Effect of organic and inorganic zinc supplements on degradability of wheat straw and alfalfa hay by using gas production techniques
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Summary

Two experiments were performed to investigate the effect of zinc sulfate (ZnS), zinc oxide (ZnO) and zinc methionine (ZnM) on degradability of alfalfa hay and wheat straw. To the syringes one of the following treatments were applied:1) no added zinc (C) ,2) 500 ppm of Zn as ZnS; 3) 500 ppm of Zn as ZnO; 4)500 ppm of Zn as ZnM. The results indicated there were not significant differences between treatments in term of gas production measurements for wheat straw. In case of alfalfa hay, supplementation of rumen fluid with ZnM significantly (P<0.05) increased gas production after 48 h of incubation. At this stage ZnO had a little effect on gas production. Addition of ZnM led to a faster response of microbial fermentation compared to other Zn sources. However, supplementation with the rumen fluid zinc supplements had no effect on gas production during fermentation of wheat straw probably due to low nitrogen content of wheat straw which can not stimulate a normal microbial growth. Therefore, further works are required with other feedstuffs to identify the interaction between Zn sources and feed characteristics. 
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Introduction

Efficient ruminal fermentation requires an adequate supply of minerals as well as energy and protein (Mackie and Therion, 1984). Zinc is a trace mineral that is present in many enzymatic systems which are concerned with the metabolism of feed constituents. Zinc concentration of microorganisms has been shown to be 10 to 500% higher than its content of the diets fed (Martinez, 1973). It has been demonstrated that increasing the dietary level of Zn increases the amount of Zn associated with microbial functions (Durand and Kawashima, 1980). However, we are unaware of any information delineating the effect that Zn supplements have on the distribution of Zn in the soluble and insoluble of ruminal contents. The aim of this work was to investigate the effect of inorganic and organic Zn supplements on degradability of wheat straw and alfalfa hay by using the gas production technique.

Material and Methods

Ruminal fluid was taken from 2 permanently fistulated steers, mixed and strained through eight layers of cheesecloth into a prewarmed thermos, and transported to the laboratory (Arelovich et al., 2000). In experiment 1, 0.3 g of wheat straw and in experiment 2, 0.3 g of alfalfa hay were inoculated by a mixture of ruminal fluid and McDougall’s artificial saliva buffer solution (in the ratio of 1: 2). To each series of syringes one of the following treatments were applied:1) no added zinc (C) ,2) 500 ppm of Zn as zinc sulfate monohydrate (ZnS); 3) 500 ppm of Zn as zinc oxide (ZnO); 4)500 ppm of Zn as zinc methionine  (ZnMet). The control group (ruminal fluid plus buffer and feed sample without Zn supplement) was incubated in three replications. Two blank bottles were also incubated with only rumen fluid and buffer to correct the organic matter degradability. Samples were fermentated in 39 ºC at the frequent time intervals with a manual pressure transducer and gas tight syringes.  Dried samples of wheat straw were milled, and then weighed into gas-tight serum tubes with three replications. Headspace gas produced by substrate fermentation was measured at 2, 4, 6, 8, 16, 24, 48, 72 and 96 hours of incubation. Data were analyzed Using GLM procedures of SAS V9.1 for ANOVA to evaluate differences among experimental groups; means were compared with Duncan test.

Results and discussion

Table 1 summarizes the results obtained after different incubation times in vitro as described above. Figure 1 illustrated the cumulative rate of gas production of wheat straw supplemented with different zinc sources and in the control group. There were no significant differences between treatments in term of gas production. There was an increasing trend for gas production in the ZnS treated samples. The results of experiment 1 indicated that supplementation of rumen fluid with the Zn supplements had no effect on gas production during wheat straw fermentation and it was being concluded that no Zn supplementation for diets based on wheat straw. However, one possible explanation for obtaining these data could be related to the low nitrogen content of wheat straw which can not stimulate a normal microbial growth.

Data from cumulative gas production in experiment 2 are illustrated in Figure 2 and time depend gas production in Table 2. As it has been shown in this Table (2), a non-significant additive trend for gas production obtained following Zn supplementation in comparison with the control samples. Although, the differences between Zn supplements in case of cumulative gas production was not significantly different, but there were significant differences on gas production with increasing the incubation time. Supplementation of rumen fluid with ZnM significantly (P<0.05) increased gas production after 48 h of incubation. At this stage, ZnO had a little effect on gas production. The differences in fermentation and subsequently gas production of alfalfa hay by adding the different of Zn sources may reflect the availability of Zn for ruminal microorganisms. Addition of ZnM to the diets produced a faster response in case of microbial fermentation compared to other Zn sources.

Conclusion

Further work is required with other feed ingredients to identify the interaction between Zn supplements, feedstuff and microbial reactions. 
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Table1. Effect of addition different Zn supplements to wheat straw on gas production 


�
�
Treatment�
�
Time �(h)�
C�
ZnS�
ZnO�
ZnM�
�
2�
0.66�
0.33�
0.66�
0.43�
�
4�
1.33�
1.00�
1.33�
1.33�
�
6�
2.00�
0.66�
0.66�
0.66�
�
8�
2.00�
1.32�
0.33�
0.33�
�
 16�
10.3�
7.66�
4.50�
4.60�
�
 24�
11.6�
13.6�
5.50�
6.00�
�
 48�
15.5�
19.5�
17.1�
13.80�
�
 72�
4.30�
8.00�
7.30�
6.60�
�
 96�
5.00�
3.66�
3.66�
4.00�
�















Table2. Effect of addition different Zn supplements to alfalfa hay on gas production 


�
�
Treatment�
�
Time (h)�
ZnS�
ZnO�
ZnM�
C�
�
2�
3.0b�
1.6c�
4.3a�
4.6a�
�
4�
2.4�
3.0�
2.8�
1.8�
�
6�
5.3a�
3.3b�
2.1a�
4.5ab�
�
8�
5.0�
4.0�
5.5�
2.0�
�
 16�
5.0�
4.0�
5.5�
3.6�
�
24�
10.8�
7.8�
10.8�
7.6�
�
48�
7.1ab�
2.0b�
10.0a�
7.0a�
�
72�
2.8�
1.8�
2.8�
2.3�
�
 96   �
1.0�
0.1�
0.8�
1.3�
�
  120�
0.6�
0.1�
0.3�
0.1�
�
Different superscripts with in rows indicate                                                                                                    significant differences (P<0.05
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Figure 2.  In vitro fermentation gas production of the zinc supplements
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Figure1. In vitro fermentation gas production of the zinc supplements
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