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ABSTRACT

The ability of tannins to interfere with ruminalobiydrogenation (BH) and modulate
the fatty acid (FA) profile of ruminant-derived piucts is highly controversial, which
is probably related to the type of tannin and tbeadje rate. Therefore, this vitro
study was conducted to analyse the effect of 4 ceroial extracts of tannins (from
chestnut, oak, quebracho and grape) at 4 dosed@260 and 80 g/kg diet DM) with
the aim of selecting an effective treatment to nhauthe BH of unsaturated FA.
Two in vitro assays with batch cultures of rumen microorganiamsg cannulated
ewes as donors of rumen inocula, were performed. imbubated substrate (a total
mixed ration similar to that fed to the animals)swsupplemented with 20 g of
sunflower oil/kg DM. The first experiment followeadd4 x 4 + 1 design.e., 4 types
of tannins x 4 doses of each one, and a control, teeatment effects on the FA
composition of the ruminal digesta were examinedyhy chromatography. On the
basis of these results, the second experimest conducted to make sure that the
selected dose and type of tannin would not impamen fermentation. To this end,
gas production kinetic parameters, extent of degrad, in vitro true substrate
digestibility, pH, and ammonia and volatile FA centrations, as well as the bacterial
community (by terminal restriction fragment lengiblymorphism, T-RFLP) were
examined. All tannin extracts were able to modutatein vitro BH of unsaturated
FA. However, the high dose required in many casggests that their efficacy would
be rather limited in terms of animal feeding. Oa dther hand, the oak tannin extract,
at a dose of 20 g/kg diet DM, increased total podaiurated FA, 18:3n-3, 18:2n-6
and trans11 18:1, and decreasddans10 18:1 and 18:0 rumen concentrations
without eliciting any negative response in rumirfarmentation. Although this

treatment had no discernible effects on the battesommunity structure and



diversity, a few fragments compatible with uncudiLachnospiraceaspecies were

affected.
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Abbreviations A, cumulative gas production; ADF, acid detergerre] AFR,
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fatty acids; QUE, quebracho; TMR, total mixed ratid-RFLP, terminal restriction

fragment length polymorphism; VFA, volatile fattgid.



1. Introduction

Due to consumers’ concerns about food of animajimrand demands for
healthier food, considerable effort is being mageuminant nutrition researchers to
develop products that are safe and potentiallythgabmoting. Such properties have
been assigned to unsaturated fatty acids (FA) anmticplarly to conjugated linoleic
acids (CLA) formed in the rumen by microbial biohggenation (BH) of certain
polyunsaturated FA (PUFA; Lock and Bauman., 200dnield et al., 2008).

Increased levels of desirable FA in ruminant detipeoducts can be achieved
through feeding strategies reducing the extent lefd® facilitating a higher rumen
output ofcis-9 trans-11 CLA, the main health-promoting CLA isomer, agpecially
trans-11 18:1, which will act as a precursor of the ferrm the animal’s own tissues
(Lock and Bauman, 2004; Shingfield et al., 2008).

Tannins are plant secondary compounds with angbatt and rumen
modulating properties that are able to interferehvBH (McSweeney et al., 2001;
Mueller-Harvey, 2006; Vasta et al., 2009a). Someitro studies have suggested that
diet supplementation with these phenolic compoumdy be an efficient tool to
favourably modify the BH of dietary PUFA and enhaitise accumulation dfans-11
18:1 due to an inhibition of the last step of BHh{#&osa-ard et al., 2009; Buccioni et
al., 2011). However, some others have reportechargeinhibition of BH rather than
a specific inhibition of the conversion wans11 18:1 to 18:0 (Kronberg et al., 2007;
Minieri et al., 2014). In any case, this benefi@ffiect has rarely been validated
vivo (Vasta et al., 2009b; Khiaosa-ard et al., 2011 arany experiments seem to
point to a different directione(g, Benchaar and Chouinard, 2009; Cabiddu et al.,

2009).



Results from our studies with lactating ewes feetdisupplemented with a
combination of tannin extracts of quebracho andthe (10 g/kg diet DM; Toral et
al., 2011) or just quebracho (20 g/kg diet DM; Taal., 2013) showed that tannin
addition was not able to modify milk FA composititowards a potentially healthier
profile, especially in the long-term. Recently, Bioni et al. (2015), using the same
tannin extractsif., quebracho and chestnut) but at higher levelsg(k§ diet DM),
observed a slight increase in the milk concentnatiblinoleic, vaccenic and rumenic
acids and a decrease in stearic and saturated FA.

Given the great variation in the structural feasuaed reactivity of different
tannins (Alvarez del Pino et al., 2005; Mueller-#&y, 2006), all these inconsistent
results may be attributable to the type and/or entration of tannins. Thus, there is a
void of knowledge about which of the many typestainins might be potentially
more useful for a particular purpose, and alsoedlrier further studies.

Therefore, thign vitro study was conducted to analyse the effect of iffe
types and doses of tannins with the aim of selgcan effective treatment to
modulate the ruminal BH of unsaturated FA. Oncgpa tof tannin at a practical dose
(in terms of cost and avoidance of toxicity; Makka003) was chosen, a secondary
aim, before recommending its testvivo, was to make sure that it would not impair

ruminal fermentation.

2. Materials and methods

An in vitro trial (Experiment 1) was conducted in batch c@$uto assess the
effects of different concentrations of a rangeawirtins on rumen BH. On the basis of
the results obtained in this assay, a mewitro trial (Experiment 2) was conducted to

test the effect of a selected type and dose ofitaon rumen fermentation and



bacterial communityAll experimental procedures were approved and cetaglin
accordance with the Spanish Royal Decree 53/20dthéoprotection of animals used
for experimental purposes.

2.1. Animals, diet and tannins

In vitro incubations were conducted as outlined previoBsiytos et al.,
2004) with rumen fluid collected from 5 ruminallammulated (40 mm internal
diameter) Merino sheep (body weight = 63.6+6.42).tle animals were offered a
total mixed ration (TMR, forage:concentrate rati0:3®), based on alfalfa hay
(particle size >4 cm) and concentrates, in two g% at 9:00 h and 40% at 17:00
h) at approximately 0.8 times the voluntary feethke previously determinedd
libitum (37 g DM/kg metabolic weight and day). Formulati@amd chemical
composition of the diet is shown in Table 1. Anismbhd continuous access to clean
drinking water.

Four types of commercial oenological tannin exsgétgrovin S.A., Alcazar
de San Juan, Spain) were tested: 2 condensed gpheb(QUE;Schinopsis lorentzii
— TanicolMOX) and grape (GRAVYitis vinifera— Tanicol VMax)] and 2 hydrolysable
[chestnut (CHECastanea sativa Vinitanon) and oak (OAKQuercus roburandQ.
petraea— Robletan FST)] tannins.

2.2. In vitro experiments

In each experiment, and after an adaptation pesiotl5 days, rumen fluid
inocula (collected in three different days) werdamted via the cannula before the
morning feeding. The inocula were immediately takenthermal flasks to the
laboratory where they were strained through a nyleembrane (400 pum; Fisher
Scientific S.L., Madrid, Spain) while bubbled wi@lO.,.

2.2.1. Experiment 1



This trial was conducted using batch cultures afiegn microorganisms (in 16
mL Hungate tubes), following a 4 x 4 + 1 (contrdgsign. Treatments were: 4 types
of tannins (quebracho, grape, chestnut and oakyiesés of each one (20, 40, 60 and
80 g/kg DM), and a control.

The incubated substrate was a TMR, similar to tisad to feed the animals,
supplemented with 20 g of sunflower oil/kg diet D®arrefour S.A., Madrid, Spain;
containing (g/kg total FA): 16:0 (54.8), 18:0 (44.2is-9 18:1 (364) and 18:2n-6
(503)]. Both the oil and the tannins were dissojwedpectively, in ethanol 96% and
in water at about 30°C, and added into the tubstdgfore the incubation started.

Each Hungate tube contained 78 mg DM of the suiesfiground using a
hammer-mill fitted with a 0.5 mm screen) that wareubated with 12 mL of a mix
(1:2) of strained rumen fluid and phosphate-bicadbe buffer (Goering and Van
Soest, 1970). The pH was adjusted to 6.8 with pitbephoric acid in order to better
simulate ruminal conditions in animals fed a 50i&@ge:concentrate diet.

Tubes were incubated under anaerobic condition$Zdr (when, according to
previous preliminary assays, effects were bettdeated) in an incubator set at
39.5°C, and were individually agitated every 6 he Teaction was stopped by placing
the tubes into ice-water for approximately 5-10 nihey were then stored a80°C
until FA analysis.

2.2.2. Experiment 2

Once the oak tannin extract at a dose of 20 g/kgvad selected, a neiw
vitro trial was conducted in 125 mL sealed serum flasksest the effect of this
treatment on rumen fermentation and bacterial conitywu

For each of the three runs, two samples of eadcintent {.e., control and

OAK20; 325 mg DM milled to pass a 1 mm screen) amad blanks i.e., buffered



rumen fluid without substrate) were incubated ab3® with 50 mL of a mix (1:2) of
strained rumen fluid and phosphate-bicarbonateebuithe pH of the buffer solution
was adjusted to 6.8 as in the Experiment 1.

The rate and extent of gas production were deteunlyy measuring head-
space gas pressure at 2, 4, 6, 9, 12, 16, 20, 243@ 48, 60 and 72 h post-
inoculation. Pressure values, corrected for thentfyaof organic matter (OM)
incubated and gas released from blanks, were wsgdnerate gas volume estimates
using a predictive equation, as reported in Fruébsal. (2004). Dry matter
disappearance (DMD; g/kg) after 72 h incubation esigmated by filtering residues
using pre-weighed sintered glass crucibles (100+&60Pyrex, Stone, UK).

In addition, three more flasks per treatment andwere incubated for 24 h.
Once the reaction was stopped, the pH was measursed flasks and centrifuged
samples (at 976 g for 10 min) were collected for ammonia and votafitty acid
(VFA) analysis. Values of DMD anid vitro true substrate digestibilityMT'SD) were
estimated by filtering the residues using pre-wedykintered glass crucibles (100—
160 um; Pyrex, Stone, UK) and determining the réwudetergent fibre content, as
reported in Frutos et al. (2004). The third flaskswmmediately frozen at80°C for
subsequent microbial DNA extraction and terminastmetion fragment length
polymorphism (T-RFLP) analysis.

2.3. Chemical analysis

Feed samples were prepared (ISO 6498:2012) angsadafor DM (ISO
6496:1999), ash (ISO 5984:2002), and crude prdt&i® 5983-2:2009). Neutral and
acid detergent fibres (aNDF and ADF) were deterchinsing an Ankorf® fibre
analyser (Ankom Technology Methods 13 and 12, wspmdy; Ankom Technology

Corp., Macedon, NY, USA, https://ankom.com/proceduaspx); the former was



assayed with sodium sulfite andamylase, and both were expressed with residual
ash. The content of ether extract in the dietsadedsrmined by the Ankom Filter Bag
Technology (Ankom Technology Method 2; Ankom Tedogy Corp.). Fatty acid
methyl esters (FAME) of lipid in freeze-dried saeglof TMR and in the sunflower
oil were prepared in a one-step extraction-traesdisation procedure, as outlined
previously by Shingfield et al. (2003).

Rumen samples for FA composition were freeze-dilieectly in the Hungate
tubes. The lipids were then extracted using a mexti hexane and isopropanol (3:2,
vol/vol) and converted to FAME by sequential basel@atalysed transesterification
(Toral et al.,, 2010). Methyl esters were separaded quantified using a gas
chromatograph (Agilent 7890A GC System, Santa Clarg USA) equipped with a
flame-ionisation detector and a 100-m fused sitagillary column (0.25 mm i.d.,
0.2um film thickness; CP-SIL 88, CP7489, Varian Ibérig®., Madrid, Spain) and
hydrogen as the carrier gas. Total FAME profileai2 uL sample volume at a split
ratio of 1:50 was determined using a temperatuaglignt programme (Shingfield et
al., 2003). Isomers of 18:1 were further resolvedai separate analysis under
isothermal conditions at 170°C (Shingfield et 2003). Peaks were identified based
on retention time comparisons with commerciallyikde authentic standards (Nu-
Chek Prep., Elysian, MN, USA; Sigma-Aldrich, Madriipain; and Larodan Fine
Chemicals AB, Malmod, Sweden; Toral et al., 2010)pss referencing with
chromatograms reported in the literature (Shindfied al., 2003; Toral et al., 2010)
and comparison with reference samples for which E#e composition was
determined based on gas chromatography analysis FAME and gas
chromatography-mass spectrometry analysis of quoreting 4,4-dimethyloxazoline

derivatives (Toral et al., 2010).



The ammonia concentration was determined by cokdrynand VFA by gas
chromatography, using crotonic acid as the intestahdard, both in centrifuged
samples (Frutos et al., 2004).

2.4. DNA extraction and T-RFLP analysis

Frozen samples were freeze-dried and thoroughlyednibefore DNA
extraction, which was conducted in duplicate udimg Qiagen QIAmp DNA Stool
Mini Kit (Qiagen Inc., Valencia, CA, USA), with thenodification of a greater
temperature (95°C) to improve cell lysis. Duplicaéenples were combined and used
as templates for T-RFLP analysis of bacterial 168NA genes, which were
performed as described previously (Castro-Carreah ,2014), using three restriction
enzymes Klhal, Mspl and Haelll). Determination of the sizes of the terminal
restriction fragments (T-RF) was completed with giee standard ET 900-R (GE
Healthcare Life Sciences, Buckinghamshire, UK) dahd GeneMarker Analysis
software (SoftGenetics, State College, PA, USA).ohder to infer the bacterial
composition of the sampleis, silico restriction for the major rumen bacteria with the
primers and the enzymes used were obtained froRith@esomal Database Project Il
website (http://rdp.cme.msu.edu/index.jsp; Colal 2014).

2.5. Calculations and statistical analysis

Gas production data were fitted to an exponentiadieh using SAS software
package (version 9.3, SAS Institute Inc., Cary, NLSA) to provide parameters
describing gas release in terms of cumulative gadyztion A, mL of gas/g of OM
incubated) and fractional fermentation rate/f). Average fermentation rate (AFR,
mL of gas/h) and extent of degradation in the run(ED, g/kg of DM) were

estimated assuming a rumen particulate outflayy /f) of 0.042, according to the
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following equations: ED =qx DMD)/(c + k), and AFR = A x ¢)/(2 x In2), where
DMD = in vitro DM disappearance after 72 h of incubation.

Data from T-RFLP (size, bp, and peak area for da&lf) were analysed for
peak filtering and binning as outlined by Abdo ket{2006), and used to determine the
relative abundance of each fragment over the pmak area, as well as the diversity
indices (number of T-RF or richness, and Shannatexn Hill et al., 2003).
Multivariate analysis of variance (MANOVA) of thelative abundance data of each
T-RF was conducted, using the R-project softwansviw-project.org, version 3.1.1),
to assess the effect of experimental treatmenh@nvhole bacterial structure.

FA composition of ruminal digesta from the Expemné& was analysed by a
one-way ANOVA using the MIXED procedure of SAS wéhmodel that included the
fixed effect of experimental treatment. Run nesté@tin treatment was designated as
the random effect. Orthogonal polynomial contrastse used to evaluate linear (L),
guadratic (Q) and cubic (C) components of the respdo incremental amounts of
each tannin extract. Rumen fermentation data fioenExperiment 2 were analysed
using the MIXED procedure of SAS with a model thratluded the fixed effect of
experimental treatment and the random effect of maated within the treatment.
Relative abundances of each T-RF were analysedasiynialthough some data did
not satisfy the assumptions of normality and weaadformed to log (n + ¢) (“c”
being a constant of the same order of magnitudine@wariable). Differences were
declared significant at P<0.05 and consideredralttewards significance at P<0.10.
Means were separated through the “pdiff” optionthed “Ismeans” statement of the

MIXED procedure, and least square means are reporte

3. Results
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3.1. FA composition of ruminal digesta (Experimént

As shown in Table 2 and Figure 1, all tannins aoskd, with the exception of
QUESQO, proved to be able to slightly reduce theceotration of 18:0 (P<0.001) after
12 h incubations. Low and moderate doses increesadentrations of 18:2n-6 and
18:3n-3 (up to 90 and 86%, respectively; P<0.0Dweler, only some doses of 60
and 80 g/kg tended to augmemnt-9 18:1. Likewise, concentrations af-9 trans11
18:2 were only favoured by 60 g/kg of QUE and CHEd 80 of GRA and OAK
(P<0.001), the highest value representing an isereef 128% compared to the
control. No significant effect of the tannin tre&im was observed on the digesta
concentration ofrans9 cis-12 18:2.

A tendency to a greater accumulatiortrains11 18:1 was only detected with
60 and 80 g/kg of GRA and CHE, and 20 of OAK (upl1®o; P<0.10). The
concentration oftrans-10 18:1 showed an irregular behaviour: althoughEQU
increased it, most other treatmerdgg( QUE, CHE and OAK at 20 g/kg) decreased it
(P<0.001).

These variations were accompanied by a number afigds in several odd
and branched-chain FA and also in some oxo-FA curatons (see Table 3 and
Figure 1). Thus, the proportion of 14d was increased by QUE and CHE at 20, 40
and 60 g/kg and by OAK at 20 and 40 g/kg (P<0.8b.differences were found in
15:0iso (P>0.10) while many treatments increased Hor@isq and 15:0 was higher
in QUE40 and CHE20 and 40 (P<0.05). All tanninsrelased 17:0 when added at
doses of 20, 40 and 60 g/kg, and GRA and CHE dI86 a@/kg. Overall, despite the
erratic pattern, all tannin extracts led to genénaleases in both branched-chain
(BCFA) and odd- and branched-chain (OBCFA) fattiga¢P<0.01).

3.2. Rumen fermentation and bacterial communitypéErment 2)
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As shown in Table 4, addition of OAK20 had no effen any of the rumen
fermentation characteristics that were analysedy,( gas production Kkinetic
parameters, extent of degradation, pH, ammonia \ARA concentrations, molar
proportions of VFA, etc.; P>0.10).

Regarding the microbiota, MANOVA revealed that OAKzhad no
discernible effects on the bacterial community ctice (P>0.10). Neither did the
diversity indices (richness and Shannon) diffemeein treatments in data derived
from the enzymesihal, Mspl andHaelll (P>0.10; Table 5). However, the OAK20
induced variations in the relative abundances &éva T-RF (Table 5), such as an
increase in some fragments that may correspondc¢altured bacteria of the class
Clostridia (750 bp withHhal;, P<0.10) or the family-achnospiracead65 bp with

Hhal, 293 bp withMspl, and 277 bp withHaelll; P<0.05).

4. Discussion

Due to its major influence on the FA compositioraiinant meat and milk,

a great deal of effort has been directed towarddutadion of lipid metabolism in the

rumen (Lock and Bauman, 2004; Shingfield et alQ&80 The ability of tannins to

contribute to this goal is highly controversial,ialhis most probably related to their
type and dosage rate, and highlights the needtiogiuinvestigate on this issue.

As shown in Figure 1, although most FA concentratidollow a similar
pattern of response to tannin extraeg( decreases in 17:0 and 18:0 or increases in
18:2n-6 and 18:3n-3), there were also many excepiio their effectsd.g, ontrans
10 andtrans-11 18:1 or ortis-9 trans-11 18:2) due to both the type of tannin and the

dose.
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Starting from the type, there are some studies hen use of commercial
extracts of quebracho, and also of chestnut tar(eugs Vasta et al., 2009a; Toral et
al., 2011; Buccioni et al., 2015), although theasults are rather inconsistent.
Nevertheless, and despite some works have beenuctadwith grape seeds.§,
Correddu et al., 2015), reports are very limitednfiarketable extracts of grape or oak
tannins.

Tannins comprise a very wide and heterogeneous pgrolu phenolic
compounds with different chemical and structuratdees (Mueller-Harvey, 2006).
Hence, dissimilarities in procyanidin/prodelphimdiatios, degree of galloylation,
molecular weights, etc. would account for majoratzns in their ability to bind to
other molecules or to affect microorganisms, anmsequently in their effects, in this
case on ruminal BH. In line with this, for exampthee inclusion of an extract of
condensed tannins fromAcacia mearnsii(79 g/kg DM) inhibited thein vitro
conversion oftrans11 18:1 to 18:0, while the same amount of tanrmsn
Onobrychis viciifoliadecreased the hydrogenation of linoleic and limglecids but
had no effect on the last step of BH (Khiaosa-aral.e2009).

Regarding the key issue of the dosage rate, weecha®ses to have a wide
range that allow us to detect effects that may helpnderstand the underlying
mechanisms of tannins. However, only the low (2gpand perhaps the moderate
(40 g/kg) concentrations might be of interest inmie of animal feeding. Even if the
60 and 80 g/kg doses had shown promising effecth@mH process, they could be
not only detrimental to animal performance but alsgpractical under farm
conditions due to their cost. This occurs, foranse, in someén vitro assays that
found a beneficial impact of tannins on BH but atyhigh levels (up to 160 g/kg

DM; Vasta et al., 2009a). The difficulty in selexjidosage rates of plant secondary
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compounds to positively affect a particular paranetithout conferring a negative
response in others has been previously reportedveral occasiong (g, Benchaar et
al., 2008; Toral et al., 2013).

In any case, regardless of the practicality, ogults do not clearly point to a
greater ability of a particular dose to modulate BH process towards a potentially
healthier FA profile, suggesting interactions betweypes of tannins, doses and
specific steps of the BH pathways. Thus, for exanphly doses of 60 and 80 g/kg
were able to promote the accumulatiorcisf9 trans-11 CLA, while those of 20, 40
and 60 g/kg increased the concentration of totaFA&RUinoleic and linolenic acids,
and QUES8O was the only treatment unable to decrd@segroportion of 18:0. In
agreement with this, Buccioni et al. (2011) obsérireat the effect of tannins on the
BH process was, in many cases, stronger with arldege (49 vs. 82 g/kg DM).

Overall, our results are consistent with those thieoin vitro studies €.g.,
Kronberg et al., 2007; Minieri et al., 2014) andigest a general inhibition of the BH
rather than the specific negative effect on theveosion oftrans11 18:1 to 18:0 that
had been detected in sonre vitro assays (Khiaosa-ard et al., 2009, Vasta et al.,
2009a, Buccioni et al., 2011). However, as mentionethe introduction, they are in
disagreement with the slight but positive effeegsarted by Buccioni et al. (2015) in
ewes fed quebracho and chestnut tannin extracts ddse of 53 g/kg diet DM.
Although differences between vitro andin vivo results cannot be ruled out, after a
comprehensive comparison of these studies, themefs the discrepancy is still
uncertain. It is noteworthy, however, that in tlager work, tannin extracts replaced
bentonite from the diet, which might partly explaome differences with the control

diet, due to the potential effects of this clayBi (Jeronimo et al., 2010).
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Despite all tannin extracts tended to favour ahslccumulation ofrans11
18:1 (with a P<0.10 only with doses of 60 and 8@gif grape and chestnut, and 20
of oak), their effect on the concentrationtadns-10 18:1, a FA with an uncertain
involvement in consumers’ health and animals’ penfnce (Shingfield et al., 2008),
was highly variable. This is in line with incongst results found in the literature
(e.g, Cabiddu et al., 2009, Abbedou et al., 2011; Tetall., 2011). Nevertheless, the
formation oftrans-10 18:1 was not promoted at the expenst#asfs11 18:1, which
may be related to the basal diet (Vasta et al.98P@nd would indicate only small
deviations from major ruminal BH pathways.

In this regard, concentrations wans9 cis-12 18:2 were investigated to test
the hypothesis that tannins would benefit microlpapulations able to metabolise
cis-9 cis-12 18:2 via mechanisms other than isomerisatioth@€is-12 double bond.
However, this minor BH pathway (Honkanen et al.120 observed in sheep fed
guebracho tannins (Toral et al., 2013), was natexuiin our current assay.

Different effects of the extracts on the BH of diffnt unsaturated FA would
suggest a distinct sensitivity to tannins of thenmorganisms involved in each step of
the process (Buccioni et al., 2011) because alhgbs are supposed to be mediated
by the impact of tannins on the microbiota. Thissvapported by the variations
observed in odd- and branched-chain FA, which amw to be largely derived from
bacteria (Fievez et al., 2012). The quoted revigwFievez et al. (2012) related an
increased proportion of cellulolytic bacteria with high iso FA content, while
increased amylolytic populations would facilitatehmher content ofanteiso and
linear odd-chain FA. Yet, the erratic pattern oleedrin our incubations does not
allow us to attribute differences to specific atens in these two kinds of bacteria.

Changes in odd- and branched-chain FA reflectinfissin rumen microorganisms
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are also supported by variations in some keto-€4,(10-oxo- and 13-0x0-18:0),
which suggest alteration of the ruminal pathwaysrél'et al., 2010, 2012).

To recapitulate, the treatment showing a more psmgi behaviour at a
practical dose was OAK20, which increased total RUEB:3n-3, 18:2n-6 anttans
11 18:1, and decreasé@ns-10 18:1 and 18:0 concentrations. Therefore, ticerse
experiment was conducted to ensure that this ogiualb extract of hydrolysable
tannins would not elicit a negative response ininahfermentation.

Although the attribution of more toxic and less i@ént results to
hydrolysable than to condensed tannins has proweglistic and erroneous, some
generalisations still persist (Mueller-Harvey, 2pd8owever, the OAK20 modulated
BH but did not detrimentally affect any of the rumfermentation characteristics that
were analysed, most likely due to the small amadued to the diet. A number of
studies have demonstrated this dose-dependent efféannins ¢.g, Hervas et al.,
2003, Makkar, 2003), which is even applicable teirtltapacity to reduce rumen
ammonia concentration due to their strong inhiliteffect on proteolysis (Makkar,
2003; Frutos et al., 2004; Mueller-Harvey, 2006).

Finally, regarding the microbial analyses, the ld@se of tannins precluded
major changes and therefore discernible effecte wbserved neither in the bacterial
community structure nor in the diversity indicesirthermore, the issue of the shifts
in specific bacteria involved in BH is rather compted because recent studies
guestion previous reports indicating that BH isiaehd only by a small group of
bacteria and suggest that yet uncultivated speaesd play a relevant role (Huws et
al., 2011; Toral et al., 2012, Castro-Carrera et28l14).

In this assay, some T-RF affected by the additib@AK20 are compatible

with uncultured species belonging to the famiigchnospiraceaewhich include
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bacterial strains that have been related to lipedatmolism, bothn vitro (Paillard et
al., 2007; Boeckaert et al., 2009) andvivo (Huws et al., 2011; Toral et al., 2012).
Concerning the tolerance of the microbes of thiedie group to the presence of
tannins, reports in the literature are once agaonsistent. For example, it has been
reported that sainfoinQnobrychis viciifolid tannins inhibit the growth of a strain of
Butyrivibrio fibrisolvensin vitro (Jones et al., 1994) but tannin-resistant bactaria
this genus have been identified in the rumen (Odeatyal., 2001). Indeed, Vasta et
al. (2010) observed in lambs that the addition oEhyacho tannins to the diet

increased its abundance.

5. Conclusions

The four oenological tannin extracts (quebrachapgr chestnut and oak) that
were examined in this study seem to be able to hatelithein vitro BH of
unsaturated FA. However, the high dose requirethamy cases suggests that their
efficacy would be rather limited in terms of aninfaéding. On the other hand, the
oak tannin extract, at a practical dose of 20 glleg DM, increases total PUFA,
18:3n-3, 18:2n-6 andrans11 18:1, and decreasésmns10 18:1 and 18:0 rumen
concentrations without eliciting any negative resm in ruminal fermentation.
Further studies would be now necessary to exanfinbese positive effects are

extended taon vivo conditions.
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Tablel

Formulation and chemical composition of the expental diet.

TMR' SEM
Ingredients, g/kg of fresh matter
Dehydrated alfalfa hay 500 -
Whole corn grain 140 -
Whole barley grain 100 -
Soybean meal solvent 440 g CP/kg 150 -
Sugar beet pulp, pellets 50 .
Molasses, liquid 40 -
Mineral supplemerit 18 -
Vitamin supplemerit 2 -
Chemical composition, g/kg DM
Organic matter 900 3.15
Crude protein 187 6.08
Neutral detergent fibre 311 24.3
Acid detergent fibre 218 21.1
Ether extract 23.5 1.80

'n = 6. Contained (g/kg of total fatty acids): 162%2), 18:0 (53.8)¢is-9 18:1 (139),
18:2n-6 (346) and 18:3n-3 (119).

’SEM=standard error of the mean.

3Contained (g/kg): CaC£(556), CaHPO, (222), and NaCl (222).

VITAFAC Ovino 0.2% AC (DSM Nutritional Products S.A., Madrid, Spain).
Declared as containing: vitamin A (4,000,000 IU/kgjamin D3 (1,000,000 IU/kg),
vitamin E (5 g/kg), iron (17.5 g/kg), manganese ¢Zy), cobalt (50 mg/kg), iodine
(250 mg/kg), zinc (15 g/kg), selenium (100 mg/kggpiolite (100 g/kg), calcium

(26.2 g/kg), and magnesium (6.15 g/kg).
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Table2
Effect of incremental levels of different tannintcts (quebracho, QUE; grape, GRA; chestnut, CéHk, OAK) on 18:0 and

unsaturated fatty acid concentration (g/100 g tfl iatty acids) after 12-im vitro incubation with rumen inoculum from shéep

18:0 cis9 18:1 trans10 trans11 18:1 cis9 trans9ciss 18:2n-6 18:3n-3 PUFA
18:1 transzizll 12 18:2
18:
Control 61.2 2.06 0.387° 5.15' 0.088" 0.033 0.877 0.17% 1.38
QUE20 58.8° 2.24° 0.354" 5.35¢ 0.092" 0.035 1.3%¢ 0.278 2.07¢
QUEA40 58.9' 2.40¢ 0.321 5.57¢ 0.100" 0.034 1.43° 0.314"* 2.2
QUEG0 58.% 2.48" 0.423 5.6F¢ 0.142 0.036 1.43¢ 0.286° 2.2
QUES0 60.4° 2.31¢ 0.406°¢ 5.29° 0.098" 0.038 1.1% 0.213" 1.77¢
GRA20 58.4' 2.21° 0.398¢ 5.30¢ 0.081" 0.038 1.3 0.285° 2.07¢
GRA40 58.4" 2.29¢ 0.3689 5.4g¢ 0.114* 0.033 1.28¢ 0.256° 212
GRA60 58.1' 2.48" 0.393° 5.68°¢ 0.091" 0.042 1.2%¢ 0.234" 2.2
GRAS80 58.§° 2.60 0.406 5.95 0.20F 0.037 1.1% 0.230" 1.86
CHE20 58.4 2.28¢ 0.346" 5.25¢ 0.096'f 0.030 1.47 0.307° 2.25P
CHEA40 58.4' 2.34°¢ 0.354" 5.38 0.100" 0.033 1.4% 0.313" 2.2
CHE60 57.4 2.60 0.41F" 5.7F°°¢ 0.186" 0.042 1.67 0.325% 2.56
CHES0 59.8¢ 2.3 0.386" 5.65°¢ 0.114° 0.043 1.08' 0.198' 1.74°¢
OAK20 58.6' 2.34%¢ 0.352" 5.86° 0.076" 0.037 1.47°¢ 0.296¢ 2.27°
OAK40 58.3" 2.30¢ 0.376¢ 5.5 0.076 0.038 1.28¢ 0.269 2.068™¢
OAKG60 58.5" 2.23¢ 0.366¢ 5.6G 0.115° 0.032 1.28¢ 0.247* 2.17¢
OAKS0 59.9° 241" 0.406°¢ 5.441 0.148° 0.039 0.908 0.193" 1.56%
Sep 0.692 0.155 0.160 0.233 0.0210 0.0047 0.203 0.0349 0.278
P-value <0.001 0.053 <0.001 0.099 <0.001 0.288 8.00 <0.001 <0.001
Contrasts
QUE LQ (L) Q (L) L L L L
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GRA LQ (L) (L) L Q LQ
CHE LQ (L) Q LQ L LQ L
OAK LQC Q LQC Q LQC

1The incubated substrate was a TMR (forage:condeniatio 50:50) supplemented with 20 g of sunfloaiékg diet DM.

“Coelutes withtrans 7 cis-9 18:2 andrans-8 cis-10 18:2.

3PUFA, polyunsaturated fatty acids.

*SED=standard error of the difference.

°For each tannin, significance (P<0.05) of linea), (uadratic (Q) and cubic (C) responses to tammidition. Trends towards
significance (P<0.10) are reported in parentheses.

aN\ithin a column, different superscripts indicatgrsficant differences.
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Table3
Effect of incremental levels of different tannintects (quebracho, QUE; grape, GRA; chestnut, Célk, OAK) on odd- and

branched-chain and oxo- fatty acid concentratiohQ@ g of total fatty acids) after 12uh vitro incubation with rumen inoculum from

sheep.
14:0iso  15:0iso 15:0anteiso  15:0 17:0 BCFA OBCFA’ 10-0x0-18:0 13-0x0-18:0

Control 0.068 0.261 0.431 1.06°¢ 0.95% 2.34" 4.84 0.143 0.190"
QUE20 0.088%  0.305 0.48%" 1.13°¢ 0.851 2.63 5.13¢ 0.10f¢ 0.1649
QUE40 0.093°  0.320 0.51%¢ 1.18 0.862" 2.7F 5.24°¢ 0.103¢ 0.1669
QUE60 0.08%¢  0.273 0.49%" 1.07¢ 0.881¢ 259" 5.06° 0.096 0.134
QUES0 0.07% 0.251 0.438 1.04 0.947 237 4.79 0.112"¢ 0.188"
GRA20 0.07¥  0.309 0.53%&°¢ 1.09"¢ 0.8849 273" 5.28° 0.1434 0.203°
GRA40 0.07% 0.287 0.50%' 1.07°¢ 0.878" 2.6 5.09"¢ 0.194 0.222¢°
GRA60 0.07% 0.289 0.528" 1.07° 0.89¢" 2.62°¢ 5.124 0.189 0.237¢
GRAS80 0.07§¢ 0.289 0.540° 1.09¢ 0.922¢ 2.64° 5.16" 0.175%¢ 0.237¢
CHE20 0.098  0.316 0.52%¢ 1.17 0.87F" 2.68° 5.2F°¢ 0.134°¢ 0.221¢
CHEA40 0.098 0.318 0.51%° 1.16* 0.876"  2.64° 5.1g°¢ 0.123* 0.26%"
CHE60 0.09% 0.312 0.55% 1.17¢ 0.894" 277 5.2G* 0.104¢ 0.147
CHES0 0.07% 0.255 0.45%' 1.06" 0.934¢ 2.36" 4.84¢ 0.137°¢ 0.206"
OAK20 0.099 0.352 0.578 1.13 0.876"  2.9¢6 5.4G 0.172°¢ 0.294
OAK40 0.084Y  0.310 0.50%' 1.07°¢ 0.8829 2.69° 5.2F° 0.178" 0.272
OAKG60 0.077¢ 0.304 0.51%¢ 1.07°¢ 0.907¢ 2.67° 5.19° 0.160° 0.199"
OAKS80 0.074¢ 0.264 0.478' 1.09° 0.957 241" 4.94°¢ 0.144¢ 0.206"
Sep 0.0073  0.0336 0.0379 0.0372 0.0091 0.137 0.159 248.0 0.0158
P-value 0.004 0.232 0.027 0.007 <0.001 0.003 0.010 <0.001 <0.001
Contrasts

QUE LQ Q LQC L L
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GRA LQ Q
CHE LQ L Q LQC L L L QC
OAK LQ QC LQ QC Q Q

1The incubated substrate was a TMR (forage:condeniatio 50:50) supplemented with 20 g of sunfloaiékg diet DM.
’BCFA, branched-chain fatty acids.

30OBCFA, odd- and branched-chain fatty acids.

“SED=standard error of the difference.

>For each tannin, significance of linear (L), quaidré&Q) and cubic (C) responses to tannin addition.

*\Within a column, different superscripts indicatgrsficant differences.
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Table4

Effect of the addition of an oak tannin extract (kg diet DM) on rumen fermentation

parameters aftén vitro incubation with rumen inoculum from shéep

lten Control  OAK20 SED P-value
DMD7; (9/9) 0.703 0.679 0.0301 0.464
A (mL/g OM) 381 381 10.7 0.979
c (/h) 0.068 0.071 0.0016 0.176
AFR 18.7 19.5 0.355 0.115
ED (g/g) 0.435 0.426 0.0209 0.690
ivTSD (g/9) 0.809 0.802 0.0195 0.752
pH 6.44 6.46 0.0240 0.526
Ammonia (mg/L) 709 654 101 0.618
Total VFA (mmol/L) 79.2 71.5 4,72 0.176
Molar proportions (mol/mol)
Acetate 0.613 0.602 0.0225 0.641
Propionate 0.177 0.182 0.0117 0.664
Butyrate 0.157 0.162 0.0095 0.665
Other$ 0.053 0.054 0.0029 0.671
Acetate:propionate ratio 3.52 3.35 0.338 0.635

The incubated substrate was a TMR (forage:condentetio 50:50) supplemented
with 20 g of sunflower oil/’kg diet DM.

’A = cumulative gas production; AFR = average ferm@mn rate;c = fractional
fermentation rate; DMR = DM disappearance after 72 h of incubation; EBxtent of

degradation in the rumenyTSD =in vitro true substrate digestibility; VFA = volatile

fatty acids.
3SED=standard error of the difference.

“Calculated as the sum of isobutyrate, isovalenatevalerate.

30



Table5

Effect of the addition of an oak tannin extract (kg diet DM) on the diversity indices

of the bacterial community, and on the relativejfrencies [expressed as {p( + c) of

the percentage over the total peak area, with raigialues in parentheses] of some

terminal restriction fragments (T-RF) after 24dm vitro incubation with rumen

inoculum from sheep

Control OAK20 SED P-value
Diversity indices
Hhal Richness 64.3 63.0 2.67 0.643
Shannon index 3.58 3.59 0.06580.933
Mspl Richness 95.0 95.3 4.70 0.947
Shannon index 411 4.15 0.05090.472
Haelll Richness 56.0 57.3 3.67 0.735
Shannon index 3.61 3.62 0.07320.940
T-RF frequencies
Clostridia’ 750 bp Hhal) -0.064 0.099 0.0611 0.056
(0.864) (1.28)
95 bp Mspl) 0.836 0.836  0.0908 0.783
(7.06) (7.42)
Lachnospiraceae 65 bp Hhal) 0.895 0.946 0.0138 0.022
(7.87) (8.82)
293 bp Mspl) 0.077 0.176  0.0247 0.016
(1.20) (1.50)
277 bp Haelll) -0.056 0.291 0.109 0.034
(0.227) (1.28)

The incubated substrate was a TMR (forage:condenteio 50:50) supplemented

with 20 g of sunflower oil/’kg diet DM.

2SED=standard error of the difference.

3putative taxonomic identification.
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FIGURE CAPTIONS

Figure 1. Effect of incremental levels of different tannirtmacts (quebracho, grape,
chestnut and oak) on the percentage of variation r@spect to the contral€., without
tannins) of 17:0 (SEM=0.801), 18:0 (SEM=0.31Cs-9 18:1 (SEM=1.45)frans10
18:1 (SEM=1.82)frans-11 18:1 (SEM=0.987)is-9 trans11 18:2 (SEM=10.5), 18:2n-
6 (SEM=5.32), and 18:3n-3 (SEM=6.09) content aftrh in vitro incubation with
rumen inoculum from sheep.

Differences (*: P<0.05; t: P<0.10) compared witle tontrol. SEM=standard error of

the mean.
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