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INFLUENCE OF SUPPLEMENT LEVEL ON FORAGE INTAKE AND DIGESTIBILITY FOR BEEF COWS
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ABSTRACT: Thirty-two pregnant crossbred cows individually fed chopped hay (6.9% CP) ad libitum in Calan gates were used to determine the effects of four levels of liquid supplement on forage and nutrient intake and digestibility. Eight cows were assigned by weight to one of four treatments: 0, 0.45, 0.91, or 1.36 kg (as-fed) of a molasses-based liquid supplement, which supplied 0, 100, 203, or 303 g CP daily in a randomized complete block design.  All four supplement levels were represented in each of eight pens.  Cows were individually fed hay and supplement at 0700 daily, hay at 1600, and feed refusals were weighed to determine forage intake.  There was no effect of supplement level on hay DMI (P > 0.13), hay DM digestibility (P > 0.78), or hay digestible DMI (P > 0.15).  There was a linear increase in total diet DMI (P = 0.03) due to supplement level, but there were no differences in total diet DMI on a %BW basis (P > 0.19).  Total diet digestible DMI (P = 0.004) increased linearly due to supplement level.  There was no effect (P > 0.13) of supplement level on diet DM digestibility.  There were no treatment differences (P > 0.13) in hay nutrient intake for OM, CP, NDF, or ADF or digestibility for OM, NDF, or ADF.  Total diet CP intake, CP digestibility, and digestible CP intake were increased linearly (P < 0.001) by supplement level. In this study, increasing CP supplement level had no effect on hay intake or digestibility, probably because forage quality as indicated by DMI as %BW (avg 2.6%) and ADG (avg 1.1 kg) was too high for supplemental CP to elicit a response.
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Introduction

While grazed rangelands are an inexpensive source of forage for livestock producers, forage quality on winter range is low.  Protein is usually the first limiting nutrient in dormant season range forage, and energy supplements are poorly utilized by livestock grazing protein deficient plants (Wallace, 1988).  One means by which protein supplementation improves performance of cattle consuming low-quality forages is through stimulation of voluntary forage intake (Vanzant and Cochran, 1994), and positive responses to protein supplementation are expected with forages containing less than 6 to 8% CP (Bowman and Sanson, 2000).  

Liquid protein supplementation has been shown to improve forage intake and digestibility by beef cattle (Earley et al., 1999).  More research is needed to examine level of supplement and how it affects the utilization of forage based diets, because there are conflicting results regarding appropriate levels of protein supplementation for beef cows.  Fike et al. (1995) reported that increasing supplement levels improved forage intake and digestibility, but Lusby et al. (1976) observed that forage was utilized better by ruminants when supplement was given at a medium level of protein than at lower or higher levels.  In addition, most studies are done in group feeding situations where individual supplement intake is unknown.

Therefore, the objective of this experiment was to determine the effect of liquid supplement level on forage and nutrient intake and digestibility when cows were individually fed a forage-based diet of chopped hay.

Materials and Methods

Thirty-two pregnant crossbred cows (2-yr-old; avg 559 kg BW; SE = 18.2) individually fed chopped hay (Table 1) ad libitum were used to determine the effects of four levels of liquid protein supplement on forage intake and digestibility.  The study was conducted for 30 d from September 25 to October 25, 2000.  Cows were weighed at the beginning and end of the study.  Animals were assigned to one of four treatments; 1) 0, 2) 0.45, 3) 0.91, or 4) 1.36 kg (as-fed) of a 38.4% CP (DM basis) liquid supplement (Table 1, Nutra-Lix, Billings, MT) which supplied 0, 100, 203, or 303 g CP daily.  This formulation included not more than 14% equivalent CP from non-protein nitrogen.  Each pen contained four Calan-Broadbent gates (American Calan, Inc.; Northwood, NH).  Cows given no supplement received a TM block, while supplemented cows consumed adequate amounts of minerals provided in the supplement.  Cows were fed chopped hay and supplement at 0700 and hay at 1600 each day.  Orts were weighed in the morning and evening prior to feeding to determine forage intake.  Cows had access to free-choice water.  Animals were cared for under a protocol approved by the MSU Animal Care Committee.

Cows were subjected to a 3-wk training period during which the Calan gates were left open for 7 d, closed for 7 d with latches taped so that animals could push gates open, and latched for the final 7 d so they could be opened only with the appropriate key on each animal’s neck.  After a 14-d adaptation to the hay and supplement levels, there was a 7-d collection period.

Daily hay, orts, and supplement samples were collected for nutritional analysis of DM, OM, CP (AOAC, 2000), NDF, ADF (Van Soest et al., 1991) and AIA (4N method; Van Keulen and Young, 1977).  Hay was ground to a 5-mm particle size for determination of DM, OM, 48-h, and 72-h in situ DM digestibility, and a 1-mm particle size for analysis of CP, NDF, ADF, and AIA.  Two ruminally cannulated crossbred cows were used for estimates of in situ digestibility. 

During the 7-d collection period, fecal grab samples were taken three times at 0800, 1200, and 1530 on three different days to account for diurnal variation in the marker (acid insoluble ash).  Fecal samples were dried for 48 h in a 60( C forced air oven, and ground to pass a 1-mm screen in a Wiley mill.  Fecal samples were composited for each cow on an equal dry weight basis and analyzed for DM, OM, CP (AOAC, 2000), NDF, ADF (Van Soest et al., 1991), and AIA (Van Keulen and Young, 1977).  

Acid insoluble ash was used as a marker to determine fecal output (FO), after which FO and weight of feed refusals were utilized to estimate forage and nutrient intake and digestibility. 

FO, kg/d = AIA intake (g/d) / fecal AIA concentration (g/g)

A randomized complete block design was used with pen as the block and individual animal as the experimental unit.  Data were analyzed using the General Linear Model procedure of SAS (SAS Inst. Inc., Cary, NC).  Treatment sums of squares were partitioned into linear, quadratic, and cubic effects, and least square means are reported.

Results and Discussion

There was no effect of supplement level on hay DMI (Table 2; P > 0.13), or hay digestible DMI (Table 3; P > 0.15).  There was a linear increase in total diet DMI on kg basis (P = 0.03) and total diet digestible DMI (P = 0.004) due to supplement level, but no difference in total diet DMI on a %BW basis (Table 2; P > 0.19).  There were no treatment differences (P > 0.13) in hay nutrient intake for OM, CP, NDF, or ADF (Table 2).  Total diet CP intake and digestible CP intake were linearly increased (Tables 2 and 3; P < 0.001) by increasing supplement intake.  Kartchner (1980) reported no improvement in forage or total DMI for cows grazing eastern Montana range containing 6.2% CP when they received 300 g CP/d in a supplement compared to animals receiving no supplement. 

There was no effect of supplement level on hay DM digestibility (P > 0.78) or total diet DM digestibility (P > 0.13), nor were there treatment differences (P > 0.52) in hay nutrient digestibility for OM, NDF, or ADF (Table 4).  Total diet CP digestibility was linearly increased (P < 0.001) with increasing supplement intake (Table 4).  DelCurto et al. (1990) reported that steers grazing dormant tallgrass-prairie forage showed no increase in forage intake as supplemental CP levels increased (112, 271 and 397 g CP/d), and there was no difference in NDF digestibility between supplemented and unsupplemented animals.  Kartchner (1980) reported no improvement in forage or total DM digestibility for cows receiving 300 g CP/d over control animals. 
 Fike et al. (1995) reported that supplement level did not alter apparent DM or NDF digestibility.  In our research and the literature discussed above, no effect of protein supplementation on forage digestibility was observed.

In order to test the effect of supplement level on forage intake and digestibility, we wanted to feed low-quality hay where we would expect to see a positive response in digestibility and intake to added CP.  Our initial evaluation of forage quality of the hay fed in this study was made by using CP and NDF, and the commonly used prediction equation for intake (Intake, %BW = 120/%NDF; Mertens, 1987).  Based on this equation, we would have predicted intakes of 1.75% BW.  This indicated to us that we had selected low-quality forage where we would see positive responses to supplemental CP.  However, upon further analysis, the DOM:CP of the hay in our study was 7, indicating a balanced forage where we would not expect a response in forage intake with protein supplementation according to Moore et al. (1999).  In addition, the NRC (1984) requirements for a 550-kg cow in the second trimester of gestation are 657 g.  In our study, CP intake from the hay averaged 1,043 g.  Therefore, the forage alone provided adequate CP.  Average daily gain was not affected (P = 0.60) by treatment (avg 1.1 kg/d).  The forage DMI in our study averaged 2.6% BW, a level of intake that would indicate little opportunity to enhance forage intake with the addition of CP.

Implications

Cows fed crested wheatgrass hay (6.9% CP) with a DOM:CP ratio of 7 showed no increase in forage intake or digestibility when supplemented with increasing levels of CP,
 probably because forage quality as indicated by DMI as %BW (avg 2.6%) and ADG (avg 1.1 kg) was too high for supplemental CP to elicit a response.
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Table 1. Nutritional analysis (DM basis) of chopped hay and supplement 

fed to 2-yr-old beef cows in Calan gates

Item
                 Hay
         Supplement

DM, %
90.2
57.9

CP, %
6.97
38.4

NDF, %
68.3
0

ADF, %
44.4
0

OM, %
96.0
86.3             

48-h DMD, %
61.9
---

72-h DMD, %
66.4
---

DOM:CP ratio
7
---

AIA, %
3.44
0

Table 2. Hay and total diet intake by 2-yr-old pregnant cows offered four levels of protein supplement

                                        Supplement Level  (g CP/d)                                                    P-value  

Item
0
100
203
303
SE
Linear
Quad
Cubic

Hay intake

  DM, %BW
2.65
2.64
2.62
2.69
0.090
0.84
0.64
0.81

  DM, kg
14.9
14.5
14.5
15.2
0.36
0.55
0.13
0.75

  OM, kg
14.3
14.0
13.9
14.6
0.34
0.55
0.13
0.75

  CP, g
1,042
1,048
1,014
1,067
24.6
0.54
0.13
0.75

  NDF, kg
10.2
10.0
9.9
10.5
0.24
0.55
0.13
0.75

  ADF, kg
6.7
6.5
6.5
6.8
0.16
0.54
0.13
0.75

Diet intake

  DM, %BW
2.65
2.69
2.72
2.83
0.091
0.19
0.66
0.82

  DM, kg
14.9
14.8
15.0
16.0
0.36
0.03
0.13
0.75

  OM, kg
14.3
14.2
14.4
15.3
0.34
0.05
0.13
0.75

  CP, g
1,042
1,119
1,216
1,370
24.7
0.001
0.13
0.74

Table 3. Hay and total diet digestible nutrient intake by 2-yr-old pregnant cows offered four levels of protein supplement

                                        Supplement Level  (g CP/d)                                                     P-value  

Item
0
100
203
303
SE
Linear
Quad
Cubic

Hay digestible intake

  DM, kg
7.0
6.8
6.7
7.2
0.22
0.53
0.15
0.68

  OM, kg
7.1
6.9
6.8
7.3
0.22
0.45
0.15
0.66

  NDF, kg
4.3
4.3
4.2
4.5
0.19
0.55
0.26
0.56

  ADF, kg
2.2
2.3
2.2
2.3
0.14
0.56
0.99
0.62

Diet digestible intake

  DM, kg
7.0
7.1
7.3
8.0
0.22
0.004
0.15
0.68

  OM, kg
7.0
7.1
7.3
8.0
0.22
0.006
0.15
0.66

  CP, g
386
458
561
679
15.2
0.001
0.14
0.82

Table 4. Hay and total diet digestibility (%) by 2-yr-old pregnant cows offered four levels of protein supplement.

                                       Supplement Level (g CP/d)                                                 P-value  

Item
0
100
203
303
   SE
Linear
Quad
Cubic

Hay digestibility

  DM, %
46.9
46.8
46.5
47.1
1.3
0.98
0.78
0.88

  OM, %
49.5
49.5
49.2
49.9
1.3
0.87
0.78
0.86

  NDF, %
42.4
42.7
41.8
42.9
1.7
0.91
0.83
0.67

  ADF, %
32.9
35.1
34.4
33.8
2.1
0.86
0.52
0.75

Diet digestibility

  DM, %
46.9
47.7
48.4
49.7
1.3
0.13
0.83
0.90

  OM, %
49.5
50.3
50.8
52.1
1.3
0.17
0.83
0.88

  CP, %
37.1
41.0
46.2
49.6
1.4
<0.001
0.84
0.64
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