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1  | INTRODUC TION

Ruminants are able to convert non-human edible feed, such as grass, 
into highly nutritive human food, such as milk and meat. However, 
conversion efficiency is often low: around 25% of nitrogen intake 
is converted into milk by dairy cows (Calsamiglia, Ferret, Reynolds, 
Kristensen, & van Vuuren, 2010). This is because soluble and de-
gradable proteins found in grass and legumes are quickly available to 
rumen micro-organisms. When taken in excess, a significant part of 
this nitrogen is excreted through urine and lost in the environment. 

Low nitrogen use efficiency (NUE) makes the purchase of high-pro-
tein feed necessary, increases feed costs and causes nitrogen pollu-
tion. Reducing nitrogen degradability in the rumen using secondary 
plant metabolites has been identified as a strategy to improve NUE 
(Broderick, 2018). Among these molecules, tannins have been ex-
tensively studied in recent years. Thanks to their ability to form 
complexes with proteins, tannins can affect nitrogen metabolism in 
ruminants. Stable between pH values of 3.5 and 7, tannin–protein 
complexes are thought to protect proteins against lysis in the rumen 
and dissociate and release proteins at abomasal or duodenal pH 

 

Received: 11 June 2019  |  Revised: 19 December 2019  |  Accepted: 17 February 2020

DOI: 10.1111/jpn.13341  

O R I G I N A L  A R T I C L E

Effect of dietary tannins on milk yield and composition, 
nitrogen partitioning and nitrogen use efficiency of lactating 
dairy cows: A meta-analysis

Sophie Herremans1  |   Frédéric Vanwindekens2  |   
Virginie Decruyenaere1 |   Yves Beckers3  |   Eric Froidmont1

1Production and Sectors Department, 
Walloon Agricultural Research Center, 
Gembloux, Belgium
2Agriculture and Natural Environment 
Department, Walloon Agricultural Research 
Center, Gembloux, Belgium
3Precision Livestock and Nutrition, 
University of Liège - Gembloux Agro-Bio 
Tech, Gembloux, Belgium

Correspondence
Sophie Herremans, Production and Sectors 
Department, Walloon Agricultural Research 
Center, Rue de Liroux, 8, 5030 Gembloux, 
Belgium.
Email: so.herremans@gmail.com

Abstract
Tannins are secondary plant compounds which have been extensively studied in 
order to improve the nitrogen use efficiency (NUE) of ruminants. A meta-analysis 
was performed of 58 in vivo experiments comparing milk yield, composition and ni-
trogen metabolism of lactating dairy cows fed diets with or without tannins. The 
meta-analysis shows that tannins have no impact on corrected milk yield, fat and pro-
tein content or NUE (p > .05). However, tannins reduce ruminal ammoniacal nitrogen 
(N) production by 16% (from 10.95 to 8.47 mg/dl on average), milk urea by 9% (from 
15.82 to 14.03 mg/dl) and urinary N excretion (−11%; p < .05). This is compensated 
for by a lower apparent N digestibility (61.51% with dietary tannins compared to 
66.17% without). The effect of tannin on N metabolism parameters increases with 
tannin dose (p < .05). The shift from urinary to faecal N may be beneficial for environ-
ment preservation, as urinary N induces more harmful emissions than faecal N. From 
a farmer's perspective, tannins seem unable to increase fat- and protein-corrected 
milk yield or reduce feed protein requirements and thus have no direct economic 
benefit. Potentially less costly than tannin extracts, forage or by-products naturally 
rich in tannins could still be useful to reduce the environmental impact of ruminant 
protein feeding.
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(Jones & Mangan, 1977 cited by Piluzza, Sulas, & Bullitta, 2014). The 
greater flow of digestible feed protein to the intestine could then 
potentially improve NUE and milk yield. However, this simplistic 
assumption is not always confirmed by published studies and what 
happens to released tannins remains unclear (Piluzza et al., 2014).

The objectives addressed in this article were (a) to evaluate the 
effect of dietary tannins on the nitrogen balance and milk produc-
tion of dairy cows and (b) to describe these effects according to 
tannin dose and tannin type. Through a statistical treatment, the 
meta-analysis process allows a quantitative and systematic review 
of the literature in order to reach these objectives (Philibert, Loyce, 
& Makowski, 2012). The use of meta-analysis in agronomy is recom-
mended to review considerable amounts of experimental data con-
taining heterogeneous information (Doré et al., 2011).

2  | MATERIAL S AND METHODS

2.1 | Data collection and selection

We collected peer-reviewed scientific publications through a com-
prehensive literature search. Three databases were used (Scopus, 
ScienceDirect and Google Scholar), and the search was extended to 
all fields. The following Boolean search string (Equation 1), contain-
ing most common tannins and tannin-containing plants, was used in 
the databases:

The searches were conducted in June 2017 and updated in 
September 2018 and led to the identification of 604 scientific publica-
tions. These publications went through a two-step selection process. 
A first screening of titles and abstracts excluded in vitro and simulation 
studies, reviews and irrelevant articles. The second step was the analy-
sis of full-text articles in order to select articles meeting several criteria: 
(a) presence of cows’ milk production data; (b) similarity between the 
control and experimental groups except for the presence of tannin; (c) 
quantification or possible determination of ingested tannin quantity 
and iv) only peer-reviewed and non-predatory journal articles (accord-
ing to the Beall's list, accessed on 10 September 2018).

The selection process is illustrated in Figure 1. When several se-
lected articles presented data from the same experiment, they were 
pooled. When referenced in selected articles, data from the same ex-
periment published in other articles were also extracted. All articles 
containing data used in the meta-analysis are cited in Appendix 1.

2.2 | Data extraction

Mean milk yield was extracted for control and treatment groups from 
all studies, which sometimes included several trials. When available, 15 

other response parameters were also extracted (listed in the extracted 
response parameters section of Table 1). For each parameter and each 
study, a ratio (R) of mean value with tannin in the diet (Ytannin) to mean 
value without tannin (Ycontrol) was calculated (R = Ytannin/Ycontrol). A ratio 
of 1 indicated the same value for tannin and control diets. Most studies 
presented standard errors of the mean (SEM), so that standard devia-
tions (SD) were evaluated using the following equation: SEM = SD/√n, 
with n being the number of observations. Some articles did not provide 
SD, SEM or any other value allowing computing SD so that missing SD 
were replaced by mean or maximum SD of the other studies according 
to the model (see Section 2.3). Information on type of animals, diet, 
type and dose of tannins was also extracted. For four studies which 
did not determine the tannin content of the diet, the dose of tannins 
was estimated according to Feedipedia (http://feedi pedia.org) values 
or from two publications of Jackson, McNabb, Barry, Foo, and Peters 
(1996) and Zimmer and Cordesse (1996).

2.3 | Data analysis

Statistical analyses were performed with R software and the “meta-
for” package (Viechtbauer, 2010). All statistical analyses were per-
formed on the logarithm of the ratios previously calculated (L = ln(R)). 
The homogeneity of effect sizes was assessed by the Q test (Hedges, 
Gurevitch, & Curtis, 1999) and supported the choice of model with or 

(1)

(tannin OR chestnut OR quebrachoOR birdsfoot OR lotus OR sainfoin OR

onobrychiss OR sulla OR hedysarumOR proanthocyanidin)AND(dairy ORmilk)AND

(cowOR cattle OR ruminant).

F I G U R E  1   Study selection flow diagram

http://feedipedia.org
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without random effects. As between-study heterogeneity was found, 
the study was used as a random factor. For each response parame-
ter, two models were compared: missing SD were replaced by either 
the mean or the maximum SD of other studies. As our models used 
study variance as a weighting factor, the use of SDmax minimised the 
influence of data with missing SD compared with the use of SDmean. 
The sensitivity of our results to the model choice was assessed by 
comparing these two models, based on the Akaike information crite-
ria. For each response parameter individually, the two models were 
fitted using the “rma” function (linear mixed-effects model) of the 
“metafor” package, with the restricted maximum likelihood method. 
Transformed ratios (L) were used as the only independent variable, 
study as random factor and study variance as weight. If L significantly 
differs from 0 (if R differs from 1), the meta-analysis indicates that tan-
nins have a significant effect on the tested response parameter. This 
analysis is a first approach to determine if tannins globally affect each 
response parameters.

Then, the effects of dose (g/day), relative dose (g/kg DMI), 
tannin type (hydrolysable versus. condensed), tannin source 

(extracted or not) and diet composition on the mean effect size 
were individually tested with the “lme” function (linear mixed-ef-
fects model) of the “nlme” package. Study was still used as a ran-
dom factor and variance as weight. Dose, tannin type or source 
or diet composition were set as a fixed factor, one at a time with 
L as independent variable and this for each response parameter 
individually. It should be noted that the effect of cow's breed could 
not be analysed because of insufficient data. This second and in-
dependent approach aimed at determining which factors generally 
impact the effect of tannins on the response parameters and in 
what ways. The level of significance was set at α = 0.05 for all 
analyses.

2.4 | Publication bias analysis

Funnel plots were created for each parameter, excluding studies 
with missing SDs. Publication bias was assessed with Egger's method 
using a linear regression between normalised effect size and 

TA B L E  1   Data description (means and SD between studies)

Parameter nControl MeanControl nTannin MeanTannin SD

Diet features

Forage in dieta  (g/100 g DM) – 55.6 – 56.7 28.19

CP (g/100 g DM) – 16.6 – 16.8 3.47

NDF (g/100 g DM) – 40.3 – 39.2 10.50

ADF (g/100 g DM) – 24.9 – 25.2 7.08

Tannin dose (g/day) – – – 183 –

Tannin relative dose (g/100 g DMI) – – – 0.95 –

Extracted response parameters

DMI (kg DM/day) 46 19.47 84 19.57 5.639

Milk yield (kg/day) 58 23.88 102 24.00 10.989

FPCM yield (kg/day) 55 23.76 94 24.20 9.792

Fat (g/100 g) 55 3.96 94 3.98 0.499

Protein (g/100 g) 55 3.32 94 3.30 0.379

Rumen NH3-N (mg/dl) 18 10.95 35 8.47 2.079

BUN (mg/dl) 14 17.58 27 15.20 5.419

MUN (mg/dl) 27 15.82 48 14.03 4.837

UN (%N intake) 17 35.75 34 30.88 10.558

FN (%N intake) 22 34.39 42 38.39 6.174

DM digestibility (%) 18 65.64 37 64.87 5.523

OM digestibility (%) 27 66.17 40 66.03 7.032

NDF digestibility (%) 18 54.88 40 52.60 7.939

ADF digestibility (%) 15 50.06 33 50.13 8.984

N digestibility (%) 22 66.17 42 61.51 6.657

NUE (%) 26 27.52 47 27.47 4.178

Abbreviations: ADF, acid detergent fibre; BUN, blood urea nitrogen; CP, crude protein; DM, dry matter; DMI, dry matter intake; FN, faecal nitrogen; 
FPCM, fat- and protein-corrected milk; MUN, milk urea nitrogen; n, number of treatments included in the meta-analysis; NDF, neutral detergent 
fibre; NUE, nitrogen use efficiency; OM, organic matter; SD, standard deviation; UN, urinary nitrogen.
aForage excluding corn silage. 
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precision (Makowski, Piraux, & Brun, 2018) defined as L

SDL

 1

SDL

 with 

SDL being the standard ssdeviation of L = ln(R).
If the intercept of the regression line differed from 0, a publica-

tion bias was detected.
The trimfill function (Duval & Tweedie, 2000) with the default ar-

guments was used on parameters subject to publication bias in order 
to evaluate the effect of this bias on the outcomes.

3  | RESULTS

Through the database search, 47 studies (presented in Appendix 1) 
were included in the meta-analysis totalling 58 experiments, 160 
treatments and 1,347 animals. Of these experiments, 42% were 
performed with pure Holstein dairy cows and 27% with crossbred 
Holstein. Around 30% of the experiments took place in Europe, 20% 
in Asia, 17% in North America and 17% in Australia or New Zealand. 
Mean diet characteristics are presented in Table 1; more than 50% 
of the average diet consisted of grass or legume forages and almost 
17% of crude protein (CP). Experimental tannin doses ranged from 
10 to more than 800 g per animal per day, representing a range of 
between 1 and more than 40 g/kg DM. Two tannin types were stud-
ied: 12% of the treatments used hydrolysable tannins and the other 
88% used condensed tannins. Around 65% of treatments used for-
age or by-products naturally containing tannins whereas 35% added 
tannin extracts.

The Q tests were significant (p < .05) for all parameters, suggest-
ing between-study heterogeneity. For this reason, models with ran-
dom effects were chosen in this meta-analysis. Differences between 
models using SDmax or SDmean were small. Three parameters (DMI, 
milk yield and DM digestibility) were significantly influenced by tan-
nins (p < .05) in only one of the two models, but they tended to be 
affected by tannins in the second model (p < .10). Thus, estimated 
mean effect sizes and confidence intervals were not very sensitive 
to model assumption on SD. According to the best-fitted models 
(Table 2), tannins significantly affected milk yield, ruminal ammo-
nia nitrogen (N-NH3), blood urea nitrogen (BUN), milk urea nitrogen 
(MUN), urine and faecal nitrogen and nitrogen digestibility (p < .05). 
While milk yield was slightly improved by tannins (+1.7%), ruminal 
N-NH3, MUN and BUN decreased by 16%, 8% and 9% respectively. 
Urine N excretion fell by 11% whereas faecal N excretion rose by 
10%, also reducing N digestibility by 7%. The digestibility of DM and 
OM tended to decrease in the presence of tannins (p < .10; −1.5% 
and −1.2% respectively). Depending on the model, tannins had little 
or no impact on DMI. Corrected milk yield, milk fat and protein, NUE 
and fibre digestibility were not influenced by the presence of tannins 
in the diet.

All significant parameters except milk yield and urinary N 
were influenced by tannin dose in both absolute and relative val-
ues (Table 3). Increasing tannin doses significantly decreased ru-
minal N-NH3, BUN, MUN and N digestibility (p < .05), whereas 
they increased FN (p < .001). The tannin type (condensed versus. 

hydrolysable) only influenced faecal N excretion (p < .05), with con-
densed tannins causing more faecal excretion than hydrolysable 
tannins (+15%). The source of tannin (naturally contained in feed or 
extracts added to diet) significantly affected milk yield (p < .01). Feed 
naturally containing tannins improved milk production compared 
with tannin extracts added to the diet (+4%). Diet characteristics 
mostly interacted with tannin's effect on ruminal N-NH3 and BUN. 
A rise in diet CP content enhanced the reduction effect of tannins 
on these parameters, whereas a high forage proportion in the diet 
lowered the impact of tannins. Diet CP and forage content did not 
affect tannin impact on milk yield or NUE (p > .05; data not shown).

Figure 2 shows that BUN, FN and DM digestibility could present 
a publication bias, with the intercept of Egger's regression line being 
significantly different from 0 (p < .05). The use of the trimfill function 
only affected FN outcomes, increasing the mean ratio from 1.1031 
to 1.1373, which remains significantly different from 1 (p < .001). 
The function suggests that eight treatments were missing to avoid 
the publication bias in addition to the 42 treatments identified in the 
meta-analysis.

4  | DISCUSSION

The present study showed that tannins had several impacts on dairy 
cows’ milk production and nitrogen partitioning. The major findings 
are an absence of effect of tannins on corrected milk yield and NUE 
of dairy cows. Ruminal N-NH3, MUN and urinary N excretion indi-
cated that ruminal N degradability would be reduced because of tan-
nins. However, the fall observed in N digestibility can explain why 
tannins did not influence NUE. Dairy cows seem thus unable to make 
better use of dietary proteins thanks to tannins. Consistently with 
ruminal ammonia and MUN decreases, lower BUN was observed 
with tannins in the diet but this response parameter was subject to 
publication bias. The same bias applied to DM digestibility and FN. 
Tannins effects on ruminal N-NH3, MUN and N digestibility were 
magnified by increasing tannin doses. Tannin type influenced none 
of the assessed response parameters, except for FN which was sub-
ject to publication bias and thus difficult to interpret.

According to the best-fitted model, a significant increase in milk 
yield was observed in the presence of tannins, but the mean effect size 
ratio suggested that the increase was less than 2%. Our results suggest 
that this increase is greater when cows are fed forage or by-products 
naturally containing tannins than when they are given tannin extracts, 
but tannin dose or type (hydrolysable vs. condensed) had no effect. 
The source of tannin (naturally present or extracted) did not influence 
parameters other than milk yield, which makes this effect difficult 
to interpret. Milk fat and protein were not affected by tannins, and 
corrected milk yield was not influenced either. It is possible that pro-
tein was not a limiting factor in the diet in most studies, so that an 
improved digestible protein supply linked to tannins would not result 
in an increased milk yield. However, the absence of effect of dietary 
CP content on mean effect size of tannins on milk yield suggests that 
even in low-protein diets, milk production would not be substantially 
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increased by tannins. According to these results, tannins would proba-
bly not represent a suitable option to improve milk yield.

Tannins affected nitrogen metabolism at several levels. Dietary 
tannins decreased ruminal N-NH3 and the urea N content of milk. 
Total N found in urine compared with N intake fell when cows were 
fed tannins, which was probably compensated for by a rise in faecal 
N. As a result, N digestibility was reduced. Ruminal ammonia N re-
duction has already been widely described in the literature: tannins 
are known for their capacity to bind with proteins at ruminal pH and 
reduce their degradation by micro-organisms (McNabb, Waghorn, 
Peters, & Barry, 1996). A lower N-NH3 concentration in the rumen, 
reflecting a decrease in ruminal CP degradability, could thus be linked 
to a greater protein flow to the intestine. Besides, as urea is formed by 

the liver from excess ammonia, the decrease in urea N in milk may be 
directly caused by the lower protein degradation in the rumen and the 
lower ammonia production. Because less urea is generated, the lower 
ruminal CP degradation may also explain the fall in urinary N excretion 
relative to N intake. Consistently with ruminal N-NH3 and MUN, a de-
crease in BUN is also observed with tannins but BUN results could be 
subject to publication bias as shown in Figure 2. Publication bias tends 
to overestimate the treatment effect (Makowski et al., 2018), so BUN 
reduction (−9%) with tannins could be lower in reality.

Tannin–protein complexes are formed by means of hydrophobic 
interactions, hydrogen, and ionic and covalent bonds (Kumar & Singh, 
1984 cited by Frutos, Hervas, Giráldez, & Mantecón, 2004). As some of 
these bonds are pH-dependent, complexes are unstable and dissociate 

Parameter n Best-fitted model Mean ratio CI 95% p-value

DMI 84 SDmean 1.0118 0.9971–1.0266 .1150

Milk yield 102 SDmax 1.0170 1.0021–1.0322 .0255

FPCM yield 94 SDmax 1.0117 0.9950–1.0287 .1699

Fat 94 SDmean 1.0037 0.9934–1.0142 .4776

Protein 94 SDmean 0.9913 0.9821–1.0006 .0665

Rumen NH3-N 35 SDmean 0.8389 0.7785–0.9039 <.001

BUN 27 SDmax 0.9085 0.8534–0.9671 .0026

MUN 48 SDmax 0.9242 0.8974–0.9521 <.001

UN 34 SDmax 0.8906 0.8437–0.9400 <.001

FN 42 SDmax 1.1031 1.0666–1.1408 <.001

DM digestibility 37 SDmax 0.9857 0.9715–1.0000 .0501

OM 
digestibility

40 SDmean 0.9878 0.9754–1.0003 .0563

NDF 
digestibility

40 SDmean 0.9807 0.9561–1.0058 .1304

ADF 
digestibility

33 SDmean 0.9878 0.9600–1.0165 .4019

N digestibility 42 SDmax 0.9304 0.9083–0.9530 <.001

NUE 47 SDmean 1.0066 0.9770–1.0371 .6668

Abbreviations: ADF, acid detergent fibre; BUN, blood urea nitrogen; CI, confidence interval; DMI, 
dry matter intake; FN, faeces/intake nitrogen; FPCM, fat- and protein-corrected milk; MUN, milk 
urea nitrogen; n, number of treatments included in the analysis; NDF, neutral detergent fibre; NUE, 
nitrogen use efficiency; OM, organic matter; UN, urine/intake nitrogen.

TA B L E  2   Mean effect size and model 
confidence intervals, Akaike's information 
criterion (AIC) and p-values calculated 
from 58 experiments using random-effect 
models with SDmax or SDmean replacing 
missing SD

TA B L E  3   Significance (p-values) of dose, tannin characteristics and diet effects on mean effect size of significant parameters, based on 
the SDmax model

Parameter Dose Relative dose Tannin type Tannin source Diet CP content
Diet forage 
proportion

Milk yield 0.7302 0.4726 0.2774 0.0045 0.7482 0.4064

Rumen NH3-N <0.0001 <0.0001 0.9077 0.1957 0.0021 0.0085

BUN 0.0002 0.0004 0.4998 0.9691 0.0240 0.0029

MUN 0.0022 0.0011 0.2651 0.5160 0.8898 0.3361

UN 0.4757 0.6723 0.5811 0.5862 0.3538 0.6920

FN 0.0001 0.0002 0.0227 0.6452 0.3808 0.0185

N digestibility 0.0223 0.0223 0.0712 0.9134 0.2793 0.1921

Abbreviations: BUN, blood urea nitrogen; CP, crude protein; FN, faeces/intake nitrogen; MUN, milk urea nitrogen; UN, urine/intake nitrogen.
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outside the pH range of 3.5 to 7 (Jones & Mangan, 1977). Protein will 
then be available at gastric and pancreatic digestion sites. However, 
the fall in N digestibility suggests either that dissociation is only partial 

or that some complexes could reassemble with feed or endogenous 
proteins in the digestive tract, as proposed by Waghorn (2008). 
Beauchemin, McGinn, Martinez, and McAllister (2007) observed a 

F I G U R E  2   Funnel plots and significance (p-value) of Egger's criterion per parameter without missing SD studies (DMI, dry matter intake; 
FPCM, fat- and protein-corrected milk; nh3r, ruminal ammonia; BUN, blood urea nitrogen; MUN, milk urea nitrogen; UN, urine/intake 
nitrogen; FN, faeces/intake nitrogen; DM, dry matter; OM, organic matter; NDF, neutral detergent fibre; ADF, acid detergent fibre; NUE, 
nitrogen use efficiency)
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decrease in ADF-bound N (ADIN) digestibility by 43%–93% due to 
condensed tannin extracts, which represents 31% to 67% more ADIN 
in tannin-fed cows’ faeces compared with control cows’ faeces. Powell, 
Broderick, Grabber, and Hymes-Fecht (2009) also found an increase in 
ADIN faecal concentrations when high-tannin birdsfoot trefoil was fed 
to cows. As ADIN intakes were similar in all treatments in the study of 
Beauchemin et al. (2007), we can hypothesise that ADIN was formed 
in the digestive tract because of non-reversible complexation between 
protein and tannins. This trend was also observed by Herremans, 
Decruyenaere, Cantalapiedra-Hijar, Beckers, and Froidmont (2019) 
when hydrolysable tannin-treated grass silage was fed to dairy cows. 
The undigested irreversible tannin–protein complexes therefore ap-
pear to lower the N digestibility of tannin-rich diets.

Hagerman, Robbins, Weerasuriya, Wilson, and McArthur (1992) 
showed that hydrolysable tannins did not affect N digestibility, con-
trary to condensed tannins. In faeces, they found condensed tan-
nins but no hydrolysable tannins, leading them to suppose the rapid 
hydrolysis of hydrolysable tannins and the formation of gallic acid 
after ingestion. The present meta-analysis did not find any effect of 
tannin type on N digestibility, but higher faecal N was observed for 
condensed tannins relative to hydrolysable tannins. However, faecal 
N values were subject to a publication bias that may suggest an over-
estimation of the reduction observed with tannins.

While tannins significantly reduced N digestibility by 7%, OM 
digestibility tended to decrease too, but to a lower extent. With a 
reduction in less than 2%, the impact of tannins on this parameters 
is weak. Furthermore, the digestibility of NDF and ADF was similar 
between treatments. This qualifies the reports in some literature re-
views of a reduction in DM, OM and fibre digestibility (Frutos et al., 
2004; McMahon et al., 2000; Mueller-Harvey, 2006) caused by cellu-
lolytic enzymes or bacteria inhibition or complexation between tan-
nins and feed components such as starch, carbohydrates or cell walls.

The absence of any effect of tannins on NUE, regardless of the di-
et's CP or forage content, implies that milk nitrogen yield could not be 
improved overall despite the likely enhanced protein flow to the intes-
tine. The fall in urinary N is almost exactly compensated for by the rise 
in faecal N, without any efficiency gain. From a farmer's perspective, 
tannins are thus of little interest given the lack of economic return. 
However, tannins could be useful for environmental preservation. By 
reducing urinary N excretion, tannins can limit N pollution. Śliwiński, 
Kreuzer, Sutter, Machmüller, and Wettstein (2004) showed a 50% re-
duction in manure nitrogen loss during 8 weeks of storage resulting 
from the use of chestnut tannin extract (p < .05). Relative to faecal 
excretion, urinary N is highly susceptible to NH3 volatilisation (Bussink 
& Oenema, 1998) and to nitrification, and hence responsible for a high 
proportion of N2O emissions (Eckard, Grainger, & de Klein, 2010). 
Reducing urinary N would therefore help protect the environment.

5  | CONCLUSION

Through the 58 experiments included in the present meta-analysis, 
we found that tannins have no effects on fat- and protein-corrected 

milk production or N use efficiency. However, they do act on dairy 
cows' nitrogen metabolism by reducing N degradation in the rumen. 
Their effect on nitrogen metabolism linearly increased with tannin 
dose. Although tannins have no direct economic benefit for dairy 
producers, they could be of environmental interest by reducing uri-
nary N losses in favour of faecal N. As a result, N emission from 
manure is lower in a tannin-rich diet.

CONFLIC T OF INTERE S T
Authors have no conflict of interest to declare.

E THIC AL APPROVAL
The authors confirm that the ethical policies of the journal, as noted 
on the journal's author guidelines page, have been adhered to.

ANIMAL WELFARE S TATEMENT
No ethical approval was required as this is a review article with no 
original research data.

ORCID
Sophie Herremans  https://orcid.org/0000-0001-6502-7050 
Frédéric Vanwindekens  https://orcid.org/0000-0002-9117-7543 
Yves Beckers  https://orcid.org/0000-0002-1649-1161 
Eric Froidmont  https://orcid.org/0000-0002-7950-4193 

R E FE R E N C E S
Beauchemin, K. A., McGinn, S. M., Martinez, T. F., & McAllister, T. A. 

(2007). Use of condensed tannin extract from quebracho trees to re-
duce methane emissions from cattle. Journal of Animal Science, 85(8), 
1990–1996.

Broderick, G. A. (2018). Review: Optimizing ruminant conversion of feed 
protein to human food protein. Animal, 12(08), 1722–1734. https://
doi.org/10.1017/S1751 73111 7002592

Bussink, D. W., & Oenema, O. (1998). Ammonia volatilization from dairy 
farming systems in temperate areas: A review. Nutrient Cycling in 
Agroecosystems, 51, 19–33. https://doi.org/10.1023/A:10097 47109538

Calsamiglia, S., Ferret, A., Reynolds, C. K., Kristensen, N. B., & van 
Vuuren, A. M. (2010). Strategies for optimizing nitrogen use by ru-
minants. Animal, 4(07), 1184–1196. https://doi.org/10.1017/S1751 
73111 0000911

Doré, T., Makowski, D., Malézieux, E., Munier-Jolain, N., Tchamitchian, 
M., & Tittonell, P. (2011). Facing up to the paradigm of ecological in-
tensification in agronomy: Revisiting methods, concepts and knowl-
edge. European Journal of Agronomy, 34(4), 197–210. https://doi.
org/10.1016/j.eja.2011.02.006

Duval, S., & Tweedie, R. (2000). A Nonparametric, “Trim and Fill” 
method of accounting for publication bias in meta-analysis. Journal 
of the American Statistical Association, 95(449), 89–98. https://doi.
org/10.1080/01621 459.2000.10473905

Eckard, R. J., Grainger, C., & de Klein, C. A. M. (2010). Options for the 
abatement of methane and nitrous oxide from ruminant produc-
tion: A review. Livestock Science, 130(1–3), 47–56. https://doi.
org/10.1016/j.livsci.2010.02.010

Frutos, P., Hervas, G., Giráldez, F. J., & Mantecón, A. R. (2004). Review. 
Tannins and ruminant nutrition. Spanish Journal of Agricultural 
Research, 2(2), 191–202. https://doi.org/10.5424/sjar/20040 22-73

Hagerman, A. E., Robbins, C. T., Weerasuriya, Y., Wilson, T. C., & McArthur, 
C. (1992). Tannin chemistry in relation to digestion. Journal of Range 
Management, 45(1), 57. https://doi.org/10.2307/4002526

https://orcid.org/0000-0001-6502-7050
https://orcid.org/0000-0001-6502-7050
https://orcid.org/0000-0002-9117-7543
https://orcid.org/0000-0002-9117-7543
https://orcid.org/0000-0002-1649-1161
https://orcid.org/0000-0002-1649-1161
https://orcid.org/0000-0002-7950-4193
https://orcid.org/0000-0002-7950-4193
https://doi.org/10.1017/S1751731117002592
https://doi.org/10.1017/S1751731117002592
https://doi.org/10.1023/A:1009747109538
https://doi.org/10.1017/S1751731110000911
https://doi.org/10.1017/S1751731110000911
https://doi.org/10.1016/j.eja.2011.02.006
https://doi.org/10.1016/j.eja.2011.02.006
https://doi.org/10.1080/01621459.2000.10473905
https://doi.org/10.1080/01621459.2000.10473905
https://doi.org/10.1016/j.livsci.2010.02.010
https://doi.org/10.1016/j.livsci.2010.02.010
https://doi.org/10.5424/sjar/2004022-73
https://doi.org/10.2307/4002526


8  |     HERREMANS Et Al.

Hedges, L. V., Gurevitch, J., & Curtis, P. S. (1999). The meta-analysis using 
response ratios in experimental ecology. Ecology, 80, 1150–1156.

Herremans, S., Decruyenaere, V., Cantalapiedra-Hijar, G., Beckers, Y., & 
Froidmont, E. (2019). Effects of hydrolysable tannin-treated grass 
silage on milk yield and composition, nitrogen partitioning and ni-
trogen isotopic discrimination in lactating dairy cows. Animal, 1–9. 
https://doi.org/10.1017/S1751 73111 900226X

Jackson, F. S., McNabb, W. C., Barry, T. N., Foo, Y. L., & Peters, J. S. 
(1996). The condensed tannin content of a range of subtropical 
and temperate forages and the reactivity of condensed tannin with 
Ribulose- 1,5-bis-phosphate Carboxylase (Rubisco) protein. Journal 
of the Science of Food and Agriculture, 72(4), 483–492. https://
doi.org/10.1002/(SICI)1097-0010(19961 2)72:4<483:AID-JSFA6 
84>3.0.CO;2-G

Jones, W. T., & Mangan, J. L. (1977). Complexes of the condensed tan-
nins of sainfoin (Onobrychis viciifolia scop.) with fraction 1 leaf 
protein and with submaxillary mucoprotein, and their reversal 
by polyethylene glycol and pH. Journal of the Science of Food and 
Agriculture, 28(2), 126–136. https://doi.org/10.1002/jsfa.27402 
80204

Kumar, R., & Singh, M. (1984). Tannins: Their adverse role in ruminant 
nutrition. Journal of Agricultural and Food Chemistry, 32, 447–453.

Makowski, D., Piraux, F., & Brun, F. (2018). De l’analyse des réseaux ex-
périmentaux à la méta-analyse: Méthodes et applications avec le logiciel 
R pour les sciences agronomiques et environnementales (Savoir faire) 
(French Edition) (162 p.). Paris, France: Quae.

McMahon, L. R., McAllister, T. A., Berg, B. P., Majak, W., Acharya, S. N., 
Popp, J. D., … Cheng, K.-J. (2000). A review of the effects of for-
age condensed tannins on ruminal fermentation and bloat in grazing 
cattle. Canadian Journal of Plant Science, 80(3), 469–485. https://doi.
org/10.4141/P99-050

McNabb, W. C., Waghorn, G. C., Peters, J. S., & Barry, T. N. (1996). The 
effect of condensed tannins in Lotus pedunculatus on the solubiliza-
tion and degradation of ribulose-1,5-bisphosphate carboxylase (EC 
4.1.1.39; Rubisco) protein in the rumen and the sites of Rubisco di-
gestion. British Journal of Nutrition, 76(04), 535.

Mueller-Harvey, I. (2006). Unravelling the conundrum of tannins in ani-
mal nutrition and health. Journal of the Science of Food and Agriculture, 
86, 2010–2037. https://doi.org/10.1002/jsfa.2577

Philibert, A., Loyce, C., & Makowski, D. (2012). Assessment of the quality 
of meta-analysis in agronomy. Agriculture, Ecosystems & Environment, 
148, 72–82. https://doi.org/10.1016/j.agee.2011.12.003

Piluzza, G., Sulas, L., & Bullitta, S. (2014). Tannins in forage plants and their role 
in animal husbandry and environmental sustainability: A review. Grass and 
Forage Science, 69(1), 32–48. https://doi.org/10.1111/gfs.12053

Powell, J. M., Broderick, G. A., Grabber, J. H., & Hymes-Fecht, U. C. 
(2009). Technical note: Effects of forage protein-binding polyphe-
nols on chemistry of dairy excreta. Journal of Dairy Science, 92(4), 
1765–1769. https://doi.org/10.3168/jds.2008-1738

Śliwiński, B. J., Kreuzer, M., Sutter, F., Machmüller, A., & Wettstein, H.-R. 
(2004). Performance, body nitrogen conversion and nitrogen emis-
sion from manure of dairy cows fed diets supplemented with differ-
ent plant extracts. Journal of Animal and Feed Sciences, 13, 73–91.

Viechtbauer, W. (2010). Conducting meta-analyses in R with the metafor 
package. Journal of Statistical Software, 36(3), 1–48.

Waghorn, G. (2008). Beneficial and detrimental effects of dietary con-
densed tannins for sustainable sheep and goat production—Progress 
and challenges. Animal Feed Science and Technology, 147(1–3), 116–
139. https://doi.org/10.1016/j.anife edsci.2007.09.013

Zimmer, N., & Cordesse, R. (1996). Influence des tanins sur la valeur nu-
tritive des aliments des ruminants. INRA Productions Animales, 9(3), 
167–179.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Herremans S, Vanwindekens F, 
Decruyenaere V, Beckers Y, Froidmont E. Effect of dietary 
tannins on milk yield and composition, nitrogen partitioning 
and nitrogen use efficiency of lactating dairy cows: A 
meta-analysis. J Anim Physiol Anim Nutr. 2020;00:1–10. 
https://doi.org/10.1111/jpn.13341

APPENDIX 1

LI S T O F PU B LI C ATI O N S US E D I N TH E 
M E TA-A N A LYS I S
Abarghuei, M. J., Rouzbehan, Y., Salem, A. Z., & Zamiri, M. J. (2014). 

Nitrogen balance, blood metabolites and milk fatty acid composition 
of dairy cows fed pomegranate-peel extract. Livestock Science, 164, 
72–80. https://doi.org/10.1016/j.livsci.2014.03.021

Abarghuei, M. J., Rouzbehan, Y., Salem, A. Z. M., & Zamiri, M. J. (2013). 
Nutrient digestion, ruminal fermentation and performance of dairy 
cows fed pomegranate peel extract. Livestock Science, 157(2–3), 452–
461. https://doi.org/10.1016/j.livsci.2013.09.007

Aguerre, M. J., Capozzolo, M. C., Lencioni, P., Cabral, C., & Wattiaux, M. 
A. (2016). Effect of quebracho-chestnut tannin extracts at 2 dietary 
crude protein levels on performance, rumen fermentation, and nitro-
gen partitioning in dairy cows. Journal of Dairy Science, 99(6), 4476–
4486. https://doi.org/10.3168/jds.2015-10745

Alves, T. P., Dall-Orsoletta, A. C., Mibach, M., Biasiolo, R., & Ribeiro-Filho, 
H. M. N. (2016). A tannin extract to mitigate methane emissions in 
dairy cows grazing on tropical pasture. Grassland Science in Europe, 
21, 841–843.

Alves, T. P., Dall-Orsoletta, A. C., & Ribeiro-Filho, H. M. N. (2017). The ef-
fects of supplementing Acacia mearnsii tannin extract on dairy cow 
dry matter intake, milk production, and methane emission in a tropi-
cal pasture. Tropical Animal Health and Production, 49(8), 1663–1668. 
https://doi.org/10.1007/s1125 0-017-1374-9

Alves, T. P., Dias, K. M., Dallastra, L. J. H., Fonseca, B. L., & Ribeiro-Filho, 
H. M. N. (2017). Energy and tannin extract supplementation for dairy 
cows on annual winter pastures. Semina: Ciências Agrárias, 38(2), 
1017. https://doi.org/10.5433/1679-0359.2017v 38n2p 1017

Anantasook, N., Wanapat, M., Cherdthong, A., & Gunun, P. (2015). Effect 
of tannins and saponins in Samanea saman on rumen environment, 
milk yield and milk composition in lactating dairy cows. Journal of 
Animal Physiology and Animal Nutrition, 99(2), 335–344. https://doi.
org/10.1111/jpn.12198

Aprianita, A., Donkor, O. N., Moate, P. J., Williams, S. R. O., Auldist, M. 
J., Greenwood, J. S., … Vasiljevic, T. (2014). Effects of dietary cotton-
seed oil and tannin supplements on protein and fatty acid composi-
tion of bovine milk. Journal of Dairy Research, 81(2), 183–192. https://
doi.org/10.1017/S0022 02991 4000065

Benchaar, C., & Chouinard, P. Y. (2009). Short communication: 
Assessment of the potential of cinnamaldehyde, condensed tannins, 
and saponins to modify milk fatty acid composition of dairy cows. 

https://doi.org/10.1017/S175173111900226X
https://doi.org/10.1002/(SICI)1097-0010(199612)72:4%3C483:AID-JSFA684%3E3.0.CO;2-G
https://doi.org/10.1002/(SICI)1097-0010(199612)72:4%3C483:AID-JSFA684%3E3.0.CO;2-G
https://doi.org/10.1002/(SICI)1097-0010(199612)72:4%3C483:AID-JSFA684%3E3.0.CO;2-G
https://doi.org/10.1002/jsfa.2740280204
https://doi.org/10.1002/jsfa.2740280204
https://doi.org/10.4141/P99-050
https://doi.org/10.4141/P99-050
https://doi.org/10.1002/jsfa.2577
https://doi.org/10.1016/j.agee.2011.12.003
https://doi.org/10.1111/gfs.12053
https://doi.org/10.3168/jds.2008-1738
https://doi.org/10.1016/j.anifeedsci.2007.09.013
https://doi.org/10.1111/jpn.13341
https://doi.org/10.1016/j.livsci.2014.03.021
https://doi.org/10.1016/j.livsci.2013.09.007
https://doi.org/10.3168/jds.2015-10745
https://doi.org/10.1007/s11250-017-1374-9
https://doi.org/10.5433/1679-0359.2017v38n2p1017
https://doi.org/10.1111/jpn.12198
https://doi.org/10.1111/jpn.12198
https://doi.org/10.1017/S0022029914000065
https://doi.org/10.1017/S0022029914000065


     |  9HERREMANS Et Al.

Journal of Dairy Science, 92(7), 3392–3396. https://doi.org/10.3168/
jds.2009-2111

Benchaar, C., McAllister, T. A., & Chouinard, P. Y. (2008). Digestion, 
ruminal fermentation, ciliate protozoal populations, and milk 
production from dairy cows fed cinnamaldehyde, quebracho 
condensed tannin, or Yucca schidigera saponin extracts. Journal 
of Dairy Science, 91(12), 4765–4777. https://doi.org/10.3168/
jds.2008-1338

Bezerra, L. R., Edvan, R. L., Oliveira, R. L., Silva, A. M. D. A.,Bayão, G. F. 
V., Pereira, F. B., & Oliveira, W. D. C. D. (2015). Hemato-biochemical 
profile and milk production of crossbred Girolando cows supple-
mented with product dehydrated cashew. Semina: Ciências Agrárias, 
36(5), 3329. https://doi.org/10.5433/1679-0359.2015v 36n5p 3329

Bhatta, R., Krishnamoorthy, U., & Mohammed, F. (2000). Effect of 
feeding tamarind (Tamarindus indica) seed husk as a source of tan-
nin on dry matter intake, digestibility of nutrients and production 
performance of crossbred dairy cows in mid-lactation. Animal Feed 
Science and Technology, 83(1), 67–74. https://doi.org/10.1016/S0377 
-8401(99)00118 -2

Broderick, G. A., Grabber, J. H., Muck, R. E., & Hymes-Fecht, U. C. (2017). 
Replacing alfalfa silage with tannin-containing birdsfoot trefoil silage 
in total mixed rations for lactating dairy cows. Journal of Dairy Science, 
100(5), 3548–3562. https://doi.org/10.3168/jds.2016-12073

Chapuis, D., Delaby, L., Rouille, B., Bernus, M., & Perreau-Bonnin, H. 
(2013). Utilisation de tanin de châtaignier chez les vaches laitières en 
complément d’une ration excédentaire en azote soluble au pâturage 
Use of chestnut tannin on grazing dairy cows as a supplement of ni-
trogen excess diet. Rencontres Recherches Ruminants, 20, 65.

Chapuis, D., Dupuits, G., Salson, S., & Brunschwig, P. (2011). Le tanin de 
châtaignier, une alternative pour mieux valoriser la ration des vaches 
laitières? Rencontres Recherches Ruminants, 18, 147.

Chaves, A. V., Woodward, S. L., Waghorn, G. C., Brookes, I. M., & Burke, 
J. L. (2006). Effects on performance of sulla and/or maize silages sup-
plements for grazing dairy cows. Asian-Australasian Journal of Animal 
Sciences, 19(9), 1271. https://doi.org/10.5713/ajas.2006.1271

Christensen, R. G., Yang, S. Y., Eun, J.-S., Young, A. J., Hall, J. O., & 
MacAdam, J. W. (2015). Effects of feeding birdsfoot trefoil hay on 
neutral detergent fiber digestion, nitrogen utilization efficiency, 
and lactational performance by dairy cows. Journal of Dairy Science, 
98(11), 7982–7992. https://doi.org/10.3168/jds.2015-9348

Cieslak, A., Zmora, P., Pers-Kamczyc, E., & Szumacher-Strabel, M. (2012). 
Effects of tannins source (Vaccinium vitis idaea L.) on rumen micro-
bial fermentation in vivo. Animal Feed Science and Technology, 176(1–
4), 102–106. https://doi.org/10.1016/j.anife edsci.2012.07.012

Colombini, S., Colombari, G., Crovetto, G. M., Galassi, G., & Rapetti, L. 
(2010). Tannin treated lucerne silage in dairy cow feeding. Italian 
Journal of Animal Science, 8(2s), 289. https://doi.org/10.4081/
ijas.2009.s2.289

Dey, A., & De, P. S. (2014). Influence of condensed tannins from Ficus 
bengalensis leaves on feed utilization, milk production and antioxi-
dant status of crossbred cows. Asian-Australasian Journal of Animal 
Sciences, 27(3), 342–348. https://doi.org/10.5713/ajas.2013.13295

Dey, A., Dutta, N., Sharma, K., & Pattanaik, A. K. (2009). Response of 
dairy cows to dietary supplementation of condensed tannins through 
Ficus infectoria leaves. Indian Journal of Animal Sciences, 79(1), 58.

Dschaak, C. M., Williams, C. M., Holt, M. S., Eun, J.-S., Young, A. J., & Min, 
B. R. (2011). Effects of supplementing condensed tannin extract on 
intake, digestion, ruminal fermentation, and milk production of lac-
tating dairy cows. Journal of Dairy Science, 94(5), 2508–2519. https://
doi.org/10.3168/jds.2010-3818

Duval, B. D., Aguerre, M., Wattiaux, M., Vadas, P. A., & Powell, J. M. 
(2016). Potential for reducing on-farm greenhouse gas and ammonia 
emissions from dairy cows with prolonged dietary tannin additions. 
Water, Air, & Soil Pollution, 227(9). https://doi.org/10.1007/s1127 
0-016-2997-6

Eriksson, T., Norell, L., & Nilsdotter-Linde, N. (2012). Nitrogen metabo-
lism and milk production in dairy cows fed semi-restricted amounts 
of ryegrass-legume silage with birdsfoot trefoil (Lotus corniculatus 
L.) or white clover (Trifolium repens L.). Grass and Forage Science, 
67(4), 546–558. https://doi.org/10.1111/j.1365-2494.2012.00882.x

Gerlach, K., Pries, M., Tholen, E., Schmithausen, A. J., Büscher, W., & 
Südekum, K.-H. (2018). Effect of condensed tannins in rations of 
lactating dairy cows on production variables and nitrogen use effi-
ciency. Animal, 1–9. https://doi.org/10.1017/S1751 73111 7003639

Girard, M., Dohme-Meier, F., Wechsler, D., Goy, D., Kreuzer, M., & Bee, 
G. (2016). Ability of 3 tanniferous forage legumes to modify qual-
ity of milk and Gruyère-type cheese. Journal of Dairy Science, 99(1), 
205–220. https://doi.org/10.3168/jds.2015-9952

Grainger, C., Clarke, T., Auldist, M. J., Beauchemin, K. A., McGinn, S. M., 
Waghorn, G. C., & Eckard, R. J. (2009). Potential use of Acacia mearn-
sii condensed tannins to reduce methane emissions and nitrogen ex-
cretion from grazing dairy cows. Canadian Journal of Animal Science, 
89, 241–251.

Griffiths, W. M., Clark, C. E. F., Clark, D. A., & Waghorn, G. C. (2013). 
Supplementing lactating dairy cows fed high-quality pasture with 
black wattle (Acacia mearnsii) tannin. Animal, 7(11), 1789–1795. 
https://doi.org/10.1017/S1751 73111 3001420

Grosse Brinkhaus, A., Bee, G., Silacci, P., Kreuzer, M., & Dohme-Meier, 
F. (2016). Effect of exchanging Onobrychis viciifolia and Lotus cor-
niculatus for Medicago sativa on ruminal fermentation and nitrogen 
turnover in dairy cows. Journal of Dairy Science, 99(6), 4384–4397. 
https://doi.org/10.3168/jds.2015-9911

Henke, A., Dickhoefer, U., Westreicher-Kristen, E., Knappstein, K., 
Molkentin, J., Hasler, M., & Susenbeth, A. (2016). Effect of dietary 
Quebracho tannin extract on feed intake, digestibility, excretion 
of urinary purine derivatives and milk production in dairy cows. 
Archives of Animal Nutrition, 1–17. https://doi.org/10.1080/17450 
39X.2016.1250541

Hojer, A., Adler, S., Purup, S., Hansen-Møller, J., Martinsson, K., 
Steinshamn, H., & Gustavsson, A.-M. (2012). Effects of feeding dairy 
cows different legume-grass silages on milk phytoestrogen con-
centration. Journal of Dairy Science, 95(8), 4526–4540. https://doi.
org/10.3168/jds.2011-5226

Houssin, B., Rouille, B., Hardy, A., & Ledunois, M. (2011). Efficacité des 
tannins de châtaigniers utilisés sur des rations à base d’ensilage de 
maïs corrigées en matières azotées avec du tourteau de colza et de 
l’urée. Rencontres Recherches Ruminants, 18, 139.

Huyen, N. T., Desrues, O., Alferink, S. J. J., Zandstra, T., Verstegen, M. 
W. A., Hendriks, W. H., & Pellikaan, W. F. (2016). Inclusion of sain-
foin (Onobrychis viciifolia) silage in dairy cow rations affects nutri-
ent digestibility, nitrogen utilization, energy balance, and methane 
emissions. Journal of Dairy Science, 99(5), 3566–3577. https://doi.
org/10.3168/jds.2015-10583

Hymes-Fecht, U. C., Broderick, G. A., Muck, R. E., & Grabber, J. H. (2013). 
Replacing alfalfa or red clover silage with birdsfoot trefoil silage in 
total mixed rations increases production of lactating dairy cows. 
Journal of Dairy Science, 96(1), 460–469. https://doi.org/10.3168/
jds.2012-5724

Hymes-Fecht, U. C., Broderick, G. A., Muck, R. E., & Graber, J. D. (2004). 
Effects of feeding legume silage with differing tannin levels on lac-
tating dairy cattle. Journal of Dairy Science, 87(Suppl. 1), 249.

Juma, H. K., Abdulrazak, S. A., Muinga, R. W., & Ambula, M. K. (2006). 
Evaluation of Clitoria, Gliricidia and Mucuna as nitrogen supple-
ments to Napier grass basal diet in relation to the performance of 
lactating Jersey cows. Livestock Science, 103(1–2), 23–29. https://doi.
org/10.1016/j.livsci.2005.12.006

Liu, H. W., Zhou, D. W., & Li, K. (2013). Effects of chestnut tannins on 
performance and antioxidative status of transition dairy cows. 
Journal of Dairy Science, 96(9), 5901–5907. https://doi.org/10.3168/
jds.2013-6904

https://doi.org/10.3168/jds.2009-2111
https://doi.org/10.3168/jds.2009-2111
https://doi.org/10.3168/jds.2008-1338
https://doi.org/10.3168/jds.2008-1338
https://doi.org/10.5433/1679-0359.2015v36n5p3329
https://doi.org/10.1016/S0377-8401(99)00118-2
https://doi.org/10.1016/S0377-8401(99)00118-2
https://doi.org/10.3168/jds.2016-12073
https://doi.org/10.5713/ajas.2006.1271
https://doi.org/10.3168/jds.2015-9348
https://doi.org/10.1016/j.anifeedsci.2012.07.012
https://doi.org/10.4081/ijas.2009.s2.289
https://doi.org/10.4081/ijas.2009.s2.289
https://doi.org/10.5713/ajas.2013.13295
https://doi.org/10.3168/jds.2010-3818
https://doi.org/10.3168/jds.2010-3818
https://doi.org/10.1007/s11270-016-2997-6
https://doi.org/10.1007/s11270-016-2997-6
https://doi.org/10.1111/j.1365-2494.2012.00882.x
https://doi.org/10.1017/S1751731117003639
https://doi.org/10.3168/jds.2015-9952
https://doi.org/10.1017/S1751731113001420
https://doi.org/10.3168/jds.2015-9911
https://doi.org/10.1080/1745039X.2016.1250541
https://doi.org/10.1080/1745039X.2016.1250541
https://doi.org/10.3168/jds.2011-5226
https://doi.org/10.3168/jds.2011-5226
https://doi.org/10.3168/jds.2015-10583
https://doi.org/10.3168/jds.2015-10583
https://doi.org/10.3168/jds.2012-5724
https://doi.org/10.3168/jds.2012-5724
https://doi.org/10.1016/j.livsci.2005.12.006
https://doi.org/10.1016/j.livsci.2005.12.006
https://doi.org/10.3168/jds.2013-6904
https://doi.org/10.3168/jds.2013-6904


10  |     HERREMANS Et Al.

Maasdorp, B. V., Muchenje, V., & Titterton, M. (1999). Palatability and 
effect on dairy cow milk yield of dried fodder from the forage trees 
Acacia boliviana, Calliandra calothyrsus and Leucaena leucoceph-
ala. Animal Feed Science and Technology, 77(1), 49–59. https://doi.
org/10.1016/S0377 -8401(98)00232 -6

Moate, P. J., Williams, S., Torok, V. A., Hannah, M. C., Ribaux, B. E., 
Tavendale, M. H., … Wales, W. J. (2014). Grape marc reduces meth-
ane emissions when fed to dairy cows. Journal of Dairy Science, 97(8), 
5073–5087. https://doi.org/10.3168/jds.2013-7588

Mokhtarpour, A., Naserian, A. A., Tahmasbi, A. M., & Valizadeh, R. (2012). 
Effect of feeding pistachio by-products silage supplemented with 
polyethylene glycol and urea on Holstein dairy cows performance 
in early lactation. Livestock Science, 148(3), 208–213. https://doi.
org/10.1016/j.livsci.2012.06.006

Morales, A., Leon, J., Cárdenas, E., Afanador, G., & Carulla, J. (2013). Milk 
chemical composition, dry matter in vitro digestibility and produc-
tion in cows fed alone grasses or associated Lotus uliginosus. Revista 
de la Facultad de Medicina Veterinaria y de Zootecnia, 60(1), 32–48.

Noro, M., Strieder-Barboza, C., Reyes, G., Weschenfelder, M., Cucunbo, 
L. G., & Sánchez, J. L. (2013). Metabolic and productive response in 
grazing dairy cows supplemented with Quebracho (Schinopsis balan-
sae) Tannins. Revista Cientifica FCV-LUZ, 23(5), 417–425.

Scharenberg, A., Kreuzer, M., & Dohme, F. (2009). Suitability of sainfoin 
(Onobrychis viciifolia) hay as a supplement to fresh grass in dairy 
cows. Asian-Australasian Journal of Animal Sciences, 22(7), 1005–
1015. https://doi.org/10.5713/ajas.2009.80675

Sinclair, L. A., Hart, K. J., Wilkinson, R. G., & Huntington, J. A. (2009). 
Effects of inclusion of whole-crop pea silages differing in their tan-
nin content on the performance of dairy cows fed high or low pro-
tein concentrates. Livestock Science, 124(1–3), 306–313. https://doi.
org/10.1016/j.livsci.2009.02.011

Suchitra, K., & Wanapat, M. (2008). Effects of mangosteen (Garcinia 
mangostana) peel and sunflower and coconut oil supplementation 

on rumen fermentation, milk yield and milk composition in lactating 
dairy cows. Livestock Research for Rural Development, 20. http://www.
lrrd.org/lrrd2 0/suppl ement /such2.htm.

Totty, V. K., Greenwood, S. L., Bryant, R. H., & Edwards, G. R. (2013). 
Nitrogen partitioning and milk production of dairy cows grazing 
simple and diverse pastures. Journal of Dairy Science, 96(1), 141–149. 
https://doi.org/10.3168/jds.2012-5504

Wanapat, M., Petlum, A., & Pimpa, O. (2000). Supplementation of 
Cassava hay to replace concentrate use in lactating Holstein Friesian 
Crossbreds. Asian-Australasian Journal of Animal Sciences, 13(5), 
600–604.

Wanapat, M., Puramongkon, T., & Siphuak, W. (2000). Feeding of Cassava 
Hay for lactating dairy cows. Asian-Australasian Journal of Animal 
Sciences, 13(4), 478–482. https://doi.org/10.5713/ajas.2000.478

West, J. W., Hill, G. M., & Utley, P. R. (1993). Peanut skins as a feed in-
gredient for lactating dairy cows. Journal of Dairy Science, 76(2), 590–
599. https://doi.org/10.3168/jds.S0022 -0302(93)77379 -8

Woodward, S., Chaves, A. V., Waghorn, G. C., & Laboyrie, P. J. (2002). 
Supplementing pasture-fed dairy cows with pasture silage, maize 
silage, Lotus silage or sulla silage in summer-does it increase pro-
duction? In Proceedings of the conference New Zealand Grassland 
Association (pp. 85–90). http://www.grass land.org.nz/publi catio ns/
nzgra ssland_publi cation_464.pdf

Woodward, S. L., Laboyrie, P. G., & Jansen, E. B. L. (2000). Lotus 
Corniculatus and Condensed Tannins – effects on milk production 
by dairy cows. Asian-Australasian Journal of Animal Sciences, 13, 
521–525.

Woodward, S. L., Chaves, A. V., Waghorn, G. C., Brookes, I. M., & Burke, 
J. L. (2006). Supplementing fresh pasture with maize, lotus, sulla and 
pasture silages for dairy cows in summer. Journal of the Science of 
Food and Agriculture, 86(8), 1263–1270. https://doi.org/10.1002/
jsfa.2487

https://doi.org/10.1016/S0377-8401(98)00232-6
https://doi.org/10.1016/S0377-8401(98)00232-6
https://doi.org/10.3168/jds.2013-7588
https://doi.org/10.1016/j.livsci.2012.06.006
https://doi.org/10.1016/j.livsci.2012.06.006
https://doi.org/10.5713/ajas.2009.80675
https://doi.org/10.1016/j.livsci.2009.02.011
https://doi.org/10.1016/j.livsci.2009.02.011
http://www.lrrd.org/lrrd20/supplement/such2.htm
http://www.lrrd.org/lrrd20/supplement/such2.htm
https://doi.org/10.3168/jds.2012-5504
https://doi.org/10.5713/ajas.2000.478
https://doi.org/10.3168/jds.S0022-0302(93)77379-8
http://www.grassland.org.nz/publications/nzgrassland_publication_464.pdf
http://www.grassland.org.nz/publications/nzgrassland_publication_464.pdf
https://doi.org/10.1002/jsfa.2487
https://doi.org/10.1002/jsfa.2487

