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ABSTRACT:  At weaning (d 0, approximately 60 d after lambing), 15 mature, lactating Rambouillet ewes were divided into three groups to determine if restricting feed and water for 24 h after weaning would hasten the dry-off period.  Treatments consisted of a control group in which the ewes remained with their lambs and continued to lactate, ewes with lambs weaned and no feed or water restriction, and ewes with lambs weaned as well as removal from feed and water for 24 h after weaning.  Ewes with lambs weaned were maintained in a single pen following the 24-h feed and water restriction and received 1.6 kg alfalfa hay daily, while lactating ewes remained in a separate pen and received 2.7 kg of alfalfa and 0.3 kg of corn daily.  Serum samples were taken daily for the 14-d observation period.  Body weight and mammary area changes were recorded on d 0, 7 and 14 of the trial.  Ewe BW (77 + 3.6 kg) were similar (P = 0.12) at the initiation of the trial and remained similar for 14 d (P = 0.09).  Over the 14-d period (treatment x day, P = 0.34), serum GH in lactating ewes averaged 5.2 + 1.0 ng/mL compared with 5.4 and 3.0 (+ 1.0) ng/mL in weaned non-restricted and restricted ewes, respectively.  Likewise, serum thyroxine was similar (P = 0.29) and averaged 78, 75, and 71 (+ 3) ng/mL in the same three respective groups.  Serum insulin did not differ (P = 0.18) among groups on d 0 and 1 after which, ewes that continued to lactate had less insulin (P < 0.05) than did either of the weaned groups from d 2 through d 6 (0.7, 1.8, 1.4 + 0.3 ng/mL on d 6 in the three respective groups).  From d 8 to 14, serum insulin was again similar among groups (P > 0.10).  During the 14-d period, mammary area increased (P < 0.01) by 5% in lactating ewes and decreased by 41% and 30% in non-restricted and restricted ewes, respectively (P < 0.01).  A 24-h feed and water restriction at weaning did not hasten mammary involution but the process of weaning resulted in increased serum insulin concentrations.
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Introduction
Maternal milk production is a major factor determining survival and growth of offspring.  Abnormalities of the udder such as mastitis can influence the amount of milk produced by females of most species.  Torres-Hernandez and Hohenboken (1979) showed that ewes with mastitis produced 12 and 58% less milk than uninfected females if one or both halves of the gland was infected, respectively.  Udder abnormalities are also a major cause of premature culling of ewes (Watson and Buswell, 1984).  Keisler et al. (1992) reported that the incidence of subclinical mastitis ranged from 17 to 50% in ewes.  Bacterial invasion and subsequent growth of the organism within the mammary gland constitute the main cause of mastitic inflammation in cows.  Burvenich et al. (1999) noted that the incidence of udder infection is highest at calving and at drying off.  Likewise, Timms and Morrical (1990) reported that 50% of dry period mammary infections occur shortly after weaning and Hueston et al. (1986) suggested that the incidence of mastitis increased steadily for several weeks after weaning.  McCarthy et al. (1988) studied ewes through three lactations and found that ewes with mastitis produced less milk and that fasting ewes for 72 h after weaning assisted the females to produce more milk during subsequent lactations although the fast did not reduce the incidence of mastitis.  Therefore, the speed with which the mammary gland involutes after weaning may influence subsequent udder health and long term milk production.  The objective of this study was to determine if a 24-h period of feed and water restriction at weaning would hasten involution of the mammary gland.  Several hormones involved in milk production were quantified during the dry-off period to determine if management practices at weaning influence metabolic hormone status.

Materials and Methods
Fifteen mature Rambouillet ewes (77 + 3.6 kg) were used in this study.  Ewe weights were recorded on d 0 (initiation of treatment) and at 7-d intervals during the 14-d observation period.  Animals were stratified by age and assigned to one of three treatment groups.  Control ewes (n = 5) remained with their lambs through the duration of the trial and continued to lactate.  A second group (n = 5) consisted of ewes that had their lambs removed (d 0) approximately 60 d after lambing but were allowed access to feed and water during the entire 14-d period.  The third group (n = 5) had their lambs weaned on d 0 and were restricted from feed and water for 24 h after weaning.  After the 24-h restriction period, the two groups without lambs were placed in a single pen and had free access to water, salt and shade, and were fed alfalfa hay at 1.6 kganimal-1d-1 throughout the study.  Lactating ewes were kept in a separate pen and also had access to water, salt, shade and were fed alfalfa hay at 2.7 kganimal-1d-1 along with 0.3 kg of corn daily.  On d 0, 7, and 14, mammary area was calculated as: (distance from body wall in the flank area to the ventral surface of the mammary gland at its deepest point) x (width of the mammary gland at its widest point).  Change in mammary area was the difference between areas on d 0 and 14.  

Daily serum samples were collected (jugular venipuncture) to measure serum thyroxine (T4), insulin, and growth hormone (GH).  Serum was harvested by centrifugation at 1500 x g for 15 min and stored at -20C until analyzed.  Serum T4 was quantified by solid phase RIA (Richards et al., 1999) using components of a commercially available kit from Diagnostics Products Corp. (DPC, Los Angeles, CA).  Serum insulin was measured using a solid phase RIA kit from DPC as described by Reimers et al. (1982).  Growth hormone was determined using the double antibody RIA described by Hoefler and Hallford (1987).  The coefficients of variation were less than 20% for all assays.

Mammary area change was examined using analysis of variance for a completely random design.  Body weights and hormone profiles were subjected to split plot analysis of variance for repeated measures (Gill and Hafs, 1971).  The model included treatment in the mainplot which was tested using animal within treatment as the error term.  Day and the day by treatment interactions were included in the subplot and were tested using the residual error.  When a treatment by day interaction was detected, treatment effects were examined within day.  When a significant treatment effect was observed means were separated using the least significant difference method.  All analyses were computed using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC).

Results and Discussion

Serum Hormone Profiles

Serum GH was quantified in samples collected daily during the 14-d postweaning observation period and results are presented in Figure 1.  Split plot analysis of variance revealed no weaning treatment by day interaction (P = 0.33) allowing examination of treatment effects pooled across days.  Ewes that continued to lactate had a serum GH value of 5.2 + 1.0 ng/ mL over the 14-d period while ewes that had their lambs weaned and were allowed feed and water throughout the trial averaged 5.4 + 1.0 ng of GH/mL of serum.  These values were similar (P = 0.30) to that observed in ewes restricted from feed and water for 24 h after their lambs were weaned (3.0 + 1.0 ng/mL).  Although GH is secreted in a pulsatile manner, these data are at least indicative that the weaning strategies used in this experiment had no major effect on GH profiles.

When serum insulin profiles were examined, a treatment by day interaction was detected (P < 0.01) necessitating examination of weaning effects within each day (Figure 1).  Insulin values were similar (P > 0.15) on the day of and the day after weaning (d 0 and d1, respectively).  However on d 2, serum insulin in lactating ewes was 0.9 + 0.3 ng/mL compared with 2.8 and 1.5 (+ 0.3) ng/mL in ewes that were fed or restricted from feed for 24 h after weaning, respectively (P < 0.01).  This difference in serum insulin among treatments remained apparent through d 6 at which time values were 0.7, 1.8, and 1.4 + 0.3 ng/mL in the three respective groups (P = 0.03).  After d 7, serum insulin remained similar (P > 0.20) among treatments.  These data demonstrate that lactating ewes produce less insulin for about 5 d than do ewes that have had their lambs weaned.  This response was not unexpected because insulin is generally thought to favor tissue use of nutrients rather than milk production.  Also differences in serum insulin between the two weaned groups were not significant, although ewes restricted from feed for 24 h consistently had numerically lower insulin values than did ewes that were fed during that 24-h period.  

Serum T4  was also affected by a treatment by day interaction (P < 0.01) and effects of weaning strategy were therefore examined within each day (Figure 1).  Although on d 5 and 6, ewes restricted from feed and water for 24 h had lower (P < 0.05) serum T4 than did the other two groups, no consistent treatment pattern was evident from these data.  Results suggest that weaning strategies employed in this study did not have  major effects on serum GH or T4 although serum insulin differed for about 5 d in lactating ewes compared with  those that had their lambs weaned. 

Ewe Weights and Mammary Traits
Ewes were weighed on d 0, 7, and 14 and data are presented in Table 1.  No treatment by day interaction was observed (P = 0.40) allowing examination of BW pooled over days.  Although ewes restricted from feed for 24 h weighed less (P = 0.09) than did females in the two other groups, this difference was not treatment related because the same magnitude of difference existed before treatments were initiated on d 0.  Therefore, these weaning strategies had no adverse impact on ewe BW response.  

Mammary area was influenced by a treatment by day interaction (P = 0.05), thus treatment effects were examined within day (Table 1).  On d 0 and 7, all ewes had similar (P > 0.10) mammary areas.  However, at 2 wk after weaning, ewes that continued to lactate had a greater (P < 0.01) mammary area than did the weaned ewes that were fed and  watered or the weaned/restricted ewes (149, 99, 89 + 10 mm2 for the three respective groups).  Mammary area increased by 5% in the lactating group over the 2-wk period while weaned/fed ewes decreased by 40% and the weaned/restricted ewes decreased by 30%.  These data indicate that mammary involution is 30 to 40% complete by 2 wk after weaning and that a 24-h period of feed and water restriction does not hasten this response.

Implications
During the first 2 weeks of the dry-off period in ewes, serum insulin is increased in weaned compared with lactating females.  Based on udder area changes, the gland is 30 to 40% involuted by 2 weeks after lambs are removed but restricting feed and water for 24 hours immediately after weaning was not effective in decreasing the interval to involution.    
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Table 1.  Body weights and mammary characteristics of mature fine wool ewes subjected to three weaning strategies 

	
	Weaning strategya
	

	Item
	Lactating
	Lambs weaned + feed + water
	Lambs weaned no feed, no water
	SE

	Weight, kg
	
	
	
	

	       Day 0
	78.4
	81.8
	70.5
	3.6

	       Day 7
	77.8
	80.9
	70.6
	3.3

	       Day 14
	78.3
	82.8
	70.4
	3.4

	       Overallb
	78.1ef
	81.9e
	70.5f
	3.4

	Mammary area mm2c
	
	
	
	

	       Day 0
	146
	173
	128
	16

	       Day 7
	171
	148
	158
	23

	       Day 14
	149g
	99h
	89h
	10

	Mammary aread
	
	
	
	

	       Change, mm2
	3g
	-74h
	-40h
	15

	       Change, %
	5g
	-40h
	-30h
	8



aAt weaning (d 0, approximately 60 d after lambing), lambs remained with five dams that continued lactating, lambs were weaned from five ewes and ewes were not restricted from feed or water, and lambs were weaned from five ewes and these ewes received no feed or water for the next 24 h.
bSplit plot analysis of variance revealed no treatment x day interaction (P = 0.40); therefore, effects of weaning strategy on BW were examined across time.
cA treatment x day interaction was detected (P = 0.05) necessitating evaluation of weaning strategy effects within each day.
dMammary area was calculated as: (distance from body wall in the flank area at its deepest point) x (width of the mammary gland at its widest point).  Change in mammary area was the difference between areas on d 0 and 14.
efRow values with different superscripts differ (P = 0.09).
ghRow values with different superscripts differ (P < 0.01).

