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In this study, water and various concentrations (50%, 75%, and 100%) of methanol, ethanol, and acetone in
water were used as solvent in the extraction of L. aromatica. The antioxidant activity, total phenolic content,
and total flavonoid content of the freeze-dried L. aromatica extracts

10were investigated using various in vitro assays. The

16extract obtained by 100% ethanol showed the highest total antioxidant
activity, reducing power and DPPH

(2,2- diphenyl-1-picrylhydrazyl) radical scavenging activity. The same extract also exhibited the highest
phenolic content (40.5 mg gallic acid equivalent/g of defatted L. aromatica) and the highest flavonoid content
(31.11 mg quercetin equivalent/g of defatted L. aromatica). The highest extraction yield was obtained by
using 50% aqueous acetone. These results indicate that L. aromatica can be used in dietary applications
with a potential to reduce oxidative stress. Copyright ª 2013,

19Food and Drug Administration, Taiwan. Published by Elsevier Taiwan LLC.
All rights reserved.

1. Introduction Many plants, particularly medicinal

24plants, have been exten- sively studied for their antioxidant activity in recent
years.

1It is believed that an increased intake of food rich in natural antioxidants is
associated with lower risks of degenerative diseases, particularly
cardiovascular diseases and

cancer [1]. Antioxidants from aromatic, spicy, medicinal, and other plants were studied

8to develop natural antioxidant formula- tions for food, cosmetic, and other

applications [2]. There are three major classes of plant chemicals: terpenoids, phenolic * Corresponding
author.
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17Department of Chemical Engineering, National Taiwan University of
Science and Technology, 43, Section 4, Keelung Road, Taipei 106-07, Taiwan.
E-mail address: yhju @mail.ntust.edu.tw (Y.-H. Ju). 1021-9498/$ e

see front matter Copyright ª 2013, Food and Drug Administration, Taiwan.

15Published by Elsevier Taiwan LLC. All rights reserved.
http://dx.doi.org/10.1016/j. jfda .2013.

11.001 metabolites, and alkaloids [3]. Among these three groups, phenolic compounds are the most
important for dietary ap- plications and the most extensively researched [4]. Phenolic compounds include
phenolic acids (hydroxybenzoic and hydroxycinnamic acids), polyphenols (hydrolyzable and condensed
tannins), and flavonoids. These compounds pro- tect plants, fruits, and vegetables from oxidative damage
and have been used as antioxidants by humans.

31Finding new and safe antioxidants from natural sources

is of great interest for applications in natural antioxidants, functional foods, and neutraceuticals.
Phytochemical screening is one of the methods that have been used to explore antioxidant com- pounds in
plants. There are many techniques to recover antioxidants from plants, such as Soxhlet extraction,
maceration, supercritical fluid extraction, subcritical water extraction, and ultrasound- assisted extraction.
However,

11extraction yield and antioxi- dant activity not only depend on the extraction
method but also on the solvent used for

extraction.

7The presence of various antioxidant compounds with different chemical
characteristics and polarities may or may not be soluble in a particular
solvent [5]. Polar solvents

are frequently used for recovering polyphenols from plant matrices. The most suit- able solvents are

7aqueous mixtures containing ethanol, methanol, acetone, and ethyl acetate.
Ethanol has been
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known as a good solvent for polyphenol extraction and is safe for human consumption. Methanol has been
generally found

26to be more efficient in extraction of lower molecular weight polyphenols,
whereas aqueous acetone is good for extraction of higher molecular weight
flavanols [6]. The

maximum total phenolic content was obtained from barley flour by extraction using a mixture of ethanol and
acetone [7]. For extracting flavonoids from tea, aqueous ethanol per- formed better than

13aqueous methanol and aqueous acetone [8]. Extracts with the greatest

antioxidant activity

were ob- tained in mate tea and black tea by using

1350% aqueous ethanol and 50% aqueous acetone,

respectively [5]. Limnophila aromatica (Lamk.) Merr. (syn. Limnophila gras- tissima Blume) belongs to the
Scrophulariaceae (figwort, snapdragon) family. Several species of Limnophila are found in Southeast Asia. It
has been

25used as a spice and a medic- inal herb in Southeast Asia.

In Vietnam, L. aromatica is easily cultivated in flooded rice fields and soggy land. It is used in Vietnamese
cuisine to add flavour in soup broths, sauces, and other foods. L. aromatica has been shown to have
negligible toxicity and possesses diuretic, muscle relaxant, and antispasmodic activities. It has been used to
treat kid- ney stones, painful cramps, wound, care and ulcer [9]. A colorless antibacterial essential oil (0.1
wt.%) that contains limonene and perillaldehyde as the principal constituents was obtained from dry leaves
of L. aromatica (cited as L. gratissima) [10]. Chlorogenic, caffeic acids, and uncommon 8-oxygenated
flavonoids were also observed in this species [11,12]. However, there are no reports on the phenolic con-
tent and contribution of phenolic compound to the overall antioxidant activities of L. aromatica. The objective
of this work was to investigate the effects of solvents on the extraction of polyphenol from defatted L.
aromatica (DFLA) and investigate the antioxidant activity of the extracts by in vitro methods. 2. Methods 2.1.
Materials The L. aromatica plant used in this study was bought at a Vietnamese store in Taiwan.
FolineCiocalteu (FC) reagent, sodium carbonate anhydrous, gallic acid, sodium nitrite, so- dium hydroxide,
aluminum chloride anhydrous,

282,2- diphenyl-1-picrylhydrazyl (DPPH), trichloroacetic acid, ferric chloride
anhydrous, ascorbic acid, and catechin were pur- chased from Sigma-
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Aldrich GmbH (Sternheim, Germany). Sulfuric acid and potassium-hexacyanoferrate were obtained from
Merck (Darmstadt, Germany).

29Anhydrous monobasic potassium phosphate was purchased from Fisher
Chemicals (Fair Lawn, NJ, USA),whereas HPLC-grade methanol, ethanol, and
acetone were supplied by Sigma-Aldrich (St. Louis, MO,

USA). 2.2. Sample preparation After the roots were removed, a fresh L. aromatica plant (2 kg) was washed
and freeze-dried. The freeze-dried sample was ground into powder using a kitchen milling machine and
passed through a 60-mesh sieve. The powder (100 g) was then defatted using n-hexane as the solvent. The
solideliquid mixture was filtered with ADVANTEC qualitative filter paper number 2, and the residue was dried
in an oven at 50 C for 6 hours. The dried defatted L. aromatica (DFLA) was stored at 4 C prior to extraction.
2.3. Extraction of DFLA DFLA (30 mg) was mixed with the solvent (1.6 mL), and the mixture was vigorously
stirred for 5 minutes. The mixture was then centrifuged (13,000g, 25 C) for 20 minutes. The super- natant
obtained

3was concentrated under vacuum at 45 C and freeze-dried

for 24 hours. The freeze-dried extract was weighed to determine the extraction yield. All freeze-dried
extracts were kept at 4 C prior to analyses. 2.4. Determination of polyphenol content 2.4.1. Total phenol
content Total phenol content (TPC) in each extract was determined using the FC method described by
McDonald et al [13], with minor modifications. The freeze-dried extract was dissolved in distilled water to a
concentration of 50 mg/mL. The cali- bration curve was established using gallic acid (0e60 mg/mL). The
diluted extract or gallic acid (1.6 mL) was added to 0.2 mL FC reagent (5-fold diluted with distilled water) and
mixed thoroughly for 3 minutes. Sodium carbonate (0.2 mL, 10%

1w/v) was added to the mixture and the mixture was allowed to stand for 30
minutes at room temperature. The absorbance of the mixture was measured at
760 nm using a

UVeVIS spec- trophotometer V-550 model (Jasco, Tokyo, Japan). TPC was expressed as milligram gallic
acid equivalent per gram defatted L. aromatica (mg GAE/g DFLA). 2.4.2. Total flavonoid content The total
flavonoid content (TFC) of each extract was inves- tigated using the aluminum chloride colorimetry method
described by Chang et al [14] with slight modifications. In brief, the extract sample was diluted with methanol
until 100 mg/ mL. The calibration curve was prepared by diluting quercetin in methanol (0e100 mg/mL). The
diluted extract or quercetin (2.0 mL) was mixed with 0.1 mL of 10% (w/v)

21aluminum chloride solution and 0. 1 mL of 0.1 mM potassium acetate solution.

The mixture was kept at room temperature for 30 minutes. Then the maximum

absorbance of the mixture was measured at 415 nm
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using a UVeVIS spectrophotometer. TFC was expressed as milligram quercetin equivalent per gram
defatted L. aromatica (mg QCE/g DFLA). 2.5. Antioxidant activity 2.5.1. Total antioxidant activity The total
antioxidant activity (TAA) of the freeze-dried extract was determined by adapting the method used by
Govindar- ajan et al [15] and Subhasree et al [16] with slight modifica- tions. In brief, the freeze-dried extract
was diluted with distilled water (60e220 mg/mL). The diluted extract (0.2 mL) was then mixed with 1.8 mL of
reagent

22(0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium
molybdate) in a capped plastic tube. The tube was incubated in a water bath at 90

C for 90

minutes, then cooled down to room tem- perature. The absorbance of this solution was measured at 695 nm
using a UVeVIS spectrophotometer against a blank. Ascorbic acid (5e60 mg/mL) was used as the standard.
TAA is expressed as equivalent of ascorbic acid. 2.5.2. Reducing power The method described by Chu et al
[17] was applied in this work to determine the reducing power of freeze-dried extract. This

8reducing power was investigated by observing the transformation of Fe3þ

to Fe2þ. The extract was diluted

with distilled water (60e220 mg/mL). The diluted

30extract (0.5 mL) was mixed with phosphate buffer (2.5 mL, pH 6.6) and
potassium ferricyanide (2.5 mL,

1% w/w) in a test tube, fol- lowed by incubating

8in a water bath at 50 C for 30 minutes. After the tube was removed from the
water bath,

trichloro- acetic acid (2.5 mL, 10% w/v) was added into the tube and centrifuged (13,000g, 10 minutes). The

23supernatant (2.5 mL) was diluted with distilled water (2.5 mL), and freshly
prepared ferric chloride (0.5 mL, 0.1% w/w) was added.

The mixture was mixed thoroughly and its absorbance was measured at 700 nm using a UVeVIS
spectrophotometer. 2.5.3. DPPH radical scavenging activity The antioxidant activity of the extract was
measured with the DPPH method [18] with slight modifications. A solution of DPPH was freshly prepared by
dissolving 6 mg DPPH in 50 mL methanol (about 0.3 mM). The extract (2.5 mL) with varying concentrations
(60e220 mg/mL) and DPPH
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28solution (2.5 mL) was mixed

together in a test tube. The test tube was then incubated in the dark for 20 minutes at room temperature.
The

14decrease in absorbance was measured at 517 nm using a UVeVIS

spectrophotometer. The percentage inhibition of radicals was calculated using
the following formula: Acontrol Asample 100 %inhibition ¼ Acontrol where
Acontrol is the absorbance of DPPH solution without extract and Asample is the

absorbance of sample with DPPH solution. The

half-maximal inhibitory concentration (IC50) was reported as the amount of antioxidant required to decrease
the initial DPPH concentration by 50%. All tests were performed at least in triplicate, and graphs were
plotted using the average of three determinations. 2.6.

2Statistical analyses All analyses were done at least in triplicate, and these
values were then presented as average values along with their standard
derivations. Data were analyzed using the Minitab software. Statistical
comparisons were performed with one- way analysis of variance, and p
values < 0.05 were regarded

Table 1 Extraction yield, TPC, TFC of freeze-dried L. aromatica extracts. e Solvent system a Extraction yield
(%)b TPC (mg GAE/g) TFC (mg QCE/g) Water Methanol 100% (M) 75% aqueous methanol (M3) 50%
aqueous methanol (M1) Ethanol 100% (E) 75% aqueous ethanol (E3) 50% aqueous ethanol (E1) Acetone
100% (A) 75% aqueous acetone (A3) 50% aqueous acetone (A1) 25.58 1.04 26.06 1.64 32.92 1.32 29.69
1.07 17.03 2.66 26.08 1.35 32.94 1.86 12.33 1.53 27.14 1.58 33.67 1.61 6.25 0.24 31.50 1.60 35.70 1.95
20.20 0.38 40.50 0.88 30.60 1.36 30.30 0.54 40.30 0.20 39.10 0.87 29.60 0.15 4.04 15.42 22.51 11.11 31.11
19.47 17.19 30.86 29.34 19.22 0.08 0.40 0.97 0.56 0.43 0.35 0.15 0.14 0.64 0.68

24GAE ¼ gallic acid equivalent; QCE ¼ quercetin; TFC ¼ total flavonoid
content; TPC ¼ total phenol content.

a Expressed as fraction of solvents to water. b Expressed as 100 (g dry extract/g dry leaves). as significant.
The correlation coefficients (R) between TPC and TFC were calculated to determine their relationship. 3.
Results and discussion 3.1. Effects of solvent on extraction yield and polyphenol content 3.1.1. Extraction
yield There are many steps to obtain phytochemicals from plant such as milling, grinding, homogenization,
and extraction. Among these steps, extraction is the main step for recovering and isolating phytochemicals
from plant materials. Extraction efficiency is affected by the chemical nature of phytochemi- cals, the
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extraction method used, sample particle size, the solvent used, as well as the presence of interfering
substances [19]. The yield of extraction depends on the solvent

18with varying polarity, pH, temperature, extraction time, and composition of
the sample. Under the same extraction time and temperature, solvent and
composition of sample are known as the most important parameters.

In this work, L. aromatica extracts were obtained by using water and different concentrations of aqueous
methanol, ethanol, and acetone (50%, 75%, and 100%). Extraction yields ranged from 12.33% for acetone
extract to 33.67% for 75% aqueous acetone extract (Table 1). The yields of extraction by various solvents
decreased in the following order: 50%

13aqueous acetone > 50% aqueous ethanol > 75% aqueous methanol > 50%
aqueous methanol > 75 % aqueous acetone

> 75% aqueous ethanol > 100% methanol > RO water > 100% ethanol > 100% acetone. It can be seen that
the extraction yield of pure methanol (26.06%) is higher than that of pure ethanol (17.03%) and pure
acetone (12.33%). This shows that the extraction yield in- creases with increasing polarity of the solvent
used in extraction. It can also be found that the yield of the water extract (25.58%) is only slightly less than
that of the pure methanol extract (26.06%), whereas the yield of aqueous sol- vent extract (from 26.08 % for
75% aqueous ethanol to 33.67 % for 50% aqueous acetone) is higher than that of the pure sol- vent extracts
(from 12.33% for acetone to 26.06% for meth- anol). These results indicate that increasing the water
concentration in the solvent enhances extraction yield. Compounds other than phenolics may have been
extracted and contribute to higher yield. This may be attributable to the higher solubility of proteins and
carbohydrates in water and methanol than in ethanol and acetone [20]. The combined use of water and
organic solvent may facilitate the extraction of chemicals that are soluble in water and/or organic solvent.
This may be the reason why yields of aqueous methanol, ethanol, and acetone extracts are higher than
yields of water, methanol, ethanol, and acetone extracts. The results of this study are in agreement with the
extraction yields of rice bran [21] and some medicinal plants [22]. 3.1.2. TPC Table 1 shows the TPC of the
extracts measured using the FC method. TPC values were obtained from the calibration curve y ¼ 50x þ
7.75 with

31R2 ¼ 0. 9894, where x is the absorbance and y is the concentration of gallic
acid solution (mg /mL)

expressed as mg GAE/g DFLA. The TPC values of the extracts range from 6.25 mg GAE/g DFLA for water
extract to 40.5 mg GAE/g DFLA for 100% ethanol extract (Table 1) and they decrease in the following order:
100% ethanol > 100% acetone > 75% aqueous acetone > 75% methanol > 100% methanol > 75% ethanol >
50% ethanol > 50% acetone > 50% methanol > water. The TPC of the 100% ethanol extract is not
significantly higher than that of the 100% acetone extract, whereas the TPC of the water extract is
significantly less than that of other solvents (p < 0.01). It was also found that the TPC of the extracts
decreased
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10with increasing water content in the aqueous solvent

except for the methanol system. The TPC of the 75% aqueous methanol extract (35.7 mg GAE/g DFLA) is
higher than that of the 100% methanol extract (31.5 mg GAE/g DFLA) and the 50% aqueous extract (20.20
mg GAE/g DFLA). This may be attributable to the content of more nonphenol com- pounds such as
carbohydrate and terpene in water extracts than in other extracts. It may also be caused by the possible
complex formation of some phenolic compounds in the extract that are soluble in methanol, acetone, and
ethanol. These phenolic compounds may possess more phenol groups or have higher molecular weights
than the phenolics in the water extract. Based on the results of TPC, the best extracting solvent was ethanol.
3.1.3. TFC The TFC of the extracts are reported in Table 1. The TFCs can be

9grouped into four levels. The first and the highest level

(29.34e31.11 mg QCE/g DFLA) with the highest value belongs to the 100% ethanol extract (31.11 mg
QCE/g DFLA), followed by the 100% acetone extract (30.86 mg QCE/g DFLA) and the 75% aqueous
acetone extract (29.36 mg QCE/g DFLA). The second level (19.22e22.51 mg QCE/g DFLA) includes the
75% aqueous methanol extract (22.51 mg QCE/g DFLA), the 75% aqueous ethanol extract (19.47 mg
QCE/g DFLA), and the 50% aqueous acetone extract (19.22 mg QCE/g DFLA). The third level (11.11e17.19
mg QCE/g DFLA) includes the 50% aqueous ethanol (17.19 mg QCE/g DFLA), the 100% methanol extract
(15.42 mg QCE/g DFLA), and the 50% aqueous extract (11.11 mg QCE/g DFLA). The

9final level with the lowest TFC, is the water extract

(4.04 mg QCE/g DFLA). It was observed that the effect of

9solvents on TFC is similar to that on TPC. The highest TFC was

obtained in the 100% ethanol extract, fol- lowed by the 100% acetone extract, the 100% methanol extract,
and the water extract. A similar trend was observed in the amount of TPC. As the concentration of water in
ethanol or acetone increases, the TFC in the extract de- creases. By contrast, the TFC in the 75% aqueous
methanol extract is higher than that in the 100% methanol extract and the 50% aqueous methanol extract. A
correlation analysis was performed on polyphenolic contents (TPC and TFC) of L. aromatica extracts. The
correla- tion between TPC and TFC assay was found to be 0.923. This indicates

9that flavonoids are the dominating phenolic group in L. aromatica. The result

is similar to the extraction of phenolics from guava and pisang mas, a variety of banana [23]. Some
flavonoids that were isolated from L. aromatica have been identified by Khrisnan et al [11] and Bui et al [12].
3.2. Solvent effects on antioxidant activities 3.2.1. TAA The TAA of the extract was calculated based on the
formation of the phosphomolybdenum complex. This activity was measured spectrophotometrically at 695
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nm [15] and expressed as equivalents of ascorbic acid. Fig. 1 shows the TAA of extracts in a concentration-
dependent manner. The extract of 100% ethanol gave the highest TAA, followed by the extracts of 100%
acetone, 100% methanol, 75% aqueous acetone, 75%

13aqueous methanol, 50% aqueous acetone, 50% aqueous ethanol, and 50%
aqueous methanol. The

TAA of the water extract is the lowest and is significantly different from that of the others (p < 0.05). The TAA
of the 100% ethanol extract is higher than that of the 100% acetone extract. How- ever, both extracts show
significantly higher TAA than that of the other extracts (p < 0.05). By contrast, TAAs of the other extracts do
not show significant difference from each other. 3.2.2. Reducing power The reducing power of the extract,
which may serve as a reflection of its antioxidant activity, was determined using a modified Fe3þ to Fe2þ
reduction assay, whereby the yellow

4color of the test solution changes to various shades of green and blue,
depending on the reducing power of the sample. The presence of antioxidants in

the sample causes the reduction of Fe3þ /ferricyanide complex to the Fe2þ form,
which is monitored by measuring the formation of Perl’s Prussian blue at 700
nm

[24]. In Fig. 2, all extracts show some degrees of electron-donating capacity in a concentration-dependent
manner. The 100% ethanol extract once again gave the high- est reducing power and is significantly higher
(p < 0.05) than that of the other extracts at all concentrations studied, fol- lowed by that of the 100% acetone
extract, the 100% methanol extract, and the extracts obtained by different concentrations of aqueous
acetone, aqueous ethanol, and aqueous methanol. The reducing power of the 100% acetone extract at
concen- trations ranging from 60 mg/mL to 100 mg/mL is insignificantly higher than that of the 100%
methanol extract and the ex- tracts of aqueous ethanol, aqueous methanol, and aqueous Fig. 1 Total
antioxidant activity of Limnophila aromatica e extracts in different solvents. Fig. 2 e Reducing power of
Limnophila aromatica extracts in different solvents. acetone. However, at concentrations higher than 100
mg/mL, the reducing power of the 100% acetone extract is significantly higher (p < 0.05) than that of the
extracts of 100% methanol, aqueous ethanol, aqueous acetone, and aqueous methanol. The lowest
reducing power was found in the water extract. Its value is also significantly lower than that of the other
extracts at all concentrations studied. 3.2.3. DPPH radical scavenging activity

3DPPH radical is a stable organic free radical with an absorption band at 517

nm. It loses this absorption when accepting an electron or a free radical
species, which results in a visually noticeable discoloration from purple to
yellow.

It
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16can accom- modate many samples in a short period and is sensitive
enough to detect active ingredients at low concentrations

[25]. Fig. 3

12shows the DPPH scavenging activities of the extracts in a concentration -
dependent manner.

The extract obtained by 100% ethanol yielded the highest DPPH radical scavenging activity at
concentrations ranging from 60 mg/mL to 180 mg/mL. Fig. 3 DPPH (2,2-diphenyl-1-picrylhydrazyl) radical e
scavenging activity of Limnophila aromatica extracts in different solvents. However, at concentrations
ranging from 180 mg/mL to 220 mg/ mL, its DPPH radical scavenging activity is not significantly different
from those of the other extracts. All extracts ob- tained by using a pure and aqueous organic solvent gave
stronger radical scavenging capacity than that of the water extract. A similar trend was observed in the study
of DPPH radical scavenging activity of pineapple crude extract [23] and defatted wheat germ [26]. 3.2.4.
IC50 The IC50 of a compound is inversely related to its antioxidant capacity, as it

12expresses the amount of antioxidant required to decrease the DPPH
concentration by 50%, which is obtained by interpolation from a linear
regression analysis

[27]. A lower IC50 indicates a higher antioxidant activity of a compound. Table 2 shows the IC50 values in
the DPPH radical scavenging activity assay of the extracts. It was found that the 100% ethanol extract
possesses the strongest DPPH radical activity (IC50 ¼ 70.06 mg/mL). Phenolics were the main antioxidant
components, and their total contents were directly proportional to their anti- oxidant activity [27]. In this
study, there is a correlation be- tween total phenolic content and antioxidant activity of the freeze-dried L.
aromatica extracts.

10With increasing water content in the solvent, yield increased whereas total
phenolic content and antioxidant activity decreased.

This result is different from the results of previous studies on black tea and mate tea [5] and bunga kantan
inflorescence [28]. Almost all of their results showed higher TPC as well as TAA when the organic solvent
system contains water. In this study, it was also observed that the TPC, TFC, and antioxidant activity of pure
acetone and pure ethanol extracts are higher than those of pure methanol, water, and the other solvents.
The Table 2 IC50 in DPPH radical scavenging activity. e Extracts IC50 (mg/mL) Water Methanol 100% (M)
75% aqueous methanol (M3) 50% aqueous methanol (M1) Ethanol 100% (E) 75% aqueous ethanol (E3)
50% aqueous ethanol (E1) Acetone 100% (A) 75% aqueous acetone (A3) 50% aqueous acetone (A1) Gallic
acid1y Ascorbic acidy 679.67 1.4i 95.68 0.8e 80.98 2.5c 137.85 0.4h 70.06 1.0a 106.18 1.2f 109.97 1.0fg
88.06 79.98 110.36 2.6 8.4 1.3d 1.6b 0.24g Different superscripted letters (aei) indicate significant difference
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from one another (p > 0.05). DPPH ¼ 2,2-diphenyl-1-picrylhydrazyl; IC50 ¼ half-maximal inhib- itory
concentration. y The IC50 values of

7gallic acid and ascorbic acid as controls were taken from

“Antioxidant activity and total phenolic content of some Brazilian species”, by Brighente IMC, Dias M, Verdi
LG, et al. 2007, Pharm Biol 45, p. 156e61. Copyright 2007, Informa Healthcare. Reprinted with permission.
differences between the results of this study and those of other studies may be attributed to several factors:
(1) the dif- ference in plant matrix; (2) different solvents used in extrac- tion resulted in differences in
compositions and antioxidant activities of the extracts [29]; (3) an extract possessing a phenolic compound
that contains a higher number of hy- droxyl groups has a higher antioxidant activity [30]; (4) the method and
conditions of extraction (temperature and time) also affected antioxidant activities [31]. 4. Conclusion The
antioxidant activity of L. aromatica was evaluated using the TAA assay, DPPH radical scavenging assay, and
reducing power assay. In general, extraction yield increased with increasing water content in ethanol,
acetone, and methanol system. This

11may be caused by the combination of organic solvent and water that
facilitates the extraction of all

com- pounds that were soluble in both water and organic solvents. In contrast to extraction yield, the TPC,
TFC, and antioxidant activity decreased

10with increasing water content in organic solvents. The

20water extract may either contain more non- phenolic compounds or
possess phenolic compounds that contain a smaller number of active
groups than the other solvents. The TPC of extracts were

32consistent with the TFC and antioxidant activity of extracts. By considering
both yield and antioxidant activity, extraction by using 75% acetone provided
significantly better results

(extraction yield 27.14 1.58%, TPC 39.10 0.87 mg GAE/g DFLA, TFC 29.34 0.64 mg QCE/g DFLA, IC50
79.98 1.8 mg/mL) than those of the other solvent systems. But despite its extraction yield, extract of L.
aromatica in 100% ethanol fraction showed the highest amounts of TPC (40.50 0.88 mg GAE/g DFLA) and
TFC (31.11 0.43 mg QCE/g DFLA) and the lowest value of IC50 (70.06 1.0 mg/mL). It is clear that 100%
ethanol extract gave the highest antioxidant capacity in all in vitro assays studied. The results of this work
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indicated that L. aromatica, when a proper extraction solvent is established, could serve as a medicine
against free-radical-associated oxidative damage.
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