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Abstract

Enzymes play an important role in cereal processotgnly because in many instances they have padtron
processability, but also they add to final prodgeéality. High activities of different hydrolytic egmes could
cause the losses of grain quality and lead to gsieg problems and unsatisfactory end-products.edew the
information on the impact of various cultural piees and conditions on the variation of enzymewiagievels

in cereals is rather limited. The present studhésefore aimed to compare the activity levels ostimportant
hydrolytic enzymeso-amylase, endoxylanase and protease) in wheatybeaye and oats grown by organic and
conventional agricultural practices. To address ibgue, different registered cultivars and up-emahing lines
of winter wheat (4 varieties), winter rye (3 vaies), spring barley (6 varieties), and oats (3 eat&s) grown
during 2009 harvest year were involved in the Tést:a-amylase activity in organically and conventionally
grown cereals varied from 224 till 1335 U (unit§)and from 814 till 1546 U§ endoxylanase activity — from
0.13 till 0.65 U ¢ and from 0.06 till 0.15 U § protease activity — from 4.89 till 4.95 U'gnd from 4.87 till
4.95 U ¢, respectively. The data demonstrated that organiatyhye, and oats had loweamylase activity in
compare with conventional counterparts. Also orgarye, barley and oats distinguished much higher
endoxylanase activity than conventional ones. Gopttendency was found during investigationoedmylase
activity in barley and endoxylanase activity in \aheComparing protease activity, significant diffleces have
not been found between various agricultural prastidhese results warrant further studies investigdinks
between specific agricultural practices and enzgoi®vities in important food cereals.
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Introduction

Cereals worlwide are extremely important for botimilan and animal nutrition, hence the
great economic importance of their processing mtwide range of products. In the last
decade, enzymes have become increasingly impont@eteal processing not only because in
many instances they have an impact on processalblitt also they add to final product
quality (Kruger, Lineback, 1987). High activities different hydrolytic enzymes could cause
the losses of grain quality and lead to procespinodplems and unsatisfactory end-products.
These enzymes are mainly responsible for mobilisheg insoluble storage reserves in the
endosperm: amylases degrade starch into dextrohglacose, xylanolytic enzymes catalyse
the breakdown of non-starch polysaccharides, psetedydrolyse proteins and produce
amino acids.

Factors such as resource availability, soil quaktimate, and insect and animal herbivory
pressures are known to affect levels of nutriemisceéreals (Brandt, Mglgaard, 2001).
However, the information on the impact of variowstural practices and conditions on the
variation of enzymes activity levels in cerealsather limited. Given that increasing evidence
indicates a role for hydrolytic enzymes in cereadcessing, efforts need to be directed in
understanding relationships between cultural prastand activities of different enzymes in
cereals.

Conventional, organic, and sustainable agriculareethe primary cultural practices used in
the production of foods. The goal of each of thasetices differs greatly with respect to crop
yield, land and pesticide use, and environmentglaich Conventional agricultural practices
utilize high-yield crop cultivars, chemical feraérs and pesticides, irrigation, and
mechanization. Although conventional practices lteisureliable high-yield crops, there is
concern regarding the negative biological and emwirental consequences and long-term
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sustainability associated with these practices @rsbn et al., 2000). Organic crops cannot be
genetically engineered, irradiated, or fertilizedhwsewage sludge. Additionally, farmland
used to grow organic crops is prohibited from beireated with synthetic pesticides and
herbicides for at least 3 years prior to harvest.

Most of existing studies have compared the nutréio quality of organically and
conventionally grown plants in terms of macronuttse vitamins, and mineral¥v/oeseand
others (1997) reported on the quality of foods gramder different production methods and
examined between 1926 and 1994. The authors cattitisat no major differences in
nutrient levels were observed between the diffepeatiuction methods in some cases while
in other cases contradictory findings did not pémbefinitive conclusions about the influence
of production methods on nutrient level¥orthington(2001) reviewed a number of studies
that compared crops produced with organic fertil@meby organic farming systems to crops
produced using conventional farming systems. It vegorted that organic crops contained
more vitamin C, iron, magnesium and phosphorus thdnconventional cropsBourn and
Prescott(2002) also compared the effect of inorganic amgdic fertilizers on the nutritional
value of crops. They concluded that the study teswlere too variable to provide any
definitive conclusions concerning the effect oftifeaer type on mineral and vitamin content
of crops.Davis and others (2004) compared USDA nutrient conterd dbor 43 garden crops
between 1950 and 1999. Statistically reliable desliwere noted for 6 nutrients (protein,
calcium, potassium, iron, riboflavin, and ascorbad), with declines ranging from 6% for
protein to 38% for riboflavin. However, they atuiled the decreases in nutrient content to
changes in the cultivars (plant varieties) used.tiWése data demonstrate that the results of
the nutritional quality of conventionally and orgzaily are difficult to interpret because
cultivar selection and growing conditions varieddely and different methods of sampling
and analysis were used in the investigations. Aatthlly, these studies did not address levels
of enzyme activities in conventionally and orgaliicgrown cereals, although the enzyme
activities could be differ between these two praadi

The present study is therefore aimed to compareatiwity levels of most important
hydrolytic enzymeso-amylase, endoxylanase and protease) in wheatlybaye and oats
grown by organic and conventional agricultural pcss.

Materials and Methods

The organic and conventional field trials were agetdd during 2009 harvest year in Central
Lithuania (Dotnuva, 55°24’'N, 23°50'E) at the expeental fields of the Institute
of Agriculture. The soil of the experimental sigeEndocalcari- Epihypogleyic Cambisol
(CMg-n-w-can) close to neutral acidity, moderatslypplied with available phosphorus and
potassium, organic matter (humus) in conventiomal arganic fields respectively 2.6 and
2.4%. Pre-crop — black fallow. The meteorologicainditions of cereal growing and
harvesting period in 2009 year are shown in Table 1

Table 1
Meteorological conditions of wheat growing and haresting during 2009
Parameter April May June July | August

Average temperature 2009 (°C) 84 |12.2 14.7 18.2 16.7
Average temperature 1924-2006 (°C)| 5.4 | 11.9 15.4 16.7 16.2
+ deviation over previous period +3.0 +0.3 -0.7 +1.5 +0.5
Average rainfall 2009 (mm) 8 37 96 105 75
Average rainfall 1924-2006 (mm) 42 52 68 79 76
+ deviation over previous period -34 -15 +28 +26 -1
Days with raining > 1 mm 1-3 6-12 6-17 13-18 8-11
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Eleven registered cereal cultivars and six up-andiog lines developed at the Plant
Breeding Department of the Institute of Agricultwere involved in the test: winter wheat
(Triticum aestivunmL.) cultivars 'Ada’, 'Alma’, 'Tauras' and 'Sirvint§ winter rye $ecale
cerealeL.) cultivar 'Joniai' and lines LZI 424, LZ| 518pring barley lordeum vulgared..)
cultivars 'Simba’, 'Luoke’, 'Aura DS' and lines 8@5 8056-6, 8611; oatAgena satival.)
cultivars 'Migla’, 'lvory' and line 1551-3. The ieires were grown in 3 replications with a
plot size of 5.0 x 1.7 M The crop was sown in a well prepared seedbed avifege 80 at a
rate of 4.5 million seed h& All fertilities in conventional field trials werapplied annually.
Winter wheat and rye have gotPsoKso, spring barley — BPsoKso and oat — hbPsoKeo
respectively. Phosphorus and potassium fertilisgese applied in autumn, for winter
cereals — pre-sowing. Nitrogen was applied in gprn pre-sowing spring crop or after
resumption of vegetative growth (BBCH 23-24) of tein crop. Conventional farming
field crops as sprayed with herbicides — at the efdillering - beginning of booting
(BBCH 28-30), taking into account prevalent weedcsgs; other pesticides and additional
fertilisation were not applied. The organic fielcasvcertified for organic agriculture; no
agrochemicals and fertilizers were used. Harves¢ t+ fully ripe grain maturity (BBCH 89).
The plots were harvested with a Wintersteiger retere Combine-harvested grains from each
plot were dried and sampled for analyses.

For analytical tests, grains were milled in LaboratMill 120 (Perten Instruments AB,
Sweden) at a particle size of 0.8 mm and store@0yC. Frozen samples were defrosted and
analyzed for a-amylase, endoxylanase and protease activities. é&myme activity
measurements 5 g of milled grains were extracted @0 ml of particular buffer for 1 hour
and centrifuged at 1000§%or 20 minutes by 4C.

a-amylase activity was determined using an ICC SteshdnethodNo. 108 (ICC, 1998).
Wheat extract was prepared in the calcium chlosdl@tion (pH 6.0). Soluble starch (1%)
was used as substrate. One unit (U) of amylaseitgoivas defined as the amount of amylase
which is able to catalyze 1 g soluble starch hygiislto dextrins under assay conditions.
Endoxylanase activity was determined by the disdfizylic acid assay (Miller, 1959). Wheat
extract was prepared in 10 mM sodium acetate b(bidr4.5). One unit (U) of endoxylanase
activity was defined as the amount of enzyme reguito releases 1 pmol of xylose
equivalents per min from the birchwood xylan (5 mm) under the assay conditions
used (pH 4.5; 40C). The xylose solution (2.5 mM) was used to prepaflose standards
(0-0.45 pmol mt) and construct the calibration curve.

Protease activity was determined by Sigma'‘s enzgnaatsay of protease using tyrosine as a
standard (Sigma Quality Control Test SSCASE01.0099). Wheat extract was prepared in
10 mM sodium acetate buffer (pH 7.5) with 5 mM aaic acetate. Casein solution (0.65%)
was used as substrate. One unit (U) of proteasataatas defined as the amount of enzyme
required to liberate 1 pmol of tyrosine per min pelr under the assay conditions. The
tyrosine solution (0.2 mg i) was used to prepare tyrosine standards (0—0.0&fMpand
construct the calibration curve.

All analyses were performed in triplicate. The o#tion of the mean values and standard
deviations were performed using a Microsoft Exc@D@ program and a statistical program
Analyse-it. The means were compared by one-wayysisabf variance (ANOVA). The
p-values 0k0.05 were considered significant.

Results and Discussion

a-amylase, endoxylanase and protease activity ledetsrmined in different winter wheat,
winter rye, spring barley and oats cultivars arspnted in Table 2.
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Table 2
Enzyme activities in conventionally and organicallygrown cereals
C Agricultural Enzyme activity (U g°)
ereals )
practice o-amylase | endoxylanase protease
Wheat
Ada 1064+103 0.24+0.04 4.95+0.00
Alma 1105+29 0.14+0.03 4.91+0.02
Tauras Conventional 1126429 0.12+0.03 4.92+0.02
Sirvintal 1546+7 0.11+0.04 4.91+0.01
Average value 1210+33 0.15+0.06 4.90+0.01
Ada 1026+17 0.10£0.02 4.91+0.00
Alma 1081+39 0.12+0.04 4.89+0.03
Tauras Organic 1038+33 0.17+0.01 4.90+£0.01
Sirvintal 1136+39 0.13+0.01 4.91+0.04
Average value 107049 0.13+0.03 4.92+0.03
Rye
Joniai 1053+59 0.11+0.05 4.89+0.01
LZI 424 Conventional 1131+7 0.12+0.06 4.88+0.00
LZl 512 1012+44 0.15+0.03 4.89+0.00
Average value 1066161 0.13+0.02 4.89+0.01
Joniai 999+22 0.80+0.09 4.90+0.01
LZI 424 Organic 904144 0.70+0.10 4.95+0.09
LZl 512 697174 0.46+0.09 4.90+0.01
Average value 8671154 0.65+0.18 4.90+0.03
Barley
Simba 913+51 0.18+0.01 4.88+0.01
Luoke 986+7 0.03+0.01 4.90+0.00
Aura DS 1100+22 0.14+0.02 4.91+0.02
8056-2 Conventional 830+7 0.18+0.01 4.93+0.02
8056-6 732173 0.14+0.02 4.91+0.02
8611 1160+72 0.10+0.01 4.93+0.05
Average value 954+162 0.13+0.06 4.91+0.02
Simba 1335455 0.30+0.00 4.88+0.01
Luoke 1057+18 0.16+0.02 4.91+0.03
Aura DS 901+55 0.21+0.04 4.90+0.01
8056-2 Organic 1096+12 0.30+0.04 4.93+0.02
8056-6 875+18 0.16+0.01 4.91+0.01
8611 758+12 0.19+0.06 4.88+0.00
Average value 10041204 0.22+0.07 4.89+0.02
Oats
Migla 834+11 0.06+0.00 4.89+0.00
lvory Conventional 88550 0.06+0.01 4.87+0.00
1551-3 814461 0.06+0.05 4.87+0.01
Average value 844+37 0.06+0.01 4.88+0.01
Migla 810+37 0.10+0.02 4.95+0.04
lvory Organic 697161 0.09+0.00 4.89+0.01
1551-3 224443 0.08+0.01 4.91+0.02
Average value 577+311 0.09+0.01 4.91+0.03
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The results showed that organically grown whea, and oats had loweramylase activity

in compare with conventionally grown cereals. Theerage of a-amylase activity in
organically grown wheat, rye, oats was found 13288 46%ower than that measured in
conventionally grown samples, respectively. Differes in the levels af-amylase activity
between the organic and conventional barley wetesigmificant. Contrary tendency was
found during investigation of endoxylanase activily this case, organically grown rye,
barley and oats distinguished for higher (5.0, andl 1.5 times, respectively) average
endoxylanase activity than conventionally grown glas. The levels of endoxylanase activity
in organic and conventional barley samples had sighificant difference. Comparing
protease activity, significant differences have heen found between various agricultural
practices. The protease activity of organically aodventionally grown cereals was in the
range between 4.88 and 4.92 ti g

The activities of hydrolytic enzymes, especiallyytase, are important factors that may limit
the utilization of cerealso-amylase is unique in modifying starch and its tioral
properties. In breadmaking, someamylase is needed to sustain the production oérsug
required for proper fermentation and consequentpgaguction. However excessamylase
can have disastrous effects on bread quality (Buwenma Nicholas, 1980). Endogenous
xylanases are involved in re-modeling and expaneiocereal cell walls during normal cell
frouwth and development and in more drastic celll wagradation occuring during seed
germination (Dornez et al., 2009). Xylanases hydm®lthe backbone of cereal cell wall
arabinoxylans and have a significant impact on dyeaking, brewing, animal feed
efficiency, pasta production, etc. Proteases hydeothe peptide linkage, releasing protein
fragments or free amino acids and play importal# o biscuit manufacture, where the low-
protein soft wheat and plastic properties of doagh required. The data presented showed
that the results of the impact of organical andvemtional cultural practices on the variation
of enzymes activity levels in cereals were difftdol interpret because there were inconsistent
differences in the enzyme activities of tested ggailherefore we can conclude that organic
farming system produce cereals of the same quadityonventional ones, but using far fewer
external inputs in the form of fertilisers and plgmotection agents, thereby safeguarding
natural resources. These results are in line vatemt studies on organic wheat farming, in
which wheat nutritional value (protein content, amacid composition and mineral and trace
element contents) and baking quality were foundtadie affected by the farming systems:
organically or conventionally (Mader et al., 200Thus these findings suggest that organic
farming can contribute substantially to solving lgems related to high-external-input
agriculture and to producers and consumers cordalenorganic foods.

Conclusions

1. The results of our study showed the inconsistenattan of enzyme activity levels in
tested cereals grown by organic and conventionatwgural practices. The-amylase
activity in organically and conventionally grownreals varied from 224 till 1335 U’y
and from 814 till 1546 U § endoxylanase activity — from 0.13 till 0.65 U' gnd
from 0.06 till 0.15 U g, protease activity — from 4.89 till 4.95 U'gnd from 4.87 till
4.95 U ¢, respectively. The data demonstrated that organieatytrye, and oats had
lower a-amylase activity in compare with conventional deuparts. Also organic rye,
barley and oats distinguished much higher endosgaractivity than conventional ones.
Contrary tendency was found during investigatiornafmylase activity in barley and
endoxylanase activity in wheat. Comparing protessiity, significant differences have
not been found between various agricultural prasticThese findings suggest that
organic farming system could produce cereals ofsdrae quality as conventional ones,
but using far fewer external inputs in the fornfestilisers and plant protection agents.
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2. On the other hand, data regarding the levels ofraezactivities in organic food are too
limited to allow any conclusion. We feel that thessults warrant further studies
investigating links between specific agriculturalagtices and enzyme activities in
important food cereals.
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