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Abstract
The purpose of this study was to investigate the phytochemical contents and biological activities, including 

α-glucosidase inhibitory activity and antioxidant activity, from the fruits of Elaeagnus multiflora using different 
solvent systems. The 50% ethanol extract of this species showed the most potent α-glucosidase inibitory activity 
(88.5%) at a concentration of 1 mg/mL. Moreover, this extract also displayed the strongest antioxidant activity 
in each assay, showing 96.3% in DPPH scavenging activity, 98.2% in ABTS scavenging activity, and 2.5% in 
reducing power. The highest total phytochemical contents, including flavan-3-ols, phenolic acids, and flavonoids, 
were observed in the 50% ethanol extract. Interestingly, flavan-3-ols (3.150 mg/g) were detected at a significantly 
higher total content than those of phenolic acids (0.380 mg/g) and flavonoids (not detected). Additionally, the 
contents of individual phytochemicals showed remarkable differences, especially the epicatechin gallate (2.008 
mg/g) and gallic acid (0.099 mg/g), which were the predominant constituents of each phytochemical type. 
Therefore, our results suggest that the 50% ethanol extract of E. multiflora fruits has strong biological activities, 
which are correlated with high phytochemical contents. 
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INTRODUCTION

Phytochemicals are secondary metabolites widely dis-
tributed in edible plants, such as crops, fruits, and vege-
tables (1-3). They possess various beneficial effects, in-
cluding antitumor, anticancer, antioxidant, anti-inflam-
matory, anti-atherosclerotic, and anti-diabetic (3-6). In 
particular, these components are of great interest in the 
food industry because of their nutritional values (7). 
Antioxidants have been attributed to inhibit or delay the 
oxidation of other molecules by inhibiting the initiation 
and propagation of oxidizing chain reactions. This in-
hibition helps to maintain the quality of many food prod-
ucts (8). Antioxidants are also a great interest for their 
pharmacological effects, because the occurrence of oxi-
dation in living organisms is known to cause damage 
to proteins, lipids, and DNA, resulting in cancer, heart 
disease, and accelerated aging (9,10). α-Glucosidase (EC 
3.2.1.20) is an exo-acting carbohydrase, catalyzing re-
lease of α-D-glucopyranose from the non-reducing ends 
of various substances (11). Inhibitors of α-glucosidase 
can be used in the treatment of many diseases, such as 
diabetes, cancer, and HIV (12-14); thus, screening for 
α-glucosidase inhibitors derived from natural plants has 

become increasingly popular. In our continuing search 
for biological activities from edible plants, we found that 
the ethanol extract of Elaeagnus multiflora fruits showed 
potent α-glucosidase inhibitory activity and radical scav-
enging activity. 

E. multiflora is renowned as a phytosterol-rich plant 
which has been used in traditional Chinese medicine 
(15). This species belongs to the family of Elaeagnaceae, 
the fruits, leaves, and roots of which have been used 
to treat cough, diarrhea, itching, and foul sores for a 
long time (16). In particular, numerous studies demon-
strated that the extracts of E. multiflora have received 
unprecedented attention due to their pharmacological 
properties such as anticancer and antioxidant activities 
(17,18). It is well established that the fruits of E. multi-
flora contains plentiful carotenoids and that the leaves 
have high sugar, fatty acid, and phytosterol contents (16). 
Although previous studies have emphasized the roles of 
the constituents and physiological effects of the fruit 
(19-21), a phytochemical profile of the fruit has still not 
been fully characterized. Furthermore, there is still lim-
ited information on its biological properties such as α- 
glucosidase inhibition and antioxidant activities. For this 
reason, we investigated the possibility of the plant as 
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a potent source of biological activities as well as basic 
information on its phytochemcals.

The objectives of this study were to investigate the 
phytochemical contents, α-glucosidase inhibitory and an-
tioxidant activities in the fruit of E. multiflora. There-
fore, we evaluated the biological effects, including α- 
glucosidase inhibitory activity, DPPH and ABTS radical 
scavenging activities, and reducing power, from different 
solvent extracts of E. multiflora fruits. We also evaluated 
changes of 18 phytochemical compounds including 7 fla-
van-3- ols, 9 phenolic acids, and 2 flavonoids, using var-
ious ethanol extracts to obtain information on the opti-
mal solvent condition.

MATERIALS AND METHODS

Plant material
E. multiflora was grown in the experimental field of 

the Geoje Agricultural Research & Extension Service, 
in Geoje, Korea and collected in June 2009. This materi-
al was cleaned and separated into two different tissues 
as seeds and fruits. The fruits were freeze-dried, and then 
stored at -10oC before analysis. 

Reagents   
Analytical grade methanol, water, acetonitrile, and 

acetic acid were purchased for HPLC analysis from J.T. 
Baker (Phillipsburg, NJ, USA). α-Glucosidase (EC 3.2.1. 
20, Baker’s Yeast), p-nitrophenyl-α-D-glucopyranoside, 
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′-azino-bis(3- 
ethylbenzthiazoline-6-sulphonic acid) (ABTS), and 6-hy-
droxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Tro-
lox) were obtained from Sigma-Aldrich (St. Louis, MO, 
USA). Seven standard flavan-3-ols, including catechin, 
catechin gallate, epicatechin, epicatechin gallate, galloca-
techin gallate, epigallocatechin, and epigallocatechin gallate 
were purchased from Sigma-Aldrich. Nine standard phe-
nolic acids, including gallic, protocatechuic, tannic, p- 
hydroxybenzoic, vanillic, chlorogenic, caffeic, p- couma-
ric, and ferulic acids were also purchased from Sigma- 
Aldrich. Two standard flavonoids such as rutin, and 
quercetin were obtained from Merck (Darmstadt, Ger-
many). All other reagents were of analytical grade.

Instruments   
UV spectra were measured on a Beckman DU650 

spectrophotometer (Beckman Coulter, Fullerton, CA, 
USA). HPLC was performed using an Agilent 1200 ser-
ies (Agilent Co., Forest Hill, Vic, Australia) equipped 
with a quaternary HPLC pump, a degasser, and an Agi-
lent 1200 series diode array detector (DAD). Flavan- 
3-ols were analyzed on a TSKgel ODS-100Z column 
(4.6×250 mm, 5 μm, Tosoh Corp., Tokyo, Japan). Fur-

thermore, phenolic acids and flavonoids were analyzed 
on a XTerraTM RP C8 column (4.6×250 mm, 5 μm, 
Waters Corp., Milford, MA, USA).

Measurement of α-glucosidase inhibitory activity  
α-Glucosidase (EC. 3.2.1.20) inhibitory activity was 

calculated using previously described procedures, with 
some modifications (22). α-Glucosidase was determined 
using the substrate p-nitrophenyl-α-D-glucopyranoside at 
the optimum pH. The reaction was stopped by adding 
2 M NaOH. The released p-nitrophenol was measured 
spectrophotometrically at 405 nm. The inhibitory effects 
of the tested samples were expressed as a percentage. 

Measurement of DPPH radical scavenging activity  
The DPPH radical scavenging activity of the samples 

was measured by the method of Blois (23) with a slight 
modification. Briefly, various concentrations of sample 
extracts (0.1 mL) were added to both 0.49 mL of meth-
anol and 0.39 mL of a DPPH methanolic solution (1 
mM). The mixture was vortexed vigorously and allowed 
to stand for 30 min at room temperature in the dark. 
The absorbance of the mixture was determined using a 
spectrophotometer at 517 nm. BHT was used as the 
reference. The scavenging activity was expressed as a 
percentage using the following formula: DPPH radical 
scavenging activity (%)＝(1－absorbance of sample / 
absorbance control)×100.

Measurement of ABTS radical scavenging activity  
The ABTS radical scavenging activity was based on 

the ability of different substances to scavenge the ABTS ·+ 

radical cation in comparison to a standard (Trolox). The 
ABTS ·+ was dissolved in EtOH to make a concentration 
of 7 mM. This radical cation was produced by reacting 
the ABTS ·+ stock solution with 2.45 mM potassium per-
sulfate and by leaving the mixture for 10～14 hr until 
the reaction was complete and the absorbance was stable. 
The ABTS ·+ stock solution was diluted in ethanol to an 
absorbance of 0.70 at 734 nm. After the addition of 0.9 
mL of diluted ABTS ·+ to 0.1 mL of sample, the absorb-
ance was taken 1 min after the initial mixing (24). This 
scavenging activity (%) was expressed as a percentage 
using the following formula: ABTS ·+ radical scavenging 
activity (%)＝[(absorbance of control－absorbance of 
sample)/ absorbance of control]×100.

Measurement of reducing power 
Reducing power was determined according to the 

method of Oyaizu (25). The sample (2 mL) was mixed 
with 1 mL of phosphate buffer (0.2 M and pH 6.6) and 
2 mL of 1% potassium ferricyanide. After the mixture 
was incubated at 50oC for 20 min, 2 mL of 10% TCA, 
2 mL of distilled water, and 0.4 mL 1% ferric chloride 
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Fig. 1. α-Glucosidase inhibitory activity from different ethanol 
extracts.

were added, and then the absorbance was measured on 
a spectrophotometer at 700 nm (DU650 Beckman Coul-
ter). Vitamin C was used as positive control.

Calibration curves of the individual standards and 
sample preparation

2 mg of each standard was accurately weighed and 
dissolved in 50% MeOH to obtain stock solution of 1.0 
mg/mL concentration. The calibration curves for 18 
standards were made from the serial dilutions of the sam-
ples dissolved in 50% methanol. The linear range and 
the equation of linear regression were obtained sequen-
tially at 1.0, 2.5, 5, 10, 20, 40, 60, 80 and 100 μg/mL. 
Mean areas (n = 3) generated from the standard solution 
were plotted against concentration to establish the cali-
bration equation. A high linearity of r2>0.998 was ob-
tained for each calibration curve. The pulverized sample 
(1 g) was extracted with 20 mL solvent in a shaking 
incubator at 25oC for 12 hr. The extract was centrifuged 
at 3000×g for 3 min, filtered through a 0.45 μm syringe 
filter (Whatman Inc., Maidstone, UK), and transferred 
into a vial. All extracts were stored in a sealed container 
at 4oC prior to HPLC analysis.

HPLC analysis   
The quantification of the relative abundance of the fla-

van-3-ols within the crude extract was carried out using 
HPLC analysis. The initial mobile phase consisted of 
20% solvent B (methanol) in solvent A (10 mM KH2PO4). 
This was linearly increased to 60% solvent B over a 
period of 30 min at a constant flow rate of 1 mL/min. 
The column was then held at 80% solvent B for 10 min. 
The extract (20 μL) of sample was injected onto the col-
umn and the absorbance was measured at 270 nm. The 
column temperature was set to 30oC. To phenolic acid 
and flavonoid analyses, sample extract (20 μL) was in-
jected onto an analytical reverse phase C18 column by 
HPLC. The mobile phase was composed of 0.5% acetic 
acid in water (solution A) and methanol (solution B). 
The gradient program was as follows: 0% B to 10% 
B (5 min), 10% B to 20% B (10 min), 20% B to 30% 
B (10 min), 30% B to 40% B (20 min), 40% B to 60% 
B (10 min), 60% B to 80% B (5 min), 80% B to 100% 
B (5 min), and then maintained for 10 min before return-
ing to the initial conditions. The column temperature was 
set to 30oC and the flow rate was 1.0 mL/min. Total 
retention time was 60 min and the detection was made 
at 280 nm.

Statistical analysis  
Data were expressed as means±SD (standard devia-

tion) of three replicates. The results were subject to anal-
ysis of variance using Sigma plot to analyse the difference.

RESULTS AND DISCUSSION

α-Glucosidase inhibitory activity of E. multiflora fruits 
The extracts of E. multiflora fruits were obtained using 

five different solvents: hexane, ethylacetate, ethanol, bu-
tanol, and methanol. Their activities were estimated by 
the percentage inhibition through the extract of each 
solvent. Among them, the ethanol extract displayed the 
highest inhibitory activity (75.5%) at a concentration of 
1 mg/mL, followed by methanol (70.4%), butanol (68.7 
%), ethylacetate (51.5%), and hexane (16.2%) extracts. 
To obtain the best extraction condition of ethanol, the 
extracts of this species were obtained using solvents with 
0, 25%, 50%, and 75% of water. As shown in Fig. 1, 
the α-glucosidase inhibitory activities of two extracts 
were similar effects. In other words, the 50% ethanol 
extract exhibited the highest activity (88.5%), followed 
by the 75% ethanol extract (86.5%), and the 100% etha-
nol extract (75.5%), whereas the lowest inhibitory activ-
ity was detected in the 25% ethanol extract (66.2%). To 
our knowledge, this study provides the first documentation 
of this observation. This result suggests that the extract 
of ethanol-water mixture in E. multiflora fruits has po-
tent α-glucosidase inhibitory activity and may be useful 
as an effective anti-diabetic agent. 

Radical scavenging activity of E. multiflora fruits
To measure antioxidant activity of the extract from 

the fruits of E. multiflora, the DPPH and ABTS radical 
scavenging methods were used. These two methods are 
widely used to test the free radical scavenging ability 
of various samples because of their good reproducibility 
and easy quality control (26,27). In this study, DPPH 
and ABTS radical scavenging activities were estimated 
by the percentage inhibition of radical formation by the 
sample extract. The DPPH radical scavenging activities 
of the extract and BHT (positive control) increased with 
increasing extract concentrations. Among the five differ-
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Fig. 2. Antioxidant activities from different ethanol extracts. (A) DPPH radical scavenging activity, (B) ABTS radical scavenging 
activity.

ent extracts, the DPPH radical scavenging ability of the 
ethanol extract (78.2%) was higher than those of the hex-
ane (25.0%), ethylacetate (58.7%), butanol (69.5%), and 
methanol (76.6%) extracts at a concentration of 1 mg/ 
mL. Our result was similar to that of the published data 
from the leaves of this species (28). However, Kim et 
al. (17) also reported that the dichloromethane extract 
of E. multiflora flesh showed the highest DPPH radical 
scavenging activity. This result suggests that the contents 
of phytochemicals in E. multiflora may be affected by 
factors such as environmental stresses, genetics, and 
agronomic conditions as seen in the results of the pre-
vious study (29). In order to evaluate the best effect of 
the ethanol extraction, the fruit extracts were obtained 
using solvents with 0, 25, 50, and 75% of water as the 
ethanol-water mixture extracts of α-glucosidase in-
hibitory activities. Although the four extracts did not dis-
play significant differences in their DPPH radical scav-
enging activity, the 50% ethanol extract exhibited the 
highest effect (96.3%) (Fig. 2A). These results indicate 
that the 50% ethanol extract of E. multiflora fruits has 
potent source of antioxidant agent. In general, it is well 
established that antioxidant activity of natural plants are 
attributed to the phenolic compounds (30). Therefore, 
our result suggests that the 50% ethanol extract of E. 
multiflora fruits may possess the highest phenolic com-
pound contents, based on our observation of their strong 
radical scavenging activity. 

The scavenging activity of the extract on free radical 
ABTS generated by potassium persulphate was com-
pared with a standard amount of Trolox (31). The etha-
nol extract exhibited the highest ABTS radical scaveng-
ing activity (78.5%) at a concentration of 1 mg/mL, fol-
lowed by the methanol (75.4%), butanol (68.2%), ethyl-
acetate (53.6%), and hexane (20.7%) extracts. This scav-
enging activity displayed significant differences with 
each extract similar to that observed with the α-glucosi-

dase inhibitory and DPPH radical scavenging activities. 
To select the most effective solvent condition, the ABTS 
radical scavenging activities in the extracts of ethanol 
and water mixtures (0, 25, 50, and 75%) were investi-
gated. As illustrated in Fig. 2B, the ABTS radical scav-
enging activity in each extract did not show strong dif-
ferences; however, the 50% ethanol extract had the 
strongest activity (98.2%) at a concentration of 1 mg/ 
mL. Again, these results were similar to those observed 
for DPPH radical scavenging activity as well as α-gluco-
sidase inhibitory activity. Moreover, this extract had 
higher ABTS radical scavenging effect than that of 
Trolox (positive control) under the same concentration 
(Fig. 2B). On the basis of the above observations, our 
results suggest that the extract of the ethanol-water mix-
ture in E. multiflora fruits has potent free radical scav-
enger activity and may be useful as a good source of 
natural antioxidants for food and medicinal purposes.

Reducing power of E. multiflora fruits
The ethanol extract also showed the strongest reducing 

power (1.26%) in comparison to the other solvent ex-
tracts at 1 mg/mL. This result was similar to those of 
free radical scavenging and α-glucosidase inhibitory 
activities. The best extraction condition using ethanol ex-
hibited the extract of 50% water mixture. Thus, this ex-
tract may have the ability to react with free radicals to 
stabilize and terminate radical chain reactions. As a re-
sult, the 50% ethanol extract showed a stronger reducing 
power (2.50%) when compared to other extracts, but vi-
tamin C (positive control) had the strongest reducing 
power. The reducing powers at a concentration of 1 mg/ 
mL were found in the following descending order: vita-
min C (4.75%)>50% ethanol extract (2.50%)>75% 
ethanol extract (2.28%)>25% ethanol extract (2.00%)> 
100% ethanol extract (1.26%). 
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Fig. 3. Chemical structures of flavan-3-ols (A) and HPLC chromatogram containing the standards mixture (B). 1: epigalloactechin, 
2: catechin, 3: epicatechin, 4: epigallocatechin gallate, 5: gallocatechin gallate, 6: epicatechin gallate, and 7: catechin gallate.

Phytochemical contents in E. multiflora fruits
It is well known that the types of phytochemicals ex-

tracted from foods, edible sources, and natural plants are 
strongly dependent on the solvent used for the extraction 
(32). In this study, the ethanol extract was observed to 
have predominant antioxidant activity. Based on the 
above consideration, we evaluated the composition of 
phytochemicals from the ethanol extract of E. multiflora 
fruits using HPLC analysis. Furthermore, we inves-
tigated changes in the phytochemical contents by differ-
ent solvent systems to confirm the solvent condition of 
optimal extraction. Although natural products have many 
compounds, we selected general phytochemicals to in-
vestigate, including 7 flavan-3-ols, 9 phenolic acids, and 
2 flavonoids. All standards were identified by their re-
tention times and their contents were calculated by com-
paring the peak areas of samples. On the basis of in-
dividual 7 flavan-3-ols  (epigalloactechin (1), catechin 
(2), epicatechin (3), epigallocatechin gallate (4), galloca-
techin gallate (5), epicatechin gallate (6), and catechin 
gallate (7)) (Fig. 3A), a typical HPLC chromatogram is 
obtained as illustrated in Fig. 3B. 

Their retention times are as follows: (1), 8.4 min; (2), 
10.5 min; (3), 14.2 min; (4) 14.8 min; (5), 17.6 min; (6), 
21.7 min, and (7) 24.6 min. To quantitatively analyze 
7 flavan-3-ols, calibration curves were calculated in the 

range 1～100 μg/mL and their equations were y=15.89x 
－241.44 (1), y=4.77x－59.12 (2), y=5.51x－92.17 (3), 
y=12.60x + 42.13 (4), y=18.54x－67.11 (5), y=2.36x + 
49.34 (6), and y=15.21x－44.84 (7). The correlation co-
efficients were greater than 0.998, which showed a very 
nice linearity within the test concentration range. All fla-
van-3-ols are shown in Table 1. Significant differences 
were observed between individual and total flavan-3-ol 
contents in different solvent systems. 

Among the four extracts, the 50% ethanol extract 
showed the greatest total content (3.150 mg/g), followed 
by the 75% ethanol extract (2.854 mg/g), and the 25% 
ethanol extract (2.270 mg/g), while the 100% ethanol 
extract exhibited the lowest content (2.010 mg/g). As a 
result, the flavan-3-ol contents demonstrated significant 
differences in extract levels according to the amount of 
water in ethanol. The results of this study demonstrated 
that the biological effects including α-glucosidase in-
hibitory and antioxidant activities from the fruits of E. 
multiflora significantly depended on the flavan-3-ol 
contents. Our work was similar to those of the previous 
studies (30,33). The most predominant flavan-3-ol was 
epicatechin gallate and its content showed 1.000 (25% 
ethanol extract, 44%), 2.008 (50% ethanol extract, 64%), 
2.038 (75% ethanol extract, 71%), and 1.574 mg/g (100 
% ethanol extract, 78%), respectively. Notably, the 100 



34 Jin Hwan Lee et al.

Table 1. Contents of 7 flavan-3-ol derivatives using different solvent systems.

Flavan-3-ol derivatives Flavan-3-ol (mg/g)1)

25% ethanol 50% ethanol 75% ethanol 100% ethanol
Epigallocatechin (1)
Catechin (2)
Epicatechin (3)
Epigallocatechin gallate (4)
Gallocatechin gallate (5)
Epicatechin gallate (6)
Catechin gallate (7)

0.073±0.006
0.769±0.025
0.266±0.012
0.091±0.005

ND2)

1.000±0.041
0.076±0.005

0.125±0.012
0.676±0.028
0.180±0.010
0.089±0.005

ND
2.008±0.095
0.071±0.002

0.075±0.004
0.419±0.014
0.149±0.006
0.071±0.002

ND
2.038±0.086
0.102±0.004

0.023±0.001
0.090±0.007
0.079±0.003
0.197±0.005

ND
1.574±0.076
0.048±0.001

1)All values are presented as the mean±SD of triplicate determinations. 2)ND: not detected.
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Fig. 4. Chemical structures of phenolic acids and flavonoids (A) and HPLC chromatogram containing the standards mixture 
(B). 8: gallic acid, 9: protocatechuic acid, 10: tannic acid, 11: p-hydroxylbenzoic acid, 12: vanillic acid, 13: chlorogenic acid, 
14: caffeic acid, 15: p-coumaric acid, 16: ferulic acid, 17: rutin, and 18: quercetin.

% ethanol extract displayed more than 75% of total fla-
van-3-ol content. Among the remaining flavan-3-ols, cat-
echin had the highest content, followed by epicatechin, 
epigallocatechin gallate, and catechin gallate, while gal-
locatechin gallate was not detected. Quantification of the 
9 phenolic acids [gallic acid (8), protocatechuic acid (9), 
tannic acid (10), p-hydroxylbenzoic acid (11), vanillic 
acid (12), chlorogenic acid (13), caffeic acid (14), p-cou-
maric acid (15), and ferulic acid (16)] and 2 flavonoids 
[rutin (17) and quercetin (18)] (Fig. 4A) in the fruits 
of E. multiflora was also performed by HPLC analysis 
and their HPLC chromatogram was obtained as shown 
in Fig. 4B. The retention times were as follows: (8), 
7.4 min; (9), 9.9 min; (10), 12.4 min; (11), 12.9 min; 
(12), 14.3 min; (13), 15.7 min; (14), 16.3 min; (15), 20.7 
min; (16), 21.6 min; (17), 35.4 min; and (18), 51.3 min. 
The concentrations of phenolic acids and flavonoids 

were determined on the basis of the peak area in the 
chromatogram as follows: y=52.44x+64.50 (8), y=29.59x 
－17.54 (9), y=143.64x+80.57 (10), y=25.19x+11.94 (11), 
y=33.82x+11.00 (12), y=29.67x－8.12 (13), y=63.34x－ 
24.52 (14), y=128.44x－124.71 (15), y=58.54x－79.55 
(16), y=13.85x－2.27 (17), and y=27.47x－30.51 (18). 
A high linearity (r2>0.998) was obtained for each cali-
bration curve. 

Phenolic acids and flavonoids are present in a wide-
spread group of edible sources and natural plants that 
possess varied biological effects, including antioxidant 
activity (34). Thus, the ethanol extract with the highest 
antioxidant activity was evaluated. We determined phe-
nolic acid and flavonoid contents by ethanol and water 
mixtures in order to select the most efficient solvent. 
These phytochemicals were also identified by compar-
ison with the HPLC retention times of the standards. 



Phytochemicals and Their Biological Activities of E. multiflora Fruits 35

Table 2. Contents of 9 phenolic acids and 2 flavonoid derivatives using different solvent systems
Phenolic acid/flavonoid 
derivatives

Phenolic acid and flavonoid (mg/g)1)

25% ethanol 50% ethanol 75% ethanol 100% ethanol
Gallic acid (8)
Protocatechuic acid (9)
Tannic acid (10)
p-Hydroxylbenzoic acid (11)
Vanillic acid (12)
Chlorogenic acid (13)
Caffeic acid (14)
p-Coumaric acid (15)
Ferulic acid (16)
Rutin (17)
Quercetin (18)

0.046±0.003
0.028±0.003
0.005±0.000
0.036±0.002
0.027±0.002

 ND2)

ND
0.079±0.003
0.012±0.001

ND
ND

0.099±0.005
0.057±0.003
0.006±0.000
0.043±0.003
0.071±0.005

ND
ND

0.087±0.005
0.017±0.001

ND
ND

0.090±0.004
0.075±0.003
0.010±0.001
0.035±0.002
0.058±0.002

ND
ND

0.049±0.003
0.008±0.001

ND
ND

0.045±0.002
0.046±0.001
0.010±0.001
0.027±0.002
0.059±0.003

ND
ND

0.028±0.001
0.011±0.001

ND
ND

1)All values are presented as the mean±SD of triplicate determinations. 2)ND: not detected.

(A)

(B)

Fig. 5. HPLC chromatograms of the 50% ethanol extract in 
E. multiflora fruits. (A) HPLC chromatogram of flavanol-3- 
ols, (B) HPLC chromatogram of phenolic acids and flavonoids.

As illustrated in Table 2, the contents of all compounds 
in each extract did not display significant differences. 
However, the 50% ethanol extract showed the highest 
content (0.380 mg/g), while the lowest content was pres-
ent in the 100% ethanol extract (0.225 mg/g). This phe-
nomenon appears similar to the pattern of the flavan-3-ol 
concentration. The efficiency of the solvents studied for 
extraction of phenolic acids and flavonoids from E. mul-
tiflora fruits presented in the following order: 50% etha-
nol extract (0.380 mg/g)>75% ethanol extract (0.325 
mg/g)>25% ethanol extract (0.233 mg/g)>100% ethanol 
extract (0.225 mg/g). Fig. 5 shows the HPLC chromato-
grams of the highest phytochemical contents, including 
flavan-3-ol, phenolic acids, and flavonoids from the 50% 
ethanol extract of E. multiflora fruits. Furthermore, gallic 
acid, vanillic acid, and p-coumaric acid were major com-
ponents, whereas chlorogenic acid, rutin, and quercetin 

were not detected in all extracts (Table 2). Based on 
these results, we concluded that the contents of phenolic 
acid and flavonoid in E. multiflora fruits showed no sig-
nificant differences in each extract according to the water 
amounts.

CONCLUSION

For the first time, this study has documented the bio-
logical effects and phytochemical contents of extracts 
from the fruits of E. multiflora derived with different 
solvent systems. The 50% ethanol extract showed the 
most potent inhibitory activity toward α-glucosidase. 
This extract also displayed the highest antioxidant activ-
ities in the DPPH and ABTS, and reducing power 
analyses. The contents of flavan-3-ols showed significant 
differences, while phenolic acid and flavonoid contents 
exhibited slight variations in the extracts of ethanol-wa-
ter mixture. In addition, the 50% ethanol extract dis-
played the highest phytochemical contents, especially 
epicatechin gallate (7), which exhibited the highest in-
dividual concentration of the various extracts. Conse-
quently, our results suggest that the 50% ethanol extract 
of E. multiflora fruits may be used as an effective natural 
source for food and pharmaceuticals, based on its strong 
biological activities and high phytochemical contents. 
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