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ABSTRACT:  The effect of an undegradable intake protein (UIP) source on performance, diet digestibility, and forage intake of yearling heifers grazing flood-meadow pastures was studied over 2 consecutive summers (1999 and 2000) at Logan, Utah. Crossbred yearling beef heifers composed of varying proportions of Angus, Hereford, Tarentaise, and Gelbvieh (n=48 in 1999; n=47 in 2000) were blocked according to weight, age, and breed into one of two treatments (control, receiving no supplement; and supplement, receiving a mixture of 0.906 kg per d of ground corn and 0.453 kg per d of Soybest®). Heifers were weighed at 28 d intervals. The rumen evacuation technique was used to collect diet samples. Diet digestibility was estimated using indigestible acid detergent fiber as an internal marker. In 1999, fecal output was estimated using chromic oxide from sustained release boluses as an external marker. Forage intake was calculated from fecal output and diet digestibility. Diet and fecal sampling were conducted in 2 periods (July and September). Data were analyzed in a completely randomized design. Total organic matter intake expressed as kg per d did not differ among treatments (P>0.15), but was higher in the control group on a percentage of body weight basis (P=0.03). Supplementation did not affect organic matter digestibility (OMD) in July 1999, but increased OMD in July 2000. Supplementation increased OMD in September 1999, but decreased OMD in September 2000. Supplementation did not affect NDF digestibility in July 1999, but increased NDF digestibility in September 1999 (P<0.01). Weights increased as the season progressed (P<0.01) but did not differ among treatments (P=0.10). However, supplementation increased ADG (P<0.01), particularly during the latter part of the grazing season. Weights (P<0.01) and ADG (P=0.06) were higher in 2000. Undegradable protein supplementation may be beneficial to heifers that need to increase ADG during the grazing season but may not be warranted for heifers that are adequate in weight.
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Introduction


Flood meadows are predominant in many valleys throughout the Intermountain West. Meadow pastures are typically used in production settings as complimentary feed sources for summer grazing or as a primary source of winter fed hay (Gomm, 1979). Grazing flood meadow pastures by growing cattle is carried out to a limited degree although there are potential opportunities in this area of production.


The least efficient period for animal production from irrigated cool-season grasses is during the mid-summer grazing period (Nichols et al, 1993). During this time growing heifers may have a difficult time meeting metabolizable protein requirements. Microbial protein is likely to meet the needs of cattle at or near maintenance but may not meet the metabolizable protein requirements of growing cattle (Klopfenstein, 1996).


Metabolizable protein is the true protein absorbed by the intestine, supplied by microbial crude protein and undegraded intake protein (UIP; NRC, 1996). Microbial protein is synthesized from protein that is degraded in the rumen (DIP; NRC, 1996).


The objective of this study was to determine the effects a supplemental UIP source would have on ADG and diet digestibility when fed to yearling heifers, grazing flood meadow pastures.

Materials and Methods


Study site. The experiment was conducted at Logan, Utah during two consecutive years (1999 and 2000). The elevation is 1382 m, annual precipitation averages 420 mm, and the freeze-free season is 133 days (Ashcroft et al., 1992). The site contained two 8.86 ha pastures. Vegetation consisted of semi-native wet meadow with a mixture of cool-season grasses, sedges, and rushes.


Treatments. Crossbred yearling beef heifers composed of varying proportions of Angus, Hereford, Tarentaise, and Gelbvieh (n=48 in 1999; n=47 in 2000) owned by the Utah Agriculture Experiment Station were blocked according to weight, age and breed and randomly assigned to one of two treatments. Treatments consisted of control, receiving no supplement, and supplement, receiving a mixture of 0.906 kg of ground corn and 0.453 kg of Soybest® per head per day. Treatment groups rotated pastures the second year. Fresh water and trace-mineral salt were provided ad libitum throughout the study.


Data collection. Data were collected during the grazing season (June – October). Heifers were weighed every 28 days without fasting.


Pastures were clipped near ground level, with a 0.186 m2 frame at 10 random locations per pasture. Pastures were clipped within 2 days of each weigh period. The clip samples were dried in a forced air draft oven at 600 C for 48 hours. In 2000 only, forage availability was calculated on a DM basis. Forage samples were ground in a Wiley mill to pass a 1-mm screen and analyzed for nitrogen content (AOAC, 1996). Nitrogen was multiplied by 6.25 to calculate CP.


Fecal output was estimated in 1999 using chromic oxide from a sustained release bolus (Captec®, Auckland, NZ) as an external marker as described by Adams et al. (1991). Capsules were administered to five animals per group during each of two different periods (July and September). After a seven-day adaptation period, fecal grab samples were collected once a day for 5 consecutive days. Fecal samples were immediately frozen at -200C and later dried at 600C and ground to pass a 1-mm screen in a Wiley mill. Fecal samples were prepared for chromium analysis according to Williams et al. (1962) and chromium concentration was determined by atomic absorption spectroscopy. Fecal output was determined by dividing the daily release of chromium of the sustained release bolus (mean release rate 1.43g Cr203/d) by the concentration of chromium in the feces.


Two ruminally-cannulated heifers were placed with each treatment group. Diet samples were collected twice during each fecal collection period using the rumen evacuation technique described by Olson (1991). Diet samples were immediately frozen at -200C and later freeze-dried and ground to pass a 1-mm screen in a Wiley mill.


Organic matter digestibility (OMD) was estimated from diet and fecal samples using indigestible acid detergent fiber (IADF) as an internal marker as described by Olson and Sunvold (1991) using an Ankom Daisy II incubator (Ankom Technology, Fairport, NY) and Fiber Analyser 200 (Ankom Technology, Fairport, NY). Percent OM digestibility was calculated by the following:


OMD % = 100 – (100*(IADF in feed))




         (IADF in feces)

Total organic matter intake was estimated by dividing fecal organic matter output by organic matter indigestibility.


Diet samples were analyzed for ADF content using a Fiber Analyser 200 (Ankom Technology, NY). Diet and fecal samples were analyzed for NDF content using the Fiber Analyzer 200 and apparent (NDF) fiber digestibility was calculated according to Goering and Van Soest (1970). Diet samples were analyzed for nitrogen content (AOAC, 1996) and nitrogen was multiplied by 6.25 to determine CP.


All samples were analyzed for DM and OM according to AOAC (1984). Forage availability is reported on a DM basis, and forage CP, diet and intake are reported on an OM basis.


Statistical analyses were performed using the MIXED procedure of SAS (SAS Institute, Cary, NC). Diet characteristics, body weight, ADG, and OMD were analyzed using a completely randomized design with year and sampling time being used as repeated measures. Heifers were used as the experimental unit. Forage CP was analyzed in a similar model, except sampling period was the only repeated measure and year was the experimental unit. Fecal output, OMI, and NDF digestibility were analyzed in a completely randomized design with sampling period as a repeated measure and heifer as the experimental unit.

Results and Discussion


Fecal output is generally accepted as being directly related to forage intake (Barlow et al., 1988). Fecal output (table 2) was higher (P=0.04) in the control group than the supplemented group. Total organic matter intake on a percentage of body weight basis (%BW/d; P=0.03; Table 2) showed the direct relationship with fecal output and were higher for control animals than animals that received supplement. However, total organic matter intake (kg/d) did not differ (P>0.15; Table 2) among treatment groups. Total organic matter intake (kg/d or %BW/d) did not differ among periods (P>0.35) although fecal output was higher (P=0.02) in September (2.9±0.11) than in July (2.5±0.12).


Organic matter digestibility (OMD) displayed a period by treatment by year interaction (P<0.01; table 5). Apparent fiber digestibility displayed a period by treatment interaction (P<0.01; table 5). Supplementation did not affect apparent fiber digestibility or OMD in July 1999, but as the season progressed and forage matured, supplementation increased apparent fiber digestibility (P<0.01; table 5) and OMD (P<0.01) in September 1999 over the control group. However, in 2000, digestibility followed an opposite pattern with supplementation increasing OMD in July but OMD was higher in the control group during September (table 5).


Diet samples did not differ (P>0.11) among treatment, period, or year for ADF or NDF content. Diet protein levels tended to be higher (P=0.09) in September (9.5±0.61%) than in July (7.5±0.61%) in both years. In 2000, forage availability (Table 3) was higher in July than in September and declined as the season progressed. Diet CP and forage CP of the clipped pasture did not differ between treatment groups (P>0.38; 8.5±0.62 and 8.2±0.53 for diets and forage, respectively). Crude protein levels from diet samples were slightly higher than that from forage samples. Cattle usually select diets higher in protein than the average of the standing forage (Anderson et al. 1988).


Heifer weight and ADG displayed a period by treatment (P<0.01) and period by year (P<0.01) interaction. Heifer weights increased (P<0.01; table 4) as the season progressed but did not differ among treatments (P>0.10). Supplemented heifers increased ADG (P<0.01; table 4) over the control group. Heifer weights (P<0.01; table 4) and ADG (P=0.06; table 4) were higher in 2000 than in 1999.

Implications


Undegradable protein supplementation may be beneficial to heifers that need to increase ADG during the grazing season but may not be warranted for heifers that are adequate in weight.
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Table 1. Nutrient analysis supplement and flood-meadow forage.


1999

2000

Component
Forage
Supplement

Forage
Supplement

DM, %
97.5
97.0

94.2
90.1


--------------------------% of DM------------------------

OM, %
86.5
96.8

87.4
95.8


--------------------------% of OM------------------------

NDF, %
71.8
23.1

72.3
17.8

ADF, %
42.3
6.7

41.3
7.2

CP, %
8.9
22.6

8.2
17.0

Table 2. Least square means of fecal output and organic matter (OM) intake during 1999.

Treatment
Fecal OM output (kg/d)
SE
Total OM intake (kg/d)
SE
Total OM intake (%BW/d)
SE

Control
2.9a
0.13
4.74a
0.2
1.2a
0.05

Supplement
2.5b
0.12
4.28a
0.2
1.03b
0.05

a,bLeast square means that do not have common superscripts differ among treatment.

Table 3. Available forage (kg/ha) in year 2000 during supplementation trial.


Period

Treatment
June
July
August
September
October

Control
2841.5
2882.4
2626.4
1286.8
884.4

Supplement
2673.2
2759.2
2150.3
1524.1
1144.8



Table 4. Heifer performance response to supplementation.1,2

Period
Treatment
Year


Control
Supplement
1999
2000


Weight, kg
ADG,                 kg. d-1
Weight, kg
ADG,                 kg. d-1
Weight, kg
ADG,                 kg. d-1
Weight, kg
ADG,                 kg. d-1

1
409.3

410.1

397.1

422.3




0.52

0.36

0.61

0.27

2
424.7

420.5

414.2

431.1




0.39

0.39

0.16

0.62

3
435.3

430.9

418.2

447.9




0.36

0.5

0.3

0.56

4
447.6

447.9

428.7

466.7




0.18

0.55

0.43

0.31

5
451

460

436.3

474.7


1Heifer weights displayed a period by treatment interaction (P<0.01) and a period by year interaction (P<0.01). Heifer ADG displayed a period by treatment interaction (P<0.01) and a period by year interaction (P<0.01).

2SE for weights (4.8) and ADG (0.08).

Table 5. Heifer digestibility response to supplementation.1


OM Digestibility
NDF Digestibility

Period
Control
Supplement
Control
Supplement


------------------------------------------1999------------------------------------------------

July
43.5±1.2
43.6±1.2
51.2±1.5
54.4±1.3

September
33.1±1.2
41.5±1.2
38.7±1.4
50.9±1.4


------------------------------------------2000------------------------------------------------

July
53.7±1.2
61.6±1.2



September
58.9±1.2
54.6±1.2



1OM digestibility displayed a period by treatment by year interaction (P<0.01). NDF digestibility displayed a period by treatment interaction (P<0.01).
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