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Abstract

Wedelsbäck Bladh K., Olsson K. M., Yndgaard F., 2013: Evaluation of glucosinolates in Nordic horseradish 
(Armoracia rusticana) [Gliukozinolatų įvertinimas Šiaurės šalių (Nordic) krienuose (Armoracia rusticana)]. – 
Bot. Lith., 19(1): 48–56.

Horseradish (Armoracia rusticana Gaertn., C.A. Mey & Scherb.) has a long history as food and medicinal 
plant. Glucosinolates (GLS) or their breakdown products are responsible for the pungent taste and claimed 
medicinal effects. The dominate GLS in horseradish is sinigrin (> 80%) followed by gluconasturtiin and gluco-
brassicin. A total of 168 Nordic accessions of horseradish were screened for the content of intact glucosinolates. 
Sinigrin levels varied between 10 and 45, gluconasturtiin between 1.3 and 7.4 and glucobrassicin between 0.1 
and 2.6 µmol/g DM. Accessions with high levels of both sinigrin and gluconasturtiin were found. Horseradish 
accessions are kept as living plants in clonal archives in their respective countries. The task for plant gene banks 
is not only to conserve genetic resources for the future, but also to stimulate use of the collections for various 
products and breeding programmes. After further analyses to certify the screening results, selected accessions 
will form a base for breeding and increased use of horseradish as a condiment to food, natural preservative or 
in medical treatments.

Keywords: sinigrin, gluconasturtiin, glucobrassicin, genetic diversity, allyl isothiocyanate, mustard oil, 2-phe-
nylethyl isothiocyanate.

Introduction
The Brassicaceae family contains about 3000 dif-

ferent species including many kinds of cabbages and 
root crops with a long history as food and medicinal 
plants (Anderberg & Anderberg, 2010). Horseradish 
(Armoracia rusticana Gaertn., C.A. Mey.&Scherb. 
was mentioned already by the Roman author and nat-
uralist Pliny the elder (AD 23–79), who recommend-
ed it freshly grated after a heavy meal to promote di-
gestion (Bostock,1855; Courter & Rhodes, 1969). 
It was introduced to the Nordic countries as a medici-

nal plant in the 13th century (Lange, 1999). The root 
was used to cure cough and heart- and lung diseases, 
and was taken as stimulation for the digestion and 
against stomach troubles. Horseradish was also used 
as an agent to prevent or relieve scurvy (Wedelsbäck 
Bladh & Olsson, 2011). In the 17th century, the use 
turned from medicine to a condiment to various food 
(Grieve, 1979). The strong flavour of horseradish is 
appreciated in both meat and fish dishes and is also 
used as a substitute to the more expensive wasabi 
(Wedelsbäck Bladh & Olsson, 2011).
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The chemical substances responsible for the pun-
gent taste and claimed medicinal effects of horserad-
ish were long unknown. Today, we know that plants 
of the Brassicaceae family are rich in sulphur con-
taining glycosides, so called glucosinolates (GLS) 
(van Doorn et al., 1998; Kushad et al., 1999). More 
than 120 structures of GLS have been described and 
about 20 are present in Brassica vegetables (Fahey et 
al., 2001). A number of studies have shown that 
the dominant GLS differ between plant species. In 
white cabbage, glucobrassicin is found in the high-
est concentrations (Sarıkamış et al., 2009). Progoi-
trin is more prevalent in swedes, (Sones et al., 1984), 
glucoerucin and glucoraphenin are the major com-
ponents in wild radish (Raphanus raphanistrum L.), 
whereas glucoraphasatin and glucoraphenin in com-
mercial radish (Raphanus sativus L.) (Malik et al., 
2010). Glucoraphanin is also found in high con-
centrations in broccoli together with glucobrassicin 
(Sarli et al., 2012). Sinigrin is dominant in Brussels 
sprouts, cauliflower and horseradish (Kushad et al., 
1999; Fahey et al., 2001; Li & Kushad, 2004).

The concentrations of specific GLS differ be-
tween cultivars within species and between various 
parts of the plants in Brassica vegetables (Jurges & 
Thies, 1980; Sones et al., 1984; Nilsson et al., 2006; 
Verkerk et al., 2009). The variation is also shown in 
horseradish, where the relation between the GLS var-
ies between the leaves and the roots (Agneta et al., 
2012). In the study made by Li & Kushad (2004), the 
sinigrin level accounted for about 83% in the roots 
and 91% in the leaves. Environmental factors such 
as climate, soil and fertilizer affect the GLS levels 
in the plants (Zhao et al., 1993; Ciska et al., 2000; 
Kosson & Horbowicz, 2008). Maturity and harvest 
time (Rosa et al., 1996; Sarıkamış et al., 2009) also 
influence the GLS levels.

A recent study has identified 12 GLS in the roots 
and 16 GLS in the sprouts of horseradish (Agneta et 
al., 2012). The strong and bitter taste derives from 
sinigrin and gluconasturtiin after degradation to allyl 
isothiocyanate (AITC, mustard oil) and 2-phenyle-
thyl isothiocyanate (PEITC), respectively. The iso-
thiocyanates are formed from the GLS with the help 
of the enzyme myrosinase when plant tissues are 
damaged. The study of different German horseradish 
types (Nebel, 1987) also showed that the AITC level 
increases during growth season. AITC is known to in-

hibit prostate cancer (Srivastava et al., 2003), induc-
tion of lung cancer, the development of tumours in 
liver and fore stomach (Kosson & Horbowicz, 2008) 
and is effective as a cancer chemo-preventive com-
pound in the bladder (Zhang, 2010). PEITC has been 
shown to inhibit development of tumours in lungs 
and oesophagus of laboratory rodents (Morse  et 
al.,  1993; Hecht et al., 1996; Morse  et al., 1997; 
Fahey et al., 2001; Kosson & Horbowicz, 2008).

The aim of this study was to screen the variation 
of intact GLS in Nordic horseradish accessions. Nor-
dGen, the Nordic Genetic Resource Centre at Alnarp 
in Sweden, has collected a large number of horse-
radish clones from Denmark, Finland, Norway and 
Sweden. The accessions are kept as living plants in 
clonal archives in their respective countries. The task 
for plant gene banks is not only to conserve genetic 
resources for the future but also to stimulate the use 
of the collections for various products and breeding 
programmes. Gene bank materials, therefore, need to 
be described for morphological characters and to be 
evaluated for factors of value for production, e.g. re-
sistance against pests, diseases and stress as well as 
nutritional quality.

Another purpose of this study was to analyse the 
concentration of GLS in different parts of the horse-
radish root. Knowledge about the distribution is very 
useful to achieve representational samples for chemi-
cal analysis. Also, horseradish is usually consumed 
in small amounts. With information about the levels 
in the clones and distribution in the root, it will be 
possible to maximize the consumption of valuable 
active biochemical compounds.

Materials and methods

Plant material
The material (Table 1) consisted of an older Dan-

ish collection with 23 accessions of horseradish es-
tablished in the 1960–70s (Group I) representing A) 
European accessions together with one accession 
from Israel and one from Japan, B) accessions col-
lected in Denmark and C) Danish breeding lines. In 
2002 and 2003, another 145 horseradish accessions 
were collected mainly from old gardens in Sweden, 
Norway, Denmark and Finland (Groups II–V) (Ta-
ble 1). Since 168 accessions were grown in different 



50

Wedelsbäck Bladh K., Olsson K. M., Yndgaard F.

countries and analysed in different years, the mate-
rial will be referred to five groups.

Three plants per accession were grown in trial 
fields in their respective home country. Root cuttings 
(30 cm in length) from the mother plants were plant-
ed in the soil at a 45-degree angle in early May. Plant 
space was 0.5 m in all directions. Fertilizer, weed 
control and irrigation were carried out according to 
local practices. The roots were harvested in late au-
tumn and stored at 90–95% relative humidity (RH) at 
4° C until analysis.

The distribution of GLS within the root was ana-
lysed in six Danish accessions (D1, D9, D10, D22, 
D25 and D27). The selection of the material was 
based on the results from the first year, when two ac-
cessions had high levels, two accessions had medium 
levels and two accessions had low levels of GLS.

Sample preparation
From each horseradish accession in groups I–V, 

two roots with a diameter of ca 30 mm were chosen 
from two different plants. The roots were washed 
with distilled water, air-dried and a 30-mm-long 
piece was cut from the middle part of each root. Af-
ter peeling 1 mm with a potato peeler, the two root 
samples were rapidly macerated together in a food-
processor into smaller pieces and the GLS were ex-
tracted and determined as below.

For determination of the GLS distribution within 
the root, two roots of the same thickness (middle 
part 30 mm in diameter) from each accession were 
chosen. The roots were washed with distilled water 

and air-dried, but not peeled. Samples 1 (outer 5 mm 
tissue) and 2 (inner tissue) were taken close to the 
shoulder, samples 3 (outer tissue) and 4 (inner tissue) 
from the middle part of the root and samples 5 (outer 
tissue) and 6 (inner tissue) from the root tip. Corre-
sponding tissues from the two roots were pooled and 
rapidly macerated in a food processor and the GLS 
were extracted and determined as below.

Extraction and determination of glucosinolates
After maceration, 3 g of each sample were im-

mediately boiled in 10 ml 99.5 % ethanol in a wa-
ter bath for 10 minutes to hinder degradation of the 
GLS by myrosinase. Each sample was mixed with 
100 µl glucotropaeolin (benzyl glucosinolate, inter-
nal standard, 120.8 mg in 50 ml water) and another 
10 ml ethanol.

After homogenization for 30 seconds at 
12000   rpm in Ultra Turrax (IKA T 18 basic), the 
extraction by boiling was continued for another 
15 min. After cooling, the samples were centrifuged 
at 1481 × g (Rotixa/RP centrifuge, Hettich). Each su-
pernatant was applied on a DEAE Sephadex A-25 
column and treated according to the method de-
scribed by Heaney & Fenwick (1980). After washing 
with 6 ml water, 400 µl purified sulfatase solution 
(Helix pomatia type H1, EC 3.1.6.1) was added to 
the samples and left over-night. The desulphoglu-
cosinolates were eluted with 2 ml water and analysed 
by high-performance liquid chromatography accord-
ing to the method described in Commission of the 
European communities (1990).

Table 1. The number, origin and cultivation place of the analysed horseradish accessions in five different groups

Group
(number of accessions) Origin of accessions Cultivation site (Coordinates)

Group I: Denmark
Old collection (23)

A) 10 accessions from Great Britain, 
Germany, Italy, Sweden, Denmark, 
Poland, former Czechoslovakia and 
Yugoslavia), Israel and Japan

The Danish Institute of Agricultural Sciences DIAS, 
Årslev (55° 30’ N, 10° 48’ E)

B) 4 accessions Collected in old Danish 
gardens 

The Danish Institute of Agricultural Sciences, DIAS, 
Årslev (55° 30’ N, 10° 48’ E)

C) 9 accessions Danish breeding lines The Danish Institute of Agricultural Sciences, DIAS, 
Årslev (55° 30’ N, 10° 48’ E)

Group II: Sweden (67) Collected in old Swedish gardens Svalöf Weibull AB, Landskrona (55° 52’ N, 12° 49’ E)
Group III: Norway (21) Collected in old Norwegian gardens Bioforsk Landvik (58° 20’ N, 08° 31’ E)
Group IV: Denmark
New collection (31)

Collected in old Danish gardens The Danish Institute of Agricultural Sciences, DIAS, 
Årslev (55° 30’ N, 10° 48’ E)

Group V: Finland (25) Collected in old Finnish gardens Agrifood Research Finland, MTT Pikkiö (60° 23’ N, 
22° 30’ E)
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statistical analysis
The statistical system “R” was used for the t-test, 

ANOVA and the bivariate boxplot methods. The 
home page for R, http://www.r-project.org/, provides 
access to panoply of resources and information, in-
cluding link to the comprehensive R Archive Net-
work (CRAN), from which R software can be down-
loaded.

Results and discussion

Variation of glucosinolates between accessions in 
the old Danish collection

Our study on GLS variation in horseradish started 
in 2003 with the Danish collection of mainly Eu-
ropean market varieties and a few Danish breeding 
clones (group I). The following eight GLS were 
detected in all 23 accessions: glucoiberin, sinigrin, 
gluconapin, 4-hydroxyglucobrassicin, glucobrassi-
canapin, glucobrassicin, gluconasturtiin, and 4-meth-
oxyglucobrassicin. In two accessions, progoitrin was 
also detected. These GLS have also been identified 
in horseradish by Li & Kushad (2004) and Agneta et 
al. (2012).

Sinigrin was by far the most abundant GLS and 
constituted ca 87% of the total amount followed by 
gluconasturtiin with ca 8% and glucobrassicin with 
ca 3%. These three GLS covered 98–99 % of the to-
tal amount.

The European market varieties together with the 
accessions from Japan and Israel (group I A) showed 
a variation of sinigrin between 25 and 38 µmol/g DM 
(mean value 32 µmol/g DM) (Table 2). Material 

from one country may have low as well as high lev-
els. The two accessions from Germany, thus, had 
mean sinigrin levels of 26 and 37 µmol/g DM, re-
spectively, and the two Swedish accessions had 25 
and 38 µmol/g DM, respectively.

Gluconasturtiin varied between 1.9 and 
3.8  µmol/g  DM (mean value 3.0  µmol/g DM) and 
glucobrassicin between 0.7 and 1.9 µmol/g DM 
(mean value 1.2  µmol/g DM). The non-European 
varieties did not exceed these ranges. The remain-
ing GLS were found only in minor concentrations 
(1–2%) and will not be further discussed here. Sev-
eral of these compounds are found in higher levels 
in other Brassica vegetables (Sones et al., 1984; 
Sarıkamış et al., 2009). Analyses of the limited ma-
terial collected from home gardens in different areas 
of Denmark (group I B) did not broaden the varia-
tion much. Only one out of four clones had a slightly 
higher sinigrin level (45 µmol/g DM) than material 
from group I   A. Further analyses of nine Danish 
breeding clones (group I C) showed a range in sini-
grin levels between 27 and 45 µmol/g  DM.

Li & Kushad (2004) found much larger vari-
ation in their material of 27 accessions with origin 
from different parts of the world. They had a range 
in sinigrin levels from 2 to 258 µmol/g DM in un-
peeled horseradish roots. In their study, the variation 
between accessions from the same country could be 
up to 30-fold. This encouraged us to study a much 
larger horseradish material consisting of 145 acces-
sions, which were collected in 2002–2003 from the 
Nordic countries (groups II–V). Before screening 
this material we decided to check the distribution of 
GLS within the root.

Table 2. Variation and mean values of sinigrin, gluconasturtiin and glucobrassicin and percentage of sinigrin of total glucosi-
nolates (GLS) in Nordic horseradish (groups I–V)

Collection 
cultivated in Group

Sinigrin (µmol/g DM)
Min–Max

(Mean ± SD)

Gluconasturtiin 
(µmol/g DM)

Min–Max
(Mean ± SD)

Glucobrassicin 
(µmol/g DM)

Min–Max
(Mean ± SD)

Sinigrin of total GLS 
content (%)
Min–Max

(Mean ± SD)
Denmark I (A) 24.9–38.4 (32.2 ± 5.1) 1.9–3.8 (3.0 ± 0.6) 0.7–1.9 (1.2 ± 0.3) 82.1–90.5 (87.0 ± 0.02)
Denmark I (B) 34.2–45.3 (39.2 ± 4.6) 3.9–6.2 (5.1 ± 1.0) 0.8–2.0 (1.2 ± 0.6) 81.3–86.4 (84.0 ± 0.03)
Denmark I (C) 27.1–45.1 (33.9 ± 5.7) 2.1–4.2 (2.6 ± 0.6) 0.8–2.6 (1.2 ± 0.5) 84.7–91.7 (89.0 ± 0.02)
Sweden II 13.6–38.6 (26.6 ± 4.5) 1.3–7.4 (4.4 ± 1.4) 0.07–1.2 (0.4 ± 0.2) 75.2–91.8 (83.0 ± 0.04)
Norway III 10.0–36.9 (22.4 ± 6.8) 2.2–7.2 (4.2 ± 1.4) 0.04–0.5 (0.2 ± 0.11) 73.7–87.2 (82.0 ± 0.04)
Denmark IV 17.2–36.2 (28.8 ± 4.6) 1.3–4.8 (2.7 ± 0.8) 0.07–0.6 (0.3 ± 1.2) 84.6–93.9 (90.0 ± 0.02)
Finland V 15.7–33.3 (21.9 ± 5.2) 1.6–5.6 (3.4± 1.0) 0.04–0.2 (0.1 ± 0.04) 78.0–91.1 (85.0 ± 0.04)
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Variation of glucosinolates within the root
Different studies show that the GLS are not even-

ly distributed in the plants. Carlsson et al. (1981) 
found higher concentrations of gluconasturtiin and 
glucobrassicin in the peelings of turnip compared to 
the inner parts. Higher concentrations of progoitrin, 
4-methoxy-3-indolylmethyl, neoglucobrassicin and 
gluconasturtiin were also found in the outer parts of 
swedes analysed by Sones et al. (1984). Nilsson et 
al. (2006) showed that the sinigrin levels were higher 
in the outer than in the inner, younger leaves in cab-
bage heads.

To learn more about the distribution of the three 
most frequent GLS within the horseradish root, dif-
ferent parts were analysed (Table 3). ANOVA anal-
ysis showed significant differences in sinigrin (P < 
0.001) between the shoulder region and the middle or 
tip regions with higher levels in the shoulder.

Somewhat higher levels of both sinigrin and glu-
conasturtiin were found in the inner parts of the root 
compared to the outer parts from the same section. 
Glucobrassicin seemed, however, to be more evenly 
distributed within the root (Table 3). The differences 
between outer- and inner tissue were tested by the t-
test. Only the difference in glucobrassicin for shoul-
der was significant at 5% level.

In our study of Nordic accessions, we decided to 
peel all roots before sampling and analysis of GLS. 
This handling did not cause loss in sinigrin and glu-
conasturtiin levels. The total amount of GLS as well 
as sinigrin was higher in the shoulder zone than in the 
middle and tip zones of horseradish roots. Sampling the 

middle part of the root was, however, a more workable 
solution since this part usually does not have splits or 
cracks, which were more frequent in the shoulder re-
gion. Such damage to the tissues causes stress, which 
might influence the GLS levels and also makes it more 
difficult to clean the sample before analysis.

Variation of glucosinolates between accessions in 
the new Nordic collections

In addition to the GLS that were found in the Eu-
ropean market varieties and Danish breeding clones 
(group I), a number of unidentified GLS were detect-
ed in small amounts in the Nordic collections (groups 
II–V). Agneta et al. (2012) analysed only one variety, 
but identified 12 GLS in the root by using mass spec-
trometry. Seven of these GLS were the same as in our 
investigation, but they also found 2 methyl sulfonyl-
oxo-ethyl-glucosinolat, glucosativin, glucoibarin, 
5-hydroxy- glucobrassicin and glucoarabishirsutain. 
It is possible that one or more of our unidentified 
GLS are identical with the GLS found by Agneta et 
al. (2012). As our material was not cultivated at the 
same location or in the same year, the results had 
to be treated separately. In Table 2, the variation of 
the levels of the three most frequent compounds in 
each group is shown. The difference in total GLS 
content was 3-fold among the Swedish accessions 
(group II) and 3.5-fold among the Norwegian acces-
sions (group III). The latter material consisting of 
21 accessions also showed the largest range of sini-
grin (10–37 µmol/g DM). The smallest variation in 
sinigrin content (16–33 µmol/g DM) was found in 

Tabel 3. Distribution of glucosinolates (µmol/g DM) in the outer (5 mm) and inner tissues of the shoulder, middle and tip zones 
in horseradish roots. Mean values of six accessions selected from group I included with standard deviation, t-test and p-value

GLS

Shoulder region Middle region Tip region
Outer 
tissues  

(m ± SD)

Inner 
tissues  

(m ± SD)

t-test 
p-value

Outer 
tissues  

(m ± SD)

Inner 
tissues  

(m ± SD)

t-test 
p-value

Outer 
tissues  

(m ± SD)

Inner 
tissues  

(m ± SD)

t-test 
p-value

Sinigrin 40.2 ± 11.7 41.6 ± 7.5 0.23
0.82

31.1 ± 6.6 33.7 ± 5.6 0.76
0.47

28.0 ± 6.1 29.63 ± 0.8 0.54
0.60

Gluconasturtiin 5.8 ± 2.0 6.6 ± 1.5 0.78
0.45

5.2 ± 1.4 5.9 ± 1.5 0.89
0.39

5.0 ± 1.2 5.9 ± 1.6 1.14 
0.28

Glucobrassicin 1.0 ± 0.2 0.8 ± 0.1 2.57
0.03*

0.8 ± 6.2 0.6 ± 0.2 1.25
0.24

0.7 ± 0.2 0.7 ± 0.3 0.30
0.31

Total GLS 47.6 ± 13.7 49.4 ± 7.7 37.4 ± 7.6 40.7 ± 6.0 34.0 ± 7.1 36.5 ± 4.0
Sinigrin % of 
total GLS

84 ± 0.02 84 ± 0.04 83 ± 0.02 83 ± 0.04 82 ± 0.02 81 ± 0.04

* significant differences at p < 0.05
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the Finnish material (group V) with 25 accessions. 
The highest mean value of sinigrin (29 µmol/g DM) 
was found in the Danish group (IV), followed by the 
Swedish (27 µmol/g DM). The Norwegian and Finn-
ish accessions both had a mean value of 22 µmol/g 
DM. The sinigrin part of the total GLS content varied 
between 82 and 90% in groups II–V, with the high-
est percentage in the Danish material (Table 2). The 
much larger variation from 2 to 258 µmol sinigrin/g 
DM in Li & Kushad’s study (2004) of 27 accessions 
(mean value 81 µmol/g DM) might be due not only 
to a broader genetic background in his material com-
pared to ours, but also to environmental conditions.

The mean value for gluconasturtiin varied be-
tween 2.7 (group IV) and 4.4 (group II) µmol/g DM. 
In Li & Kushad’s study (2004) the mean value for 
this GLS was higher with 10.3 µmol/g DM. In our 
study, the mean values for glucobrassicin in groups 
II–V was 0.1–0.4 µmol/g DM and in Li & Kushad’s 
study (2004) – 0.5 µmol/g DM. The Swedish materi-
al showed the largest variation (0.1–1.2 µmol/g DM) 
among the groups.

The three major GLS in horseradish roots are sini-
grin, gluconasturtiin and glucobrassicin, which all have 

anti-cancerogenic effects (Kushad et al., 1999; Verk-
erk et al., 2009). The bivariate boxplot method was used 
to show the relationship between sinigrin and glucona-
sturtiin shown in Fig. 1 for groups II–V. This type of 
boxplot is useful for the indication of correlation as well 
as possible outliers. It consists of two concentric ellipses, 
one of which (the “hince”) includes 50% of the data and 
the other (the “fence”), which delineates potential out-
liers. Furthermore, regression lines of both y on x and 
x on y are shown, with intersection showing the bivari-
ate location of estimator. The size of angle between the 
regression lines indicates the correlation (Goldberg & 
Iglewicz, 1992; Everitt & Hothorn, 2011).

None of the accessions in any of the groups in 
Fig. 1 is found outside the “fence”, so no potential 
outliers are identified. However, several accessions 
are just on the “fence” as S13 in group II, N13 and 
N16 in group III and F6 in group V. It might be those 
accessions a breeder would look for. The results may 
also guide growers and consumers, who look for a 
specific taste or strength for culinary purposes. How-
ever, since the present study is only a first screening 
of GLS in the Nordic material, further analyses of the 
accessions are needed.

Fig. 1. The relationship and correlation between sinigrin and gluconasturtiin content (µmol/g DM) in horseradish (groups II–V) 
shown by the bivariate boxplot method
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The bivariate boxplot method was not used to show 
the relationship between sinigrin and glucobrassicin. 
The glucobrassicin levels are very low in horserad-
ish compared to the levels in other Brassica vegeta-
bles such as white head cabbage (21–43µmol/g DW) 
(Sarıkamış, 2009) and cauliflower (7–79 mg/g fresh 
weight) (Sones et al., 1984b). The intake of this GLS 
through horseradish is so low that it must be negli-
gible.

Potential use
In the large collection of horseradish from the 

Nordic countries it should be possible to find inter-
esting accessions for different purposes. Accessions 
with high sinigrin and gluconasturtiin levels could 
be interesting as functional food or used in medical 
treatment to inhibit different cancer forms or gastric 
lesions or used in spray against nasal and sinus dys-
function. As breakdown products from these com-
pounds give a bitter taste, the large variation in the 
material should satisfy chefs and consumers, who 
look for specific flavour, when horseradish is used 
as a condiment in food. Allyl isothiocyanate (break-
down product from sinigrin) also strongly inhibits 
the growth of several bacteria, and horseradish rich 
in sinigrin could be used as a natural food preserva-
tive (Wedelsbäck Bladh & Olsson, 2011).

It is not possible to conserve all horseradish ac-
cessions in the gene bank because the material must 
be kept as living plants, which costs too much. Based 
on our results of GLS levels together with finger 
print analysis (Wedelsbäck Bladh et al., submitted) 
and morphological studies to find material with good 
growth characters (not yet published), interesting ac-
cessions will be selected for conservation and use in 
the future breeding programmes. Our results also in-
dicate that there are differences of GLS levels in dif-
ferent parts of the root. In the future it may be possi-
ble to find accessions or even parts of the plants with 
very high levels of the active chemical compounds.

In the present work, the myrosinase levels were 
not studied. This enzyme has numerous medi-
cal, industrial and agricultural application fields 
(Wedelsbäck Bladh & Olsson, 2011). To assure the 
findings from our first screening of Nordic horserad-
ish, the accessions need to be cultivated at the same 
site and tested for more than one year.
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Gliukozinolatų įvertinimas Šiaurės ŠALIŲ (NORDIC) krienuose 
(Armoracia rusticana)

Katarina Wedelsbäck Bladh, Kerstin M. Olsson, Flemming Yndgaard

Santrauka

Valgomieji krienai (Armoracia rusticana) se-
niai naudojami augalai, pasižymintys maistinėmis 
ir vaistinėmis savybėmis. Aštrų krienų skonį ir 
gydomąsias savybes lemia gliukozinolatai (GLS), 
kurių tarpe dominuoja sinigrinas, sudarantis daugiau 
nei 80% viso GLS kiekio, toliau seka gliukonasturti-
nas ir gliukobracisinas. Gliukozinolatai buvo tirti 168 
skandinaviškuose kolekciniuose pavyzdžiuose. Sini-
grino kiekis skirtinguose augaluose įvairavo nuo 10 iki 

45 µmol/g, gliukonasturtino – 1,3–7,4 µmol/g, gliuko-
brasicino – 0,1–2,6 µmol/g orasausės jų masės. Buvo 
rasti pavyzdžiai, kaupiantys didelius sinigrino ir gliu-
konasturtino kiekius. Augalų genų banko tikslas yra ne 
tik išsaugoti genetinius šių augalų išteklius, bet kartu 
skatinti jų panaudojimą ir selekciją, todėl atrinkti ko-
lekciniai pavyzdžiai pasitarnaus tolesnei krienų selek-
cijai bei skatins jų vartojimą maisto priedų ir natūralių 
konservantų gamybai bei gydymo tikslams.


