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Fully developed horseradish (Armoracia rusticana Gaertn., Mey., & Scherb.) roots from 27 accessions
and leaves from a subset of 9 accessions were evaluated for glucosinolates and myrosinase enzyme
activity. Eight different glucosinolates were detected (based on HPLC retention times as desulfoglu-
cosinolates) in both root and leaf tissues. The sum of these glucosinolates, referred to as total, ranged
from 2 to 296 umol g~ of dry weight (DW) in both tissues. Four glucosinolates (sinigrin, glucobrassicin,
neoglucobrassicin, and gluconasturtiin) were detected in major quantities. In fully developed roots,
sinigrin concentration represented ~83%, gluconasturtiin ~11%, and glucobrassicin ~1% of the total
glucosinolates. Approximately the same proportions of individual glucosinolates appeared in fully
developed leaves, except that glucobrassicin was substituted by neoglucobrassicin and gluconasturtiin
concentration was significantly lower (<1%). At least four other glucosinolates were detected in very
small quantities (<1%) in both roots and leaves. Myrosinase (S-thioglucoside glucohydrolase, EC
3.2.3.1) is the enzyme responsible for the hydrolysis of the parent glucosinolates into biologically
active products. Very little is known about myrosinase activity and the correlation of its activity to
total and individual glucosinolates in plant tissues. Significant differences in myrosinase activity were
detected between the roots and leaves, ranging from 1.2 to 57.1 units g~ of DW. Data showed no
correlation between myrosinase activity and total and/or individual glucosinolates in the roots. However,
in the leaves, significant correlations were found between myrosinase activity and total glucosinolates
(0.78 at P = 0.01) and between myrosinase activity and sinigrin (0.80 at P = 0.01). Glucosinolates
content and myrosinase activity were also correlated in young and fully developed roots and leaves
and during tissue crushing. Glucobrassicin concentration in the roots and neoglucobrassicin
concentration in the leaves were significantly higher in young than in fully developed tissue. Crushing
of the tissue resulted in rapid hydrolysis of sinigrin and glucobrassicin, as expected, from the presence
of myrosinase. Likewise, myrosinase activity declined rapidly after crushing, perhaps due to inactivation
by the reaction products and/or the depletion of its substrates.
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INTRODUCTION (3-methysulfinylpropyl glucosinolate) representing between 55

Brassicavegetables are rich in sulfur-containing glucosides and 90% of the total, depending on tissue type, stage of
called glucosinolatesL(-3). About 120 different glucosinolates ~ development, and growing conditions @6, 7). Tryptophan-
have been identified in 15 families of dicotyledonous plants, derived indole glucosinolates detectedBrassicavegetables
but only about 20 have been detectedBirassicavegetables  include glucobrassicin (3-indolylmethyl glucosinolate), neoglu-
(3, 4). The general structure of glucosinolates consists of a cobrassicin (N-methoxy-3-indolylmethyl glucosinolate), and
glucone moiety and a variable aglucorgroup 6). Glucosi- 4-hydroxyglucobrassicin (4-hydroxy-3-indolylmethyl glucosi-
nolates are divided according to their biosynthetic precursors nolate). Gluconasturtiin (2-phenethyl glucosinolate) is the
methionine, tryptophan, or phenylalanine into aliphatic, indolyl, predominant phenylalanine-derived glucosinolat@iassica.
or aromatic. Methionine-derived aliphatic glucosinolates are the  G|ycosinolates provide the bitter flavor and sulfurous aroma
most abundant iBrassicavegetables, with glucoraphanin (4-  characteristic oBrassicaand other cruciferous crops as a result
methylsulfinylbutyl glucosinolate), sinigrin (2-prophinyl glu- ¢ thejr preakdown into isothiocyanates, (8, 9). Another
cosmolate_), progoitrin (B)-Z-hydroxybu_t-S-enyl glucosmole_lte),_ property of glucosinolates is their allelopathic response. Glu-
glucoerucin (4-methylthiobutyl glucosinolate), and glucoiberin cosinolates and their breakdown products were reported to

* Author to whom correspondence should be addressed [telephone (217)suppress soil-borne organisms such as bacteria, fungi, viruses,
244-5691; fax (217) 333-8816; e-mail kushad@uiuc.edu]. nematodes, and weeds (10—15).
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Glucosinolates and their breakdown products have also beentissues. _Samples were immediately cooled and centrifuged at_g2000
linked to the neutralization of chemical carcinogens in human for 10 min, and the supernatant was collected and saved on ice. The
and animal cells by activating phase Il detoxification enzymes, Pellet was re-extracted with 1 mL of boiling d&:@, centrifuged as
such as glutathion8-transferase, quinone reductase, NADPH described above, and the supernatant was collected and combined with
reductase, and glucouronyl transferase, and by inhibiting phasePr€¥iously saved supernatant and mixed thoroughly. A 1frattion

. - . of the supernatant was combined with 2800f 0.5 M barium acetate,
| enzymes (cytochrome P450 enzymes), which are involved in

Lo . . : vortexed for 5 s, and layerech@ 1 cmDEAE-Sephadex A-25 column.
the activation of chemical carcinogens (16). Glucosinolates Glucosinolates were desulfated on the column with 10 units of

were also reported to have a direct effect on cancer developmentyry|suifatase type H-1 fronH. pomatia (Sigma, St. Louis, MO)

by suppressing the promotion phase of cancer cell developmentsuspended in 500L of dd-H,0. The columns were capped for 18 h.

(18, 19) and by blocking estrogen receptors of estrogen- Desulfated glucosinolates were eluted off the column with 2 mL of

dependent cancer (2Q1). dd-H,0 and filtered through a 0.2m Acrodisc filter (Pall Gelman
Studies have shown that in plant tissue, glucosinolates arelLaboratory, Ann Arbor, MI). A 2QuL fraction of the water filtrate

present in an intact form and sequestered in the vac@ap ( was_lnjecteq into a Hitachi HPLC system (Hitachi Ltd., Tokyo, qapan)

Intact glucosinolates have no allelochemical property against equipped with a UV detector set at a 229 nm wavelength, a refrigerated

. . ] . - autosampler set at 8C, a column heater set at 32, and a
lant pests or biological functions against human dised&®s . .
24) ﬁowever whgnBrassica tissugs are cut or Cruasglfed( Lichrosphere Hibar RP-18 column (Merck, Darmstadt, Germany). A
| C | ' | df h | - ' h gradient of 0—20% acetonitrile at 0.8 mL/min for 53 min was used to
glucosinolates (released from the vacuole) come in contact With g|te the desulfoglucosinolates off the column. The type and amount

myrosinase (B-thioglucoside glucohydrolase; EC 3.2.3.1, re- of glucosinolates, except sinigrin, were estimated based on retention
leased from myrosine cells), causing the formation of biologi- times and response factors developed for desulfoglucosinolates in a
cally active isothiocyanates (such as sulforaphane) and indole-standardized and certified rapeseed reference material (BCR 367) by
3-carobinol (1,25). the Commission of the European Community Bureau of References
Horseradish (Armoracia rusticapé an importanBrassica (Brussels, Belgium). Sinigrin concentration was estimated by compari-
crop in lllinois, representing nearly 60% of the total U.S. son of HPLC retention time with that of an authentic sinigrin standard

consumption3). Most of the commercial crop is crushed fresh (S19ma) after on-column sulfatase treatment as described above.

into sauces or used as a food additive for its pungent flavor. Retention t_|mes of desulfated referen_ce glucosinolates were similar to
. . . . .~ those previously reported for broccoli (3).

However, very little is known about the biochemical composi- 14 eyauate the effect of root and leaf sizes on glucosinolate levels

tion of horseradish, especially the distribution of glucosinolates anq myrosinase activity, two root sizes [small, 855cm diameter;

or myrosinase enzyme activity. Also, there have been no fully developed (mature),-810 cm diameter] and two leaf sizes [small,

previous studies that examined changes in both glucosinolates~10 days after emergence, and fully developed (mature)] were collected

content and myrosinase activity in the same tissue. The from cultivars 1573 and 1810-A, frozen in liquid nitrogen, lyophilized,

objectives of this study were to evaluate the levels of glucosi- and analyzed for glucosinolates as above. _

nolates in horseradish roots and leaves and to correlate changes Myrosinase Assay.Freeze-dried tissue from each accession was

in these compounds to myrosinase activity. suspended in dd4® at 0.1 g mL?! and centrifuged at 13380and 4
°C for 30 min. The supernatants were collected, filtered through

Whatman no. 1 filter paper, and assayed for myrosinase activity
MATERIALS AND METHODS according to the method of Pessina et 28)(with slight modification.

Plant Material. Twenty-seven accessions of horseradish varieties The enzyme activity was determined by evaluating the rate of hydrolysis
were selected for this study. These accessions are part of a germplasn®f sinigrin at 37°C. Change in the optical density of sinigrin, as a
collection housed at the Vegetable Research Farm, University of lllinois, function of time, was used to calculate myrosinase activity.
Urbana-Champaign, IL. The experiment was designed as a randomized ~ The reaction mixture consisting of 33.3 mM postassium phosphate
complete block consisting of six plants in each of four replicates. Plants buffer (pH 6.5) and 0.2 mM sinigrin was placed in a quartz cuvette
were established from root cuttings (sets) approximately4&5cm with 1 cm path length and allowed to pre-equilibrate for 1 min at 37
long and 1.6-1.5 cm in diameter. Sets from each accession were hand- “C- The reaction was initiated by adding 1a00f crude enzyme extract
planted in rows spaced at 90 cm between rows and 56 cm within eacht0 the cuvette. Decline in optical density as a result of sinigrin
row. The proximal ends of the sets were planted facing the same Preakdown was plotted at 227 nm and°€7over a 3 min period using
direction (for ease of harvest) in furrows, then hilled-over into ridges & Shimadzu UV160 spectrophotometer (Shimadzu Corp., Kyoto, Japan).
approximately 18 cm high and 30 cm wide. Plots were maintained The rate of decline in optical density during the linear phase of the
during the growing season using a pest control protocol as outlined in graph was used to calculate the enzyme activity according to the
the Midwest Vegetable Production Gui@6). Water and fertilizer were ~ following formula:
applied as needed. Leaf samples were harvested when the blade had
reached its full size at about the middle of July, whereas roots were units e = AA % 1 % E < 16°
harvested in November after the roots had reached their full size and At T el T Ve
the leaves had desiccated.

Tissue samples were collected from the middle four plants of each where the extinction coefficient) of sinigrin at 227 nm is 6784 M
replicate, cleaned with distilled water, and dried with paper towels. cm™2, the cuvette path lengtt) (s 1 cm, the total volume of the assay
About 200 g subsamples were collected from the main root or from mixture (Va) is 3.0 cn?, the reaction time is given in minuteAt), and
fully developed leaf blades, quickly frozen in liquid nitrogen, the volume of enzyme solutiov§) is 0.1 cni. One unit of activity is
lyophilized, ground into fine powder using a coffee grinder, and stored defined as the amount of myrosinase that catalyzes the hydrolysis of 1

at —70 °C for further analysis. umol of substrate per minute, under the conditions described above.
Glucosinolates AnalysisGlucosinolates were analyzed according Specific activity was expressed in units per milligram of protein.
to previously described procedures £3). A 0.2 g sample of freeze- Protein concentration was determined by a BCA kit (Pierce,

dried tissue from each accession and each replicate was placed in &Rockford, IL). Data were subjected to analysis of variance (ANOVA)
sealed 15 mL glass tube and heated at®5or 15 min on a heating using Proc GLM of SAS (release 8.0, SAS Institute, Inc., Cary, NC).
block (Reacti-Therm Ill, Pierce, Rockford, IL). The heated samples Differences among accession means were compared using Fisher’s
were combined with 2 mL of boiling dd-4#0 and 0.5 mL of internal protected least significant difference (LSD)Rit= 0.05.

standard (M benzylglucosinolate, VWR Scientific Products, Chicago, Influence of Tissue Crushing on Glucosinolate Content and

IL) and reheated again for an additional 5 min. The internal standard Myrosinase Activity in Roots. Uniform small size roots 41 cm
benzylglucosinolate is naturally absent in horseradish leaf and root diameter) of accession 1573 were harvested, immediately cleaned with
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Table 1. Change in Total, Individual, and Residual Glucosinolates, Myrosinase Activity, and Soluble Protein Concentrations in 27 Accessions of
Horseradish Roots

wmol g~* of DW myrosinase activity protein concn
accession total GS? sinigrin glucobrassicin gluconasturtiin residualGb (units g1 of DW) (mg g~* of DW)
810-A 296°¢ 258 2.8 20.1 15.0 43 94.9
753-A 233 173 0.1 48.6 115 211 80.1
113-A 191 160 14 18.5 11.2 10.0 46.4
239-A 175 117 0.0 46.5 108 225 717
813-A 162 134 0.1 14.7 133 33 97.8
Bohemian 154 130 0.9 15.2 7.3 1.2 61.9
1590 152 112 11 28.9 10.5 10.7 62.6
106-A 152 120 0.9 19.3 113 333 82.2
196-A 140 133 13 1.6 43 8.7 63.3
493-A 134 124 0.6 2.8 6.7 50.4 51.8
819-A 131 116 038 12.8 18 23.0 127.9
502-A 127 104 0.1 16.2 7.6 132 45.8
1724 107 102 05 1.2 33 26.3 72.7
104-A 78 70 0.2 2.7 5.5 25.7 70.2
125-A 75 61 0.7 47 35 57.1 74.6
1573 56 48 0.7 2.0 5.3 32 102.6
532-A 55 51 0.1 0.0 33 2.8 73.8
856-A 40 36 01 2.2 17 445 94.4
51-A 35 28 0.1 5.7 21 26.1 119.5
1069 33 32 0.1 0.0 0.8 9.5 54.9
789-A 27 21 0.8 45 13 22.7 90.6
1717 21 16 0.3 38 14 21.2 54.7
T77-A 20 17 04 1.9 08 1.7 32.0
244-A 11 7 0.1 24 0.9 215 21.6
811-A 10 8 0.1 0.1 13 8.2 61.4
53-A 6 5 0.0 0.0 0.7 21.6 51.3
Big-Top-Western 2 2 0.0 0.1 0.1 20.7 385
overall mean 97 81 0.5 10.3 5.3 19.1 70.3
LSD at P=0.05 64 56 1.0 9.4 4.6 10.8 30.3

@ Total GS represent the sum of sinigrin, glucobrassicin, and gluconasturtiin plus residual glucosinolates (GS). GS were desulfated by aryl sulfatase and detected using
HPLC. ® Residual glucosinolates represent the sum of at least five additional glucosinolates. ¢ Values represent the means of four replicates per accession.

distilled water, and blotted dry with paper towels. Roots were divided 101 and 20Qumol g~! of DW, 3 accessions produced total
into 20 groups (~40 g each) of uniform size segments. Each group glucosinolate concentrations between 51 and 490! g~ of

was place in a chilled mortar and pestle and gently crushed in.@-H Dy, and 10 accessions produced glucosinolate concentrations
at 0.1 g nt. Crushing time and tissue consistency were kept as uniform between 0 and 50mol gt of DW (Table 1). Plant origin does

as possible to represent commercial preparation of horseradish Sauces, -+ seem to have an effect on total glucosinolate levels. For
Tissue macerates were placed in beakers and incubated°&t 27a example, 810-A and 811-A were established from seed.lings

water bath for 0, 15, 30, and 60 min. Each group of four was assigned =" - ' o
to each time interval as replicates. At the end of each incubation time, Oiginated in Switzerland, whereas 113-A and 104-A originated

the four replicates per wounding time interval were removed from the from Russia (29), yet there were differences of 30.2- and 2.5-
water bath, immediately frozen in liquid nitrogen, and lyophilized. fold, respectively, in their total root glucosinolate contents
Samples were analyzed for glucosinolate content and myrosinase(Table 1).

activity as described above. Two of the four commercially grown cultivars, Bohemian
and 1590, produced higher than average total glucosinolates (154
RESULTS AND DISCUSSION and 152umol gt of DW), 1573 produced below average

Change in Glucosinolate Content and Myrosinase Activity ~ concentration (5umol g of DW), and Big-Top-Western
in Roots and Leaves of Different Horseradish Accessions, ~ Produced the lowest concentration /ol g of DW). The
There are~130 horseradish accessions in the Univesity of average total glucosinolates concentration in horseradish roots
lllinois germplasm collection. The geographic origins and is similar to previously reported values for brown and oriental
morphological characteristics of some of these accessions havenustard seeds (31), but significantly higher than what we had
been listed in two previous studie, 29, 30). Most of these  Previously reported for broccoli (anol g* of DW), Brussels
accessions have originated from eastern Europe and NorthSProuts (25mol g~* of DW), cabbage (1kmol g~* of DW),
America. However, only four of these accessions (167a, 204a, cauliflower (15umol g~* of DW), or kale (15umol g~* of DW)
1573, and 1590) are being grown commercially in Illinois on (3)-

~800 ha at the Mississippi River Valley in East St. Louis. Three individual glucosinolates, sinigrin, glucobrassicin, and
Eight different glucosinolates have been detected in variable gluconasturtiin, have been detected in the roots of all accessions,
concentrations in roots and leaves of horseradisibles 1and except 1069, which has no detectable level of gluconasturtiin,

2). The sum of these glucosinolates, henceforth referred to asand 53-A, which has no glucobrassicin or gluconasturfigb(e
total, showed significant differences among the roots of the 27 1). Sinigrin represented on averag83% of the total glucosi-
accessions tested. Accessions 810-A and 753-A produced thenolates, followed by gluconasturtiin atL1%, and glucobrassicin
highest total glucosinolate concentrations of 296 and.288I at~1%. At least four other glucosinolates (progoitrin, glucon-
g ! of dry weight (DW), respectively Table 1). Eleven apin, 4-hydroxyglucobrassicin, and 4-methoxyglucobrassicin)
accessions produced total glucosinolate concentrations betweenvere detected in minor concentrations1@o) in some of the
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Table 2. Changes in Total, Individual, and Residual Glucosinolates, Myrosinase Activity, and Soluble Protein Concentration in Nine Accessions of
Horseradish Leaves

umol g~* of DW myrosinase activity protein concn
accession total GS? sinigrin neoglucobrassicin gluconasturtiin residual GS? (units g~* of DW) (mg g~* of DW)
493-A 201°¢ 189 5.0 0.1 7.3 40.9 121.3
125-A 135 132 13 04 1.7 21.2 122.3
810-A 126 115 11 0.1 10.0 13.6 166.8
T77-A 96 88 13 0.1 7.0 18.8 1335
819-A 84 80 2.8 0.1 14 175 147.9
753-A 81 63 37 0.3 137 85 89.7
53-A 64 58 39 0.1 2.2 9.3 1255
Bohemian 45 39 0.0 0.2 6.2 10.0 151.4
789-A 34 30 31 0.0 0.8 18.9 133.3
overall mean 95 88 25 0.2 5.6 17.6 132.4
LSD at P=0.05 26 25 14 0.06 2.7 12.1 24.3

2Total GS (glucosinolates) represent the sum of sinigrin, neoglucobrassicin, and gluconasturtiin plus residual glucosinolates. GS were desulfated by aryl sulfatase and
detected using HPLC.  Residual GS are the sum of at least four additional glucosinolates. ¢ Values represent the means of four replicates per accession.

accessions. Data for these g|ucosino|ates were combined andab|€ 3. Changes in Total, Individual, and Residual Glucosinolates in
presented as residual glucosinolafEsife 1). The average sum W0 Accessions of Horseradish Roots as a Function of Growth Stage
of the residual glucosinolates in the roots w&% of the total.

. ; i . umol g~ of DW
Glucosinolate in the leaves were analyzed in a subset of nine . -

i ith low, medium, and high glucosinolate levels in accession, tota - lucobras gluco- residual
accessions wi ’ b : growth stage GS? sinigrin sicin nasturtiin GSh
the roots (Table 2). Total glucosinolate levels in the leaves were 810 | o 5oh b o 3
comparable to those in the roots. The highest total glucosinolate siozﬁ' e Zgg'ga 228'% 12'30 ol 1 4'32
content was detected in cultivar 493-A (2ol g °' DW), 1573,smal  119.1b  773b 339 02 7.7ab
and the lowest was detected in cultivar 789-A (84ol g-* of 1573, mature 55.5¢ 47 5b 0.7¢ 2.0b 5.3bc

DW). However, there were no correlations between total or any

of the individual glucosinolates in the leaves and the roots, 2Total GS (glucosinolates) represent the sum of sinigrin, glucobrassicin, and

suggesting that the biosyntheses of glucosinolates in the leavegluconasturtiin plus residual glucosinolates. GS were desulfated by aryl sulfatase

and roots might be independently regulated. Sang et3a). ( and detected using HPLC. ?Residual glucosinolates is the sum of at least four

proposed that root tissue has higher total glucosinolates thanadditiopal glucosinolates.. cVa!ue.s represent the means of four.replicates per

leaf tissue, but they did not present quantitative data to Supportaccessmn. Mean separation within each column by Duncan’s multiple-range test,

their conclusion. In contrast, Li et aB8) found no correlation P =005

between total glucosinolates in leaves, roots, stems, or seeds in ) o ] ]

several lines ofBrassica napus. Our results support the ~ Myrosinase activity values in the root and leaf tissues are

conclusion of Li et al. 33) that glucosinolate synthesis and Shown inTables land2. Similar to glucosinolates, myrosinase

accumulation are tissue specific. activities in the root and leaf tissues were also variable, ranging
Similar to the roots, sinigrin was the dominant glucosinolate from 1'2. to 517'1 units gl of DW in the roots and from .8'5 to

in the leaves, representing on averagi®% of the total (Table ~ 40-9 units g* of DW in the leaves Table 1). Myrosinase

2). Leaves also contained gluconasturtiin, but at a much lower activity in the roots was slightly higher than in the Ie_aves;
concentration (0.2:mol g% of DW) than in the roots (10.3 however, when the activity was calculated on the basis of a

wmol g1 of DW). In contrast to the roots, leaf tissue contained milligra.m. er’tei” basis {specific activity), roots had about C.jOUble
neoglucobrassicin (2.5% of total) instead of glucobrassicin € activity in the leaves, 0.33 and 0.19 unitsThgf protein,
(Table 2). In a preliminary study, Etoh et al34) reported high respectlvgly. Higher myrosinase specific activity has also been
concentrations of sinigrin in horseradish (78%) and wasabi report_ed in the roots and cotyledons than in the leaves of
(83%) roots. However, when they analyzed wasabi leaves, theyBrassica napug36).

found that they contained onty24% sinigrin compared to the Pearson’s correlation of myrosinase activity to total glucosi-
roots. High sinigrin concentration has also been detected in nolates and sinigrin was not significant in the roots. However,
oriental mustard (Brassica juncea), Brussels sprouts, cabbagein the leaves there were significant correlations between
caulifiower, and kaleZ, 3, 35). To our knowledge, only broccoli ~ myrosinase activity and sinigrin (0.4P,= 0.01) and between
was reported to have very low sinigrin concentration. Broccoli, myrosinase activity and total glucosinolates (0.2 0.027).
instead, accumulates the aliphatic glucosinolate glucoraphaninThe lack of correlations between myrosinase activity, sinigrin,
(3, 6, 7). We did not detect any glucoraphanin in the 27 and total glucosinolates in the roots was observed even when
accessions of horseradish (data not shown). Magrath eg)al. ( We used the same subset of accessions as in the leaves.
reported that mainly genetic factors determine the contents of Changes in Glucosinolates Content in Young and Fully
aliphatic glucosinolates, such as sinigrin and glucoraphanin, Developed Tissue and during Tissue Crushingn young roots
whereas environmental factors have a significant influence on total glucosinolates were statistically similar in accessions 810-A
contents of tryptophan-derived indole glucosinolates, such asand 1573 Table 3). However, in fully developed (mature) roots
glucobrassicin and neoglucobrassicin. Pearson correlationsaccession 810-A had significantly higher §-fold) total glu-
between total glucosinolates and sinigrin in the roots and leavescosinolates than accession 157&ljle 3). The major reason
werer = 0.49 for total and = 0.47 for sinigrin, but they were  for the large difference in total glucosinolates in fully developed
not significant, suggesting that their syntheses are independentlyroots was the presence of a significantly higher concentration
regulated. of sinigrin in 810-A than in 1573. Young roots also contained
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Table 4. Changes in Total, Individual, and Residual Glucosinolates in Table 5. Change in Total Glucosinolates, Sinigrin, and Glucobrassicin
Two Accessions of Horseradish Leaves as a Function of Leaf Growth Following Crushing of Small Root Tissue of Cultivar 1573
Stage
umol g~t of DW
pmol g~ of DW time after total myrosinase activity
accession, total neogluco- gluco- residual crushing (min) GSa sinigrin  glucobrassicin (units g1 of DW)
growth stage GS? sinigrin brassicin nasturtiin GSh o 120.9a 31.0a 2.1a 53
810-A, small 150.2a¢ 77.6ab 66.2a 0.5a 2.3a 15 1.9b 1.3b 0.4bc 17
810-A, mature 126.0a 114.8a 1.2b 0.1a l.la 30 0.7c 0.5¢ 0.2c 0.4
1573, small 129.2a 60.3b 69.7a 0.3a 2.4a 60 0.5¢ 0.3c 0.1c 01
1573, mature 52.7b 48.6¢ 1.1b 0.4a 1.2a
@Total GS (glucosinolates) represent the sum of sinigrin, glucobrassicin, and
2Total GS (glucosinolates) represent the sum of sinigrin, glucobrassicin, and gluconasturtiin plus residual glucosinolates. GS were desulfated by aryl sulfatase
gluconasturtiin plus residual glucosinolates. GS were desulfated by aryl sulfatase and detected using HPLC. Values represent the mean of four replicates per
and detected using HPLC. ©Residual glucosinolates is the sum of at least four treatment (time). Mean separation within each column by Duncan’s multiple-range
additional glucosinolates. ¢ Values represent the mean of four replicates per test, P = 0.05. Crushing involved uniform grinding of the tissue using a mortar
accession. Mean separation within each column by Duncan’s multiple-range test, and pestle. ? Intact tissue.
P = 0.05.

- . . . (1, 15). For example, evaluation of the feeding behavior of
significantly higher concentrations of glucobrassicin than fully arpivores on 14 homozygous lines Bf junceashowed less
developed roots (Table 3). . . . . feeding of the generalist inse8podoptera eridanian lines

In leaves, there were no major differences in total glucosi- i, higher glucosinolate content and less feeding of the

nolates, sinigrin, gluconasturtiin, or residual glucosinolates o iferous specialist inseButella xylstellaon lines with higher
between young and fully developed (mature) leaves, except . qsinase activity than lower lineg@). Similarly, B. napus

1573, which contained lower sinigrin in fully developed leaves jidaq \yith high sinigrin content were less preferred to Bertha

(Table 4). The only major difference was observed in neoglu- 4 myworm (amestra configuratgthan lines with low sinigrin
cobra;smm, a de“Ya“Ve of glucobrasg_cm. Young leaves qntant 41).Brassicatissue with high glucosinolate levels also
contained>60-fold higher neoglucobrassicin than fully devel- suppressed diseases, suctPgthium, when applied as green

oped leaves. _ _ ____manure 42). On the basis of these studies and others, it is
Several studies have examined changes in total and 'nd'V'dualpossibIe that the high sinigrin content and myrosinase activity

glucosinolatgs as a function of tissue age. In a previous Stl_dein some of the horseradish accessions identified in this study
onArabidopsis thalianayounger leaves were reported to contain - 5y he transferred through genetic engineering or conventional
~10-fold higher glucosinolates than older leaves and older o6 ing programs to commercial lines such as Big-Top-Western

Iea\(es tended to accu_mulate more indole than aliphatic 9'“' to increase their pest resistance and potentially their human
cosinolates (36). In this study, however, we found no major o5th benefits.

shift in aliphatic glucosinolates in both leaves and roots as a |, summary, glucosinolates and myrosinase activity were
function of tissue age except in 1810-A, which accumulated yetected in varying levels in the roots and leaves of all 27

higher sinigrin in older than in younger tissue. The only shift ,,-caradish accessions. Sinigrin represent8@% and gluco-

we have noticed is that younger tissue of horseradish roots andpqyrtjin~109% of the total glucosinolates in the roots. In the
leaves tended to accumulate more indole glucosinolates (glu-|o5yes sinigrin representee91% and neoglucobrassicir2%
cobrassicin and neoglucobrassicin) than fully developed leaves. ¢ yhe total glucosinolates. However, there were no correlations
Our study is in agreement with previous studies, which showed oy een total glucosinolates or myrosinase activity in the roots

higher levels of gluconasturtiin in roots and in leave8tdssica and leaves, which suggested that the two are independently
oleraceaand A. thaliana (37, 38). Root and leaf size had no o 1ated and are site specific. The high levels of glucosinolates
influence on myrosinase activity. Also, young and fully 5hq myrosinase activity in some of the accessions may provide

develqped roots .and leaves contained_ statistically similar ;e breeding tools for enhancing the pest resistance and
myrosinase activities regardless of their size (data not shown).,;man health benefits of commercial horseradish cultivars.
The bulk of the commercial production of horseradish roots

?s crush_ed into_relishes and sauces that are u_sed as condimentg- . \nOWLEDGMENT

in ethnic cooking. In crushed tissue of cultivar 1573, total

glucosinolates declined ts2% of their level in the control ~ We thank Ken Horn for help with maintaining the horseradish
within 15 min after tissue crushing, and by 30 min nearly all germplasm collection.
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