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EXOGENOUS CELLULASE ENHANCES THE UTILIZATION OF AMMONIATED WHEAT STRAW IN PREGNANT AND LACTATING BEEF COWS
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ABSTRACT:  Low-quality forages such as wheat straw are abundant. Chemical treatments such as ammoniation can increase the feeding value of low-quality forages (LQF) and, when supplemented properly, provide an alternative to feeding expensive hays. In this study, thirty-two crossbred beef cows in late-gestation were stratified by BW (avg. 634 kg) and placed in eight pens of four animals each. Animals were fed an ammoniated wheat straw (AWS) based diet for a 106 d wintering period. Animals were fed a supplement to ensure that nutritional requirements were met. Four pens received an exogenous fibrolytic enzyme (FE) for the last 79 days. The other four pens served as the control (C). Feed intake in each pen was measured daily. Individual cow BW and BCS were recorded each 30 d. Nutrient digestibility was measured for two 5-d collection periods starting on d 57 and 88 of the study. The FE treatment showed a significant increase in OM digestibility (P = 0.04) and CP digestibility (P = 0.01). During late gestation and early lactation, FE increased digestible OM intake 4.30 vs. 4.95 kg/h/d (P = 0.01) and 4.50 vs. 5.02 kg/h/d (P = 0.01), respectively. There was a significant difference (P = 0.02) in BCS change for the C and FE cattle between d 21 and 78 in late-gestation (0.095 vs. 0.575, respectively). In summary, treating AWS with fibrolytic enzyme increased energy intake and improved cow performance.
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Introduction


Approximately 60% of Utah’s agricultural economy is associated with the beef cattle industry (Utah Agricultural Statistics, 1999). Fifty-two percent of the beef producers are cow-calf operators, the majority of whom are reliant on public land grazing (Godfrey, 1992). There is a very vocal segment of the general populous opposed to grazing livestock on public lands. Their sentiment is that grazing on public lands should be curtailed or completely eliminated. This would necessitate an increase in the amount of hay needed to winter cow herds since a substantial portion of public land grazing is for winter grazing. This would greatly increase the annual cow cost of most cow-calf operations. 


Purchase of LQF and use of proper supplementation programs can reduce this winter feeding cost, but LQF diets can generally sustain acceptable cow performance only during the first half of the wintering period. During the second half of the wintering period, when cows are in the last month of gestation or early lactation, forages with higher potential digestibility must be used. Ammoniation of LQF has proven to increase intake and digestibility to an extent that ammoniated LQF (ALQF) can successfully be used as a major component of the diet during this period (Fike et al., 1995) and at lower prices than with the use of grass or alfalfa hays (Wiedmeier, 2000). However, even with the use of ALQF and proper supplementation, the nutrient requirement of cows with superior milking ability may not be met. Also, the nutrient requirements of cows that need improvements in body condition during the wintering period may not be met with ALQF diets. 

The addition of FE to forages immediately prior to feeding has potential to enhance intake and digestion (Feng et al., 1996 and Lewis et al., 1996). These enzyme preparations have not been applied to ALQF. We hypothesized that treating ALQF with FE just prior to feeding will increase intake and digestibility enough to meet the nutrient requirements of beef cows with superior milking ability during the late wintering period.


The objective of this study was to determine if and to what extent the treatment of ALQF with FE preparation just prior to feeding will increase DDM and thus, increase beef cow performance during the wintering period.

Materials and Methods

Thirty two spring-calving, crossbred beef cows (634 kg) known to have superior milking ability (10.5 kg/d) were used in the study. These cows were stratified into 8 groups with 4 cows each based on BW, BCS and breeding. Each group was randomly assigned to one of 8 winter feeding pens. Pen offered a covered, bedded loafing area at one end, a separate feeding compartment, windbreaks and concrete pavement. Cows remained in these pens from December through February. The ALQF was AWS. Wheat straw was ammoniated the summer prior to the study. Baled straw was enclosed and sealed with a polyethylene sheet and injected with anhydrous ammonia to 3% of DM according to the procedure of Sundstol (1988). After ammoniation, the wheat straw contained 9.2% CP and 79.8 % NDF on a dry basis.


Cows were fed once per day at 1500 hr. Each cow was fed 0.45 kg of supplement designed to rectify vitamin and mineral deficiency associated with the AWS. Approximately one half of this supplement was ground barley to enhance palatability. A single cow’s daily ration of this supplement was placed in each of the four feeding compartments of each pen. The cow could move freely from one compartment to another, but since the small amount of supplement offered was consumed rapidly, this practice insured that each cow received the proper amount of supplement each day. After the supplement was consumed, the proper amount of AWS was weighed, delivered to each pen and evenly distributed between each of the feeding compartments. The amount of AWS offered was adjusted each day such that the cows were consuming free-choice with minimal orts. For the four pens assigned to receive the fibrolytic enzyme treatment (E), 14 ml of a commercial enzyme preparation (Finfeed; Biozyme 411) was diluted in one liter of tap water and poured as evenly as possible over the AWS previously delivered to each feeding compartment. An equal amount of tap water was poured over the AWS delivered to four pens that served as controls (C). After this procedure, alfalfa hay was weighed and delivered to all pens. Each cow received 2.45 kg DM from alfalfa hay (18.2% CP, 47.4% NDF) each day as a natural protein supplement.

The trial was conducted for 106 d. All animals received the C diet for the first 27 d to allow all the animals to adapt tot the AWS-based diet. The exogenous enzyme was added to the diet of four pens for the next 79 d. Samples form AWS and alfalfa were taken during days 21 to 25, 48 to 52, and 76 to 80 from each pen and dried at 55(C for 72 h in a forced air oven, Fecal samples were taken daily from each pen from day 48 to 52 and also from d 76 to 80. The fecal samples were dried at 55(C in a forced air oven. Feed and feces samples were analyzed for AIA, OM, N, and ADF. Acid insoluble ash was used as indigestible marker to calculate the digestibility of DM, OM, CP, and ADF. It was assumed that OMD was equal to TDN for this trial. The animals were weighed and body condition scored on d 1, 21, 48, and 78 by the same individual at each measurement.

Laboratory Analysis. Feed and feces samples from the experiment were ground to pass a 1.0-mm screen. Feed and feces samples were then composited for each pen, within each sampling period, after grinding for laboratory chemical analysis. Feed and feces samples were analyzed for AIA (Van Keulen and Young, 1977), OM by ashing samples at 550(C for 15 h and ADF (Komarek and Sorois, 1993). Nitrogen content was determined by rapid combustion (850(C) and conversion of all N to N2 for subsequent measurement by thermoconductivity cell (NA 2100 Protein Analyzer, Thermoquest, Italia S.p.A., Milan, Italy). CP% was calculated by N%*6.25.


Acid insoluble ash was used as an internal marker to calculate total diet digestibility. Dry matter, OM, CP and ADF digestibilities were calculated for the pens within the sampling periods.


The least square means for DM, OM, CP, and ADF digestibilities were used to calculate digestible DM, OM, CP and ADF intake.

Statistical Analysis. The design utilized was a randomized complete block design. Values from both sampling periods of the digestibility trial were combined for a total of 16 observations and analyzed using the General Linear Model of SAS (SAS, 1996). Least squares analysis of variance was conducted to detect treatment differences and derive least squares means and standard errors for the DM, OM, CP, and ADF digestibility values. Values for animal performance and intake periods were also analyzed using the General Linear Model of SAS and least square means analysis.

Results and Discussion

Digestibility Trial. The digestibility characteristics of the diet in the presence or absence of exogenous fibrolytic enzyme are summarized in Table 1. The enzyme had a significant (P < 05) effect on DM, OM and CP digestibility. A trend emerged for ADF digestibility (P = 097) that suggested the enzyme was having an effect on fiber digestion.

Fiche et al. (1995) suggested that NPN in AWS was utilized poorly in meeting the cow’s CP requirement, which may be due to the absence of highly degradable carbohydrates. Males (1987) stated that only 50% of the N in AWS diets is being utilized for microbial protein synthesis. The E treatment may have increased ruminal N utilization by increased structural carbohydrate digestion allowing N uptake by rumen microorganisms. Increased structural carbohydrate digestion could also give rumen microorganisms access to cell wall protein.


Intake and Performance .There was a trend toward greater total DMI (P = 0.075), OMI (P = 0.070), and ADF intake (P = 0.088) for the E treatment on d 28 to 75. There was a highly significant increase for CPI (P<0.01) in the E treatment during this period. Enzyme intakes for digestible DM, OM, ADF, and CP were also highly significant in their difference from C intakes. Days 76 to 106 showed different responses to E. Only digestible OM intake (P = 0.015) and digestible CP intake (P < 0.01) showed an effect from E. Many of the cattle were calving during this period, which may have had an effect on total DM intake due to behavioral patterns at this time. The intake data are summarized in Table 2.


Digestible OM intake (kg) was increased 14% by E during d 28 to 106. Digestible OM was used to approximate TDN for this trial since this forage-based diet was almost completely absent of fat. This value converted to DE then ME (NRC, 1996). The E treatment increased energy intake by 14%. During this period, digestible CP intake was also increased by 31%. Body condition score changed 0.095 and 0.575 for the C and E groups respectively during the d 21 to 78, which was the time period before calving. There was a significant difference (P = 0.017) in BCS change for the C and E cattle between d 21 to 78. The values for the BCS change were 0.095 and 0.575, respectively. This difference in BCS change may be accounted for by the increased nutrient intake by the E cattle. Table 3 summarizes nutrient intakes on per head per day basis.

Implications
Treatment of LQF-based diets with FE does improve digestibility when added directly to the forage prior to animal intake. There is a trend toward increased LQF intake with this improvement. The degree of response does signify that treatment of forages with FE has potential for improving animal production. The practicality of using FE will depend on the cost and convenience of application.
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Table 1. Ammoniated wheat straw-based diet digestibility characteristics with or without the addition of fibrolytic enzymea

Control
Enzyme
SE
P

DM digestibility, %
51.9
56.2
1.36
.0409

OM digestibility, %
55.1
59.6
1.37
.0399

ADF digestibility, %
50.0
53.6
1.48
.1097

CP digestibility, %
41.2
52.6
2.55
.0110

aLeast square means.

Table 2. Nutrient intakes for the ammoniated wheat straw-based diet feeding period on a per head basisa

Days 1-27
Days 28-75
Days 76-106

kg/h
Control
SEM
Control
Enzyme
SEM
P
Control
Enzyme
SEM
P

Total DM intake
301.8
6.85
424.7
452.2
9.00
.07
284.2
285
5.00
.93

Digestible DM intake
166.8
3.90
220.2
254.0
4.90
.00
147.5
160.2
2.68
.02

Total OM intake
228
3.52
274.5
399.0
7.85
.07
253.2
261.5
6.05
.36

Digestible OM intake
138
2.14
206.5
237.8
4.52
.00
139.5
155.8
3.38
.01

Total ADF intake
161.5
2.80
231.2
245.8
5.02
.09
156.5
156
3.45
.92

Digestible ADF intake
96.5
1.67
115.8
131.8
2.60
.00
78.2
83.8
1.78
.08

Total CP intake
21.90
0.241
37.00
39.50
0.808
.08
24.38
24.78
0.268
.33

Digestible CP intake
11.60
0.132
15.50
20.75
0.418
.00
10.20
13.02
0.123
.00

aLeast square means.

Table 3. Nutrient intakes per head per daya


Days


1-27
28-75
76-106


Control
Control
Enzyme
Control
Enzyme

Digestible OM, kg
5.11
4.30
4.95
4.50
5.02

DE, Mcal
22.5
18.9
21.8
19.8
22.1

ME, Mcal
18.4
15.5
17.9
16.2
18.1

CP, g
402
323
432
329
420

aCalculated from least square means in Table 2.
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