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Glucosinolates, precursors of isothiocyanates, are present in cruciferous vegetables such as the turnip 
(Brassica rapa L.). Glucosinolates are usually broken down through hydrolysis catalyzed by myrosinase 
released from damaged plant cells. Glucosinolates and their breakdown products, in particular isothio-
cyanates, have long been known to have various pharmaceutical benefits, including anticarcinogenic, 
antimicrobial and antioxidant properties. In this study, quantitative analyses of isothiocyanates and 
total glucosinolates in turnip, which was divided into three parts, were performed by UV-spectrometer, 
GC and GC/MS. Total glucosinolates showed no signifi cant differences among different parts of turnip. 
However, the amounts of 3-butenyl and 4-pentenyl isothiocyanates in turnip leaf were higher than those 
in other parts. β-Phenylethyl isothiocyanate, abundant in the peel, showed the highest content in tur-
nip. In addition, β-Phenylethyl isothiocyanate inhibited the growth of human-derived hepatoma cell line 
(HepG2) in a concentration-dependent manner (IC50 value of 24.5 μM), assessed by the MTT method. 
β-Phenylethyl isothiocyanate also exhibited antimicrobial activity against food-borne pathogens Vibrio 

parahaemolyticus, Staphylococcus aureus and Bacillus cereus. In particular, minimum inhibitory concen-
tration (MIC) against Vibrio parahaemolyticus was the most effi cient, at 100 μg/ml. These results suggest 
that the major isothiocyanate in turnip is β-phenylethyl isothiocyanate. Furthermore, β-phenylethyl iso-
thiocyanate may have anticancer effects and antimicrobial properties against food-borne pathogens.
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Introduction
Cruciferous vegetables, in particular members of the 

Brassica genus such as broccoli, cauliflower, cabbage and 

turnip, are a rich source of glucosinolates, which are bro-

ken down into isothiocyanates by the enzymatic action of 

plant-specifi c intestinal fl ora myrosinase in the body. Turnip 

(Brassica rapa L.) is a biennial cool season crop which ma-

tures in two months and can be planted in the spring, late 

summer or fall for roots or greens. Turnip is a root Brassica 

crop and has been used for human consumption. However, 

the bioactivities of the turnip have not been thoroughly in-

vestigated.

Epidemiological studies suggest that intake of cruciferous 

vegetables is associated with decreased risks of developing 

cancers (Gerber et al., 2002; La Vecchia et al., 2001). The 

underlying mechanism for the reduction of cancer by cru-

ciferous vegetables is not clear. However, these vegetables, 

such as broccoli, caulifl ower, brussel sprouts, cabbage, tur-

nip, and horseradish, contain glucosinolates that are sulfur-

containing secondary metabolites derived from protein and 

non-protein amino acids (Rosa et al., 1997; Fahey et al., 

2001). When plant tissue is damaged, the enzyme myrosinase 

(β-thioglucosidase, thioglucoside glucoside glucohydrolase, 

EC 3.2.3.1) hydrolyzes glucosinolates (β-d-thioglucosides) 

into glucose, sulfate, isothiocyanates, nitrile, thiocyanate and 

so on (Chung et al., 1996; Stoner et al., 1997). The break-

down products of certain glucosinolates have been shown to 

protect against lung, colon, liver and stomach cancers (Vekerk 

et al., 1998). In particular, isothiocyanates have important 

biological properties including anticarcinogenic activity 

(Fahey et al., 1997; Barrett et al., 1998) and activities that 

defend the plant against insects, fungi and microbial infec-

tions (Chew et al., 1988).
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The objective of this study was to determine the qualita-

tive and quantitative levels of glucosinolates, isothiocya-

nates, and soluble sugars in different parts of turnip. In addi-

tion, the study investigated the anticancer and antimicrobial 

activities of β-phenylethyl isothiocyanate.

Materials and Methods
Plant materials and chemicals   Turnip was purchased 

from Gang hwa (Incheon, Korea). Turnip was cut and sepa-

rated as follows. The peel of the root, consisting of the epi-

dermis, cortex and vascular cambium, was prepared by care-

ful slicing using a well-sharpened knife. The cutting surface 

was between the vascular cambium and internal parenchyma. 

Phosphate buffer (pH 7.0) was prepared following Gomori 

(1974). All other reagents of laboratory grade were pur-

chased from Junsei Chemical (Japan). Standards of 3-butenyl 

isothiocyanate, 4-pentenyl isothiocyanate, and β-phenylethyl 

isothiocyanate were purchased from Asahi Kasei Chemicals 

(Japan).

Preparation of crude myrosinase   Myrosinase was pre-

pared from radish purchased from a local market in Dobong-

gu, Seoul. Chilled radish roots were homogenized in a blend-

er and filtrated with two layers of gauze. One volume of the 

resultant juice was added to 1.5 times volume chilled acetone 

and stored at 0-4℃ for 5 min. The mixture was centrifuged 

at 3000 rpm for 15 min at 4℃. The precipitate was freeze 

dried and powdered. The acetone powder (crude enzyme in-

cluding myrosinase) was stored at -20℃ until use.

Sample preparation and quantitative analysis of soluble 

sugars   A 10 g sample was weighed and homogenized 

with 30 ml of distilled water, and the resulting mixture was 

shaken at 120 rpm for 30 min. The mixture was centrifuged 

at 15000 rpm for 22 min at 4℃. The supernatant was then 

filtrated with Sep-pac (C18) and membrane filter (0.45 μm). 

The samples were used for quantitative analysis of soluble 

sugars by HPLC (Younglin instrument, Korea). The HPLC 

system consisted of a CTS-30 oven, RI detectors linked with 

SP-930D pump to the column (6.5 × 300 mm) fitted with a 

Sugar-Pac I (Waters, USA) at 70℃. Distilled water purified 

by Millipore Milli Q plus filtration system was used as a mo-

bile phase at a flow rate of 0.5 ml/min.

Sample preparation of total glucosinolates and isothio-

cyanates   A 50 g sample of divided turnip was boiled in 100 

ml of 80% ethanol in a flask for 15 min in a water bath and 

then homogenized in a blender. This step was repeated twice 

using the same procedure. The extracts were filtrated and 

concentrated to 25 ml using an evaporator (EYELA, Tokyo, 

Japan) at 40℃. Concentrated samples were centrifuged at 

3000 rpm at 4-5℃ for 15 min. After centrifugation, the su-

pernatant was made up to 50 ml with distilled water and 25 

ml of this solution was passed through an anion exchange 

column (5 ml of Dower 1-X, Cl-form, 50/100 mesh, Lan-

caster, England). The column was washed with 50 ml water 

until glucose was not detected by Molish reagent. The ion 

exchange resin was transferred to a 50-ml Erlemmeyer flask 

which contained 5 ml of methylene chloride (CH2Cl2), 50 mg 

of crude myrosinase, 1 ml of 10 mM ascorbic acid, and 5 ml 

of 0.1 mol/l sodium phosphate buffer (pH7.0). The flask was 

shaken gently on a shaker for 18 h at room temperature. The 

concentrated samples were centrifuged at 3000 rpm at 4℃ 

for 15 min. The methylene chloride layer (bottom part of 

centrifuge tube) was used for isothiocyanate analysis using 

gas chromatography (GC) and the water layer (upper part of 

centrifuge tube) was used to determine total glucosinolates.

Measurement of total glucosinolates and isothiocyanates   

Total glucosinolates were determined using a UV-visible 

spectrophotometer (Model Genesis 10vis, USA) at 505 nm 

by the thymol method (Brzezinski et al., 1984). Sample solu-

tion, thymol reagent and H2SO4 were added and reacted in a 

boiling water bath for 35 min. A glucose standard calibration 

curve was used to analyze the concentration of total gluco-

sinolates. The conditions of GC and gas chromatography/

mass spectrometry (GC/MS) analysis of isothiocyanates are 

shown in Table 1.

Cell culture   HepG2 cells were cultured in complete 

MEM (containing 10% FSB, 100 U/ml penicillin) in 75 cm2 

culture flasks at 37℃ in 5% CO2 unless otherwise stated 

(Shen et al., 1999). HepG2 cells were incubated with various 

concentrations of β-phenylethyl isothiocyanate (5, 10, 25, 

50, 75, 100 μmol/l) in the medium for 24 h at 37℃ in an in-

cubator. β-Phenylethyl isothiocyanate, lipid-soluble samples, 

were dissolved in medium containing 1% DMSO, then di-

luted to each concentration. Control samples were composed 

of medium with the same concentrations of DMSO without 

test compounds.

Assessment of cell viability   Cell viability was deter-

mined using the MTT (3-(4,5-dimethylthiazol-2-yl-2,5-

diphenyl tetra-sodium bromide) viability assay (Hanen et al., 

1989). Viability was measured by the colorimetric change 

using a plate reader at 540 nm (ELISA, Tokyo, Japan). IC50 

(effective concentration 50%) is the concentration required 

for 50% inhibition in vitro.

Determination of antimicrobial activity by the disc diffu-

sion method   Antibacterial activity was investigated by disc 

diffusion test (Kim et al., 1995). Four representative food 

poisoning bacterial strains (Vibrio parahaemolyticus (KCCM 

11965), Salmonella choleraesuis (KCCM 40050), Staphylo-

coccus aureus (KCCM 40935), and Bacillus cereus (KCCM 

41034)) were purchased from the Korean Culture Center of 

Microorganisms. Two-layer plates made with 1% lower agar 
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(Nutrient agar, Difco Co., USA) previously poured into Petri 

dishes and 0.8% upper agar (Nutrient agar, Difco Co.) were 

inoculated with individual microorganisms. β-Phenylethyl 

isothiocyanate was dissolved in ethanol and diluted to each 

concentration. Sterile filter papers were impregnated with 30 

μl extracts (Aventec, 8 mm) and placed onto the culture me-

dium. A disc impregnated with sterile water and placed in the 

middle of an agar plate was used for control. After 24 h of 

incubation at 37℃, the diameter of the clear zone around the 

disc was measured. All tests were performed in triplicate. 

Determination of minimum inhibitory concentration 

(MIC)   β-Phenylethyl isothiocyanate of different concentra-

tions in ethanol (0.1 ml) were added to 10 ml of bacterial 

culture containing 0.1 ml bacterial strain. The optical density 

at 600 nm was measured at 12 h intervals for 72 h. Controls 

were treated with ethanol without β-phenylethyl isothiocya-

nate. Antimicrobial activity was observed as the minimum 

inhibitory concentration (MIC), defined as the lowest con-

centration at which the growth of strains cannot be detected 

through the measurement of absorbance.

Results and Discussion
Quantitative analyses of soluble sugar   Levels of soluble 

sugar in different parts of turnip are shown in Fig. 1. Levels 

of glucose and fructose were higher than sucrose.

Determination of glucosinolates and isothiocyanates by 

GC and GC/MS   The total glucosinolate contents of food 

samples can be measured by determining the quantity of 

glucose released after treatment with the enzyme; however, 

this does not take into account endogenous glucose. Alterna-

tively, glucosinolates can be extracted, followed by selective 

clean-up that eliminates free glucose and other interfering 

compounds, after which the controlled enzymatic release 

of bound glucose is possible (Vekerk et al., 1998). Figure 2 

shows total glucosinolate content in different parts of turnip. 

The total glucosinolate content of turnip ranged from 147 

to 151 μmol/100 g. Total glucosinolate contents in different 

parts of turnip were comparatively similar.
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Table 1.  GC and GC/MS condition for determination of isothiocyanates.
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Fig. 1. Levels of soluble sugar in different parts of turnip.

Fig. 2. Levels of total glucosinolates in different parts of turnip.
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The major isothiocyanates were identified as 3-butenly, 

4-pentenyl, β-phenylethyl isothiocyanate in turnip by GC/MS 

and GC (Fig. 3). Isothiocyanates have been shown to possess 

anticarcinogenic properties (Zhang et al., 1994; Grubbs et 

al., 1995) and to induce apoptosis in various cancer cell lines 

(Huang et al., 1998; Ge et al., 1999; Bonnesen et al., 2001; 

Yang et al., 2002; Nachschon-Kedmi et al., 2003). Besides 

enhancing protection of cells against chemical carcinogens, 

it is well documented that exposure of cells to low micromo-

lar concentrations of isothiocyanates leads to increased resis-

tance to oxidative damage (Gao et al., 2001). Isothiocyanates 

are recognized as the major inhibitor of microbial activity 

(Rosa et al., 1997). The major isothiocyanate contained in 

turnip was shown to be β-phenylethyl isothiocyanate (37381 

μmol/100 g dw) followed by 4-pentenyl isothiocyanate 

(5357 μmol/100 gdw) and 3-butenyl isothiocyanate (1858 

μmol/100 gdw). The levels of 3-butenyl and 4-pentenyl iso-

thiocyanate were much higher in the leaf than in other parts. 

Turnip peel showed the highest level of β-phenylethyl iso-

thiocyanate. 

Anticancer activity by β-phenylethyl isothiocyanate   

Various epidemiological studies have indicated that inci-

dence of cancer is closely associated with diet (Cummings 

et al., 1998). People who consume higher amount of fruits 

and vegetables have a lower risk of various types of cancers. 

Studies have demonstrated that fruits and vegetables contain 

naturally occurring anticarcinogenic compounds (Suganuma 

et al., 1999) such as glucosinolates in cruciferous vegetables 

(Stoewsand et al., 1995). Isothiocyanates and indoles are two 

major autolytic breakdown products of glucosinolates, and 

both exhibit anti-cancer properties (Zhang et al., 1994). 

HepG2 cells treated with β-phenylethyl isothiocyanate 

showed a concentration-dependant decrease in cell viability 

at 24 h with an IC50 of 24.6 μM (Fig. 4.). 

Numerous investigations have shown that isothiocyanates 

are inhibitors of phase I enzymes and potent inducers of 

phase II detoxification enzymes. In addition, previous reports 

have shown that isothiocyanate-mediated apoptosis in vivo 

is associated with the removal of chemically-induced cancer 

cells in rodent models; however, little is known about the 

mechanism by which this is achieved (McDanell et al., 1989; 

Loft et al., 1992; Zhang et al., 1994; Verhoeven et al., 1997). 

Antimicrobial effect of β-phenylethyl isothiocyanate   The 

antimicrobial activities of β-phenylethyl isothiocyanate 

against Vibrio parahaemolyticus, Staphylococcus aureus, 

Bacillus cereus, and Salmonella choleraesuis obtained 

by disc diffusion method are shown in Table 4. In this 

study, β-phenylethyl isothiocyanate was found not to have 

antimicrobial activity against Salmonella choleraesuis. 

β-Phenylethyl isothiocyanate had very strong activity (> in-

hibition zone; i.z. of sample 20 mm) against Vibrio parahae-

molyticus and Staphylococcus aureus and clear activity (i.z. 

of sample 10-15 mm > i.z. of control) against Bacillus cereus 

at 1000 mg/l.

Minimum inhibitory concentration (MIC) was applied to 

β-phenylethyl isothiocyanate that showed an inhibitory effect 

against the microorganism with micro dilution broth method. 

The MIC value of β-phenylethyl isothiocyanate against each 

of the microorganisms is shown in Fig. 5. β-Phenylethyl iso-

thiocyanate at 100 μg/ml inhibited the growth of food-borne 

pathogens, exhibiting antimicrobial effects at low concentra-
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tion. β-phenylethyl isothiocyanate inhibited Vibrio parahae-

molyticus most effectively.
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