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Effect of ammoniation and exogenous fibrolytic enzymes on in vitro degradability of bluegrass straw
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ABSTRACT: Four in vitro experiments were conducted to identify an enzyme treatment that improved degradability of non-ammoniated or ammoniated bluegrass seed straw. Initially, 8 commercial enzymes were screened using a batch incubator, and 3 were selected for further evaluation:  Xylanase/Cellulase 1 (XC1), Xylanase, and Xylanase/Cellulase 2 (XC2).  Xylanase/Cellulase 1 was applied to ammoniated straw at 0, 0.5, 1, and 2 times the manufacturer’s recommended level of application, or added to the in vitro inoculum (Trial 1).  Xylanase and XC2 were applied to ammoniated and non-ammoniated straw at the same 4 levels in Trial 2 and at levels 0 and 1 in Trial 3.  In Trial 4 XC2 was evaluated with ammoniated straw at two levels of enzyme application (0 and 1) and with four levels of barley (0, 25, 50, and 75% of substrate DM) added to the inoculum.  In vitro DM degradability of XC1-treated straw did not differ (P > 0.10) from that of untreated straw.  In vitro DM degradability of ammoniated straw incubated in XC1-treated in vitro inoculum was lower (P < 0.10) than that of straw incubated in untreated inoculum.  In Trial 2, Xylanase applied at levels 1 and 2 increased (P < 0.05) 24-h IVDMD of ammoniated straw compared to ammoniated straw with 0 enzyme (36, 35, and 31%); however in Trial 3, IVDMD of Xylanase-treated straw was not different (P > 0.10) than untreated straw at 6, 24 or 48 h of incubation.  In vitro DM degradability of XC2-treated straw did not differ (P > 0.10) from untreated straw at 6, 24 or 48 h in Trial 2; however in Trial 3, 6 h IVDMD of XC2-treated straw was 10% lower (P < 0.05) than untreated straw (18.9 and 21.1%).  The application of XC2 to ammoniated straw in Trial 4 increased (P < 0.10) 24-h IVDMD compared to ammoniated straw without enzyme treatment (29.1 and 30.5%).  While both IVDMD and pH at 24 and 48 h decreased (P < 0.01) with increasing level of added barley, no interaction (P > 0.10) between level of barley and enzyme application was observed.  In vitro DM degradability of ammoniated straw was greater (P < .10) than that of non-ammoniated straw with no interaction (P > .10) between ammoniation and enzyme treatment.  In vitro degradability of bluegrass straw was not consistently improved by the application of fibrolytic enzymes. 
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Introduction

Ninety percent of the United State’s cool season and turfgrass seed is grown in the Pacific Northwest (GSCSSA, 2000).  Environmental regulations have restricted burning of the crop aftermath, creating an interest in improving the nutritional value of these residues for livestock.  These straws are usually deficient in protein and metabolizable energy for feeding to ruminant livestock; however, the energy value and/or protein content of low quality forages can be improved through ammoniation (Berger et al., 1994) or enzyme addition (Beauchemin and Rode, 1996).  Ammoniation increases digestibility and CP content of forages and is usually cost beneficial (Momont et al., 1992).  Exogenous fibrolytic enzymes added to forage can increase digestibility and intake of a forage thereby improving performance of beef cattle (Beauchemin et al., 1995; Zinn and Salinas, 1999).    

We conducted a series of in vitro experiments to identify an enzyme treatment that improved degradability of untreated or ammoniated bluegrass seed straw.

Materials and Methods

Eight enzymes from 3 commercial sources were screened by in vitro procedures using a batch incubator (Ankom Tech. Corp., Fairport, NY) and 3 were selected for further evaluation: Xylanase/Cellulase 1 (XC1), Xylanase, and Xylanase/Cellulase 2 (XC2).  All samples were prepared in duplicate and incubated with ruminal fluid collected from a dairy cow consuming a TMR ration (30% forage). 

Experiment 1. Xylanase/Cellulase 1 was applied in dry form to moistened 3% ammoniated straw (8.5% CP, 73% NDF, 43% ADF) at 0, 0.5, 1, and 2 times the manufacturer’s recommended level of application (4.0 mg/g), or was added directly to the in vitro inoculum (0.42 g enzyme/L inoculum).  Samples were incubated for 24 and 48 h and 3 replications (separate incubations) were conducted. Data were analyzed using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC) with level of enzyme, enzyme added to inoculum, and their interaction included in the model.  Means were separated using protected LSD tests (P < 0.10). 


Experiment 2. Xylanase and XC2 were applied in aqueous solution to non-ammoniated straw (3.5% CP, 79% NDF, 46% ADF) and 5% ammoniated bluegrass straw (12% CP, 73% NDF, 45% ADF) at 0, 0.5, 1, 2 times the manufacturers’ recommended level (1.0 mg/g and 1.5 mg/g for Xylanase and XC2, respectively).  Samples were incubated for 6, 24, and 48 h and the experiment was replicated 3 times.  Data were analyzed using the T-Test procedure of SAS to compare the 0 level of enzyme to the 0.5, 1 and 2 levels within each straw and type of enzyme.


Experiment 3. Xylanase and XC2 were applied as described in Experiment 2 to 5% ammoniated and non-ammoniated bluegrass straw at 0 and 1 times the manufacturers’ recommended level. Samples were incubated for 6, 24, and 48 h and treatments were rotated among the 4 vessels in the batch incubator across 4 replications.  Data were analyzed for each enzyme using the GLM procedure of SAS with replication, vessel, straw, level and straw*level in the model.  Means were separated using protected LSD tests (P < 0.10). 

Experiment 4.  This study was designed to test the effects of grain added to the in vitro inoculant on pH and subsequent IVDMD of enzyme treated straw.  Xylanase/Cellulase 2 was applied to 5% ammoniated straw at 0 and 1.5 mg enzyme/g straw.  Samples were incubated for 24 and 48 h.  Ground, pearled barley was added to the incubation vessels in order to have a forage to grain ratio of 100:0, 75:25, 50:50, 25:75.  Barley treatments were rotated among vessels across 4 replications.  A pH reading was also taken when samples were removed at 24 and 48 h of incubation.  

Results & Discussion

Experiment 1.  In vitro DM degradability of XC1-treated straw did not differ (P > 0.50) from that of untreated straw (Table 1).  In vitro DM degradability of ammoniated straw incubated in XC1-treated in vitro inoculum was lower (P < 0.10) than that of straw incubated in untreated inoculum.  Lewis et al. (1996) also reported that DM degradability tended to be lower in steers ruminally infused with enzyme compared to when enzymes were applied to the forage.  This enzyme did not perform well with this substrate in our in vitro experiments.

Experiments 2 and 3.  In Experiment 2, Xylanase applied at levels 1 and 2 increased (P < 0.05) 24-h IVDMD of ammoniated straw compared to ammoniated straw with no enzyme (Table 2).  However in Experiment 3, IVDMD of Xylanase-treated straw was not different (P > 0.80) than untreated straw at 6, 24 or 48 h of incubation (Table 3).  

In vitro DM degradability of XC2-treated straw did not differ (P > 0.10) from that of untreated straw at 6, 24 or 48 h in Experiment 2; however in Experiment 3, 6 h IVDMD of XC2-treated forage was lower (P < 0.05) than that of forage not treated with XC2 (21.1 vs 18.9%). While it is not unusual to observe conflicting results with the same enzyme preparation, differences in these experiments could be due to subtle differences in protocol between experiments.  Similar to our results, Kung et al. (2000) reported that in vitro NDF degradability was 4% lower for the higher level of enzyme compared to the control.  Beauchemin et al. (1995) also reported that higher levels of enzyme did not always elicit greater improvements in degradability.  Several theories have been presented to explain this phenomenon.  Tanaka et al. (1998) hypothesized that hydrolysis might be decreased if low molecular weight cellulases move into small pores that large enzymes could not penetrate, which would decrease the synergistic effect among different cellulases.  Treacher and Hunt (1996) suggested that excessive binding of enzymes to substrate could hamper microbial attachment to fiber by ruminal microorganisms or that anti-nutritional factors could be released by exogenous enzymes thereby reducing microbial digestion. 

Six, 24 and 48-h IVDMD of ammoniated straw was greater (P < 0.05) than that of non-ammoniated straw (Table 3). There was no interaction  (P > 0.10) between ammoniation and enzyme treatment. Ben-Ghedalia and Marcipar (1979) reported that ammoniation increased IVOMD of wheat straw by 37% and that treatment with Aspergillis niger cellulases further increased IVOMD of ammoniated straw by 8%.  We did not observe this effect in our experiments; however, Ben-Ghedalia and Marcipar (1979) applied both chemical and enzymatic treatments to ground straw in an unreplicated trial, whereas we applied the chemical treatment to baled straw and conducted 7 replications. 

Experiment 4.  Application of XC2 to ammoniated straw increased (P < 0.01) 24-h IVDMD compared to ammoniated straw without enzyme treatment (30.6 vs 29.1%); however, there was no difference in 48-h IVDMD between enzyme treatments (41.0% ± 0.62).  While both IVDMD and pH at 24 and 48-h decreased (P < 0.01) with increasing level of added barley, no interaction (P > 0.22) between level of barley and enzyme application was observed (Figure 1).  Murillo et al (2000) reported increased ruminal NDF and ADF digestibility and total tract ADF digestibility when cattle consumed a 66% wheat diet supplemented with exogenous enzymes; however, this affect was not observed when the diet consisted of 33% wheat. They suggested that this interaction could be due to a lower pH associated with the higher grain diet.  Beauchemin et al. (1996) suggested that because the optimum pH of many feed enzymes is less than 6, enzymes might compensate for the reduction in microbial fiber degradation at a low ruminal pH.  We did not observe an interaction between pH and enzyme application in our in vitro studies.

Enzymes evaluated in our experiments did not always improve DM degradability; however, researchers have noted that in vitro evaluations of enzyme effectiveness did not always agree with results of studies conducted in vivo (Beauchemin and Rode, 1996; Lewis et al., 1996; Kung et al., 2000).

Conclusion

In vitro DM degradability was greater for 5% ammoniated straw than untreated bluegrass straw; however, in vitro degradability of bluegrass straw was not consistently improved by the application of commercial fibrolytic enzymes.  Enzymes did not improve in vitro degradability of bluegrass straw beyond that achieved through ammoniation.  We were unable to identify an enzyme that consistently improved degradability of bluegrass straw using these in vitro procedures.
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abcd Within a series, means without a common superscript letter differ (P < 0.10). 

Figure 1.  Twenty-four h IVDMD and pH of 5% ammoniated straw treated or not treated with Xylanase/Cellulase 2 and incubated with 4 levels of barley

Table 1.  Twenty-four and 48-h IVDMD of 3% ammoniated straw treated with 4 levels of Xylanase/Cellulase 1 

or with Xylanase/Cellulase 1 added to the in vitro inoculum


Levela

Inoculumb



0
.5
1
2
SE
0 g/L
0.42 g/L
SE


—————————%—————————

————%————


     24 h
35.0
34.6
33.4
32.2
.01
35.6z
32.0y
.01

     48 h
52.9
51.2
51.2
51.0
.02
53.4z
49.8y
.01

aLevel is equal to that number times 4.0 mg Xylanase/Cellulase 1 per one gram of straw.

bEnzyme added to the in vitro inoculum.

yzWithin a row of, means without a common superscript letter differ (P < 0.10). 

Table 2.  Six, 24 and 48-h IVDMD of 5% ammoniated or non-ammoniated straw treated with 4 levels of Xylanase or Xylanase/Cellulose 2a

IVDMD, %

Straw, enzyme, and levelb  
6 h
P <
24 h
P <
48 h
P <

Non-ammoniated







  Control
15.0
-
27.2
-
36.4
-

  Xylanase







        0.5
15.8
.70
29.3
.53
39.2
.69

        1
14.4
.77
29.4
.42
40.3
.46

        2
13.9
.57
28.8
.62
40.1
.49

  Xylanase/Cellulase 2







        0.5
15.9
.65
27.4
.94
38.4
.67

        1
15.8
.71
27.3
.98
38.8
.76

        2
15.4
.84
27.3
.95
37.1
.93









Ammoniated







  Control
18.5
-
31.0
-
45.2
-

  Xylanase







        0.5
18.8
.79
30.9
.98
40.8
.62

        1
18.1
.70
36.3
.01
47.7
.70

        2
19.1
.61
35.4
.04
48.8
.58

  Xylanase/Cellulase 2







        0.5
18.8
.81
32.2
.74
44.0
.88

        1
18.6
.94
33.5
.30
44.9
.97

        2
19.8
.37
32.3
.30
44.9
.97

aP-values are probability that enzyme treated straw differed from its respective control counterpart.

bLevel is equal to that number times 1.0 mg Xylanase per one gram of straw or 1.5 mg Xylanase/Cellulase 2 per one gram of straw.

Table 3. Six, 24 and 48-h IVDMD of 5% ammoniated (A) or non-ammoniated (NA) straw treated or not treated with Xylanase or Xylanase/Cellulose 2

Enzyme Levela
Straw
SE
P-value


0
1
NA
A

Level
Straw

Xylanase 
————————%——————————




       6 h
17.3
17.3
15.7
18.9
.51
.94
.01

     24 h
30.8
30.8
28.1
33.5
1.11
.99
.01

     48 h
42.6
42.9
37.2
48.4
1.32
.88
.01










Xylanase/Cellulase 2 








       6 h
21.1
18.9
18.4
21.5
.48
.02
.01

     24 h
29.4
28.4
26.4
31.3
.95
.45
.01

     48 h
42.0
41.3
38.0
45.3
1.77
.77
.03

aLevel is equal to that number times 1.0 mg Xylanase per one gram of straw or 1.5 mg Xylanase/Cellulase 2 per one gram of straw.
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