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Abstract 

Three antioxidant active compounds from methanolic extract of Elaeocarpussylvestris leaves are isolated by column 
chromatography and preparative TLC. Based on instrumental analysis, the compounds are identified as ellagic acid (1), gallic 
acid (2), and methyl gallate (3). The compounds have good antioxidant activity on scavenging DPPH radicals, reducing power 
and β-carotene bleaching assays. Further analysis of relationship between structures and activity of isolated compounds and 
fourteen benzoic acid derivatives are also investigated. The result shows that number and position of phenolic hydroxyl groups 
are important for antioxidant activity, particularly in ortho and para position. This study suggests that methanolic extract of E. 
sylvestris is potential as a natural antioxidant source. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Sustain Society. 
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1. Introduction 

Antioxidants play an important role to protect human body from free radicals which cause oxidative stress in 
tissue of lungs, heart and cardiovascular system, kidneys, liver, gastrointestinal tract, blood, eye, skin, muscle and 
brain1. To counteract oxidative stress caused by free radicals, the body produces antioxidant for neutralizing the free 
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radicals. However, when mechanism of antioxidant protection becomes unbalanced, supplements of antioxidant may 
be taken to help on reducing oxidative damage2. Those supplements can be extracted from nature such as plants, 
food, fungi, etc. 

The search of natural antioxidants that are safer and fewer side effects has taken a high attention in recent years. 
Our previous study3 screens several subtropical plants on their antioxidant and α-glucosidase inhibitory activities. Of 
the plants, Elaeocarpussylvestris that has been used as herbal medicine and known to possess various biological 
activities4 has the highest activity in several antioxidant assays. Therefore, in the present study we isolate and 
identify potential antioxidant compounds from E. sylvestris and also investigate their relationship between structures 
and antioxidant activity. 

2. Materials and Methods 

2.1. General Instruments and Chemicals 

Ultraviolet (UV) spectra were measured using Shimadzu UV-VIS 1200 spectrophotometer (Shimadzu Corp., 
Kyoto, Japan).  Melting points were determined by Yanaco micro melting point apparatus (Yanaco Co., Ltd., Kyoto, 
Japan). Mass spectra were recorded using Shimadzu GC-MS QP 5050A (Shimadzu Corp.) at an electron energy of 
70eV with a direct inlet and also analyzed using Waters TOF-MS. HPLC analysis was conducted by using Waters 
Delta 600 UV/Visible detector Waters 2489. Quercetin, gallic acid, methyl gallate, ascorbic acid, ellagic acid, 
benzoic acid derivatives, 1,1-diphenyl-2-picrylhydrazyl (DPPH), β-carotene, potassiumferricyanide and 
trichloroacetic acid were obtained from Wako pure chemical industries Ltd., Osaka, Japan.   

2.2. Preparation of Extract 

Approximately 2 kg of E. sylvestris leaves were collected from plant collection of Ehime University between 
February-March 2012. A voucher specimen was deposited in the Laboratory of Plant Chemistry, Faculty of 
Agriculture, Ehime University. Collected leaves were dried at room temperature, crushed and directly used for 
extraction with methanol twice for a week. The extracts were filtered and concentrated under a rotary evaporator and 
then vacuum dried. 

2.3. Isolation of Antioxidant Compounds 

Crude extracts of E.sylvestris were fractionated with n-hexane, chloroform, ethyl acetate and methanol, 
respectively as shown in Fig. 1. Each fraction was concentrated using rotary evaporator and dried. DPPH radical 
scavenging activity was applied as general assay for guiding the isolation. Active fraction was then separated using a 
silica gel column chromatography and eluted by stepwise gradient of n-hexane, ethyl acetate and methanol to obtain 
several fractions.  

The methanol fraction as the most active fraction was further separated by silica gel column chromatography 
afforded 19 fractions. Fraction 15, the active fraction, was further separated to obtain 3 fractions. Fraction 15-3 was 
purified with ethanol to obtain compound 1 (20 mg). As further separation, other active fractions in which fraction 
13 was separated by silica gel preparative TLC plate eluted with ethyl acetate:methanol:water (15:1.5:1) to afford 
compound 2 (4 mg). Furthermore, similar method of preparative TLC was also applied to isolate compound 3 (5 
mg) from fraction 15-1-2.figures should be numbered with Arabic numerals (1,2,3,….). Every figure should have a 
caption. All photographs, schemas, graphs and diagrams are to be referred to as figures. Line drawings should be 
good quality scans or true electronic output. Low-quality scans are not acceptable. Figures must be embedded into 
the text and not supplied separately. In MS word input the figures must be properly coded. Preferred format of 
figures are PNG, JPEG, GIF etc. Lettering and symbols should be clearly defined either in the caption or in a legend 
provided as part of the figure. Figures should be placed at the top or bottom of a page wherever possible, as close as 
possible to the first reference to them in the paper. Please ensure that all the figures are of 300 DPI resolutions as 
this will facilitate good output. 
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Fig 1. General procedure of the isolation of antioxidant compounds from E. sylvestris. *Active fractions or compounds. 

2.4. Identification of the Isolated Compounds 

Identification of physicochemical properties of active compounds was applied by Thin Layer Chromatography 
(TLC) analysis, melting point and further identification using UV Spectrophotometer, DI-MS, HPLC, TOF-MS and 
NMR analysis.  

Compound 1 was isolated as pale yellow powder; UV absorption, λmax(methanol) 255 nm and 365 nm; melting 
point>300oC. Negative ion mass spectroscopy of TOF-MS gave a quasi-molecular ion peak at m/z 301 [M-H]. The 
HPLC analysis using CAPCELL PAK C18 column (type MG size 4.6mmI.D.x250mm), mobile phase 
methanol:water (70:30), and flow rate 1 mL/min showed a single peak at 2.60 min. 

Identification of compound 1 was also confirmed by acetylation of the compound. Approximately 15 mg of 
compound 1, 1 mL of pyridine and 1 mL of acetic anhydride were stirred overnight at room temperature. To the 
solution, iced water was added and the reaction was incubated for overnight. The solution was then extracted using 
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chloroform, washed with HCl 1 M and saturated NaHCO3 solution, respectively. Amount of Na2SO4 was used to 
absorb the remaining water in chloroform solution prior to evaporation. Acetylation product was obtained as white 
powder; melting point >300oC; and molecular ion peak m/z 470 confirmed by mass spectra of direct inlet mass 
spectrometer (DI-MS).  

Compound 2 was isolated as white amorphous powder; UV absorption, λmax(methanol) 273.5 nm and 216 nm; 
melting point248-250oC. HPLC analysis shown a single peak at 2.40 min and molecular ion peak confirmed by DI-
MS was m/z 170. The NMR analysis of compound 2 shown as follow: 1H NMR (Acetone-D6, 500 MHz):δ7.10 (2H, 
s, H-2, H-6); 13C NMR (Acetone-D6, 500 MHz): δ110.50 (C-2, C-6), δ122.45 (C-4), δ139.03 (C-1), δ146.41 (C-3, 
C-5), δ168.14 (C-7). 

Compound 3 was isolated as white crystal; UV absorption, λmax(methanol) 275.5 nm and 217 nm; melting point 
200-202oC. HPLC analysis showed a single peak at 2.87 min and molecular ion peak confirmed by DI-MS was m/z 
184. The NMR analysis of compound 3 shown as follow: 1H NMR (Acetone-D6, 500 MHz):δ3.72 (3H, s, OCH3), 
δ7.00 (2H, s, H-2, H-6); 13C NMR (Acetone-D6, 500 MHz): δ52.11 (OCH3), δ109.90 (C-2, C-6), δ120.56 (C-4), 
δ141.34 (C-1), δ147.20 (C-3, C-5), δ168.00 (C=O). 

2.5. DPPH Radical Assay 

DPPH radical scavenging assay was conducted as previous report5. Various concentrations of samples were 
mixed with 0.5 mL of the 1 mM DPPH radical solution in methanol. A Similar solution without samples was 
applied as a control. Absorbance (A) was measured using spectrophotometer at 517 nm after incubation at room 
temperature under dark conditions for 30 min. Quercetin was used as positive standards. The percentage of 
scavenging activity was determined by the following formula: 

X100%
controlA

sampleAcontrolA
(%)activityScavenging (1) 

Furthermore, the activities were shown as an IC50 value, which indicated concentration required to scavenge 50% 
of free radicals. 

2.6. Reducing Power Assay 

Reducing power assay was measured as previous report5 with minor modification. Approximately 0.5 mL of 
various concentrations of samples in methanol was mixed with phosphate buffer (2.5 mL, 0.2 M, pH 6.6) and 
potassium ferricyanide (2.5 mL, 1%). Trichloroacetic acid (2.5 mL, 10%) was added to mixture after 20 min 
incubation at 50oC. The mixture was then centrifuged at 3000 rpm for 10 min. The upper layer solution (2.5 mL) 
was mixed with distilled water (2.5 mL) and ferric chloride solution (0.5 mL, 0.1%). The absorbance was measured 
at 700 nm. Ascorbic acid was used as standard. 

2.7. β-Carotene Bleaching Assay 

β-Carotene bleaching assay was applied based on previous method6  with slight modification. Approximately 0.2 
mg of β-carotene, 20 mg of linoleic acid and 200 mg of Tween40 were mixed in 0.5 mL of chloroform, which was 
then removed using a rotary evaporator at 400C. The mixture was diluted with distilled water and mixed vigorously. 
The mixture was made up to 50 mL and aliquots (4.8 mL) were added to the test tube containing various 
concentrations of each sample and methanol (control). Similar solution without β-carotene was prepared as 
background. The tubes were incubated at 500C. Absorbance at 470 nm was measured periodically at 0, 30, 60, 90, 
and 120 min. Ascorbic acid was used as standard. 
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2.8. Structure and Activity Relationship Analysis 

Structure and antioxidant activity relationship analysis was conducted to the isolated compounds and fourteen 
benzoic acid derivatives including -dihydroxy; -trihydroxy; ρ-hydroxy;-dimethoxy; and -trimethoxybenzoic acid to 
analyze the importance of phenolic hydroxyl to antioxidant activity. DPPH radical scavenging assay was applied to 
represent analysis of antioxidant activity. 

2.9. Statistical Analysis 

All assays were performed in triplicates of three independent experiments. Data were expressed as mean ± 
standard deviation value.    

3. Results and Discussion 

3.1. Isolation and Identification 

Crude extract of E.sylvestris was separated into n-hexane, chloroform, ethyl acetate and methanol fractions, 
respectively. The DPPH scavenging activities of crude extract and the fractions are shown in Table 1.  

           Table 1. DPPH scavenging activity of crude extract and its fractions 

Samples IC50 value (μg/mL) 

Crude extract 11.3±1.4 

n-Hexane fraction 14.0±0.3 

Chloroform fraction 16.0±0.6 

Ethyl acetate fraction 7.9±0.6 

Methanol fraction 7.7±0.8 

Quercetin 7.4±0.1 

 
Ethyl acetate and methanol fractions showed higher activity than others. However, the methanol fraction had the 

highest activity on scavenging DPPH radicals. Therefore, it was further separated using column chromatography to 
afford several active fractions.  

Fraction 15-3 was purified to yield compound 1. In accordance with physicochemical analysis such as TLC 
profile, melting point, UV spectrum (λmax), HPLC profile, TOF-MS, DI-MS spectra and acetylation analysis, 
compound 1 was identified asellagic acid. The molecular ion and important fragment ions of compound 1 are listed 
in Table 2. Although fragments of ellagic acid are rigid and only small fragment were observed7,8, the fragments of 
m/z 78; 190; 228; and 246 were related to fragmentation behaviour of ellagic acid9. In order to confirm 
identification of compound 1, physicochemical analysis of authentic sample of ellagic acid was also conducted and 
showed that compound 1 have similar physicochemical analysis results with that of ellagic acid.  

TLC analysis of acetylated products of compounds 1 and authentic standard of ellagic acid had similar Rf value. 
TLC spots were higher than starting materials (compound 1 and ellagic acid standard) indicating decrease of polarity 
of acetylated products. The decrease of polarity might be due to conversion of hydroxyl groups to acetyl forms. 
Melting point of acetylated products were >300oC. Mass spectra of acetylated products by DI-MS possessed a 
molecular ion peak at m/z 470 and showed presence of four acetyl groups confirming products as ellagic acid 
tetraacetate. The important fragment ions of those acetylated products are listed in Table 2. Therefore, based on its 
physicochemical analysis compared with authentic standard of ellagic acid and confirmed by acetylated products, 
compound 1 was identified as ellagic acid (Fig. 2). It was in accordance with references reporting similar results on 
physicochemical properties of both ellagic acid and ellagic acid tetraacetate10-12. 

Other antioxidant active compounds were also detected by TLC analysis and yielded compounds 2 and 3. 
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Identification by important fragment ions of compounds 2 and 3 are shown in Table 2. Based on fragment ions of 
compound 2, m/z 170 (base peak) represented molecular formula of the molecule, while m/z 153 indicated loss of a 
hydroxyl group and m/z 125 [M-COOH] subsequently loss of a carbonyl group derived from m/z 153 and indicated 
trihydroxy phenyl moiety. Meanwhile, mass spectrum of compound 3 resulted m/z 184 as [M+]. Fragment with m/z 
153 represented loss of methoxy group (-OCH3) and following fragment (m/z 153; 125; 107; 79; 51) showed a 
similar fragment with that of compound 2 indicating that compound 3 is methyl ester of compound 2. Therefore, 
compound 2 and 3 were identified as gallic acid and methyl gallate, respectively. Gallic acid and methyl gallate are 
commonly known as antioxidant13-15. The NMR analysis of compounds 2 and 3 also showed similar data with 
previous reports representing identification of gallic acid and methyl galate16,17. Chemical structures of compound 2 
and 3 are shown in Fig. 2. 

  Table 2. Important fragment ions of isolated compounds and standards 

Compounds M.W Mol. Formula m/z (abundance) 

1 302 C14H6O8 302 (100); 246 (15.55); 190 (17.93); 162 (20.69); 134 (9.26); 
105 (13.60); 78 (20.10); 51 (14.97) 

2 170 C7H6O5 170 (100) ; 153 (89.52); 125 (28.60); 107 (7.15); 79 (22.28); 
51 (19.50) 

3 184 C8H8O5 184 (50.87); 153 (100); 125 (32.27); 107 (6.76); 79 (19.18); 
51 (11.21) 

Ellagic acid 302 C14H6O8 302 (100); 246 (18.85); 190 (20.80); 162 (19.85); 134 
(11.02); 105 (17.29); 78 (36.20); 51 (25.15) 

Gallic acid 170 C7H6O5 170 (100) ; 153 (90.08); 125 (24.75); 107 (5.36); 79 (20.42); 
51 (17.28) 

Methyl gallate 184 C8H8O5 184 (52.12); 153 (100); 125 (37.53); 107 (9.46); 79 (43.12); 
51 (30.26) 

Acetylation product of ellagic acid 470 C22H14O12 470 (2.14) ; 428 (8.43); 386 (26.01); 344 (26.69); 302 (100); 
246 (1.55); 162 (0.65) 

Acetylation product of compound 1 470 C22H14O12 470 (0.60) ; 428 (3.83); 386 (13.32); 344 (20.71); 302 (100); 
246 (3655); 162 (3.60) 

It has been reported that several compounds from E. sylvestris have been isolated; 1,2,3,4,6-penta-O-galloyl-β-
D-glucose, elaeocarpusin, 2-hydroxy-benzaldehyde, coniferyl alcohol, umbelliferone, scopoletin, beta-sitosterol and 
daucosterol4,18,19. In some species of Elaeocarpus, the following ellagic acid derivatives; 4-O-methylellagic acid 3’-
α-rhamnoside, 4-O-methylellagic acid 3’-(3”-O-acetyl)-α-rhamnoside, 4-O-methylellagic acid 3’-(4”-O-acetyl)-α-
rhamnoside, 4-O-methylellagic acid 3’-(2”,3”-di-O-acetyl)-α-rhamnoside were isolated as well as cucurbitacin D 
and cucurbitacin F20,21. However, aglyconellagic acid, gallic acid and methyl gallate have not been reported before 
to be isolated from E. sylvestris. Therefore, although the isolated compounds are known compounds, in our best 
knowledge, this is the first report that ellagic acid, gallic acid and methyl gallate were isolated from E. sylvestris. 

 

 
 
 
 
 

(1)                              (2)                      (3) 
 

Fig. 2. Chemical structure of the isolated compounds: (1) ellagic acid; (2) gallic acid; (3) methyl gallate 
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3.2. Antioxidant Assays of the Isolated Compounds 

To evaluate antioxidant activity of isolated compounds, several antioxidant assays were required2. DPPH 
scavenging activity assay, reducing power assay as well as β-carotene bleaching assay were conducted. All the 
isolated compounds had higher DPPH scavenging activity compared with quercetin. The IC50values of compounds 
1, 2 and 3 on scavenging DPPH radicals are shown in Table 3. 

   Table 3. DPPH scavenging activity of isolated compounds 

Compounds IC value (μg/mL) 

1 3.2±0.1 
2 3.7±0.4 
3 4.7±0.1 
Quercetin 7.4±0.1 

 
It has been reported that the phenolic hydroxyl group is an excellent free radicals scavenger22-24. It is due to 

hydrogen from this group is donated to free radicals, resulting in a relatively stable free radical forms25. Compound 
1, ellagic acid, contains four phenolic hydroxyl groups, meanwhile compound 2 (gallic acid) and 3 (methyl gallate) 
have three phenolic hydroxyl groups. Therefore, it was considered that presence of hydroxyl groups on isolated 
compounds could stabilize DPPH radicals. Furthermore, the tetraacetate of compound 1 showed no activity on 
scavenging DPPH radicals. It indicated that absence of phenolic hydroxyl group or conversion of hydroxyl group to 
acetyl form decreased free radical scavenging activity.   

Reducing power assay serves as a significant reflection of antioxidant activity. Compounds having high reducing 
power indicate that they are electron donors since Fe (III) reduction is often used as an indicator of electron donating 
activity26. In reducing power assay, presence of antioxidants would result in reducing of Fe3+ to Fe2+ by donating an 
electron. A number of Fe2+ can be then monitored by measuring formation of Perl`s Prussian blue at 700 nm. Fig. 3 
shows reducing power of isolated compounds compared with ascorbic acid as standard. It was found that all the 
isolated compounds have higher reducing power compared to ascorbic acid. The reducing power increased with the 
increasing of concentrations. Since Fe (III) reduction indicating an electron donating activity, it was also considered 
role of phenolic hydroxyl groups in reducing power assay. The structural chemistry of phenolic compounds makes it 
easy to donate an electron without losing their stabilization. 

β-Carotene bleaching assay is another method to evaluate antioxidant activity. It executes discoloration in an 
antioxidant compound absence. Presence of antioxidant can inhibit extent of β-carotene bleaching caused by linoleic 
acid free radicals. In this case, antioxidants neutralize linoleate-free radical and other free radicals generated in 
system6. Inhibition of β-carotene bleaching of isolated compounds is shown in Fig. 3. The result shows that all of 
the isolated compounds can inhibit β-carotene bleaching higher than ascorbic acid as control. However, compound 1 
shows the highest activity. It indicates that the isolated compounds have high capability on neutralizing free radicals 
generated from linoleic acid as well as other free radicals formed in the system. The ability to neutralize free radicals 
generated from linoleic acid and other free radicals in the system creates possibility of the hydroxyl phenolic action. 
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Fig. 3. Evaluation of antioxidant activities: (a) reducing power assay; (b) β-carotene bleaching assay; 1=compound 1; 2=compound 2; 
3=compound 3; AA=ascorbic acid; Bl=blank 

 
Furthermore, it was considered that activity of β-carotene bleaching is concentration-dependent manner. 

Increasing concentration of antioxidant compounds means increasing of phenolic content which may signify free 
radical neutralization process consequently increase inhibition of β-carotene bleaching. This consideration was 
supported based on investigation of β-carotene bleaching assay on the previous study3, which used several 
concentrations to determine the IC50 of β-carotene bleaching. Fig.3 shows inhibition of isolated compounds at 40 
μg/mL. All isolated compounds had higher inhibition of β-carotene bleaching than ascorbic acid.  

Based on the results, all isolated compounds have good activities on antioxidant assays tested. It is in accordance 
with several references reporting that ellagic acid, gallic acid and methyl gallate is potential for antioxidant13-15,27. 
Antioxidant activities of isolated compounds are considered to be affected by presence of phenolic hydroxyl group. 
Phenolic hydroxyl group is known as a good free radicals scavenger28. Therefore, we consider that presence of 
phenolic hydroxyl groups on isolated compounds could stabilize DPPH radicals as well as donate electron to reduce 
Fe (III) on reducing power assay and stabilize linoleate-free radical and other free radicals generated on β-carotene 
bleaching assay. It has been established that phenolic compounds, whose structural chemistry enables chemistry for 
stabilizing and delocalizing unpaired electron and chelating metal ions, are major plant compounds with high 
antioxidant activity due to their redox properties2,29. 

3.3. Structure and Activity Relationship Analysis 

Since isolated compounds belong to benzoic acid group, further analysis of structure and activity relationship of 
benzoic acid derivatives was applied. The analysis has aim to investigate role of phenolic hydroxyl groups as we 
assumed that antioxidant activity of compounds was affected by the phenolic hydroxyl groups existing on the 
compounds. The number and position of phenolic hydroxyl group were considered to play an important role on 
antioxidant activity30. Therefore, several authentic standard of benzoic acid group including -trihydroxy and -
dihydroxybenzoic acid in ortho, meta and para position were used to evaluate antioxidant activity on scavenging 
DPPH radicals. DPPH radical scavenging activities are presented as IC50 values (Table 4). 

The results show that phenolic hydroxyl groups are more important for antioxidant activity compared to carboxyl 
group. It was due to the fact that replacement of thydrogen in carboxyl group to methyl did not affect antioxidant 
activity; meanwhile the replacement of hydrogen in phenolic rings to methyl decreased antioxidant activity. 
Therefore, in phenolic compounds, donation of a hydrogen atom that stabilizes the free radicals is considered from 
phenolic hydroxyl groups. After the donation, the phenoxyl radical generated from the reaction can be stabilized 
through resonance31.  
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Table 4. Relation between structure and DPPH radical scavenging activity of benzoic acid derivatives 

Compounds IC value (μg/mL) 

Methyl 3,4,5-trihydroxybenzoate 4.87±0.15 
3,4,5-Trihydroxybenzoic acid 3.78±0.12 
2,4,6-Trihydroxybenzoic acid 5.01±0.13 
2,3,4-Trihydroxybenzoic acid 4.66±0.03 
3,4-Dihydroxybenzoic acid 13.91±0.61 
3,5-Dihydroxybenzoic acid n.a 
2,5-Dihydroxybenzoic acid 5.18±0.07 
2,4-Dihdroxybenzoic acid n.a 
2,3-Dihydroxybenzoic acid 3.52±0.14 
2,6-Dihydroxybenzoic acid 15.38±1.12 
3,4-Dihydroxy-5-methoxybenzoic acid 10.01±0.46 
4-Hydroxy-3-methoxybenzoic acid 318.98±15.75 
4-Hydroxy-3,5-Dimethoxybenzoic acid 10.51±0.48 
ρ-Hydroxybenzoic acid n.a 
3,4-Dimethoxybenzoic acid n.a 
3,4,5-Trimethoxybenzoic acid n.a 

n.a = notactive 
 
Based on the results, we classify activity into three parts: high activity (methyl 3,4,5-trihydroxybenzoate; -

trihydroxybenzoic acid; 2,5-dihydroxybenzoic acid; and 2,3-dihydroxybenzoic acid); moderate activity (3,4-
dihydrobenzoic acid; 2,6-dihydroxybenzoic acid; 3,4-dihydroxy-5-methoxybenzoic acid; and 4-hydroxy-3,5-
dihidroxybenzoic acid); and low activity (3,5-dihydroxybenzoic acid; 2,4-dihydroxybenzoic acid; ρ-hydroxybenzoic 
acid; 3,4-dimethoxybenzoic acid; 3,4,5-trimethoxybenzoic acid). High activity compounds consist of compounds 
that have three phenolic hydroxyl groups and compounds with ortho and para position of hydroxyl phenolic groups. 

The presence of ortho and parahydroxyl groups resulted high antioxidant activity. It is since those positions 
could form quinone-like product to stabilize resulted phenoxyl radicals31,32. With the position, compounds can trap 
two radicals generated from the system. Firstly, the compound donates hydrogen atom to free radicals resulted 
phenoxyl radical. Secondly, phenoxyl radical could trap other phenoxyl radicals or other free radicals to form 
quinone-like product. However, ortho position was considered to be more active than para position31,32 as the results 
shown. It may be due to intramolecular hydrogen bonding that could occur in the ortho position. The intramolecular 
hydrogen bond plays an important role for stability of phenoxyl radical formed after dehydrogenation31. 
Furthermore, the results also shows that the substitution of all hydroxyl groups to methoxy groups (3,4,5-
trimethoxybenzoic acid) resulted no antioxidant activity. It is due to substitution that may reflect steric effect33 and 
probably has no ability to undergo hydrogen bonding, consequently decreased antioxidant activity.  

4. Conclusion 

     Three antioxidant compounds are isolated from E. sylvestris and identified as ellagic acid (1), gallic acid (2), and 
methyl gallate (3). The isolated compounds have good activity on DPPH radicals scavenging, reducing power, and 
β-carotene bleaching assays. Therefore, the study suggests the potential of E. sylvestris as a natural antioxidant 
source. Furthermore, structure and antioxidant activity relationship indicates that the number and position of the 
phenolic hydroxyl groups are important for antioxidant activity.  
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