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Abstract. The objective was to assess the impact of application of two enzyme mixtures on the in vitro dry matter
digestibility, neutral detergent fibre digestibility, net cumulative gas production and methane production after 24 h of
incubation ofMilium coloratum (formelyPanicum coloratum) and a Patagonianmeadowgrassland.A protease (Protex 6-L)
and a fibrolytic enzyme (Rovabio) were assessed at three application rates (30, 60 and 90 mg/100 mL of distiller water) on
the substrates.Meadow sampleswere higher toMiliumones (P<0.05) for in vitro drymatter digestibility and net cumulative
gas production at 24 h. Nevertheless, Milium was ~11% higher than meadow (P < 0.05) for methane when expressed as
a proportion of digested dry matter (g/kg). Rovabio did not induce differences in any variable, but the addition of
Protex reduced (P < 0.05) in vitro dry matter digestibility in both substrates without bringing about differences in
methane production. Collectively, the addition of these enzymes did not benefit in vitro ruminal fermentation of low
quality forages.
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Introduction

Currently, as a consequenceof climatewarmingperspectives, and
the incorporation (or intensification) of new livestock production
lands, there is a renewed interest in improving the knowledge on
utilisation of non-traditional forages (e.g. subtropical species,
natural grasslands). Among many others, Milium coloratum
(formerly Panicum coloratum, Klein grass) is a C4-grass with
promising perspectives for cattle breeding systems under
subtropical conditions (Tomás et al. 2009). Similarly, in the
Patagonic region of Argentina, natural meadow grasslands are
critical resources for sheep and cattle production systems. Sheep
and beef cattle production in the southern Argentinean and Chile
Patagonian region is characterised by extensive exploitation of
grazing natural steppes and meadows, with a marked seasonality
during late spring and summer (Jaurena et al. 2010). These
meadow grasslands (i.e. ‘vegas’ or ‘mallines’; low-land sectors
surrounding natural water streams), though representing small
areas, account for an important biomass production source, of
good nutritional quality (Jaurena et al. 2009, 2010). Patagonic
meadow grasslands of Poa pratensis, Hordeum pubiflorum and
Alopecurus spp. are typical species of this cool southern bioma.

Although these non-traditional forages are highly valued in
areas with soil and climatic constraints, they showed nutritional
constraints for ruminants (Van Soest 1994). To improve the
availability of nutrients, the application of exogenous enzymes

may contribute to degradation of cellulose, hemicellulose, and
protein in forages (Pinos-Rodríguez et al. 2002). Exogenous
enzymes are widely used in non-ruminant diets (Bedford
2000), but there has been a long controversy about their use in
ruminants as it was presumed that the addition of enzymes would
not improve the endogenous fibrolytic activity of the rumen
(Beauchemin et al. 2003; Colombatto et al. 2003b) and would
excessively degrade the dietary crude protein (CP) reducing the
dietary nitrogen (N) utilisation by ruminal microorganisms.
However, this latter effect has not been demonstrated in
in vitro and in vivo experiments (Colombatto et al. 2003b; Eun
andBeauchemin2005). In thepast decade,many researchers have
shown a renewed interest in exploring their use for ruminants,
especially, due to the increasing feeding costs and there is easier
access to high quality enzymes (Adesogan et al. 2014; He et al.
2014).

The effect of proteolytic enzymes in addition to fibrolytic
enzymes has also been studied, hypothesising that such enzymes
would act over the cell wall protein, enhancing the accessibility of
the ruminal microorganisms to the most digestible substrates
(Colombatto and Beauchemin 2009). With enzyme mixtures of
endoglucanase, xylanase, alfa-amylase and protease activity,
there have been reported improvements of digestibility and
fermentation parameters in in vitro (Elghandour et al. 2013)
and in vivo (Gado et al. 2009) studies. Although studies on the
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effects of exogenous enzymes on ruminant productivity have
showndifferent results, there exists enough evidence that enzyme
action on forage cell wall may improve its ruminal digestion
(Feng et al. 1996; Eun and Beauchemin 2007).

Furthermore, it is well known that ruminal fermentation of
structural carbohydrates contributes tomethaneproduction (CH4p,
Moe and Tyrrell 1979). CH4 is not only an important greenhouse
gas with a heating power ~25 times greater than CO2, but it also
constitutes an important feedstuff energy loss during ruminal
fermentation (Johnson and Johnson 1995). Previous reports
have shown that the addition of enzymes to low quality forages
can improve their digestibility and could even reduce their CH4p
(Beauchemin et al. 2008; Grainger and Beauchemin 2011), but
results havebeen inconsistent. For example, in an in vivo screening,
a protease enzyme failed to reduce CH4p (McGinn et al. 2004).
Moreover, Giraldo et al. (2007a) reported that the addition of
enzymes to grass hay diets increased the in vitro CH4p at early
stages of fermentation (up to 24 h), with no effects thereafter.

In this first approximation, the primary objective of this study
was to assess the impact of application of two enzymes (i.e. one
protease and one cellulase-basedmixture) on two forages of great
importance in South America (i.e. Milium coloratum and a
Patagonian meadow grassland) through in vitro dry matter and
fibre digestibility (ivDMD and NDFD, respectively), and CH4p.
The underlying hypothesis was that both enzymes may improve
ivDMD and NDFD (concurrently reducing CH4p) due to the
improvement of the ruminal availability of the cell wall
carbohydrates; whereas the cellulase would hydrolyse the
cellulose itself, the protease is expected to improve the
accessibility of cell wall carbohydrates to a variety of cellulose
and hemicellulose enzymes.

Material and methods

Experimental treatments
A protease [Protex 6-L (PROTEX); Genencor Int., Inc., CA,
USA] and a fibrolytic enzyme [Rovabio, (R), Adisseo,
Alpharetta, GA, USA] were assessed at three doses (30, 60
and 90 mg/100 mL of distiller water) on two different
substrates: Milium coloratum (Milium) and a Patagonian
mixed meadow grass (Meadow). The concentration chosen for
the tested enzymes were based on previous work (Colombatto
et al. 2003a, 2003b; Colombatto and Beauchemin 2009), which
used a dose of 1.5 mg/kg of DM consumed, this dose being
equivalent to 30mg/100mL (considering an average of 0.2 gDM
incubated in each bottle in this study). Simultaneously, Control
samples (both substrateswithout addition of enzymes), blanks for
enzymes (containing buffer carbonate-bicarbonate medium,
ruminal liquor and the respective concentration of the enzyme,
i.e. PROTEX and R at 30, 60 and 90 mg/100 mL), and blanks for
ruminal liquor (ruminal liquor + buffer medium)were tested. The
same procedure was repeated during three different weeks (i.e.
three runs to obtain three repetitions) with the ruminal liquor,
which was obtained from two different animals each time.

Two factors were studied under a factorial arrangement (i.e. 2
Enzymes·3Doses) generating sixenzyme treatments (30, 60and
90mg/100mL of PROTEX, P30, P60 and P90, respectively; and
30, 60 and 90mg/100mL of R, R30, R60 and R90, respectively),
on two substrates: Milium and Meadow. Treatment results were

corrected by the respective controls and blank samples
(Table 1). Based upon previous evidence indicating that the
addition of enzymes to pure cellulose and xylan samples 20 h
before in vitro incubation increased the release of sugars
(Colombatto et al. 2003c), enzymatic preparations were added
to the incubationmedium(i.e. 1mLof enzymatic preparation+38
mL of buffer medium) the night before to the incubation, in the
bottles which had been hermetically sealed and kept at 4�C.

Substrate and enzyme products
Milium coloratum (DM = 911 g/kg fresh weight) harvested at
vegetative state from Rafaela (Province of Santa Fe, Argentina,
Lat. 31�100S – Long. 61�280O – Alt. 91 m a.s.l.) was kindly
provided by the ‘Program for the Improvement of Forage and
Feedstuffs Assessment (PROMEFA)’ of the ‘Animal Nutrition
Research and Services Center (CISNA)’ – School of Agriculture,
University of Buenos Aires (Table 2). The Patagonian mixed
meadow grass was harvested in Santa Cruz province (Argentina,
Lat. 51�370S – Long. 69�150O –Alt. 6 m a.s.l.), during the spring
season (dominated by Poa pratensis, Hordeum pubiflorum y
Alopecurus spp.,DM=860 g/kg freshweight). PROTEXactivity
extracted from Bacillus licheniformis [at neutral pH, 7.5
equivalents of a standard (protease from Streptomyces griseus)
per millilitre of undiluted enzyme product] has already been
characterised by Colombatto and Beauchemin (2009). R
(extracted from Penicillium funiculosum) has xylanase activity

Table 1. Arrangement of the experimental treatments

DoseA Corrected byB

Protex Rovabio

Control Bl-R Bl-R
30 Bl-E (Protex 30) Bl-E (Rovabio 30)
60 Bl-E (Protex 60) Bl-E (Rovabio 60)
90 Bl-E (Protex 90) Bl-E (Rovabio 90)

AControl (no enzyme addition); 30, 60 and 90 (enzyme doses at 30, 60 and 90
mg/100 mL).

BBl-R, blanks for ruminal liquor (ruminal liquor and buffer medium); Bl-E,
blank for enzymes (ruminal liquor, buffer medium and corresponding
enzyme).

Table 2. Chemical composition of Milium coloratum and Patagonian
mixed meadow grass substrates

Chemical fractionA

(g/kg DM)
Milium Meadow

Organic matter 910 880
aNDFOM 704 635
ADFOM 377 320
ADLSA 52 27
Crude protein 71 158
Ether extract 22 17
Hemicellulose 327 314
Cellulose 325 293

AaNDFOM, neutral detergent fibre (ash-free) with alfa-amilase; ADFOM,
acid detergent fibre (ash-free); ADLSA, acid detergent lignin with sulfuric
acid.
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(555 mmol of glucose/mL added enzyme), and endo-glucanase
activity (181 mmol glucose/mL added enzyme). These activities
were provided by the manufacturers.

Chemical and nutritional characterisation
All procedures were adjusted to the standardised protocols
proposed by PROMEFA (Table 2). In short, samples were
prepared by drying (65�C, 48 h) and milling (1 mm; Wiley
mill) before further characterisation. All results were reported
onaDMbasis (after 105�Cduring4h).Ashcontentwasmeasured
after combustion at 550�C for 4 h (AOAC International 1990).CP
(= total N · 6.25) was determined by Kjeldahl (AOAC
International 1990) with a Pro-Nitro (Selecta J.P., Barcelona,
Spain) and ether extract was assessed with a Soxhlet extractor by
using petroleum ether (AOAC International 1990). Neutral
detergent fibre with a-amylase (aNDFOM, Goering and Van
Soest 1970) and acid detergent fibre (ADFOM) were reported
as ash-free (AOAC International 1990) by using an ANKOM
fibre analyser (Model 220, Ankom Corp., Macedon, NY, USA).

Samples were also characterised by in vitro cumulative gas
production according to procedures outlined by Theodorou et al.
(1994) to evaluate the kinetics of fermentation and to estimate
digestibility. Samples were incubated in dark brown, 100-mL
bottles with a Bromobutyl septa cap (20mmdiameter) and sealed
with aluminiumcaps.Ruminal liquor (~solid : liquid 50 : 50 ratio)
was collected before the morning feeding from two cannulated
ewes fed tomaintenancewith a standarddiet (alfalfa pellet : maize
grain, 70 : 30; plus complete mineral salts). Incubation medium
was prepared by mixing one part of ruminal liquor with 10 of
carbonate-bicarbonate buffer (Theodorou et al. 1994). Samples
were incubated in duplicate during 24 h at 39�C in awater bath, in
threedifferent periods (i.e. three differentweeks) togenerate three
repetitions.

Pressure changes into the incubation bottles were measured
using a pressure transducer (T443A model, Bailey and Mackey
Ltd, Birmingham, England) connectedwith a three-ways valve at
2, 4, 8, 12 and 24 h of incubation (i.e. five times), pressure values
were corrected by the amount of substrateDMincubated.Volume
was then regressed on pressure records in order to fit a linear
regression model (after checking for outliers – visibly out of
pattern data), to calculate the actual volume record for everybottle
and time. Raw gas production data were corrected by their
respective blanks gas production (Table 1) in order to calculate
net cumulative gas production (NCGP), and data were expressed
per g of incubated DM basis (mL/g DM). The NCGP at 2 h was
analysed independently in order to assess the immediate effect of
enzymes addition. Similarly, NCGP were used at 8 and 24 h to
evaluate the effects on intermediate and slowdegrading fractions.
In order to assess CH4 concentration, gas produced at each
sampling time was collected and preserved into gas-tight vials
saturated with N2 at atmospheric pressure. Samples were kept at
4�C until they were analysed through gas chromatography
(Hewlett Packard 4890, equipped with a Porapak N 80/100
column 2 m long and using N2 as carrier; injector temperature:
110�C; oven: 90�C; flame ionisation detector: 250�C). CH4p at
24 h of incubation (after correction by the respective blanks,
Table 1) was expressed by incubated DM (CH4iDM, g/kg),

digested DM (CH4dDM, g/kg), and as a proportion of
substrate gross energy (Ym, Mcal/100 Mcal of gross energy).

After 24 h of incubation, fermentation was terminated by
adding 2–3 drops of a saturated thymol solution to each bottle,
filtered through fibre filter bags (ANKOM #F57) previous
to being sealed. The ivDMD was calculated from filter bags
residues after being treated with neutral detergent solution
according to Van Soest et al. (1966). Furthermore, NDFD was
analysed according to Goering and Van Soest (1970).

True DMD at 24 h of incubation was therefore calculated
as follows:

ivDMD ð%Þ ¼ ð100� NDF residueÞ · 100
DM incubated

Statistical analyses
Data were analysed according to a randomised complete block
design (blocking by incubation period), considering a factorial
arrangement of Enzyme (R, PROTEX) and Dose (D30, D60 and
D90), being the mathematical model:

yijklm ¼ ai þ bj þ gk þ dlðgkÞ þ a · dðgÞ þ rmðgkÞ
þ d · rðgÞ þ a · d · rðgÞ þ eijklm

Where: yijklm is the response variable; ai is the ith substrate
type (Milium, Meadow); bj is the jth block effect (1, 2, 3); gk is
the kth effect of treatment (treated samples, Control); dl(gk) is the
lth effect of the enzyme type (nested into gk; PROTEX and R);
rm(gk) is the mth effect of the enzyme doses (nested into gk; 0,
30, 60 and 90 mg/100 mL); eijklm is the residual random error.

Initially, the above complete model was run, and terms
were dropped whenever P > 0.05. Every model was tested by
homoscedasticity and normality (P = 0.05). Multiple means
comparisons were made by Tukey test (Steel and Torrie 1980).
All procedures were carried out by using Proc GLM (SAS
Institute 2013). Significance was declared at 5% probability
level and trends were discussed when P < 0.10.

Results

All the explored interactions that were not significant (P > 0.05)
were dropped from the final model. Meadow samples were
higher to Milium ones (P< 0.05) for ivDMD and NDFD at 24 h
(Table 3). The NCGP at 24 h showed a similar pattern
(Table 4). However, at early stages of fermentation (NCGP at 2
h and 8 h), Milium samples were higher than Meadow samples.
Likewise, digestible NDF (dNDF, %DM) was higher in Meadow
than inMilium. In relation to CH4 emissions, CH4iDM and Ym of
Meadow forage were ~13% higher than Milium (P< 0.05), but
when expressed per unit of digested DM, Milium became ~11%
superior toMeadow (P < 0.05). The addition of PROTEX enzyme
reduced (P< 0.05) ivDMD and NDFD in both substrates at 6.8%
and 14.7%, respectively. The same occurred with dNDF. The
NCGPwassignificant at8hof incubation,whenPROTEXreduced
(P < 0.05) NCGP to 30.3 from 39.2 mL/g incubated DM (average
of Control and R). However, after 24 h of incubation NCGP
showed an Enzyme · Dose interaction (P< 0.05, Table 4), with
differences (P < 0.05) within R enzyme treatment. The CH4p was
not affected by the type of enzymes or doses rates.
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Discussion

Substrate analyses

The chemical characteristics reported here agreed with previous
reports for Milium (Rhodes and Udén 1998; Tomás et al. 2009;
Asa et al. 2010). Although the Patagonian meadow showed
comparable NDF concentration to previous reports (Jaurena
et al. 2009, 2010), it showed considerably higher ADFOM
values, which were reflected in the lower ivDMD reported
here. These discrepancies are the natural consequence of the
different botanical composition and environment. Both forages
(Milium and Meadow) presented high cell wall contents, but the
Patagonian meadow showed a DM and NDF digestibility that
were 29% and 53% higher than Milium, respectively (in
agreement with the higher NCGP at 24 h). In relation to this,
Milium showed 18%higherADFOM concentration thanMeadow
suggesting different cell wall characteristics, as the type of lignin
and characteristics of cell wall carbohydrates explained almost all
the variation inNDF rate and extent of digestion (Raffrenato et al.
2009). These so far intriguing patterns have already been seen in
previous works with these types of grasses (Jaurena et al. 2009,
2010). In spite of the relatively lower cell content (1-NDF) and

dNDF of Milium, the higher NCGP at early fermentation times
would suggest a greater amount of rapidly soluble components
than those of Meadow grasses.

We are unaware of previous studies reporting associated CH4

emissions for similar forages, hence no comparisons were
possible. The Meadow had a CH4p higher than Milium when
expressed per kg of DM incubated and concurrently higher Ym
values, as a consequence of the higher ivDMD. However, when
corrected per kg of DM digested, the relationship was reversed
(MiliumexceededMeadow), suggesting that somecompositional
characteristic of Milium (e.g. fibre content) favoured CH4p per
unit of degraded substrate. Taking into account that CH4 comes
exclusively from the ruminally fermentable carbohydrates
fraction (and therefore actually degraded) this expression
(CH4p per unit of digested substrate) suggests that it should be
preferred when comparing different substrates.

Application of enzymes

As stated in the underlying hypothesis of this work, if any of the
assayed enzymes were effective in degrading some of the
refractory components of the cell walls, an increase in NCGP

Table 3. In vitro dry matter digestibility (ivDMD, %), neutral detergent fibre digestibility (NDFD, % NDF) and digestible NDF (dNDF, % DM)
after 24 h of incubation of Milium coloratum and Patagonian meadow forages after being treated with no enzyme (Control), and Protex or Rovabio

at 30, 60 and 90 mg/100 mL
Significance factors: **, P < 0.01; ***, P < 0.001; n.s., not significant (P > 0.05)

Variables Substrates Enzymes Significant factorsB

Milium
n = 21

Meadow
n = 21

s.e.m.A Control
n = 6

Protex
n = 18

Rovabio
n = 18

s.e.m. Block Subs Enz Doses E · D

ivDMD 48.7b 62.8a 0.86 56.7a 53.1b 56.7a 1.61 *** *** *** n.s. n.s.
NDFD 26.7b 40.9a 1.41 35.2a 30.7b 34.7ab 2.64 *** *** ** n.s. n.s.
dNDF 37.5b 51.9a 1.78 46.5a 39.9b 46.0a 3.32 *** *** ** n.s. n.s.

As.e.m., standard error of the mean. Different letters within the same factor (Substrate or Enzyme) and line differ (Tukey test, P < 0.05).
BProposed model = Subs + Enz + Block + Treat + Enz (Treat) + Doses (Treat) + E ·D + e; where: Subs, Substrate type; Enz, Enzyme type; Block, Block effect;
Treat, Treatment; E · D, interaction between enzymes and doses, e, residual random error.

Table 4. Net cumulative gas production (NCGP, mL/g DM) at 2, 8 and 24 h and methane emissions after 24 h of incubation of Milium coloratum
and Patagonian meadow forages after being treated with no enzyme (Control), and Protex or Rovabio at 30, 60 and 90 mg/100 mL

Significance factors: *, P < 0.05; **, P < 0.01; ***, P < 0.001; A, P < 0.10; n.s., not significant (P > 0.05)

Variables Substrates Enzymes Significant factorsB

Milium
n = 21

Meadow
n = 21

s.e.m.A Control
n = 6

Protex
n = 18

Rovabio
n = 18

s.e.m. Block Subs Enz Doses E · D

Net cumulative gas production
2 h 9.6a 6.0b 1.35 7.9 6.3 9.1 2.52 *** * n.s.A n.s. n.s.
8 h 40.4a 34.7b 2.37 41.4a 30.3b 37.0a 4.44 *** * * n.s. n.s.A

24 hC 97.6b 110.5a 4.66 110.5a 89.9b 105.4a 8.72 *** ** ** n.s. *

Methane production
Methane (g/kg incubated DM) 4.3b 4.9a 0.26 4.6 4.7 4.4 0.47 *** * n.s. n.s. n.s.
Methane (g/kg digested DM) 8.0a 7.2b 032 7.9 7.2 7.5 0.58 *** *** n.s. n.s. n.s.
Ym (Mcal/100 Mcal) 13.0b 14.7a 0.77 14.0 14.1 13.3 2.02 *** * n.s. n.s. n.s.

As.e.m., standard error of the mean. Different letters within the same factor (Substrate or Enzyme) and line differ (Tukey test, P < 0.05).
BProposed model = Subs + Enz + Block + Treat + Enz (Treat) + Doses (Treat) + E ·D + e; where: Subs, Substrate type; Enz, Enzyme type; Block, Block effect;
Treat, Treatment; E · D, interaction between enzymes and doses, e, residual random error.

CE ·D,means for doseswithin Rovabio: R30 = 104.0, R60 = 95.1 andR90 = 117.0. Tukey test,P < 0.05; s.e.m. = 12.33. No differenceswithin Protex (P > 0.05).
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at early incubation timeswould have been expected, but R did not
bring about any significant (P < 0.05) changes at any of the
assayed doses (i.e. 30, 60 and 90 mg/100 mL). This outcome
agreedwith aprevious report of Jalilvand et al. (2008)whodidnot
find any difference in in vitro cumulative gas production at 24 h
due to the incorporation of an enzyme mixture (cellulase,
xylanase, alfa-glucanase, protease and amylase activity) in
alfalfa hay, corn silage and wheat straw, though the lag phase
was lower in wheat straw and corn silage treated with enzymes.
On the contrary, some authors have found an improvement during
the first hours of in vitro fermentation using fibrolytic enzymes in
leaves and stems of alfalfa (Colombatto et al. 2003d), in fibrous
forage (Elghandour et al. 2013), corn silage (Colombatto et al.
2004b), and legume and grass mixture silage (Stokes 1992).
Colombatto et al. (2003c) demonstrated that the addition of
exogenous enzymes improved cellulose and xylan
fermentation in vitro mainly due to an increase in hydrolytic
activity. The beneficial potential of using enzymes in dairy cows
diets has also been reported by improvements in DM, NDF and
CP degradability (Rode et al. 1999; Elghandour et al. 2013).
Discrepancies among authors who tested similar additives could
be associated with factors which are not related with the
enzymatic activity per se, such as the method of application,
application level (Beauchemin et al. 2003) or concentration
(Jalilvand et al. 2008).

The addition of proteolytic enzymes to ruminant feeds used to
be considered not important, mainly because it was commonly
argued that proteolytic enzymes could increase dietary and
endogenous proteins degradation with the consequent raise in
N waste (Eun and Beauchemin 2008). In this experiment, the
decrease of ivDMDgenerated by the addition of PROTEXwould
support this hypothesis, even taking into account the decrease in
NDFD. Similar reductions in ivDMD were found in silages
(Colombatto et al. 2004a), although the authors attributed the
decrease of ivDMD to the starch degradation during the ensiling
caused by the activity of the a-amylase present in the additive.
Collectively, these findings highlight the need to adequately
characterise the enzyme additives before use in ruminant feeds.

In contrast, positive responses to the same proteolytic enzyme
have been found in in vitro and in vivo studies. For example,
Colombatto et al. (2003b) observed in a screening study that this
commercial product improved the degradability of forage, and in
another in vitro studywith a dual-flowcontinuous culture system,
they found improvements in the degradability of NDF and
hemicellulose of a dairy total mixed ration (Colombatto et al.
2003a). Similarly, using PROTEX, improvements in ivDMD at
22 h were observed (11.6%, 7.7% and 6.7% of improvement for
alfalfa hay, corn silage and dry-rolled corn, compared with the
Control; Colombatto andBeauchemin 2009). In vivo studies have
reported improvements in OM, N and hemicellulose digestion
with high and low forage inclusion rates (Eun and Beauchemin
2005), as well as in a study with sheep and goats fed with wheat
strawandacommercial concentrate (increments indigestibility of
OM,NDFandCPof up to11%;Salem et al. 2011). In a studywith
dairy cows fed with a total mixed ration with the addition of an
enzyme mix including protease activity, an improvement of
intake and digestibility was also found (Gado et al. 2009). In a
meta-analysis on protease enzymes carried out by Eun and
Beauchemin (2008), improvements on in vitro degradability

linked to protease activity have been found, but they also
observed that high levels of protease inclusion could have
detrimental effects on ruminal forage degradation. From this
review, it becomes evident the need for further studies on
proteases, and the need to develop a more accurate
measurement methodology of the enzyme activity.

The effect of enzymes on structural carbohydrates and
proteins could help to decrease CH4 emissions of substrates
(Beauchemin et al. 2008). To date, there have been few
studies analysing the relationship between the addition of
exogenous enzymes and ruminal CH4, with contradictory
results. For example, increases in CH4p (i.e. 43% in fermented
forages) associated to the addition of enzymes with cellulolytic
activity, were found using the Rumen Simulation Technique
(Dong et al. 1999). Giraldo et al. (2008) found differences
between cellulolytic enzymes derived from different
microorganisms in diets with high and low forage inclusion.
When the enzyme was derived from Trichoderma
longibrachiatum, there was an increase in in vitro CH4p
(P< 0.05) whereas no differences (P > 0.10) were detected
when the enzyme mixture was derived from Aspergillus niger.
In other experiments, although fibrolytic activity (i.e. xylanase)
induced improvements in the disappearance of DM, NDF and
ADF, there was no response in CH4p (i.e. g/kg DM incubated,
P< 0.05; Giraldo et al. 2007a, 2007b). Using a continuous-flow
dual culture system to study the addition of an enzyme with
proteolytic activity in a total mixed diet for dairy cows [i.e. corn
silage, rolled corn and alfalfa hay (30%, 40% and 30% of
inclusion)], no differences were found in in vitro CH4p though
the treatment increased the NDF degradability (Colombatto et al.
2003a). Additionally, in an in vivo study with steers fed with
barley silage, the application of a proteolytic enzyme did not
change CH4 emissions, or NDF and ADF digestibility (McGinn
et al. 2004). In this study, noneof the enzymes assessed altered the
in vitro CH4 emissions. Although we are unaware of similar
studies analysing themethanogenic capacity of substrates studied
here, in a previous study Milium yielded slightly more CH4 than
here [8.7 g CH4/kg digested DM and ivDMD (24 h) = 653 g/kg
DM; J. M. Cantet, pers. comm.].

Conclusions

The aim of this study was to analyse the impact of adding two
types of enzymes on digestion parameters to two forages scarcely
described. Although there were differences between the two
forage species (Meadow presented higher ivDMD, NDFD and
NCGP at 24 h of incubation, but emitted less CH4 per unit of
digested DM than Milium), no effects associated with the
addition of R were found for any of the rated doses. In contrast,
the addition of PROTEX induced a decrease in ivDMD, NDFD
and dNDF, though no effects were detected in relation to CH4p.
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