Effect of feeding brown seaweed to dairy cows on the ammonia emissions from slurry during storage 
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Application: Feeding brown seaweed to dairy cows reduces ammonia (NH3) emissions from slurry during storage.

Introduction: Agriculture, particularly dairy cow farming is a major contributor to NH3 emissions. Animal slurry releases substantial amounts of NH3 into the atmosphere, especially during the storage, handling, and field application of slurry. The release of NH3 has negative environmental impacts including acidification, eutrophication, and production of particulate matter which affects human health (Mahmud et al., 2021). To mitigate these emissions and reduce the environmental footprint of dairy farming, alternative nutritional strategies are being explored, including brown seaweed species. Seaweed not only offers a sustainable feed source but also provides carbohydrates that promote gut health and contain bioactive compounds beneficial for animal well-being (Makkar et al., 2016, Muizelaar et al., 2023). Recent studies have investigated the potential of seaweed to reduce methane emissions from ruminants (De Bhowmick and Hayes, 2023). However, there are no studies on the potential of seaweed to reduce NH3 from slurry in dairy cows. One of the mechanisms by which seaweed can mitigate NH3 emissions is through the presence of phlorotannins, which bind to proteins, inhibit their degradation in the rumen, and reduce NH3 emissions from animal waste. This study aimed to investigate the impact of the inclusion of brown seaweed in the diet of dairy cows on NH3 emissions from slurry storage, providing valuable insights into the potential of seaweed as a sustainable solution in dairy farming.

Material and Methods: Fifteen late lactation multiparous Holstein-Friesian cows were evaluated in a 3 (diet) x 3 (period) Latin square design experiment with 21 days/period. The three groups of cows (five cows/group) were balanced by parity, body weight, and average milk yield. The animals were blocked into five subgroups with three cows per subgroup according to their parity, bodyweight, milk yield and body condition score, and then the three cows within each subgroup were randomly allocated to the three treatment diets. Total Mixed Ration diets consisted of 40% concentrate on a dry matter basis with 60% grass silage as the control diet, 56% grass silage and 4% dried Himanthalia elongata in the whole seaweed diet, and 56% grass silage and 4% Himanthalia elongata extract in the seaweed extract diet. Each cow was equipped with a specialized system for separate collection of urine and faeces (Katongole and Yan, 2022). From each cow within each treatment group, 12 kg of faeces and 8 kg of urine were collected separately based on the 2:3 ratio of urine to faeces typically observed in dairy cows (McIlroy et al., 2019). Samples were collected in triplicate and following the mix of corresponding faeces and urine, the slurry was placed in 30-litre plastic containers. The static chamber method was used to measure NH3 emission (Baral et al., 2023). NH3 was measured over six weeks. To assess the cumulative NH3-N flux among the treatments, a one-way analysis of variance was conducted. Subsequently, post-hoc Tukey tests were performed to identify any significant differences in the means of the treatments. A significance level of P < 0.05 was considered statistically significant for all tests conducted.

Results: Daily NH3 flux (mg N/m2 per day) over the 36-day measuring NH3 from the slurry is shown in Figure 1. Figure 2 shows the cumulative NH3 flux (mg N/ m2) among the groups. In comparison to the control group, the whole seaweed and seaweed extract groups reduced NH3 emissions by 43.92 ± 4.82% and 29.93 ± 1.95%, respectively. There was a significant difference in pH levels of slurry among the groups (P < 0.05), while there was no difference in dry matter content (P > 0.05). Additionally, there was a highly significant difference in the ash and organic matter content among the groups (P < 0.001).
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Figure 1: Daily NH3 flux in the control, whole seaweed and seaweed extract groups (∆ indicating the NH3 flux after stirring on the same day)
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Figure 2: Cumulative NH3 flux across control, whole seaweed and seaweed extract groups

Conclusions: This study demonstrated that including brown seaweeds in the diet of dairy cows could be a viable and novel strategy for mitigating NH3 emissions during slurry storage. Future research should focus on a realistic storage period of 4-6 months and explore the potential of different seaweed species and the mechanism of action of phlorotannins on NH3 reduction.  
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Table 5: Cumulative NH; flux and emission of EFzay and EFy by treatments
Ttem Trcatment RSE  Povalues
Control ___ Whole seaweed _Seaweed extract
Cumulative NH, flux (mg Nperm?)  1379.64202.76%  733.70:6646:  966.7122694s 11725 0.00198
EFra (%) 21720120 147:0100  1742004= 016 00046
EFny (%) 135:009°  085:007:  098002: 011 000411"

Note: Mean = SEM (n - 3).
# Values sharing the same letter in the superscript, show no statistically significant difference (p > 0.05) within the treatments.
RSE: residual standard of error.

Significance levels: ** indicate P < 0.01.
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