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Abstract: The most of important crops cultivated for 
production of foods and feeds could be considered as 
plants possessing nutraceutical or medically interesting 
compounds , especially if can be eaten without processing. 
Chemical and biological parameters that were evaluated in 
100 oat (Avena sativa L.) genotypes were others than those 
that are important in food and feed production. Contents 
of polyphenols and flavonoids, radical scavenging activity 
(DPPH), and inhibitory activities against five proteases 
(trypsin, thrombin, urokinase, elastase, cathepsin B) were 
analyzed in extracts from mature grains. The antioxidant 
activity (DPPH) correlated to the content of total 
polyphenols. Only a minority (15 from 100) of analyzed 
genotypes created separate subgroup with a high content 
of polyphenols, flavonoids, and high antioxidant activity. 
The best in these parameters were genotypes CDC-SOL-FI, 
Saul, and Avesta, respectively. Fifteen other genotypes 
assembled another minority subgroup (also 15 from 100) 
on the basis of their high inhibitory activities against 
tested proteases. The highest trypsin−, urokinase−, and 
elastase−inhibitory activities were in genotype Racoon, 
the best in thrombin-, and cathepsin B-inhibitory activities 
were genotypes  Expression and SW Kerstin, respectively. 
Three oats genotypes – Rhea, AC Percy, and Detvan 
appeared in both subgroups. 

Keywords: Avena sativa L., mature grains, biological 
activity

1 Introduction
Plant secondary metabolites play essential roles in different 
physiological processes during growth, reproduction, 
and defensive reactions against pathogens and pests. 
Secondary metabolites have potential to affect specific 
biochemical and physiological pathways also in organism 
after consumption of foods or feeds containing plants and 
plant seeds. They may act as antioxidants, anti−infective, 
antibacterial, antifungal, metabolic, lipid−lowering  
agents, as well as substances with multiple protective  
effects against cardiovascular, gastrointestinal, 
neuroprotective, and degenerative diseases, aging, and 
carcinogenesis [1,2]. Many plant secondary metabolites 
were identified as inhibitors of human, animal, and 
viral proteases, e.g. human Hageman factor fragment, 
kallikreins, plasmin, thrombin, bovine Factor Xa, trypsin, 
chymotrypsin, metaloproteinases [3-6]. The most (above 
43%) of all discovered proteases have been found in 
plants and about one quarter of them store plants in seeds 
[7]. Generally, proteases regulate and control different 
processes and often featured in the position of triggers 
of many steps of cascade mechanisms. Inhibitors of 
proteases, particularly those located in plant seeds and 
tubers, participate in the mechanisms of response to 
attacks of insects and microorganisms [8] by inhibition of 
invader’s proteases. This basic characteristic of inhibitors 
of plant proteases is attractive enough to be expressed 
in transgenic plants as their protective agents against 
pathogens [9,10]. 

From the medicinal point of view, there are important 
relationships between proteases and the pathophysiological 
processes in the body. Trypsin (EC 3.4.21.4) acts as potential 
pathophysiological agent for both the acute and chronic 
types of pancreatitis [11]. Thrombin (EC 3.4.21.5) plays a role 
in the coagulation disorder diseases, inflammation, and 
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metastasis progression [12,13]. Urokinase (urokinase type 
plasminogen activator, uPA) (EC 3.4.21.75) is an important 
component of the extracellular protease system specifically 
converting plasminogen to plasmin, participating in a 
number of pathophysiological processes, including tumor 
progression and metastasis [14]. Neutrophile elastase (EC 
3.4.21.37) is described as the promoter of onco-transformed 
cell spreading by extracellular matrix lysis, promoter of 
atherosclerosis, coagulation, and inflammation diseases 
[15,16]. Cathepsin B (EC 3.4.22.1) plays a critical role in the 
protein degradation process coming into the lysosome 
space during phagocytosis or endocytosis [17] and was 
found to be promoter of various inflammations and 
extracellular-matrix proteins degrading diseases [18,19].

Some common and daily consumed grains are known 
for their positive effects on consumer health and fitness. 
Grains of oat (Avena sativa L.) are known as a valuable 
source of biologically active compounds. Similarly to 
barley, oat grains possess high content of the β-D-glucan 
[20] utilized in the development and production of 
functional foods [21]. The health benefit of oat grains and 
the oat “young grass” for consumers relates to composition 
of phytochemicals with antioxidant and other biological 
activities [22-26]. The main sources of antioxidants found 
in oats are phenolic compounds such as tocopherols and 
tocotrienols (vitamin E), hydroxycinnamic acids (caffeic, 
p-coumaric, ferulic, and sinapic acid), avenanthramides, 
and to lesser extent flavonoids [22]. Valuable low-
molecular compounds responsible for antioxidant activity 
are partially free and partially linked to husk skeletal 
structures and could be released by enzymatic treatment 
[27,28]. Besides of the well-known polyphenolic acids as 
antioxidants are interesting also avenanthramides with 
anti-inflammatory, antioxidant, anti-itch, anti-irritant, 
and antiatherogenic activities [29-31]. Nevertheless, 
protease inhibitory activities in extracts of oat grains and 
young leaves have been reported very rarely [32-35].

Natural phytochemicals are indispensable in 
discovery of new biologically active agents known as new 
“hit to lead” in early drug discovery and development 
of natural and semi-synthetic medicinal products for 
human and veterinary medicine. The aim of this study 
was to analyse and evaluate variation in content of total 
polyphenols, total flavonoids, antioxidant activity, as well 
as in inhibitory activities against five proteases in extracts 
from mature grains of diverse oat genotypes. 

2 Experimental Procedure

2.1 Plant Material and Chemicals

One hundred oat (Avena sativa L.) genotypes (Table 1) 
were obtained from the collection of genetic resources 
maintained in the Genebank of the Slovak Republic 
(Research Institute of Plant Production, Piešťany, 
Slovakia). Twenty-eight of them were of the Slovak 
origin, others originated from different countries. Oat 
genotypes differed in morphological, agronomical, 
qualitative, phytopathological, as well as other traits 
and characteristics. All oats were grown in the same year 
(2012), in the same location (Vígľaš-Pstruša, Slovakia, 
altitude of 370 m, average annual temperatute 7.6 °C, 
average annual rainfall 600 mm), and were cultivated by 
the same growing technology (sown on March 22, after 
red clover), fertilization (54 kg/ha of ammonium nitrate), 
and chemical treatments (0.8 L/ha of Mustang Forte). 
Temperature during the vegetation period from April to 
July was above of long-term average, rainfall in April was 
close to normal, in May, June and July were above the long-
term average rainfall. 

Common laboratory chemicals including the Folin-
Ciocalteu reagent were supplied by the Mikrochem Ltd. 
(Pezinok, Slovakia). The gallic acid (Sigma product 
no. G7384), 2,2-diphenyl-1-picrylhydrazil (DPPH, 
Aldrich product no. D9132), (±)-6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid (Trolox, Aldrich 
238813), 5-(3-carboxy-4-nitrophenyl)disulfanyl-2-
nitrobenzoic acid (DTNB, 5,5’-dithiobis(2-nitrobenzoic 
acid, Sigma D8130), phosphate buffered saline tablets 
(Sigma P4417), Tris(hydroxymethyl)-aminomethane 
hydrochloride (Trizma hydrochloride, Sigma T3253), 
Z-L-Lys-SBzl hydrochloride (Sigma C3647), and all 
enzymes subjected to the tests, i.e. trypsin from bovine 
pancreas (Sigma T8003), thrombin from bovine plasma 
(Sigma T7513), urokinase from human urine (Sigma 
U0633), elastase from porcine pancreas (Sigma E0258), 
and cathepsin B from bovine spleen (Sigma C6286) were 
purchased from Sigma-Aldrich Corp. (St. Louis, MO, USA)

Extracts were prepared from mature grains by 
extraction in 5 mL of 100% methanol, in the ratio 1:5 
(solid:liquid, w/v) for 24 h in the dark at 4 °C. Extracts were 
evaporated at 40 °C and the dry residue were dissolved in 
1 mL of methanol and stored at 4 °C before analysis. 
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2.2 Radical scavenging activity

Free radical scavenging activities were measured by 
2,2-diphenyl-1-picrylhydrazil radical (DPPH ) using 
the method [36] modified for microplate assay system. 
Decreasing in absorbance indicated higher free radical 
scavenging activity. Grain extract (25 μL) was mixed with 
100 µL of DPPH solution (120 mg L-1 dissolved in methanol). 
Absorbance at 490 nm (Microplate Reader Opsys MRTM, 
Dynex, Chantilly, USA) was measured after 10 min of 
incubation in the dark. The DPPH radical scavenging 
activity of the extracts was expressed as Trolox equivalent 
antioxidant capacity (TEAC).

2.3 Total polyphenols and flavonoids

The total polyphenol content in extracts was determined 
by the method [37] modified for microplate assay system. 
The reaction mixture contained 20 µL of the grain extract, 
20 µL of Folin-Ciocalteu reagent, and after 5 min was added 

200 µL of 10% (w/v) water solution of sodium carbonate. 
Absorbance at 690 nm was measured (Microplate Reader 
Opsys MRTM, Dynex, Chantilly, USA) after 30 min of 
incubation in the dark. The total polyphenols content was 
determined as a milligram of gallic acid equivalent per 1 
kg of grain sample.

The total flavonoid content of oat samples was 
determined according to method of [38]. The reaction 
mixture contained 50 µL of the grain extract and 50 μL 
of a 2% (w/v) methanol solution of aluminium chloride. 
Absorbance at 405 nm was measured after 10 min of 
incubation. Total flavonoid content was expressed as 
a milligram of quercetin equivalent per 1 kg of grain 
sample.

2.4 Enzyme inhibitory assays

The Z-Lys-SBzl.HCl with DTNB [39] was used for 
determination of protease inhibitory activities as the 
chromogenic substrate. The substrate was cleaved with 

Table 1: The list and origin of analyzed genotypes of oats (Avena sativa L.).

Genotype 
(country of origin)

Genotype 
(country of origin)

Genotype 
(country of origin)

Genotype 
(country of origin)

Racoon (Great Britain) PS-181 (Slovakia) Flämingsfprofi  (Germany) Dakar (France)
Rhea (France) PS-167 (Slovakia) SW Betania (Sweden) Expression (Great Britain)
Ac Percy (Canada) Adler (Germany) Dagny (Sweden) CDC-Dancer (Canada)
Zuton (Great Britain) Freddy (Germany) PS-122 (Slovakia) CDC-Mistrel (Canada)
Lenon (Great Britain) Ogle (USA) Hetman (Poland) CD-SO-I (Canada)
100 260 CN(Great Britain) Krezus (Poland) Rajtar (Poland) CDC-SOL-FI (Canada)
Saul (Czech republic) Čína 4 (China) Markant (Denmark) CDC-Weaver (Canada)
Tatran (Slovakia) Atego (Czech republic) Nelson (Germany) Hronec (Slovakia)
Izák (Czech republic) Vendelin (Slovakia) Husky (Germany) Važec (Slovakia)
Avenuda (Czech republic) Valentin (Slovakia) Carron (Germany) Vaclav (Slovakia)
Detvan (Slovakia) Viliam (Slovakia) Berdysz (Poland) Vojtech (Slovakia)
Akt (Poland) Prokop (Slovakia) Zuch (Poland) PS-186 (Slovakia)
Bandicoot (Australia) Zvolen (Slovakia) Bohun (Poland) PS-190 (Slovakia)
Abel (Czech republic) Vok  (Czech republic) Breton (Poland) Dunajec (Slovakia)
Bullion (Great Britain) Monarch (Austria) Barra (Sweden) PS-194 (Slovakia)
SV-5 (Slovakia) Aragon (Germany) SW Kerstin (Sweden) PS-195 (Slovakia)
Avenuda x Atego (Slovakia) Kanton (Germany) SW Ingeborg (Sweden) PS-196 (Slovakia)
OT 258 (Canada) Neklan (Czech republic) Fussion (Great Britain) PS-197 (Slovakia)
PS-165 (Slovakia) Typhon (Germany) Nusso (Germany) PS-198 (Slovakia)
Raven (Czech republic) Jumbo (Germany) Amaris  (USA) PS-199 (Slovakia)
Avesta (France) Dalimil (Czech republic) GEM (Canada) PS-200 (Slovakia)
Paddock (France) Lutz (Germany) Zorro (France) Taiko (Australia)
Kentucky (USA) Flämingsgold  (Germany) Duffy (France) AC Lotta (Canada)
Nem 1125 (Germany) BE 201 700 (Germany) Corneil (France) Black (France)
Auteuil (France) Triton (Germany) Ranch (France) Sirene (France)
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trypsin, thrombin, urokinase, elastase, and cathepsin B 
and released DTNB-S-Bz was detected at 405 nm. Each 
well contained buffer solution with 0.6 mmol substrate, 
1% DMSO (v/v), and grain extract. Reactions started by 
addition of enzyme solution containing 10 mg/l of trypsin, 
4 mg L-1 of thrombin, 4 mg L-1 of urokinase, 2 mg L-1 of 
elastase, or 2 mg L-1 of cathepsin B, respectively. Reaction 
temperature was 37 °C. The inhibitory activities (IA) were 
calculated as: % IA = [(1-(ΔOD sample/ΔOD control)] × 
100), where ΔOD is difference between the optical density 
measured in the 61st minute and 1st minute in sample and 
control, respectively (Microplate Reader Opsys MRTM, 
Dynex, Chantilly, USA). The control sample was methanol 
itself.

2.5 Data processing

The first step of the evaluation of each sample was the 
calculation of primary parameters – standard equivalent 
for all composite variables, TEAC variable for antioxidant 
activity by DPPH method, and percentage expression of 
inhibitory activity for all enzyme inhibitory assays. The 
second step was the principal component analysis (PCA) 
and the cluster analysis (CA) for all parameters as well 
as for two groups (Field 1 and Field 2) separately. The 
next step was construction of histograms depicting the 
frequency distribution of primary extract collection for 
each studied variable, as well as for subsets of genotypes 
from CA. All were calculated using the software Microsoft 
Excel 2010. All histograms were fitted and replaced by the 
Gauss curve by the Oakdale engineering software DataFit 
version 9.0.59. PCA and CA analyses were performed using 
the JMP 9 software. The quality of the fitting by Gauss 
function was evaluated by coefficients of determination 
(r2) for each curve. 

3 Results and Discussion

3.1 Differences within oats

Two variables – total polyphenols (TPP), total flavonoids 
(TFL), six activity variables – protease inhibitory activities 
to trypsin (IA_TY), thrombin (IA_TR), urokinase (IA_UR), 
elastase (IA_ELA), cathepsin B (IA_CATB), and radical 
scavenging ability (DPPH) were analyzed in set of oats 
containing geographically and morphologically diverse 
genotypes. The principal component analysis (PCA) 
revealed that the minority of oats was significantly different 

from the majority whose members were concentrated 
around the zero point of intersection (Fig. 1). Two groups 
of oats located either in the Field 1 or in the Field 2 were 
significantly different mutually (Fig. 1). Vectors within the 
Field 1, parallel with the second principal component, 
included oats with the highest content of TPP and TFL, 
both significantly correlated with antioxidant activity 
(DPPH). Such correlation is known to be a common 
phenomenon of plant extracts from grains also in oat 
[40,41]. Besides of free phenolic compounds present in 
cereal grains, the phenolic acids bonded to the cell walls 
significantly contribute to the antioxidant activity of seed 
extracts [27,28]. From the nutritional as well as medicinal 
points of view might be interesting that the amount of 
antioxidants released from the cereal matrix into the 
human intestine in vivo could be higher than expected by 
measurements in vitro [42]. 

Oats placed inside and close to the Field 2 (Fig. 1) 
possessed the highest inhibitory activities to five tested 
proteases – trypsin, thrombine, urokinase, elastase, and 
cathepsin B. Vectors directed to the Field 1 (TPP, TFL, 
DPPH) not declared correlation with vectors directed to 
the Field 2 (protease inhibitory activities). Subsequently, 
samples located in both fields (Field 1 and Field 2) 
were evaluated separately to improve the percentage 
of explained variance as well as better insight into oat 
genotypes from both points of view – protease inhibitory 
and antioxidant activities, respectively.

3.2 Polyphenols, flavonoids, antioxidant 
activity

According to values of three interrelated variables TPP, 
TFL, and DPPH, oats were grouped by the PCA and CA 
into two major and one minor subset (Fig. 2, Fig. 3). The 
first major group (diamond symbols in Fig. 2 and Fig. 3) 
were relatively uniform in their low contents of TPP, TFL, 
and antioxidant activity (DPPH). This subset included 
predominantly yellow hulled oats. The second major 
subset (cross symbols in Fig. 2 and Fig. 3) represented 
genotypes with median values of all three variables. 
Fifteen oats of the minor subset (ring symbols in Fig. 2 and 
Fig. 3) were genotypes of different geographical origin, 
but they contained significantly higher values of DPPH, 
TPP, and TFL than others. The best of them are named 
in the Fig. 2. Thirteen of them were hulless, remaining 
two had black hulls. The antioxidant activity (DPPH) 
correlated with the content of total polyphenols (TPP) 
and also total flavonoids (TFL) (Fig. 1). Positive correlation 
between antioxidant activity and content of soluble 
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phenolics in oats has previously been found [43,44]. Oat 
contains many compounds exhibiting antioxidant activity 
[22] that contribute together with the phenols to the total 
antioxidant capacity. Already known significant effect of 
growing location on content of TPP and antioxidant activity 
of oat grain extracts [47] was eliminated in our case.

The highest content of TPP was observed in the 
genotype CDC-SOL-FI (22.6 μg of gallic acid equivalent per 
1 gram of grain). The highest content of TFL had genotype 
Saul (63.2 μg of quercetin equivalent per 1 gram of grain) 
located in the minor subset (ring symbols in Fig. 2 and 
Fig. 3). The most common flavonoids of oat grains are 
apigenin, luteolin, tricin, kaempferol, quercetin, and their 
glycoside derivatives [22].

Figure 1: Principal component analysis of composite variables 
total polyphenols, total flavonoids (TPP, TFL), and activity variables 
radical scavenging ability (DPPH), protease inhibitory activities  
to trypsin (IA_TY), thrombin (IA_TR), urokinase (IA_UR), elastase  
(IA_ELA), and cathepsin B (IA_CATB) detected in seed extracts 
prepared from one hundred oat genotypes.

Figure 2: The principal component analysis of total polyphenols 
(TPP), total flavonoids (TFL), and radical scavenging activity (DPPH) 
(shape and color of individual points representing oat genotypes is 
the same as in dendrogram in Fig. 3).

Figure 3: Cluster analysis of oats according to total polyphenols, 
total flavonoids, and radical scavenging activity.
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Two oat genotypes possessing the highest antioxidant 
activity (DPPH) were also located in the minor subset (ring 
symbols in Fig. 2 and Fig. 3) – Avesta (50.8 μg of Trolox 
equivalent per gram of grains) and CD-SO-I (48.1 μg of 
Trolox equivalent per gram of grains). Avesta (black hulled 
oat) and CD-SO-I (white hulled) were the most different 
from all others (small subset within the minor cluster, ring 
symbols in Fig. 2). Higher recovery of polar compounds 
with antioxidant activity could be obtained from extracts 
of oat grains by methanol or alkali hydrolysis [45]. The 
comparable antioxidant activity of whole grain extracts 
exhibit also other cereals, e.g. barley, wheat, and rye [46]. 
Nevertheless, the presence of avenanthramides could 
significantly improve antioxidant activity in extracts from 
oat grains [31].

The common trait of living organisms is genetic 
diversity and variation in different traits. This was expected 
also in evaluated TPP, TFL, and DPPH within analyses set 
of one-hundred diverse oats. The frequency distribution 
within evaluated traits confirmed it. The shape of curves 
characterizing the frequency distribution of variable of grain 
extract samples within the complete set, two major subsets, 
as well as one minor subset confirmed the normal Gaussian 
distribution for all three parameters – TPP, TFP, and DPPH 
(Fig. 4-6). The central tendency of the frequency distribution 
in all three variables had the highest values in extracts of 
oats belonging to the minor red subset (Fig. 2, Fig. 3) and 
approximately two times higher in comparison with the 
central tendency of complete set of one-hundred oats.

3.3 Proteinase inhibitory activity

The PCA analysis indicated that the IA_TY was relatively 
independent from other four proteinase inhibitory 
activities (Fig. 7). Significant correlation between IA_
TR and IA_UR could be explained by the similarity in 
physiological role of both enzymes. The cluster analysis 
of variables of the Field 2 (Fig. 1) distinguished three 
subsets (Fig. 8, diamond, cross, and ring symbols) of oat 
genotypes. The minor subset included 15 oats separated 
from others according to relatively high values of IA_TR, 
IA_UR, IA_ELA, and IA_CATB (Fig. 7, Fig. 8, ring symbols). 
This subset contained mainly hulless oats, oats with black 
hull (PS-167, Kentucky, PS-165), white hulled (Dagny, SW 
Kerstin), as well as yellow hulled oats (Neklan). Relatively 
high values of the IA_TY possessed eight genotypes 
included in the minor (ring symbols) and major green 
(cross symbols) subsets. The highest values of IA_TY had 
genotypes Racoon (50.2%) and Kentucky (47.8%), (both 
located in subset with ring symbols in (Fig. 8).

The highest values of IA_TR expressed genotypes 
Expression (49.3%) and SW Kerstin (46.5%) both from 
the minor subset, Fig. 8, ring symbols). Several papers 
published the antithrombin effect of polyphenol-rich 
extracts from plants [48,49], nevertheless reports on 
extracts from cereal grains are not available. 

The minor subsets (ring symbols) included also oats 
with the highest IA_UR – Racoon (33.0%) and Neklan 
(29.3%),both from the minor subset (ring symbols, Fig. 7,  
Fig. 8). The IA_UR was detected in extracts from many 
tropical plants [50], but our previous studies detected 
IA_UR in extracts from temperate medicinal plants 

Figure 4: Distribution of total polyphenols expressed as galic acid 
equivalent in oats (solid column and line – complete set, r2 = 0.923, 
bracket column and dash line – minor, red subset, r2 = 0,764, dots 
column and dash-and-dot line – major, green subset, r2 = 0.967, 
empty column and dots line – major, blue subset, r2 = 0.999, the 
mentioned colors correspond to the colors in Fig. 2 and Fig. 3).

Figure 5: Distribution of total flavonoids  in oats expressed as 
quercetin equivalent (solid column and line – complete set, r2 = 
0.976, bracket column and dash line – minor, red subset, r2 = 0.856, 
dots column and dash-and-dot line – major, green subset, r2 = 

0.999, empty column and dots line – major, blue subset, r2 = 0.998, 
the mentioned colors correspond to the colors in Fig. 2 and Fig. 3).
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Acer platanoides, Rhus typhina [51] as well as forage 
legume Medicago sativa L. [52]. Nevertheless, studies 
characterizing the IA_UR in grain extracts from oat are 
also not known. 

The highest values of IA_ELA were detected in extracts 
from genotypes Racoon (47.9%), Izák (45.3%), and Neklan 
(44.3%). All of them are again from the minor subset  

(Fig. 7 and Fig. 8, ring symbols). Studies describing 
inhibitory effects to elastase neither from oat nor from 
other cereals are not available. IA_ELA was detected in 
several aromatic [53], tannin rich plant extracts [54], and 
plant from the tropics [55]. Anti-elastase activity associated 
with radical scavenging activity should have considerable 
value in the future, for example in cosmetics [56]. 

Genotypes with the highest IA_CATB – Expression 
(94.1%), SW Kerstin (93.5%), Racoon (77.1%), and Izák 
(62.8%) were also located in the minor subset of oats 
(Fig. 7 and Fig. 8, ring symbols). This type of inhibitory 
activity was detected in many plants [57] and in plant 
secondary metabolites like amentoflavone [58]. Studies 

Figure 6: Distribution of antioxidant activity (ability to terminate 
DPPH radical) in oats expressed as Trolox equivalent antioxidant 
activity (solid column and solid line – complete set, r2 = 0.987, 
bracket column and dash line – minor, red subset, r2 = 0.888, dots 
column and dash-and-dot line – major, green subset, r2 = 0.982, 
empty column and dots line – major, blue subset, r2 = 0.929, the 
mentioned colors correspond to the colors in Fig. 2 and Fig. 3).

Figure 7: Distribution of oats according to protease inhibitory 
activities to trypsin (IA_TY), thrombin (IA_TR), urokinase (IA_UR), 
elastase (IA_ELA), and cathepsin B (IA_CATB) (Field 2, Fig. 1). Colors 
and symbols of samples are the same as in cluster analysis (Fig. 8).

Figure 8: Cluster analysis of oats according to protease inhibitory 
activities to trypsin (IA_TY), thrombin (IA_TR), urokinase (IA_UR), 
elastase (IA_ELA), and cathepsin B (IA_CATB).
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directly describing the inhibitory effect on cathepsin B in 
oat as well as in other cereal grain extracts have not been 
published yet. 

According to obtained results were identified potentially 
valuable genotypes from the medical point of view within 
analyzed set of 100 oat genotypes. Especially the naked 
oat cultivar Racoon expressed very high inhibitory activity 
to all five tested proteases, moreover with high content of 
TFL. Other interesting oats were Avenuda, Expression, 
Dagny, Neklan, PS-165 expressed inhibitory activity to 
enzymes which hyperactivity is in relation with promotion 

of coagulation diseases, like thrombosis, haemorrhage, 
oncological diseases, etc. Genotypes Expression, Dagny, 
SW Kerstin, AC Percy, and Izák expressed inhibitory 
activity to proteases which hyperactivity is responsible 
for diseases related to connective tissue degradation like 
arthritis, rheumatism, and oncological diseases. 

The frequency distribution of samples according to 
protease inhibitory activities represent Fig. 9-13. All curves 
relatively good fitted the Gaussian curve except the minor 
subset in IA_TY (Fig. 9, ring symbols) where only half wave 
of the curve was in the real quadrant and rest in the virtual 

Figure 9: Distribution of inhibitory activity to trypsin  of oat extracts 
expressed as % of inhibitory activity (solid column and solid line – 
complete set, r2 = 0.923, bracket column and dash line – minor red 
subset, r2 = 0.286, dots column and dash-and-dot line – major green 
subset, r2 = 0.875, empty column and dots line – major blue subset, 
r2 = 0.984, the mentioned colors correspond to the colors in Fig. 7 
and Fig. 8).

Figure 10: Distribution of thrombin inhibitory activity of oat extracts 
expressed as % of inhibitory activity (solid column and solid line – 
complete set, r2 = 0.886, bracket column and dash line – minor red 
subset, r2 = 0.835, dots column and dash-and-dot line – major green 
subset, r2 = 0.865, empty column and dots line – major blue subset, 
r2 = 0.885, the mentioned colors correspond to the colors in Fig. 7 
and Fig. 8).

Figure 11: Distribution of inhibitory activity to urokinase in oat 
extracts expressed as % of inhibitory activity (solid column and 
solid line – complete set, r2 = 0.897, bracket column and dash line 
– minor red subset, r2 = 0.957, dots column and dash-and-dot line – 
major green subset, r2 = 0.973, empty column and dots line – major 
blue subset, r2 = 0.915, the mentioned colors correspond to the 
colors in Fig. 7 and Fig. 8).

Figure 12: Distribution of inhibitory activity to elastase in  oat 
extracts expressed as % of inhibitory activity (solid column and 
solid line – complete set, r2 = 0.927, bracket column and dash line 
– minor red subset, r2 = 0.990, dots column and dash-and-dot line – 
major green subset, r2 = 0.968, empty column and dots line – major 
blue subset, r2 = 0.980, the mentioned colors correspond to the 
colors in Fig. 7 and Fig. 8).
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(negative) quadrant. The common attribute of all analyzed 
parameters were their higher values in oats belonging to 
the minor subset (ring symbols). The central tendencies of 
a frequency distribution in all protease inhibitory activities 
were shifted in the direction of higher activities and were 
2-2.5 times higher in comparison with the average values of 
complete set of 100 oats. Similarly to barley grain extracts 
[59] the oat grains could be interesting as source of natural 
compounds possessing different biological activities and 
their combinations.

4 Conclusions
Screening of selected compounds and biological 
activities was done within a wide range of oats – 100 
different genotypes. Oats expressed different contents 
of polyphenols and flavonoids, radical scavenging 
activity (DPPH) tested in vitro, as well as inhibitory 
activities against five tested proteases (trypsin, thrombin, 
urokinase, elastase, cathepsin B). Extracts were prepared 
from edible parts of oat – mature grains, frequently used 
as food. Specifically, oats expressing the highest content 
of TPP (CDC-SOL-FI), TFL (Saul), antioxidant activity 
(Avesta) and the highest inhibitory activity against one 
of the five proteases (Racoon, Neklan, SW Kerstin, Izák, 
Expression), respectively, were clustered in a small minor 
subset (samples with ring symbols in Fig. 3, Fig. 8).  
The most interesting genotype was the cultivar Racoon, 
specifically expressed high inhibitory activities against 
fivethree tested proteases (IA_TY, IA_UR, and IA_ELA). 
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