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ABSTRACT: Metabolic, endocrine and reproductive functions in postpartum beef cows, supplemented with protein supplied as range cubes or liquid, were evaluated. Angus cows (n = 60; 2 to 8 yr; mean BCS 4.6 ( 0.1) were stratified by age and calving date and randomly assigned to one of two supplements (S): 20% CP natural protein range cubes (C) at 1.36 kg/d or 35% CP liquid supplement (L) at 0.91 kg/d, and one of two estrus synchronization (ES) protocols: Syncro-Mate B or CO-Synch. Cows grazed native range pastures and an additional 4.55 kg/d sudan grass hay (CP 6.1%) was fed from calving through ES. Six pastures, three/supplement, were utilized with 10 cows/pasture. Supplement did not affect cow BW or BCS, or calf BW (P > 0.05). Serum insulin and thyroxine were similar between S groups (P > 0.05). No differences existed between C and L in serum GH, glucose and IGF-I (GH: 28.9 and 30.0 ( 0.8 ng/mL; glucose: 56.5 and 56.3 ( 1.2 ng/mL; IGF-I: 60.9 and 56.2 ( 4.5 ng/mL, respectively; P > 0.05). Postpartum interval and pregnancy rate were similar in S and ES groups (P > 0.05). Serum insulin, IGF-I, and thyroxine did not differ among cows returning to estrus prior to ES, with ES, or cows remaining anestrus through ES (P > 0.05). However, GH was greater in cows remaining anestrus compared with cows returning to estrus prior to or with ES (33.1, 27.7 and 29.5 ( 1.7 ng/mL, respectively; P = 0.04). Serum glucose was greater in cows returning to estrus prior to ES than in anestrous cows or cows returning to estrus with ES (58.2, 54.5, and 55.8 ( 1.3 ng/mL, respectively, P = 0.03). Protein supplemented as C or L did not affect metabolic, endocrine or reproductive function in postpartum beef cows grazing native range. However, anestrous cows had similar insulin and IGF-I but greater GH and less glucose when compared with cows returning to estrus prior to ES.
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Introduction


The economic viability of the cow-calf producer in the western U.S. is dependent on supplementation strategies that capitalize on efficient utilization of supplemented nutrients by the animal.  The goal of supplementing the postpartum beef cow consuming low quality dormant winter forage is to offset nutrient deficiencies and meet production demands in order to optimize reproductive function in a cost-effective manner.

Protein is the first limiting nutrient in cattle consuming dormant forage diets (Wallace, 1987; Paterson et al., 1996).  Protein supplementation in beef cattle can increase forage intake, improve lactation, and improve reproductive efficiency (Caton et al., 1988; Appeddu et al., 1996).  However, supplementation programs have not demonstrated consistent improvement in pregnancy rates or calving interval (Canfield et al., 1990; Pate et al., 1990; Triplett et al., 1995).  Some of the inconsistency in reproductive measures may be due to variations in supplement form and composition, which may contribute to differences in the metabolic and endocrine environment of the animal.   

Protein supplementation may modify reproduction by altering a variety of metabolic and endocrine factors, including serum glucose, insulin, GH, IGF-I, and thyroxine (Hunter and Magner, 1988; Hough et al., 1990; Wiley et al., 1991).  These factors have been shown to modulate energy balance and(or) reproductive function at the hypothalamo-hypophyseal axis (Bays et al., 1994; Soldani et al., 1994; Funston et al., 1995; Gutierrez et al., 1997).  Therefore, differing forms of protein supplementation may effect alterations in the metabolic and endocrine milieu that modify reproductive efficiency of the postpartum cow.  The objective of this study was to determine the effects of supplementation of protein in cube or liquid form on metabolic and(or) endocrine factors that may influence reproductive function in the postpartum beef cow.

Materials and Methods

Animals and Treatments.  Sixty Angus cows (n = 60; 2 to 8 yr; mean BCS 4.6 ( 0.1) were stratified by age and calving date and randomly assigned to one of two supplements and one of two estrus synchronization (ES) protocols.  Supplements were 1) 20% CP natural protein range cubes (C) at 1.36 kg/cow/d (Table 1; Palmer Feed and Feed Supply, San Angelo, TX) or 2) 35% CP liquid supplement (L) at 0.91 kg/cow/d (Table 1; Westway Feed Products, Tomball, TX), and ES protocols (Figure 1):  Syncro-Mate B (SB) or CO-Synch (CS). Cows grazed native range pastures prior to and after calving and an additional 4.55 kg/cow/d sudan grass hay (CP 6.1%) was fed from calving through AI.  Six pastures, three/supplement, were used with 10 cows/pasture.  Cows within pastures were rotated through pastures on a weekly basis.  Supplements were group fed by pasture.  Cubes were fed three times/wk and L was available ad libitum with intake measured weekly and limited, as necessary, by lick-wheel limiters.  Water and trace mineral salt were available free choice.  Cows calved from February through the first week of April.  Artificial insemination took place in May and bulls were turned in with cows for a 60 d breeding season.  Calves were weaned and cows palpated for pregnancy in September.  The study was conducted at the Angelo State University Management, Instruction and Research Center, San Angelo, TX.

Sample Collection.  To evaluate return to estrus and metabolic and endocrine status, blood was collected for serum progesterone, glucose, insulin, GH, IGF-I, and thyroxine twice weekly via caudal venipuncture.  Collection was initiated at calving, and continued from 3 wk after calving through day of AI.  Samples were allowed to coagulate for 1 h at ambient temperature and were then centrifuged at 1,300 x g (20 min, 4(C) and serum stored at -20(C.  

Measurements. 
Serum progesterone was analyzed and concentrations ( 1.0 ng/mL in two sequential samples were indicative of return to estrus postpartum.  Onset of estrus was classified as natural: return to estrus prior to ES; synch: with ES; and anestrus: anestrus through ES.  Serum insulin, glucose, GH, IGF-I and thyroxine were analyzed on samples collected 2 wk prior and 2 wk after onset of estrus.  In cows that remained anestrus through ES, samples were analyzed 2 wk prior and after day of AI.  Serum insulin and progesterone were measured using commercial RIA kits purchased from Diagnostic Products Corporation (Los Angeles, CA; Reimers et al., 1982; Schneider and Hallford, 1996).  Intra- and inter-assay CV were 4.9% and 4.8%, respectively, for glucose and 10.6% and 5.1%, respectively, for progesterone.  Serum samples were evaluated for glucose concentration utilizing an endpoint commercial kit for quantitative, enzymatic determination (Glucose, Trinder; Sigma Diagnostics, St. Louis, MO) with volume modifications for use with a microtiter plate reader.  Intra- and inter-assay CV were 1.7% and 2.8%, respectively.  Radioimmunoassay for GH (Hoefler and Hallford, 1987) was performed with an intra-assay CV of 11.9%. Thyroxine and IGF-I were analyzed by RIA (Richards et al., 1999; Berrie et al., 1995) with an intra-assay CV of 4.6% and 5.0%, respectively.  

In order to evaluate changes in BCS and BW associated with supplementation, cows were weighed at calving, 3 and 6 wk postpartum, and day of AI.  Calf BW were obtained at calving, 3 and 6 wk postpartum, day of AI, and weaning.  Cow and calf BW were obtained prior to supplementation.  Pregnancy was determined by rectal palpation at weaning.    

Statistical Analyses.  Cow BCS, BW, and calf BW were analyzed as a split-split-plot design.  Supplement was the mainplot treatment with pasture within supplement as the error term.  The subplot treatment consisted of ES with cow as the experimental unit.  The sub-sub-plot units were the repeated measurements.  Serum glucose, insulin, GH, IGF-I, and thyroxine concentrations were subjected to the analysis for a split-plot design with supplement as mainplot treatment and time as subplot treatment.  The Huynh-Feldt conditions were satisfied (Huynh and Feldt, 1970) for all split-plot analyses.  In addition, mean cow BCS, BW, calf BW, and serum glucose and hormones through day of AI were analyzed with supplement as treatment.  When no differences were observed due to supplement, the above analyses were performed with onset of estrus replacing supplement in the model statement and means separated by LSD.  All analyses described above were performed using GLM procedures of SAS® (SAS Inst. Inc., Cary, NC).  Pregnancy rate and return to estrus data were analyzed with CATMOD procedures of SAS®.   

Results and Discussion

No differences were observed in cow BW or BCS between S groups (mean BW: 532 and 509 ( 5 kg; mean BCS: 4.5 and 4.4 ( 0.1, for C and L, respectively; P > 0.05).  Cows in both groups lost BW from calving through 6 wk postpartum.  Cow BW increased from 6 wk postpartum through day of AI.  Cows lost BCS through day of AI, but returned to calving BCS by weaning.  Calf BW also did not differ among treatments (BW at weaning: 222 and 228 ( 3 kg, for C and L, respectively).  

Reproductive performance was similar between supplement groups.  No differences were observed in the numbers of cows in S groups that returned to estrus prior to ES, with ES, or remained anestrus through ES (C: 30%, 60%, and 10%; L: 30%, 54%, and 16%; respectively; P > 0.05).  There were no differences between ES protocols in cows that returned to estrus with ES (SB: 50%; CS: 50%; P > 0.05).  In addition, overall pregnancy rates did not differ among supplements (C: 66% and L: 73%; P > 0.05) or ES protocols (SB: 66% and CS: 73%; P > 0.05).  

Protein supplementation has been shown to alter metabolic and endocrine factors that may impact reproduction (Hunter and Magner, 1988; Hough et al., 1990; Wiley et al., 1991).  However, form of supplement did not affect serum glucose, insulin, GH, IGF-I or thyroxine (Table 2; P > 0.05).  When metabolic and endocrine factors were evaluated across supplements among cows returning to estrus prior to ES, with ES, or those that remained anestrus through AI, no differences were observed in serum insulin, IGF-I or thyroxine (Table 3; P > 0.05).  Serum glucose was higher in cows returning to estrus prior to ES than those that cycled with ES or remained anestrus (Table 3; P = 0.03).  Moreover, cows returning to estrus prior to and with ES had lower GH than cows remaining anestrus through ES (Table 3; P = 0.04).  Cows remaining anestrus through ES may have been in negative energy balance as indicated by uncoupling of  IGF-I and GH (Downing et al., 1995) and depressed serum glucose (Wiley et al., 1991), a status that was not altered by either form of protein supplement.  

Protein supplementation in liquid and cube form has been reported to minimize postpartum BW loss, decrease postpartum anestrus, and improve pregnancy rates (Pate et al., 1990; Wiley et al., 1991).  However, supplementation has also been associated with increased postpartum anestrous interval, pregnancy rate or BW change (Pate et al., 1990; de Gracia and Ward, 1991; Triplett et al., 1995).  Under the conditions of this study, metabolic, endocrine and reproductive responses in postpartum beef cows were similar regardless of form of protein supplement.

Implications


Protein supplementation has had variable effects on reproductive performance in postpartum beef cattle.  This disparity in response to supplementation may be due to the wide range in supplement form and protein type.  Therefore, the mechanisms involved in variations in reproductive efficiency observed with protein supplementation of postpartum beef cows remain unclear. 
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Table 1.   Analysis of supplements

	Ingredient, as fed
	          Cube
	            Liquid

	Crude protein (min)
	20.0%
	35.0%

	Crude fat (min)
	2.0%
	3.0%

	Crude fiber (max)
	11.0%
	0.1%

	Calcium (min)
	0.3%
	0.25%

	Calcium (max)
	0.4%
	0.75%

	Phosphorus (max)
	0.45%
	1.0%

	Copper (min)
	14.30ppm
	70ppm

	Copper (max)
	15.30ppm
	90ppm

	Selenium (max)
	0.20ppm
	1.0ppm

	Vitamin A (min)
	22,000 IU/kg
	88,000 IU/kg

	Vitamin D3 (min)
	33 IU/kg
	22.000 IU/kg

	Vitamin E (min)
	6.6 IU/kg
	44 IU/kg



 CO-Synch:

GnRH



PGF2a        GnRH/AI

                                                                                          

Day 0



Day 7*
       Day 9     

Syncro-Mate B:

Norgestomet implant/

norgestomet &estradiol 

valerate injection     

Pull implant     AI

                                                                                          

Day 0



Day 9*
       Day 11     

*48 hr calf removal prior to AI 

   Figure 1.  Estrus synchronization protocols.

Table 2.
 Serum constituents in postpartum beef cows supplemented with cube or liquid proteina

	Serum
	Supplement
	

	Constituentb
	Cube
	Liquid
	SEc

	Glucosed
	58.4
	58.3
	1.2

	Insulin
	0.50
	0.47
	0.02

	GH
	28.9 
	30.0
	0.8

	IGF-I
	60.8
	56.2
	4.4

	Thyroxine
	40.2
	40.1
	1.1


aSamples collected 2 wk prior and after onset of estrus or 2 wk prior and after day of AI for anestrous cows.

bGlucose: mg/dL; Insulin, GH, IGF-I, thyroxine: ng/mL,

cMost conservative standard error.  

dRow means do not differ (P < 0.05).            

Table 3.  Serum constituents in postpartum beef cows at onset of estrus.a
	Serum 
	Onsetc
	

	Constituentsb
	Natural
	Synch
	Anestrus
	SEd

	Glucose
	58.2e
	55.9f
	54.5f
	1.3

	Insulin
	0.53
	0.47
	0.45
	0.07

	GH
	27.7e
	29.5e
	33.1f
	1.7

	IGF-I
	56.4
	61.7
	49.8
	10.0

	Thyroxine
	41.8
	39.6
	39.0
	1.5


aSamples collected 2 wk prior and after onset of estrus or 2 wk prior and after day of AI for anestrous cows.

bGlucose: mg/dL; Insulin, GH, IGF-I, thyroxine: ng/mL.

cOnset of estrus is classified as natural onset prior to estrus synchronization (Natural), with synchronization (Synch) and anestrus through synchronization (Anestrus).

dMost conservative standard error.              

 efRow means with differing superscripts differ (P < 0.05).

























































































































































































































