grow) with an area of 76.22 x 66.05 m and a
density of 16 pullets/cage (315 cm? /bird). The pullets were reared with the same sanitary
conditions, management, and feed program up to 15 wks of age. Later, the same pullets
were transferred into two different housing systems, CC and CF, on the same farm, up to
82 wks of age. A total of 45,000 hens were housed in a CC system in a pyramidal multi-deck
battery of vertical cages in Californian-type facilities (40 x 40 x 40 cm). Each battery had
four floors, nipple drinkers, and the house had a cooling panel ventilation system. In this
house, we placed four hens per cage (450 cm? /hen).

For this study, 720 hens were evaluated in 15 replicates of 12 cages each (48 birds/replica)
for a total of 180 cages assessed in the CC system. The CF system evaluated was an aviary
type; it had a deep litter floor using rice husks in conventional houses, open sheds (mesh-
sided), and natural ventilation (wind only). Each house had communal nest boxes, which
are wooden structures with two levels, each level with 10 nests, measuring 40 cm x 40 cm
x 40 cm (5 hens/nest), with a 4 m perch per level. The 14,850 hens were distributed in two
poultry houses with a density of 1111 cm? /bird. These poultry houses were divided into
15 rooms and used as replicas for the CF system, each replica with 990 hens/room. Water
and feed were offered, and a lighting program of 14L:10D was used.

The environmental temperature and humidity were recorded hourly using a Hobo data
logger (Onset Corp., Cape Cod, MA, USA) for 26 wks (24 h/7 days), obtaining 10,145 data
points. Temperatures varied slightly, with a CF mean and SD of 24.45 £ 2.80 °C and CC
mean of 24.74 2.81 °C. The humidity varied by 7% between production systems throughout
the study. The diets were formulated based on the recommendations of the Hy-Line Brown
Layer Management Guidelines (Table 1), and the hens were fed the same diet in both
systems. However, the feed intake varied slightly between the treatments, and 720 hens
(48 birds/replicate) were weighed per production system each wk and showed statistical
differences (Table 2). Health and nutritional management were carried out according to the
poultry company policies.

Table 1. Composition of laying hens diets used to the commercial company, based Hy-Line Brown guide.

Diet Composition Peaking Layer 2 Layer 3 Layer 4 Layer 5

Crude protein (g/day) 17 16.7 16 15.5 15
Metabolizable energy (kcal /bird/day) 320 325 310 305 305
Lysine (mg/day) 830 810 790 770 750
Methionine (mg/day) 415 405 395 385 375
Methionine + cysteine (mg/day) 746 728 710 692 673
Threonine (mg/day) 574 560 546 532 518

Ca (g/day) 3.8 4.00 42 44 46

P (mg/day) 438 419 384 355 331
P (digestible) (mg/day) 396 376 347 321 300
Na (mg/day) 180 180 180 180 180

Cl (mg/day) 180 180 180 180 180
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Table 2. Feed intake and body weight (mean 4+ SEM) from hens housed in CC and CF egg production
systems at 11 sampling times.

Feed Intake Mean (g/day) p-Value Body Weight (g) p-Value
Age/Hens
(Weeks) CcC CF CC CF

20 100.1+1.7 98.7 £ 0.4 0.0701 1822 £5.84 1690 £ 4.6 <0.0001
26 113.5+0.0 1202 +0.1 <0.0001 1961 £ 5.64 1812 £4.3 <0.0001
32 114 £ 0.0 1193 £0.1 <0.0001 1979 £ 6.13 1870 +£4.3 <0.0001
38 111.6 £0.1 119.1 £ 0.3 <0.0001 1929 £ 6.0 1868 + 4.7 <0.0001
44 112.1+0.0 1203+ 0.2 <0.0001 1921 £5.7 1890 £ 4.4 <0.0001
50 112.7 £ 0.0 118.6 = 0.0 <0.0001 1962 £ 6.6 1864 £ 5.0 <0.0001
57 113.4+0.0 114.8 0.9 >0.9999 1954 £7.2 1846 £5.3 <0.0001
64 114 £ 0.0 1176 £1.1 0.0565 1973 £6.2 1925 £ 4.8 <0.0001
69 1121 £0.0 1189 £ 0.5 <0.0001 1976 £7.0 1918 £ 4.7 <0.0001
76 105.8 + 0.0 113.5+2.0 0.0182 2029 +7.2 1926 £5.8 <0.0001
82 111.1+0.1 1149 £ 0.6 0.0023 1996 £ 6.8 1931 £7.3 <0.0001

2.2. Egg Quality Measurement

Egg quality samples were collected approximately every six wks, from the 22nd to
82nd wks of age. In the CC system, one egg per cage, twelve per replicate, from fifteen
replicates for a total of 180 eggs were collected in each wk sampled. Twelve eggs per room
from fifteen replicates were obtained in the CF system for a total of 180 eggs evaluated in
the CF system. Therefore, 360 eggs were obtained to assess egg quality in both production
systems every six wks. The egg quality assessment was performed using a DET 6000 digital
egg tester (Nabel Co. Ltd., Kyoto, Japan). The eggs were weighed (g) and cracked. Then,
albumen height (mm), yolk color (Yolk Fan™, color score: 1-16), eggshell thickness (mm),
and eggshell strength (kgf) were determined, and Haugh units were calculated utilizing
HU formula HU =100 x log (h — 1.7w%% + 7.6). HU: Haugh unit; h: albumen height
(millimeters); w: egg weight (grams) [19].

2.3. Yolk Fatty Acid Analysis

Eggs collected from hens at 34, 64, and 82 wks of age were taken for fatty acid analysis.
Two pools of five egg yolks from each wk (100 g) were taken for FA analyses.

The fatty acid analysis was conducted by obtaining and quantifying the methyl ester
using gas chromatography with flame-ionization detection ((GC-FID) AT 6890N gas chro-
matograph (Agilent Technologies, Palo Alto, CA, USA)) following the methods according
to [20,21]. The reference standard was AccuStandard, Inc.’s 37 Component FAME Mix
(125 Market Street, New Haven, CT 06513, Cat. No. FAMQ-005). DB-23 (J & W Scientific,
Folsom, CA, USA) [50%-cyanopropyl-poly (methylsiloxane), 60 m x 0.25 mm x 0.25 pm]
was the column utilized in the analysis. The injection was performed in split mode (50:1)
(Viny =2 puL).

2.4. Yolk Protein Analysis

Egg yolk pools (five yolks) at 34, 64, and 82 wks were analyzed for total nitrogen
content using the Kjeldahl method, and the conversion factor from nitrogen to protein
was 6.25. Ash content was determined by holding samples at 550 °C for 8 h, and pH was
measured by a glass electrode using a 1:2 (egg:water) ratio.

2.5. Salmonella Flock Status

Considering the zoonotic importance of the Salmonella status of a layer flock and
the impact on egg quality, only this microbiological parameter was evaluated. At 22 and
82 wks, the presence of Salmonella spp. in the flocks and eggs was determined using CC
and CF systems with environmental samples (cage, egg belt, boot-swabs) in the CC and
egg samples (nest surface, perch, boot-swabs, wire mesh) in the CF. For environmental
samples, two boot and two surface swabs from each production system were collected in
sterile bags (Nasco®, Fort Atkinson, WI, USA).



Animals 2024, 14, 168

50f13

Additionally, three eggs were pooled for every sampling time for each of the 15 repli-
cates (15 pools from 45 eggs) per production system. Their egg content and eggshells
were analyzed independently using bacteriological procedures. Samples obtained were
processed in the Veterinary Diagnostic Laboratory of the University of Tolima for micro-
biological culture to isolate Salmonella spp. by specific standard procedures. Briefly, the
environmental swabs were mixed with 25 mL of buffered peptone water (BPW), and the
shells of three eggs of each of 15 replicates (pools) per production system were mixed with
250 mL of BPW in a Stomacher bag; the eggs’ contents were homogenized for 1 min and
mixed with BPW at a 1:1 ratio. Environmental, eggshell, and egg content samples were
incubated at 37 °C £ 1 °C for 24 h. Then, in the pre-enrichment step, 0.1 mL of medium
was inoculated into 10 mL of Rappaport Vassiliadis broth (Oxoid, Basingstoke, Hampshire,
UK) and incubated at 41.5 °C &+ 1.0 °C for 24 h. Then, 0.1 mL of a second aliquot of the
pre-enriched medium was inoculated into 10 mL of tetrathionate broth (Oxoid, Basingstoke,
Hampshire, UK) and incubated for 24 h at 37 °C £ 1 °C. Later, an aliquot of the tetrathionate
and Rappaport Vassiliadis cultures was inoculated into xylose lysine deoxycholate and
MacConkey and incubated at 37 °C £ 1.0 °C for 24-48 h [22,23].

2.6. Statistical Analysis

The data were analyzed for descriptive statistics in a completely randomized block
design with repeated measures and mean separation by Student’s t-test using GraphPad
Prism v10 for MacOS software (LaJolla, CA, USA). The experimental units were 15 replicates
per production system. In the CC, there were 12 cages of 4 hens each for each of the
15 replicates. At the same time, the CF had 15 rooms located in two houses, each with
990 hens and similar housing density. Subsamples of these replicates were averaged before
statistical analysis. In all cases, p < 0.05 was considered statistically significant.

3. Results
3.1. Egg Quality
3.1.1. Egg Weight

A total of 3960 eggs were analyzed at 20, 26, 32, 38, 44, 50, 57, 63, 69, 76, and 82 wks of
age (11 sampling times). For the eggshell quality measurements, differences in egg weight
were observed at the 20th (p < 0.01) and 26th wks (p < 0.05). The eggs from hens housed in
the CC were heavier than in the CF system. At the 38th, 63rd, and 83rd wks, the eggs from
hens in the CF system were heavier than eggs from the CC (p < 0.01), respectively (Figure 1A).
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Figure 1. Comparison of egg weight (A), albumen height (B), yolk pigmentation (C), and Haugh units
(D) from conventional cage (CC) and cage-free (CF) housing systems collected from 20 to 82 wks
of age. The data are presented as the means + SEM (n = 180/system/week). * p < 0.05; ** p < 0.01;
*** p < 0.001 (Student’s t-test).



Animals 2024, 14, 168

6 of 13

3.1.2. Internal Quality

In the same way, at 20 wks of age, albumen height was higher in eggs produced from
hens housed in the CC system (p < 0.01). But, from wk 38 up to the 69th wk, the albumen
height was higher in the eggs produced in the CF than the CC (p < 0.05 and p < 0.001)
(Figure 1B). Similar results were obtained in yolk pigmentation. Eggs produced in the
CC showed a higher pigmentation only at the 20th and 76th wks in the CC (p < 0.001).
Nevertheless, eggs from hens housed in the CF system exhibited a higher yolk pigmentation
than the CC (p < 0.01) at 26, 38, 50, 63, 69, and 82 wks.

The Haugh unit index in eggs from the CF system was higher in most wks sampled
compared with the CC. At 26, and from 38 up to 69 wks of age (p < 0.001), the Haugh units
significantly decreased with the increasing age of laying hens. Likewise, eggs from the CC
had better eggshell strength at 57 to 82 wks.

3.1.3. External Quality

The evaluation of eggshell-breaking strength indicated that eggs were more resistant
to rupture in the CC than in the CF (p < 0.05). Still, similar results were observed at wks
32, 38, 44, and 50. The eggshell thickness showed differences (p < 0.001) at 32, 69, 76,
and 82 wks (Figure 2), but they were variable between the two production systems. The
significant drop in eggshell thickness at week 69 could be due to a heat wave that caused
more heat stress in this housing system. The CF system was not a controlled environment,
and in weeks 68 and 69 these hens suffered heat stress, evidenced by a higher temperature
and humidity index in the CF system than in the CC. Heat stress increases panting, causing
alterations in the acid-base balance and consequently reducing eggshell mineralization.
This effect was not observed seven weeks later in the subsequent sampling at 76 weeks of
age, and the eggshell mineralization was better.
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Figure 2. Comparison of eggshell resistance (A) and eggshell thickness (B) from conventional cage
(CC) and cage-free (CF) housing systems of experimental 20-82nd-week data are presented as the
means £ SEM (n = 180/system/week). * p < 0.05; ** p < 0.01; *** p < 0.001 (Student’s t-test).

3.2. Yolk Fatty Acid Analysis

In the 34th wk, the concentration of saturated fatty acids in yolk samples differed
(p < 0.001) between the two systems. Pentadecanoic, palmitic, and heptadecanoic acids had
a higher concentration in egg yolks from the CF systems than the CC. However, stearic acid
had a higher concentration in the CC systems than the CF (Table 3). The concentrations
of polyunsaturated fatty acids (PUFAs), linoleic, linolenic, g-linolenic, eicosenoic, eicoisa-
dienoic, eicosatrienoic, arachidonic, and docosahexaenoic acids, were higher in the egg
yolks in the CF system than the CC (Figures 3 and 4). At the 64th wk, the lauric, myristic,
and heptadecanoic acids had higher concentrations in egg yolks in the CF systems. Still,
stearic and palmitic acids were higher in the eggs from the CC. Palmitoleic and oleic acids,
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which are monounsaturated fatty acids, at the 64th wk showed a higher concentration in the
CC. Still, the eicosenoic acid concentration was higher in the eggs from the CF system than
in the CC, likewise, the linoleic and eicosatrienoic PUFAs. At the 82nd wk, egg yolks from
hens housed in the CC had higher concentrations of lauric, heptadecanoic, and nervonic
fatty acids than the CF (Table 3).

Table 3. Comparison of the saturated and polyunsaturated fatty acid concentrations (mg/100 g) in
egg yolks at 34, 64, and 82 weeks from hens housed under the CC and CF. Data are presented as the
means £ SEM (n = 5 pools/system/week).

Fatty Acid Week CF cc p-Value
Pentadecanoic acid C15:0 34 18.83 +£ 04 14.83 + 04 <0.0001
Palmitic acid C16:0 34 7326.5 + 175.8 6829 + 121.5 0.0422
Linoleic acid C18:2n6¢ 34 4766 + 28.6 3909.83 + 159.5 0.0032
g-Linolenic acid C18:3n6 34 533 £0.2 4+0.0 0.0015
Linolenic acid C18:3n3 34 106.33 £ 1.4 80.33 £ 2.3 <0.0001
Eicosenoic acid C20:1n9 34 78.83 3.6 68.83 = 1.4 0.0297
Eicosadienoic acid C20:2n6 34 705+ 1.9 56.33 £ 1.5 0.0002
Eicosatrienoic acid C20:3n6 34 62.17 £ 3.01 5217 £ 2.1 0.218
Arachidonic acid C20:4n6 34 738.17 + 31.7 594 + 16.1 0.0023
Docosahexaenoic acid C22:6n3 34 24233 + 6.9 1735+ 4.1 <0.0001
Lignoceric acid C24:0 34 6.83 £+ 0.47 55.0+0.2 0.0299
Lauric acid C12:0 64 13.17 £ 0.3 6.33 £0.2 <0.0001
Myristic acid C14:0 64 166.5 £ 3.5 135.67 £2.3 <0.0001
Palmitic acid C16:0 64 6932.5 + 68.6 7141.17 + 30.1 0.0194
Palmitoleic acid Clé6:1 64 619.7 +£20.1 785.8 £9.3 <0.0001
Heptadecanoic acid C17:0 64 58.33 = 1.02 51.5£0.3 <0.0001
Stearic acid C18:00 64 2345 + 13.8 2438 + 36.5 0.039
Oleic acid C18: 1n9c 64 11,579 £+ 100.9 12,136 £ 111.0 0.004
Linoleic acid C18:2n6¢ 64 5990.83 + 89.3 5373.33 + 43.7 0.0001
Eicosenoic acid C20:1n9 64 7833+ 1.2 735+ 14 0.0283
Eicosatrienoic acid C20:3n6 64 61+1.7 56 +£0.3 0.0037
Lauric acid C12:0 82 717 £0.0 8.67 £0.2 0.0024
Heptadecanoic acid 17:00 82 4850+ 1.3 555+ 1.8 0.012
Nervonic acid C24:1 82 10.17 £ 0.5 12.83 +£ 0.6 0.0081
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Figure 3. Comparison of polyunsaturated fatty acid concentrations (mg/100 g) in egg yolks at the
34th week from hens housed under the conventional cage (CC) and cage-free (CF) systems. Data
are presented as the means = SEM (n = 5 pools/system/week). (A) linoleic acid; (B) linolenic acid;
(C) g-linolenic acid; (D) eicosenoic acid. * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001 (Student’s
t-test).
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Figure 4. Comparison of polyunsaturated fatty acid concentrations (mg/100 g) in egg yolks at
wk 34 from hens housed under the CC and CF systems. Data are presented as the means & SEM
(n =5 pools/system/week). (A) eicosadienoic acid; (B) eicosatrienoic acid; (C) arachidonic acid;
(D) docosahexaenoic acid. * p < 0.05; *** p < 0.001; *** p < 0.0001 (Student’s t-test).

3.3. Yolk Protein Analysis

Egg yolk pools obtained at 34 and 64 wks from hens housed in CF and CC systems
did not show statistical differences between production systems. However, at the 82nd wk,
the CP was higher in egg yolks produced in the CF system (Table 4).

Table 4. Comparison of egg yolk crude protein values (%) from hens housed in CF and CC production
systems (pools five yolks/system/week).

Hen Age Production System
p-Value
(Week) CF CC
34 13.80 £0.3 1322 £0.0 0.368
64 14.69 £0.3 15.84 £0.3 0.1017
82 14.55 £0.2 13.87 £ 0.06 0.0346

3.4. Salmonella Status

After the onset of lay at the 22nd wk and at the flock depopulation at the 82nd wk, no
Salmonella spp. were isolated from environmental and egg samples.

4. Discussion

The CC is still the most common housing system for laying hens worldwide [15,24],
but it has been criticized for impeding some hens’ natural behaviors. This situation has
promoted the transition to CF systems, which are currently considered to offer better
animal welfare conditions [25,26]. Currently, a high percentage of egg consumers in many
countries care about hens and tend to purchase more eggs from hens not kept in cages [27].
However, the growing demand for CF eggs in many regions of the world causes challenges
to producers transitioning from CC to CF systems, due to higher costs and biosecurity
issues [28]. Nevertheless, housing seems to impact egg production and quality traits [25].
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The quality of eggs could be affected by multiple internal and external factors such as
genes, nutritional aspects, age of hens, management, and housing systems [24,25,29]. In
this study, eggs from hens housed in a CC collected at the 20th to 26th wks were heavier
than those in the CF system. However, eggs from hens in the CF system collected at 38, 63,
and 83 wks of age were heavier than the CC. Similar results were reported by Racevicitite-
Stupelieneé et al. (2023), who observed heavier eggs from hens housed in a barn at 28, 32,
and 36 wks of age compared to eggs from the enriched cage system [29]. The results of the
current experiment can be explained by the initial adaptation that pullets moved to the CF
system had to make. In the production system described in this study, the pullets were
raised in cages using nipple drinkers and were then moved to CF (barn floor) conditions
using bell drinkers, perches, and the rice husk floor substrate. These changes modified
the feed and water consumption at 16 and 17 wks, decreasing the bird’s body weight gain,
which potentially affected the internal and external egg parameters at the start of the lay.
In contrast, the pullets moved from rearing cages to the CC system were moved to an
environment with similar space, feeders, and drinkers.

Therefore, in the present study, at the 20th wk, when the hens started laying eggs, the
albumen height, yolk pigmentation, and Haugh units were better in the eggs produced from
the hens housed in the CC system, but from wk 26 and in almost all the wks sampled, these
parameters were better for the CF eggs than the CC eggs and decreased as the hens aged.
Roberts and Chousalkar (2014) showed that the egg internal quality parameters—albumen
height, Haugh unit, and yolk color—were better in the CC production system than in
Free Range, and quality decreased with flock age, except for the yolk color [30]. On the
other hand, it has been reported that small groups of hens present a high feed intake and
less movement due to cage size. These factors can cause hens to produce heavier eggs
initially [31]. Samiullah et al. (2017) found that internal egg quality was significantly
affected by the housing system, had the highest values of albumen height and the Haugh
units in the free-range (FR) system. In eggs produced in cages and barn production systems,
the yolk color was darker than in the FR system [16].

In contrast, Sekeroglu et al. (2014) did not find an effect of housing on the egg quality
in the ATAK-S Brown Hybrid laying hen line [32]. Kucukkoyuncu et al. (2017) mentioned
that the hen age affects egg weight more than the housing system [33]. However, the
shell and yolk weights were significantly higher in FR eggs than in CC eggs. Likewise,
Sokotowicz et al. (2018) reported that the housing system did not affect albumen height
and Haugh units, but the yolk pigmentation was lower in hens housed on a floor litter
system [34]. Nevertheless, Raceviciaté-Stupeliené et al. (2023) did not find statistical differ-
ences between housing systems when comparing eggshell thickness identified throughout
all trial periods [28]. This differed from the present study, where statistical differences were
found in four of the sampled wks. The differences could probably be due to environmental
conditions and different genetic lines.

In the nutritional egg quality, the fatty acid profile variations in yolk may be linked to
differences in genetic line, feed composition, microbiota, and other factors affecting the yolk
composition [35,36]. The physical parameters and fatty acid profiles of eggs have shown
high variability among different production systems [36]. In previous studies, PUFAs n-6
(linoleic acid, arachidonic acid) were present in lower concentrations in the yolk of eggs pro-
duced in FR and organic systems than in CC systems [34,37]. Racevicitité-Stupeliené et al.
(2023) found the egg yolks from enriched cage housing systems were 0.04, 0.25, and 0.13%
higher in heptadecanoic (C17:0), arachidonic (C20:4 n-6), and eicosapentaenoic (C20:5 n-3)
acids than barn-laid eggs [28]. However, in our study, the linoleic acid (C18:2n6c) in the
egg yolk was higher by 18% and 11% in eggs from the CF system than in eggs from the CC
at 34 and 64 wks. Likewise, the g-linolenic (C18:3n6) and linolenic (C18:3n) acids in the CF
egg yolks were greater by 25% in the 34th week than in the CC eggs.

Linoleic acid is an essential PUFA that functions as a structural component to maintain
a membrane fluidity of the transdermal water barrier of the epidermis, a source of energy
and cell signaling [38]. Likewise, results reported by English (2021) for Black and Grey
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Australorps and Rhode Island Reds in FR systems showed higher content of linoleic acid
in eggs produced under CF systems; however, the diet included vegetable peels, scraps, lay
mash, leftover bread, raw goat’s and cow’s milk, grass, insects, and worms [7].

The diet can change the egg yolk fatty acid profile. However, in this study, hens in
both the CC and CF received the same diet and varied only slightly in feed consumption. In
addition, in eggs at the 82nd wk, the CP was higher in yolks from the CF system. Research
reports that have found differences in fatty acid composition and protein differ with their
dietary intake. Additionally, those studies could be affected by the age, genetics of the hens,
and modification of feed ingredients [39—-41].

Consequently, it is expected that differences in egg fatty acid composition, egg protein,
and quality parameters are also related to changes in microbiota. It is possible that hens
in CF systems, continuously exposed to different materials in the deep litter, such as rice
husk, excreta, and soil, may have different microbiota than hens housed in CC. The gut
microbiota can also be modified by physical exercise in CF hens [42,43].

On the other hand, egg microbiological characteristics are important for quality and
food safety. The main concern with eggs is Salmonella contamination. The environmental
and egg samples were negative for Salmonella spp, from the onset of laying at week 22 of
age until flock depopulation at 82 weeks of age. Similar results were reported by Roberts
and Chousalkar in 2014 [30]. However, the results of multiple investigations evaluating the
influence of production systems on the prevalence and persistence of Salmonella in laying
hens could differ due to variability in the methodologies used to detect the prevalence and
the populations being studied in different countries. Some studies suggest the laying hen
strain should be considered when deciding on the housing environment to choose [44,45].
Nevertheless, housing system-specific characteristics include hygienic status, air quality,
litter, and droppings, thus increasing the risk of contamination [46]. Under commercial
conditions, high hygienic protocols and good biosecurity are followed and contribute to
the absence of Salmonella contamination [30,44]. Salmonella contamination in production
systems is linked more to biosafety failures than the production system itself.

Our findings challenge us to further investigate the possible influence of production
systems on the expression of genes associated with metabolism, egg quality, and the effect
of the intestinal microbiome on egg quality. Consequently, more research is necessary to
determine if the hens housed in the CF system, having more contact with diverse substrates
(soil, rice husk), could acquire differential microbiota that allow better availability and
absorption of nutrients from the feed, generating better internal and external quality of
the egg. Then, it is necessary to perform a metagenomic analysis to determine if there is a
difference in microbial diversity in the hen gastrointestinal tract.

5. Conclusions

In the present study, we observed that the CF system showed superior egg quality
parameters, such as albumen height, Haugh units, and yolk color, to CC systems but
showed similar egg weight. The CC eggs had better eggshell breakage resistance than the
CF eggs. Likewise, the CF eggs had a higher concentration of PUFAs at 34 and 64 wks.
Differences in these results can be observed in the first wk of laying, when the pullets have
to adapt to a new environment, feeder, and drinker type. Therefore, based on the results
of the 11 samplings during the production process, we can conclude that the production
system affects the egg quality. Furthermore, the production system did not affect the
Salmonella status in this study, suggesting that the presence of this bacteria may be linked
to biosecurity breaches in any system. Finally, we concluded that better hen welfare could
generate better egg quality.
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