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ABSTRACT
Background. The aim of this study was to determine the best extraction conditions for total phenolic content (TPC) and antioxidant capacity (AC) of Polygonum multiflorum Thunb. root using microwave-assisted
extraction (MAE).
Material and methods. The raw material used was Polygonum multiflorum Thunb. root powder. Five factors such as solvent type, solvent concentrations, solvent/material ratio, extraction time and microwave
power were studied; TPC and AC values were determined by the Folin-Ciocalteu method and DPPH free
radical scavenging activity measurement, respectively. In addition, studies involved assaying the HPLC test
of extracts and SEM of samples.
Results. Optimal results pointed to acetone as the solvent, acetone concentration of 60%, solvent/material
ratio of 40/1 (v/w), extraction time of 5 mins and microwave power of 127 W. TPC and AC obtained were
approximates 44.3 ±0.13 mg GAE/g DW and 341.26 ±1.54 μmol TE/g DW, respectively. The eﬀect of microwaving on the cell destruction of Polygonum multiflorum Thunb. root was observed by scanning electron
microscopy (SEM). Some phenolic compounds were determined by the HPLC method, for instance, gallic
acid, catechin and resveratrol.
Conclusion. These factors signiﬁcantly aﬀected TPC and AC. We can use acetone as a solvent with microwave-assisted extraction to achieve the best result.
Key words: antioxidant capacity, microwave-assisted extraction, Polygonum multiflorum Thunb., solvent,
total polyphenol, Trolox

INTRODUCTION
Exploitation of phenolic compounds in plants has been
studied for decades, because they are antioxidant substances and can prevent many diseases, especially certain forms of cancer (Hung et al., 2004). Polygonum
multiflorum Thunb. was among the precious plants, its
root was used as medicine thousands of years ago in
Asia. Polygonum multiflorum Thunb. is a member of
the Polygonaceae family and is referred to as “Ha Thu


O Do” (HTOD) in Vietnam. There are two forms of
HTOD: as a natural root and its processed form, which
were traditional Chinese and Vietnamese medicine
material. HTOD was used widely for the treatment of
tonic tension (Lim et al., 2014), cancer (Way et al.,
2014), anti-aging eﬀects (Lim et al., 2008) and antioxidant activity (Wang et al., 2008a). There are a great
number of bioactive compounds in HTOD, including
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ﬂavonoids, quinones, stilbenes and phospholipids. So
far, scientists have found many new compounds in
HTOD, but their structures have not yet been identiﬁed (Qiu et al., 2013), especially phenolic compounds.
They are used widely in many ﬁelds, for instance, the
food industry and medicine. Some studies show that
many valuable phenolic compounds exist in HTOD,
such as resveratrol (Xu et al., 2009), catechin (Chen
et al., 1999) and ﬂavonoids (Li and Lin, 1993), etc.
There are many methods to extract phenolic
compounds and one of them is microwave-assisted
extraction (MAE). In recent years, MAE has been
widely applied for extracting bioactive subtracts
from plants and has become popular for phenolic
compounds extraction, such as Sour Cherry Pomace
(Simsek et al., 2012), Rosmarinus oﬃcinalis (Švarc-Gajic et al., 2013), Canarium album L. (He and Xia,
2011), etc. In comparison with conventional methods, MAE reduces the amount of solvents, cuts the
extraction time considerably and increases the yield
(Huie, 2002).
Currently, no research has presented the MAE
method for the extraction of phenolic compounds
from HTOD. Hence, the goal of study was to determine the extraction conditions including solvent type,
solvent concentration, extraction time, and solvent/
material ratio for the extraction of total phenolic content from HTOD. In addition, the antioxidant capacity
of the root extracts was analyzed.
MATERIAL AND METHODS

Extraction of phenolic compounds
Root powder (1 g) was extracted using deionized water, 60% methanol, 60% ethanol and 60% acetone as
a solvent. The optimal solvent was tested as a mixture
with water at diﬀerent concentrations (30, 40, 50, 60,
70 and 80%), solvent/material ratios (20/1, 30/1, 40/1,
50/1 and 60/1, v/w), extraction times (1, 3, 5, 7 and
9 minutes) and microwave powers (74, 127, 195, 327
and 610 W). The extraction process was carried out
using a home-made modiﬁed microwave machine
(Sanyo, Japan). The extracts obtained were ﬁltered
through Whatman No. 4 ﬁlter paper and evaporated
under vacuum conditions in a water bath at 45°C, the
residue was redissolved by the same extraction solvent, the extracts were stored at 4°C for subsequent
analysis then their TPC and AC were determined.
Determination of total polyphenol content (TPC)
The TPC in the extracts was slightly modiﬁed and determined by the Folin-Ciocalteu colorimetric method
(Premakumari et al., 2010). The results were based on
a standard curve obtained with gallic acid. TPC were
expressed as mg of gallic acid equivalents per gram of
dry weight (mg GAE/g DW).
Determination of antioxidant capacity (AC)
The AC in the extracts was determined by DPPH assay; this method was slightly modiﬁed and described
by Soto et al. (2014). Trolox was used as the standard.
AC was expressed in TEAC (Trolox equivalent antioxidant capacity) determined as μmol of Trolox per
gram of dry weight (μmol TE/g DW).

Plant material and sample preparation
Polygonum multiflorum Thunb. roots were harvested
from Cao Bang province (Vietnam) and the cleaned
roots were sliced and dried at 60°C until a <12% moisture level was reached. The slices were ground into
a ﬁne powder (<0.5 mm) and vacuum-packed.

Scanning electron micrographs (SEM)
A scanning electron microscope system (Jeol JSM7401F, USA) was used to examine morphological
changes in dried powder from the Polygonum multiflorum Thunb. root before and after extraction.

Chemicals and reagents
Folin-Ciocalteu and DPPH (2,2-diphenyl-1-picrylhydrazyl, purity: ≥90%) reagent were purchased from
Merck (Germany). A trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, purity: 97%) reagent was purchased from Sigma-Aldrich (USA) and
all other chemicals and organic solvents were of analytical reagent grade.

Determination of phenolic compounds by HPLC
HPLC analysis of phenolic compounds in Polygonum
multiflorum Thunb. roots extracts was carried out on
a Agilent 1100 Series HPLC system equipped a diodearray UV-vis detector. The analysis was performed on
a reversed-phase column (Kromasil C18, 150×2.1 mm,
3.5 μm); the sample was injected into the injection port
(loop 20 μL). The UV detector was set at a wavelength
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RESULTS AND DISCUSSION

extraction time of 5 minutes. The results are showed
in Table 1 below.
Basically, almost polyphenols in plants are the polar compounds. Therefore, they were extracted with
many aqueous organic solvents (Benmeziane et al.,
2014). The results showed that aqueous acetone was
the optimal solvent and more useful for extracting
polyphenols from HTOD extracts because TPC and
AC have maximum values. The polarity of solvents
is arranged in descending order: water > methanol >
ethanol > acetone (Tan et al., 2013) and combinations
of organic solvents with water can improve the extraction of phenolic compounds (Bucić-Kojić et al., 2011).
In this study, phenolic compounds dissolved well in
aqueous acetone and had the highest antioxidant activity. This solvent has also been proved to be more efﬁcient than other organic solvents for the extraction of
phenolic compounds from diﬀerent materials, for instance, neem leaves (Hismath et al., 2011), grape mac
(Vatai et al., 2009) and soybean (Lien et al., 2015).
Therefore, aqueous acetone was chosen as the extraction solvent for the next experiments.

Eﬀect of solvent type on extraction of phenolic
compounds
There are many diﬀerent types of solvents used in
the extraction of polyphenols from plant such as
methanol, ethanol, hexane, acetone, chloroform,
diethyl ether and water (Dezashibi et al., 2013). In
this study, the four usual solvents used to determine
the most suitable one for the extraction of phenolic
compounds included distilled water, 60% acetone,
60% methanol and 60% ethanol (Proestos and Komaitis, 2008). The experimental process is performed
with microwave-assisted extraction at a microwave
power of 195 W, solvent/material ratio of 40/1 and

Eﬀect of solvent/material ratio on extraction of
phenolic compounds
The most important parameter aﬀecting the MAE
process is the solvent/material ratio. The proper ratio
choice will improve TPC and AC. The optimal results
of TPC and AC obtain 45.84 ±0.77 mg GAE/g DW
and 345.37 ±13.34 μmol TE/g DW at a solvent/material ratio of 40/1, respectively (Table 2) and this ratio
is chosen for subsequent experiments. An increase in
the solvent/material ratio can lead to an increase in
the diﬀusion rate (Cacace and Mazza, 2003), resulting in an increase in TPC, AC and the extraction process is stopped when the diﬀusion process obtains the

of 270 nm and 308 nm for gallic acid, catechin and
resveratrol, respectively. The ﬂow rate was always
0.2 mL/min at 30°C. Standard phenolic compound
solutions were prepared in the solvent used in the extractions. The analysis was performed using a gradient
program with a two-solvent system (A: 0.1% Triethylamine/HCl; B: methanol). The gradient program was
as follows: 0 min, 10% B; 5 min, 10% B; 15 min, 30%
B; 20 min, 30% B; 21 min, 100% B; 21.5 min, 10% B;
30 min, 10% B.
Data analysis
Experimental results were analyzed by the one-way
analysis of variance (ANOVA) method and signiﬁcant
diﬀerences among the means from triplicate analyses
at (p < 0.05) were determined by Fisher’s least signiﬁcant diﬀerence (LSD) procedure using Statgraphics software (Centurion XV). The values obtained
were expressed in the form of a mean ±standard
deviation (SD).

Table 1. TPC and AC of extracts at various solvents

Solvents

TPC, mg GAE/g DW
TEAC, μmol TE/g DW

water

60% Ace

60% MeOH

60% EtOH

39.43a ±2.14

44.25b ±1.03

39.82a ±0.58

42.63b ±0.43

108.24a ±1.50

347.68b ±21.03

268.15c ±11.08

236.50d ±7.84

Various lowercase letters in the same row denote signiﬁcant diﬀerence (p < 5%) between extraction solvents.
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Table 2. TPC and AC of extracts at various solvent/material ratios
Solvent/material ratios
20/1

30/1

40/1

50/1

60/1

TPC, mg GAE/g DW

15.45a ±1.09

36.68b ±1.43

45.84c ±0.77

41.98d ±0.78

38.93e ±1.52

TEAC, μmol TE/g DW

206.9a ±2.48

344.78b ±3.79

345.37b ±13.34

335.81b ±7.07

336.83b ±4.09

Various lowercase letters in the same row denote signiﬁcant diﬀerence (p < 5%) between solvent/material ratios.

equilibrium. However, AC was not signiﬁcantly different (p < 0.05) between solvent/material ratios from
30/1 to 60/1.
This extraction process is consistent with mass
transfer principles; the driving force during mass transfer is the concentration gradient between liquid and
solid (Al-Farsi and Chang, 2008). However, the high
solvent/material ratio means more energy and time is
required to optimize the extraction process. The results
have low values because of non-uniform distribution
and exposure to microwaves (Eskilsson et al., 1999).
Furthermore, a low solvent/material ratio could
create diﬃculties in the ﬁltration process, as phenolic
compounds are absorbed by dry material (Kossah et
al., 2010) and not completely extracted phenolic compounds from the materials.
Eﬀect of acetone concentrations
on the extraction of phenolic compounds
The eﬀects of acetone concentrations on TPC and AC
are presented in Table 3. The maximum result is an
acetone concentration of 60%, while TPC and AC are
43.73 ±2.30 mg GAE/g DW and 341.65 ±11.72 μmol
TE/g DW, respectively. Then they decrease with a further increase in the acetone concentration of the extraction process.

In this study, the properties of the solvent can be
changed when combining diﬀerent solvents (acetone
and water), which allow solvent selectivity for different phenolic compounds (Brachet et al., 2002)
and diﬀerent antioxidant capacities. Therefore, the
extract has the highest TPC and AC values at a suitable polarity of solvent. The small amounts of water
in the solvent allow the diﬀusion of water into the
plant cells, leading to better heating and facilitating
the transport of bioactive substances into the extracting solvent at higher mass transfer rates (Chemat and
Cravotto, 2013). Conversely, large amounts of water
can solve many diﬀerent organic compounds as sugar and protein, which aﬀects TPC and AC (Jafari et
al., 2011). Water is also quite important in the MAE
process, as it has a good polarity (high dielectric
constants) and can absorb more microwave energy,
hence the extraction eﬃciency is better (Kaufmann
et al., 2001). Accordingly, the organic solvents combined with water create a moderately polar solvent,
which ensures the optimal extraction of phenolic
compounds.
From the results obtained, it appears that anacetone
concentration of 60% is the optimal condition for subsequent experiments.

Table 3. TPC and AC of extracts at various acetone concentrations
Acetone concentrations, %

TPC, mg GAE/g DW
TEAC, μmol TE/g DW

30

40

50

60

70

80

32.70 ±0.57

37.24 ±1.21

42.80 ±1.60

43.73 ±2.30

39.23 ±1.12

39.09b ±1.54

341.65e ±11.72

318.51d ±3.15

306.01c ±4.64

a

205.88a ±6.28

b

c

269.28b ±5.68 307.60cd ±1.62

c

b

Various lowercase letters in the same row denote signiﬁcant diﬀerence (p < 5%) between acetone concentrations.
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Table 4. TPC and AC of extracts at various microwave powers
Microwave powers, W

TPC, mg GAE/g DW
TEAC, μmol TE/g DW

74

127

195

327

610

39.93a ±0.82

43.77b ±0.51

42.68c ±0.33

33.26d ±0.43

31.59e ±0.70

317.00a ±3.38

348.73b ±15.66

335.42ab ±13.23

247.22c ±1.88

177.64d ±9.44

Various lowercase letters in the same row denote signiﬁcant diﬀerence (p < 5%) between microwave powers.

Eﬀect of microwave power on the extraction of
phenolic compounds
Table 4 shows that the optimal TPC and AC of extracts
at a microwave power of 127 W were approximately
42.68 ±1.03 mg GAE/g DW and 348.73 ±15.66 μmol
TE/g DW, respectively. Microwave power has a signiﬁcant eﬀect on TPC and AC (p < 0.05).
Microwave power aﬀects strongly the temperature;
increasing microwave power can stimulate an increase
in the temperature of the solvent and raise the extraction yield until it becomes insigniﬁcant or decreases
(Chemat et al., 2005; Xiao et al., 2008). At high temperatures, the viscosity and surface tension of the
solvent declines, it solubilizes solutes and improves
the extraction yield (Li et al., 2010; Mandal et al.,
2007); however, in this study, the extraction eﬃciency
reaches the optimal value with an increase in microwave power and then starts declining with a further
increase in microwave power. Many thermally sensitive compounds are degraded at high temperatures
and lose their antioxidant activity entirely. This result
is in agreement with studies by Mandal et al. (2007)
and Afoakwah et al. (2012). The lowest TPC and AC
were 31.59 ±0.70 mg GAE/g DW and 177.64 ±9.44
μmol TE/g DW at 610 W, these values are lower than
a microwave power of 127 W approximately 25% and

50%, respectively. Thus, microwave power at 127 W is
the optimal condition for subsequent studies.
Eﬀect of extraction time on extraction of
phenolic compounds
Extraction time is an important factor that inﬂuences
the MAE process. The eﬀect of extraction time on
TPC and the AC of extracts has a signiﬁcant diﬀerence
(p < 0.05) and these results are shown in Table 5. At an
extraction time of 5 minutes, TPC and AC registers the
maximum values as 44.30 ±0.13 mg GAE/g DW and
341.26 ±1.54 μmol TE/g DW, respectively.
Compared to conventional methods, MAE has
a short extraction time (few minutes), avoiding oxidation or thermal degradation at high temperatures
and long extraction time (Al-Harahshed and Kingman, 2004; Chan et al., 2011). This is very important
for thermolabile compounds, especially polyphenols.
At an extraction time of 9 minutes, TPC and AC registered the lowest value of 38.88 ±0.55 mg GAE/g
DW and 133.63 ±8.28 μmol TE/g DW. These results
are nearly 12% and 60% lower than at an extraction
time of 5 minutes, respectively. A longer extraction
time tends to improve the extraction yield. However,
extraction eﬃciency is insigniﬁcant with longer time
(Wang et al., 2008b). A solvent can inﬂuence the TPC

Table 5. TPC and AC of extracts at various extraction times
Extraction times, min

TPC, mg GAE/g DW
TEAC, μmol TE/g DW

1

3

5

7

9

37.42a ±0.33

41.63b ±0.57

44.30c ±0.13

39.39d ±1.45

38.88d ±0.55

302.88a ±8.62

322.69b ±11.14

341.26c ±1.54

202.39d ±4.45

133.63e ±8.28

Various lowercase letters in the same row denote signiﬁcant diﬀerence (p < 5%) between extraction times.
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A

B

Fig. 1. Structure of material before (A) and after (B) treatment by MAE

and AC of the extract because the dielectric properties of the organic solvent also inﬂuence irradiation
time, and it may heat up rapidly on longer exposure
(Mandal et al., 2007). Hence, the extraction temperature increases signiﬁcantly and destroys many bioactive compounds. Consequently, TPC and AC decrease
rapidly.
Eﬀect of microwave assisted extraction
on structure of material
The dried powders of HTOD were examined by scanning electron microscopy. Based on Figure 1A, samples consist of the amount of starch and many pieces
of plant cells. The starch has an oval or egg shape,
is 8–20 μm in diameter and the surface of the cell is
smooth with few wrinkles. After treatment by MAE,
the structure of the materials was changed completely,
almost of the starch was gelatinized at a high temperature and some pieces of the cell wall were damaged
and stuck together, with many wrinkles appearing on
the surface of the cell wall (Fig. 1B). During the MAE
process, the temperature and the internal pressure increased rapidly. The cell ruptured and the biochemical compounds within the cell diﬀused into solvents
(Jyothi et al., 2010) and it is also one of the causes of
the wrinkling on the surface of cells.

186

Identiﬁcation of some phenolic compounds
in the extract
Using the extracts from the optimal conditions phenolic compounds were identiﬁed by the HPLC method. The phenolic compounds detected were gallic
acid (0.78 mg/g), catechin (5.58 mg/g) and resveratrol (0.12 mg/g; Fig. 3A, 3B). These compounds are
similar to the research conducted by Quoc and Muoi
(2015). Their study shows that the content of gallic
acid, catechin and resveratrol in the HTOD extract
were 0.26, 1.57 and 0.017 mg/g, respectively. In addition, the results of Chang et al. (2016) show that these
compounds also existed in the HTOD extract. The content of gallic acid, catechin and resveratrol were 0.146,
0.035 and 0.192 mg/g, respectively. They are ﬂuctuant
because of the diﬀerences in the environment, such as
climate, soil, harvesting season, gene, storage condition and because the diﬀerent extraction methods also
aﬀect the chemical components of the extracts.
CONCLUSION
The results show that acetone was the best solvent
for extraction of phenolic compounds from Polygonum multiflorum Thunb. roots. The optimal conditions for maximum TPC and AC consist of an acetone
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A

B

Fig. 2. HPLC chromatograms of standard sample acquired at 270 nm (A) and 308 nm (B)

A

B

Fig. 3. HPLC chromatograms of a sample of Polygonum multiflorum Thunb. root extracts acquired at 270 nm (A) and 308
nm (B)

concentration of 60%, a solvent/material ratio of 40/1
(v/w), an extraction time of 5 minutes and a microwave power of 127 W. TPC and AC achieved approximates of 44.3 ±0.13 mg GAE/g DW and 341.26 ±1.54
μmol TE/g DW, respectively. Cells were destroyed by
MAE, wrinkles appeared on the surface and the extract had some phenolic compounds, such as gallic
acid, catechin and resveratrol.
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