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Abstract: Predictions show the possibility of banning birds’ rearing in batteries. From this reason,
we aimed to study the welfare conditions assured to birds accommodated in lofts in comparison
with those reared in improved batteries. The research targeted ISA Brown hybrids monitored over
a period of 25–55 weeks. The batches were represented by birds that were differently reared in
halls provided with lofts compared to with improved batteries. The research was carried out in real
production conditions. Biochemical indicators were determined, using a BA 400 analyzer produced by
BioSystems, as well as quantitative ones using specific formulas based on productions, consumptions,
and batch outputs. A cumulated production of 199.24 eggs/week/head was realized in the loft,
versus 199.98 in the battery, at a mean laying intensity of 91.82% and 92.17%. Batch output was 4.14%
(loft) and 2.98% (battery). Mean consumption registered a level of 122.20 g m.f./head/day for birds in
the loft and 115.87 g for the ones from the battery, and feed conversion index was 133.09 g m.f./egg,
compared to 125.69. The aviary system ensures optimal conditions to express the birds’ natural
behaviors, with a positive impact on the metabolic functions, resulting in a good state of health and
high productive levels, comparable to those of birds exploited in batteries.

Keywords: rearing system; birds’ welfare condition; biochemical analysis; productive parameters

1. Introduction

Both fowl welfare and the performance of laying hybrids are affected by environmental
factors, and they are still to be tuned within the context of modern industrialized aviculture.

The adaptability of hybrids to housing conditions is crucial in reaching efficiency while
welfare is observed. Fowl’s response to environmental factors relies on breed particularities.
Stress markers are lower in less active, lymphatic genotypes (Green-legged Partridge hen)
compared to the sensitive, active, and quite excitable ones (Leghorn) that are less adapted
in large-scale farms [1]. Such differences also occur between purebreds and commercial
hybrids, i.e., Sussex hens have the best levels of welfare markers, while ISA Browns have
the lowest ones among commercial lines. However, mortality and aggressiveness seem to
be more intense in pure breeds, and lower welfare occurs, compared to commercial hybrids
that easily adapt to closed housing [2].

The European Union Council regulates the minimum comfort for laying hens and
has also prohibited (since 2012) classic cage batteries as fowl housing [3,4]. Starting from
this premise, there were designed various alternative rearing solutions to allow for the
expression of flow productive potential [5,6], and to ensure wellbeing [7]. Housing in

Agriculture 2023, 13, 86. https://doi.org/10.3390/agriculture13010086 https://www.mdpi.com/journal/agriculture

https://doi.org/10.3390/agriculture13010086
https://doi.org/10.3390/agriculture13010086
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com
https://orcid.org/0000-0002-0397-1924
https://orcid.org/0000-0001-6871-0373
https://orcid.org/0000-0001-7735-9028
https://orcid.org/0000-0003-1093-9604
https://doi.org/10.3390/agriculture13010086
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com/article/10.3390/agriculture13010086?type=check_update&version=2


Agriculture 2023, 13, 86 2 of 14

limited spaces (conventional cages) reduces resistance to diseases and decreases the fowl’s
comfort state markers [8].

Consequently, starting from the premise of ensuring welfare conditions, improved
cage batteries (increased room) [9,10] and furniture endorsements (nesting, resting perches,
sand bath) were initially designed to support high yields and superior egg quality [11–13].
The fowl that benefited from the enlarged vital space yielded more egg mass and eggs with
better specific weight, Fe, Mg, and glucose level compared to those reared on narrower
surfaces [14].

The second stage of the changes consisted in housing laying hens in aviaries (lofts
allowing for the expression of natural instincts but also generating superior egg yields [15].
The major disadvantage of the system is the increased incidence of mechanical acci-
dents (fractures) [16], but this was mitigated through covered edgy equipment parts with
polyurethane [17]. Freedom of movement, however, raised the aggressive behavior, a
problem solved by introducing males into the flocks of laying hens (egg yields also im-
proved) [18]. In aviary housing, hens’ serum immunoglobulin Y was higher and improved
the specific antibody response in industrially reared fowl [19].

Serum biochemical traits, performance of production, and livability of fowl are traits
depicting the fowl’s wellbeing state [20,21]. The levels of plasmatic proteins, Mg, glucose,
cholesterol, and P decrease as egg-laying intensity increases [22], while calcium decreases
during the laying peak [23]. However, such changes are not strictly correlated with a
certain housing system [24]. Various stressor factors induce fear [25] and generate changes
in the concentration of basal plasma corticosterone and serotonin, with direct effects on
eggs yield, weight, and flock livability [26]. The stress generated by fowl transportation
affects the ratio of heterophiles/lymphocytes and plasmatic glycoprotein 1-acid [27]. Beak
clipping, a procedure that limits the negative consequences of aggressive behavior and
improves production performance [28], is tough, and therefore a stressor. Fasting applied
to induce artificial molting induces a significant decrease in the serum glucose and an
intense increase in plasmatic cholesterol and GSH-Px activity (poor plumage quality, tonic
immobility reaction, etc.) and negatively affects the welfare condition [29,30].

Bird feeding has generated many studies in which, for example, direct correlations
were detected between the level of essential amino acids and the incidence of feather
plucking or mortality through cannibalism [31]. It has been shown that when fed in cage
batteries, low dietary protein levels (13%) lead to egg yield drops and decreases in plasmatic
uric acid, triglycerides, and albumin compared to fowl fed 16% crude protein diets [32,33].
Low dietary metabolizable energy and crude protein can cut feeding costs, whilst serum
creatine kinase activity rises and serum triglyceride and cholesterol decrease [34]. A high
proportion of cereals (wheat) in feed can induce poorer plumage quality and thermoreg-
ulation issues [35,36], while using nonconventional feedstuffs (dried olive pulp) induces
improvement in the lipid profile of eggs (PUFA increases and SFA decreases, AI and TI
decrease and h/H ratio increases) [37].

The welfare and performance of laying depend on many factors and the interactions
between them, but especially on the applied rearing system and its particularities. Conse-
quently, we must find these correlations as well as the way to implement the solutions in
real production conditions.

2. Materials and Methods
2.1. Animals and Housing

The study took place in a private production unit in Galati County, Romania, starting in
July. We used the commercial ISA Brown hybrid due to its adaptability to local conditions.
The experimental groups were represented by birds from two production halls. The
first batch was raised in a hall equipped with Natura Nova Twin model aviary (initial
population of 35,950 heads), and the second in a hall with improved Eurovent batteries
(initial population of 10,217 heads). The research started when the birds were 25 weeks old
and ended when they were 55 weeks old (a total of 31 weeks).
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The housing of the hens was carried out in accordance with the requirements of the
technical manual of the hybrid [38] and of the equipment manufacturer [39]. In both
cases, the particular density standards for integrating the farm under the welfare regime
were followed.

The feeding of the birds respected the nutritional management strategy used in the
work unit. An identical combined diet was given to the two groups of birds, but the
nutritional values varied according to the quantity and quality of eggs laid [40]. The
combination feed 21-5A (PB = 18.6%; EM = 2748.6 kcal/kg; Ca = 3.82%; P = 0.40%) was
given between the ages of 25 and 40 weeks, and the combined feed 21-5B (PB = 16.43%;
EM = 2786.0 kcal/kg; Ca = 3.8%; P = 0.36%) was given to animals between the ages of 41
and 55 weeks.

2.2. Data Collection and Data Processing

The technical data (feed consumption, egg production, batch outputs) necessary for
elaborating the paper were taken from the farm registers and the computerized devices that
served the rearing halls. The monitoring was carried out daily, with a weekly presentation
of the data. Later, standardized formulas were applied to obtain the values for various
indicators [41].

Mean flock (heads/week) = (heads at the beginning of the week − heads at the end of the week)/2

Laying intensity (%) = [total egg production (pieces/week/shelter) × 100]/[mean flock (heads) × 7 days]

Individual egg production (egg/week/head) = total egg production (pieces/week/shelter)/mean flock (heads)

Daily mean consumption (g/head/day) = consumed fodders (kg/period) × 1000/mean flock (heads)/number of days

Feed conversion index (g m.f./egg) = consumed fodders (kg/period) × 1000/egg production (pieces/period)

The situation of outputs from the batch and their causes were counted by the farm
manager and the veterinarian of the unit, and later reported numerically and percentage-
wise to the total population (weekly situation and for the total period). Biochemistry
samples were taken at 25, 35, 45, and 55 weeks by the veterinarian. They were harvested
from 35 specimens from each growth hall, in accordance with the specific methods [42,43].
After harvesting, the samples were processed with the ByoSystems BA 400 analyzer.

The main experimental data were processed by calculating arithmetic mean, mean
standard deviation, and variability coefficient (using an algorithm included in the Microsoft
Excel software).

3. Results
3.1. Biochemical Indicators

In the case of hens from the improved batteries, the cholesterol level oscillated between
a minimum of 153.72 mg/dL, the value recorded at the beginning of the research, and a
maximum of 206.14 mg/dL in the 55th week. For hens reared in the aviary, the swing limits
varied between 148.81 mg/d (25th week) and 195.21 mg/dL (55th week) (Table 1).

The level of blood triglycerides showed quantitative increases with the advancing
age of birds, with the mention that higher values were detected in birds from improved
batteries (189.56–206.19 mg/dL) and somewhat lower values were detected in those from
aviaries (186.12–201.34 mg/dL).
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Table 1. Biochemical indicators for the studied birds.

Specification n

Birds’ Age

25 Weeks 35 Weeks 45 Weeks 55 Weeks

X ± sx V% X ± sx V% X ± sx V% X ± sx V%

Cholesterol
(mg/dL)

A 35 148.81 ± 8.36 19.36 162.35 ± 12.18 18.31 175.36 ± 15.22 23.16 195.21 ± 12.68 24.33
B 35 153.72 ± 10.14 21.14 164.14 ± 16.23 20.19 178.12 ± 19.46 25.31 206.14 ± 17.33 25.14

Triglycerides (mg/dL) A 35 186.12 ± 5.34 16.12 191.37 ± 8.38 15.68 197.15 ± 8.55 17.22 201.34 ± 8.46 16.97
B 35 189.56 ± 7.22 17.22 194.26 ± 9.55 17.12 203.41 ± 9.31 19.14 206.19 ± 10.15 19.45

Total protein
(g/dL)

A 35 3.78 ± 0.72 12.20 4.12 ± 0.95 13.26 4.35 ± 0.51 10.46 4.87 ± 0.93 13.12
B 35 3.54 ± 0.57 17.56 4.06 ± 0.78 18.21 4.19 ± 0.47 9.58 4.56 ± 0.77 10.68

Calcium
(mg/dL)

A 35 8.94 ± 0.30 16.32 8.75 ± 0.21 17.38 10.16 ± 0.24 15.31 12.14 ± 0.51 15.96
B 35 8.36 ± 0.25 12.44 8.16 ± 0.32 15.44 9.85 ± 0.31 12.14 11.61 ± 0.38 14.32

Phosphorous (mg/dL) A 35 6.87 ± 0.69 20.15 6.42 ± 0.36 18.26 8.05 ± 0.93 22.17 9.02 ± 1.19 21.38
B 35 6.31 ± 0.52 18.34 6.11 ± 0.25 15.17 7.81 ± 0.75 20.19 8.77 ± 0.92 20.71

Glucose
(mg/dL)

A 35 208.23 ± 14.96 15.19 219.14 ± 17.16 13.61 238.45 ± 20.02 18.14 252.19 ± 16.77 15.36
B 35 211.10 ± 15.23 17.32 223.08 ± 18.17 15.48 256.12 ± 19.33 19.38 270.14 ± 17.16 17.81

Uric acid
(mg/dL)

A 35 8.97 ± 0.51 12.95 7.85 ± 0.38 15.11 7.39 ± 0.26 15.19 6.89 ± 0.21 20.62
B 35 10.14 ± 0.48 13.34 9.43 ± 0.41 14.24 9.08 ± 0.21 17.26 7.24 ± 0.19 22.14

Urea
(mg/dL)

A 35 4.95 ± 0.41 15.31 5.19 ± 0.27 16.21 5.57 ± 0.55 23.15 5.72 ± 0.22 16.96
B 35 5.12 ± 0.38 19.76 5.34 ± 0.32 17.49 5.82 ± 0.71 24.21 5.95 ± 0.24 17.21

ALT
(U/l)

A 35 87.86 ± 12.32 13.35 89.24 ± 15.93 10.16 94.19 ± 12.38 17.31 98.83 ± 15.46 23.94
B 35 89.56 ± 14.16 14.26 91.31 ± 16.41 11.35 95.26 ± 14.12 17.16 101.11 ± 17.32 24.13

AST
(U/l)

A 35 231.22 ± 15.73 15.26 241.44 ± 15.27 15.77 267.85 ± 17.06 24.08 294.39 ± 12.08 24.31
B 35 236.16 ± 16.52 18.19 246.19 ± 16.11 15.27 272.11 ± 16.19 24.25 300.41 ± 19.55 25.14

A: rearing in loft. B: rearing in battery.

The amount of total protein had an average level of 3.54 g/dL at the beginning of the
analyzed period (25th week) and 4.56 g/dL at its end (55th week) in the birds raised in
battery. In the case of the livestock in the aviary, the total protein content increased from
3.78 g/dL, as it was in the 25th week, to 4.87 g/dL, as found at the end of the study.

Blood calcium recorded lower values at 35 weeks (8.16 g/dL for battery hens and
8.75 g/dL hens in the aviary) and higher at 55 weeks (11.61 g/dL-battery and 12.14 g/dL-
aviary). Phosphorus had a similar evolution, with lower levels at 35 weeks (6.11 mg/dL for
battery hens and 6.42 mg/dL in aviary birds) and higher in 55 weeks (8.77 mg/dL-battery
and 9.02 mg/dL-aviary) (Table 1).

In birds aged 25 weeks, the amount of glucose was at a close level between the
two groups (208.23 mg/dL-aviary and 211.10 mg/dL-improved batteries), after which
progressive increases were registered towards the end of the investigations, when they
were 252.19 mg/dL in aviary birds and 270.14 mg/dL in those in improved batteries.

The level of uric acid recorded higher values at the beginning of laying (week 25), was
8.97 mg/dL in birds from the aviary and 10.14 mg/dL for those from modified batteries,
after which the values decreased in parallel with the age of the birds until up to 6.89 mg/dL
(aviary) and at 7.24 mg/dL (improved batteries). Urea did not fluctuate significantly
between batches or between reference intervals, with the beginning of the research showing
values of 4.95 mg/dL (birds from the aviary) and 5.12 mg/dL (those from the batteries),
while in the last period it showed values of 5.72 mg/dL and d 5.95 mg/dL, respectively
(Table 1).

The determined values for alanine aminotransferase (ALT) oscillated between 89.56 U/L
(25-week-old birds) and 101.11 U/L (55-week-old chickens) in the flock from the improved
batteries and between 87.86 U/L (25-week-old chicken’s weeks) and 98.83 U/L (55-week-
old hens) in those raised in the aviary. As for aspartate aminotransferase (AST), it showed
limits of variation in the range of 236.16–300.41 U/L, as determined in hens from improved
batteries and in the range of 231.22–294.39 U/L in those in the aviary.

3.2. Numerical Egg Production and Laying Intensity

Average weekly egg production ranged between 6.09 eggs/head (55th week of control)
and 6.53 eggs/head (in weeks 31, 32, and 33 of control) in hens reared in the aviary and
between 6.17 eggs/head (55th week of bird life) and 6.57 eggs/head (in weeks 31 and 32) in
those in improved batteries. For the total studied period (25–55 weeks), the individual egg
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production was 199.24 eggs/head for the specimens in the aviary and 199.98 eggs/head for
those in the battery (Table 2).

Table 2. Numerical egg production and laying intensity.

Birds’
Age

(Weeks)

Rearing in Loft Rearing in Battery

Mean
Flock

(Head)

Total Egg
Production

(Pieces/
Week/

Shelter)

Individual Egg Production
Laying
Inten-
sity
(%)

Mean
Flock

(Head)

Total
Egg Pro-
duction
(Pieces/
Week/

Shelter)

Individual Egg Production

Laying
Intensity

(%)
(Egg/

Week/
Head)

(Egg/
Day/

Head)

Cumulated
(Egg

/Week/
Head)

(Egg/
Week/
Head)

(Egg/
Day/

Head)

Cumulated
(Egg/
Week/
Head)

25 35,927.5 229,512 6.39 0.91 6.39 91.26 10,214.5 65,445 6.41 0.91 6.41 91.53
26 35,884.5 229,639 6.40 0.91 12.79 91.42 10,209 65,717 6.44 0.91 12.85 91.96
27 35,838 230,671 6.44 0.91 19.23 91.95 10,202.5 66,261 6.49 0.92 19.34 92.78
28 35,787 230,767 6.45 0.92 25.68 92.12 10,198 66,367 6.51 0.92 25.85 92.97
29 35,742.5 231,032 6.46 0.92 32.14 92.34 10,194.5 66,409 6.51 0.93 32.36 93.06
30 35,705 231,815 6.49 0.92 38.63 92.75 10,189 66,573 6.53 0.93 38.89 93.34
31 35,670.5 232,564 6.52 0.93 45.15 93.14 10,182 66,940 6.57 0.93 45.46 93.92
32 35,635 232,657 6.53 0.93 51.68 93.27 10,174 66,838 6.57 0.93 52.03 93.85
33 35,600.5 232,482 6.53 0.93 58.21 93.29 10,164 66,573 6.55 0.93 58.58 93.57
34 35,567.5 232,142 6.53 0.93 64.74 93.24 10,154.5 66,404 6.54 0.93 65.12 93.42
35 35,535.5 231,958 6.53 0.93 71.27 93.25 10,146.5 66,274 6.53 0.93 71.65 93.31
36 35,498 231,340 6.52 0.93 77.79 93.10 10,137.5 66,151 6.52 0.93 78.17 93.22
37 35,455.5 230,766 6.51 0.92 84.30 92.98 10,127.5 65,973 6.51 0.93 84.68 93.06
38 35,415.5 230,158 6.50 0.92 90.80 92.84 10,117 65,826 6.51 0.92 91.19 92.95
39 35,371 229,696 6.49 0.92 97.29 92.77 10,108.5 65,686 6.50 0.92 97.69 92.83
40 35,323.5 229,214 6.49 0.92 103.78 92.70 10,099 65,723 6.49 0.92 104.18 92.79
41 35,275.5 228,829 6.49 0.92 110.27 92.67 10,087.5 65,394 6.48 0.92 110.66 92.61
42 35,232 228,497 6.48 0.92 116.75 92.65 10,077.5 65,308 6.48 0.92 117.14 92.58
43 35,188 228,187 6.48 0.92 123.23 92.64 10,069 65,218 6.48 0.92 123.62 92.53
44 35,137 227,709 6.48 0.92 129.71 92.58 10,061 65,159 6.48 0.92 130.10 92.52
45 35,084 227,120 6.47 0.92 136.18 92.48 10,053.5 65,096 6.47 0.92 136.57 92.50
46 35,028.5 225,902 6.45 0.92 142.63 92.13 10,045.5 64,939 6.46 0.92 143.09 92.35
47 34,970.5 224,794 6.43 0.91 149.06 91.83 10,035 64,653 6.44 0.92 149.47 92.04
48 34,916 224,175 6.42 0.91 155.48 91.72 10,023.5 64,460 6.43 0.91 155.90 91.87
49 34,863.5 223,179 6.40 0.91 161.88 91.45 10,011.5 63,997 6.39 0.91 162.29 91.32
50 34,806.5 222,107 6.38 0.91 168.26 91.16 9997.5 63,754 6.38 0.91 168.67 91.10
51 34,753 219,747 6.32 0.90 174.58 90.33 9983 63,403 6.35 0.90 175.02 90.73
52 34,703.5 216,494 6.24 0.89 180.82 89.12 9970 62,909 6.31 0.90 181.33 90.14
53 34,651 214,930 6.20 0.88 187.02 88.61 9956.5 62,454 6.27 0.89 187.60 89.61
54 34,597.5 212,007 6.13 0.87 193.15 87.54 9943.5 61,753 6.21 0.88 193.81 88.72
55 34,545 210,427 6.09 0.87 199.24 87.02 9929.5 61,277 6.17 0.88 199.98 88.16

At the beginning of the studied period (week 25), the laying rate recorded good levels,
with 91.26% in hens reared in the aviary and 91.53% in those in modified batteries. The
highest laying intensity (laying peak) was reached in the 33rd week of life by the birds
raised in the aviary (93.29%) and in the 31st week by those in improved batteries (93.92%),
after which it decreased progressively, so that at the end of the investigations (week 55),
the levels achieved were 87.02% for hens in aviaries and 88.16% for those maintained in
modified batteries (Table 2).

3.3. Analysis of Batch Outputs

The rate of exits from the batch, including the generative causes, represented another
criterion based on which the welfare condition ensured to the laying hens operating in the
two rearing systems tested (aviary vs. battery) was assessed (Table 3).

It was found that in the birds raised in the aviary, the number of specimens that left
the batch in the first 5 weeks was 227 heads, corresponding to a mortality of 0.62%/week,
while in the hens raised in improved batteries, only 25 cases were recorded, resulting in a
mortality of only 0.25%/week. Next, the rate of exits from the herd showed fluctuating
values, being 0.1% (36 heads) in the 30th week, 0.14% (49 heads) in the 40th week, 0.14%
(48 heads) in the 50th week, and 0.15% (52 heads) in the 55th week for hens in the house
equipped with an aviary and 0.06% (6 heads), 0.12% (12 heads), 0.15% (15 heads), and
0.17% (17 heads) for specimens from the hall equipped with batteries (Table 3).
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Table 3. Situation of exits from flock at the studied hens.

Birds’ Age
(Weeks)

Rearing in Loft Rearing in Battery

Birds’ Flock Cumulated Exits
from Flock

Cumulated Exits
from Flockat the Beginning of

the Week (Heads)
at the End of the

Week
(Heads)

at the Beginning of
the Week (Heads)

at the End of the
Week

(Heads)Heads % Heads %

25 35,950 35,905 45 0.12 10,217 10,212 5 0.05
26 35,905 35,864 86 0.23 10,212 10,206 11 0.11
27 35,864 35,812 138 0.37 10,206 10,199 18 0.18
28 35,812 35,762 188 0.51 10,199 10,197 20 0.20
29 35,762 35,723 227 0.62 10,197 10,192 25 0.25
30 35,723 35,687 263 0.72 10,192 10,186 31 0.31
31 35,687 35,654 296 0.81 10,186 10,178 39 0.39
32 35,654 35,616 334 0.92 10,178 10,170 47 0.49
33 35,616 35,585 365 1.01 10,170 10,158 59 0.61
34 35,585 35,550 400 1.11 10,158 10,151 66 0.68
35 35,550 35,521 429 1.19 10,151 10,142 75 0.77
36 35,521 35,475 475 1.32 10,142 10,133 84 0.86
37 35,475 35,436 514 1.43 10,133 10,122 95 0.97
38 35,436 35,395 555 1.54 10,122 10,112 105 1.07
39 35,395 35,347 603 1.67 10,112 10,105 112 1.14
40 35,347 35,300 650 1.80 10,105 10,093 124 1.26
41 35,300 35,251 699 1.94 10,093 10,082 135 1.37
42 35,251 35,213 737 2.05 10,082 10,073 144 1.46
43 35,213 35,163 787 2.19 10,073 10,065 152 1.54
44 35,163 35,111 839 2.34 10,065 10,057 160 1.62
45 35,111 35,057 893 2.49 10,057 10,050 167 1.69
46 35,057 35,000 950 2.65 10,050 10,041 176 1.78
47 35,000 34,941 1009 2.82 10,041 10,029 188 1.90
48 34,941 34,891 1059 2.96 10,029 10,018 199 2.01
49 34,891 34,836 1114 3.12 10,018 10,005 212 2.14
50 34,836 34,777 1173 3.29 10,005 9990 227 2.29
51 34,777 34,729 1221 3.43 9990 9976 241 2.43
52 34,729 34,678 1272 3.58 9976 9964 253 2.55
53 34,678 34,624 1326 3.73 9964 9949 268 2.70
54 34,624 34,571 1379 3.99 9949 9938 279 2.81
55 34,571 34,519 1431 4.14 9938 9921 296 2.98

During the entire study period (25–55 weeks), the total exits from the flock of hens
raised in the aviary were at a level of 4.14% (1431 heads from an initial flock of 35,950 heads),
while for those bred in battery this figure was only 2.98% (296 heads from an initial herd of
10,217 heads).

3.4. Causes of Batch Outputs

The main cause of batch exits was represented by mechanical accidents, but with
large differences between the two growth systems used. Thus, for hens in the aviary, the
mortality due to accidents was 49.27% (705 heads) with limits between 42.59% (45th week)
and 55.55% (30th week) of total deaths (1431 heads), while in hens raised in improved
batteries, batch losses due to accidents were only 39.53% (117 heads) with limits between
20.0% (38th week) and 100% (28th week) out of a total of 296 specimens withdrawn from
the population (Table 4).

Another cause of exits from the batch referred to obstetric diseases, which, in the batch
of birds raised in the aviary, represented 35.64% of the total losses (510 heads out of the
total exits), with a minimum of 18.0% recorded in week 28 and a maximum of 50.0% in
the 42nd week. In the batch grown in improved batteries, the average value of the output
from the batch due to obstetrical diseases was 33.11% (98 heads of total losses), oscillating
between 0.0% in the 28th week and 60.0% as they were in the 25th week.

The exits from the batch due to internal diseases were at much lower levels com-
pared to the other causes, being only 15.09% in the case of specimens raised in the aviary
(216 heads out of total losses) and 27.36% in those raised in improved batteries (81 chapters
of total losses); in both cases, the analyzed parameter had an asymptotic evolution, with
limits of 2.08–36.00%/week in hens from the aviary and 0.0–55.56%/week in those from
improved batteries (Table 4).
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Table 4. Causes of batch outputs.

Birds’
Age

(Weeks)

Rearing in Loft Rearing in Battery

Total
Exits

(Heads/Week)

Causes
Total
Exits

(Heads/Week)

Causes

Accidents Obstetrical
Diseases

Internal
Diseases Accidents Obstetrical

Diseases
Internal
Diseases

Head % Head % Head % Head % Head % Head %

25 45 21 46.67 11 24.44 13 28.89 5 2 40.00 3 60.00 - -
26 41 19 46.34 13 31.71 9 21.95 6 3 50.00 2 33.33 1 16.67
27 52 26 50.00 12 23.08 14 26.92 7 3 42.86 3 42.86 1 14.28
28 50 23 46.00 9 18.00 18 36.00 2 2 100 - - - -
29 39 19 48.72 16 41.03 4 10.26 5 3 60.00 2 40.00 - -
30 36 20 55.55 14 38.89 2 5.55 6 2 33.33 3 50.00 1 16.67
31 33 16 48.48 13 39.39 4 12.12 8 2 25.00 3 37.50 3 37.50
32 38 18 47.37 15 39.47 5 13.16 8 3 37.50 2 25.00 3 37.50
33 31 17 54.83 11 35.48 3 9.68 12 5 41.67 4 33.33 3 25.00
34 35 18 51.43 14 40.00 3 8.57 7 4 57.14 2 28.57 1 14.29
35 29 16 55.17 11 37.93 2 6.90 9 4 44.44 3 33.33 2 22.22
36 46 24 52.19 19 41.30 3 6.52 9 3 33.33 3 33.33 3 33.33
37 39 19 48.72 17 43.59 3 7.69 11 3 27.27 4 36.36 4 36.33
38 41 20 48.78 15 48.79 6 14.63 10 2 20.00 4 40.00 4 40.00
39 48 25 52.08 22 45.83 1 2.08 7 3 42.86 2 28.57 2 28.57
40 47 22 46.81 19 40.43 6 12.76 12 4 33.33 3 25.00 5 41.67
41 49 23 46.94 14 28.57 12 24.48 11 4 36.36 4 36.36 3 27.27
42 38 17 44.74 19 50.00 2 5.26 9 2 22.22 2 22.22 5 55.56
43 50 27 54.00 17 34.00 6 12.00 8 3 37.5 4 50.00 1 12.50
44 52 25 48.08 18 34.61 9 17.30 8 2 25.00 3 37.50 3 37.50
45 54 23 42.59 19 35.18 12 22.22 7 2 28.57 2 28.57 3 42.86
46 57 26 45.61 19 33.33 12 21.05 9 2 22.22 5 55.56 2 22.22
47 59 31 52.54 23 38.98 5 8.47 12 3 25.00 5 41.67 4 33.33
48 50 24 48.00 21 42.00 5 10.00 11 4 36.36 4 36.36 3 27.28
49 55 28 50.91 19 34.54 8 14.54 13 4 30.77 6 46.15 3 23.08
50 59 29 49.15 22 37.29 8 13.56 15 6 40.00 4 26.67 5 33.33
51 48 26 54.17 19 39.58 3 6.25 14 7 50.00 3 21.43 4 28.57
52 51 24 47.06 16 31.37 11 21.57 12 8 66.66 2 16.67 2 16.67
53 54 29 53.70 15 27.78 10 18.52 15 8 53.33 4 26.67 3 20.00
54 53 23 43.39 17 32.08 13 24.53 11 7 63.64 2 18.18 2 18.18
55 52 27 51.92 21 40.38 4 7.69 17 7 41.18 5 29.41 5 29.41

Total 1431 705 49.27 510 35.64 216 15.09 296 117 39.53 98 33.11 81 27.36

3.5. Consumption of Mixed Fodders

In hens in the hall equipped with an aviary, the average daily consumption of mixed
feeders recorded values of 120.45 g/head/day in the first studied period (25–40 weeks) and
124.10 g/head/day in the second period (41–55 weeks), while the feed conversion index
was at levels of 130.0 g m.f./egg in the period of 25–40 weeks and 136.47 g m.f./egg in the
interval of 46–55 weeks.

In the case of birds operating in improved batteries, the consumptions were better, both
in the age period of 25–40 weeks (average daily consumption = 113.10 g/head/day; feed
conversion index = 121.55 g m.f./egg), as well as during the period of 41–55 weeks (average
daily consumption = 118.87 g/head/day; feed conversion index = 130.25 g m.f./egg).

Over the total period studied (25–55 weeks), the most convenient consumption of com-
bined feed was achieved by the birds in the house equipped with improved batteries, which
had an average daily consumption of 115.87 g/head/day (average effective = 10.092 head;
feed consumed = 253.763 kg) and a feed conversion index of 125.69 g n.c./egg (egg produc-
tion = 2.018.934 egg). Comparatively, hens reared in the aviary registered an average consump-
tion of 122.20 g/head/day (average effective = 35.281 heads; feed consumed = 935.551 kg) and
a feed conversion index of 133.07 g m.f./egg (egg production = 7.030.517 egg) (Table 5).
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Table 5. Consumption of mixed fodders for studied hens.

Age Period
(Weeks)

Specification
Exploitation System

in Loft in Battery

25–40
16 weeks
(112 days)

Mean flock (heads) 35.622 10.164
Consumed fodders (kg/period) 480.553 128.747

Daily mean consumption (g/head/day) 120.45 113.10
Egg production (pieces/period) 3.696.413 1.059.160

Feed conversion index (g m.f./egg) 130 121.55

41–55
15 weeks
(105 days)

Mean flock (heads) 34.917 10.016
Consumed fodders (kg/period) 454.998 125.016

Daily mean consumption (g/head/day) 124.10 118.87
Egg production (pieces/period) 3.334.104 959.774

Feed conversion index (g m.f./egg) 136.47 130.25

25–55
31 weeks
(217 days)

Mean flock (heads) 35.281 10.092
Consumed fodders (kg/period) 935.551 253.763

Daily mean consumption (g/head/day) 122.20 115.87
Egg production (pieces/period) 7.030.517 2.018.934

Feed conversion index (g m.f./egg) 133.07 125.69

4. Discussion
4.1. Biochemical Indicators

The determination of the main biochemical indicators was aimed at evaluating the
comfort state provided to the studied hens, in correlation with the adopted breeding
method (aviary vs. battery).

From the general analysis of the data regarding blood markers, it emerged that in
most cases, their level was higher in hens raised in the aviary, regardless of age, a finding
that reveals the fact that this production system ensures suitable wellbeing, as well as a
good balance between neurohormonal function and metabolic activity.

The second finding was that the level of biochemical indicators was inversely related
to the egg-laying intensity of the birds, in the sense that their level in the blood increased
towards the end of egg laying, given the decrease in the number of nutrients necessary
for egg formation (the rate of egg laying was increasingly reduced towards the end of the
spawning period).

The high and even very high values of the coefficients of variation for each of the
biochemical characters studied can be attributed to the physiological state in which the
birds were at the time of sampling (with the egg in different stages of formation, with the
egg prepared for oviposition, or with the egg already expelled).

For example, the level of cholesterol and triglycerides (components involved in the for-
mation of lipids in the yolk) showed significant increases between the birds at the beginning
of laying (week 25) and those at the end of laying (week 55), these being 31.18–34.10% for
cholesterol and 8.17–8.77% for triglycerides, respectively. A similar situation was recorded
for blood proteins (role in the formation of egg white), which increased by 28.84% in hens
from the aviary and by 20.63% in those from the improved batteries.

In clinically healthy hens examined every five weeks of laying, Suchy et al. [22] found
the following limits for biochemical parameters: protein = 47.43–60.45 g/L;
glucose = 13.36–14.97 mmol/L; cholesterol = 2.73–6.18 mmol/L; calcium = 5.26–7.19 mmol/L;
phosphorus = 1.25–1.90 mmol/L; magnesium = 1.08–1.42 mmol/L; sodium = 141.03–148.30
mmol/L; potassium = 3.40–5.00 mmol/L. The authors stated that the plasma levels of some
biochemical parameters were directly influenced by the variations in laying capacity.

Triglyceride concentration determined in free-range Hy-Line hens was significantly
lower than in those raised in battery cages (p < 0.05) [9].

The use of diets with reduced levels of crude protein in the Lohmann LSL hybrid
significantly reduced the content of uric acid and albumin in the blood (variant with
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13% CP) compared to the control group (16% CP); in contrast, blood triglyceride levels
were higher (p < 0.05) in hens fed 14% and 13% CP than in those fed the control diet [32].
On the other hand, it was found that diets with low levels of metabolizable energy and
crude protein reduced serum triglyceride and cholesterol concentrations in Gushi chickens,
regardless of the density provided in the rearing cages (20–50 head/m2) [34].

Glucose used in energy metabolism was determined in smaller amounts in young
birds (they were more active), and higher in birds aged 55 weeks (they were much quieter),
with the differences between the two periods being 21.11% in the case of specimens from
the aviary and 27.97% for those from the battery.

In an experiment that looked at the influence of fasting on blood parameters in different
genotypes (Bovans, ISA Brown, and Ross-508), it was found that the lack of food caused a
significant decrease in glucose levels and a significant increase in plasma cholesterol, which
suggests a reduction in the welfare of the hens [29].

It is known that for the formation of the eggshell, a bird’s blood must transport
100–150 mg Ca/h [44], and if calcium is not absorbed quickly at the intestinal level, cal-
cemia can be established within only 10–12 min [37]. In the studied birds, the blood level of
calcium was influenced only by the rate of egg formation (the lowest values were in hens
in full production—week 35, and the highest were in hens at the end of laying—week 55).
The amount of phosphorus in the blood evolved similarly, which had lower values at
high laying intensities (35th week) and higher values at low laying intensities (55th week),
with the mention that the oscillations recorded were generated by the different status of
each specimen from which the sample was collected (phosphorus in the blood increases
significantly during the formation of the egg shell in the uterus).

Comparing the blood plasma mineral profile (Ca, P, K, Mg, Zn, Cu, and Se) in ISA
Brown hens from three different batteries (traditional batteries, improved batteries, and
deep litter system) did not reveal a significant effect of the system of growth on the
monitored indicators, with the obtained values falling within the physiological range [24].

In Leghorn hens, a direct correlation was found between the surface provided in the
rearing battery and the level of some blood indicators; for example, in the variant with
500 cm2 cage/head, significantly lower levels (p < 0.05) were found for plasma calcium and
plasma uric acid, but significantly higher levels (p < 0.05) were found for iron, magnesium,
and plasma glucose compared to specimens that benefited from 2000 cm2/head [14].

The uric acid level recorded higher values at the first determination performed
(week 25), but it was significantly reduced at the last one, by 23.19% in the hens in the
aviary and by 28.60% in those in the battery, while the amount of urea increased by 15.55%
(aviary) and by 16.21% (battery) between the first harvest and the last harvest, respectively.

In Hisex Brown hens reared in different systems (battery and permanent litter) and
with different diets (reduced levels of crude protein), a significant interaction was observed
between the experimental factors and the level of serum protein, uric acid, and total blood
cholesterol (p < 0.05). Diets with low CP levels decreased serum protein and cholesterol in
litter-reared birds, as well as uric acid in battery birds, but without exceeding physiological
limits [33].

The determined values for blood enzymes indicated fluctuations concerning liver
metabolism, generated by the different laying rhythms of the birds, but in both cases,
higher values were recorded in young birds (aged 25 weeks) and lower values were
recorded in old ones (week 55). Thus, the values for alanine aminotransferase (ALT)
increased by 12.48% in hens from the aviary and by 12.89% in those from batteries, while
aspartate aminotransferase (AST) showed quantitative increases of 27.32% (aviary) and
27.21% (battery), respectively, between the two mentioned age periods.

4.2. Numerical Egg Production

Between the two rearing systems tested (battery vs. aviary) there is a clear difference
regarding the freedom of movement of the birds and what corresponds to the level of
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ensured wellbeing [45], but additional energy consumption is also implied, to the detriment
of the productivity of the birds [46].

Contrary to expectations, the experimental factor applied in our research (the rearing
system) did not generate significant differences in terms of individual egg production, these
being only 0.35% in favor of those in the battery (199.24 eggs/head vs. 199.98 eggs/head);
compared to the theoretical potential of the ISA Brown hybrid, the egg production of hens
in the aviary was lower by 1.85%, and of the battery hens by only 1.49%.

This indicates that the functionality of the reproductive apparatus of the hens in
the aviary was stimulated by the superior welfare conditions, materialized in a high and
constant numerical egg production, similar to that of the battery-reared birds [47].

This aspect is also confirmed by the fact that both groups of birds benefited from the
same technological parameters (light program, microclimate, and food), the only difference
being that the hens in the aviary had the opportunity to manifest their instincts much more
freely, with positive effects on the neurohormonal system.

4.3. Laying Intensity

At the beginning of the investigations (the 25th week of the birds’ life), the egg-laying
intensity recorded values lower than the theoretical potential of the hybrid used (lower
by 4.74% in the hens in the aviary and by 4.47% in the ones in the batteries), the probable
cause being not achieving optimal body weights at the time of spawning (the information
comes from the data provided by the unit where the research was carried out).

This aspect also had an impact on the age at which the maximum egg-laying intensity
was reached (the egg-laying peak), this being achieved in the 31st week of life for the
specimens raised in the battery and in the 33rd week for the birds in the aviary; the delay
in the laying peak in caged hens was due to both lower body weights and disruptions to
the normal ovulatory cycle, amid the constant agitation of birds that benefited from large
areas of movement.

During the 31 weeks of investigations, the studied hens achieved a good average
egg-laying intensity (91.81% in the specimens raised in the aviary and 92.17% in those
operated in improved batteries), very close to the potential of the hybrid used (lower by
0.82% and 0.06%, respectively) and similar to those presented in the specialized literature.

Thus, for ISA Brown hens, an average egg-laying intensity of 91.42% was reported for
specimens raised in improved batteries and only 75.94% for those in classic batteries, in the
age period of 37–45 weeks [21].

In an experiment that aimed at the effect of the presence of males on the productivity of
ISA Brown hens raised on permanent litter (6.6 head/m2), an average egg-laying intensity
of 76.21% was obtained in the version without males and of 84.4% in the version with
introduced 1 male for 10 females; the control period was 18–31 weeks [18].

Egg production also depends on the technique of rearing replacement juveniles. Thus,
in the case of adult ISA Brown hens raised in an aviary, an average egg-laying intensity of
85% was obtained when they came from chicks raised in a youth aviary and only 84% in
specimens from chicks raised in a classic battery [15].

4.4. Batch Outputs Rate

The improved batteries limit the movement space of each bird [30], while the aviary is
an equipment that respects the welfare condition, because it gives the birds the possibility
to move on much larger surfaces, both vertically (between the floors of the same section)
and horizontally (between two neighboring sections) [48].

Compared to the theoretical mortality rate specific to the ISA Brown hybrid for the
age period of 25–55 weeks (3.1%), the birds studied by us had a 1.04% higher mortality rate
in the specimens raised in the aviary (4.14%) and a 0.12% lower rate in those grown in the
improved battery (2.98%).
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Similar results were reported by Huneau-Salauen et al. [11], who found a mortality
rate of 4.2% in ISA Brown hens at a density of 40 heads/cage in improved Zucami batteries
(768 cm2/bird) and a mortality rate of only 2.4% in the version with 20 heads/cage.

From the direct observations of the two groups of birds, it turned out that the hens in
the aviary had a much more active behavior, constantly moving between the areas of interest
(feeders, waterers, and nests) and fully manifesting their instincts (perching, snorting, etc.).
This freedom of movement generated a greater number of mechanical accidents (in contact
with the hard parts of the equipment), but also of internal diseases, the temporal distribution
of which was somewhat uniform throughout the entire period studied.

In an experiment that looked at the effect of genotype and the content of essential
amino acids (methionine + cystine) on the feather chipping phenomenon, ISA Brown hens
had a mortality rate of 17.5% (not attributed to the provided diet), compared to 2.4% in
New Hampshire hens and 0% in White Leghorns [31].

4.5. Causes for Batch Outputs

For the exits from the batch studied by us, three main causes were identified (accidents,
obstetric diseases, and internal diseases) whose weight was directly influenced by the
breeding system used.

From this point of view, it was found that batch losses due to mechanical accidents
(especially wing and leg fractures) were much more frequent in hens from the aviary,
higher by 9.74% than those from the battery, the incriminating factor in this case being the
movement of birds on much larger surfaces than in the battery; another factor generating
accidental mortality is the effect of fights between birds to establish the social hierarchy,
at least for the beginning of the investigations. The highest rate of mechanical accidents
was recorded in the age period of 46–55 weeks (37.87% for hens in the aviary and 47.86%
for those in the battery compared to total accidents), due to the increase in bone fragility
(higher consumption of Ca for the shell eggs), increasing body weights, and quite possibly,
the decrease in the agility of the birds as they get older (especially in the aviary).

In the growth conditions ensured by the aviary, ISA Brown hens recorded a 1.37%
higher proportion of flock exits (due to fractures and injuries at the level of the sternal
carina) compared to Dekalb White hens [17].

As for the rate of exits from the batch due to obstetrical diseases, it was higher by 2.53%
in hens in the aviary, due to the fact that they moved much more in order to satisfy their
natural instincts, thus affecting the regularity of the ovulatory cycle. It should be noted
that the highest levels for obstetrical diseases were in the period of 25–45 weeks (62.35% for
hens in the aviary and 59.18% for those in the battery out of total exits caused by obstetrical
diseases), when an increased incidence of “peritonitis” was found “vitelline” with various
forms of ovaritis due to the lack of correlation between the intense rhythm of ovulation
and the insufficient amount of hormones stimulating the maturation of ovarian follicles.

There were also cases of birds with abdominal peritonitis (the oviduct can no longer
capture the mature follicles and they fall into the abdominal cavity), and towards the end
of the studied period, the number of birds with uterine prolapse, caused by the increased
volume of the eggs, also increased quite a lot, and with both categories requiring the
withdrawal of birds from the batch.

The exits from the batch caused by the manifestation of internal diseases registered a
higher rate in the hens in batteries compared to those in the aviary, the difference between
the batches being 12.27%. Among the internal diseases, a high incidence of mortality was
due to the “fatty liver” syndrome detected only in the specimens in the battery (massive
deposits of fat on the abdomen and mesentery due to lack of movement), especially after
the age of 40 weeks. Another cause was the manifestation of necrotic enteritis, whose
etiological agent is Clostridium perfringens, a bacterial species that colonizes the intestines of
birds (the replacement chicks were probably not treated for this disease), but which can
contaminate the administered chicks, the air admitted to the sheds, or even the bedding
used [49].
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4.6. Consumption of Mixed Fodders

This productive indicator was correlated with the egg-laying intensity of the birds but
influenced by the freedom of movement granted to them by the state of ensured well-being.

For example, the numerical egg production from 25–40 weeks was 104.21 eggs/head
(battery) compared to only 103.77 eggs/head (aviary), hence a lower feed conversion index
by 6.95% in hens raised in improved batteries; in the age period of 41–55 weeks, the egg
production of the birds was reduced (95.49 pcs./head in the aviary and 95.82 pcs./head in
the batteries), which led to higher values of the feed conversion index, with the mention
that hens reared in improved batteries still recorded more favorable consumption levels
(4.77% lower than aviary hens).

The obtained data showed that hens in the aviary had a higher average daily con-
sumption than those in the battery (by 6.50% in the period of 25–40 weeks and by 4.40% in
the period of 41–55 weeks), due exclusively to the additional energy expenses caused by
permanent movement in the much more generous space offered by the aviary.

The consumption of combined feed calculated for the entire period studied was at
levels similar to those reported in different experiments, both for hens in the aviary (daily
consumption = 122.20 g n.c./head/day; feed conversion index = 133.07 g n.c./egg) and especially
for those in the shed with improved batteries (average consumption = 115.87 g n.c./head/day;
conversion index = 125.69 g n.c./egg), which proves that both types of equipment tested by
us ensure conditions of exteriorization of the productive potential of hybrids specialized in
egg production.

When reared in the improved battery (768 cm2/bird) for 53 weeks, ISA Brown hens
achieved an average daily consumption of 111.4–113.2 g d.c./head/day and a conversion
index of 2.04–2.06 kg d.c./kg eggs, depending on the number of birds in the cage (20 vs.
40 heads/cage) [11].

ISA Brown hens weaned and in battery cages with different interior layouts (clas-
sic nest vs. nest lined with artificial turf or plastic mesh) had average daily intakes of
110.6–111.1 g n.c./head/day [28].

5. Conclusions

Our investigations concluded that the exploitation of laying hens in the aviary system
ensures the most optimal conditions for the externalization of the birds’ natural behaviors,
with positive repercussions on the metabolic functions, resulting in a good state of health
and high productive levels, comparable to those of birds raised in the battery. However, we
believe that it is necessary to continue research in this direction by evaluating molecular,
biochemical, or hormonal markers that accurately reflect the different types of stress to
improve the productivity and quality of life of birds exploited for egg production.
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