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SUMMARY
ADDITIONAL KEYWORDS Raised pens (RP) have been promoted in the fropical regions of Mexico as a housing system to impro-
Beddir!g. ves the productivity of growing male and female lambs. They showed high acceptance among farmers,
Eg:gl[g:g systems. however, there is a lack of studies about the RP system and the use of environmental enrichment in the
Raised pens. system. Therefore, this study aimed to compare the productive performance of growing lambs (male and
Welfare. female) housed on RP or ground level (GL) using shaving woods as bedding material. Thirty4two lambs

(15 males and 17 females) were used, with an average initial live weight and age of 10.54 + 1.89
kg and 66.54 + 22.43 days, respectively. Data were analysed by Variance Analysis considering main
factors: housing system (RP and GL) and sex (male and female), and dependant variables: daily weight
gain (DWG), feed intake (DMI), feed conversion (FC) and final body weight (FBW). The housing sysfem
did not affect DWG, DMI, FC and FBW (P > 0.05). Males presented higher values in all productive
indicators than females (except FC). Under the condifions of this study, the productive performance of
growing lambs housed either RP or GL was similar.

Efecto de dos sistemas de alojamiento y del sexo sobre el comporiamiento produdiivo de
corderos durante el engorde

RESUMEN

PALABRAS CLAVE Los corrales elevados (RP) han sido promovidos en las regiones fropicales de México como un sistema

Materiales de cama. de alojamiento que mejora el comportamiento productivo de los corderos en crecimiento y han mostrado
Sistemas de engord. una gran aceptacién entre los productores, tanto para corderos machos como en hembras; sin embargo,
Sistemas infensivos. han sido poco estudiados y usado sin enriquecimiento ambiental en los sistemas infensivos. Por lo tanto,
Corrales elevados. el objetivo de esfe estudio fue comparar el comporfamiento productivo de corderos en crecimiento fanto
Bienesiar machos como hembras alojados en RP y a nivel del suelo (GL) usando viruta como material de cama. Se
Ienesiar. usaron 32 corderos, 15 machos y 17 hembras, con un promedio de peso vivo y edad inicial de 10,54
+ 1,89 kgy 66,54 = 22,43 dias, respectivamente. Los datos fueron analizados empleando andlisis de

varianza, incluyendo como efectos fijos el fipo de alojamiento (RP y GL) y el sexo (machos y hembras) y

las variables dependiente ganancia diaria de peso (DWG), el consumo de alimento (DMI), la conversién

dlimentficia (FC) y el peso vivo final (FBW). El fipo de alojamiento no tuvo efecto sobre DWG, DM, FC y

FBW (P > 0,05). Los machos presentaron mejores valores en todos los indicadores productivos que las

INFORMATION hembras (excepto en FC). Baijo las condiciones de este estudio, el comportamiento productivo de corderos

en crecimiento alojados ya sea en RP o en GL fue similar.
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INTRODUCTION

The housing of growing lambs is an important fac-
tor in intensive fattening systems due to its influence
on productive performance and animal welfare (Mu-

noz-Osorio et al., 2019). In this sense, the literature
has demonstrated the beneficial effects of enriched
housing with bedding materials on animal welfare
and the maintenance of the production level of the
systems (Mufnoz-Osorio et al., 2019). In fattening lamb
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roduction, a good housing system can improve bio-
ogical functioning, as well as welfare (Aguayo-Ulloa
etal., 2014; Aguayo-Ulloa et al., 2015). However, in the
warm sub-humid tropical region of Mexico, the most
traditional housing systems used is intensive feedlot
at ground level (GL) without any material used as
bec%ding (Munoz-Osorio et al., 2015; Munoz-Osorio et
al., 2016), which has an unfavorable environment for
lambs without comfort (Teixeira et al., 2012; Teixeira
et al., 2014; Teixeira et al., 2015). Thus, the raised pens
(RP) offer probably an alternative solution for this pro-
blem (Munoz-Osorio et al., 2015; Mufioz-Osorio et al.,
2016; Munoz-Osorio et al., 2017).

RP is commonly used in intensive feeding opera-
tions and research settings to minimize the labour and
costs associated with bedding and manure removal
from animal pens (Feerevik et al., 2005; Jaborek et al.,
2016). This system has advantages such as a clean and
healthy environment, reduced exposure to parasites,
increases protection from predators, and reduces ener-
gy expenditure from animals (Lupton et al., 2007; Her-
nandez-Cortazar et al., 2014). RP has been promoted in
the tropical regions of Mexico as a housing system that
improves the productivity of growing lambs for male
and female lambs and shows high acceptance among
farmers (Munoz-Osorio et al., 2015; Munoz-Osorio et
al., 2016). However, in a recent review it was shown
that RP, per se, does not seem to improve the produc-
tive performance of lambs, due to the interaction of
various factors such as management, breeding, nutri-
tion, health, among others (Mufioz- Osorio et a%., 2019).
Therefore, our research group has hypothesized that
under controlled conditions (free of parasites, similar
genotypes, adequate housing conditions, including
elevated roofs and clean environment), the productive
performance of lambs housed in RP and at GL could be
similar (Munoz-Osorio et al., 2017). Besides, male and
female lambs are managed under the same conditions,
either for housing or feeding (Mufioz-Osorio et al.,
2015). These strategies, however, seems to be inade-
quate because males have higher food consumption
and achieve higher weight gain compared to females
(Bello et al., 2016).

There is a lack of studies about RP and the environ-
mental enrichment of fattening intensive systems (Mu-
noz-Osorio et al., 2019). However, Mexican consumers
are interested in animal welfare issues and their ethical,
sociological, and economic implications (Miranda-de
la Lama et al., 2017). The studies of enriched housing
with bedding materials such as woodchip, considering
a productive point of view, is a research area that ne-
eds to be addressed in the tropical regions of Mexico
(Mufioz-Osorio et al., 2019). Likewise, it is necessary
to continue research on RP to clarify with scientific
evidence if they improve the productive performance
of growing male and female lambs compared to pens
with environmental enrichment (Mufnoz-Osorio et al.,
2019). This study aimed to compare the productive
performance of growing male and female lambs hou-
sed on RP or GL enriched with woodchip as bedding
material.

MATERIAL AND METHODS

The trial was conducted between March and June at
a sheep farm located in the center of Yucatan, Mexico
(21° 14’ N, 89 ° 07" W), with warm sub-humid climate
and summer rainfalls. There are two seasons during
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the year, dry season (December-May) and rainy season
(June-November) (INEGI, 2013).

Thirty-two lambs (hair sheep crossbreed), 15 males
and 17 females, born and weaned in the same farm,
with an average initial live weight and age of 10.54
+ 1.89 kg and 66.54 + 22.43 days, respectively, were
distributed into two housing systems: 1) RP and 2) GL,
with a similar number of male and female lambs per
system. Lambs were housed in 12 pens (6 RP and 6 GL
pens) with two or three lambs each (1 m? per lamb).
The study lasted ten weeks, two of adaptation and
eight of the experimental period.

The RP was build of an expanded metal floor. The
RP was daily cleaned and dried. The floor of GL was
made of concrete covered with woodchips (approxi-
mately 10 cm in height) (Figure 1). New bedding ma-
terial was added or replaced during the experiment
when necessary. Pens had roof that provided shade for
the lambs all the time, as well as feeders and troughs.
The roof was 3.90 m in height, and the RP was 80 cm
above the ground. The lambs were fed twice a day
(8:30 and 16:00 h). The amount of feed supplied daily
was adjusted, considering at least 15% rejection of feed
offered. Samples from both feed supplied and rejected
were taken once a week for dry matter analysis. The
food was commercial brand concentrate containing
12% humidity, 14.5% crude protein, 2.8% fat, 3.1%
crude fiber, 5.0% ash, and 62.60% nitrogen-free extract
(according to the manufacturer’s information). Water
consumption was ad libitum. Seven days before start-
ing the experiment, all lambs were dewormed with
Levamisol 12% at doses of 16 mg/ kg BW.

The lambs were weighed at 8:00 in the morning
every 14 days, with a digital scale, previously fasting
of 12 h. Body weight change was calculated as follows
BWC = final body weight (FBW) —initial body weight
(IBW). The dry matter intake (DMI, kg day-1) was
estimated as the difference, on dry basis, between the
concentrate suppled and the concentrate refused. Daily
weight gain (DWG, g day-1) was calculated as the dif-
ference between IBW and FBW divided by the whole
fattening period (70 days). The feed conversion on dry
basis (FC, kg DM kg-1) was estimated as DMI/BWC.

The data were analyzed by the General Linear Mod-
el procedure of SAS version 8 (SAS, 1999). In order to
determine the effects of housing systems (RP and GL)
and sex (male and female) on DWG, DMI, FC, and

=

Figure 1. Pens made of expanded metal floor (RD, left
side) and pens at ground level enriched with wood-
chip as bedding material (GL, right side) (Corral elevado
con piso construido de metal expandido (RP, lado izquierdo) y corral
a nivel del suelo enriquecido con viruta de madera como material de
cama (GL, derecha).
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FBW analysis of variance were performed. The model
included simple interactions between fixed effects;
however, as there no significant interaction, they were
removed from the final model. Differences between
means were assessed by Tukey test. Resulting data
were tabulated using Least Square Means (LSM) and
their associated Standard Error of Means (SEM). Be-
sides, an overall relationship between time and live
weight for males and females was assessed using linear
regression, and the DWG means (regression slopes)
were compared using GraphPad Prism 5 (2007).

RESULTS

Overall means and SEM for DWG, DMI, FC and
FBW were 231.7 + 10.0 g, 951.4 + 17.9 g/d, 4.5 + 0.35
kg/kg and 26.8 + 0.8 kg, respectively. The LSM + SEM
of productive performance for the different housing
systems are shown in Table I. No significant differ-
ences between RP and GL were found for DWG, DMI,
FC, and FBW (P > 0.05).

The LSM =+ SEM of the variables of productive per-
formance, according to the sex, is shown in Table I. The
males showed differences of 59.0 g, 108.25 g, and 4.9
kg for DWG, DML, and FBW, respectively, higher than
females (P < 0.05), while the FC was not statistically
different between sexes (P > 0.05).

DISCUSSION

Results on the DWG and FC agree with those repor-
ted by Escalera et al. (2017), but DWG was lower than
that reported by Mufioz-Osorio et al. (2017). To our
knowledge, no studies have compared RP and GL en-
riched with woodchip as bedding material. However,
the literature shows other studies that also found no
significant differences between different housing sys-
tems on the productive performance of lambs. Escalera
et al. (2017), reported similar DWG and FC between
lambs housed in RP compared to GL of concrete. Day
et al. (2006), found higher DWG on lambs allocated in
pens with plastic slats compared to straw bedding pen.

Rescently, Muiioz-Osorio et al. (2017), in a retros-
pective study (using 1213 productive data of lambs
registered for three years), found differences in favor of
the RP compared to GL of metal or plastic slats flooring

only for the first year, but in the second year, these indi-
cators presented similar values, regardless of the hou-
sing type. These authors suggest that the productive
performance of lambs can vary due to diverse factors
such as feeding, housing, climatic conditions, preven-
tive and bio-security factors as well as production ob-
jectives. Besides, it is probable that their environmental
adaptation or tolerance of hair sheep lambs to warm
conditions, it allows a good productive performance
regardless of the housing system (Do Prado et al., 2013;
Correa et al., 2013).

Flooring type may affect animal behavior and
growth performance if the flooring material causes
stress to the animal (Jaborek et al., 2016). In the present
study, the lamb behavior or welfare was not evaluated.
It would have been interesting to evaluate the resting
area or time resting on the different housing systems
during the experimental period. For example, Teixeira
et al. (2013) in a study, analyzing lamb’s choices of
different types of bedding materials and cement floor
area (available during the fattening period), observed
that the lambs preferred sawdust bedding with an
occupancy rate of 47% compared to an area without
cement bedding material 21%. Lambs on the sawdust
bedding were lying longer (80%) than standing (20%),
which suggests lower energetic waste for movements
and better use of food for growth. So, bedding ma-
terial (woodchip) incorporated into the GL system
could have favored the productive performance of the
animals, as reported by Wolf et al. (2010). A study in
ewes showed clear preferences for resting on the solid
floor rather than slatted floors during the cold season
(Jorgensen et al., 2017).

Assessment of the sex effect in this study was im-
portant because farmers use RP for both male and
female lambs. Results showed that males have higher
production efficiency than females, which has been
reported before (Partida et al., 2009; Macias-Cruz et
al., 2010; Rodriguez et al., 2011; De Vargas Junior et
al., 2014; Escalera et al., 2017). These differences could
be explained because of higher feed intake in males
compared with females (Macias-Cruz et al., 2010) and
for increased muscle-fat ratio in the composition of
gain weight by the males. Males deposit more mus-
cle and less fat than females (Partida et al., 2009). On
the other hand, overall cumulative weight gain (WG)
during the experimental period was described by the

Table I. Daily weight gain, feed intake, feed conversion and final weight of lambs for the housing system and
sex (Ganancia diaria de peso, consumo de alimento, conversion alimenticia y peso final de corderos por sistema de alojamiento y sexo).

Housing system Sex
Variables
RP GL Male Female
Daily weight gain (g) 238.7 £ 14.22 224.7 £ 14.12 261.2 +14.62 202.2 £13.7°
Feed intake (g/d) 940.8 + 25.42 962.1 +£25.32 1005.6 * 26.22 897.3 + 24.6°
Feed conversion (kg/kg) 45+0.5% 45+0.5% 4.4+0.5° 46+04°
Final weight (kg) 27.3+1.12 26.2+1.12 29.2+1.2° 243+1.1°

RP = Raised pens made of expanded metal floor; GL = Pens at ground level enriched with woodchip as bedding material. Values are ex-
pressed as least square means (+SE). Different letters indicate significant differences (a<b, P <0.05) (RP - Corral elevado con piso construido
de metal expandido; GL - Corral a nivel del suelo corral a nivel del suelo enriquecido con viruta de madera como material de cama (GL,
derecha), . Los valores se expresan como medias al cuadrado (+SE). Diferentes letras indican diferencias significativas (a<b, P < 0.05)).
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following equations: Males WG (kg) = 10 (+ 0.75) + 0.26
(+ 0.018)*No. days and Females WG (kg) = 9.9 (+ 0.43)
+0.20 (+ 0.010)*No. of day. The slope of the regression
was different between males and females (P < 0.004),
and DWG differed from 28th day onwards (P < 0.05)
(Figure 2). The model included simple interactions
between housing systems and sex; however, there was
no significant interaction between them. These results
suggest that females and males should be managed
different during the finishing phase of fattening.

CONCLUSIONS

-e- Male
-~ Female

Live weight

0 2I0 40 60 8I0

Figure 2. Overall relationship between fattening time
(days) and live weight (kg) for males and females (Re-
lacion general entre el tiempo de engorde (dias) y el peso vivo (kg)
para machos y hembras).

It is concluded that the RP system did not improve
the productive performance of growing lambs com-
pared with GL enriched with woodchip as bedding
material. These results are of great interest for sheep
farmer because the inversion of capital in RP is higher
than in GL, and this is directly related to the profitabil-
ity of the system. However, these results should be tak-
en with caution due to the small number of replicates
used in the current study. It is essential to continue
with these studies considering higher number of lambs
and environmental factors such as building tempera-
ture, speed, and air movement. On the other hand, the
assessments of these housing systems regarding lamb
welfare and meat quality are necessary.
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