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168 included according to the nostandard method in the metan model of Stata to allow an 

169 interpretation of treatment effects in familiar units (e.g. kg of FBW), rather than ES. 

170 Forest plots were produced for both WMD and SMD results for each outcome variable 

171 that incorporated the D&L and RR estimates. The forest plots provided further allow a 

172 comparison of A. taxiformis, A. nodosum, and ‘other’ sources of seaweed evaluated with the 

173 D&L and RR methods. Additionally, plots were produced for initial body weight. 

174 Variations among the comparison level SMD were assessed using a chi-squared (Q) 

175 test of heterogeneity. Heterogeneity in comparisons reflects underlying differences in clinical 

176 diversity of the research site and interventions, differences in experimental design and 

177 analytical methods, and statistical variation around responses. The clinical diversity of the site 

178 includes all the non-study design aspects of variation, such as facility design, environment, and 

179 cattle management that may be measured and controlled for in meta-analysis but are often not 

180 reported or measured. Identifying the presence and sources of the heterogeneity improves 

181 understanding of the responses to the interventions used. An α level of 0.10 was used because 

182 of the relatively poor power of the χ2 test to detect heterogeneity among small numbers of trials 

183 [27]. Heterogeneity of results among the comparisons was quantified using the I2 statistic [28]. 

184 The I2 provides an estimate of the proportion of the true variance of effects of the treatment, 

185 that is the true variance, tau2 (τ2) divided by the total variance observed in the comparison [29] 

186 that reflect measurement error. Negative values of I2 are assigned a value of 0, consequently 

187 the value I2 lies between 0 and 100%. An I2 value between 0 and 40% might not be important, 

188 30 to 60% may represent moderate heterogeneity, 50 to 90% might represent substantial 

189 heterogeneity, and 75 to 100% might represent considerable heterogeneity [30]. Both I2 and τ2 

190 are provided to allow readers the opportunity to evaluate both metrics.

191 A key focus of meta-analysis is to identify and understand the sources of heterogeneity 

192 or variation of response among comparisons. However, given the limited number of 
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193 experiments available the only meta-regression analyses suitable were for category of seaweed 

194 intervention for ADG and DMI and production system for DMI.

195 Presence of publication bias was investigated using funnel plots which are a simple 

196 scatter plot of the intervention effect estimates from individual comparisons plotted against 

197 comparison precision. The name ‘funnel plot’ arises because precision of the intervention effect 

198 increases as the size and precision of a comparison increases. Effect estimates from 

199 comparisons with a small number of animal units will scatter more widely at the bottom of the 

200 graph and the spread narrows for those with higher numbers of units. In the absence of bias, 

201 the plot should approximately resemble a symmetrical (inverted) funnel. Funnel plots are 

202 available upon request.

203 Results and discussion
204 The literature that was amenable to quantitative review on seaweed use in cattle was 

205 reasonably limited with only 14 full texts suitable (Fig 1; Table 1). The experiments used were 

206 all published after the year 2000, indicating that they are relatively current. Although these 

207 were current some production data indicated only modest production performance (Tables 2 

208 and 3). Funnel plots produced indicated that publication bias was not likely (data not shown). 

209 The limited number of comparisons and even fewer experiments limited the type of meta-

210 regressions that could be performed and the use of RR. Only 2 experiments, one on a dairy and 

211 one on a beef production system, used Latin Square designs and this precluded evaluation of 

212 the effect of study design. As the SD of these were similar to the randomized controlled designs 

213 adjustments to the error terms for these were not made. 

214 Differences in FBW were significant for treatment for both RR SMD and RR WMD 

215 suggesting that the FBW was lower for treated cattle (Table 4). These findings were not 

216 supported by differences in ADG with all models showing little difference in ADG (Table 4; 

217 Fig 2). The numerically lower initial body weight for treated cattle supports the contention that 
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218 FBW differences were substantially influenced by initial BW differences (WMD D&L = ‒3.08 

219 kg; 95% CI = ‒7.62 to 1.46; P = 0.183; SMD D&L = ‒0.28; 95% CI = ‒0.57 to 0.02; P = ‒0.57 

220 to 0.02). The comparisons contributing to the observations on FBW and ADG differ but had 

221 considerable overlap as 9 comparisons were shared. There was no evidence of difference 

222 between A. taxiformis and A. nodosum interventions on FBW (data not shown) or ADG (Table 

223 4).

224

225 Fig 2. Forest plot of the weighted mean difference (WMD) and 95% CI of the effect of 

226 Ascophyllum nodosum and Asparagopsis taxiformis seaweed intervention on the average 

227 daily gain (ADG; kg/d) of cattle. The solid vertical line represents a mean difference of zero 

228 or no effect. Points to the left of the line represent a reduction in ADG, while points to the right 

229 of the line indicate an increase. Each square around the point effect represents the mean effect 

230 size for that comparison and reflects the relative weighting of the comparison to the overall 

231 effect size estimate. The larger the box, the greater the comparison contribution to the overall 

232 WMD estimate. The weights that each comparison contributed are in the right-hand column. 

233 The upper and lower limit of the line connected to the square represents the upper and lower 

234 95% CI for the WMD. The overall pooled WMD and 95% CI pooled using the DerSimonian 

235 and Laird (D+L) [23] and robust meta-analytical random effects models [18, 26] are indicated 

236 by the respective diamonds at the bottom. The heterogeneity measure, I2 is a measure of 

237 residual variation among comparisons included in the meta-analysis. The ADG was not 

238 heterogeneous as indicated by the overall I2 of 0%.
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239 Table 4. Summary of the meta-analysis using classical meta-analysis methods for the effects of seaweed on production measures. The 

240 Table provides the number (N) of experiments and comparisons for each evaluation, the weighted mean difference (WMD) and 

241 standardized mean difference (SMD) using both the DerSimonian and Laird (D&L) and robust regression (RR) methods, and the P-value, 

242 estimated heterogeneity (I2) and comparison and experiment variance (τ2) of these estimates when available. 

Measure N comparisons
(N experiments)

Effect
(95% CI) P-value Heterogeneity

(I2, %)
Variance

(τ2)
Meta-regressions

(coefficient ± SE; P-value; τ2)
Final body weight

WMD (D&L; kg) 15
(8)

-6.57
(-12.23 to -0.90) 0.023 0 0

WMD (RR; kg) 15
(8)

-5.71
(-11.84 to -0.37) 0.039 0

SMD (D&L) 15
(8)

-0.23
(-0.48 to 0.02) 0.067 0 0

SMD (RR) 15
(8)

-0.27
(-0.52 to -0.02) 0.041 0

Average daily gain

WMD (D&L; kg/d) 14
(7)

-0.01
(-0.05 to 0.03) 0.730 0 0

WMD (RR; kg/d) 14
(7)

0.01
(-0.09 to 0.07) 0.711 0 A. taxiformis compared to A. nodosum as reference

0.05 ± 0.13; P = 0.726; τ2 = 0

SMD (D&L) 14
(7)

-0.01
(-0.31 to 0.29) 0.947 0 0

SMD (RR) 14
(7)

-0.03
(-0.49 to 0.42) 0.863 0 A. taxiformis compared to A. nodosum as reference

0.36 ± 0.50; P = 0.538; τ2 = 0
Dry matter intake

WMD (D&L; kg/d) 14
(9)

-0.28
(-0.63 to 0.07) 0.119 60.95 0.35

WMD (RR; kg/d) 14
(9)

-0.33
(-0.99 to 0.48)

0.47 0 Dairy compared to beef as reference
0.76 ± 0.38; P = 0.106; τ2 = 0

A. nodosum compared to ‘Other’ as reference
0.54 ± 0.51; P = 0.364; τ2 = 0

A. taxiformis compared to ‘Other’ as reference
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-0.43 ± 0.77; P = 0.622; τ2 = 0

SMD (D&L) 14
(9)

-0.31
(-0.75 to 0.14) 0.177 59.4 0.39

SMD (RR) 14
(9)

-0.25
(-0.91 to 0.41) 0.393 0

Dairy compared to beef as reference
0.83 ± 0.75; P = 0.324; τ2 = 0

A. nodosum compared to ‘Other’ as reference
0.75 ± 0.78; P = 0.389; τ2 = 0

A. taxiformis compared to ‘Other’ as reference
0.14 ± 0.85; P = 0.874; τ2 = 0

Feed to gain

WMD (D&L) 7
(4)

-0.41
(-0.63 to -0.20) 0.001 0.1 0

SMD (D&L) 7
(4)

-0.70
(-1.01 to -0.31) 0.001 0 0

Gain to feed

WMD (D&L) 5
(2)

0.02
(-0.01 to 0.04) 0.133 0 0

SMD (D&L) 5
(2)

0.35
(-0.21 to 0.92) 0.215 0 0

Milk yield

WMD (D&L; kg/d) 7
(6)

1.35
(0.91 to 1.78) <0.001 0 0

SMD (D&L) 7
(6)

0.45
(-0.11 to 1.09) 0.111 65.1 0.39

Milk fat

WMD (D&L; %) 7
(6)

0.06
(0.00 to 0.12) 0.040 7.0 0

SMD (D&L) 7
(6)

0.12
(-0.49 to 0.78) 0.703 66.2 0.41

Milk protein

WMD (D&L; %) 6
(5)

0.06
(0.03 to 0.08) 0.001 20.9 0

SMD (D&L) 6
(5)

0.59
(-0.14 to 1.33) 0.113 73.8 0.56

Methane
WMD (D&L; g/kg 

DMI)
8

(5)
-5.28

(-8.78 to -1.78) 0.003 94.2 23.6

SMD (D&L) 8 -1.70 0.001 84.0 1.61
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243 A. nodosum = Ascophyllum nodosum; A. taxiformis = Asparagopsis taxiformis; Other = seaweed that is not A. nodosum or A. taxiformis; DMI = 
244 dry matter intake

245 a Knapp-Hartung method [24]

(5) (-2.73 to -0.67)

SMD (K-H)a 8
(5)

-1.94
(-3.89 to -0.01) 0.051 84.0 3.57
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246 There was no effect of treatment on DMI (Table 4; Fig 3) and neither the effects of 

247 dairy or beef production system nor type of seaweed significantly influenced results (Table 4). 

248 Interestingly, these results were heterogenous among comparisons indicting substantial 

249 variations in experimental measurement (I2 > 60%; Table 4). The F:G was evaluated in 7- and 

250 the G:F in 5- experiments. The F:G was reduced by a significant 0.41 kg per kg with an ES of 

251 0.70 (Table 4); however, these are the less conservative D&L measures as there were 

252 insufficient data to evaluate the RR or the effects of differences in seaweed type on F:G. The 

253 more limited number of experiments on G:F were not significant (P = 0.215); however, the 

254 point direction for the SMD (D&L = 0.35) was consistent with improved feed efficiency from 

255 feeding seaweed (Table 4). 

256

257 Fig 3. Forest plot of the weighted mean difference (WMD) and 95% CI of the effect of 

258 seaweed intervention on the dry matter intake (DMI; kg/d) of cattle. Effects for 

259 Ascophyllum nodosum and Asparagopsis taxiformis and ‘Other’ seaweed interventions are 

260 provided as well as an overall effect. The solid vertical line represents a mean difference of 

261 zero or no effect. Points to the left of the line represent a reduction in DMI, while points to the 

262 right of the line indicate an increase. Each square around the point effect represents the mean 

263 effect size for that comparison and reflects the relative weighting of the comparison to the 

264 overall WMD estimate. The larger the box, the greater the comparison contribution to the 

265 overall estimate. The weights that each comparison contributed are in the right-hand column. 

266 The upper and lower limit of the line connected to the square represents the upper and lower 

267 95% CI for the WMD. The overall pooled WMD and 95% CI pooled using the DerSimonian 

268 and Laird (D+L) [23] and robust meta-analytical random effects models [18, 26] are indicated 

269 by the respective diamonds at the bottom. The heterogeneity measure, I2 is a measure of 
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270 residual variation among comparisons included in the meta-analysis. The DMI was 

271 substantially heterogeneous as indicated by the overall I2 of 60.9%.

272

273 Milk production was evaluated in only 6 experiments; however, the results were a 

274 significant D&L WMD of 1.35 kg/d increase with treatment. However, the D&L SMD of 0.45 

275 was not significant and was heterogenous (I2 = 65.1%; Table 4). There were no significant 

276 effects on percentages of milk fat or milk protein on SMD, which were both heterogenous (I2 

277 = 66.2% and 73.8%, respectively). However, the WMD for both milk fat and protein 

278 percentages were significantly increased by 0.06% (Table 4). The milk production results 

279 contrast with the lack of effect on ADG of treatment, but may be consistent with the efficiency 

280 improvement in F:G. The differences in SMD and WMD results reflect sparse data and 

281 differences in the weighting between these measures.

282 There is considerable interest in the potential for Asparagopsis to reduce methane 

283 emissions and methane yield [1, 2, 14, 31]. The very limited data available for the meta-analysis 

284 provide support for the effect to reduce methane yields in vivo with a D&L WMD of ‒5.28 ± 

285 3.5 g/kg of DMI, D&L SMD of ‒1.70 or K-H SMD of ‒1.94 indicating a substantial reduction 

286 in methane yields. There was marked heterogeneity in the results (I2 > 80%; Table 4; Fig 4). In 

287 one comparison the reduction in methane yield with treatment was 97% [2]. These results are 

288 consistent with the observations made in in vitro studies on the effects of A. taxiformis on 

289 methane emissions [4] providing further evidence methane emissions is markedly reduced. The 

290 mechanism for the reduction in methane emissions and methane yields has been attributed to 

291 the bromoform and di-bromochloromethane content of the seaweeds [32, 33] that inhibit 

292 methane emissions. However, there are concerns that halogenated gases associated with the 

293 bromoforms could cause damage to the ozone layer [4, 34]. At the higher dose of 0.5% 

294 inclusion of A. taxiformis, [14] found that DMI and milk production and energy corrected milk 
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295 production were significantly lower than controls and that the milk contained markedly 

296 increased concentrations of iodine (> 5 times the control) and bromide (approximately 8 times 

297 the control). In the experiment of [14], the concentration of iodine in milk of cows given 0.5% 

298 A. taxiformis was approximately 3 mg/L, and assuming that a child <3 yr old can drink milk at 

299 1 L/d this is approximately 15 times the upper tolerable intake level [35]. Iodine concentrations 

300 in A. taxiformis have been reported to range from 8.1 to 11.6 g/kg DM of seaweed [36]. Further, 

301 [37] reported that approximately 31% of ingested iodine is transferred to milk indicating there 

302 is potential that when cows are fed dietary supplements of A. taxiformis, iodine concentrations 

303 in milk could be substantially greater than those reported by [14]. 

304 Although the present analysis indicates that the supplementary feeding of A. taxiformis 

305 to beef and dairy cattle has some positive effects on animal production and desirable inhibitory 

306 effects on methane yields, questions are raised, albeit in a single study, that relate to iodine 

307 concentration in A. taxiformis and the potential challenges this may bring regarding resultant 

308 iodine concentration in milk when feeding A. taxiformis to lactating dairy cows.

309 More in vivo experiments are required to strengthen the evidence of production and 

310 methane effects in both beef and dairy cows fed under partial mixed ration and pasture-based 

311 systems. These studies should use a range of Asparagopsis preparations/sources, examine 

312 effects on feed intake, and identify sources of heterogeneity in methane response, while 

313 practical applications and potential risks are evaluated for seaweed use.

314

315 Fig 4. Forest plot of the effect size or standardized mean difference (SMD; standardized 

316 using the z-statistic) and 95% CI of the effect of seaweed intervention on methane yield 

317 from cattle. The solid vertical line represents a mean difference of zero or no effect. Points to 

318 the left of the line represent a reduction in methane yield, while points to the right of the line 

319 indicate an increase. Each square around the point effect represents the mean effect size for 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 11, 2021. ; https://doi.org/10.1101/2021.03.11.434923doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.11.434923
http://creativecommons.org/licenses/by/4.0/


23

320 that comparison and reflects the relative weighting of the comparison to the overall effect size 

321 estimate. The larger the box, the greater the comparison contribution to the overall estimate. 

322 The weights that each comparison contributed are in the right-hand column. The upper and 

323 lower limit of the line connected to the square represents the upper and lower 95% CI for the 

324 effect size. The overall pooled effects size or SMD and 95% CI pooled using the DerSimonian 

325 and Laird (D+L) [23] and robust meta-analytical random effects models [18, 26] are indicated 

326 by the respective diamonds at the bottom. The heterogeneity measure, I2 is a measure of 

327 residual variation among comparisons included in the meta-analysis. Methane yield was 

328 considerably heterogeneous as indicated by the overall I2 of 84.0%.
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