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Abstract:

Objective. Aimed to describe the characteristics of the onset of puberty in males in Colombian hair ram lambs (Ovino de Pelo
Colombiano, OPC), and their crosses with Katahdin and Santa Inés sheep in a farm located in Villavicencio, Meta. Materials and
methods. 15 lambs of three biotypes: OPC x OPC (OPC), Santa Ines x OPC (SO) and Katahdin X OPC (KO) from four until
12 months old. Ram lambs were grazing and they had supplementation with commercial salt and water ad libitum. Monthly body
weight (BW), scrotal circumference (SC), testicular volume (TV) were measured and testosterone level were determined by Elisa
test, and ultrasound of the two testicles was performed to determine the presence of the testicular mediastinum, also evaluating the
presence and detachment of the urethral prolongation and then electro ejaculation was performed to determine the macroscopic
and microscopic characteristics of the semen. Results. Genotype effect was significant for evolution of body BW, SC, TV over
time. e SO and KO crosses presented the highest values in BW, whereas OPC lambs maintained a lower value until the end
of the assay. At six months old, the three biotypes presented a minimum concentration of 150 million of sperm per ml with 30%
of individual progressive motility. Conclusions. In non-seasonal tropical conditions in Colombia (Orinoquia), depending on the
variables included, body weight, testicular development, pennis morphology, semen quality, sperm concentration and testosterone
levels, it is postulated that around six months of age, the onset of puberty is displayed in the three biotypes.
Keywords: Creole sheep, ram semen, sexual ram maturity, testosterone, testicular development .

Resumen:

Objetivo. Dirigido a describir las características del inicio de la pubertad en corderos machos (Ovino de Pelo Colombiano, OPC),
y sus cruces en una granja ubicada en Villavicencio, Meta. Materiales y métodos. Se evaluaron 15 corderos de tres biotipos: OPC x
OPC (OPC), Santa Inés x OPC (SO) y Katahdin X OPC (KO), a partir de los cuatro meses de edad, cinco corderos por genotipo,
en pastoreo con sal comercial y agua a voluntad. Mensualmente hasta los doce meses de edad, se evaluaron el peso corporal (PC),

http://orcid.org/0000-0001-6030-9649
http://orcid.org/0000-0001-6030-9649
http://orcid.org/0000-0001-6030-9649
http://orcid.org/0000-0001-6030-9649
http://orcid.org/0000-0002-8235-849X
http://orcid.org/0000-0002-8235-849X
http://orcid.org/0000-0001-9233-0645
http://orcid.org/0000-0001-9233-0645
https://doi.org/10.21897/rmvz.1227
http://www.redalyc.org/articulo.oa?id=69357845003


Revista MVZ Córdoba, 2019, vol. 24, no. 1, January-May, ISSN: 0122-0268 1909-0544

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative 7098

circunferencia escrotal (CE), volumen testicular (VT), y se determinó el nivel de testosterona en suero mediante la prueba de Elisa,
se determinó la presencia del mediastino testicular mediante ecografía, y se evalúo el desprendimiento de la prolongación uretral.
Finalmente se determinaron las características macroscópicas y microscópicas del eyaculado. Resultados. El efecto del genotipo
fue significativo para la evolución del PC, CE y VT en el tiempo. Los cruces OPC y KO presentaron los valores más altos en
PC, mientras que los corderos OPC mantuvieron un valor menor de PC hasta el final del ensayo. Se realizaron al menos cuatro
evaluaciones seminales hasta la presentación de una concentración mínima de 150 millones de espermatozoides por ml con un 30%
de motilidad progresiva individual. Conclusiones. En condiciones tropicales no estacionales en Colombia (Orinoquia), para las
variables peso corporal, desarrollo testicular, morfología del pene, calidad del semen, concentración de espermatozoides y niveles
de testosterona, se postula que alrededor de los seis meses de edad, se presenta el inicio de la pubertad en los tres biotipos.
Palabras clave: oveja criolla, madurez sexual, testosterona, desarrollo testicular .

INTRODUCTION

In the selection of males, the high heritability of the characteristics such as sexual precocity and fertility has
great impact on the economic success of sheep farming. In general, sexual development of ram lambs appears
to be more closely associated with body growth than with age. Body weight can be a better criterion for the
achievement of puberty than chronological age alone (1,2,3). Rate of testis growth is reported to be more
rapid in lambs of highly prolific breeds such as the Finnish Landrace than in less prolific such as Awassi breed
(4). Nazari et al (3) aer observing testis growth found consistent differences in the development of sexual
activity and of sperm production, suggested that young ram lambs of prolific breeds (Romanov and Finnish
Landrace), might differ in their future reproductive performance. e early pubertal development associated
with increased body weight is desirable in terms of improved reproductive performance (5). According
to the relationship among these characteristics, selection of ram lambs at juvenile ages could improve the
effectiveness of selection (6).

Puberty corresponds to the transition into adulthood and can be defined in rams as the time period
when fertile spermatozoa are present in the ejaculate (7). One of the definition is the time when rams show
interest in females in estrus by successive mounting with ejaculation (2). It is also described as the stage
of sexual maturation when a ram is able to display complete sexual behavior, to produce and to release
gametes (8). According to some authors, 80% of the ram lambs show urethral process detached at the onset of
puberty (9,10). Another definition of puberty in ram lambs is based on a sustained rise in plasma testosterone
concentrations (2 ng/ml) over three consecutive blood samplings performed in one week and confirmed by
the presence of spermatozoa in the ejaculate with at least 30% mass motility (7,11).

Information about the onset of puberty is of considerable importance for successful reproductive
management (12). Sexual precocity and fertility provide a great impact in economical succeed of ovine herds
with an increasing number of lambs per year.

Currently there is a few information available in terms of testosterone levels, semen quality, libido and
sexual performance in ram lambs in a non-seasonal country at low altitude conditions (13), before this
research.

e objective of this study was to assess the development of reproduction ability in terms of semen quality,
morphological characteristics (testicles-penis) and plasma testosterone in young crosses of Ovino de Pelo
Colombiano (OPC), Katahdin x OPC (KO) and Santa Ines x OPC (SO) ram lambs raised under low altitude
tropical conditions in Colombia (Orinoquia).

MATERIALS AND METHODS

Animals and location. All procedures were approved by the University’s Animal Experimentation
Committee (CHEA-UdelaR). e protocol was approved by the Animal Experimentation Ethic
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Committee of the Facultad de Ciencias Agropecuarias, Universidad de La Salle (protocol number 141,
September 2015).

e study was conducted at the experimental farm of the La Congregación La Salle located in the south
east of Colombia at 04°09’12”N + 73°38’06”W and altitude of 650 m above sea level. Fieen ram lambs,
aged 3-4 months old at the beginning of the trial, from three different breeds (n=5 per breed), where enrolled
in the study until they reached 12 months of age. ese animals were Ovino de Pelo Colombiano (OPC),
also named “Colombian Hair Sheep”, and crosses with foreign breeds Katahdin x OPC (KO) and Santa
Ines x OPC (SO). e lambs were born at the farm and were selected by a selection index based on parents’
genotype and phenotype. Ram lambs were raised in an all-male group. ey were grazing (Brachiaria sp.),
during all trial. Mineral salts and water were provided ad libitum.

Body weight, scrotal circumference and testicular volume. Every month the same operator throughout
the experiment recorded these variables. Ultrasound (Pie Medical Aquila Pro VET TM) in each testicle was
performed looking for the mediastinum (rete testis), indicating whether it was present or not (14).

Scrotal circumference (SC) was measured using a flexible tape at the widest scrotal diameter. e body
weight was assessed using an electronic balance. e testicular volume (TV) was calculated under the formula
for a prolate spheroid:

where a=testicular volume (ml), b=length of testis (cm), c=width of testis (cm) and k=scrotum thickness
(0.2 cm in this experiment), of a single testicle, b and c, where derived from the calliper measurements and
the total testicular volume = le testicular volume + right testicular volume (15,16).

Detachment of urethral process in ram lambs was performed retracting the prepuce and exposing the penis
in order to observe this anatomical piece (9).

Assessment of semen characteristics in ram lambs. Once per month, from four to twelve months of
age, semen was collected by electro ejaculation (Ideal ® ElectroJac ® 6, Neogen Animal Safety, Lexington,
KY), penis was exposed from the prepuce cavity and the urethral process was gently introduced into a
conical tube to start ejaculation process. Semen was placed in a water bath at 37ºC and subjected to the
following tests: 1.) semen volume was measured in a conical glass tube graduated with 0.1 mL optically
visible intervals; 2.) motility (semen was assessed for semen wave motion graded on a subjective scale ranging
from 1 to 5, where 1 was scored when there was no mass movement and 5 represented vigorous waves of
sperm motion and individual progressive motility (%), was determined according to the procedure outlined
by Masoudi et al (17); 3.) sperm concentration was determined using a standard spectrophotometer (540
nm). e proportion of normal and abnormal spermatozoa morphology was performed using the nigrosine-
eosin staining by counting at least 200 spermatozoa under oil immersion objective (1000×) in random
fields. Abnormal spermatozoa were then classified into proportion of spermatozoa with: head abnormalities,
mid-piece abnormalities, tail abnormalities, proximal droplet, distal droplet, detached heads or tailless
spermatozoa (18). e same operator performed all examinations.

Plasma testosterone concentration. Blood samples were collected via jugular venipuncture from four to
twelve months of age (every other month) during 5 hours with 45 minutes intervals (10) using heparinized
venoject tubes (from 6 am to 11 am). Plasma was harvested by centrifugation at 1500 g for 15 min within an
hour of collection and stored at -70°C. e concentration of testosterone in the plasma samples was measured
in duplicate by using enzyme immunoassay with a diagnostic commercial kit (DS-EIA-Steroid-Testosterone
RH-353, Italy). A calibration curve was used in order to assess concentrations ranging from 1.25 to 40 nmol/
l of testosterone in plasma. Known samples of a mature adult ram and of an ovariectomized ewe were used
as positive and negative control respectively on each plate. Lower detection limit was 0.2 nmol/l and inter-
and intra-assay were 6.7% and 5.5% respectively. In each ram, testosterone curves were plotted over each 5
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h period in order to determine the maximum value and the mean. Area under the curve (AUC) was also
analyzed for testosterone.

Statistical analysis. Data for semen characteristics, testosterone concentration (AUC, mean), and body
and testicular measurements were analysed for the effect of age (time), genotype and genotype-time
interaction, using repeated measures analysis of variance in the GLM procedure. Duncan’s test was used to
compare means. Data are presented as means and SEM. e level of significance was set at p<0.05 for all tests.
Data was analysed using SAS System (SAS version 9.12, SAS Institute Inc.).

RESULTS

e overall parameters from the ram lambs involved in the trial from 4 to 12 months of age are presented in
Table 1 compiled in means and standard errors of body measurements (BW, SC, TV), rete testis, processus
urethrae.

TABLE 1
Table 1. Mean body measurements, processus urethrae presence at different months in genotypes

Ovino de Pelo Colombiano (OPC) and crosses with Katahdin (KO) and Santa Inés (SO).

Regarding some variables during sexual development of the ram lambs, during sixth month of age most
of animals of all racial groups showed the rete testis by ultrasound, which is considered an evidence of
presence of spermatozoa in this collector tube where seminal tubules deposit spermatozoa under maturation
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process. Something similar occurs with the detachment of processus urethrae, another evidence of sexual
development during the puberty.

e table 2 includes Testosterone concentration, AUC, means and standard error means of semen quality
(semen concentration, individual progressive motility), in the three biotypes of breed.

Genotype effect was significant for evolution of body development (BW, SC, TV) over time (p<0.05).
Santa Ines and Katahdin crosses presented the highest values in BW during the investigation whereas OPC
lambs maintained a lower value until the end of the trial; similar development was observed for scrotal
circumference and testicular volume (Figure 1).

FIGURE 1
Figure 1

In this study, significant differences were observed between genetic groups (Table 1), with lower values
for OPC on scrotal circumference and testicular volume (p<0.05).

Overall, the pattern of circulating testosterone was similar between the three groups, but for AUC this
pattern showed significant differences for breed or time effect and interaction (p<0.05). Figure 2 shows
detailed evolution of AUC over time and in function of genotype.
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Figure 2
Figure 2

Genotype and time effect was observed for semen quality (concentration and motility) (p<0.05). Table 2
indicates detailed evolution of these variables over time and in function of genotype.
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TABLE 2.
Table 2. Mean testosterone amd sperm characteristics at different months of age in

Ovino de Pelo Colombiano (OPC) and crosses with Katahdin (KO) and Santa Ines (SO).

Maximum testosterone concentration and testosterone amplitude (defined in material and methods) in
the three biotypes and over time showed higher values for SO crosses and OPC with higher values. is data
was not incuded in table, instead ot them the mean and Area under the curve were included because of the
significant differences showed between the groups and in the period of time (p<0.05). And there were no
associations between testosterone levels and semen quality or body measurements.

DISCUSSION

Maximum testosterone concentration and testosterone amplitude (defined in material and methods) in the
three biotypes and over time showed higher values for SO crosses and OPC with higher values. is data
was not incuded in table, instead ot them the mean and Area under the curve were included because of the
significant differences showed between the groups and in the period of time (p<0.05). And there were no
associations between testosterone levels and semen quality or body measurements.

is study aimed to describe reproductive development in young ram lambs during the first year of
life of three important hair crosses genotypes under low altitude conditions in a non-seasonal country.
Determination of age of onset of puberty varies among researchers and it depends on methodologies or
variables selected by investigators; hence, it is important to mention the different criteria used to determine
this fundamental moment during the development of ram lambs. e presence of spermatozoa with motility
in an ejaculate, the achievement of adult body weight (50 to 60%), the detachment of processus urethrae
and the ability of the ram lamb to detect estrus are considered variables to determine the onset of puberty
(19,20,21,22).

Daily weight gain is a determining factor in sexual development and onset of puberty in lambs and puberty
is reached when the lamb achieves between 50 and 60% of its adult body weight (19). e pure breeds
Katahdin and Santa Ines are specialized beef breeds developed in the USA and Brazil, and in these herds
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the selection of the superior individuals has focused on the body conformation and weight, which have led
to an increase in size and weight of adult animals and consequently to the reduction of their maturity age
(23,24,25,26).

For this reason, the breed crosses selected for this study are based on a creole breed group, the Ovino de
pelo colombiano (OPC), and its crosses with Katahdin and Santa Ines. e OPC is considered a creole breed
which has had a very adequate adaptation to the region, despite not receiving genetic improvement since its
arrival with the Spaniards to Colombian territory during the Conquest (27,28). erefore, it is important
to perform crosses with improved breeds (29), such as the other two selected for this research, KO and SO
lambs, which reached puberty at similar weights unlike OPC lambs with an onset of puberty at lower weight
and older age, and this indicates that body weight is a relevant measure for selecting breeding animals.

Male puberty is closely related to testicular growth (6). During this study, a significant increase in the
testicular volume of the ram lambs was observed suggesting that animals were in a stage of rapid sexual
development from the age of 4 months; similar results were obtained by Emsen (4), who observed the marked
increased from the 90 to 180 days of age. e highest testicular volume and live weight were obtained by
lambs KO and SO as the testicular volume is related to the body weight, related to the feeding of the animal
(30,31,32). Results of testicular volume of this study are very similar to those reported in pure breeds Awasi
(A), and Red Karaman (R), from Turkey with 17.7± 2.6 ml and 21.3± 2.6 ml respectively and their crosses
RxA and AxR with 23.8± 2.6 ml y 17.9± 2.6 ml respectively at 6 months old (4).

Onset of puberty is also defined by the mean diameter of the seminiferous tubules, which diverge in the so-
called testicular mediastinum and is highly correlated with testicular weight (33). e testicular mediastinum
appears in the central part of the testicle as a hyper echogenic line (34), the sort of echogenicity can be
involved in a score indicating clearly its presence, yes or not. en, this anatomical appearance can be
associated with presence of spermatozoa in this duct coming from the various seminiferous tubules, which
could be considered as an important element to determine the onset of puberty; 80% of KO and SO ram
lambs showed the mediastinum during the time considered as onset of puberty in comparison with 40%
of the OPC. e presence or not of rete testis evaluated by ultrasound, was associated to the presence of
spermatozoa in ejaculate.

Comparing the results of a study in Brazil with the Santa Ines breed in the determination of the onset of
puberty based on detachment of the urethral process, similar results are observed between KO and SO with
the Brazilian breed, while the OPC lambs reached urethral detachment with eight months of age (10). We
could observe high relation in the onset of puberty and appearance of mediastinum and the detachment of
the urethral process.

Regarding all data obtained from testosterone analysis, it is observed how the concentration differs from
Colombian authors previous reports (12), probably because they had only one measure in comparison with
our research where the mean came from samples collected during 5 hours with an interval of 45 minutes,
as this trial was designed to get at least one of the several testosterone peaks that physiologically occurs in a
ram in 24 hours. Avellaneda (13) reported, with one blood collection, the following values for Colombian
Mora (0.41±0.08 ng/ml), Romney Marsh (0.55±0.25 ng/ml), OPC (0.46±0.09 ng/ml) and Hampshire
(1.69±0.32 ng/ml). Our results are similar with Hampshire data, being 1.3±0.1ng/ml, 1.4±0.1ng/ml, 1.5
±0.2 ng/ml for OPC, SO and KO respectively .

Another evaluation performed during testosterone analysis was the area under the curve (AUC), a
parameter that could be considered very useful, as it shows testosterone levels during 5 hours, been able
to obtain higher, lower and delta levels, making of this tool another much more complete way to analyze
hormone concentration. ese results of testosterone let conclude how all animals at eight months of age
showed testosterone levels expressed in the AUC similar to adults, being able to conclude how during this
time they are already young adult rams and expressing a sort of sexual maturity.
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Analyzing spermatozoa concentration and individual progressive motility during ram lambs development,
it was related with the increasing semen quality variables, especially since month 6 of age and increasing until
ten months of age, when value stabilization occurred. Concentration and progressive motility maintained
similarity until 12 months age when the trial finished and significant differences between racial groups were
observed throughout the experiment (p<0.05). e KO lambs showed higher precocity in seminal quality
parameters. In this study semen variables increased rapidly in a linear way, starting with six months old in
general, and this was particularly observed between 7 and 10 months old, when semen variables got stable
levels similar to parameters of adult rams.

In conclusion non-seasonal tropical conditions in Colombia, depending on the variables included, body
weight, testicular development, pennis morphology, semen quality, sperm concentration and testosterone
levels, it is postulated that around six months of age, the onset of puberty is displayed in the three biotypes.
e methodology of using different reproductive variables proposed in this study in order to evaluate sexual
development, prove to be an useful tool to determine lamb onset of puberty.

Conflict of interests

e authors reported no potential conflict of interest

Acknowledgements

e authors reported no potential conflict of interest
e authors would like to thank Congregación de los Hermanos de las Escuelas Cristianas Distrito Centro

Oriente for lending the facilities to develop this research at La Palmita Farm.

REFERENCES

1. Dulaimi MKHAL, Tapaloaga D, Tapaloaga P-R, Petcu CD. Results Regarding Some Morphometric Features
of Spermatozoa in Ram. Agric Agric Sci Procedia. 2015; 6:232–235. DOI: https://doi.org/10.1016/
j.aaspro.2015.08.064

2. Belibasaki S, Kouimtzis S. Sexual activity and body and testis growth in prepubertal ram lambs of Friesland,
Chios, Karagouniki and Serres dairy sheep in Greece. Small Rumin Res. 2000; 37(1):109–113. DOI: https://
doi.org/10.1016/S0921-4488(99)00131-5

3. Nazari-Zenouz F, Moghaddam G, Hamidian G, Ashrafi J, Rafat SA, Qasemi-panahi B. Postnatal testicular
development and testosterone changes in Ghezel ram lambs. Small Rumin Res. 2016; 141:70–76. DOI: https://
doi.org/10.1016/j.smallrumres.2016.07.001

4. Emsen E. Testicular development and body weight gain from birth to 1 year of age of Awassi and Redkaraman
sheep and their reciprocal crosses. Small Rumin Res. 2005; 59(1):79–82. DOI: https://doi.org/10.1016/
j.smallrumres.2004.11.012

5. Jafariahangari Y, Smith S, Sharma RK, Zerehdaran S, Blair H. e effect of pre-natal maternal environment on live
weight, reproductive and semen characteristics in ram lambs. Small Rumin Res. 2012; 103(2–3):200–204. DOI:
https://doi.org/10.1016/j.smallrumres.2011.08.010

6. Elmaz Ö, Dikmen S, Cirit Ü, Demir H. Prediction of postpubertal reproductive potential according to prepubertal
body weight, testicular size, and testosterone concentration using multiple regression analysis in Kıvırcık ram
lambs. Turk J Vet Anim Sci. 2008; 32(5):335–343. Available in URL: http://journals.tubitak.gov.tr/veterinary/
issues/vet-08-32-5/vet-32-5-3-0701-39.pdf



Revista MVZ Córdoba, 2019, vol. 24, no. 1, January-May, ISSN: 0122-0268 1909-0544

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative 7106

7. Kridli RT, Abdullah AY, Momani SM, Al-Momani AQ. Age at puberty and some biological parameters of Awassi
and its first Crosses with Charollais and Romanov Rams. Ital J Anim Sci. 2006; 5(2):193–202. DOI: https://
doi.org/10.4081/ijas.2006.193

8. Uthlaut VA, Moss GE, Stobart RH, Larson BA, Alexander BM. Sexual performance and production traits
in white-faced yearling rams. Small Rumin Res. 2011; 100(1):63–66. DOI: https://doi.org/10.1016/
j.smallrumres.2011.05.015

9. Fuenmayor C, Martínez de Acurero M, Valle A, Quintana H, Regueiro C. Observaciones sobre el desarrollo
testicular y desprendimiento del prepucio en corderos West African, Barbados y Persa Cabeza Negra. Zootec
Trop. 1990; 8(1–2):73–84. URL Available in: http://www.sian.inia.gob.ve/revistas_ci/ZootecniaTropical/
zt0812/texto/obsevaciones.htm

10. Souza C, Araújo A, Oliveira J, Lima Souza A, Neiva J, Moura A. Reproductive Development of Santa Inês
Rams During the First Year of Life: Body and Testis Growth, Testosterone Concentrations, Sperm Parameters,
Age at Puberty and Seminal Plasma Proteins. Reprod Domest Anim. 2009; 45(4):644–53. DOI: https://
doi.org/10.1111/j.1439-0531.2008.01322.x

11. Wańkowska M, Polkowska J, Wójcik-Gładysz A, Romanowicz K. Influence of gonadal hormones on endocrine
activity of gonadotroph cells in the adenohypophysis of male lambs during the postnatal transition to
puberty. Anim Reprod Sci. 2010; 122(3–4):342–52. DOI: https://doi.org/10.1016/j.anireprosci.2010.10.009
PMid:21035969

12. Kridli R, Al-Yacoub AN. Sexual performance of Awassi ram lambs reared in different sex composition groups.
Appl Anim Behav Sci. 2006 Feb;96(3–4):261–7. DOI: https://doi.org/10.1016/j.applanim.2005.06.011

13. Avellaneda Y, Rodríguez F, Grajales H, Martínez R, Vasquez R. Determination of puberty in lambs in the
Colombian high tropics by corporal characteristics, ejaculate quality and testosterone assessment. Livest Res
Rural Dev. 2006; 18:(Article#138). URL Available in: http://www.lrrd.org/lrrd18/10/avel18138.htm

14. Bartlewski PM, Giffin JL, Oluwole OA, Hahnel AC. Prospective ultrasonographic and endocrine predictors
of spermatogenic onset in ram lambs. Anim Reprod Sci. 2017; 179:44–48. DOI: https://doi.org/10.1016/
j.anireprosci.2017.01.015 PMID: 28190662

15. Milczewski V, Chahad-Ehlers S, Spercoski KM, Morais RN, omaz Soccol V. Quantifying the effect of seasonality
on testicular function of Suffolk ram in lower latitude. Small Rumin Res. 2015; 124:68–75. DOI: https://
doi.org/10.1016/j.smallrumres.2014.12.012

16. Al-kawmani AA, Alfuraiji MM, Abou-Tarboush FM, Alodan MA, Farah MA. Developmental changes in testicular
interstitium in the Najdi Ram Lambs. Saudi J Biol Sci. 2014; 21(2):133–7. DOI: https://doi.org/10.1016/
j.sjbs.2013.09.001 PMid:24600305

17. Masoudi R, Zare Shahneh A, Towhidi A, Kohram H, Akbarisharif A, Sharafi M. Fertility response of artificial
insemination methods in sheep with fresh and frozen-thawed semen. Cryobiology. 2017; 74:77–80. DOI:
https://doi.org/10.1016/j.cryobiol.2016.11.012 PMid:27908687

18. Casali R, Pinczak A, Cuadro F, Guillen-Mu-oz JM, Mezzalira A, Menchaca A. Semen deposition by cervical,
transcervical and intrauterine route for fixed-time artificial insemination (FTAI) in the ewe. eriogenology.
2017; 103:30–5. DOI: https://doi.org/10.1016/j.theriogenology.2017.07.021 PMid:28772112

19. Swelum AA-A, Ayadi M, Alhidary I, Alowaimer A, Abouheif M. e relationships between body fatness,
leptin, testosterone, and reproductive performance in ram lambs as affected by level and frequency
of feeding. eriogenology. 2017; 89:79–85. DOI: https://doi.org/10.1016/j.theriogenology.2016.10.013
PMid:28043374

20. Damián JP, Beracochea F, Hötzel MJ, Banchero G, Ungerfeld R. Reproductive and sexual behaviour development
of dam or artificially reared male lambs. Physiol Behav. 2015; 147:47–53. DOI: https://doi.org/10.1016/
j.physbeh.2015.04.004 PMid:25846838

21. Kafi M, Safdarian M, Hashemi M. Seasonal variation in semen characteristics, scrotal circumference and
libido of Persian Karakul rams. Small Rumin Res. 2004; 53(1–2):133–9. DOI: https://doi.org/10.1016/
j.smallrumres.2003.07.007



Liliana Chacón J, et al. Characteristics of the puberty in hair ram lambs and its crosses in Colom...

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative 7107

22. Valencia J, Trujillo MJ, Espinosa MA, Arroyo J, Berruecos JM. Pubertad en corderos Puberty in Pelibuey lambs
born of sheep with seasonal or continuous reproduction. Rev Científica [Internet]. 2005; 15(005). Available in
URL: https://www.saber.ula.ve/handle/123456789/28360

23. da Silva LSA, Fraga AB, da Silva F de L, Guimarães Beelen PM, de Oliveira Silva RM, Tonhati H, et al.
Growth curve in Santa Inês sheep. Small Rumin Res. 2012; 105(1–3):182–185. DOI: https://doi.org/10.1016/
j.smallrumres.2011.11.024

24. López-Carlos MA, Ramírez RG, Aguilera-Soto JI, Aréchiga CF, Rodríguez H. Size and shape analyses in hair sheep
ram lambs and its relationships with growth performance. Livest Sci. 2010; 131(2–3):203–11. DOI: https://
doi.org/10.1016/j.livsci.2010.04.001

25. Turner KE, Belesky DP, Cassida KA, Zerby HN. Carcass merit and meat quality in Suffolk lambs, Katahdin lambs,
and meat-goat kids finished on a grass–legume pasture with and without supplementation. Meat Sci. 2014;
98(2):211–9. https://doi.org/10.1016/j.meatsci.2014.06.002 PMid:24971809

26. Wildeus S. Hair sheep genetic resources and their contribution to diversified small ruminant production in the
United States. J Anim Sci. 1997; 75(3):630-640. DOI: https://doi.org/10.2527/1997.753630x PMid:9078477

27. Espinal F, Martínez H, Amézquita J. La cadena ovinos y caprinos en Colombia [Internet]. Bogotá, Colombia:
Ministerio de Agricultura y Desarrollo Rural; 2006. Available from: http://bibliotecadigital.agronet.gov.co/
bitstream/11348/3914/1/20078611357_caracterizacion_ovinosycaprinos.pdf

28. Albarracín W, Sánchez I. Caracterización del sacrificio de corderos de pelo a partir de cruces con razas criollas
colombianas. Rev MVZ Córdoba. 2013; 18(1):3370–3378. DOI: https://doi.org/10.21897/rmvz.200

29. Kridli RT, Abdullah AY, Shaker MM, Masa’Deh MK. Sexual activity and puberty in pure Awassi and crosses and
backcrosses with Charollais and Romanov sheep breeds. N Z J Agric Res. 2007; 50(4):429–436. DOI: https://
doi.org/10.1080/00288230709510310

30. Fourie P., Schwalbach L., Neser FW., Van der Westhuizen C. Scrotal, testicular and semen characteristics of young
Dorper rams managed under intensive and extensive conditions. Small Rumin Res. 2004; 54(1–2):53–59. DOI:
https://doi.org/10.1016/j.smallrumres.2003.10.011

31. Orihuela A, Aguirre V. Ontogeny of mating competence and some sexual characteristics in sexually naïve
yearling rams (Ovis aries). J Vet Behav Clin Appl Res. 2011; 6(3):205–207. DOI: https://doi.org/10.1016/
j.jveb.2010.12.005

32. Koyuncu M, Kara S, Ozis S, Duru S. Development of testicular dimensions and size, and their relationship to age
and body weight in growing Kivircik (Western race) ram lambs. Czech J Anim Sci. 2005; 50(6):243–248.
DOI: https://doi.org/10.17221/4164-CJAS

33. Ford JJ, Wise TH. Assessment of pubertal development of boars derived from ultrasonographic
determination of testicular diameter§. eriogenology. 2011; 75(2):241–247. DOI: https://doi.org/10.1016/
j.theriogenology.2010.08.010 PMid:20961607

34. Ahmad N, Noakes DE, Subandrio AL. B-mode real time ultrasonographic imaging of the testis and epididymis of
sheep and goats. Vet Rec. 1991; 128(21):491–6. DOI: https://doi.org/10.1136/vr.128.21.491 PMid:1866875


