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ABSTRACT

Experunents were conducted with 1-3 years old, rumen cannulated Merino wethers to charac-
terize the stability of the 1,4-B-endo-xylanase activity of a commercially available enzyme prepara-
tion (Rumina-Zyme, 250 FXU/g xylanase activity, Dr. Bata Lid., Hungary). The Remazol blue tech-
nmique used for determination of the xylanase activity of the rumen fluid and solid samples proved
stmple, quick and reliable.

The xylanase activity in the rumen of fasting wethers was found to be 20-30 FXU/L 1t was by
about 2.5 times greater two and four hours after feeding than the value measured pre-fecding. Exo-
genous xylanase added direetly into the rumen of fasted wethers caused an increase in the enzyme
activity. After the peak activity at 5 min after reatiment the enzymatic activity decreased with an es-
timated half-lifc of 45-5¢ min, This result of the present investigation did not support the earlier ob-
servations, which indicated lasting activity of external NSP-enzymes in vivo.
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INTRODUCTION

Non-starch polysaccharidase enzymes (NSP-enzymes) are known to improve
the utilization of nutrients of feed rations first of all in monogastrics. Ruminants
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digest non-starch polysaccharides due to the variety of enzymes produced by the
rumen microflora (Annison and Bryden, 1998). External fibre degrading enzymes
are believed to increasc the availability of nutricnt substances for further proces-
sing into microbial proteins and volatile fatty acids (VFAs) in the rumen fluid. Si-
lage additives are important application of external fibrolytic enzymes in the ru-
minant nutntion. Authors reported improved digestibility of forages, and enhan-
ced weight gain in beef cattle (Nakashima and @rskov, 1989; Beauchemin ct al.,
1995) and improved dry matter intake, increased milk and milk protein produc-
tion in dairy cattle (Chamberlain and Robertson, 1992; Stokes, 1992; Kung ct al.,
2000). Enzymatic treatment decreascd the pH, xylose and sugar content of the si-
lage (Stokes, 1992).

By using a Rumen Simulation Technique (RuSiTece) Wang ct al. (2001) reported
that exogenous NSP-enzymes (cellulase and xylanase) improved the utihzation of
the ncutral detergent fibre, increased the quantity of reducing sugars and VFA, ¢le-
vated the count of cellulolytic bacteria and enhanced the rate of production of mi-
crobial proteins. On this basis, one may expect that due to the increased quantity of
available proteins and energy (in form of VFA) additional (dietary) NSP-cnzymes
might improve the production elficiency of dairy or beef cattle as in fact was repor-
ted {Nussio et al., 1997; Lewis et al., 1999; Schingoethe et al., 1999; Bryd] et al.,
2001, Iurkovich et al., 2002). Early studics suggested that supplemental NSP-en-
zymes were rapidly degraded in the rumen due to the proteinase activity of micro-
flora. On the contrary Hall et al. {1993) published that the endoglucanase from C.
thermocellum was completely resistant to inactivation by small intestine proteina-
ses in mice. Fontes ct al. (1995) incubated NSP-enzymes for 180 min at 37°C in
presence of bovine a-chymotrypsin and porcine pancreatin. Cellulase and xylana-
sc cnzymes proved to preserve their activity along the treatment, while the half-life
of endoglucanase decreased to 10 and 70 min, respectively. In their in vitro expe-
riments Hristov et al. (1998) demonstrated also remarkable resistance of carboxy-
methyl-cellulase (CMC-ase), xylanase, B-glucanasc to microbial fermentation, viz.
no significant decline in enzyvme activity was obscrved in the first 6 h of incubation.
Their in vivo experiments showed that peaks in CMC-ase, xylanase, f-glucanase
activities were reached within 1.5 h after trcatment with a remarkable stability there-
after. Morgavi ct al. (2000) incubated four commercially available preparations of
fibrolytic enzymes in vitro with rumen digesta of sheep. NSP-enzymes showed dif-
ferent stability. CMC-asc and xylanase from the fungus 4. niger was stabile for over
6 h, while f-glucostdase and 8-xylosidase were much more labile. Rate of degrada-
tion of enzymes depended also on the kind of the preparation.

The objective of our investigation was to measure the xylanase activity in the
rumen and to characterize the stability of the 1,4-B-endo-xylanase activity of a
commercially available enzyme preparation (Rumino-Zyme, 250 FXU/g xylana-
se activity, Dr. Bata Ltd., Hungary).
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MATERIAL AND METHODS
Trial 1

The goal of the experiment was to gain data on the xylanase activity of the
rumen fluid of sheep kept on a ration of high structural fibre. In this experiment
8 onc-yecar-old, rumen cannulated (Hecker, 1974) Merino wethers of 40 kg ave-
rage liveweight were used. The sheep were kept individually in metabolic cages
within reach of sight and auditory communication. The animals were fed two ti-
mes a day (at 8.00 a.m. and at 4.00 p.m.) with a ration of 400 g meadow hay and
250 g lamb concentrate (4.65 MJ MEm and 153 g crude protein daily). Licking
salt and water were offered ad fibitum. In this part of the expertment o cnzyme
preparation was added to the ration. After two weeks of preliminary period, two
times a week (on Wednesdays and Fridays) 50 ml of rumen fluid samples were
taken from cach sheep just before the morning feeding and 2 and 4 h thercafter.
The samples were kept in thawing icc until measuring the xylanase activity. In
one occasion a bigger quantity (200 ml) of solid matertal was taken from the ru-
men right before the morning feeding in order to measure enzyme activity bound
to the solid fibre phase.

Trial 2

The goal of the trial was to colicet base line data on the enzyme activity of the
rumen fluid in fasting sheep. Four, 3 years old, rumen cannulated Merino wethers
of about 70 kg average liveweight were used to obtain rumen fluid samples 16,
17.5 and 19 h aficr the last feeding. In this trial the sheep were fed only once a day
(a1 4.00 p.m.) with a ration of 700 g lucerne hay and 400 g sheep concentrate (7.49
MIJI NEm, 125 g crude protetn).

Trial 3

With this experiment we attempted to follow up the activity change of the cxo-
genous 1, 4-B-endo-xylanase enzyme added directly into the rumen at a quanti-
ty sufficient to rise the total extracellular xylanase activity of the rumen fluid. In
this experiment the sheep of trial 2 were used with the same feeding regime and
accommodation. At 8.00 a.m. (viz. 16 h after the last feeding) a base-line rumen
fluid sample was taken from cach sheep. Afterwards a single dose of 10 g enzy-
me preparation of 250 FXU/g 1,4-B-endo-xylanase activity dissotved in 100 ml
of water was poured into the rumen vig the cannula. Further samples were ta-
ken 5, 10, 15, 30, 45, 60, 90, 120 and 180 min after application of the cnzyme
preparation.
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Experimental material (enzyme preparation)

A thermophilic fungus, Thermomyces lanuginosus, known to produce cellulase
trec extracts high in xylanase and low in -xylosidase, B-glucosidase and a-arabi-
nosidase activity (Purkarthofer and Steiner, 1995; Bennett et al., 1998} was used
to produce an enzyme preparation as reported elsewhere (Kutasi et al., 2001). The
obtained product (Rumino-Zyme) 1s light-brown, granulated material {particle size:
400-500 um) of 90% dry matter content, which contains thermally resistant en-
doxylanase from the fungus Thermomyces lanuginosus. The 1,4-f-cndo-xylana-
se preserves its activity within the range of pH 4.5-8.0 and 30-50°C. Shelf life at
20°C is longer than 6 months. Enzyme activity of the product is 250 FXU/g (FXU:
one unit of xylanasc activity was expressed as umol of Remazol xylan-degrada-
tion products released in one min).

Determination of the enzvime activity in the rumen fluid and solid parts

Xylanase activity was measured in the supernatant of rumen fluid samples and
also 1n the solid materials of the rumen samples. Ten ml of rumen fluid was cen-
trifuged for 15 min at 5000 rpm and the supermatant was used for further measure-
ments. In the preparation of the solid fraction sample of rumen fluid {100 ml) was
sieved through double layers of gaze. Particles were collected from the gaze and
its suspension with 500 ml of 0.05 mol phosphate buffer (pH 6.5) was stirred with
a magnetic stirrer for 30 min. The suspension was filtrated again through layers of
gaze. The solid part was collected and suspended again in 50 ml phosphate buf-
fer. The suspension was mechanically shaken in a homocentric equipment at 30°C
for 30 min in order to activate the enzyme. The activated suspension was sieved
through a filter paper (MN 615 %) until a water-clear fluid was obtained. This fil-
tered material was used for further measurements. The weight of the wet material
withheld by the filter paper was taken and then dried until steady weight, Enzyme
activity was calculated for the dry weight.

Measurement of the enzyme activity

Ten mg substrate (4-O-methyl-D-glucorono-D-xylan stained with Remazol
blue, Fluka 66960) was put into test-tube and 2.0 ml of test material (rumen fluid
supernatant, or filtrate ot the rumen solid material) were added. After 120 min in-
cubation at 50°C, 5 ml of stop reagent (150 ml ethanol + 1 ml | N HCI) was added
to the medium and stirred for 1 min and left standing at room temperature for 15
min and then centrifuged for 10 min at 3 000 rpm. The absorbance was mcasured
at 590 nm wavelengths against blank that contained phosphate buffer. Colour in-
tensity of the hiberated Remasol blue was measured and expressed in FXU units,
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The standard scrics consisted of from 0.01 to 0.15 mg Trichoderma viridis (Fluka
95595) xylanase ol 2.5 FXU/mg activity.

Statistical analysis

Data were analysed by variance analysis and linear regression with the SPSS
8.0 for Windows software.

RESULTS AND DISCUSSION

Our studies showed that xylanase activity can be measured with reliable cffi-
cicney 1 the Remazol stained xylane system,

In Trial | the xylanase activity before the morning feeding was low (Figure 1)
and increased considerably (from 46.3 to 114.8 and 111.7 FXU/1; P<0.001) follo-
wing the feed intake. This finding of our experiment is in accordance with the data
reported by Huhtanen and Khalili (1992) and Michalet-Dorcau et al. (2001).
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Figurc . Xylanasc activity in the rumen fluid before and afier feeding

For the time being 1t 15 impossible to measure separately the activity of the in-
ternal and exogenous {experimentally added) NSP-enzymes. It follows that enzy-
mes produced by the rumen microorganisms may shadow the activity of the exter-
nal enzymes and may lead to considerable misinterpretation of the data. There-
fore for studying the activity of external NSP-cnzymes in s vive systems the careful
design of time regime in relation with feeding is of vital importance.
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Fibre-bound enzyme activity was higher than that in the liquid fraction. How-
cver, In our experiment enzyme activity of the solid rumen particles 1s of limited
value in charactenizing the xylanase activity of the ramen system due the high stan-
dard deviations of the data. Sonication might be better than mechanical stirring to
relcasc xylanasc activity from the crude plant particles. But in our study analysis
of rumen fluid samples can set firm basis for the estimation of the xylanase acti-
vity in the rumen.

In Trial 2 the xylanase activity of the rumen fluid was low after about 16 h of
the last feeding (in a state of “fasting™) with low standard deviation and decreased
slowly in the function of time (Figure 2). These data indicate that for characteri-
zing the base-line xylanase activity of the rumen the samples should be taken se-
veral hours after feeding, because in these times the xylanase activity of the rumen
micro-organisms is very low and stcady.
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Figure 2. Xylanase activity in the rumen fluid in fasting sheep

In Trial 3 the exogenous xylanase enzyme activity in the rumen fluid was about
250 FXUJ/1. This additional enzyme increased the base-line xylanasc activity of
the rumen Auid by about 300 % within 5 min after treatment (Figure 3) from 50
FXU/l 1o 161 FXU/A (P<0.001). The average recovery rate of the original enzyme
activity was about 54%. A significant part of the xylanase activity in the rumen
15 associated with crude plant particles. This may explain incomplete recovery of
added xylanase. The additional cnzyme preserved 63% of its activity for 45 min
(120 FXUA). After 60 and 90 nin the original enzyme activity decreascd down to
41 (96 FXU/1) and 34% (88 FXU/D), respectively. Between 90 and 120 min after
treatment the enzyme activity became stabilized over 30% of the original activity.
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Figure 3. Xylanase activity in the rumen flaid prior to and after xylanase treatinent

Three hours after treatment no merciment tn the enzymatic activity was scen and
the activity returned back to the iitial values {38 FXU/D.

The data (Figure 3) indicate significant rise in the xylanase activity which sup-
port the findings of several authors (Hall et al., 1993; Fontcs ct al., 1995; Hristov et
al., 1998; Morgavi ct al., 2000, 2001; Wang et al., 2001). In our cxperiments, how-
ever, the inercased activity was obscrved for about two hours only, Hristov ct al.
(1998) in their 15 h in vive experiments found peak enzymatic activity in the ru-
men 1.5 h after intra-rumen application of the enzyme preparation. No data were
published about the time when the activity of the external enzyme ebbed away
and 1n their paper no information was found about the origin (microbial or fun-
gus) of the cnzyme.

We concluded, that dietary {exogenous) 1,4-p-endo-xylanase enzyme disinte-
grates in the rumen within short afier treatment with an estimated half-life of about
45-50 min. It follows that substantial improvement in rumen digestibility of
non-starch polysacchandes can be cxpected only from those additives, which pro-
vides long lasting enzymatic activity in the rumen.
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STRESZCZENIE
Aktywnos$é i stabilnos¢ preparatu grzybowego 1,4-beta-endoksylanazy w iwaczu owiec

Dodwiadczenie przeprowadzono na i-3 letnich skopach merynosach z przetokam zwacza ce-
lem okreslenia stabilnodei aktywnodcei 1, 4-beta-cndoksylanazy z preparatu enzymatycznego, handlo-
wo dostgpnego (Rumine-Zyme, o aktywnosci 250 FXU/g, Dr Bata Ltd., Wegry). Do oznaczania ak-
tywnosei ksylanazy w ptynie zwacza i stalych probach zastosewano technike ,,Remazol blue™, pro-
sty, szybka i pewna,

Aktywnosc ksylanazy w zwaczu glodzonych skopow wynosita 20-30 FXU/L 1 byla ¢ okoto 2.5
razy wigksza w dwice 1 cztery godziny po karmiceniu niz przed podaniem paszy. Podanic bezposdred-
mo do zwacza egzogeniczne] ksylanazy zwiekszalo akitywnosé enzymatyczng. Po osiggnigciu piku
aktywnosci w 5 minut po podaniu preparatu aktywno$¢ eozymatyczna zmnigjszala sig w czasie po
Jej podaniu do zwacza, z potokresem trwania 45-30 minut.

Wyniki przeprowadzonych badan nic potwierdzaja wezesniciszych obserwac)i o stale) aktywnos-
ci zewngtrznych NSP-enzymow w warunkach in vive.



