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ABSTRACT:  A study was conducted at the Corona Range and Livestock Research Center during two years to evaluate effects of increasing the ratio of undegradable intake protein (UIP) to degradable intake protein (DIP) and increasing amount of UIP in range supplements for young postpartum cows. In both years, 2 and 3 yr old cows were assigned to one of three treatments. Treatments were fed at 908 g(hd-1(d-1 and provided 340g CP, 120g UIP (LOW); 340g CP; 170g UIP (MID); or 510g CP, 340g UIP (HIGH). Treatments were applied postpartum for approximately 75 d in yr 1 and 60 d in yr 2. Year effects were observed for all responses, therefore data were evaluated as a 2X3 factorial (age and treatment) within year. In yr 1, ADG from BW nadir to end of supplementation was not influenced by treatment (P>0.4; 1.2, 1.4, and 1.6 ( .2 kg(d-1 for CON, MID, and HIGH). All treatments resulted in negative ADG from end of supplementation until end of breeding.  In yr 2, ADG of 2 yr old cows was less than 3 yr old cows (P<0.05; .5 vs. 1.2 ( .2 kg(d-1). Cows receiving MID and HIGH had greater ADG during supplementation than those receiving CON (P<0.05; .4, 1.1, and 1.1 ( .3 kg(d-1 for CON, MID, and HIGH). Gains from end of supplementation until end of breeding were similar and positive. Older cows produced more milk in both years (P<0.05). Treatment means for milk production were similar within years, although cows receiving HIGH were numerically higher. In year 2, cows receiving MID excreted less milk fat (P<0.05). Excretion of milk protein, lactose, and SNF reflected milk production. Adjusted weaning weights were heavier in calves from 3 yr old cows in both years (P<0.01), but were not influenced by treatment in yr 1 (P=0.9). In yr 2, cows receiving MID or HIGH weaned heavier calves than those receiving CON (P=0.05). These results imply that increasing the ratio of UIP:DIP influenced nutrient partitioning toward maternal tissues without decreasing calf growth.
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Introduction


Protein is often the first limiting nutrient in the diet of cows grazing dormant rangelands. Mediation of this deficiency with protein supplements has been shown to improve forage utilization and cow productivity, presumably by improving the nutritional plane of the animals. Provision of protein supplements containing increased amounts of undegradable intake protein (UIP) has resulted in variable responses, including directional differences in milk production (Appeddu et al., 1997; Triplett et al., 1995) and body weight change (Wiley et al., 1991; Serrato-Corona et al., 1997). In many of these studies, however, different amounts and concentrations of both degradable intake protein (DIP) and UIP have been utilized, making interpretation difficult due to the confounding of total protein supplied versus increasing amount of UIP. Therefore, the objective of this study was to evaluate the response of young postpartum cows to protein supplements containing different UIP: DIP ratios with similar total protein supply and protein supplements containing similar amounts of DIP but different amounts of UIP by evaluating the partitioning of nutrients between maternal tissues and milk production and calf growth.

Materials and Methods

This study was conducted at New Mexico State University’s Corona Range and Livestock Research Center, located 13 km east of Corona, NM, during two consecutive years. Average elevation is 2000 m and average annual precipitation is 400 mm. Predominant forage species in the pastures grazed during this study include wolftail (Lycurus phleoides) and blue grama (Bouteloua gracilis) with minor components of other grasses and annual forbs (Knox, 1998). Diet samples were collected at the initiation and termination of the study in both years using ruminally cannulated cows in order to assess forage diet quality. A description of the quality of the forage diet is given in Table 1.

In year 1, forty-six two yr old cows and thirty-five three yr old cows were utilized, while in year 2, thirteen three yr olds and thirty-nine two year old cows were utilized. Cows were predominantly Angus, with varying percentages of Hereford and Simmental breeding. Cows were maintained in an adjacent pasture until calving, at which time calf birth weights were recorded and pairs moved into the experimental herd. All cows grazed a common pasture after calving and were managed as one herd. Bulls were introduced after the first week in May each year for a 60 d breeding season. 

Approximately 10 d postpartum, animals were assigned to a supplemental treatment and supplementation was initiated. Cows were gathered and individually fed supplements twice weekly. Supplements were formulated to provide a) 340 g(hd-1(d-1 CP, 120 g UIP (LOW); b) 340 g(hd-1(d-1 CP, 170 g UIP (MID); or c) 510 g(hd-1(d-1 CP, 340 g UIP (HIGH) when fed at a rate of 908 g(hd-1(d-1. Comparisons of CON versus MID provide a comparison of different ratios of DIP:UIP within isonitrogenous supplements, while comparing responses to MID versus HIGH provide a comparison of increasing amounts of UIP within iso-rumen degradable supplements. Supplementation continued through the first 21 d of breeding in year 1, but was ended at the beginning of breeding in year 2. Due to this difference, supplements were fed for approximately 75 d in year 1 but for only 60 d during year 2. 

Cows were weighed weekly after feeding supplement from the beginning of supplementation until the end of the breeding season. Cow body weight nadir was determined from weekly weights as the lowest BW after calving. Average daily gain (ADG) was calculated for each cow from the body weight nadir until the end of supplementation, from the end of supplementation until the end of breeding, and from BW nadir until the end of breeding. Calves were weighed at birth and again at weaning in October, and adjusted 205-d weaning weights were calculated.

A sample of cows from each treatment group within each age group was selected for milk production estimation. In year 1, twenty-four three yr olds and twenty-one two yr olds were milked, while in yr 2 fourteen three yr olds and twenty-two two yr olds were milked. Milk production was estimated as described by Appeddu et al. (1997). Briefly, one day after supplementation, cows were milked dry with a mechanical milking machine, separated from calves for 4 h, and then milked a second time. Milk letdown was achieved by injection of 40 USP units of oxytocin i.m. Milk from the second milking was weighed and a subsample collected and preserved for later analysis of protein, lactose, butter fat, and solids non-fat (SNF) proportions by an independent laboratory (Pioneer Dairy Labs, Artesia, NM). Weights of milk produced during the 4 h period were multiplied by 6 to estimate 24 h milk production. Milk production was multiplied by the proportion of each constituent to estimate daily excretion of the various nutrients in milk. 

A preliminary analysis showed that year was a significant source of variation for all responses. This may have been due to different precipitation and temperature patterns or different stock density between years, which may have resulted in less available forage per animal in year 1 versus year 2. Therefore, data were analyzed within year as a factorial arrangement with cow age, supplemental treatment, and their interaction as terms in the model. Contrasts were used to compare LOW vs. MID (decreasing DIP:UIP ratio, total CP constant) and MID vs. HIGH (increased amount of UIP, DIP constant). Analyses were conducted within the General Linear Models procedures of SAS (1994). 

Results and Discussion

Average daily gain from the nadir of BW to a defined endpoint reflects the plane of nutrition of an animal during that interval, as well as an index of the animal’s ability to recover from the nutritional stress associated with parturition, lactation, and consumption of a low quality diet. In this study, ADG from the BW nadir to the end of supplementation was similar for supplements containing the same amount of total CP with different ratios of DIP:UIP (LOW vs. MID, P>0.6) and for supplements providing similar amounts of DIP with different amounts of UIP (MID vs. HIGH, P>0.4) during year 1, although there was a numerical trend toward increased ADG (13% to 28%) as the total amount of UIP in the supplement increased (Table 2).  In the second year, however, decreasing the DIP:UIP ratio (i.e., MID) improved ADG from BW nadir until the end of supplementation (LOW vs. MID, P<0.05) while adding additional UIP (i.e., HIGH) did not result in further improvements in ADG (MID vs. HIGH, P>0.8, Table 2). The general trend in these results suggests that the total protein in the MID supplement was utilized more efficiently with regard to tissue maintenance and accretion, since the MID improved ADG compared to LOW, but was similar to HIGH. Since the HIGH supplement provided more total protein by design, the response in ADG per unit of protein was greater in cows receiving the MID protein supplement. Sletmoen-Olson et al. (2000) reported no effect of increased amount of UIP on BW of early lactation cows with treatments similar to MID and HIGH but fed at a greater rate; the amount of protein provided by these authors may be outside the response range for supplements of this type.

Body weight change during the breeding season may be of high importance in the cow herd due to potential interactions with reproduction. In this study, since feeding supplement ended either after the first third of the breeding season (year 1) or immediately prior to breeding (year 2), the ADG from the end of supplementation until the end of breeding describes the residual influence of treatment on BW change, as well as providing some information about the nutritional environment and plane that the animals experienced during this time. During year 1, ADG from the end of supplementation until the end of the breeding season was negative for all treatment groups (Table 2). No differences were observed in the mean ADG for treatment comparisons during this period, however, cows receiving LOW supplement had an ADG that was not statistically different than zero, while ADG observed in MID and HIGH groups was statistically negative. This may reflect a compensatory effect, since cows receiving LOW supplement had a numerically lower rate of gain during supplementation. 

During year 2, the apparent trends in ADG from the end of supplementation through the end of breeding were similar to year 1(Table 2), although there were still no differences observed when treatment comparisons were made. All ADG for this time period were positive during year 2, with cows receiving the LOW supplement expressing numerically greater gains than their counterparts. Again, a compensatory effect is suggested, since during year 2 cows receiving the LOW supplement had lower rates of gain during the supplementation period. Forage resources during the second year may have been sufficient to allow cows to continue to gain weight after supplementation ended during the second year, whereas all cows lost weight during year 1.  

Although no differences were observed for ADG from BW nadir through the end of supplementation or from the end of supplementation through the end of breeding during year 1, the trend for cows receiving the HIGH supplement to have higher ADG during the supplementation period resulted in a higher ADG from BW nadir until the end of breeding (MID vs. HIGH, P=0.07; Table 2). Although LOW and MID supplementation resulted in similar and therefore lower ADG than HIGH, these supplements were utilized with higher efficiency with regard to body weight gain. Cows receiving LOW and MID supplements converted 1 g of daily protein into 1 g of ADG, while cows receiving HIGH converted 1 g of daily protein into 0.89 g ADG. 

During year 2, the compensation in ADG of cows receiving LOW supplement from the end of supplementation through the end of breeding resulted in similar ADG among all treatments from BW nadir through the end of breeding (Table 2). As in year 1, the LOW and MID supplements were utilized with greater apparent efficiency when evaluated as g BW gain per g of protein provided (2.2 for LOW and MID, 1.6 for HIGH). The efficiency advantage in year 2 is most apparent for the MID supplement, since during the supplementation period cows receiving this treatment had higher gains than those receiving the same amount of protein (LOW) and similar gain as those receiving 150% of the total protein (HIGH). 

Alteration of body tissue accretion in lactating cows is often associated with changes in milk production parameters (Hunter and D’Occhio, 1995). Because cows were milked during supplementation, ADG from BW nadir to the end of supplementation would be the most appropriate evaluation of the BW-milk production relationship. Cow age strongly influenced milk production during both years (P<0.05, Table 3) and therefore influenced secretion of all milk constituents. However, there was no interaction between age and supplemental treatment, therefore main effect treatment means will be discussed (Table 4). 

During year 1, milk production (g(d-1) was similar for cows fed LOW or MID supplements (P>0.9, Table 4). Milk production tended to be greater (14%) in cows fed HIGH compared to MID (P=0.22), although this increase in production was not at the expense of BW, because cows receiving the HIGH supplement gained a similar amount of weight during supplementation. The fact that cows receiving HIGH were provided with more total protein suggests that the additional protein was utilized for milk production during year 1. Butter fat excretion in milk during year 1 was similar in cows fed MID and HIGH supplements (P>0.3) and tended to be greater in cows fed MID compared to cows fed LOW (P=0.19; Table 4). This supports the previous conjecture that the MID supplement altered metabolic efficiency, since these cows excreted more total energy (similar total production, more fat) without losing more BW. Altered excretion of butterfat may be due to enhancement of the efficiency of acetate metabolism. Increasing the supply of glucogenic precursors with low quality diets improves acetate clearance rate (Cronje et al., 1991). Supplements with decreased DIP:UIP ratio have been shown to alter acetate clearance, presumably via the glucogenic mechanism (Tovar-Luna, 1997) Excretion of all other milk constituents during year 1 followed the trends observed in total milk production (Table 4). 

During year 2, milk production in general was 30% greater than in year 1, reflecting a better nutritional environment. Trends among treatments were similar to those in year 1, with the exception that cows receiving MID produced numerically less milk (11% less than LOW, 17% less than HIGH). When compared with LOW supplemented cows, this reduction in milk production is apparent as a repartitioning of nutrients to maternal tissues, since cows fed MID had greater ADG during supplementation. Part of the explanation of this repartitioning is exemplified in the excretion of butter fat, where cows fed MID excreted less butter fat than cows fed LOW or HIGH (P<0.05, Table 4). Such a repartitioning may be expected if insulin secretion was increased in these cows, which could lead to decreased milk synthesis and fat secretion (Etherton and Bauman, 1998). Hunter and Magner (1988) are among authors to report increases in insulin with increased UIP supplementation. The trend for repartitioning in year 2 indicates an interaction with nutritional environment, since it is opposite in direction of that observed during year 1. This interaction can be explained by differences in the basal diet quantity or quality, which might have influenced insulin secretion or sensitivity and thus nutrient partitioning. Excretion of all other milk constituents during year 2 followed trends observed in total milk production. 

Cow age strongly influenced adjusted 205-d weaning weights of calves during both years, although the degree of separation was diminished in year 2 compared to year 1. In year 1, adjusted 205-d weaning weights were 204 ( 2.6 kg and 237 ( 3.2 kg from 2 and 3 yr old dams, respectively, while in year two adjusted 205-d weaning weights were 219 ( 2.3 and 239 ( 4.2 kg.

Trends in calf weaning weights did not reflect trends observed in cow milk production among treatments. Calf weaning weights were similar for all treatment groups in year 1 (Table 5), although butter fat excretion was higher in cows fed MID and total production was highest in cows fed HIGH. Differences in calf weaning weight among treatments were observed during year 2, but did not reflect trends in milk production. Cows fed MID weaned heavier calves than those fed LOW (P=0.05, Table 5) and similar to cows fed HIGH (P>0.7) although cows fed MID produced the least amount of milk and cows fed HIGH produced the most milk. Hunter and Magner (1988) found a negative relationship between early growth rate and later growth rate in calves, such that calves from lower milking dams compensated for early restriction later in the growing period. Clutter and Nielsen (1987) found a strong relationship between adjusted 205-d weaning weight and dam milk production. However, the magnitude of difference in their experiment appeared to be greater than the differences observed here. 

As the amount of UIP included in the supplement increased, the cost of the supplement also increased. Supplement costs were $20.03, 21.00, and 26.93 per cow in year 1, and $16.02, 16.80, and 21.54 per cow in year 2 for LOW, MID, and HIGH, respectively. The advantage in calf weaning weight observed with the MID and HIGH supplements outweighs the additional cost of providing these supplements in year 2; however, the lack of a weaning weight response in year 1 does not provide an offset for the additional cost of the high supplement. The difference in cost between LOW and MID during year 1 was less than one dollar per head. Therefore, the apparent metabolic efficiency advantage observed with the MID supplement also improves the economic efficiency of this supplement.

 In conclusion, these results suggest that a supplement providing a lower amount of total protein with a higher DIP to UIP ratio resulted in improved metabolic and economic efficiency of production when fed to young range cows. Additional UIP supply tended to enhance performance as measured in this study, but this advantage resulted in a lower efficiency of supplement utilization.   

Implications


The results of this study imply that  340 g(hd-1(d-1 rather than 510 g(hd-1(d-1 of total protein in a supplement with a higher ratio of UIP to DIP may optimize biological and economic utilization efficiency. The response to supplements with higher UIP to DIP ratios interacts with the nutritional environment to produce disparate results, however, these results are predictable within the confines of a nutrient partitioning hypothesis. 
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Table 1. Crude protein (CP) and neutral detergent fiber (NDF) content (% OM) of forage diets at the beginning of supplementation and beginning of breeding season in pastures grazed by 2 and 3 yr old cows during two consecutive years. 


Item

Sample Time



Begin Supplement

Begin Breeding

Year 1

CP, % OM
6.6

12.8


NDF, % OM
76.2

67.2


Year 2


CP, % OM
7.3

11.5


NDF, % OM
76.7

70.8


Table 2. Average daily gain (kg(d-1) from body weight nadir until end of supplementation (Nadir-End Feeding), end of supplementation until end of breeding season (End Feeding-End Breeding) and from body weight nadir until end of breeding (Nadir-End Breeding) of cows fed protein supplements with different ratios and amounts of degradable and undegradable intake protein during two years.


Item

Treatmenta



LOW
MID
HIGH

Year 1

Nadir-End Feeding
1.18 ( 0.22
1.35 ( 0.20
1.62 ( 0.20


End Feeding-End Breeding
-0.08 ( 0.08
-0.21 ( 0.07
-0.20 ( 0.07


Nadir-End Breedingb
0.34 ( 0.05
0.34 ( 0.05
0.50 ( 0.05


Year 2


Nadir-End Feedingc
0.35 ( 0.26
1.07 ( 0.20
1.13 ( 0.19


End Feeding-End Breeding
0.93 ( 0.16
0.71 ( 0.13
0.83 ( 0.12


Nadir-End Breeding
0.78 ( 0.13
0.75 ( 0.10
0.83 ( 0.09



a: LOW = 340 g(d-1 CP, 120 g UIP; MID = 340 g(d-1 CP, 170 g UIP; HIGH = 510 g(d-1 CP, 340 g UIP 

b: MID vs. HIGH, P=0.07


c: LOW vs. MID, P<0.05
Table 3. Milk production (g(d-1) and milk constituent excretion (g(d-1) from 2 and 3 year old cows during two years.


Item

Cow Age




2 yr
3 yr



Year 1


24 h milk productiona
4114 ( 359
6256 ( 336


Lactose excretiona
196 ( 17
303 ( 15



Protein excretiona
112 ( 10
176 ( 10


Butter fat excretiona
120 ( 15
196 ( 14


Solids non-fat excretiona
337 ( 30
524 ( 28


Year 2


24 h milk productiona
6486 ( 584
8473 ( 753


Lactose excretiona
315 ( 26
403 ( 34


Protein excretiona
193 ( 16
241 ( 21


Butter fat excretionb
284 ( 24
321 ( 31


Solids non-fat excretiona
554 ( 46
704 ( 60



a: Age effect, P<0.06


b: Age effect, P=0.35

Table 4. Milk production (g(d-1) and milk constituent excretion (g(d-1) from cows fed protein supplements with different ratios and amounts of degradable and undegradable intake protein during two years.


Item

Treatmenta



LOW
MID
HIGH

Year 1


24 h milk productione
4936 ( 426
4936 ( 426
5684 ( 426


Lactose excretion
239 ( 21
240 ( 21
270 ( 21



Protein excretione
135 ( 12
137 (12
161 ( 12


Butter fat excretiond
127 ( 18
161 ( 18
187 ( 18


Solids non-fat excretion
409 ( 36
412 ( 36
470 ( 36


Year 2


24 h milk productione
7572 ( 900
6758 ( 791
8109 ( 780


Lactose excretion
363 ( 41
330 ( 36
384 ( 35


Protein excretion
226 ( 25
198 ( 22
228 ( 22


Butter fat excretionb,c
337 ( 37
236 ( 32
334 ( 32


Solids non-fat excretion
642 ( 72
576 ( 63
669 ( 62



a: LOW = 340 g(d-1 CP, 120 g UIP; MID = 340 g(d-1 CP, 170 g UIP; HIGH = 510 g(d-1 CP, 340 g UIP 

b: LOW vs. MID, P<0.05


c: MID vs. HIGH, P<0.05


d: LOW vs. MID, P=0.2


e: MID vs. HIGH, P=0.2
Table 5. Adjusted 205-d weaning weights (kg) of calves from dams fed protein supplements with different ratios and amounts of degradable and undegradable intake protein during two years.


Item

Treatmenta



LOW
MID
HIGH


Year 1 Adj. WW
220 ( 3.7
220 ( 3.6
220 ( 3.3



Year 2 Adj. WWb
222 ( 4.8
234 ( 3.8
232 ( 3.7


a: LOW = 340 g(d-1 CP, 120 g UIP; MID = 340 g(d-1 CP, 170 g UIP; HIGH = 510 g(d-1 CP, 340 g UIP


b: LOW vs. MID, P=0.05
