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SUMMARY 

The separation of a series of gluc~sinoIates by reversed-phase ion-pair liquid 
chromatography is reported. A rapid and adequate separation was achieved on a 
column of NucIeosil5 Cle, Mh 0.01 M phosphate buffer at pH 7&methanol(3:7) 
containing 0.005 M WraheptyIammonium bromide as mobile phase. The modifier 
concentration, the nature of the counter-ion and the pH greatly i&uence the separa- 
tion of the glucosinoiates from each other and from non-ionic impurities. The isola- 
tion of the total glucosiaolate fraction was performed by a newly developed ion- 
exchange chromatogra$ic method. By combination with the separation method 
described here, acidic and basic conditions (which wo*Jd lead to decomposition of the 
gluc~sinoIates) are mmplete’y avoided. The proposed method is briefly discussed in 
relation to methods previously used for the isolation, identification and quantitative 
determiuation of glucosinoIates. 

INTJXODUCXION 

Several different methods for the isolation, separation and quantitative de&x- 
mination of components of the complex mixtures of naturally occur&g glucusinokites 
have been reporteds3_ All are based on the determination of one or more of the 
enzymatic hydrolysis products or of derivatives of the glucosinoIates, but detection 
and determination of some of the glucosinoIates are unsatisfactoryB_ 

RecentIy, a method was developed for the quantitative isolation of intact 
glucosiuoIates by ion-exchange chromatography5. This method, folIowed by gas 
chromatography (GCC of the trimethylsilyfated derivatives of the glucosinoIates, 
offers a reliable procedure for the qualitative and quantitative anaIysis of complex 
glucosiEoIati2 mixWe&*‘. 

The determina tion of p&r compounds such as glucosinoIates by high- 
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performance liquid chromatography (IIPLC) seems obvious. However, the lack of 
suitabIe methods for separation of the glucosinolate fraction from other plant con- 
stituents prior to HPLC has prevented the use of this technique_ This problem has 
now been overcome by use of the above-mentioned ionexchange method. The 
glucosinolates are obtained as their pyridinium salts contaminated only by small 
amounts of other plant constituents. 

The application of reversed-phase ion-pair liquid chromatography as a 
convenient alternative to ion-exchange chromatography for the separation of ionic 
compounds was demonstrated in 197S8, and its advantages in separating mixtures of 
ionic and non-ionic compounds have also been shown9. 

This paper presents a reversed-phase ion-pair liquid chromatoeraphic method, 
which, in combination with the new isolation procedure for the total glucosinolate 
fraction, a3ows fast and reliable determination of individual glucosinolates. Until 
now, HPLC has been used only for the determination of glucosinolate-de_mdation 
products’0-‘4, and this paper is the first report of an HPLC method for determining 
intact glucosinolates. 

EXPERIMENTAL 

Chemicals 
Tetraalkylsmmonium bromides were obtained from Fluka (Buchs, Switzer- 

land); all other reagents were of analytical grade from E. Merck (Darmstadt, G-F-R.). 

Compotmds besiigated 
Table I lists the glucosinolates studied; they were isolated from natural sources, 

purified and identified as previously described 5*6. The total glucosinolate fraction 
from 2 g of seeds of Brassica naps L. cv. Tower was isolated as described elsewhere’. 

Chromatography 
The liquid chromatograph used consisted of an Altex Model 110 solvent 

metering pump, a Pye-Unicam LC-UV spectrophotometer detector, and a Rheodyne 
Model 7120 injection valve. Chromatograms were recorded on a Kipp & Zonen Mod- 
el BD-8 recorder, and retention times and peak areas were measured by means of a 
Hewlett-Packard Modei 3353A laboratory data system. 

Preliminary experiments were performed on a column (12 cm x 4.65 mm 
I-D.) (Knauer, Berlin, G.F.R.) packed with Nucleosil5 Cis (5 pm) (Macherey, Nape1 
& Co., Dtin, G-F-R.)_ For the anaIy&id separations, two columns in series, each 
packed with the same material, were used; both columns were packed as described 
earliefls. The e&iency of the columns, expressed as the number of theoretical plates 
(N) measured for naphthalene when elutecl by 90% methanol in water @pacity 
factor k’ = 1-O) at a l.ine~ solvent velocity of I-5 mm se@, was 5500 for the single 
column and 12,300 for the two calm in series. 

The mobile phase was 0.01 M phosphate buffer (pII 7.0) mod&d with 60% 
or 70% of methanol_ Different tetmalkylammonium bromides at a concentration of 
0.005 M were used as sources of counterions. 

Pyridinlum salts of glucosinolates were dissolved in water to give 0.01-0.04% 
solutious and lO-,ul samples were injected on to the column. 
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RESULTS AND DISCUSSTON 

P. HELBOE, 0. oLS.m, H. s0RJzNSEN 

For the elaboration of the HPLC method, solutions of the gIucosinolates 
identified by previous method&’ were used alone and/or in mixtures. Reversed- 
phase chromatography on NucIeosil5 C,, was investigated. Since ghxcosinoIates are 
unstable in both acidic and basic solutions, a phosphate buffer (0.01 M; pH 7.0) 
mod&d with methanol was used as mobile phase. 

Detection was at 235 nm, at which wavelength the contribution to the absor- 
bance from the glucosinolate group (Table I) is almost at its maximum, whereas the 
contribution from interfering aromatic R groups will be of limited magnitude, leading 
to similar absorptivity values for all glucosinolates. 

A reasonable separation of a mixture of the compounds 2,11,13 and 16 (Table 
I) was achieved with a modifier concentration of 5%, but peak shapes were not op- 
timal (Fig. 1). Further, non-ionic impurities originating from the plant material, as 
well as pyridine originating from the glucosinolate pyridinium salts, were completely 
retained on the column. This accumulation would in time alter the characteristics of 
the column. 

A change of the modifier concentration to 60% produced rapid elution of 
pyridine and non-ionic impurities, and, by adding tetraalkylammonium bromides as 
sources of counter-ions, retention of the glucosinolates was achieved (Fig. 2). As 
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Fig. 1. Chromatogram of glucosinoiates 2, 11, 13 and 16 (see Table I) on a coiumn (12cm x 4.6 
mm) of NucleosiI 5 C,,. Mobile pbzse: phosphate buffer (0.01 M, pH 7.0~methanol(95:5). Solvent 
velocity: 1.5 mm/set. Detection wavelength: 235 MI. 

Fig. 2. Chromatogram of glucosinolates 2,11,13 and 16 and pyridine (p). Mobile phase: phosphate 
buffer (0.01 M, pH 7_O)-metbznol(4:6) containing tetr&eptylammoaium bromide (OBOS &Z); other 
conditions as in Fig. 1. 



stated 5v Soo@, three factors are impertant in controlling retention in reversed- 
phase io&air chromatography, vi- &., pH, counter-ion concentration and nature ofthe 
counter-ion. 

As mentioned above, a $3 of ca. 7 is required to ensure stability of the gko- 
sinolates. At this pH, the gIucosinoIates are totaIIy ionized, owing to the low pK, 
vaIue of the suIphate group, and have a negative charges_ 

As earlier reported for the ion-pair separation of amines, with akanesulpho- 
nates as counter-ions”, a counter-ion concentration of OXlO M was also chosen for 
the separations described here. 

The infiuence of the nature of the counter-ion is demonstrated in Fig_ 3. An 
increase in the carbon number of the tetraaIkyIammonium ions, and thereby in their 
IipophiIic properties, caused an increase in +&e retention of the ion-pairs, but did not 
aEkct the retention of pyridine. Fig. 3 shows that the separation of the glucosinolates 
was optimaI within a reasonable time when tetraheptykmmonium bromide was used 
as a source of counter-ions. However, further investigations showed that, when han- 
dling more complex mixtures of gIucosinoIates (see below), the sekctivity of the 
chromatographic system was improved by changing the modifier concentration to 
70 % and using tetraoctyIammonium bromide (Fig_ 4). 

76 20 24 28 32 

Counter-ion. carbon number 

Fig. 3. Inhence of nature of counter-ion on retention of the colrpounds studied (see Table I); I = 
pyridinc; 17 = 2; e = 11; 0 = 13; A = 16. Chxaztographic conditions: single column, phos- 
phate brrf-kr (O_Ol M. pH 7_O&methanol(4:6) contzining diSkrent tetxaa&ylarmnonium branides 
(O_auS Aa_ 

Fig. 5 shows the chromatogram of an artikial mixture of glucosinohtes iso- 
lated from different plant&’ and used as reference compounds; a few of these com- 
pounds were not separated. The trend in the separation was simiIar to that of paper 
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I 0.05 au. 

14 16 
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0 10 min 0 10 20 30 min 

Fig. 4. Chromatogram of glucosinolates 2,11,13 and 16 and pyridine (p). Mobile phase: phosphate 
buffer (0.01 h-2; pH 7-O)-methanol (3:7) containing tetraoctylammonium bromide (0.005 Af); other 
conditions as in Fig. 1. 

Fig. 5. Chromatogram of artifkial mixture of glucosinolates (l-4 pg of each) on a column (24 cm x 
4.6 mm) of Nucleosil5 C18; conditions as in Fig. 4. The value of k’ for pyridme (p) is 0.6; k’ values 
for the other compounds are shown in Table I. 

I 8 I 
0 

, 
10 20 30 40 min 

I 0.05 a.“. 

Fig. 6. Chromatogram of glucusinolates isolated from seeds of B. napus L. cv. Tower; conditions as 
in Fig. 5. 



KPLC OF GLUCOSINOLATES 205 

chromatography (PC) s-6, but the eEciency of the HPLC separations was far supetios 
to that of PC. 

Fig. 6 shows the separation of the mixture of glucosinolates isolated from seeds 
of B. rrnprtr L. cv. Tower. The seeds were from the same lot as used before, and the 
results were in accordance with those previously reported’. The dominant peak, 
with a retention time (I& of 4.1 min, is due to pyridine. The major peaks in the HPEC 
chromato,oram correspond to the compounds 5 (tx = 11.5 mm), 3 -+ 13 (tR = 15.7 
mm), 4 (fR = 16.9 min) and 14 t I6 (tR = 27.9 min). As indicated in the chromato- 
gram, some of the remaining peaks might be due to methyIsulphiiylSlucosinoIatcs 
(e.g., compounds 7, S, and 9), but the identity of these and some other unidentified 
giucosinolates in Tower seeds’ has not yet been unequivocally established. 

CONCLUSION 

The MPLC method described permits the rapid separation and quautitative 
determination of intact individual Slucosinolates under gentle conditions, and is 
therefore an important supplement to the GC method, in which trimethyIsilyIated 
desulfogiucosinolates are quantitatively determined’. Both the GC and the HPEC 
method avoid problems associated with determination of the many products of 
enzymatic degradation of ghrcosinotates. 
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