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ABSTRACT

The composition of essential oils in the seeds of Brassica juncea (L.) Coss., grown in Hebei, Shaanxi and Shandong Province was
determined by gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS). We have identified twenty-two com-
pounds constituting 89.6% by weight of the mustard oil from Hebei Province. The main components were allyl isothiocyanate (54.8%),
diallyl trisulfide (9.4%), diallyl sulfide (5.5%) and 3-butenyl isothiocyanate (4.8%). Fourteen compounds representing 94.5 % by
weight of the mustard oil from Shaanxi Province were identified. They were allyl isothiocyanate (68.8%), diallyl trisulfide (7.8%) and
3-butenyl isothiocyanate (4.9%). Fifteen components were identified accounting for 94.3% by weight of the mustard oil from Shandong
Province. Major constituents were allyl isothiocyanate (61.3%), diallyl trisulfide (9.7%) and 3-butenyl isothiocyanate (5.9%).
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INTRODUCTION

Brassica juncea (L.) Coss. belongs to the genus
Brassica of the Cruciferae family.  Seeds of this plant are
widely used in America, Japan, China and other countries
and regions as a traditional pungent spice, a source of edi-
ble oil and protein, and a type of medicine.  The essential
oil of B. juncea, mustard oil, has also been used in cosmet-
ics for hair control(1).  It is also one of the indispensable
materials used for producing curry powders, pungent
sauces, and yolk sauces. Its Chinese name is “Jiemo”.  In
fact, dry seeds of B. juncea do not have the pungent flavor.
The pungent flavor is only developed when the seeds are
ground and macerated in water under specific conditions(2).
This is because there are thioglucosides (TGDs) in the
seeds of B. juncea, which are the precursors of the essential
oil of B. juncea.  TGDs are hydrolyzed to form isothio-
cyanates or other sulfur-containing compounds.  The
hydrolytic conditions of TGDs affect the composition and
yield of the essential oil(3).  The main component of mus-
tard oil is allyl isothiocyanate(3, 4). In addition, it was found
that after the addition of 0.2% Trichoderma reesei cellulase
(its commercial name is Celluclast TM) in mustard seeds,
yield of the essential oil was approximately 50% higher
than that obtained without cellulolytic pretreatment(5).  The
hydrolytic reactions of TGDs in the seeds of mustard could
be illustrated as the following(6):

The pharmacological effects of mustard oil have
received a great deal of interest.  The essential oil of B.

juncea has very high application value and can be used to
suppress the growth of microorganism in seafood, such as
Helicobacter pyheri and Vibrio parahaemolyticus. It also
shows inhibitory effects on growth of bacteria that cause
food poisoning and fungi (7-9).  The oil exhibits significant
inhibitory activities against Aspergillus niger, A. flavus,
Trichoderma viride, Candida albicans, C. utilis, C. tropi-
calis, Cryptococcus neoformans, Trichosporon mucoides,
Trichophyton tonsurans and Geotrichum capitatum(10-13).
Moreover, the oil shows inhibitory effect on tumor cells and
is effective in antiplatelet and anticancer(14).

There have been a few studies on the composition of
the oil.  Vaughan et al. reported on the composition of
North American mustard oil(15), while Kojima et al. deter-
mined the low mass volatile constituents of Japanese mus-
tard oil(16).  Kharchenko et al. found that the major compo-
nents of Indian mustard oil were allyl, butyl, phenylethyl,
and pentenyl isothiocyanates(4).  Osik et al. described the
chemical components of seed and oil of leaf mustard.
Special attention was given to fatty acids, glucosinolates,
and essential oils(17).  Inahata et al. determined the quantity
of 3-butenyl isothiocyanate in mustard oil and found that it
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Scheme 1. Hydrolysis of glucosinolates in B. juncea under different
conditions(6)



was an important component in wasabi flavor
(Japanese)(18).

Mustard oil has often been labeled and sold as (natur-
al) mustard oil or adulterate mustard oil with synthetic
chemicals like allyl isothiocyanate.  It was well known that
allyl isothiocyanate is a major component of the mustard
oil.  It can be synthesized at a much lower price than its
cost when extracted from mustard seeds.  Therefore, the
adulteration of mustard oil by adding synthetic allyl isothio-
cyanate is very profitable.  In order to detect such a fraud,
the detailed analysis of mustard oils obtained from three
different regions, Hebei (N39˚, E117˚), Shaanxi (N34˚,
E108˚) and Shandong (N37˚, E122˚), in China are per-
formed and this study also makes it possible to propose an
available method for adulterate analysis of mustard oils.

MATERIALS AND METHODS

I. Plant Materials

The seeds of B. juncea (L.) Coss. were collected in
November, 2000 from Hebei, Shaanxi and Shandong
Province, China.  The seeds were dried at 60˚C for 8 hrs,
ground to powders (40 mesh) and placed in a desiccator
prior to use.

Samples of the essential oils were extracted by the fol-
lowing procedure(16, 17): 50 g of mustard powders, 150 mL
of distilled water, 5 mL of buffer solution (pH = 4.5, the
buffer was prepared by mixing 0.1 mol/L sodium hydroxide
with 0.2 mol/L potassium biphthalate in a volumetric pro-
portion of 2 to 5) and 1 mL of 1 mg/mL ascorbic acid were
added to a 250-mL stopper round flask.  After thorough
mixing, the mixture sample was extracted at 70˚C for 2 hrs.
The essential oil samples were separated by steam-distilled
and dried using anhydrous sodium sulfate and filtered
through the 0.22 µm film (Millipore Company, Bedford,
Massachusetts, USA) before analysis.  The oil obtained was
a pale yellow pungent liquid.  The yields lied in the range
of 0.4-0.7% (V/W).

II. Gas Chromatography (GC) Conditions

Gas chromatography (GC) analyses of the oils were
performed on a Hewlett-Packard chromatograph (Hewlett
Packard Company, Palo Alto, CA, USA), model 6890
Series II, equipped with a capillary column (HP-5MS,
crosslined 5% PH ME siloxiane, 30 m × 0.25 mm i. d., 0.25
µm film thickness, HP part No. 19091s-433) and a FID
detector.  The flow rate for the helium carrier gas was 1.0
mL/min.  The injector temperature was 250˚C.  A 1.0 µL
sample was injected in the split mode with a split ratio of
12:1.  The temperature program was: 35˚C for 3 mins, 35 to
150˚C at a rate of 5˚C/min and subsequently held isother-
mally for 2 mins, 150 to 250˚C at a rate of 4˚C/min, and
finally held isothermally for 6 mins.
III. Gas Chromatography-Mass Spectrometry (GC-MS)
Conditions

Gas chromatography-mass spectrometry (GC-MS)
analyses of the oils were performed on a Hewlett-Packard
chromatograph, model 6890 Series II, equipped with a
Hewlett-Packard 6890 Series injector and a mass spectrom-
eter selective detector 5973 (MS) (Hewlett Packard
Company, Palo Alto, CA, USA).  GC conditions: The col-
umn was coupled directly to the MS, and the flow rate for
the helium carrier gas was 1.0 mL/min.  The injector tem-
perature was 250˚C. MS conditions: Ionization voltage (EI)
was 70 eV.  Ion source temperature was 280˚C. Scan mass
range was 25-400 m/z. Solvent delay time was 1 min.  The
column used and other operating conditions were the same
as those of GC.

RESULTS AND DISCUSSION

The essential oils in seeds of B. juncea grown in
Hebei, Shaanxi and Shangdong Province were identified by
comparison of mass spectra with those of authentic stan-
dards of a mass spectra library (Wiley275.L Database) and
explanation and certification of spectra.  Twenty-five com-
ponents were identified, which represented 89.6-94.5% by
mass of the mustard oils.  The total ionic chromatograms
(TIC) of the oils are shown in Figure 1.  The chemical com-
positions of the oils are compiled in Table 1.

Although the mustards were obtained from different
regions of China, the oils are essentially similar in chemical
composition.  Isothiocyanates were shown to be the main
group of constituents in the essential oils of B. juncea. In
this fraction, allyl isothiocyanate (54.8 – 68.8%), 3-butenyl
isothiocyanate (4.8 – 5.9%) and phenethyl isothiocyanate
(2.4 – 3.4%), which were present in all samples, represent-
ed more than 62.9% of the total essential oil.  The above
result was different from that of synthetic mustard oil.
Only allyl isothiocyanate existed in synthetic mustard oil
and its quantity often was over 90%.

The sulfides were present in relatively small amounts
(14.8 – 23.4%).  Diallyl trisulfide (7.8 – 9.7%), diallyl sul-
fide (3.2 – 5.5%) and diallyl disulfide (2.7 – 4.1%) were the
main component of this fraction.

Comparing chemical compositions of Chinese mustard
oil with those of other countries’ mustard oils, we found
that there were certainly differences in the components of
the oils from different countries.  Twenty-two new compo-
nents with relatively low concentrations were first identi-
fied in Chinese mustard oil, but these compounds did not
exist in other countries’ mustard oils(4, 7, 9, 16), including
diallyl sulfide, methyl allyl disulfide, 2,3-dimethyl 2-
butenoic acid, diallyl disulfide, methyl allyl trisulfide, ben-
zenepropanenitrile, 2-propen-1-thiol, diallyl trisulfide, 6-
undecanol, diallyl tetrasulphide 4-(4,5-dihydro-4,4-
dimethyl-2-oxazolyl)-isoxazole, N, N’-diallyl thiourea, anti-
9-methyl-1,6-methano-fluorene and four advanced alkanes.
Moreover, allyl-, butyl-, 3-butenyl-, 3-butyl-, pentyl- and
phenethyl isothiocyanate in Chinese mustard oil have been
previously found in essential oil from other countries(4, 7, 15,
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16).  In addition, dimethyl trisulfide, 3-methylthiopropyl
isothiocyanate, phenylacetonitrile, phenylpropionitrile and
phenylpropionamide were not found in Chinese mustard oil,
but they existed in Japanese oil(19-21).  5-methylisothiazole
existed in Korean mustard oil(9), but it was not found in
Chinese mustard oil. The high concentrations of allyl isoth-
iocyanate (54.8 – 68.6%) are present in Chinese mustard
oils. It was well reported that this compound showed strong
antimicrobial activity against a wide spectrum of bacteria
(22-24).

The composition of the essential oil of B. juncea dif-
fers, depending on where it is grown.  The differences in
chemical composition, which can affect the biological
activities and pharmaceutical applications, are probably due
to the differences in the climatic and geographical condi-
tions (temperature, rainfall, altitude, hours of sunshine,
etc.).  The results suggest that different chemo-types of B.
juncea exist in China.  These results are useful for future
studies on the health benefits of Chinese mustard oil and
for adulterate analysis of the mustard oil.
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Figure 1. Total ionic chromatograms of the essential oil of B. juncea (L.) Coss. obtained from Hebei, Shaanxi and Shandong, China



25

ACKNOWLEDGMENTS

The authors acknowledge the Educational Commission
of Tianjin for partly financial support (grant number
990709).

REFERENCES

1. Grdzelidze, A. M. 1971. Biologically active agents of
Georgian SSR flora and their use in cosmetics.
Mezhdunar. Kongr. Efirnym Maslam, [Mater.], 4th.
Date 1968, 1: 89-90. Publisher: Pishchevaya
Promyshlennost, Moscow, USSR. CA 79: 83398.

2. Hemingway, J. S., Schofield, H. J. and Vaughan, J. G.
1961. Volatile mustard oils of Brassica juncea seeds.
Nature. 192: 993.

3. Kirk, L. D., Black, L. T. and Mustakas, G. C. 1964.
Mustard seed processing: essential oil composition. J.
Am. Oil Chem. Soc. 41: 599-602.

4. Kharchenko, L. N. 1964. The essential mustard oil
obtained from the cruciferae seeds. Maslob.-Zhir. Prom.
30: 14-16. CA: 61: 17419.

5. Szakacs-Dobozi, M., Halasz, A., Kozma-Kovacs, E.
and Szakacs, G. 1988. Enhancement of mustard oil
yield by cellulolytic pretreatment. Appl. Microbiol.
Biotechnol. 29: 39-43.

6. Depree, J. A., Howard, T. M. and Savage, G. P. 1999.
Flavour and pharmaceutical properties of the volatile
sulphur compounds of Wasabi (Wasabia japonica).
Food Res. Int. 31: 329-337.

7. Olivier, C., Vaughn, S. F., Mizubuti, E. S. G. and Loria,
R. 1999. Variation in allyl isothiocyanate production
within Brassica species and correlation with fungicidal
activity. J. Chem. Ecology 25: 2687-2701.

8. Nielsen, P. V. and Rios, R. 2000. Inhibition of fungal
growth on bread by volatile comments from spices and
herbs, and the possible application in active packaging,
with special emphasis on mustard essential oil. Int. J.
Food Microbiol. 60: 219-229.

9. Shin, S. W., and Kang, C. A. 2001. Studies on composi-
tions and antifungal activities of essential oils from cul-
tivars of Brassica juncea L. Saengyak Hakhoechi, 32:
140-144.

10. Musk, S. R. R. and Johnson, I. T. 1993. Allyl isothio-
cyanate is selectively toxic to transformed-cells of the

Table 1. Composition of the essential oils of Brassica juncea (L.) Coss. collected from Hebei, Shaanxi and Shandong, China

Hebei Shaanxi Shandong

Peak R.T.a Compound mg/100gb %, w/wc mg/100g %, w/w mg/100g %, w/w 
No. (min) in seeds in oil in seeds in oil in seeds in oil

1 6.45 Diallyl sulfide 22.4 ± 0.4 d 5.5 ± 0.1 20.5 ± 1.9 3.2 ± 0.0 25.5 ± 0.7 3.7 ± 0.1
2 9.06 Allyl isothiocyanate 224.8 ± 2.1 54.8 ± 0.5 440.4 ± 7.5 68.8 ± 1.2 424.3 ± 2.8 61.5 ± 0.4
3 9.35 Methyl allyl disulfide 0.7 ± 0.2 0.2 ± 0.0 e

4 9.71 Butyl isothiocyanate 19.1 ± 0.6 3.0 ± 0.1 25.1 ± 0.7 3.6 ± 0.1
5 11.55 3-Butenyl isothiocyanate 19.5 ± 0.4 4.8 ± 0.1 31.0 ± 0.7 4.9 ± 0.1 40.4 ± 2.1 5.9 ± 0.3
6 11.85 2,3-dimethyl 2-butenoic acid 0.3 ± 0.1 0.1 ± 0.0
7 11.94 3-Butyl isothiocyanate 0.7 ± 0.1 0.2 ± 0.0
8 14.58 Diallyl disulfide 16.8 ± 0.8 4.1 ± 0.2 17.3 ± 1.3 2.7 ± 0.2 22.7 ± 1.4 3.3 ± 0.2
9 15.22 Pentyl isothiocyanate 0.5 ± 0.0 0.1 ± 0.0 0.6 ± 0.2 0.1 ± 0.0

10 16.37 Methyl allyl trisulfide 3.7 ± 0.2 0.9 ± 0.0 2.5 ± 0.2 0.4 ± 0.0 3.3 ± 0.5 0.5 ± 0.0
11 19.69 Benzenepropanenitrile 1.1 ± 0.1 0.3 ± 0.0 0.9 ± 0.1 0.1 ± 0.0 1.2 ± 0.3 0.2 ± 0.0
12 21.00 2-Propen-1-thiol 0.6 ± 0.1 0.2 ± 0.0
13 21.25 Diallyl trisulfide 38.6 ± 0.9 9.4 ± 0.2 49.9 ± 0.9 7.8 ± 0.1 66.8 ± 4.8 9.7 ± 0.7
14 21.58 6-Undecanol 3.2 ± 0.2 0.8 ± 0.0
15 25.68 Phenethyl isothiocyanate 13.7 ± 0.5 3.4 ± 0.1 15.6 ± 0.2 2.4 ± 0.0 20.6 ± 0.7 3.0 ± 0.1
16 27.37 Diallyl tetrasulphide 13.5 ± 0.4 3.3 ± 0.1 4.5 ± 0.2 0.7 ± 0.0 16.8 ± 0.6 2.4 ± 0.1
17 29.44 4-(4,5-dihydro-4,4-dimethyl- 0.3 ± 0.1 0.1 ± 0.0

2-oxazolyl)- isoxazole
18 29.83 N, N’-diallyl thiourea 3.6 ± 0.1 0.9 ± 0.1
19 30.82 anti-9-Methyl-1,6-methano- 0.7 ± 0.2 0.2 ± 0.0

fluorene
20 33.04 Tetradecane 0.9 ± 0.1 0.2 ± 0.0
21 36.82 Eicosane 0.8 ± 0.3 0.2 ± 0.1 1.0 ± 0.3 0.2 ± 0.0 0.8 ± 0.3 0.1 ± 0.1
22 38.68 Heneicosane 0.6 ± 0.1 0.2 ± 0.0 1.3 ± 0.3 0.2 ± 0.0 0.9 ± 0.2 0.1 ± 0.0
23 40.45 Docosane 0.2 ± 0.0 0.1 ± 0.0 0.5 ± 0.1 0.1 ± 0.0
24 42.16 Tricosane 0.6 ± 0.1 0.1 ± 0.0 0.9 ± 0.0 0.1 ± 0.0
25 43.88 Eicosane 0.7 ± 0.2 0.1 ± 0.0

a: Retention time.
b: Content per component in mg/100g of dried mustard seeds measured by external standard of allyl isothiocyanate.
c: Content per component in mustard oil measured by external standard of allyl isothiocyanate.
d: Mean ± tstandard deviation based on three measurements.
e: No existence in the mustard seeds and oil.



17. Osik, N. S., Shvedov, I. V., Shishkov, G. Z. and
Kalenov, P. A. 2000. Specific features of chemical com-
position of leaf mustard seeds and oil. Izv. Vyssh.
Uchebn. Zaved., Pishch. Tekhnol. 20-23. CA 134:
68807.

18. Inahata, K., Hayashida, F. and Matsumura, S. 1997.
Wasabi flavor compositions containing Brassica juncea
extract. Jpn. Kokai Tokkyo Koho. JP 09324191 A2
19971216 Heisei. Application: JP 96-163802 19960603.
CA 128: 60927.

19. Kameoka, H. and Hashimoto, S. 1980. Constituents of
steam volatile oils from seeds of various varieties of
Brassica of various districts. Nippon Nogei Kagaku
Kaishi, 54: 535-539.

20. Noichi, Y., Kawanishi, M., Nohara, K. and Maeda, K.
1979. Determination of volatile components of Wasabia
japonica and Brassica juncea. Koen Yoshishu-Koryo,
Terupen oyobi Seiyu Kagaku ni kansuru Toronkai,
23rd, 3-5. CA 93: 24695.

21. Kameoka, H. and Hashimoto, S. 1980. The constituents
of steam volatile from Brassica juncea Czern. et Coss.
Nippon Nogei Kagaku Kaishi, 54: 99-103.

22. Furuya, K. and Isshiki, K. 2001. Effect of humidity on
allyl isothiocyanate antimicrobial activity. J. Jpn. Soc.
Food Sci. 48: 738-743.

23. Kinae, N., Masuda, H., Shin, I. S., Furugori, M. and
Shimoi, K. 2000. Functional properties of wasabi and
horseradish. Biofactors 13: 265-269.

24. Chen, H. C. 1995. Seafood microorganisms and seafood
safety. J. Food Drug Anal. 3: 133-144.

26

human colorectal tumor line HT29. Carcinogenesis 14:
2079-2083.

11. Jiao, D., Ho, C. T., Foiles, P. and Chung, F. L. 1994.
Identification and quantification of the N-acetylcysteine
conjugate of allyl isothiocyanate in human urine after
ingestion of mustard. Cancer Epidem. Biomar. 3: 487-
492.

12. Hashim, S., Banerjee, S., Madhubala, R. and Rao, A. R.
1998. Chemoprevention of DMBA-induced transpla-
cental and translactational carcinogenesis in mice by oil
from mustard seeds (Brassica spp.). Cancer Lett. 134:
217-226.

13. Hou, D. X., Fukuda, M., Fujii, M. and Fuke Y. 2000.
Transcriptional regulation of nicotinamide adenine din-
ucleotide phosphate: quinone oxidoreductase in murine
hepatoma cells by 6-(methylsufinyl)hexyl isothio-
cyanate, an active principle of wasabi (Eutrema wasabi
Maxim). Cancer Lett. 161: 195-200.

14. Yano, T., Yajima, S., Virgona, N., Yano, Y., Otani, S.,
Kumagai, H., Sakurai, H., Kishimoto, M. and Ichikawa,
T. 2000. The effect of 6-methylthiohexyl isothiocyanate
isolated from Wasabia japonica (wasabi) on 4-(methyl-
nitrosamino)-1- (3-pyridyl)-1- buatnone-induced lung
tumorigenesis in mice. Cancer Lett. 155: 115-120.

15. Vanghan, J. G. and Hemingway, J. S. 1959. The utiliza-
tion of mustards. Econ. Bot. 13: 196-204.

16. Kojima, M., Uchida, M. and Akahori, Y. 1973. Studies
on the volatile components of Wasabia japonica,
Brassica juncea and Cochlearia armoracia by gas
chromatography-mass spectrometry. I. Determination of
low mass volatile components. Yakugaku Zasshi 93:
453-459.


	Chemical composition of the essential oils of Brassica juncea (L.) Coss. grown in different regions, Hebei, Shaanxi and Shandong, of China
	Recommended Citation

	tmp.1655586214.pdf.qeLSs

