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A SIMPLE METHOD FOR THE QUANTIFICATION OF 
ISOTHIOCYANATES FROM MUSTARD 

Melinda-Rita MARTON1, Vasile LAVRIC2 

Lucrarea de faţă prezintă o metodă simplă de analiză pentru cuantificarea 
din muştar a iizotiocinaţilor din legumele cruciferoase.  

 
The present work describes a simple method for the analysis of 

iosthiocyanates from mustard in cruciferous vegetables. 
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1. Introduction 

Isothiocyanates (ITCs) received much attention over the past years 
especially because of their potent anticarcinogenic properties which were proved 
in in vitro models as well as in in vivo models. ITCs are the hydolysis products of 
glucosinolates (GLSs), secondary plant metabolites present in members of the 
Cruciferous plants, including the Brassica crops. From a chemical point of view, 
GLSs are substituted β-thioglucoside N-hydroxysulfates with a chemical structure 
of a β-D-glucopyranose residue linked via a sulfur atom to a (Z)-N-
hydroximinosulfate ester, plus a variable group derived from amino acids. Based 
on the chemical structure of the precursor amino acid, GLSs can be classified into 
three categories: aliphatic GLSs derived from alanine, leucine, isoleucine, 
methionine and valine; aromatic GLSs derived from phenylalanine or tyrozine and 
indole GLSs from tryptophan [1]. 
 Under normal physiological conditions GLSs are stable, the presence of 
the plants own enzyme, myrosinase is required to the hydrolysis. The myrosinase 
enzyme in the plant is separated from GLSs; it is stored in so called myrosinase 
cells. When the integrity of the plant is compromised (chewing, chopping) the 
enzyme and GLSs come into contact and the hydrolysis reaction takes place upon 
the cleavage of the glucosid bond. The reaction yields glucose and an unstable 
aglycone, thiohydroxamate-O-sulfonate. The aglycone depending on the reaction 
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pH conditions undergoes spontaneous rearrangement and different end products 
are formed. At nearly neutral pH the reaction yields mostly ITCs (Fig.1.). 

 

 
Fig. 1.Scheme of hydrolysis of GLS to ITC. GLSs under nearly neutral pH are enzymatically 

hydrolyzed by myrosinase to ITCs. 
 

ITCs are characterized by the presence of the N=C=S group, which central 
carbon atom is highly electrophilic. The chemopreventive activity and their toxic 
effect as well probably can be attributed to this characteristic. The biological 
activities of the ITCs are mediated through the reaction of this carbon atom with 
nucleophilic reagents in the cells [2]. Although the presence of myrosinase 
enzyme is needed for the hydrolysis of GLSs into ITC, it was shown in many 
studies that the human intestinal microflora is capable of hydrolysing GLSs, even 
when the enzyme was destroyed by heat inactivation [3, 4].  

It was shown in many studies that GLSs and the end products of the 
hydrolysis reaction have a role in the plant-insect interactions, for example GLSs 
can serve as general poison and deterrent for harmful insects [5].  
ITCs are well known for their chemoprotective effects, the mechanisms behind 
these effects involve modulation of xenobiotic metabolism, protection from 
oxidative stress, inhibition of tumor growth, induction of apoptosis, inhibition of 
cell cycle. It was shown that ITCs also have anti-inflammatory properties through 
regulation of Nuclear factor-kappa B and its downstream signalling and inhibition 
of TNF-ά and lipopolysaccharide stimulated inflammatory response; anti-bacterial 
properties against Helicobacter pylori and cardioprotective effects [6, 7].  

In the human body ITCs are metabolized by the mercapturic acid pathway 
and eliminated through the urine in the form of N-acetylcysteine (NAC)-
conjugates.  

As the research on the biological activity of the ITC advanced there was a 
growing need for accurate analytical methods for identification and quantification 
of ITCs and their different metabolites which are formed during the metabolism in 
the human body. Thin layer chromatography like analytical method for the 
quantitation of ITCs was used in the early years of ITC research when more 
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advanced methods were not available. Although its limitation, it made still 
possible to quantify ITC-NAC conjugates from urine samples [8, 9].  

Gas chromatography was the most rarely used advanced analytical method 
for the measurement of ITCs, probably because of the limit of detection which can 
be achieved using this method. With a GC method the limit of detection is in the 
µg range, which does not allow direct quantification of ITC content from urine or 
blood samples with low ITC concentration. Although this limitation of the GC 
method was observed, it can be still used for the measurement of samples with 
high ITC content for example samples of vegetable origin [10, 11, 12].  

The cyclocondensation assay was widely used for the quantification of 
total ITC content from various types of samples, it was first published by Zhang et 
al in 1992 and used for the quantification of ITCs in vegetables. The assay is 
based on the characteristic of ITCs to react quantitatively with an excess of vicinal 
dithiols, the end product of the reaction being a five-membered cyclic 
condensation product (cyclic thiocarbonyl) with a broad ultraviolet absorption 
band at 270 nm [13]. During the years the sensitivity of the method was greatly 
[14-17]. 

HPLC was the most frequently used analytical method used for the 
quantitation of ITCs and their derivates. Most of the methods were using RP-LC 
with C18 columns and aqueous mobile phases [11, 18- 28].  

Lamy et al. [29] demonstrated that a single consumption of mustard, 
containing approximately 25 mg total ITC can strongly reduce cell sensitivity 
towards direct-acting genotoxins. They also showed that a three day human 
intervention with mustard significantly reduced the DNA damage and 
micronucleusformation induced by hydrogen peroxide or benzo(a)pyrene 
diolepoxide [30]. Based on our results the ITC concentration required for inducing 
the beneficial biological effects can be reached by consuming approximately three 
tablespoon of mustard. 
 Mustard (Sinapis spp.) seeds contain high concentrations of ITC precursor 
compounds. During the preparation of mustard, the GLSs are hydrolysed into 
ITCs, so mustard contains already the released ITCs. Mustard is widely consumed 
in the world like a condiment and is a good dietary source of allyl-, benzyl- and 
phenethyl isothiocyanates (AITC, BITC and PEITC). Mustard consumption can 
have beneficial effects on human health. For the estimation of human 
bioavailability of ITC from mustard it is necessary to know the exact ITC 
concentrations in the mustard. The aim of this study was to establish a simple and 
rapid method for the quantificationof ITCs from mustard.  
 Human bioavailability of ITCs from plant products is higher when the 
product contains the free ITCs and not the precursor compounds. If the plant was 
heat-treated and because of this reason the myrosinase is heat inactivated, the 
bioavailability is even lower.  During the mustard preparation the seeds come into 
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contact with water and the ITCs are released, so the bioavailability is maximal 
[30]. 

2. Material and Methods 

2.1 Chemicals and Standards  

ITC standards were purchased from Fluka (Germany), acetonitrile and 
methanol (HPLC degree) were obtained from J. T. Baker (Germany), n-hexane, 
butyl-benzene were purchased from Merck (Darmstadt, Germany). All solvents 
were of HPLC grade and water was of Milli-Q quality.  

2.2 Equipment and Chromatographic Conditions for the 
determination of Isothiocyanates 

A Varian CP-3800 gas chromatograph equipped with a Varian 1200 
Quadropule MS/MS was used for the analysis. The applied column was a Varian 
VF-5ms 0.25 mm x 30 m x 0.25 μm. The oven temperature was programmed from 
50ºC for 5 min, for 110ºC with a rate increase of 5ºC/min and 300ºC with a rate 
increase of 20ºC/min for 3.5 min. The temperature of the ion source was set to 
255ºC, for the transfer line at 270ºC. We used positive ion modus and an e-energy 
of 70 eV. The injection was splitless, the injector temperature was set to 250ºC, 
the volume of the injected sample was 1 µL. The flow rate of the helium carrier 
gas was 1.5 mL/min. Mass spectra were obtained by electron ionisation by 
Extended Dynamic Range (EDR) and quantification was made by selective ion 
monitoring of the 99 m/z fragment for AITC, 149 m/z for BITC, 163 m/z for 
PEITC and 134 m/z for the internal standard butyl-benzene.  

2.3 Standard Solutions and Quantification 

Prior to analysis, standard solutions were prepared with n-hexane 
containing all three ITC. Three concentration ranges were analyzed using butyl-
benzene as internal standard (IS) for the calibration. The analyzed concentration 
ranges were the following: 10-100 µg/mL, 1-10 µg/mL and 0.1-1 µg/mL ITC 
solutions, each containing the IS at 50 µg/mL. The calibration curve was derived 
by three independent measurements, each conducted in triplicate and was linear 
(r2 = 0.99) over the analyzed concentrations ranges. 

2.4 Sample Preparation  

2 mL of mustard was extracted with 1 mL of n-hexan using a 15 mL 
plastic tube (conical bottom Cellstar PP tubes, 15 mL, Greiner bio-one, Germany). 



A simple method for the quantification of isothiocyanates from mustard                  67 

The mixture was stirred for 1 min at 2600 rpm and centrifuged at 5000 rpm for 5 
min, at 20ºC. The eliminated supernatant was collected in glass vials. The n-
hexane extraction was repeated with the remained material, the two supernatants 
were combined and filtered trough a 0.45 µM syringe driven filter unit (Millipore, 
U.S.A.) and quantified with the described GC-MS method.  

2.5 Data analysis 

Results were analysed using MS Excel. Data represent mean values ± 
standard deviation (SD) of three independent experiments, conducted in triplicate.  

3. Results 

The calibration curve was linear over the analyzed concentrations ranges 
as shown in Fig.1.  
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Fig. 1. Calibration curves for AITC, BITC and PEITC. 
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The limits of detection (LOD) and limit of quantification (LOQ) under the 
present chromatographic conditions were determined with the formula 
(SD/Slope)*3.3; (SD/Slope)*10, respectively. The LOD was 12.8 ng/mL (0.13 
µM) for AITC, 27.5 ng/mL (0.185 µM) for BITC and 10.6 ng/mL (0.065 µM) for 
PEITC. The LOQ was 38.9 ng/mL (0.393 µM) for AITC, 83.4 ng/mL (0.56 µM) 
for BITC and 32 ng/mL (0.196 µM) for PEITC. 

The GC-MS chromatograms of the analyzed ITCs and of the ITSD are 
shown in Fig.2. The recorded retention times were in the range of 2 minutes for 
AITC, 14 minutes for the internal standard, 19 minutes for BITC and 21 minutes 
for PEITC. Because of the large time differences between the recorded retention 
times of the ITCs and internal standard the overlapping of the chromatographic 
peaks can be excluded. 

.

 
Fig. 2. Chromatograms of AITC, ITSD, BITC and PEITC of 100 µg/mL standard solutions. 
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The measured ITC concentrations are shown in Table 1. As expected the 
highest concentration was detected for AITC, because mustard seeds are a very 
rich source of sinigrin, the precursor compound of AITC. The lowest 
concentration was recorded for BITC. The total ITC content was found to be 
670.68 µg in 1 g mustard. In the total ITC content AITC has the higher 
concentration: 731.9 µg corresponding to 99.11 % of the total ITC content. BITC 
and PEITC were found in significantly lower concentrations: 0.07 µg BITC in 1 g 
mustard (0.009 % from to total ITC content) and 6.45µg PEITC in 1 g mustard 
(0.87 % from the total ITC content).  

Table 1 
ITC concentration in mustard samples 

  Nr. 1 Nr. 2 Nr. 3 Mean  SD RSD 
Conc AITC (µg/mL) 725.31 762.92 707.47 731.90 28.31 3.87% 
Conc BITC (µg/mL) 0.074 0.077 0.071 0.07 0.00 3.78% 
Conc PEITC (µg/mL) 6.47 7.09 6.99 6.85 0.33 4.87% 
Conc AITC (g/kg DW) 2.09 2.09 1.95 2.04 0.08 4.07% 
Conc BITC (mg/kg DW) 0.21 0.21 0.20 0.21 0.01 4.35% 
Conc PEITC (mg/kg DW) 18.67 19.44 19.25 19.12 0.40 2.07% 
 

4. Conclusions 

In the present paper a simple GC-MS method was used for the quantitation 
of ITCs from mustard samples. Determination of the exact concentration in ITC 
containing samples is essential for the assessment of bioavailability of ITCs in the 
human body. 

The advantages of the method presented in this paper are: no requirement 
for time consuming extraction method, time efficiency and simplicity.  
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