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EXECUTIVE SUMMARY 
 

The objective of this study was to evaluate the effects of seaweed-based feed additives containing 

bromoform on milk yield and composition, dry matter intake, feed efficiency, body weight, enteric emissions, 

and nutrient digestibility. A total of 60 Holstein cows on their 2nd or 3rd and 4th parity at 204 ± 7 days in milk 

were blocked by milk yield and randomly assigned to: a) control (no seaweed added to the TMR);  b) ShiLai™ 

Asparagopsis taxiformis pellets added to the TMR at a rate of 0.50% of DM; or, c) Alga Biosciences product 

added to the TMR also at a rate of 0.50% of DM from enrollment to day on supplementation 21. The rate 

was reduced to 0.25% of DM from day 22 to the end of the study (day 42). Cows were housed in a single 

group and fed ad libitum. Individual cow TMR intake was recorded through the Biocontrol CRFI feed intake 

control and measurement system, and enteric methane emissions were measured using GreenFeed units. 

Individual milk yield was recorded using AfiMilk electronic milk meters, and milk fat and protein were 

measured using optical in-line analyzers at each of two daily milkings. Treatment and treatment by time 

effects claimed at P<0.05 were assessed by multiple linear regression. Supplementation of AB or AT at 

0.50% of DM resulted in a ~90% decrease of enteric methane emissions, however, it also resulted on an 

overtime decrease and overall lower milk production compared to control cows, potentially driven by lower 

DMI observed in cows supplemented with both products. Supplementation of TMR with AB or AT at 0.25% 

of DM resulted in a 36-41% decrease of enteric methane emissions, and although a trend to decrease DMI, 

the magnitude of the effect was smaller compared with the higher dose, as well as the differences in 

production parameters as detected by time conditional effects. In conclusion, both seaweed-based feed 

additives effectively decreased enteric methane emissions in a dose-response manner and additional 

research is needed to evaluate the optimal dose to achieve an important reduction on methane emission 

without compromising the cow’s performance, as well to evaluate the long-term methane inhibiting effects of 

these seaweed-based feed additives containing bromoform. 
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OBJECTIVE 
The objective of the present study was to evaluate the effects of seaweed-based feed additives within a common Central 
Valley dairy cow feed ration on milk yield and composition, dry matter intake, feed efficiency, body weight, enteric 
emissions, and nutrient digestibility. 

METHODS 
Study Design 
A total of 60 Holstein cows in their 2nd or 3rd lactation were brought to the DairyExperts Research Barn 21 days prior 
to the experimental phase of the study to adapt to facilities and feeding system. Cows were milked twice a day during 
the adaptation period; milk yield from four consecutive days of the adaptation period was used to block cows by baseline 
milk yield prior to random assignment to study treatments when cows were 204±7 DIM. Thus, the study was a 
randomized complete block design with block being baseline milk yield. 

Experimental Treatments 
Three treatment groups: 

• CO (n = 20 cows): No seaweed added to the TMR (CONTROL) 
• AT (n = 20 cows): ShiLai™Asparagopsis taxiformis Feed pellets added to the TMR at a rate of 0.50% of DM 

from enrollment to day 21 of supplementation, and at a rate of 0.25% of DM from day 22 to the end of the study 
(day 42). Pellets contained 0.38 ± 0.08% bromoform [n = 3 samples analyzed by Gas Chromatography Mass 
Spectrometry (GC-MS)] 

• AB (n = 20 cows): Alga Biosciences product added to the TMR at a rate of 0.50% of DM from enrollment to day 
21 of supplementation, and at a rate of 0.25% of DM from day 22 to the end of the study. 

Housing and Milking 
Cows in all treatments shared the same housing space. Cows’ housing is a roof covered loose system pen with a 
compost bedded resting area which has adjacent a cow traffic alley with feed mangers and waterers. Next to the cows’ 
housing area there is a double 10 parallel parlor with each stall equipped with milk meters (MPC™, AfiMilk, Israel) and 
optical in-line milk component analyzer (AfiLab™, AfiMilk, Israel) that allows for milk yield and composition determination 
at each milking. The milk meters and component analyzer were calibrated every 4 weeks. Cows were milked twice a 
day during the adaptation and experimental period. 

Feeding 
Cows in the study had ad libitum access to water and to a TMR fed once a day. The TMR formulated to meet or exceed 
the predicted requirements of energy, protein, minerals, and vitamins (NASEM, 2021) was prepared daily at the 
research facility that includes feed storage, feed mixer wagon and concrete floors allowing neat feed handling for the 
preparation of the different rations. A base TMR was prepared once a day in a single batch, afterwards, it was divided 
into 3 piles in an amount equivalent to the previous day feed intake for each group plus 5%. Dry matter (DM) of the 
base TMR was measured on a daily basis. The TMR pile assigned to CON cows was reloaded into the mixer wagon 
for additional mixing and distribution into the mangers assigned to this group. Then, AT and AB were added to the 
second and third piles, respectively, and reloaded each pile separately for additional mixing and distribution of each 
load into the mangers assigned to each treatment. In order to avoid cross contamination between batches approximately 
75 kg of Bermuda grass was loaded into the mixing wagon and have the augers running for about 4 min before 
discharging it to sweep away TMR residues. A total of 27 feed mangers (9 mangers for CON, 9 mangers for AT, and 9 
mangers for AB) were sequentially assigned to each treatment in series of 3: CON, AT, AB. Feed mangers are equipped 
with a feed intake control and measurement system (CRFI™, BioControl, Rakkestad, Norway) that allows to control the 
access of cows to feed mangers with different diets, access of cows to multiple mangers within the same treatment diet, 
and to measure individual cow feed intake, number of visits, and feeding time. Mangers scales were calibrated every 4 
weeks. 
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Data Collection and Study Outcomes 

Data collection was initiated two weeks prior to supplementation start (baseline period) and finished on the last day of 
supplementation (42 days after supplementation start). 

Performance 

a) Milk yield and components 
Individual cow milk yield and composition (concentration of fat, protein, and lactose) measured at each milking with the 
milk meters and optical in-line milk component analyzers was downloaded using AfiFarm™ software (AfiMilk, Israel; 
Kaniyamattam and De Vries, 2014). Energy-corrected milk yield [milk yield value corrected for 3.5% fat and 3.2% true 
protein as: (0.3246 × kg of milk) + (12.86 × kg of fat) + (7.04 × kg of true protein) and 3.5% fat-corrected milk yield 
[(0.4324 × kg of milk) + (16.216 × kg of fat)], were calculated for each cow using the information described above, 
according to the NRC (2021).  

Cows’ milk urea nitrogen (MUN) and somatic cell count (SCC) were determined at the a.m. and p.m. milking once during 
the baseline period and twice a week during the treatment administration period. Samples were collected into vials and 
taken to Tulare DHIA (Tulare, CA) for analysis. 

b) Dry matter intake and feed efficiency 
Individual cow TMR intake was continuously recorded through the feed intake control and measurement system 
described above (Ternman et al., 2021; Chapinal et al., 2007). Dry matter (DM) of the base TMR was 64%, individual 
daily dry matter intake determination as: (kg of TMR consumed × DM of TMR). Daily feed efficiency was defined as kg 
of energy-corrected milk produced per kg of DM consumed on an individual basis.  

c) Body weight 
Cows were individually weighed after the morning milking using an electronic scale (PS-3000 scale; Salter Brecknell, 
Fairmont, MN) on the last day of the adaptation period and on days 14, 28, and 42 of the experimental period. 

Methane emissions 
Enteric gaseous emissions (CH4 and CO2) were measured using 2 GreenFeed system units (C-Lock Inc., Rapid City, 
SD) which were permanently available for cows to visit, and during visits, enteric gas emissions from individual cows 
were measured. Alfalfa pellets were available at each cow visit and the weight of pellets dispensed was recorded and 
included in the daily DMI estimation. Cows were adapted to using the GreenFeed before the beginning of the 
experiment. GreenFeed units were calibrated following the manufacturer’s recommendations. The GreenFeed is 
equipped with a head position sensor and gas emission data are rejected when the cow’s head position criteria are not 
met. Each cow was allowed a maximum of 6 visits in 24 h, with a 4-h interval between visits, and not more than 10 feed 
drops of approximately 30 g each per visit. 

Apparent total-tract digestibility and fecal dry matter flow 
Fresh feed and individual ingredient (alfalfa hay, corn silage, and grain mix) samples were collected before 
supplementation start (baseline), and at days 14, 28 and 42 during the experimental phase (treatment administration 
period). Feed refusals and individual cow fecal samples were collected the day after fresh feed collection. A total of 200 
g of fresh feed, feed refusals and feces were stored at −20°C until laboratory analysis at Cumberland Valley Analytical 
Services (Waynesboro, PA) using the NIR Plus package (Righi et al., 2017). Nutrient intakes (OM, CP, NDF, uNDF and 
starch) were calculated as kg of feed consumed per cow on a dry matter basis, times the nutrient concentration on the 
TMR fed that day, corrected for TMR refusals. 

Digestibilities of DM, OM, CP, NDF, and starch were calculated from the respective nutrient intake and fecal flow. 
Undegraded NDF (uNDF) was used as an internal marker to calculate DM and nutrient digestibility (Cochran et al., 
1986). Apparent total-tract DM digestibility was calculated as: 1 − (diet uNDF, %/feces uNDF, %). Apparent total-tract 
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for each nutrient was calculated as: 1 − [(diet uNDF, % × feces Nutrient, %)/(feces uNDF, % × diet Nutrient, %)]. Fecal 
dry matter flow was calculated as the ratio of feces uNDF concentration to uNDF intake. 

DATA ANALYSES 
Data was analyzed using the SAS software (Version 9.4; SAS Institute Inc., Cary, NC, USA). Baseline values were 
calculated averaging the information from the blocking baseline period for milk yield and components data and feed 
intake and efficiency outcomes; averaging information from the last two weeks prior to treatments start for enteric 
methane emissions; averaging information for the last AM and PM milking prior to treatment start for SCC and MUN; 
and using the information from the day prior to supplementation start for body weight and nutrients intake and 
digestibility. Baseline values were compared among treatments using the MIXED procedure; where baseline differences 
were detected (Tables 2 and 3), models were adjusted for the effect of baseline. 

Data analysis was performed separately for the periods of 0.50 (High-dose) and 0.25% of DM (Low-dose) of methane 
mitigation product feeding, allowing for an 11-day period between them. The High- and Low-dose periods comprised 
21 and 10 consecutive days, respectively. The washout period was established based on records for enteric methane 
emissions and not included in the analysis; cows were receiving treatments at 0.25% of DM during this period. Figure 
1 shows a timeline for the aforementioned study periods. Washout period data is presented in the accompanying figures 
for completeness. 

Performance 
a) Milk yield and components 
Daily milk yield [calculated as the sum of both morning and afternoon milk weights (kg)], energy-corrected milk 
[calculated as the sum of both morning and afternoon milk weights (kg)], fat-corrected milk [calculated as the sum of 
both morning and afternoon milk weights (kg)], milk fat and protein concentrations (calculated as the average of both 
morning and afternoon milking readings) and yields (calculated multiplying daily milk fat and protein concentrations by 
the daily milk yield) were calculated using the SQL procedure. When both, AM and PM milking information was not 
available for either of the variables of study, information for that day and that variable was not used in the analysis. Raw 
data plots were generated for the identification of outliers using the SGPLOT procedure; no outliers were identified. 
Multiple linear regression was used to analyze productive data with the MIXED procedure. All models included the fixed 
effects of treatment, time (day), and treatment by time. Time was included in the models as a categorical variable. For 
each outcome, the variance-covariance structure leading to the lowest Akaike’s and Bayesian information criterion was 
used to model the correlation of multiple measures within cow, with cow as the subject of the repeated statement. 
Unstructured, compound symmetry, autoregressive 1, heterogeneous autoregressive 1, Toeplitz, and Toeplitz 
heterogeneous were the variance-covariance structures evaluated. The LSMEANS statement with Bonferroni 
adjustment was used to quantify the association between treatment and the outcome of interest. Impact of influential 
observations (studentized residuals >|4|) was assessed removing them from the models prior to results interpretation; 
if influential observations did not alter interpretation, results from models including all observations are presented. 
Results are presented as LSM with the corresponding SEM. Overall model fit was assessed with final models’ residuals 
plots generated with the residual option in the model statement. 

To comply with model assumptions of normality and homoscedasticity of residuals, milk SCC was analyzed as Log10 
SCC. To allow for Log transformation of all observations, 1 was added to all SCC determinations. MUN and SCC were 
analyzed as described above, except for the Low-dose period as only one observation per animal was available (4 
observations per animal were available for the High-dose period). Given the observed differences at baseline (Table 2), 
baseline MUN was included in the statistical models. 

b) Feed intake and efficiency 
Daily DM intake and feed efficiency were evaluated as described for production data.  

c) Body weight 
Body weight data was evaluated as described for production data without the repeated measures statement. 
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Apparent total-tract digestibility and fecal dry matter flow 
Apparent total-tract digestibility and fecal DM flow data was analyzed as body weight data. 

Methane emissions 
Daily methane production represents g of CH4 g/day. Enteric CH4 (and CO2) emission yield (g/kg of DMI) and intensity 
(g/kg of ECM) weekly averages were calculated based on the available CH4 measurements and DMI and ECM daily 
records using the SQL procedure. Methane emissions data was analyzed as milk yield and components data (repeated 
measurements model) and using all the observations by dose period without the repeated measurements (dose period 
model) to allow for a higher number of observations per cow and to decrease the uncertainty associated to smaller 
number of records. Treatment by time contrasts were generated within day on supplementation using the PLM 
procedure. 

RESULTS 

Data from a total of 60 cows (20 cows/ treatment group) was used for the analyses. Baseline description of study 
outcomes is presented in Tables 2 and 3. Treatment differences at baseline were detected for MUN and ADF 
digestibility. 

Performance 

a) Milk yield and components 

Overall treatment effects and additional effects included in the models are presented in Table 4. Treatment by time 
effects are depicted in Figures 2 to 10. 

High-dose period 
Treatment by time effects were observed for milk yield (P < 0.001; Figure 2), ECM yield (P = 0.04; Figure 3) and milk 
protein yield (P = 0.001; Figure 6) during the High-dose supplementation period. Numerical differences were observed 
from study day 5. Statistical differences were consistently observed for AT compared to control cows from study day 
16; compared to control, milk, ECM and protein yields were lower for AT cows at study days 6 [4.3 kg (P = 0.08), 4.6 
kg (P = 0.10), protein yield was not different], 14 [4.3 kg (P = 0.08), ECM and protein yields were not different], 16 [5.0 
kg (P = 0.03), 5.1 kg (P = 0.04) and 0.20 kg (P = 0.03)], 17 [5.0 kg (P = 0.04), 5.2 kg (P = 0.06) and 0.16 kg (P = 
0.10)], 18 [5.5 kg (P = 0.02), 5.0 kg (P = 0.04) and 0.19 kg (P = 0.02)], 19 [6.7 kg (P = 0.005), 6.3 kg (P = 0.02) and 
0.22 kg (P = 0.03)], 20 [5.2 kg (P = 0.02), 5.0 (P = 0.04) and 0.17 kg (P = 0.07)], and 21 [6.7 kg (P = 0.004), 6.3 kg (P 
= 0.02) and 0.20 kg (P = 0.02)]. While compared to control cows, milk, ECM and protein yields were lower for AB 
cows at study days 16 [4.2 kg (P = 0.10), 4.5 kg (P = 0.10) and 0.16 kg (P = 0.09)], 18 [5.1 kg (P = 0.03), 4.8 kg (P = 
0.05) and 0.20 kg (P = 0.01)], 20 [4.3 kg (P = 0.07), ECM and protein yields were not different], and 21 [5.6 kg (P = 
0.02), 5.4 kg (P = 0.05) and 0.17 kg (P = 0.06)]. Milk yield was similar for AB and AT cows at all study days. 

No effects involving treatment were observed for FCM yield, fat yield, fat concentration, protein concentration, milk 
SCC and MUN during the High-dose supplementation period. 

Low-dose period 
A treatment by time effect was observed for milk yield during the Low-dose supplementation period; however, no 
statistical differences within study day were observed for any of the treatment comparisons. Additionally, a treatment 
by time effect was detected for milk protein concentration (P = 0.02); AB cows had lower milk protein concentration 
compared to control cows at study day 37 (0.27 units of percentage; P = 0.03), and compared to control (0.27 units of 
percentage; P = 0.03) and AT cows (0.33 units of percentage; P = 0.005) at study day 38. A trend for a treatment by 
time effect was observed for MUN (P = 0.10), however, treatment comparisons within study day were not statistically 
significant. 
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No effects involving treatment were observed for ECM yield, FCM yield, fat yield, protein yield, fat concentration, and 
milk SCC during the Low-dose supplementation period. 

b) Feed intake and efficiency 

Overall treatment effects and additional effects included in the models are presented in Table 5. Treatment by time 
effects are depicted in Figures 11 and 12. 

High-dose period 
Treatment and treatment by time effects were observed for DMI (P < 0.001 for both) and feed efficiency (P < 0.001 
and 0.002, respectively) during the High-dose supplementation period.  

Overall, compared to control cows, DMI was 5.2 and 5.8 kg/d lower for AB and AT cows, respectively (P < 0.001 for 
both). Statistical differences on DMI were consistently observed from study day 4 (3.58 to 9.71 kg/d; P ≤ 0.05; Figure 
11) except for study days 11 and 12 where DMI was similar for control and AB cows (P > 0.10); DMI was also lower 
for AB cows compared to control cows at study day 1 [4.4 kg (P = 0.01)]. Dry matter intake was similar for AB and AT 
cows during the High-dose period. 

Overall, compared to control cows, feed efficiency was 0.22 and 0.23 units higher for AB and AT cows, respectively (P 
< 0.001 for both). For AB cows compared to control cows, differences on feed efficiency were observed at study days 
1 (0.27 units; P < 0.001), 4 (0.21 units; P = 0.08), 7 (0.29 units; P = 0.002), 9 (0.22 units; P = 0.09), 13 (0.27 units; P = 
0.002), 14 (0.27 units; P = 0.01), 15 (0.22 units; P = 0.04), 17 (0.35 units; P < 0.001), 18 (0.38 units; P < 0.001), 19 
(0.31 units; P = 0.01), 20 (0.29 units; P < 0.001), and 21 (0.34 units; P < 0.001). For AT cows compared to control 
cows, differences on feed efficiency were observed at study days 4 (0.23 units; P = 0.04), 5 (0.31 units; P = 0.03), 6 
(0.30 units; P = 0.03), 7 (0.22 units; P = 0.04), 12 (0.23 units; P = 0.08), 13 (0.17 units; P = 0.09), 15 (0.43 units; P < 
0.001), 16 (0.44 units; P = 0.008), 17 (0.26 units; P = 0.02), 18 (0.34 units; P < 0.001), 19 (0.33 units; P = 0.007), 20 
(0.41 units; P < 0.001), and 21 (0.21 units; P = 0.08). Feed efficiency was similar for AB and AT cows during the High-
dose period (Figure 11). 

Low-dose period 
Influential observations (n = 7) from 1 cow (control) were detected for DMI (DMI of 0 to 1.4 kg/d). Excluding influential 
observations, a trend for an overall treatment effect on DMI was observed (P = 0.06); overall DMI tended to be 2.3 
kg/d lower for AB compared to control cows (P = 0.10). However, keeping these observations in the model no effects 
involving treatment were observed for DMI (control: 25.95 ± 0.93 kg/d; AB: 24.44 ± 0.93 kg/d; AT: 24.66 ± 0.93 kg/d; P 
= 0.47).  

A treatment by time effect was observed for feed efficiency during the Low-dose period (P = 0.05); feed efficiency 
tended to be lower for AT compared to AB at study day 37 (0.13 units; P = 0.07; Figure 12). 

c) Body weight 

Overall treatment effects and additional effects included in the models are presented in Table 5.  

High-dose period 
Body weight was similar among treatments during the High-dose period (control: 1476.5 ± 27.7 kg; AB: 1434.3 ± 27.7 
kg; AT: 1411.1 ± 27.7 kg; P = 0.25).  

Low-dose period 
Body weight was similar among treatments during the Low-dose period (control: 1455.8 ± 28.7 kg; AB: 1410.2 ± 28.7 
kg; AT: 1381.6 ± 28.7 kg; P = 0.19).  
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Methane emissions 
Treatment and additional effects included in the statistical models are presented in Table 6. Treatment by time effects 
are depicted in Figures 13 to 15. 

a) Methane production 

High-dose period 
Overall treatment and treatment by time effects were observed for methane emissions during the High-dose 
supplementation period (P < 0.001 for both). Compared to control (345.11 ± 6.30 g/d), methane emissions were 
reduced by 91% (31.42 ± 6.02 g/d) and 89% (38.29 ± 6.19 g/d) for AB and AT cows, respectively in the repeated 
measures model (P < 0.001); methane emissions were similar for AB and AT cows (P = 1.00). The conditional effect 
of time was driven by treatment differences at study day 1; afterwards, treatment differences resemble those 
presented as overall treatment effects (P < 0.001 for all; Figure 13). 

When all observations from the High-dose period were combined, compared to control (347.71 ± 3.80 g/d), methane 
emissions were reduced by 90% (31.33 ± 3.59 g/d) and 89% (39.72 ± 3.79 g/d) lower for AB and AT cows, 
respectively (P < 0.001); while similar for AB and AT cows (P = 0.32). 

Low-dose period 
Overall treatment and treatment by time effects were observed for methane emissions during the Low-dose 
supplementation period (P < 0.001 for both). Compared to control (388.25 ± 13.82 g/d), methane emissions were 
reduced by 36% (246.75 ± 15.26 g/d) and 38% (242.52 ± 14.39 g/d) for AB and AT cows, respectively in the repeated 
measures model (P < 0.001); methane emissions were similar for AB and AT cows (P = 1.00). Overtime, differences 
resembled those stated for the overall treatment effects (P ≤ 0.06 for all), except for study day 39 where methane 
emissions were similar for AB and control cows (P = 0.23), while still lower for AT compared to control cows (P = 
0.006; Figure 13). 

When all observations from the High-dose period were combined, compared to control (394.04 ± 7.74 g/d), methane 
emissions were reduced by 38% (243.20 ± 9.84 g/d) and 41% (233.95 ± 8.78 g/d) for AB and AT cows, respectively 
(P < 0.001); methane emissions were similar for AB and AT cows (P = 1.00). 

b) Methane yield 

High-dose period 
Overall treatment and treatment by time effects were observed for methane yield during the High-dose 
supplementation period (P < 0.001 for both). Compared to control, methane yield was 11.79 ± 0.25 g/kg DMI and 
11.47 ± 0.26 g/kg DMI lower for AB and AT cows, respectively in the repeated measures model (P < 0.001); methane 
yield was similar for AB and AT cows (P = 0.62). The conditional effect of time was driven by treatment differences at 
study day 1; compared to control, methane yield was 7.17 ± 1.24 g/kg DMI (P < 0.001) lower for AB cows, tended to 
be 2.94 ± 1.25 g/kg DMI (P = 0.06) lower for AT cows, and was 4.22 ± 1.22 g/kg DMI lower for AB compared to AT 
cows (P = 0.002), afterwards treatment differences resemble those presented as overall treatment effects (P < 0.001 
for all; Figure 14). 

When all observations from the High-dose period were combined, methane yield was 11.88 ± 0.22 g/kg DMI and 
11.52 ± 0.23 g/kg DMI lower for AB and AT cows compared to control, respectively (P < 0.001); methane yield was 
similar for AB and AT cows (P = 0.32). 

Low-dose period 
Overall treatment and treatment by time effects were observed for methane yield during the Low-dose 
supplementation period (P < 0.001 for both). Compared to control, methane yield was 4.32 ± 0.70 g/kg DMI and 4.56 
± 0.67 g/kg DMI lower for AB and AT cows, respectively in the repeated measures model (P < 0.001); methane yield 
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was similar for AB and AT cows (P = 1.00). Overtime for AB cows compared to control cows, differences on methane 
yield were observed at study days 33 (2.42 g/kg DMI; P = 0.07), 35 (6.90 g/kg DMI; P < 0.001), 36 (4.18 g/kg DMI; P 
= 0.006), 37 (4.43 g/kg DMI; P = 0.005), 41 (7.59 g/kg DMI; P < 0.001), and 42 (9.63 g/kg DMI; P < 0.001; Figure 15); 
for AT cows compared to control cows, differences on methane yield were observed at study days 33 (4.10 g/kg DMI; 
P < 0.001), 34 (3.64 g/kg DMI; P = 0.03), 35 (9.06 g/kg DMI; P < 0.001), 36 (4.03 g/kg DMI; P = 0.005), 37 (4.84 g/kg 
DMI; P < 0.001), 38 (5.07 g/kg DMI; P = 0.004), 39 (3.35 g/kg DMI; P = 0.02), 41 (4.81 g/kg DMI; P < 0.001), and 42 
(4.89 g/kg DMI; P < 0.001; Figure 14). Additionally, methane yield was lower for AB compared to AT at study days 41 
(2.78 g/kg DMI; P = 0.07) and 42 (4.73 g/kg DMI; P = 0.002). 

When all observations from the Low-dose period were combined, methane yield was 4.70 ± 0.49 g/kg DMI and 4.95 ± 
0.46 g/kg DMI lower for AB and AT cows compared to control, respectively (P < 0.001); methane yield was similar for 
AB and AT cows (P = 1.00). 

c) Methane intensity 

High-dose period 
Overall treatment and treatment by time effects were observed for methane intensity during the High-dose 
supplementation period (P < 0.001 for both). Compared to control, methane intensity was 9.24 ± 0.30 g/kg ECM and 
8.99 ± 0.30 g/kg ECM lower for AB and AT cows, respectively in the repeated measures model (P < 0.001); methane 
intensity was similar for AB and AT cows (P = 1.00). The conditional effect of time was driven by treatment differences 
at study day 1; compared to control, methane intensity was 5.89 ± 1.02 g/kg ECM (P < 0.001) and 2.87 ± 1.03 g/kg 
ECM (P = 0.02) lower for AB and AT cows, and 3.01 ± 1.00 g/kg ECM lower for AB compared to AT cows (P = 0.008), 
afterwards treatment differences resemble those presented as overall treatment effects (Figure 15). 

When all observations from the High-dose period were combined, methane intensity was 9.36 ± 0.17 g/kg ECM and 
9.07 ± 0.18 g/kg ECM lower for AB and AT cows compared to control, respectively (P < 0.001); methane intensity was 
similar for AB and AT cows (P = 0.28). 

Low-dose period 
Overall treatment and treatment by time effects were observed for methane intensity during the Low-dose 
supplementation period (P < 0.001 for both). Compared to control, methane intensity was 4.15 ± 0.71 g/kg ECM and 
3.48 ± 0.69 g/kg ECM lower for AB and AT cows, respectively in the repeated measures model (P < 0.001); methane 
intensity was similar for AB and AT cows (P = 1.00). The conditional effect of time was driven by treatment effect 
differences on methane intensity relative to those presented for the overall treatment effects at study days 34 
(statistically similar for AB and control cows; P = 0.17), 38 (statistically similar for AB and control cows; P = 0.10), 39 
(statistically similar for all treatment groups), 40 (statistically similar for AT and control cows; P = 0.68); 41 (lower for 
AB compared to AT; P = 0.02) and 42 (lower for AB compared to AT; P = 0.003; Figure 15). 

When all observations from the Low-dose period were combined, methane intensity was 4.65 ± 0.42 g/kg ECM and 
4.11 ± 0.40 g/kg ECM lower for AB and AT cows compared to control, respectively (P < 0.001); methane intensity was 
similar for AB and AT cows (P = 0.70). 

Nutrients intake, apparent total-tract digestibility and fecal dry matter flow 
Treatment and additional effects included in the statistical models are presented in Tables 7 and 8. Treatment by time 
effects are depicted in Figures 16 and 17. 

High-dose period 
Intakes of organic matter, crude fat, crude protein, NDF, ADF, starch and ash were 5.29 ± 1.59, 0.32 ± 0.09, 0.94 ± 
0.30, 1.31 ± 0.45, 0.92 ± 0.27, 1.67 ± 0.48 and 0.36 ± 0.11 g/d lower for AB compared to control cows (P < 0.01 for all), 
respectively. Similarly, intakes of organic matter, crude fat, crude protein, NDF, ADF, starch and ash were 5.06 ± 1.59, 
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0.31 ± 0.09, 0.94 ± 0.30, 1.51 ± 0.45, 0.89 ± 0.27, 1.61 ± 0.48 and 0.36 ± 0.11 g/d lower for AT compared to control 
cows (P < 0.01 for all), respectively. 

Apparent total tract digestibility of dry matter, organic matter, crude protein, NDF and ADF was 8.36 ± 0.85, 14.30 ± 
1.80, 9.65 ± 1.34, 16.51 ± 1.17 and 14.30 ± 1.80 units of percentage higher for AB compared to control cows (P < 0.001 
for all), respectively. Similarly, apparent total tract digestibility of dry matter, organic matter, crude protein, NDF and 
ADF was 7.51 ± 0.85, 16.64 ± 1.93, 7.82 ± 1.34, 18.09 ± 1.17 and 16.64 ± 1.93 units of percentage higher for AB 
compared to AT cows (P < 0.001 for all), respectively. Apparent total tract starch digestibility tended to be 1.28 ± 0.58 
units of percentage higher for AB compared to control cows (P = 0.10), but it was similar for AB and AT cows (P = 0.30). 
Apparent total tract digestibility of the evaluated nutrients was similar for control and AT cows (P > 0.10 for all). 

Treatment effects were observed on fecal dry matter flow (P = 0.002); fecal dry matter flow was 11.32 ± 2.65 kg/d slower 
for AB compared to control cows (P = 0.001) while similar among the other treatment groups. 

Low-dose period 
An influential observation from one cow (DMI 1.3 kg; control) was detected. Excluding this observation, intakes of 
organic matter, crude fat, NDF, ADF, starch and ash were 3.11 ± 1.12, 0.17 ± 0.06, 1.14 ± 0.31, 0.81 ± 0.19, 0.89 ± 
0.35 and 0.23 ± 0.08 g/d lower for AB compared to control cows (P < 0.05 for all), respectively. Similarly, intakes of 
organic matter, crude fat, NDF, ADF, starch and ash were 3.14 ± 1.12, 0.17 ± 0.06, 1.20 ± 0.31, 0.84 ± 0.19, 0.90 ± 
0.35 and 0.25 ± 0.08 g/d lower for AT compared to control cows (P < 0.05 for all), respectively. Intakes of crude protein 
were similar among treatments (P = 0.13). In contrast, maintaining this observation, treatment differences were only 
observed for NDF (P = 0.08) and ADF (P = 0.02), and these followed the same pattern described above. 

Apparent total tract digestibility of dry matter, organic matter, crude protein and NDF was 3.50 ± 0.75, 3.58 ± 0.79, 5.25 
± 1.05 and 4.12 ± 1.19 units of percentage higher for AB compared to control cows (P < 0.01 for all), respectively. 
Similarly, apparent total tract digestibility of dry matter, organic matter and crude protein was 2.49 ± 0.75, 2.73 ± 0.79 
and 3.36 ± 1.05 units of percentage higher for AB compared to AT cows (P < 0.01 for all), respectively. Additionally, 
apparent total tract ADF digestibility was 4.86 ± 1.27 units of percentage higher for AB compared to AT cows (P = 
0.001), and apparent total tract starch digestibility tended to be 1.31 ± 0.58 units of percentage higher for AT compared 
to control cows (P = 0.08). 

An influential observation from one cow (fecal dry matter flow 282.6 kg/d; control) was detected. Excluding this 
observation, treatment effects on fecal dry matter flow were observed (P < 0.001); fecal dry matter flow was respectively 
3.67 ± 0.95 and 3.22 ± 0.95 kg/d slower for AB and AT cows compared to control cows. In contrast, maintaining this 
observation, fecal dry matter flow was similar across treatments (P = 0.55). 

CONCLUSIONS 

Supplementation of AB or AT at 0.50% of DM resulted in a ~90% decrease of enteric methane emissions, however, it 
also resulted on an overtime decrease and overall lower milk production compared to control cows, potentially driven 
by lower DMI observed in cows supplemented with both products. Supplementation of TMR with AB or AT at 0.25% of 
DM resulted in a 36-41% decrease of enteric methane emissions, and although a trend to decrease DMI, the magnitude 
of the effect was smaller compared with the higher dose, as well as the differences in production parameters as detected 
by time conditional effects. In conclusion, both seaweed-based feed additives effectively decreased enteric methane 
emissions in a dose-response manner and additional research is needed to evaluate the optimal dose to achieve an 
important reduction on methane emission without compromising the cow’s performance, as well to evaluate the long-
term methane inhibiting effects of these seaweed-based feed additives containing bromoform. 
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TABLES AND FIGURES 
Table 1: Ingredients and nutrient composition of formulated study cows' diet. 

Item % of DM1 

Ingredient    
Corn silage 33.45  
Ground corn 10.39  
Rolled corn 10.33  
Soybean meal  7.33  
Wheat bran  7.27  
Dried distillers grains  7.01  
Alfalfa hay  6.03  
Almond hulls  4.25  
Molasses  2.68  
Canola meal  1.75  
Rumen protected fat  1.22  
Sodium sesquicarbonate  0.841 
Limestone  0.84  
Urea  0.469 
Magnesium oxide  0.204 
Zinc methionine  0.193 
Salt  0.188 
Trace mineral mix  0.033 
Vitamin A, D and E premix  0.019 

Nutrient composition    
Crude Protein 17.13  
Ether extract  4.58  
ADF 16.11  
Ash-free NDF 27.40  
NFC 44.36  
Starch 28.24  
NEL 3X (Mcal/kg)  1.63  

1Cows were fed a TMR at 64% of DM (average of daily determinations during the study period). 
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Table 2: Baseline comparison (LSM ± SEM) for performance, intake and enteric methane emissions measures by 
treatment group for cows enrolled in the study. 

Variable 

Treatment1   

CONTROL 
ALGA 

BIOSCIENCE 
ASPAROGOPSIS 

TAXIFORMIS P-value2 
Production variables         

Milk yield, kg/d  32.97 ± 1.53  32.95 ± 1.53  32.81 ± 1.53 1.00  
Energy-corrected milk yield, kg/d  33.98 ± 1.52  33.22 ± 1.52  33.31 ± 1.52 0.93  
Fat-corrected milk yield, kg/d  34.06 ± 1.47  33.41 ± 1.47  33.26 ± 1.47 0.92  
Fat yield, kg/d    1.22 ± 0.05    1.19 ± 0.05    1.18 ± 0.05 0.80  
Protein yield, kg/d    1.03 ± 0.06    0.99 ± 0.06    1.02 ± 0.06 0.90  
Fat concentration, %    3.76 ± 0.07    3.67 ± 0.07    3.59 ± 0.07 0.26  
Protein concentration, %    3.10 ± 0.06    3.02 ± 0.06    3.10 ± 0.06 0.58  

MUN, mg/dl  10.19 ± 0.24  11.35 ± 0.24  10.96 ± 0.24 0.003 
Log10SCC, cells/mL    1.79 ± 0.08    1.65 ± 0.08    1.72 ± 0.08 0.51  
Dry matter intake, kg/d  25.54 ± 0.69  24.73 ± 0.69  25.58 ± 0.69 0.63  
Feed efficiency    1.36 ± 0.06    1.38 ± 0.06    1.39 ± 0.06 0.96  
Body weight, kg  671.3 ± 11.7  664.0 ± 11.7  655.6 ± 11.7 0.64  
CH4 (g/d)  344.14 ± 16.85  329.76 ± 16.85  344.42 ± 15.99 0.78  
CH4 yield, (g/kg DMI)  14.22 ± 0.59  13.74 ± 0.59  14.39 ± 0.56 0.71  
CH4 intensity, (g/kg ECM)  10.65 ± 0.56  10.65 ± 0.54  10.88 ± 0.52 0.49  
1CONTROL: Cows receiving TMR without the methane reduction product; ALGA BIOSCIENCE: Cows 
receiving TMR with the Alga Bioscience; ASPAROGOPSIS TAXIFORMIS: Cows receiving TMR with the 
Asparagopsis taxiformis (n = 20 cows/group). 
2Treatment comparisons were Bonferroni adjusted. 
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Table 3: Baseline comparison (LSM ± SEM) for nutrients intake and digestibility measures by treatment group for cows 
enrolled in the study. 

Variable 

Treatment1   

CONTROL 
ALGA 

BIOSCIENCE 
ASPAROGOPSIS 

TAXIFORMIS P-value2 
Nutrients intake         

Organic matter, kg/d 23.72 ± 0.65 22.97 ± 0.65 23.76 ± 0.65 0.63 
Crude protein, kg/d   4.37 ± 0.12   4.23 ± 0.12   4.37 ± 0.12 0.63 
Crude fat, kg/d   1.32 ± 0.04   1.28 ± 0.04   1.32 ± 0.04 0.63 
Neutral detergent fiber (NDF), kg/d   6.95 ± 0.19   6.73 ± 0.19   6.96 ± 0.19 0.63 
Acid detergent fiber (ADF), kg/d   4.21 ± 0.11   4.08 ± 0.11   4.22 ± 0.11 0.63 
Starch, kg/d   6.92 ± 0.19   6.70 ± 0.19   6.93 ± 0.19 0.63 
Ash, kg/d   1.81 ± 0.05   1.76 ± 0.05   1.82 ± 0.05 0.63 

Nutrients digestibility         
Dry matter, % 70.54 ± 0.53 70.58 ± 0.54 71.60 ± 0.53 0.28 
Organic matter, % 71.71 ± 0.53 71.84 ± 0.54 72.55 ± 0.53 0.58 
Crude protein, % 69.80 ± 0.93 70.16 ± 0.95 71.27 ± 0.93 0.51 
Neutral detergent fiber (NDF), % 42.52 ± 0.66 42.23 ± 0.68 43.56 ± 0.66 0.34 
Acid detergent fiber (ADF), % 31.59 ± 0.93 29.67 ± 0.95 33.40 ± 0.93 0.03 
Starch, % 97.91 ± 0.30 97.28 ± 0.31 97.90 ± 0.30 0.27 

Fecal DM flow, kg/d 13.63 ± 0.50 13.90 ± 0.52 14.17 ± 0.50 0.75 
1CONTROL: Cows receiving TMR without the methane reduction product; ALGA BIOSCIENCE: Cows 
receiving TMR with the Alga Bioscience; ASPAROGOPSIS TAXIFORMIS: Cows receiving TMR with the 
Asparagopsis taxiformis (n = 20 cows/group). 
2Treatment comparisons were Bonferroni adjusted. 

 

 

 

 

 

 

 

 

 

 



 

 

Table 4: Milk yield and components LSM and SEM during treatment administration by study group for cows enrolled in the study. 

Outcome2 

Treatment1   Fixed Effects P-value 

CONTROL 
ALGA 

BIOSCIENCE 
ASPAROGOPSIS 

TAXIFORMIS   Treatment 
Study 
day 

Treatment x 
Study day 

High-dose period               
Milk yield, kg/d 31.71 ± 1.27 29.44 ± 1.27 27.99 ± 1.27   0.12 <0.001 <0.001 
ECM yield, kg/d 33.10 ± 1.33 30.56 ± 1.33 29.34 ± 1.33   0.14 <0.001  0.04  
FCM yield, kg/d 33.38 ± 1.31 30.97 ± 1.31 29.61 ± 1.31   0.13 <0.001  0.13  
Fat yield, kg/d   1.21 ± 0.05   1.13 ± 0.05   1.08 ± 0.05   0.15  0.002  0.56  
Protein yield, kg/d   0.98 ± 0.05   0.88 ± 0.05   0.86 ± 0.05   0.19 <0.001  0.001 
Fat concentration, %/d   3.84 ± 0.06   3.87 ± 0.06   3.88 ± 0.06   0.87 <0.001  0.26  
Protein concentration, %/d   3.06 ± 0.06   2.99 ± 0.06   3.05 ± 0.06   0.65 <0.001  0.80  
MUN4, mg/dl   9.50 ± 0.16   9.32 ± 0.16   9.06 ± 0.15   0.15 <0.001  0.80  
Log10SCC, cells/mL   1.87 ± 0.08   1.74 ± 0.08   1.90 ± 0.08   0.34  0.02   0.35  

Low-dose period               
Milk yield, kg/d 30.10 ± 1.42 29.04 ± 1.41 27.85 ± 1.41   0.54 <0.001  0.01  
ECM yield, kg/d 31.64 ± 1.45 30.90 ± 1.45 29.47 ± 1.45   0.56 <0.001  0.28  
FCM yield, kg/d 31.88 ± 1.43 31.41 ± 1.42 29.75 ± 1.42   0.54 <0.001  0.50  
Fat yield, kg/d   1.16 ± 0.05   1.16 ± 0.05   1.09 ± 0.05   0.56  0.001  0.68  
Protein yield, kg/d   0.94 ± 0.04   0.88 ± 0.04   0.86 ± 0.04   0.41 <0.001  0.18  
Fat concentration, %/d   3.86 ± 0.08   4.04 ± 0.08   3.92 ± 0.08   0.28  0.04   0.13  
Protein concentration, %/d   3.11 ± 0.04   3.04 ± 0.04   3.10 ± 0.04   0.41 <0.001  0.02  
MUN3, mg/dl 10.35 ± 0.29 10.82 ± 0.28 10.74 ± 0.27   0.48 0.53 0.10 
Log10SCC, cells/mL   1.91 ± 0.07   1.84 ± 0.07   1.95 ± 0.08   0.53   0.005 0.84 

1CONTROL: Cows receiving TMR without the methane mitigation product; ALGA BIOSCIENCE: Cows receiving TMR with 
Alga Biosciences Seaweed at a rate of 0.50% of DM for 21 days (High-dose period) and at a rate of 0.25% of DM for 10 days 
(Low-dose period); ASPAROGOPSIS TAXIFORMIS: Cows receiving TMR with Asparagopsis taxiformis at a rate of 0.50% of 
DM for 21 days (High-dose period) and at a rate of 0.25% of DM for 10 days (Low-dose period; n = 20 cows/group). 
2ECM: energy-corrected milk; FCM: fat-corrected milk; MUN: milk urea nitrogen. 
3Model also included the effect of baseline. 

 



 

 

Table 5: Dry matter intake, feed efficiency and body weight LSM and SEM during treatment administration by study group for cows enrolled in the study. 

Outcome 

Treatment1   Fixed Effects P-value2 

CONTROL 
ALGA 

BIOSCIENCE 
ASPAROGOPSIS 

TAXIFORMIS   Treatment Study day 
Treatment x 
Study day 

High-dose period               
Dry matter intake, kg/d    25.95 ± 0.81a    20.73 ± 0.81b   20.16 ± 0.81b   <0.001 <0.001 <0.001 
Feed efficiency      1.29 ± 0.03a      1.51 ± 0.04b     1.52 ± 0.04b   <0.001 <0.001  0.002 
Body weight, kg   671.1 ± 12.6   652.0 ± 12.6  641.4 ± 12.6    0.25  - - 

Low-dose period               
Dry matter intake, kg/d3  26.69 ± 0.73   24.44 ± 0.72   24.66 ± 0.72    0.06  <0.001  0.43  
Feed efficiency    1.22 ± 0.04    1.27 ± 0.04     1.20 ± 0.04    0.33  <0.001  0.05  
Body weight, kg  661.7 ± 13.1  641.0 ± 13.1   628.0 ± 13.1    0.19  - - 

1Different letter superscripts within a row indicate differences at P < 0.05; CONTROL: Cows receiving TMR without the methane mitigation product; 
ALGA BIOSCIENCE: Cows receiving TMR with Alga Biosciences Seaweed at a rate of 0.50% of DM for 21 days (High-dose period) and at a rate of 
0.25% of DM for 10 days (Low-dose period); ASPAROGOPSIS TAXIFORMIS: Cows receiving TMR with Asparagopsis taxiformis at a rate of 0.50% 
of DM for 21 days (High-dose period) and at a rate of 0.25% of DM for 10 days (Low-dose period; n = 20 cows/group). 
2LSM contrasts were Bonferroni adjusted. 
3Model excluding 7 influential observations from a control cow (0 to 1.4 kg/d of DMI). 

 

 



 

 

Table 6: Enteric methane emission outcomes LSM and SEM during treatment administration by study group for cows enrolled in the study. 

Outcome 

Treatment1   Fixed Effects P-value 

CONTROL 
ALGA 

BIOSCIENCE 
ASPAROGOPSIS 

TAXIFORMIS   Treatment 
Study 
day 

Treatment x 
Study day 

High-dose period              
CH4 (g/d)  345.11 ± 6.30a   31.42 ± 6.02b   38.29 ± 6.19b   <0.001 <0.001 <0.001 
CH4 (g/d)  347.71 ± 3.80a   31.33 ± 3.59b   39.72 ± 3.79b   <0.001 ‒ ‒ 
CH4 yield, (g/kg DMI)   13.44 ± 0.18a     1.65 ± 0.17b     1.97 ± 0.18b   <0.001 <0.001 <0.001 
CH4 yield, (g/kg DMI)   13.52 ± 0.16a     1.64 ± 0.15b     2.00 ± 0.16b   <0.001 ‒ ‒ 
CH4 intensity, (g/kg ECM)   10.33 ± 0.22a     1.09 ± 0.21b     1.34 ± 0.21b   <0.001 <0.001 <0.001 
CH4 intensity, (g/kg ECM)   10.44 ± 0.13a     1.08 ± 0.12b     1.37 ± 0.12b   <0.001 ‒ ‒ 

Low-dose period             
CH4 (g/d)   388.25 ± 13.82a   246.75 ± 15.26b   242.52 ± 14.39b   <0.001 <0.001 <0.001 
CH4 (g/d) 394.04 ± 7.74a 243.20 ± 9.84b 233.95 ± 8.78b   <0.001 ‒ ‒ 
CH4 yield, (g/kg DMI)  14.41 ± 0.45a  10.09 ± 0.53b    9.85 ± 0.49b   <0.001 <0.001 <0.001 
CH4 yield, (g/kg DMI)  14.53 ± 0.30a    9.83 ± 0.38b    9.58 ± 0.34b   <0.001 ‒ ‒ 
CH4 intensity, (g/kg ECM)  12.03 ± 0.47a    7.87 ± 0.53b    8.54 ± 0.50b   <0.001 0.002 <0.001 
CH4 intensity, (g/kg ECM)  12.15 ± 0.26a    7.50 ± 0.33b    8.04 ± 0.30b   <0.001 ‒ ‒ 

1Different letter superscripts within a row indicate LSM differences at P < 0.05 after Bonferroni adjustment; CONTROL: Cows receiving 
TMR without the methane mitigation product; ALGA BIOSCIENCE: Cows receiving TMR with Alga Biosciences Seaweed at a rate of 
0.50% of DM for 21 days (High-dose period) and at a rate of 0.25% of DM for 10 days (Low-dose period); ASPAROGOPSIS 
TAXIFORMIS: Cows receiving TMR with Asparagopsis taxiformis at a rate of 0.50% of DM for 21 days (High-dose period) and at a rate 
of 0.25% of DM for 10 days (Low-dose period; n = 20 cows/group). 



 

 

Table 7: Nutrients intake LSM and SEM during treatment administration by study group for cows enrolled in the study. 

Outcome 

Treatment1   

CONTROL 
ALGA 

BIOSCIENCE 
ASPAROGOPSIS 

TAXIFORMIS P-value 
High-dose period2         

Organic matter, kg/d   23.45 ± 1.13a   18.16 ± 1.13b   18.39 ± 1.13b  0.002 

Crude protein, kg/d     4.35 ± 0.21a     3.41 ± 0.21b     3.41 ± 0.21b  0.003 

Crude fat, kg/d     1.34 ± 0.06a     1.02 ± 0.06b     1.03 ± 0.06b <0.001 

Neutral detergent fiber (NDF), kg/d     6.63 ± 0.32a     5.32 ± 0.32b     5.12 ± 0.32b  0.003 

Acid detergent fiber (ADF), kg/d     4.02 ± 0.19a     3.10 ± 0.19b     3.13 ± 0.19b  0.001 
Starch, kg/d     7.19 ± 0.34a     5.52 ± 0.34b     5.58 ± 0.34b  0.001 

Ash, kg/d     1.68 ± 0.08a     1.33 ± 0.08b     1.32 ± 0.08b  0.003 
Low-dose period3         

Organic matter, kg/d   25.03 ± 0.80a    21.91 ± 0.80b   21.89 ± 0.80b  0.009 
Crude protein, kg/d   4.56 ± 0.15    4.19 ± 0.15    4.20 ± 0.15  0.13  

Crude fat, kg/d    1.35 ± 0.04a      1.18 ± 0.04b     1.18 ± 0.04b  0.008 

Neutral detergent fiber (NDF), kg/d    7.25 ± 0.23a      6.11 ± 0.22b     6.05 ± 0.22b <0.001 

Acid detergent fiber (ADF), kg/d    4.43 ± 0.14a      3.62 ± 0.13b     3.59 ± 0.13b <0.001 

Starch, kg/d    7.71 ± 0.25a      6.82 ± 0.24b     6.80 ± 0.24b  0.02  

Ash, kg/d    1.83 ± 0.06a      1.60 ± 0.06b     1.57 ± 0.06b  0.005 
1Different letter superscripts within a row indicate LSM differences at P < 0.05 after Bonferroni adjustment; 
CONTROL: Cows receiving TMR without the methane mitigation product; ALGA BIOSCIENCE (AB): Cows 
receiving TMR with Alga Biosciences Seaweed at a rate of 0.50% of DM for 21 days (High-dose period) and at a 
rate of 0.25% of DM for 10 days (Low-dose period); ASPAROGOPSIS TAXIFORMIS (AT): Cows receiving TMR 
with ShiLai™Asparagopsis taxiformis at a rate of 0.50% of DM for 21 days (High-dose period) and at a rate of 
0.25% of DM for 10 days (Low-dose period; n = 20 cows/group). 
2Number of observations included in the models by treatment group: control (n =7), AB (n = 8), and AT (n = 7). 
3Models excluding one influential observation; control cow with a 1.3 kg dry matter intake. 
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Table 8: Nutrients digestibility and fecal dry mater flow LSM and SEM during treatment administration by study group 
for cows enrolled in the study. 

Outcome 

Treatment1   

CONTROL 
ALGA 

BIOSCIENCE 
ASPAROGOPSIS 

TAXIFORMIS 
P-value 

High-dose period2         
Nutrients digestibility         

Dry matter, %  69.36 ± 0.62a  77.71 ± 0.58b  70.20 ± 0.62a <0.001 

Organic matter, %   70.23 ± 0.61a  78.61 ± 0.57b   71.09 ± 0.61a <0.001 
Crude protein, %   68.80 ± 0.98a   78.45 ± 0.92b   70.63 ± 0.98a <0.001 

Neutral detergent fiber (NDF), %   38.49 ± 0.85a   55.00 ± 0.80b   36.91 ± 0.85a <0.001 

Acid detergent fiber (ADF), %3   30.85 ± 1.26a   45.15 ± 1.26b   28.51 ± 1.32a <0.001 
Starch, % 97.39 ± 0.41 98.66 ± 0.38 97.70 ± 0.41  0.08  

Fecal DM flow, kg/d   12.34 ± 1.93a   23.66 ± 1.81b     17.70 ± 1.93ab  0.002 
Low-dose period         

Nutrients digestibility         
Dry matter, %  70.14 ± 0.54a  73.64 ± 0.53b  72.63 ± 0.53b <0.001 

Organic matter, %  71.13 ± 0.56a  74.72 ± 0.55b  73.87 ± 0.55b <0.001 

Crude protein, %   67.56 ± 0.75a  72.82 ± 0.73b  70.93 ± 0.73b <0.001 

Neutral detergent fiber (NDF), %   41.75 ± 0.86a  45.88 ± 0.83b   43.80 ± 0.83ab  0.005 

Acid detergent fiber (ADF), %3     33.45 ± 0.85ab  36.04 ± 0.88a  31.19 ± 0.85b  0.002 
Starch, % 96.38 ± 0.42 97.22 ± 0.40 97.69 ± 0.40  0.08  

Fecal DM flow, kg/d4   12.88 ± 0.69a   16.55 ± 0.66b  16.10 ± 0.66b <0.001 
1Different letter superscripts within a row indicate LSM differences at P < 0.05 after Bonferroni adjustment; 
CONTROL: Cows receiving TMR without the methane mitigation product; ALGA BIOSCIENCE (AB): Cows 
receiving TMR with Alga Biosciences Seaweed at a rate of 0.50% of DM for 21 days (High-dose period) and at a 
rate of 0.25% of DM for 10 days (Low-dose period); ASPAROGOPSIS TAXIFORMIS (AT): Cows receiving TMR 
with ShiLai™Asparagopsis taxiformis at a rate of 0.50% of DM for 21 days (High-dose period) and at a rate of 
0.25% of DM for 10 days (Low-dose period; n = 20 cows/group). 
2Number of observations included in the models by treatment group: control (n =7), AB (n = 8), and AT (n = 7). 
3Model also included the effect of baseline. 
4Model excluding one influential observation; control cow with a 282.6 kg/d fecal dry matter flow. 
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Figure 1. Supplementation periods timeline.  

 

 

 

Figure 2. Milk yield LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis Taxiformis 
(AT) by day on study as estimated by model described in Table 4. The middle part of the figure represents the washout 
period.  
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Figure 3. Energy-corrected milk yield LSM and SEM for cows assigned to control, Alga Bioscience (AB) and 
Asparogopsis Taxiformis (AT) by day on study as estimated by model described in Table 4. The middle part of the figure 
represents the washout period. 

 

Figure 4. Fat-corrected milk yield LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis 
Taxiformis (AT) by day on study as estimated by model described in Table 4. The middle part of the figure represents 
the washout period. 
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Figure 5. Fat yield LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis Taxiformis (AT) 
by day on study as estimated by model described in Table 4. The middle part of the figure represents the washout 
period. 

 

Figure 6. Protein yield LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis Taxiformis 
(AT) by day on study as estimated by model described in Table 4. The middle part of the figure represents the washout 
period. 
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Figure 7. Fat concentration LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis 
Taxiformis (AT) by day on study as estimated by model described in Table 4. The middle part of the figure represents 
the washout period. 

    

Figure 8. Protein concentration LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis 
Taxiformis (AT) by day on study as estimated by model described in Table 4. The middle part of the figure represents 
the washout period. 
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Figure 9. Milk somatic cell count LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis 
Taxiformis (AT) by day on study as estimated by model described in Table 4. The middle part of the figure represents 
the washout period. 

 

Figure 10. Milk urea nitrogen concentration LSM and SEM for cows assigned to control, Alga Bioscience (AB) and 
Asparogopsis Taxiformis (AT) by day on study as estimated by model described in Table 4. The middle part of the figure 
represents the washout period. 
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Figure 11. Dry matter intake LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis 
Taxiformis (AT) by day on study as estimated by model described in Table 5. The middle part of the figure represents 
the washout period. 

 

 

Figure 12. Feed efficiency LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis 
Taxiformis (AT) by day on study as estimated by model described in Table 5. The middle part of the figure represents 
the washout period. 
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Figure 13. Methane production LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis 
Taxiformis (AT) by day on study as estimated by model described in Table 6. The middle part of the figure represents 
the washout period. 

 

Figure 14. Methane yield LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis 
Taxiformis (AT) by day on study as estimated by model described in Table 6. The middle part of the figure represents 
the washout period. 
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Figure 15. Methane intensity LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis 
Taxiformis (AT) by day on study as estimated by models described in Table 6. The middle part of the figure represents 
the washout period. 
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Figure 16. Nutrients intake and fecal dry matter flow LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis Taxiformis (AT) by 
day on study as estimated by models described in Table 7. The middle part of each figure represents the washout period. 
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Figure 17. Nutrients digestibility LSM and SEM for cows assigned to control, Alga Bioscience (AB) and Asparogopsis Taxiformis (AT) by day on study as 
estimated by models described in Table 8. The middle part of each figure represents the washout period. 
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