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ABSTRACT

Objective: To evaluate the effect of breed, breeding season, dose and application time of equine chorionic
gonadotropin (eCG) on the estrous cycle and ovarian activity in hair ewe lambs.
Design/methodology/approach: We studied 216 hair ewe lambs (62 Dorper, 69 Katahdin, and 85 Pelibuey)
—91 in high breeding season and 125 in low breeding season—, who were synchronized with intravaginal
sponges containing 20 mg of fluorogestone acetate (FGA), and intramuscular equine chorionic gonadotropin
(eCG; 200 and 300 IU). The treatments are breed, breeding season, eCG dose, and eCG application time.
We analyzed the presence of estrus using a logistic regression model, while for the interval to estrus and the
ovulation rate we applied an analysis of variance, using a completely randomized design with a 2X2X2X3
factorial arrangement with the PROC LOGISTIC and PROC GLM procedures.

Results: The breed was a factor (P<0.01) in the presence of estrus: Dorper ewe lambs presented 9.74 times
more possibilities than Pelibuey. The interval to estrus was shorter (P<0.05) in Dorper (29.5%+0.9 h) and
Katahdin (29.1£0.9 h) than in Pelibuey (34.8£0.9 h). The interval to estrus was lower (P<0.05) when we
applied 200 or 300 IU of eCGG 24 h before the end of the protocol, than when we applied 200 IU of eCG at
the time of progestogen withdrawal. The ovulation rate was only affected by breed (P<0.05): it was higher in
Pelibuey (2.4%0.1) than in Dorper (2.0%0.1) and Katahdin (1.9%0.1).

Study limitations/implications: Conducting a second study would be advisable to complement this research.
This would include the gestation stage of females and relate it to the ovulation rate, while also measuring the
ovarian structures by means of ultrasound.

Findings/conclusions: The main influencing factor on estrus and ovarian activity in hair ewe lambs
synchronized with progestogens is breed.

Key words: Ewes, Hair breeds, Estrous synchronization, Ovulation rate.
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INTRODUCTION

The application of exogenous hormones in ewes is a reproductive tool used in artificial
insemination programs to synchronize or induce estrus. These hormonal treatments are
essential to make lamb production more efficient throughout the year. There are various
protocols for the synchronization and/or induction of estrus; however, protocols based on
progestogens and eCG result in better estrous activity and fertility (Barrett et al., 2004;
Ali, 2007). These protocols consist of administering a progestogen to the ewe for 9-14
days to simulate the luteal phase of the estrous cycle. After this period, the progestogen is
withdrawn, and the follicular growth and ovulation rate are stimulated by administering
eCG (equine chorionic gonadotropin) (Cline ez al., 2001). Although these protocols have
been successful in accomplishing estrous synchronization, the response varies according
to genetic and environmental factors (Arroyo et al., 2006; Estrada et al., 2006). Moeini
et al. (2007), for instance, reported different responses to estrus between Iranian Sanjabi
and Lori wool ewes treated with FGA and 400 IU of eCG. The observed variation was of
52.2% of Sanjabi ewes in estrus as compared to 91.1% among the Lori breed. Prolificacy
and fecundity in Dorper ewes increased up to 20% when the eCG was applied 24 hours
before the end of the synchronization protocol, as compared to when it was applied at
the end of said protocol (Zeleke et al., 2005). Other factors that affect the response of
wool ewes to these hormonal treatments with progestogens are the dose of eCG (Kridli
et al., 2006), the time of year (Langford et al., 1983; Rosa and Bryant, 2003), the body
condition (Esen, 2001), and the geographic region (Fenton et al., 1997). There are few
studies focusing on the factors that influence the reproductive response of ewes subjected to
synchronization protocols in Mexico’s climatic conditions. Martinez-Tinajero et al. (2007)
found that the eCG application time affects the presence of estrus in Blackbelly ewes under
tropical conditions. Similarly, Macias (2007) reports that the eCG dose, eCG application
time, breed, and time of year affect the response to estrus and its onset time under the
dry tropical conditions of northeastern Mexico. Therefore, the objective of this research
was to evaluate the effect of breed, breeding season, dose, and application time of equine

chorionic gonadotropin (eCG) on the estrous cycle and ovarian activity in hair ewe lambs.

MATERIALS AND METHODS
Study area description

This research was conducted from February 23 to September 27, 2018, at the University
Ranch of the Universidad Auténoma de Ciudad Judrez, Ciudad Judrez, Chihuahua. The
region is located at 1100 masl; the climate is hot (BWh) and cold desert (BWK); the average
annual temperature is 16-18 °C; and the average annual precipitation is 244 mm (INEGI,

2007).

Experimental design and animals

We conducted four estrous synchronization programs during the year, using 216 hair
ewe lambs (62 Dorper, 69 Katahdin, and 85 Pelibuey). The ewe lambs were 8 months old,
had a live weight of 25-30 kg, and a body condition score (BC) of 2.5-3.5, using the 1-5
scale (Thompson and Meyer, 1994).
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The first program was conducted from February 23 to March 14 with 66 ewe lambs (19
Dorper, 20 Katahdin, and 27 Pelibuey); the second from April 30 to May 20 with 59 ewe
lambs (17 Dorper, 19 Katahdin, and 23 Pelibuey); the third from July 15 to August 4 with
63 ewe lambs (17 Dorper, 20 Katahdin, and 26 Pelibuey); and the fourth from September
6 to 27 with 28 ewe lambs (9 Dorper, 10 Katahdin, and 9 Pelibuey).

In order to assess the effect of the breed, we defined the following treatments:

T1) Dorper (62 ewe lambs)
T2) Katahdin (69 ewe lambs)
T3) Pelibuey (85 ewe lambs)

Before starting each synchronization program, we randomly distributed the ewe lambs

into four groups to apply the following treatments:

Tl
T2
T3
T4

200 IU of eCG 24 h before sponge withdrawal;

200 IU of eCG at the time of sponge withdrawal;
300 IU of eCG 24 h before sponge withdrawal, and
300 IU of eCG at the time of sponge withdrawal.

= = =

These treatments were applied in each of the four estrous synchronization programs
conducted during the year.

We defined the high breeding season as the time of year when more than 70% of the
ewes show estrus and ovulation behavior, and the low breeding season as the time of year
when this percentage is less than 50%.

In order to evaluate the breeding seasons, we studied 216 ewe lambs: for the high
season, n=91 (28 Dorper, 33 Katahdin, and 30 Pelibuey); and for the low season, n=125
(34 Dorper, 36 Katahdin, and 55 Pelibuey). The treatments were as follows:

T1) High breeding season
T2) Low breeding season

Females were kept in the barn. They were fed twice a day (8 am and 5 pm) with fresh
orange pulp (9.6%; CP) on a dry basis; 300 g head ™! day_1 of supplement (14% CP) on
a dry basis, and 2.85 Mcal of ME, made with ground sorghum (70%), wheat bran (7%),
soybean meal (12%), chopped buffel grass hay (7%), molasses (3%), and mineral salts (1%).

This supplement was offered daily at 8 am, and water was offered ad libitum.

Synchronization program and management

The estrous synchronization program consisted of intravaginally applying a sponge
impregnated with FGA (20 mg; Chronogest CR®, MSD, Animal Health) to each ewe
lamb for 12 d; the eCG treatments (GonActive® eCG, Virbac) were applied before sponge
withdrawal. The incidence and distribution of estrus was determined 24 h after sponge

withdrawal by introducing marker males provided with an anti-mating apron. The ewe
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lambs detected in estrus were registered and separated to facilitate estrus in the remaining
ewe lambs. The ovulation rate was determined by direct observation and counting of corpus
luteum on the surface of the ewe lambs’ ovaries through laparoscopy. This was performed

8 d after sponge withdrawal using a rigid laparoscope (Karl Storz Endoscope; Storz).

Study variables

Three variables were determined in each treatment: presence of estrus (ewe lambs that
presented estrus after sponge withdrawal); interval to estrus (time interval between sponge
withdrawal and presence of estrus), and ovulation rate (number of corpus luteum per lamb

presenting estrus).

Statistical analysis

The presence of estrus was analyzed under a logistic regression model that included the
effects of the eCG dose (200 or 300 IU), eCG application time (—24 h and 0 h), breeding
season (high and low), and breed (Dorper, Katahdin, and Pelibuey). To analyze the interval
to estrus and the ovulation rate, we applied an analysis of variance using a completely
randomized design with a 2X2X2X 3 factorial arrangement. The factors included in the
analysis of variance were the same as in the logistic regression model, in addition to the
possible interactions between factors. Means were compared with the t-student test at
P<0.05. Trends were established when the analysis indicated 0.05=P=<0.10. All analyses
were performed using the PROC LOGISTIC and PROC GLM procedures of the SAS
software (SAS, 2004).

RESULTS AND DISCUSSION
Presence of estrus

Table 1 shows the results of the logistic regression analysis on factors that influence the
presence of estrus. Breeding season, PMSG dose and application time were factors that did
not affect (P>0.05) the presence of estrus in ewe lambs synchronized with FGA. On the
contrary, breed was indeed a factor of influence (P<0.01): Dorper ewe lambs presented
23.9% better estrous behavior than Pelibuey ewe lambs; however, only a 6.8% difference
(P>0.05) was observed between Katahdin and Pelibuey as a result of the synchronization
protocol.

Among the factors studied, only breed affected the response to the presence of estrus
(OE), which coincides with the results found in wool ewes, as reported by Emsen and
Yaprak (2006), and Moeini et al. (2007). Both studies reported variations between breeds
(Awassi v. Red Karaman and Iranian Sanjabi ». Lori) in the percentage of ewes presenting
estrus after being synchronized with a progestogen and eCG. Meanwhile, after applying a
synchronization program similar to the one used in this research, Macfas (2007) found a
higher percentage of estrus in Pelibuey Canelo ewes than in those of the Pelibuey Blanco,
Blackbelly, and Dorper breeds. However, other studies did not find any differences in
the presence of estrus between wool breeds (Romano et al., 2000; Boscos et al., 2002).
Moeini et al. (2007) mention that breeds that have been improved to increase prolificacy

are more sensitive and likely to respond to hormonal treatments for estrus synchronization
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Table 1. Logistic regression on factors that affect the presence of estrus (OE) in hair ewe lambs treated with

FGA.

Treatment/variable N PE % (n) 0Odd Ratio Conﬁdeg;;o interval P>X?
Breed
Dorper 62 96.8 (60) 9.74 1.93-49.19 0.0059
Katahdin 69 79.7 (55) 2.15 0.81-5.69 0.1226
Pelibuey 85 72.9 (62)
Doses of eCG
200 104 80.8 (84) 0.73 0.33-1.60 0.4314
300 112 83.0 (93)
Time application of eCG
0h 100 78.0 (78) 0.57 0.26-1.26 0.1648
-24 h 116 85.3 (99)
Reproductive season
high 91 74.7 (68) 0.48 0.19-1.26 0.1358
low 125 87.2 (109)

FGA: Fluorogestone acetate; eCG: Equine chorionic gonadotropin.

and induction. Garcia-Guerra et al. (2018) mention that there is occurrence of follicular
codominance in ewes. This results in multiple ovulations and therefore increases the
response to estrus and ovulation. Hence, multiple ovulation is due to genetic (breed),
dietary, and hormonal influence on follicular development and growth, as well as on
oocyte-granulosa cell interaction (cumulus oophorus complex).

This might explain the variations found in the presence of estrus among the breeds
studied. It is worth mentioning that the Dorper ewe lambs showed a higher increase in
the presence of estrus than the Pelibuey. A higher percentage of females of both breeds
(and Katahdin) presented estrus between 24 and 36 h after the end of the synchronization
protocol. Hashemi et al. (2006) and Kridli ez al. (2006) reported the presence of estrus
between 24 and 36 h after progestogen withdrawal in ewes of different breeds synchronized
with FGA and eCG (500 and 600 IU). In this sense, Martinez-Tinajero et al. (2006) —using
the same protocol, with 150 and 300 IU of eCG— found 80% of ewes in estrus between 24
and 48 h after finishing the hormonal treatment. These results suggest that the time it takes
for ewes treated with FGA and eCG to present estrus after finishing the synchronization
protocol does not depend on the breed, but rather on other factors, such as nutrition and

environmental aspects.

Interval to estrus and ovulation rate

Table 2 shows the results of the effect of breed, breeding season, and interaction
between eCG dose and application time on the interval to estrus and ovulation rate in
ewe lambs synchronized with FGA. The interval to estrus was shorter (P<0.05) in Dorper
(29.5%0.9 h) and Katahdin (29.1+0.9 h) ewe lambs than in Pelibuey (34.8%+0.9 h). The
interaction between eCG dose and application time also affected the interval to estrus,
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Table 2. Effect of breed, breeding season, and ¢CG application on interval to estrus and ovulation rate of
hair ewes synchronized with FGA.

Variable ‘ n ‘ Interval to estro =SE Ovulation rate +SE
Breed
Dorper 60 29.5 £ 0.9a 2.0 = 0.1b
Katahdin 35 29.1 £ 0.9a 1.9 £ 0.1b
Pelibuey 62 34.8 * 0.9b 2.4 *0.1a
Reproductive season
high 68 29.0 £ 0.8a 2.0 £0.1a
low 109 32.6 = 0.8a 2.2 £ 0.1a
Dose X Time of application of eCG
200U Oh 34 34.6 £ 1.0a 1.8 £0.2a
200UI —-24h 50 30.4 = 1.0b 2.1 £0.2a
300U Oh 45 31.5 = 1.0b 2.1 £0.2a
300U —24h 48 30.8 = 1.0b 2.2 +0.2a

& P Different superscripts within the same column indicate a significant difference (P<0.05); FGA:
Fluorogestone acetate; eCG: Equine chorionic gonadotropin.

which was longer (P<0.05) in ewe lambs treated with 200 IU at progestogen withdrawal
(34.6%1.0 h) than in ewe lambs with other treatments (mean=30.9%1.0 h). When 200
and 300 IU of eCG were applied at —24 h, and 300 IU at O h, the interval to estrus was
similar (P>0.05). The variation observed in the ovulation rate was due to the effect of
breed (P<0.05). Pelibuey had a higher (P<0.03) ovulation rate (2.4*0.1 corpus luteum) than
Dorper (2.0£0.1 corpus luteum) and Katahdin (1.9%0.1 corpus luteum).

In this research, we observed that Pelibuey ewe lambs took longer (5.5 h) to present
estrus after progestogen withdrawal; however, they had a better ovulation rate than other
breeds (2.4+0.1 v. 1.95%0.1 corpus luteum on average). In this regard, the increase in the
ovulation rate in Pelibuey ewe lambs may be due to the better prolificacy that this breed
presents naturally in relation to the Dorper and Katahdin breeds (Bartlewski et al., 1999).

The FSH affinity of the follicles depends exclusively on the receptors presented by the
follicles during their growth and is related to the number of receptors. Hence, when there are
more receptors, the dominant follicle or follicles tend to manifest in growth and, therefore,
to be dominant and/or ovulatory. The ovulation rate increases for this reason. However,
this ovulation rate should go hand in hand with an increase in estrogen levels, since the
larger amount of dominant follicles would be expected to produce a greater amount of
estrogens. This would result in an interval to estrus similar or shorter than the one found
in the other two breeds. In this regard, Rekik et al. (2002) mention that the response of
ewe lambs to hormonal treatments that seek to induce or synchronize estrus varies due
to immaturity of the reproductive system, environmental factors such as nutrition, live
weight, season of birth, among others (Martinez ¢ al., 2001; Madani et al., 2009). In an
estrous synchronization program with FGA and eCG in Pelibuey Blanco, Pelibuey Canelo,
Dorper, and Katahdin ewes, Macias (2007) found that the interval to estrus did not vary
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between breeds (average of 28.8 h). This value was similar to that observed in this research
for Dorper and Katahdin ewe lambs. Romano et al. (2000) compared the interval to
estrus between Suffolk, Hampshire, and White Face breeds of wool ewes, and did not find
variations derived from breed. These results are different from those found in the present
research, probably due to the type of ewes used (adults).

The interaction between eCG dose and application time affected the interval to estrus
(P<0.05), but not the ovulation rate. This is probably due to the fact that modifying
the eCG dose and administration time generates changes in the pattern of follicular
development (Ali, 2007), which may be favorable or unfavorable for the acceleration of
follicular development and growth, and for the elevation of plasma estrogen levels (Ustuner
et al., 2007). These results demonstrate the importance of the eCG hormone to increase the
degree of synchrony between reproductive events and the presence of estrus when ewes are
treated with progestogens. Based on our findings, the onset time of estrus is the same when
applying doses of 200 or 300 IU of eCG 24 h before withdrawing the intravaginal device
and when applying one dose of 300 IU of eCG at the time of withdrawal. In general, these
results coincide with those reported in other studies (Ali, 2007; Macias, 2007; Ustuner et
al., 2007).

CONCLUSIONS

The main influencing factor on estrous cycle and ovarian activity in hair ewe lambs
synchronized with progestogen is breed. When a more predictable and compact estrus
is preferred, the eCG should be administered prior to sponge withdrawal (preferably 24
hours).

REFERENCES

Ali, A. (2007). Effect of time of eCG administration on follicular response and reproductive performance of FGA-
treated Ossimi ewes. Small Ruminant Research, 72(1). 33-37. doi:10.1016/j.smallrumres.2006.07.017.

Arroyo, L. J., Gallegos, S. J., Villa, G. A., Valencia, M. J. (2006). Sistemas neurales de retroalimentacién
durante el ciclo reproductivo anual de la oveja. Revision. Interciencia. 37(1).8-15.

Barrett, D.M.W., Bartlewski, P.M., Batista-Arteaga, M., Symington, A., Rawlings, N.C. (2004). Ultrasound
and endocrine evaluation of the ovarian response to a single dose of 500 IU of eCG following a 12-day
treatment with progestogen-releasing intravaginal sponges in the breeding and nonbreeding seasons in
ewes. Theriogenology. 67(2-3). 311-327. Doi:10.1016/S0093-691X(03)00215-2

Bartlewski, PM., Beard, A.P., Rawlings, N.C. (1999). An ultrasonographic study of luteal function in
breeds of sheep with different ovulation rates. Theriogenology, 52(1). 115-130. Doi:10.1016/S0093-
691X(99)00114-4

Boscos, C.M., Samartzi, F.C., Dellis, E., Rogge, A., Stefanakis, A., Krambovitis, E. (2002). Use of progestagen-
gonadotrophin treatments in estrus synchronization of sheep. Theriogenology, 58(7). 1261-1272. Doi:
10.1016/S0093-691X(02)01040-3

Cline, ML.A., Ralston, J.N., Seals, R.C., Lewis, G.S. (2001). Intervals from norgestomet withdrawal and
injection of equine chorionic gonadotropin or P.G. 600 to estrus and ovulation in ewes. Journal of
Animal Science, 79(3) .589-594. doi: 10.2527/2001.793589x

Emsen, E., Yaprak, M. (2006). Effect of controlled breeding on the fertility of Awassi and Red Karaman
ewes and the performance of the offspring. Small Ruminant Research, 66(1-3). 230-235. Doi:10.1016/j.
smallrumres.2005.09.022

Esen, F. (2001). Effect of flushing and oestrus synchronization application on fertility in Akkaraman sheep.
Turkish Journal of Veterinary and Animal Sciences, 25(3), 365-368.

Estrada, K. M., Clay, C. M., Pompolo, S., Smith, J. T., Clarke, I. J. (2006). Elevated KiSS-1 expression in

the arcuate nucleus prior to the cyclic preovulatory gonadotrophin-releasing hormone/lutenising



Agro productividad 2022. https://doi.org/10.32854/agrop.v15i7.2321 194

hormone surge in the ewe suggests a stimulatory role for kisspeptin in oestrogen-positive feetback. /.
Nueroendocrinol. 78(10). 806-809. doi: 10.1111/j.1365-2826.2006.01485.x

Fenton, L.S., Shackell, G.H., Ramsay, M.L., Dodds, K.G., Reid, PJ., McLeod, M J. (1997). Influence of year,
age, and geographical location on induced oestrus in ewes early in the breeding season. New Zealand
Journal of Agricultral Research, 40(1). 69-74. Doi: 10.1080/00288233.1997.9513231

Garcia-Guerra, A., Milo, C., Wiltbank, S. E., Battista, B. W., Kirkpatrick, R. S. (2018). Mechanisms regulating
follicle selection in ruminants: lesson learned from multiple ovulation models. Anim. Reprod. 715(1). 660-
679. Doi: 10.21451/1984-3143-AR2018-0027

Hashemi, M., Safdarian, M., Kafi, M. (2006). Estrous response to synchronization of estrus using different
progesterone treatments outside the natural breeding season in ewes. Small Ruminant Research, 65(3).
279-283. Doi:10.1016/j.smallrumres.2005.07.051

INEGI, (2007) Anuario Estadistico del Estado de Tamaulipas, México. Instituto Nacional de Estadistica,
Geograffa e Informdtica, 623p.

Kridli, R.T., Husein, M.Q., Muhdi, H.A., Al-Khazaleh, J.M. (2006). Reproductive performance of hormonally-
treated anestrous Awassi ewes. Animal Reproduction, 3(3). 347-352.

Langford, G. A., Marcus, GJ., Batra, T.R. (1983). Seasonal effect of PMSG and number of inseminations
on fertility of progestagen treated sheep. Journal of Animal Science, 57(2). 307-312. Doi: 10.2527/
jas1983.572307x

Macias, C.U. (2007). Factores que afectan la manifestacion de estro en ovejas de pelo tratadas con FGA y
PMSG. Tesis de Maestria en Produccién Animal Tropical. Universidad Auténoma de Tamaulipas, Cd.
Victoria, Tamaulipas, Mexico. 80 Pp.

Madani, T., Chouia, F., Abbas, K. (2009). Effect of oestrus synchronization and body condition on reproduction
of anoestrous Ouled Djellal ewes. Asian Journal of Animal and Veterinary Advances, 4(1). 34-40. Doi:
10.3923/ajava.2009.34.40

Martinez, R.R.D., Zarco, Q.L.A., Rubio, G.I., Cruz, L.C., Valencia, M J. (2001). Efecto de los implantes
subcutaneos de melatonina y la suplementacion alimentaria, sobre la induccién de la actividad ovarica
en ovejas Pelibuey durante la época de anestro. Veterinaria México, 32(4). 237-247.

Martinez-Tinajero, J.J., Izaguirre, F.I., Sanchez, O.L., Garcia, C.C.G., Martinez, P.G., Torres, H.G. (2007).
Comportamiento reproductivo de ovejas Barbados Barriga Negra sincronizadas con MPA y diferentes
tiempos de aplicacién de eCG durante la época de baja fertilidad. Rev. Cient. (Maracaibo). 77(1). 47-52.

Moeini, M.M., Moghaddam, A.A., Hajarian, H. (2007). Effects of breed and progestin source on estrus
synchronization and rates of fertility and fecundity in Iranian Sanjabi and Lori ewes. Pakistan Journal
of Biological Sciences, 10(21). 3801-3807. doi: 10.3923/pjbs.2007.3801.3807

Rekik, M., Lassoued, N., Yacoubi, C. (2002). Reproductive performances in ewe lambs of the Queue Fine de
I’Ouest breed and their D’Man crosses following synchronisation. Small Ruminant Research. 45(1). 75-
78. Doi: 10.1016/S0921-4488(02)00104-9

Rojo-Rubio, R., Cordero-Mora, J.L., Mendoza-Martinez, G.D., Bucio-Alanis, L., Sanchez-Torres, M. T.,
Mejia-Villanueva, O., Martinez-Tinajero, JJ. (2006) Efecto de ECG e inseminacién laparoscopica
sobre el comportamiento reproductivo en ovejas F1 (damara X merino). Revista Cientifica. 16(1), 72-77

Romano, J.E., Christians, C.J., Crabo, B.G. (2000). Continuos presence of rams hastens the onset of estrus in
ewes synchronized during the breeding season. Applied Animal Behaviour Science. 66(1-2). 65-70. Doi:
10.1016/S0168-1591(99)00076-3

Rosa, HJ.D., Bryant, MJ. (2003). Seasonality of reproduction in sheep. Small Ruminant Research, 48(3). 155-
171. Doi:10.1016/50921-4488(03)00038-5

SAS, Institute. (2004). ‘SAS/STAT: user’s guide statistics released 9.12.” (SAS Institute Inc.: Cary, NC)

Ustuner, B., Gunay, U., Nur, Z., Ustuner, H. (2007). Effects of long and short-term progestagen treatments
combined with PMSG on oestrus synchronization and fertility in Awassi ewes during the breeding
season. Acta Veterinaria Brno, 76(3). 391-397. Doi: 10.2754/avb200776030391

Zeleke, M., Greyling, ]J.P.C., Schwalbach, L.M J., Muller, T., Erasmus, J.A. (2005). Effect of progestagen and
PMSG on oestrous synchronization and fertility in Dorper ewes during the transition period. Small
Ruminant Research, 56(1-3). 47-53. Doi: 10.1016/j.smallrumres.2003.12.006



	_GoBack
	_Hlk107348423
	_Hlk107937853
	_Hlk108939098
	_Hlk107601506
	_Hlk52731181
	_Hlk102231398
	_Hlk51882897
	_Hlk102234123
	_Hlk102234216
	_Hlk102234795
	_Hlk108437056
	_Hlk108438063
	_Hlk109047843
	_Hlk109206348
	_Hlk109206407
	_Hlk109206509
	_Hlk109206605
	_Hlk109206707
	_Hlk109206798
	_Hlk109206870
	_Hlk109206976
	_Hlk109207077
	_Hlk109207193
	_Hlk95731022
	_Hlk105073054
	_Hlk44704402
	_Hlk44689604
	_Hlk107356176
	_Hlk107356234
	_Hlk107356211
	_Hlk107356351
	_Hlk107356259
	_Hlk107356816
	_Hlk107590754
	_Hlk107595752
	_Hlk107596861
	_Hlk102118061
	_Hlk102118093
	_30j0zll
	_nf8p39n18zuu
	_Hlk105894207
	_ueww4q6qfgg1
	_Hlk105536253
	_Hlk68174866
	_Hlk105673291
	_Hlk105670336
	_Hlk105673801
	_Hlk63802825
	_Hlk63803110
	_Hlk63803531
	_Hlk63802730
	_Hlk105675008
	_Hlk63803553
	_Hlk63804991
	_Hlk105696039
	_Hlk74907282
	_Hlk74907304
	_Hlk74907326
	_Hlk74907356
	_Hlk74907376
	_Hlk102862320
	_Hlk102856322
	_Hlk102766865
	_Hlk108397017
	_Hlk103508916
	_Hlk102168455
	_Hlk102168455
	_Hlk102795475
	_Hlk102795563
	_Hlk102795602
	_Hlk102795764
	_Hlk102796091
	_Hlk102796533
	_Hlk102796565
	_Hlk102814062

