FOODBALT 2008

APPARENT ENDOXYLANASE ACTIVITY IN RYE CULTIVARS FRO M
LITHUANIA

Daiva Vidmantiene!, Grazina Juodeikiené, Hilmer Sgrensen,
Charlotte Bjergegaard’

'Kaunas University of Technolodyepartment of Food Technology,
Kaunas,, LT-50254, Lithuania, e-mailaivavid @ktu.lt

“The University of Copenhagen, Department of NatSeiénces,
Copenhagen, DK-1871, Denmark

Abstract

The efficiency of cereal-based biotechnologicalcpases closely linked to both their chemical cortiposand
selection of cell-wall degrading enzymes. Degramtatf cell-wall polysaccharides during processimgmeans

of added or naturally occurring endogenous xylasiasay also affect the quality of the end-prodiibe aim of
the present study was determination of the appatiity of endogenous xylanases in four wintex varieties
and in two newly developed rye hybrids. The infloenof variety and climatic conditions on apparent
endoxylanase activity was investigated. Rye culsivaere grown on different soils at three Plantdgling
Stations of Lithuania in 2003 and 2004. The appaesioxylanase activity was studied in the albubyje
extracts from meal of the rye kernels (pH 4.5; 40) by an assay based on dinitrosalicylic acid. The
arabinoxylan used as substrate was isolated froemaiMbran, and the reducing sugars were purifiedabipn-
exchange chromatography. The results showed thefisant influence of the genotype and agro-climati
conditions on the endoxylanase activity varyingwastn 5.1+0.6 and 23.6+0.9 nkat/g grain. No sigaiitc
correlations were found between Falling number (&) apparent endoxylanase activity in rye.
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Introduction

The efficiency of cereal-based biotechnologicakpsses and the quality of end- products are
closely linked to the chemical composition of teenfiented cereal raw material. Degradation
of cell-wall polysaccharides during processing, hgans of added or naturally occurring
endogenous xylanases may also affect the qualitysoénd-product.

Rye is the second important crop in Lithuania nextvheat because of its production extent
and is widely used in various fermentation procesBge is characterized as to have a higher
amount (1L6%) of the dietary fiber polysaccharides the mimgiortant constituent of which
are arabinoxylans (AX) (Vinkx and Delcour, 1996).X#action is of considerable
importance for rye processing, bread-making qualitg nutritional properties of food and
feed (Vinkxet al 1993; Amaret al, 1997). Although, arabinoxylans together witiglucans
cause the low extract yields, high wort viscosityl adecreased the rate of filtration or haze
formation in beer (Antoniuoat al, 1981; Izydorczyk and Biliaderis, 1995; Schward &tan,
1995). The presence of water-extractable AX canstig approximately 25-30 % of the total
AX increases dough viscosity, bread volume, gaent®n, crumb texture, colour and taste
(Bengtsson and Aman, 1990; Courtin and Delcour2200

In recent years, the interest in carbohydrate-aativzymes such as xylanases has increased
due to their potential application in the food dedd industry. Endoxylanases are primarily
responsible for the degradation of AX increasing lével of water soluble AX and affect the
fermentation process, herewith the quality of thd-product (Poulseat al, 2002) However,
efficiency of added commercial endoxylanases cary wepending on rye variety and
growing location making the optimal dosage of enaydifficult to determine. It may be due
to the levels of endoxylanases and endoxylanaseibitois in rye cultivars
(Serensert al, 2001; Dornezt al, 2006). Similarly, evaluation of the action of egénous
xylanases is of a growing importance in case ofeiasing the efficiency of fermentation
process of rye-derived stock in different applicas. The optimization of enzymatic
hydrolysis of rye causes the problems due to tbk ¢d studies related to the endoxylanase
activity and the influence of the growth conditiarsd genotype on the endoxylanase level.
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The present work has the objective of determinatlmn apparent activity of endogenous
xylanase in winter rye crude extracts, which seagea model system of fermentable raw
material.

Materials and Methods

Rye samplesThe samples of four rye varieties ‘Joniai’, ‘Ferdah ‘Matador’, ‘Picasso’ and
new developed hybrids LVA 426 and LVA 391 were aed from Plant Breeding Stations
(PBS) located in different parts of Lithuania aftaro growing seasons (2002-2003 and
2003-2004). The weather conditions in the summel@¥3 and 2004 were completely
different as well as the precipitation levels atS?PBand PBS Il locations (Figure 1). The
summer of 2003 was warm and dry. Higher falling bens (FN) for the rye varieties grown
in 2003 were observed with an average of 266 sohtrary, the summer of 2004 was cool
and wet. Heavy rainfall before harvest increaseal risk of sprouting and the microbial
contamination of the rye kernels. This was evidenbg relatively low FN values with an
average of 169 s.
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Figure 1. Average temperature (curve) and total raifall (bars) in 2003 and 2004 (a)
and at PBS | and PBS Il locations (b)

Sample preparation

Rye crude extractsThe rye wholemeal (5+0.01 g) was homogenized inmdQf sodium
acetate buffer (0.1 M; pH 4.5) on ice-bath for 1h.nThe homogenate was centrifuged
(10000 g; 4 °C; 25 min) and filtered.

Substrate solutionThe wheat arabinoxylan (3.2 mg/ml) solution wasparred from wheat
bran at the same manner as rye crude extractsr Aftmogenization and centrifugation
procedures the solution was boiled for 15 min aowlexd to 4 °C.

Stop solution (DNS reagent}.5-dinitrosalicylic acid (1+0.01 g g) and sodiypotassium
tartrate (30+0.01 g g) dissolved in 100 ml of 0.4\N&lOH.

Determination of falling number. Falling number were determined according Hagberg-
Perten by 1ISO 3093:2004 method.

Endoxylanase activity assayThe endoxylanase activity in rye extracts was measby an
assay based on dinitrosalicylic acid according &1i{1959) with some modifications. One
unit of enzyme activity is defined as the amounenzyme required to releasesuthol of
xylose equivalents per minute from the arabinoxglainder the assay conditions used
(pH 4.5; 40 °C).

The reaction mixture (1 ml) containing cereal extré200 pl)) and substrate (1Q0) in
acetate buffer (0.1 M; pH 4.5) was incubated at@@or 60 min. The reaction mixture prior
to treatment bydinitrosalicylic acid was subjected to carbohydrgtarification by
CEC according to the principles described by Samees al, (1999). The equal amounts of

162



FOODBALT 2008

carbohydrate solution and DNS reagent were mixelircubated in a boiling water bath for
exactly 5 min. After cooling, reaction solution wdiduted (1:10) and the absorbance of the
solutions was measured 540 nm. The mean absorbance values of the ttgtierminations
and the two blanks were calculated. The D-xylos@edards (0-0.25 mM) were made up in
acetate buffer (0.1 M; pH 4.5) and allowed the tmmsion of a calibration curve. For the
calculation of the endoxylanase activity (nkadfgin) the slope from the xylose curve was
used.

Carbohydrate purification by cation-exchange chromaography (CEC). CEC columns
contained the strongly acidic cation-exchanger (Bx0Vv0WX8 H 200-400 mesh) were
washed with water to neutral pH. The reaction mixt(L mL) was added, and the aqueous
effluent contains neutral compounds including chyvates was washed with 10 mL of
water.

Statistical analysis. The variations in the endoxylanase activity weralgsed with the
Statistical software Analyse-it for comparison loé tmeans by one-way analysis of variance
(ANOVA). The significant of the results from thetdanalysis was considered by0p05.

Results and Discussion

Endoxylanase variability. Table 1 presents the apparent endoxylanase aesiviti different
rye varieties of 2003 and 2004. The measured endoage activity values in the rye grain
extracts after 1 hour of incubation varied from#B.5 to 23.6+0.9 nkat/g. The statistically
significant differences between the apparent d@wiof rye varieties from PBS | and PBS I
same as between varieties of 2003 and 2004 (PB&4dtlest were found. This verifies that
the growing location influence €0.05) on the formation of the endoxylanase in nyié\ars.
Also a strong correlations between apparent endogge activities within mentioned groups
was found (R=0.74 and R=0.76, respectively; p<0.05). The apparent endmagde activities

in the rye varieties of 2004 were found to be highe an average by 46% comparing to the
activities of analogous cultivars of 2003. The tessshow the significant influence ;(1@.99;
p<<0.05) of the precipitation levels on the appaezdoxylanase activity.

The lowered endoxylanase activity values determimiéel 6 hours (Table 1) of incubation
indicated the decrease in activity which can be tuthe action of rye inhibitors which are
able to inhibit microbial kernel-associated endaxyses. The apparent endoxylanase activity
of rye variety ‘Fernando’, ‘Picasso’ and LVA hybsicshow the lowest changes during
incubation. They may have the lowest activity ofcrabial endoxylanases and can be
characterized as more resistant to microbial com@tion than the other varieties.

Table 1
Apparent enoxylanase activity levels in winter ryecultivars
Rye variety FN, Activity, nkat/g INA=-k px+InA, Tizh
s afterih | after6h
PBS | (2004)
‘Joniai’ 202 16.65+0.88 | 7.42+0.16 y=0.173x+3.049 4
‘Matador’ 208 14.50+0.82 | 6.85+0.19 y=-0.156x+2.862 4
‘Fernando’ 297 8.90+0.42 3.57+0.18 y=-0.170x+2.417 4
‘Picasso’ 253 5.06+0.37 2.87+0.19 y=-0.138x+2.010 5
PBS Il (2004)
‘Joniar’ 20¢ 19.0740.57 7.7240.1 y=-0.157x43.00¢ 4
‘Matador’ 248 23.55+0.92 | 9.22+0.28 y=-0.176x+3.193 4
‘Fernando’ 232 10.59+0.39 | 6.21+0.22 y=-0.103x+2.461 7
‘Picasso’ 262 8.29+0.50 5.7340.19 | y=-0.076x + 2.142 9
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Rye variety FN, Activity, nkat/g INA=-K px+InA, Tizh
s afterih | after6h
PBS Ill (2003/2004)

'Joniai’/2003 244 8.54+0.35 5.28+0.16 y=-0.107x+2.327
'Joniai’/2004 184 16.72+0.96 | 8.41+0.18 y=-0.143x+2.944
LVA 426/2003 263 7.62+0.26 5.08+0.18 y=-0.082x+2.131
LVA 426/2004 164 14.50+0.92 | 7.97+0.29 y=-0.120x+2.794
LVA 391/2003 292 7.10+0.28 4.78+0.18 y=-0.061x+1.924
LVA 391/2004 160 12.26+0.82 | 7.60+0.29 y=-0.099x+2.623

~REowuoo

The obtained activity values were found higher ttiarse reported in literature by Autd al
(1998) They measured endoxylanase activity of 1 and S/gdgaain in ungerminated and
germinated rye kernels, respectively, using birabdveylan as substrate. Either, the activities
of endogenoug-D-xylanase were quantified in extracts from ungeated rye grain by
Rasmusseet al (2001) The obtained activity of the endoxylanase agaRBB-xylan was
11 pkat/g-grain. The higher activity of endoxylamas our assay might to some extent be
explained by the increased susceptibility of tHelsde wheat AX to enzyme attack.

No significant correlations were found between Fhd aendoxylanase activities in rye
(R?=0.232). However, low reverse correlation’¥B.414) between FN and endoxylanase
activity after 6 hours of incubation was detectdthis suggests that the sources of
endoxylanase and amylase activities in rye areeqgifferent. Also the susceptibility of rye
varieties to microbial infection could play a role.

Conclusions

The apparent endoxylanase activities are at leastafly genetically determined, but the

levels of endoxylanase largely depended on theatiarconditions prior to harvesting. The

fact that not only sprouting kernels but also micganisms on the cereal can produce
endoxylanases may explain why no significant catreh could be found between FN and
endoxylanase activity.

The functionality of commercial xylanases in diffat applications involving cereal

processing may be influenced to different degregsthe relative quantities of cereal

endoxylanase and endoxylanase inhibitors presemtecereal raw material and by the

sensitivity of the endoxylanase to the inhibitiés. endoxylanases strongly influenced on rye
functionality, endoxylanase activity could be usasl one of additional criterion for the

selection of rye varieties suitable for applicatioaquired.
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