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Abstract 

We evaluated organosulphur compounds in Allium vegetables, including garlic, elephant 

garlic, and onion, using high-performance liquid chromatography. Among organosulphur 

compounds, elephant garlic had considerable γ-glutamyl peptides, and garlic had the highest 

alliin content. Onion had low level of organosulphur compounds than did elephant garlic and 

garlic. In addition, antioxidant capacities were evaluated by oxygen radical absorbance 

capacity (ORAC) values and 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2′-azinobis(3-

ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical scavenging assay. The results showed 

that garlic had the highest antioxidant capacity, followed by elephant garlic and onion. 

Furthermore, a positive correlation was observed between antioxidant activities and 

organosulphur compounds (R > 0.77). Therefore, our results indicate that there was a close 

relationship between antioxidant capacity and organosulphur compounds in Allium 

vegetables. 
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Experimental 

Materials 

Garlic, elephant garlic, and onion were harvested in 2014 and were obtained from cultivator in Korea. 

The voucher specimen number of each sample was followed by KFRI-SG91 for garlic, KFRI-SGG1 

for elephant garlic, and KFRI-SO62 for onion. Three vegetables of each species were cleaned and the 

peels removed before homogenizing to the edible parts. Samples were stored at 4 °C until the time of 

the experiment. 

 

 

Determination of bioactive organosulphur compounds 

Organosulphur compound contents in the three Allium vegetables were analyzed using the method 

described by Yoo et al. (2014). Five gram of a sample was added to 70 mL of water in a 100 mL 

volumetric flask. The mixture was vortexed for 1 min using a vortex mixer (Thermo Scientific, 

Waltham, MA, USA) and sonicated for 10 min at room temperature. Additional water was added to 

the mixture to bring the volume to 100mL. The extract was filtered by a 0.2 μm membrane syringe 

filter (Sartorious Stedium Biotech, Geottingen, Germany) and analyzed by HPLC-PDA system. HPLC 

equipment consisted of an integrated system with a photodiode array detector and a cooled 

autosampler (Waters, Milford, MA, USA). Separation was performed using a HyPurity Elite C18 

column (150 mm x 3 mm, 3 μm; Thermo Scientific, Walthman, MA, USA) in combination with a C18 

guard column cartridge (10 μm, μBondapak
TM

, Wexford, Ireland) at 38°C. Mobile phase consisted of 

a mixture of 20 mM sodium dihydrogen phosphate and 10 mM heptanesulfonic acid (adjusted with 80% 

orthophosphoric acid; pH 2.1; mobile phaseA), and a mixture of acetonitrile and mobile phase A 

(50:50, v/v; mobile phase B). Separation was achieved using the following gradient program: 100% A 

(0 min), 70% A (5 min), 46% A (25 min), 0% A (26 min), 0% A (28 min), 100% A (30 min), and 100% 

A (50 min) at 208 nm with a flow rate of 0.4 mL/min with a 10μL injection. 

 

Evaluation of antioxidant activities 

The antioxidant activities of Allium vegetables were determined using DPPH radical scavenging 

activity (DPPH), oxygen radical absorbance capacity (ORAC), and ABTS radical scavenging activity 

(ABTS). 

ORAC assays were analyzed based on procedures described by Prior et al. (2003) with 

modifications. Sample extracts were diluted with a 75 mM potassium sodium phosphate buffer (pH 

7.4). An aliquot (25μL) of diluted sample extracts, Trolox (0-10 μM) and blanks (potassium sodium 

phosphate buffer) were mixed with 150 μL 40 nM fluorescein in black walled 96-well plates. Next, 

we pre-incubated 18 mM 2,2'-azobis (2-methylpropionamidine) (AAPH) at 37°C for 15 min, which 

was later added to each well. Next, the plate was immediately carried to a fluorescence microplate 



reader (Spectramax GEMINIEM, Molecular Devices, Sunnyvale, CA, USA) and fluorescence was 

measured. The analyzer was set to an excitation wavelength of 485 nm and an emission wavelength of 

530 nm, and readings were recorded 3 min intervals for 90 min at 37°C. ORAC values were 

expressed as Trolox equivalents in micromoles per milliliter. 

DPPH was estimated based on the method described by Molyneux (2004) with some modifications. 

Four hundred microliters of sample was added to 600 μL of 0.4 mM DPPH solution and mixed. The 

mixture was allowed to react for 10 min at room temperature in the dark. The intensity of yellow color 

was later measured at 517 nm using a microplate reader, and the results were calculated using the 

following formula (1): 

 

DPPH radical scavenging activity (%) = (1-AExperiment/Acontrol) × 100 (1) 

 

ABTS was estimated using the ABTS radical cation decolorization method (Re et al., 1999). ABTS 

stock solution was dissolved in water to a 7.4 mM concentration. ABTS radical cations (ABTS
+
) were 

produced by reacting ABTS stock solution with 2.45 mM potassium persulfate and allowing the 

mixture to stand in the dark at room temperature for 14 hour before use. The ABTS
+
 solution was then 

diluted with ethanol to obtain an absorbance of 0.70 ± 0.02 at 734 nm. After adding 1.0 mL of diluted 

ABTS
+
 solution to 0.01 mL of samples or blanks, the reaction mixture was left at room temperature 

for 30 min in the dark. Absorbance at 734 nm was then measured using a microplate reader. The 

percentage scavenging of ABTS
+
 by the sample was calculated according to the formula (2): 

 

ABTS radical scavenging activity (%) = (1-AExperiment/Acontrol) × 100 (2) 

 

Statistical analysis  

All experiments were repeated three times. Data were statistically analyzed using ANOVA and 

Duncan’s multiple range tests. A p-value of < 0.05 was considered statistically significant (SAS 

Institute, Inc, Cary, NC). 

 

 

 

 

 

 

 

 

 



Table S1. Organosulphur compound contents of the three Allium vegetables 

Organosulphur 

compounds 

Concentration (mg/g of dry weight) 

Elephant garlic Garlic Onion 

Methiin 1.27 ± 0.01a
1)

 0.69 ± 0.05b 0.32 ± 0.02c 

Cycloalliin 1.32 ± 0.07b 2.21 ± 0.17a 1.33 ± 0.07b 

Alliin 2.61 ± 0.19b 23.63 ± 0.24a N.D
2)

 

Isoallin 0.18 ± 0.02b 0.19 ± 0.02b 8.42 ± 0.12a 

GSMC 3.07 ± 0.06a 0.77 ± 0.03b 0.50 ± 0.04 

SAC 0.19 ± 0.01a 0.21 ± 0.00a N.D 

SPC 0.31 ± 0.01a 0.11 ± 0.01b N.D 

GSAC 13.15 ± 0.32a 13.76 ± 0.49a 5.56 ± 0.17b 

GSPC 40.19 ± 1.10a 28.56 ± 0.27b 1.96 ± 0.09c 

γGPA 3.33 ± 0.16b 3.09 ± 0.02c 4.16 ± 0.09a 

Allicin 0.43 ± 0.00b 5.58 ± 0.04a N.D 

1) 
Values are shown means ± standard deviation of triplicate; significant difference (P<0.05) among 

the three samples using Duncan’s multiple comparison test between the samples having a different 

letter in a row. 

2)
 N.D., not detected 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Figure S-1. Antioxidant activities of the three Allium vegetables. ORAC assay (A), DPPH radical 

scavenging assay (B), and ABTS radical scavenging assay (C). Values are shown means 

± standard deviation of triplicate. Significant difference (P<0.05) among the three 

samples using Duncan’s multiple comparison tests. 



 

 

Figure S-2. Relationship of antioxidant activities with bioactive organosulphur compounds. 

Correlation between organosulphur compounds and ORAC assays (A) and Relationship 

organosulphur compounds and DPPH radical scavenging assay (B). 
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