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Abstract The objectives of this study were to identify antioxidant substance in heated garlic juice (HGJ). We evaluated the
antioxidant activities of heated garlic juice exposed to 120, 130, and 140°C for 2 hr. The HGJ was partitioned using the
solvents of hexane, chloroform, ethyl acetate, butanol, and water. The ethyl acetate fraction of HGJ treated at 130°C for 2 hr
showed strong antioxidant activity; this extract was isolated and purified using silica gel column chromatography and semi-
preparative high-performance liquid chromatography. The structure of the gm‘iﬁed compound was determined using
spectroscopic methods, i.e., ultraviolet, mass spectrometry, infrared, 'H NMR, "C NMR, DEPT, HMBC, and HMQC. The
isolated compound was identified as thiacremonone (2,4-dihydroxy-2,5-dimethyl-thiophene-3-one). Thiacremonone showed
strong 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity, with a 50% inhibition concentration (ICso) of
22.25+0.44 pg/mL, which is much higher than that of the antioxidants ascorbic acid (30.06+0.42 pug/mL), a-tocopherol

{71.30£0.97 ng/mL), and butylated hydroxyanisole (50.54£0.94 ug/mL).
Keywords: garlic (4llium sativum L.), antioxidant activity, heat treatment, thiacremonone (2,4-dihydroxy-2,5-dimethyl-

thiophene-3-one)

Introduction

Garlic, Allium sativum L., which is a member of the
Liliaceae, is grown in many areas and has been used by
many civilizations, including Greek, Egyptian, Asian,
and Indian, since antiquity (1). Many A//ium species have
antioxidant properties (2, 3). Garlic and garlic extracts
have strong antioxidant activity in various in vitro
models. The antioxidant activity of Allium plants has
mainly been attributed to a variety of sulfur-containing
compounds such as diallyl sulfide, diallyl trisulfide, allyl-
cysteine, and selenium compounds (4-7). In addition to
its antioxidant activity, it has antimicrobial, antibacterial,
antiviral, antifungal, and antiprotozoal properties, as well
as beneficial effects for the cardiovascular and immune
systems (8). An antioxidant is a substance that, when
present at low concentrations compared to that of an
oxidizable substrate, significantly delays or prevents the
oxidation of that substrate (9). However, the safety and
continued use of artificial antioxidants such as butylated
hydroxyanisole (BHA) and butylated hydroxytoluene
(BHT) in food is being questioned (10, 11). Therefore, a
search for antioxidants of natural origin has attracted
increasing attention.

Compared to fresh foods, thermally processed foods,
especially fruits and vegetables, have increased biological
activity caused by chemical changes during heat treatment
(12). The polyphenol and flavonoid contents and antioxidant
activity increase with high temperature and pressure in
plants such as ginseng (13), garlic (14), pear (15), shiitake
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mushroom (16), sweet comn (17), citrus peel (18), and
tomato (12).

Our aim was to isolate the active compounds from
heated garlic. The isolation of active compounds was
performed in three steps: multiple extractions, fractio-
nation using column chromatography, and purification
using semi-preparative high-performance liquid chromato-
graphy (HPLC). We then determined both the structure
of the compounds using spectroscopy and antioxidant
activity.

Materials and Methods

Sample preparation Garlic, Allium sativum L., was
purchased from the Chungbuk Agriculture and Marine
Products Market in June 2006 and stored at —20°C. Heat
treatment was performed using a temperature- and
pressure-controlling apparatus (Jisico, Seoul, Korea). The
samples were heated at temperatures of 120, 130, and
140°C for 2 hr. The heated samples were juiced and then
filtered (Whatman filter paper No. 2, Maidstone, England)
on a Biichner funnel under a vacuum. The garlic juice
was kept at —20°C until analysis.

Selection of the solvent layer Heated garlic juice (HGJ)
was partitioned consecutively in a separating funnel using
solvents of increasing polarity: n-hexane, chloroform, ethyl
acetate, butanol, and water. The solvent was evaporated
using a rotary evaporator (N-1000; Eyela, Tokyo, Japan) at
40°C. The dried residues of the 5 extracts were measured
for 1,1-diphenyl-2-picrylhydrazyl (DPPH, Sigma-Aldrich,
St. Louis, MO, USA) radical scavenging activity and 2,2’-
azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS,
Sigma-Aldrich) radical cation scavenging activity.
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DPPH radical scavenging activity The DPPH radical
scavenging activity of the extracts, fractions, and isolated
compound, based on the scavenging activity of the stable
DPPH free radical, was measured according to the method
of Bektas e al. (19), with some modifications. Aliquots of
0.8 mL of 0.2 mM DPPH methanolic solution were mixed
with 0.2mL of the extracts. The mixture was shaken
vigorously and then left to stand for 30 min under low
light. The absorbance was measured at 520 nm using a
spectrophotometer (DU 650; Beckman, Fullerton, CA,
USA). The percentage inhibition of activity was calculated
as (Ap—A|)Agx 100, where A, is the absorbance without
the sample and A; is the absorbance with the sample.
Sample concentrations providing the 50% inhibition
concentration (ICsp) were calculated from a graph of
inhibition percentage versus sample concentration. All
samples were analyzed in triplicate.

ABTS radical scavenging activity The ABTS radical
cation scavenging activity of the extracts and fractions was
measured according to the method of Lee et al. (20) and
Kim et al. (21), with some modifications. The ABTS
radical cation was generated by adding 7mM ABTS to
2.45mM potassium persulfate (Sigma-Aldrich) solution
and leaving the mixture to stand overnight in the dark at
room temperature. The ABTS radical cation solution was
diluted with distilled water to obtain an absorbance of 1.4-
1.5 at 735nm. A 1 mL aliquot of diluted ABTS radical
cation solution was added to 50 pL of the extract, fractions,
ascorbic acid (Sigma-Aldrich) standard solution, or distilled
water. The absorbance at 735 nm was determined using a
spectrophotometer (DU 650; Beckman) after 60 min. The
ascorbic acid equivalent antioxidant activity (AEAC) was
calculated as (4/4px)xCaa, where 4 is the change in
absorbance after the addition of the sample, A4, is the
change in absorbance after the addition of ascorbic acid
standard solution, and C,, is the concentration of the
ascorbic acid standard solution. The ABTS radical cation
scavenging activity was expressed as the AEAC in mg of
ascorbic acid equivalents. All samples were analyzed in
triplicate.

Thin layer chromatography (TLC) Analytical TLC of
extracts, fractions, and the isolated compound was performed
using silica gel 60 F254 glass plates (0.25 mm thick,
20x20 cm; Merck, Darmstadt, Germany), which were
developed using appropriate solvents for each sample, i.e.,
dichloromethane:methanol mixtures in different ratios. The
resultant bands were located using ultraviolet (UV) light
(254 and 365 nm) and 20% sulfuric acid solution in 10%
vanillin/ethanol spray, followed by heating in an oven for
about 10 min at 110°C. For the qualitative detection of
radical scavenging compounds, the TLC plates were
sprayed with 1 mM methanol solution of DPPH, which
produced yellow spots on a purple background.

Open column chromatography Isolation of the active
compound from the ethyl acetate layer of HGJ treated at
130°C for 2 hr was subjected to column chromatography
on silica gel (Fig. 1). HGJ (2 kg) was partitioned consecu-
tively using various solvents. The ethyl acetate extract (4.8 g)
was subjected to open-column (500x35 mm, i.d.) chromato-
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Fig. 1. Extraction scheme for the isolation of active compound
from heated garlic (Allium sativum L.) at 130°C for 2 hr. Silica
gel column chromatography: “dichloromethane:methanol= 20/1,
10/1, 5/1, 171, 0/1, v/iv

graphy using silica gel (Kiesel gel 60, 70-230 mesh; Merck);
elution was carried out using a mixture of dichloromethane
'methanol with an increasing amount of methanol (20:1,
10:1, 5:1, 1:1, 0:1, v/v). Five fractions were collected and
assayed for antioxidant activity or used for TLC by
pooling them into 1 major fraction, Al. The active fraction
Al (1.6 g) was subjected to further open-column (300x 10
mm, i.d.) chromatography using silica gel; elution was
carried out using a mixture of dichloromethane:methanol
with increasing amounts of methanol (20:1, 10:1, 5:1, 1:1,
0:1, v/v). A total of 24 fractions was collected and assayed
for antioxidant activity or used for TLC by pooling them
into 4 major fractions, B4-B6 (0.26 g). The removal of
solvents from fractions was performed using a rotary
evaporator at 40°C.

Semi-preparative HPLC The active fractions B4-B6
were purified by preparative RP-HPLC (Discovery® C18
column; 250x 10 mm, i.d., 5 um, Supelco, Bellefonte, PA,
USA) on a Younglin SP930D Instrument (Anyang, Korea)
equipped with a UV detector, operating at 365 nm, at room
temperature and a flow rate of 3.5 mL/min. The elution
gradient was a water: acetonitrile phase at 95:5 (v/v) for
the first 11 min, followed by a continuous change from
95:5 to 50:50 over the next 29 min. The pure compound
was obtained after evaporating the solvents using a rotary
evaporator.

Structural identification of the isolated compound The
structure of the purified compound was determined using
several spectroscopic methods. The UV spectrum in
methanol was recorded on a spectrophotometer (UV-1650;
Shimadzu, Kyoto, Japan). The infrared (IR) spectrum was
recorded on an FT-IR spectrometer (IFS-66/FRA106S;
Brucker, Karlsruhe, Germany). Gas chromatography-mass
spectrometry (GC-MS) was performed (Agilent 6890 gas
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Table 1. '"H and *C NMR spectroscopic data of isolated
compound?

Position d¢ Sy HMBC (H to C)
2 85.7 -
3 199.1 -
4 148.3 -
5 139.8 -
2-CH; 27.1 1.63 (3H, s) C-2,C3
3-CH; 149 2.18 (3H, s) C-4,C-5

DMeasured in CD;OD, Assignments confirmed by DEPT and HMQC
experiments.

chromatograph/5973N; Agilent, Palo Alto, CA, USA). The
'H nuclear magnetic resonance (NMR, 500 MHz), “C
NMR (125 MHz), Distortionless Enhancement by Polariza-
tion transfer (DEPT), Heteronuclear Multiple Bond
Correlation (HMBC), and Heteronuclear Multiple Quantum
Correlation (HMQC) spectra were recorded on a
spectrometer (Avance 500; Bruker) using CD;0D as a
solvent. The compound was a colorless oil; [a]*L+0 (¢
0.1, methanol); UV A,y (methanol) 365 nm; IR (KBr) Viya
3350, 2981, 1679, 1601, 1395, 1360, 1252, 1188, 1104,
921, 845, and 563/cm; GC-MS m/z 160 [M]"; '"H-NMR
(CD;0D, 500 MHz) and "*C NMR (CD,0D, 125 MHz) :
see Table 1.

Results and Discussion

Antioxidant activity of the solvent fraction and
isolation of the active compound from heated garlic
The optimum heating condition for garlic was previously
determined as 130°C for 2 hr (14). We isolated the active
compound from HGJ exposed to 120, 130, and 140°C for
2 hr and successively fractionated with hexane, chloroform,
ethyl acetate, butanol, and water. We used chemical assays
based on the ability of the compound to scavenge model
free radicals, i.e., DPPH and ABTS radicals, because of
their simplicity and worldwide acceptance for comparative
purposes. The antioxidant activity of the 5 fractions from
HGJ is shown (Fig. 2 and 3). The antioxidant activity of
the ethyl acetate fraction was higher than that of the
hexane, chloroform, butanol, and water fractions. The
ethyl acetate fraction of HGJ treated at 130°C for 2 hr
showed strong antioxidant activity compared with those
from the other heating conditions. Therefore, we isolated
and purified the active compound from the ethyl acetate
fraction of HGJ treated at 130°C for 2 hr. The 4.8 g ethyl
acetate fraction of 2 kg of heated garlic exposed to 130°C
for 2 hr was subjected to activity-guided repeated fractio-
nation on a silica gel column and eluted with an increasing
concentration of methanol in dichloromethane. Silica gel
chromatography resulted in one active fraction, Al (1.6 g;
data not shown). The active fraction Al was repurified
using silica gel chromatography (dichloromethane:methanol)
to obtain 3 active fractions, B4-B6 (0.26 g; data not shown).
We then attempted to isolate the active compound from the
B4-B6 fractions using semi-preparative HPLC on a C18
column (Fig. 1). The yield of the purified active compound
was about 14.6 mg. The chemical structure of the isolated
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ICso (mg/mL)
®©

120C, 2hr 130T, 2hr 140°C, 2hr
OHexane & Chloroform M Ethyl acetate Butanol @8 Water

Fig. 2. ICs5 values of electron donating ability (%) on the
solvent fraction of heated garlic juice at 120, 130, and 140°C
for 2 hr. DPPH radical scavenging activity (%) on solvent fraction
of raw garlic juice (10 mg/mL): hexane (9.88+1.37%), chloroform
(8.7742.47%), ethyl acetate (6.46+1.36%), butanol (31.76+1.99%),
water (5.74+2.11%).
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Fig. 3. Total antioxidant activities (AEAC) on the solvent
fraction of heated garlic juice at 120, 130, and 140°C for 2 hr.
AEAC (mg AA eq/g) on solvent fraction of raw garlic juice (10
mg/mL): hexane (3.5+0.2 mg AA eq/g), chloroform (3.4+0.2 mg
AA eq/g), ethyl acetate (3.5+0.3 mg AA eq/g), butanol (5.4+0.3 mg
AA eq/g), water (2.2+£0.3 mg AA eq/g).

compound was determined using spectroscopic methods.

Identification of the isolated compound The compound
obtained was colorless oil. The GC-MS spectrum showed
a molecular ion peak at m/z 160, corresponding to a
molecular formula of CgHgO5S. The UV and IR spectra of
the compound indicated the presence of an o, f-unsaturated
ketone, substituted with an oxygen in the a position and a
sulfur in the P position. The 'H NMR spectrum of the
compound showed signals assignable to 2 quaternary
methyl groups at §1.63 and §2.18. The *C NMR and
DEPT spectra confirmed that the molecule contained 6
carbon atoms consisting of 2 methyl groups at 6 14.9 and
8 27.1, 2 olefinic carbons at 6 139.8 and & 148.3, a ketone
signal at 3 199.1, and a quaternary oxygen-bearing carbon
at &85.7. This indicates that the compound has a 3-
thiphenone ring. The 2 methyl groups were located at C-2
and C-5, based on HMBC correlations between the methyl
signals at 6 1.63 and & 85.7 (C-2) and 4 199.1 (C-3), as
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Fig. 4. Structure of active compound isolated from heated
garlic juice at 130°C for 2 hr.

Table 2. DPPH radical-scavenging activity of isolated compound
from heated garlic juice at 130°C for 2 hr

Active compound” ICs, value (ug/mL)
FEthyl acetate fraction 540.0040.03%
Thiacremonone 22251044
Vit. C 30.061£0.42
Vit. E 71.30+£0.97
BHA 50.54+0.94

DAscorbic acid, o-tocopherol, and butylated hydroxyanisole were used
.3 positive control compounds for vit. C, vit. E, and BHA, respectively.
Value are meantSD of 3 replicate analyses.

well as between the other methyl signals at §2.18 and
51483 (C-4) and & 138.8 (C-5). Therefore, the isolated
active compound from HGJ treated at 130°C for 2 hr was
identified as thiacremonone (2,4-dihydroxy-2,5-dimethyl-
thiophene-3-one; Fig. 4) by comparing its physicochemical
and spectroscopic data with those from the literature (22).
According to the HPLC analysis, the thiacremonone of
raw garlic juice was not detected. We study results are
consider that isolated the thiacremonone was synthesized
with heat treatment. This is the first report of the isolation
of thiacremonone from heated garlic, although it has been
isolated from the fungus Acremonium sp. strain HA33-95,
an inducer of differentiation in mammalian cells (22).

DPPH radical scavenging activity of isolated thiacre-
monone The ethyl acetate fraction of HGJ treated at
130°C for 2 hr and the isolated compound showed concen-
tration-dependent antiradical activity by reducing the
stable radical DPPH to a yellow-colored diphenylpicrylhy-
drazine derivative (Table 2). The known natural antioxi-
dants ascorbic acid and o-tocopherol, and the synthetic
antioxidant BHA, were used as positive controls. The ICs
of the thiacremonone was 22.25+0.44 pg/mlL, which was
higher than those of the antioxidants ascorbic acid (30.06
+0.42 pg/mL), a-tocopherol (71.30+0.97 pg/ml), and BHA
(50.54+0.94 pg/mL).
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