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ABSTRACT

Microbial enzyme preparations, especially Viscoryme [20L (Novo Nordisk A/S, Denmark)
added in vitro to milled, defatted rape seed, following enzymatic pepsin and pancreatin digestion
induccd cvident changes in the level of insoluble (1DF) and soluble (SDF) dietary fibres (DF). An
appreciable part of IDF in oilsced rapce was thus solubilised reducing its content from 28.9 1o 13.0%,
while SDF increased [rom 1.6 to 3.7%. Viscozyme 120L treatment also reduced the level of
DF-associated ash and protein (N x 6.25).

Feeding cxperiments with rats and chickens given Viscozyme 120L — treated Tull fat rape seed
meal were performed in order o evaluate the effect on utilization of protein (rat trials) and growth
performance {trials with chickens). The digestibility of protein was unchanged when the diet included
40% enzyme-treated full fat rapeseed meal, whereas there was a tendency for the biological value of
the protein to increasc when compared with the resulis obtained using a control diet contaming
untreated rapeseed meal. Experiments with chickens fed 15% enzyme-treated full fat rapeseed meal
showed an increase of 1(0-day-body mass gain from 208 g (without cnzyme addition) to 240 g (with
Viscozyme 120L preincubation).

KEY WORDS: biological value, chicken, dietary fibre, double low oilseed rape, cxocnzymatic
degradation, rat
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INTRODUCTION

DF in rape seed low in glucosinolales are the main components limiting the
use of rape seed meal in feed mixtures for poultry and young pigs (Bell, 1993;
Slominski and Campbell, 1990; Bjergegaard et al., 1991a; Danielsen et al., 1994).
The DF components have a broad capability of binding different nutrients,
including proteins (Ochodzki et al., 1995) and amino acids, as well as minerals as
calcium, magnesium, zinc, and iron (Bjergegaard et al., 1991b; Bjergegaard,
1993; Casterline and Ku, 1993; Weber et al., 1993). This may result in a reduction
of the availability of nutrignts in feed mixtures containing rapeseed meal,

Bell and Keith (1989) used f-glucanase and pentosanase from Aspergillus
niger in pigs fed Canola and low mucilage rapeseed meals. Slight improvement of
daily body mass gain and feed gain ratio was obtlained on a Canola diet while no
improvement was noted on “low mucilage” rapeseed meal.

Boisen and Fernandez (1991) showed that in vitro digestion of dry matter of
rapeseed meal was of the same range compared to dry matter ileal digestion of
cannulated pigs. Additional treatment with Viscozyme caused further digestion of
the dry matter of RSM, which was of the same range as faecal digestibility in pigs.

Slominski and Campbell (1990} showed 37% better digestion of nonstarch
polysaccharides in laying hens after treatment with Novoe’s commercial enzyme
SP 249. Alloui et al. (1994) used several exoenzymes (among others Energex
Novo) in diets for chickens. In spite of the fact that 5-hour preincubation of the
RSM with Encrgex resulted in & 10% decrease in acid detergent fibre (ADF) and
11% in neutral detergent fibre (NDF), there was no effect on growth and feed
utilisation in chickens.

The objective of this study was to investigate the breakdown of fibre
compounds of unprocessed defatted rapeseed meal by exoenzymes with different
properties, and the resulting liberation of fibre associated compounds — proteins
and minerals. The trials on N-balance in rats and growth test on chicken were
performed testing the extent of the bwological effects of enzyme-treated
unprocessed rape seed.

MATERIAL AND METHODS

Double low oilseed rape (spring type) of the variety J0024-1-2-5 was obtained
from the Polish Plant Breeding Station Matyszyn, milled and defatted by
extraction with n-hexane in a Soxlet apparatus. After defatting, the rape seed
samples contained 42.3% protein (N x 6.25) of air-dried matenial (8% maoisture).

Three different microbial enzyme preparations: Viscozyme 120L, Celluclast
1.5L, and Novozyme 188 (Novo Indusiri A/S Copenhagen, Denmark) were used
in two types of digestion systems in vilro:
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System 1:

1 g of defatted rapeseed meal was incubated in 50 ml of 0.1 M phosphate buffer
with pepsin (100 mg, 2 h, pH =2, 40°C), pancreatin (100 mg, 2 h, pH = 6.8, 40°C)
and one of the microbial enzyme preparation (0.1 ml Viscozyme 120L, 0.5 mi
Celluclast 1.5L or 0.1 ml Novozyme 188 3 h, pH = 5.0, 40°C. A rape seed sample
treated as above, except for the microbial enzyme addition, served as a reference
sample.

System 2:

The second type of in vitro digestion was performed as described above, except
for the order of enzyme treatment, using the microbial enzyme preparation
before pepsin and pancreatin. A rape seed sample treated as above, except for the
microbial enzyme addition, served as a reference sample.

Termamyl (thermostable ¢-amylase) was cxcluded in both system I and 11, as
the starch content in rape seed is very low (1-2%). Distinction between IDE and
SDF in the rape seed samples was performed by filtration and ethanol
precipitation as described by Asp et al. (1983). Ash and protein, determined
gravimetrically and by the Kjeldahl method (N x 6.25), respectively, were
subtracted from the residue weight in order to calculate the corrected IDF and
SDF content in the starting material,

Noncellulosic polysaccharide (NCP) content and composition of insoluble
{ractions after enzymic treatment were determined. Hydrolysis in 2N TFA 1 h,
121°C (Albersheim, 1967) was carried out, aldononitrile acetate derivatives were
prepared according to Mc Ginnis (1982) with mesoerythritol as the internal
standard. A gas chromatograph Varian 3700 with 30m, 0.53mm 1D DB-Wax
megabore capillary column was used for GLLC analyses. All data were integrated
on a HP 3395 integrator.

The biological experiments were performed with the enzyme-treated full fat
rapeseced meal on rats as well as chickens. Six-week-old male Wistar rats
weighing from 65 to 70 g were kept in N balance cages for a 9-day period. True
protein digesuibility (TD), biological value (BV), and organic matter digestibility
(DOM) were measured according to Eggum (1973). The experimental diets
contained 40% rape seed meal (cv. Bolko} as the only source of protein (9.7% in
air dried material) as well as N-free wheat starch, vitamin and mineral mixture
according to the requirements for rats (NRC, 1973). The lat content of the diets
was about 18%, giving an excess caloric value. In experimental diet 1,
preincubation of the full fat rapeseed meal with Viscozyme 120L (25 ml of
Viscozyme 120L 475 ml H,O, added to 900 g of milled seeds) was performed for
3.5hat 35°C, prior to preparing the diets. Experimental diet 2 contained the same
amount of Viscozyme 120L as used in diet |, but no preincubation was
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performed. The control diet included untreated full fat rapeseed meal in the same
amount as in the experimental diets.

Analysis of IDF and SDF according to the enzymatic gravimetrical principle
(Asp et al., 1983) normally includes treatment of plant material with Termamyl
(starch degradation), pepsin (protein degradation), and pancreatin (combination
of activities). In the present study, Termamyl treatment was excluded since rape
seed has a very low starch content. On the other hand, sample treatment was
supplemented by incubation with microbial enzyme preparations having a wide
range of cell wall degrading activities: Viscozyme 1201, arabinase, cellulase,
f-glucanase, hemicellulase, xylanase and pectinase activity; Celluclast 1.5L,
cellulase activity; and Novozyme 188, cellobiase activity. The level of IDF and
SDF in defatied rapeseed meal was determined for samples with and without this
additional enzyme treatment, using one of three different microbial enzyme
preparations either before or after pepsin and pancreatin treatments.

The fecding trial with chicken was performed using cight broilers per group,
selected according to body mass on the 4th day after hatching. The birds were
placed in heated plastic cages (30°C) - one bird in each cage. The diets were
composed of 85% Starter type meal (composed of, %: wheat 40, maize 20,
soyabean meal 20, wheat bran 10 and protein-vitamin-mineral concentrate 10;
protein content 23%, metabolic energy 10.64MJ and 15% full fat rapeseed meal
(cv. Bolko) (control diet) or 15% Viscozyme 120L-reated full fai rapeseed meal
as described above (rat trials, experimental diet 1). The feed intake of chickens
and body mass gain after 10 days of experiment were measured. The statistical
evaluation of data was performed by using QuattroPro 3.0, Borland Inter-
national Inc., USA.

RESULTS AND DISCUSSION

The use of microbial enzymes in general reduced the 1DF level, whereas the
level of SDF was increased (Table 1). The explanation of these changes lays in the
enzymalic cleavage of DF components (mainly hemicelluloses and cellulose) into
smaller molecules, changing their solubility properties toward more soluble
compounds. Part of IDF will thus be found in SDF. Initial releasc of protein and
other compounds in the DF fraction by pepsin and pancreatin treatments was
shown to be essenlial for the effect of microbial enzymes, as revealed from the
resultsin Table 1. So. reductions in DF-associated compounds, especially the ash
content, was much lower using Viscozyme 120L, Celluclast 1.5L, or Novozyme
188 as the first step compared to the use of the microbial enzymes as the final
treatment. All together, Viscozyme 120L treatment had the most marked effect
on IDF level, reducing IDF from 28.9 to 13% when used as a final step, and from
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TABLE 1
Content of dietary fibre and associated compounds in defatied rape seed cv. J0023-1-2-5 after
treatment with enzymes in two systems, %

System 1* Systern 2**
Enzyme treatment Ash Protein Fibre Ash Protein Fibre
N x 6.25 N x 6.25

1[DF fraction

Reference (pepsin-pancreatin} 53 9.7 289 33 8.7 27.5
+ Viscozyme 0.6 6.3 13.0 1.6 6.4 17.4
+ Celluclast 34 9.0 19.7 2.4 9.4 25.5
+ Novozyme 31 7.0 259 25 7.4 27.7
SDF fraction
Reference (pepsin-pancreating 11.2 4.3 t.6 4.6 3.6 1.2
+ Viscozyme 4.7 27 3.7 5.1 1.8 3.1
+ Celluclast 5.7 10.0 3.3 5.7 55 2.6
4+ Novozyme 7.1 3.0 29 4.1 1.5 2.7

Enzyme treatment conditions:
* Pepsin 2 hours, pH=2.0, pancreatin 2 hours. pH = 6.8, microbial enzymes 3 hours, pH=5.0
** Microbial enzymes 3 hours, pH=35.0, pepsin 2 hours, pH =2.0, pancreatin 2 hours, pH =6.8
Temperature for all treatments was 40°C

TABLE 2
Content of carbohydrates of insoluble dictary fibre residues after exogenic enzyme hydrolysis. % of
dry rapeseed meal

Enzyme Rhamnose Fucose Arabinose Xylose Mannose Glucose Galactose  Total
treatment

Reference

{pepsin-

pancreatin) 0.42 (1.21 4.59 1.96 298 0.64 1.45 12.25
+ Viscozyme  0.10 0.02 0.54 0.50 2.4 0.48 0.50 4.26
+ Celluclast 0.30 0.10 325 1.25 2.4 0.81 1.01 9.30
{- Novozyme 0.32 0.14 3.57 1.71 2.57 0.64 1.21 1.0

27.5 to 17.4% when used prior Lo pepsin and pancreatin treatments. This is not
surprising because of the much wider range of enzymatic activity of Viscozyme
1201 compared with that of Celluclast 1.5L and Novozyme 188. Analysis of
monosaccharide composition of noncellulosic polysaccharides (Table 2) shows
mannosc as the main enzyme-resistant saccharide and Viscozyme as the most
active polysaccharide-degrading enzyme. After Viscozyme digestion, mannose
compounds constituted 50% of the remaining polysaccharides. The content of
arabinose decreased from 45.9 mg in reference sample residues to 5.4 mg in
residues after Viscozyme treatment, while decrease of the mannose content from
29.8 to 21.4 mg, respectively, was observed.
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TABLE 3
Influence of Viscozyme pretreatment of rapeseed meal on protein and organic matter utilization in
rats, %

Diet TD BV NPU OMD
Centrol 8631+ 1.0 96.4 83.2 89.3+1.0

Experimental diet 1
(+ Viscozyme, + preincubation) 86.61+1.6 100 86.6 90.440.7

Experimental diet 2
(+ Viscozyme, — preincubation) 856409 100 85.6 920.1 +0.6

The data discussed above resulted in the choice of Viscozyme 1201 for enzyme
treatment of full fat rapeseed meal used in the animal trials. The N balance
experiments with rats showed no improvement of TD whereas BV was increased
by Viscozyme 120L treatment of rape seed (Table 3). The effect was independent
of whether preincubation of the rape sced meal with Viscozyme 120L for 3.5
h was performed prior to mixing or Viscozyme 120L was added directly to the
feed mixture without preincubation. The lack of effect on TD was surprising in
the light of the marked reduciion found for proteins associated to the IDF and
SDF fractions after Viscozyme 1201 treatment (Table 1). A possible explanation
may be that the enzyme treatment of rape seed for the animal trials was
performed on the full fat rapeseed meal without incubation with other enzymes,
the opposite of what was done in the in vitro systems described above.

It would be interesting to know how much DF-associated protein left in the
rape seed meal after the preincubation is available for the animal. It should be
said that the DF fraction must have been affected to a certain degree as revealed
from the positive effect of Viscozyme 120L treatment on BV. Another possibility
is that the slightly positive effect on BV, and thereby on NPU, is an effect of the
amino acids released by hydrotysis of Viscozyme 120L in the stomach and
intestine of the rats. Further investigations are, however, required in order to
understand the actual effect on rape seed DF components leading to this result.

TABLE 4
Influence of Viscozyme preincubation of rape seed on biological parameters
in chicken fed a diet contaiming £5% rape seed ( composition of diet, see

{ext)
Dict 10 days body weight Feed utilisation
gain, index
g g/g weight gain
Control 214415 203+0.18

Experimetal dict 240+ 26 1.934+0.1
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The results from the feeding trials with chickens are shown in Table 4. It was
found that the 10-day-body mass gain increased by 15% (from 213 to 240 g)
when chickens were fed the expenimental diet contaiming 15% enzyme-treated
full fat rapeseed meal. Feed utilization was only slightly improved (ca. 5%),
decreasing from 2.03 to 1.94 g/g. In experiments with dehulled rape seed from
aqueous enzymatic rape seed processing based on similar cell wall degrading
enzymes, a lack of improvement of TD values in piglets was observed (Danielsen
et al., 1994).

CONCLUSION

Microbial enzymes with cell wall degrading activities, e.g. Viscozyme 120L,
proved to affect the solubility properties of rape seed DF, reducing the IDF level
while increasing the level of SDF. The concomitant reduction in DFassociated
compounds, including proteins had., however, only a minor effect on proten
utilization using enzyme-treated rapeseed meal in N-balance trials with rats,
whereas the growth rate of chickens proved to be increased compared with
chickens fed a control diet. The differences of the digestive tract of rals and
chickens may explain some of the differences observed. Further studies will be
necessary in order lo identify the components in DF responsible for the negative
relationship between DF intake and utilization of nutrients. Investigation of the
positive effect of Viscozyme 1201 may also contribute to clucidating this
observation.
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STRESZCZENIE

Badania nad enzymatycznym frakcjomowaniem, skladem chemicznym i dziatanicm biclogicznym
wiokna pokarmowego rzepaku podwdjnic ulepszonego. 3. Degradacja skladnikéw wldkna pokar-
mowego pod wplywem enzymow grzybowych i ich wplyw na wykorzystanic skladnikéw zywieniowych
przez szczury i kurczeta

Preparaty enzymow greybowyceh, a swlaszeza Viscozyme 120L (Novo Nordisk A/S, Dania)
dodane do odttuszezonego rzepaku trawionego wezesiiej pepsyng 1 pankreatyna, wywolujg wyrazne
zmiany w zawartoscl 1 sktadzie frakeji nierozpuszezalnej (IDF) i rozpuszezalne] (SDF) widkna
pokarmowego. Tlios¢ IDF po rastosowaniu dodatkowo Viskozymu zmnicjszala sig # 28.9 do 13.0%,
a SDF wzrastata z 1.6 do 3.7%. Zmniejszala sig ilosé popiotu i biatka zwigranego » [DF.
Zastosowanie enzymow grzybowych przed pepsyna i pankreatyna zmnigjszalo skutecznosc ich
dzialania. W doswiadczeniach bilansowych na szczurach otrzymujacych dicty z 40% dodatkiem
zmiclonych nasion inkubowanych z Viskozymem lub bez dodatky nie stwierdzono zmian w strawno-
sci bialka (TD), nalomiast wystapila pewna lendencja do wzrostu wartosei biologiczne] biatka
w pordwnaniu z rzepakiem nie inkubowanym. W dodwiadczeniu wzrostowym Kurczeta karmione
diets zawierajgca 15% zmiclonych nasion w grupie zywione) rzepakiem inkubowanym z Vis-
cozymem (240 g/10dni/kurczg) przyrastaly lepicj w porownaniu z kurczglami otrzymujacymi rzepak
nie inkubawany (208 g/10 dni/kurcze).





