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ABSTRACT

Objective: The housing system is a crucial determinant of animal welfare. This study aimed to 
compare the effects of intensive housing with those of alternative floor housing on the welfare of 
rabbits and their meat production.
Materials and Methods: Eighty New Zealand rabbits (40 females and 40 males) with an initial 
mean weight of 1.3 kg and aged 35 days were distributed into four treatment groups. Treatment 
1 (T1) comprised five floor cages with four male rabbits in each cage; Treatment 2 (T2) comprised 
five floor cages, each containing four female rabbits; Treatment 3 (T3) consisted of five elevated 
cages housing four male rabbits each, and Treatment 4 (T4) consisted of five elevated cages hous-
ing four female rabbits each. Indicators of carcass quality, including moisture, protein, lipids, 
ash, pH, color (L*, a*, b*), physiological stress (plasma cortisol), oxidative stress (lipid oxidation 
TBARS), and number of antioxidants (FRAP) in the plasma and tissue, were measured.
Results: A significant difference (p < 0.05) in pH was observed between the conventional cages 
and the floor cages, as well as in cortisol levels for the traditional and floor cages (p < 0.05), 
respectively. Additionally, lipid oxidation (TBARS) was not significantly different in plasma, but 
was significantly different in meat. The TBARS value was higher for floor cages and lower for 
conventional cages. The FRAP value was not significantly different between plasma and meat 
(p < 0.05). The findings demonstrate that the use of floor cages does not affect the nutritive value 
of rabbit meat.
Conclusion: The type of cage used affects rabbits’ physiological stress levels and lipid oxidation 
in muscle tissue, which impacts meat quality. The nutritional value of meat remains unaffected, 
regardless of the cage type or sex of the rabbit. The floor cage environment enables the rabbits 
to engage in activities typical of their species, thereby contributing to the animals’ welfare by 
improving driving skills, attitudes, and handler behavior.
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Introduction

Animal welfare is currently a significant factor in livestock 
production. Regarding rabbits bred for meat, consumers 
have shown increasing demand for welfare-friendly rabbit 
farming practices. Adequate housing is critical for animal 
welfare [1-3]. In Mexico, traditional pen cages are used for 
housing rabbits. There has been very little research on the 

use of floor hutches in rabbit production, despite the obser-
vation that floor cages promote species-specific behaviors 
and contribute to the animals’ welfare. In Egypt, rabbits 
weaned at 35 days of age and reared in cages exhibited 
higher carcass traits and meat quality compared to those 
weaned at 28 days and reared in floor houses [4]. The floor 
housing allows the rabbits to exhibit their innate behav-
iors, which are typically observed in the wild. However, 
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it has been demonstrated that rabbits housed in cages 
often exhibit aggressive behavior, yet they also display 
social tendencies, such as hopping and interacting with 
their cage mates [5]. Research has focused on nutrition, 
genetics, and reproduction, leaving aside the issue of ani-
mal welfare in livestock farming [6]. The effects of housing 
type on rabbit behavior have been demonstrated in pre-
vious studies. Housing rabbits in pen cages with elevated 
platforms increases footfall between animals compared to 
pen housing. Open pens allow for alert behaviors that are 
not expressed in cages with low ceiling heights [7]. The 
concentration of cortisol in the plasma is higher in rabbits 
housed in groups compared to those housed individually, 
with a lower cortisol concentration resulting in less physi-
cal damage [1]. Housing in dense groups presents a greater 
degree of physical damage [8]. Szendrő and Zotte [9] have 
demonstrated through numerous experiments involving 
the growth of rabbits that higher group sizes result in 
greater stress levels, lower feed intake and weight gain, 
decreased slaughter performance, increased infection and 
mortality rates, and a higher incidence of lesions caused 
by aggression.

Stress is influenced by the type of housing for rabbits, 
and stress affects the secretion of cortisol. Cortisol is a hor-
mone that enables the animal to react to emergencies [10], 
including the mobilization of muscle and liver glycogen 
reserves. These energy-obtaining processes can acidify 
the meat [11]. Cortisol is also related to the fat content of 
meat, as has been reported in pigs [12] and in beef cattle 
[10]. Cortisol, when measured directly in the animal, can 
be an indicator of stress [13]. An additional effect of hous-
ing type is lipid oxidation [14], which is caused by the pres-
ence of reactive oxygen species. Lipid oxidation can impact 
the shelf life and physicochemical properties of meat. The 
above discussion suggests that the type of housing can 
have implications for the final product of rabbit husbandry 
and that the effect can be measured by the concentration 
of cortisol [15], the level of lipid oxidation, TBARS, and the 
concentrations of antioxidants (FRAP) [16]. Therefore, the 
aim of this study was to investigate the impact of two types 
of floor housing on the welfare and meat quality of rabbits.

Materials and Methods

Ethical approval

The research was approved by the Ethics and Animal Care 
Committee of the Benemeritous Autonomous University 
of Puebla, and all procedures complied with the National 
Legislation on Animal Health Research (458742).

Study area

This study was carried out at the Animal Husbandry Station 
of “El Salado,” associated with the Faculty of Veterinary 
Medicine and Zootechnics from Benemeritus Autonomous 
University of Puebla, Mexico (18°52’ N and 97°43’ W). 
The study area has an elevation of 2055 m above sea level, 
characterized by a semi-arid temperate climate with sum-
mer precipitation, and an average annual rainfall and tem-
perature of 700 mm and 18°C, respectively [17].

Experimental units

The experiment was conducted over 40 days, spanning 
February to March 2024. The rabbits were slaughtered and 
sampled at 75 days of age, demonstrating a final average 
weight of 2.07 ± 0.05 kg. A total of 40 female and 40 male 
New Zealand rabbits aged 35 ± 7 days with an initial aver-
age weight of 1.324 kg were distributed among four treat-
ments. In Treatment 1 (T1), five floor cages were designed 
to accommodate four male rabbits each, and in Treatment 
2 (T2), five floor cages were used to hold five female rab-
bits each; Treatment 3 (T3) comprised five elevated cages 
designed to accommodate four male rabbits each, and in 
Treatment 4 (T4), five elevated cages were used to hold 
four female rabbits each. The elevated cages had a surface 
area of 0.45 m² per animal. The floor housing measured 
1.2 m in width, 1.5 m in length, and 0.5 m in height. The 
cages were lined with galvanized wire mesh, with open-
ings measuring 4.5 cm at the top and 2.5 cm at the bot-
tom. The floor of each cage was also lined with mesh, with 
openings measuring 2.5 cm. This was deemed sufficient to 
ensure the physical comfort of the rabbits [18]. The nest 
boxes were constructed from wood and measured 30 cm in 
width, 40 cm in height, and 60 cm in length, with a circular 
entrance at the front measuring 20 cm in diameter. They 
also featured hopper feeders and automatic waterers. 
The second housing system was conventional or elevated 
cages, comprising ten wire cages measuring 90 cm in 
length, 60 cm in width, and 40 cm in height. These cages 
were elevated one meter from the ground level and were 
constructed with a metal frame. The cages were equipped 
with a water system comprising troughs and a hopper 
feeder. The density of the population was 0.135 m² per 
animal, with four rabbits per cage.

Feeding

The rabbits were given food and water ad libitum and were 
fed a commercial diet formulated specifically for rabbits. 
The nutritional composition of the commercial feed was 
previously reported by Robles et al. [19].
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Statistical analysis

The data were examined utilizing a completely random-
ized design with a 2 × 2 factorial arrangement. The model 
for analysis included the main effects of cage (conventional 
and floor) and sex (females and males), and their interac-
tions. Five replicates were used per treatment combina-
tion, with four rabbits per replicate. The GLM procedure 
of SAS (SAS, 2010) was utilized for analysis, and the means 
were compared using the Tukey test. Data were expressed 
as means ± S.E.

The data were examined using the following model:

Yijk = μ + Ai +Bj + (AB)ij +εijk

where Yijk = the effects of humidity, protein, lipids, ash, pH, 
color, cortisol in serum, lipid oxidation in plasma and mus-
cle tissue, and the presence of antioxidants in plasma and 
muscle tissue.

    μ = the overall (grand) Mean
   Ai = the effect of the ith type of cage (1,2).
   Bj = effect of the jth sex (1,2).
ABij = Cage × Sex interaction.
    ε = Error term.

Results

The interaction between the different factors was not 
significant (p > 0.05); therefore, only the main effects 
are discussed. The results for cortisol concentrations 
(Table 1) showed a significant difference between treat-
ments (p < 0.05). In the pen (elevated) cages, the cortisol 
concentration was undetectable, while in the floor hutches, 
the concentration was higher (0.11 pg/ml). The oxidation 
of lipids in the blood plasma of rabbits was measured 
using the TBARS technique, and the antioxidant concen-
trations were determined by the FRAP method. No signif-
icant differences were observed (p > 0.05) between cages 
or between sexes (Table 2).

There were no significant differences (p > 0.05) in 
humidity, protein, ether extract, or ash content due to the 
treatments. The pH levels differed between cage types, 
with higher values in the conventional cages and lower val-
ues in the floor cages. The light and color associated with 

the treatments were not statistically significant (p > 0.05) 
(Table 3).

Discussion

The production of fattening rabbits can be affected by mul-
tiple factors, one of which is the type of housing, which is 
based on the system’s specifications and includes the types 
of materials used in the space allocated for specific behav-
iors, such as movement, rest, and feeding. It also includes 
other unique rearing settings that the system offers, such 
as health and/or social stress [2,20,21]. 

Some authors have shown that conventional pen cages, 
such as those used in this study, limit the opportunity for 
social interaction; with less space, rabbits exhibit lower 
cortisol concentrations [22]. Elevated cortisol levels in 
rabbits kept in floor hutches may be due to the greater 
amount of space, as this allows for fighting to establish 
dominance hierarchies and greater mobility, activities 
typical of the species. Apparently, rabbits require a spe-
cific concentration of cortisol to maintain alertness and 
ensure survival. This alertness system is manifested in 
floor hutches. Hube et al. [15] found that cortisol concen-
tration increased in groups of three rabbits compared to 
those kept individually. Bozzo et al. [22] observed similar 
results when comparing open cages vs. conventional pen 
cages and industrial systems.

The FRAP in the plasma reflects antioxidant activity 
determined by the reduction of ferric ions [23]. High mag-
nitudes of this indicator are associated with the integrity 
of the organism’s cell membranes; lipid compounds are 

Table 1. Cortisol, lipid oxidation and antioxidants present in serum and blood plasma of rabbits housed in floor 
cages (T1 and T2) and in conventional (elevated) cages (T3 and T4).

Treatment/housing type/sex n Cortisol (pg/ml) (± S.E) TBARS (nmol/100µl) (± S.E) FRAP (nmol/50µl) % (± S.E)

T1/male/floor cage 20 0.07 ±0.05a 2.46 ± 1.31 15.15 ± 4.01

T2/ female/floor cage 20 0.11 ± 0.17a 2.89 ± 0.53 12.45 ± 2.28

T3/male/elevated cage 20 – 2.31 ± 0.83 13.84 ± 3.06

T4/female/elevated cage 20 – 3.71 ± 1.06 15.99 ± 7.61

S.E., standard error of the mean. a, b Different letters in the same row indicate differences (p < 0.05). 

Table 2. Effect of treatments on lipid oxidation and antioxidant 
concentration in meat from fattening rabbits.

Treatment/housing type/
sex

n TBARS (nmol/ 
100 µl) (± S.E)

FRAP (nmol/ 
50 µl) % (± S.E)

T1/male/floor cage 20 15.74 ± 1.66a 21.64 ± 7.15

T2/ female/floor cage 20 17.21 ± 2.07a 19.95 ± 7.26

T3/male/elevated cage 20 13.60 ± 3.31b 29.33 ± 9.92

T4/female/elevated cage 20 13.53 ± 4.33b 27.81 ± 12.16

S.E., standard error of the mean. a, b Different letters in the same row 
indicate differences (p < 0.05). 
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crucial for maintaining cell health. In our study, there was 
no difference in FRAP associated with the type of housing. 
This suggests that housing did not affect antioxidant activ-
ity. The type of diet has been shown to be a source of varia-
tion in antioxidant activity. Ebeid et al. [24] supplemented 
rabbits’ diets with vitamin E and observed enhanced 
antioxidant activity. However, Mattioli et al. [25] found no 
difference in plasma FRAP in rabbits fed with olive leaves 
enriched with selenium.

TBARS is an indicator of the degree of oxidative stress 
within a biological sample [26]. No differences were 
observed in plasma TBARS between the types of hous-
ing or sexes in the rabbits; this may have been due to the 
absence of additional stressors or to the physical activ-
ity of the rabbits. The results of the evaluation of rabbit 
meat quality characteristics evaluated in this study (mois-
ture, protein, ether extract, and ash) are similar to those 
reported by Dalle-Zotte et al. [27]. In the latter study, which 
examined different types of housing, no differences were 
observed in meat quality.

Sampels and Skoglund [28] reported a variation attrib-
utable to sex, with higher values in females (6.0) and lower 
values in males (5.8), a result attributed to less tension 
in females. The properties of meat, particularly its color 
parameters, are closely associated with the pH level [21]. 
This study found no differences in pH associated with the 
sex of the rabbits; however, differences were observed 
depending on the type of housing. Rabbits housed in 
conventional pen cages had a higher pH value than those 
housed in floor hutches. The decreased pH in floor hutches 
(T1 and T2) was associated with greater physical activity, 
which produced higher catabolism of glycogen into lactic 
acid, causing a decrease in the pH of the meat.

Paci et al. [29] reported that rabbits housed in conven-
tional pen cages at a low density had a lower pH than those 
housed in pen cages at a high density. With limited space, 
the rabbits displayed aggressive behaviors, and the stress 
affected the final pH of the meat. The pH can impact the 
quality of the meat, as it affects the water retention capac-
ity. However, the pH values obtained in this study are ade-
quate for maintaining the normal shelf life of rabbit meat, 
as indicated by Menchetti et al. [30].

The color of meat is one of the most prominent attributes 
for consumers and is evaluated initially. The outcome is 
attributable to qualitative alterations in the composition of 
meat, mostly due to modifications in myoglobin and hemo-
globin [31]. The meat color parameters L*, a*, and b* were 
unaffected by the increased physical activity associated 
with floor housing. Differences in meat color have been 
reported due to the type of diet [32], breed [33], the age of 
the animal [34], the time of measurement [28], and even 
the instrument with which the measurement is carried out 
[35]. In contrast to the values obtained in this study, where 
the values of L*, a*, and b* were not significantly different 
(p > 0.05), Krunt et al. [21] observed differences in the 
color variable a* when evaluating rabbit housing in pens 
(less red color) and in conventional pen cages (more red 
color). Krunt et al. [21] examined the longissimus thoracis 
muscle, while this study evaluated the longissimus dorsi 
muscle. Due to the greater activity of the thoracic muscle, 
the greater redness is reasonable compared to the longis-
simus dorsi muscle, which experiences less physical effort.

The oxidant activity (TBARS) in rabbit meat differed 
between housing treatments, being higher for rabbits 
housed in floor hutches compared to conventional pen 
cages. The greater space in the floor hutch allows for 
greater movement, and this, in turn, increases the gener-
ation of free radicals and may enhance oxidative activity 
[14]. The TBARS recorded values were higher in rabbits 
housed in floor hutches, indicating higher levels of corti-
sol, a result attributed to enhanced physical activity and 
greater space in which to manifest alert behaviors.

Conclusion

The present study has demonstrated that the type of cage 
affects the physiological stress level of rabbits, as well as 
the lipid oxidation of the muscle tissue, and hence, the 
quality of the meat. The nutritional value of the meat 
was unaffected by the type of cage or the sex of the rab-
bits. Floor cages represent an alternative housing system 
in commercial rabbit farming, as they do not affect the 
nutritional quality of the meat, and they contribute to the 
animals’ well-being, allowing them to engage in typical 
species-specific behaviors.

Table 3. Meat characteristics of finishing New Zealand rabbits according to cage type, sex and their interaction

Treatment/Housing 
type/sex

n Humidity % 
(± S.E)

Proteins % 
(± S.E)

Ether extract 
% (± S.E)

Ashes% 
(± S.E)

pH (± S.E) Color

L*(± S.E) a*(±S.E) b*(± S.E)

T1/male/floor cage 20 98.18 ± 0.64 20.07 ± 1.27 6.11 ± 1.14 1.85 ± 0.66 5.76 ± 0.04a 55.47 ± 3.65 12.94 ± 2.02 5.47 ± 1.93

T2/ female/floor cage 20 98.53 ± 0.25 19.55 ± 1.65 6.59 ± 1.33 1.48 ± 0.26 5.78 ± 0.09a 58.77 ± 2.194 11.80 ± 1.68 4.69 ± 1.92

T3/male/elevated cage 20 98.36 ± 0.56 20.02 ± 0.91 5.72 ± 0.82 1.66 ± 0.58 5.82 ± 0.04b 60.11 ± 1.182 12.00 ± 4.06 5.38 ± 2.63

T4/female/elevated cage 20 98.79 ± 0.19 20.78 ± 0.86 6.69 ± 0.55 1.21 ± 0.20 5.84 ± 0.04b 57.48 ± 2.02 12.83 ± 1.01 5.19 ± 0.56

L*= Luminosity; a*= Coloration from red to green; b*= Coloring from yellow to blue. S.E., standard error of the mean. a, b; Different letters in the same row 
indicate differences (p < 0.05).
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yellow to blue; cm, centimeters; FRAP, ferric reduc-
ing antioxidant power; kg, kilogram; L, Luminosity; m, 
meters; m², square meters; pH, hydrogen potential; 
S.E., standard error; TBARS, thiobarbituric acid reactive 
substances; T, Treatment.

Acknowledgment

The authors would like to thank the Benemérita 
Universidad Autónoma de Puebla, México, profusely, for 
the financial support provided for this through Grant No. 
VIEP-RORO-NAT-24-I.

Conflicts of interest

The authors declare that they have no conflicts of interest, 
financial or otherwise, that could inappropriately influ-
ence the content of this manuscript.

Authors’ contributions

José Robles-Robles: Writing—original draft, formal 
analysis. Adrián Muñoz-Cuautle: Methodology, inves-
tigation, conceptualization, review, and editing. José 
Ponce-Covarrubias: Formal analysis, methodology. María 
Ortega-Cerrilla: Writing – original draft, methodology, con-
ceptualization. Fernando Utrera-Quintana: Formal analy-
sis, methodology, conceptualization, and editing. Ricardo 
Martínez-Martínez: Conceptualization, editing. Abel 
Villa-Mancera: Writing – original draft, Writing – review 
and editing. All authors read and approved of the final 
manuscript.

References
[1]	 Pérez-Fuentes S, Muñoz-Silvestre A, Moreno-Grua E, Martínez-

Paredes E, Viana D, Selva L, et al. Effect of different housing sys-
tems (single and group penning) on the health and welfare of 
commercial female rabbits. Animal 2020; 14(6):1270–7; https://
doi.org/10.1017/S1751731119003379 

[2]	 Trocino A, Menegon F, Zomeño C, Pasqualin D, Cunial G, Xiccato 
G, et al. A pilot study about on-farm assessment of health and 
welfare in rabbits kept in different housing systems. Front Vet Sci 
2022; 9:936643; https://doi.org/10.3389/fvets.2022.936643 

[3]	 Zomeño C, Bordignon F, Xiccato G, Trocino A, Birolo M, Menegon 
F, et al. Role of housing system and season on the carcass and 
meat quality traits of growing rabbits reared in Italian commer-
cial farms. World Rabbit Sci 2023; 31(3):179–89; https://doi.
org/10.4995/wrs.2023.19230 

[4]	 Hassan T. Influence of weaning age and housing system on carcass 
traits and meat quality of V-Line and Moshtohor rabbits. Ann Agr 
Sci Moshtohor 2023; 60(4):1103–10; https://doi.org/10.21608/
assjm.2023.279107 

[5]	 Venkataraman K, Raajkamal BS. Clinical examination of laboratory 
rodents and rabbits. In: Essentials of laboratory animal science: 

principles and practices. Springer, Gateway East, Singapore, pp 
521–39, 2021; https://doi.org/10.1007/978-981-16-0987-9

[6]	 Valverde A, González-Miranda JA, Sevilla F, Mora S, Roldan ERS, 
Vargas C, et al. Perceptions of animal welfare on livestock: evi-
dence from college agronomy students in Costa Rica. Animals 
2024; 14(10):1398; https://doi.org/10.3390/ani14101398 

[7]	 Cano C, Carulla P, Villagrá A. Welfare, behavior, and hous-
ing of rabbits. In: Veterinary care of farm rabbits: a complete 
practice guide to rabbit medicine and production Springer 
Nature, Cham, Switzerland, pp 155–87, 2024; https://doi.
org/10.1007/978-3-031-44542-2 

[8]	 Bill J, Rauterberg S, Stracke J, Kemper N, Fels M. Prevalence 
and severity of tail lesions as a possible welfare indicator for 
rabbit does. Anim Welfare 2019; 28(4):511–8; https://doi.
org/10.7120/09627286.28.4.511 

[9]	 Szendrő Z, Zotte AD. Effect of housing conditions on production 
and behaviour of growing meat rabbits: a review. Livest Sci 2011; 
137(1-3):296–303; https://doi.org/10.1016/j.livsci.2010.11.012 

[10]	 Bozzo G, Barrasso R, Marchetti P, Roma R, Samoilis G, Tantillo G, 
et al. Analysis of stress indicators for evaluation of animal welfare 
and meat quality in traditional and Jewish slaughtering. Animals 
2018; 8(4):43; https://doi.org/10.3390/ani8040043 

[11]	 Colditz IG. Adrenergic tone as an intermediary in the temper-
ament syndrome associated with flight speed in beef cattle. 
Front Anim Sci 2021; 2:652306; https://doi.org/10.3389/
fanim.2021.652306 

[12]	 Dokmanovic M, Baltic MZ, Duric J, Ivanovic J, Popovic L, Todorovic 
M, et al. Correlations among stress parameters, meat and carcass 
quality parameters in pigs. Asian-Australasian J Anim Sci 2015; 
28(3):435–41; https://doi.org/10.5713/ajas.14.0322 

[13]	 Manteca X, Amat M, Salas M, Temple D. Animal-based indicators 
to assess welfare in zoo animals. CABI Rev 2016; 2016:1–10; 
https://doi.org/10.1079/PAVSNNR201611010 

[14]	 Loponte R, Secci G, Mancini S, Bovera F, Panettieri V, Nizza A, et 
al. Effect of the housing system (free-range vs. open air cages) on 
growth performance, carcass and meat quality and antioxidant 
capacity of rabbits. Meat Sci 2018; 145:137–43; https://doi.
org/10.1016/j.meatsci.2018.06.017 

[15]	 Hube D, Bill J, Knop ES, Herbrandt S, Kemper N, Fels M. Physical 
injuries and hair corticosterone concentration in rabbit kits 
from single-and group-housed does kept on a commercial 
farm. Animals 2023; 13(2):196; https://doi.org/10.3390/
ani13020196 

[16]	 Casamassima D, Palazzo M, Vizzarri F, Coppola R, Costagliola C, 
Corino C, et al. Dietary effect of dried bay leaves (Laurus nobilis) 
meal on some biochemical parameters and on plasma oxida-
tive status in New Zealand white growing rabbit. J Anim Physiol 
Anim Nutr 2017; 101(5):e175–184; https://doi.org/10.1111/
jpn.12584 

[17]	 INEGI. Instituto Nacional de Estadística y Geografía. Anuario 
Estadístico y geográfico de los Estados Unidos Mexicanos. 2017. 

[18]	 Fetiveau M, Savietto D, Gidenne T, Pujol S, Aymard P, Fortun-
Lamothe L. Effect of access to outdoor grazing and stocking den-
sity on space and pasture use, behaviour, reactivity, and growth 
traits of weaned rabbits. Animal 2021; 15(9):100334; https://
doi.org/10.1016/j.animal.2021.100334 

[19]	 Robles-Robles M, Rodríguez-Castañeda E, Ponce-Covarrubias J, 
Carmona-Victoria M, Villa-Mancera A, Rodríguez-Castillo J. Costo 
de alimentación sobre ingresos en la engorda de conejos en dos 
sistemas de alojamiento. Abanico Agrof 2022; 4:1–15; https://
doi.org/10.37114/abaagrof/2022.1 

[20]	 Mota EG, Beristain GE, Salinas MLR, González ND, Chacón FN. 
Effect of environmental enrichment on welfare and productive 
indicators in pregnant rabbits. Trop Subtrop Agroecosys 2025; 
28(2):6150; https://doi.org/10.56369/tsaes.6150 

http://bdvets.org/javar/
https://doi.org/10.1017/S1751731119003379
https://doi.org/10.1017/S1751731119003379
https://doi.org/10.3389/fvets.2022.936643
https://doi.org/10.4995/wrs.2023.19230
https://doi.org/10.4995/wrs.2023.19230
https://doi.org/10.21608/assjm.2023.279107
https://doi.org/10.21608/assjm.2023.279107
https://doi.org/10.1007/978-981-16-0987-9
https://doi.org/10.3390/ani14101398
https://doi.org/10.1007/978-3-031-44542-2
https://doi.org/10.1007/978-3-031-44542-2
https://doi.org/10.7120/09627286.28.4.511
https://doi.org/10.7120/09627286.28.4.511
https://doi.org/10.1016/j.livsci.2010.11.012
https://doi.org/10.3390/ani8040043
https://doi.org/10.3389/fanim.2021.652306
https://doi.org/10.3389/fanim.2021.652306
https://doi.org/10.5713/ajas.14.0322
https://doi.org/10.1079/PAVSNNR201611010
https://doi.org/10.1016/j.meatsci.2018.06.017
https://doi.org/10.1016/j.meatsci.2018.06.017
https://doi.org/10.3390/ani13020196
https://doi.org/10.3390/ani13020196
https://doi.org/10.1111/jpn.12584
https://doi.org/10.1111/jpn.12584
https://doi.org/10.1016/j.animal.2021.100334
https://doi.org/10.1016/j.animal.2021.100334
https://doi.org/10.37114/abaagrof/2022.1
https://doi.org/10.37114/abaagrof/2022.1
https://doi.org/10.56369/tsaes.6150


http://bdvets.org/javar/	�  1242Robles-Robles et al. / J. Adv. Vet. Anim. Res., 12(4): 1237–1242, December 2025

[21]	 Krunt O, Zita L, Kraus A, Bureš D, Needham T, Volek Z. The effect of 
housing system on rabbit growth performance, carcass traits, and 
meat quality characteristics of different muscles. Meat Sci 2022; 
193:108953; https://doi.org/10.1016/j.meatsci.2022.108953 

[22]	 Bozzo G, Dimuccio MM, Casalino G, Ceci E, D’Amico F, Petrontino 
A, et al. Preliminary evidence regarding the detection of cortisol 
and IL-6 to assess animal welfare in various rabbit housing sys-
tems. Agriculture 2022; 12(10):1622; https://doi.org/10.3390/
agriculture12101622 

[23]	 Hsieh C, Rajashekaraiah V. Ferric reducing ability of plasma: a 
potential oxidative stress marker in stored plasma. Acta Haematol 
Pol 2021; 52(1):61–7; http://doi.org/10.5603/AHP.2021.0009

[24]	 Ebeid TA, Zeweil HS, Basyony MM, Dosoky WM, Badry H. 
Fortification of rabbit diets with vitamin E or selenium affects 
growth performance, lipid peroxidation, oxidative status and 
immune response in growing rabbits. Livest Sci 2013; 155(2-
3):323–31; https://doi.org/10.1016/j.livsci.2013.05.011 

[25]	 Mattioli S, Rosignoli P, D’Amato R, Fontanella MC, Regni L, 
Castellini C, et al. Effect of feed supplemented with selenium-en-
riched olive leaves on plasma oxidative status, mineral profile, 
and leukocyte DNA damage in growing rabbits. Animals 2020; 
10(2):274; https://doi.org/10.3390/ani10020274 

[26]	 De Leon JAD, Borges CR. Evaluation of oxidative stress in biological 
samples using the thiobarbituric acid reactive substances assay. J 
Vis Exp 2020; 159:e61122; https://doi.org/10.3791/61122 

[27]	 Dalle-Zotte A, Masoero G, Sala G, Jekkel G, Milisits G, Szendro Z. 
Effects of housing system on the meat quality of fattening rabbits 
by NIRS using ethanol or freeze-dried specimens. In Proc. 53th 
international congress of meat science and technology (ICoMST), 
Canadian Meat Science Association, Beijing, China, 2007; pp. 
339-40.

[28]	 Sampels S, Skoglund J. Quality of carcasses and meat from male 
and female rabbits. Theory Pract Meat Process 2021; 6(3):255–8; 
https://doi.org/10.21323/2414-438X-2021-6-3-255-258 

[29]	 Paci G, Preziuso G, D’Agata M, Russo C, Zotte AD. Effect of stock-
ing density and group size on growth performance, carcass traits 
and meat quality of outdoor-reared rabbits. Meat Sci 2013; 
93(2):162–6; https://doi.org/10.1016/j.meatsci.2012.08.012 

[30]	 Menchetti L, Brecchia G, Branciari R, Barbato O, Fioretti B, Codini 
M, et al. The effect of Goji berries (Lycium barbarum) dietary sup-
plementation on rabbit meat quality. Meat Sci 2020; 161:108018; 
https://doi.org/10.1016/j.meatsci.2019.108018 

[31]	 Siudak Z, Kmiecik M, Pałka S. The effect of breed and sex on 
the acidity and colour of rabbit meat. Rocz Nauk Zoot 2023; 
50(1):59–67; https://doi.org/10.58146/2ryn-6x46 

[32]	 Gómez JFM, Antonelo DS, Beline M, Pavan B, Bambil DB, Fantinato-
Neto P, et al. Feeding strategies impact animal growth and beef 
color and tenderness. Meat Sci 2022; 183:108599; https://doi.
org/10.1016/j.meatsci.2021.108599 

[33]	 Derewicka O, Pałka S. Effect of breed and sex on the body 
weight, slaughter traits, meat quality and meat texture parame-
ters of rabbits. Anim Sci Genet 2024; 20(1):11–21; https://doi.
org/10.5604/01.3001.0054.4472 

[34]	 Villegas-Cayllahua EA, Dutra DR, Dias AVL, Cavalcanti ENF, 
Carneiro NMGM, Castilha LD, et al. Effect of sex and age on phys-
icochemical and technological characteristics in the Longissimus 
thoracis et lumborum muscle in Botucatu rabbits. Animals 2025; 
15(16):2368; https://doi.org/10.3390/ani15162368 

[35]	 Nakyinsige K, Sazili AQ, Zulkifli I, Goh YM, Abu Bakar F, Sabow 
AB. Influence of gas stunning and halal slaughter (no stunning) 
on rabbits welfare indicators and meat quality. Meat Sci 2014; 
98(4):701–8; https://doi.org/10.1016/j.meatsci.2014.05.017

http://bdvets.org/javar/
https://doi.org/10.1016/j.meatsci.2022.108953
https://doi.org/10.3390/agriculture12101622
https://doi.org/10.3390/agriculture12101622
http://doi.org/10.5603/AHP.2021.0009
https://doi.org/10.1016/j.livsci.2013.05.011
https://doi.org/10.3390/ani10020274
https://doi.org/10.3791/61122
https://doi.org/10.21323/2414-438X-2021-6-3-255-258
https://doi.org/10.1016/j.meatsci.2012.08.012
https://doi.org/10.1016/j.meatsci.2019.108018
https://doi.org/10.58146/2ryn-6x46
https://doi.org/10.1016/j.meatsci.2021.108599
https://doi.org/10.1016/j.meatsci.2021.108599
https://doi.org/10.5604/01.3001.0054.4472
https://doi.org/10.5604/01.3001.0054.4472
https://doi.org/10.3390/ani15162368
https://doi.org/10.1016/j.meatsci.2014.05.017

