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ABSTRACT

The objective of this study was to figure out the optimal conditions for
polyphenol extraction from Polygonum multiflorum Thunb. roots using pectinase-
assisted extraction method. In this research, total phenolic contents (TPC) were
determined by the Folin Ciocalteu method and antioxidant capacity (AC) was
analyzed by free radical scavenging activity method with Trolox and DPPH as
standard reagents. They were described by gallic acid equivalent (GAE) and
Trolox equivalent (TE), respectively. The factors from extraction process were
studied, gave the highest total phenolic content and strongest antioxidant capacity
including material/solvent ratio (1/5 - 1/13), enzyme concentration (0.1% - 0.5%),
extraction time (40 - 120 minutes), pH (3.5 - 5.5) and extraction temperature of
(30°C-70°C). The optimal extraction conditions achieved such as the
material/solvent of 1/11, enzyme concentration of 0.2%, extraction temperature of
50°C, pH value of 4.5 and extraction time of 80 minutes. TPC and AC peaked at
44.36 mg GAE/g DW (dry weight) and 80.43 umol TE/g DW. After treatment, the
materials were changed strongly and were also observed by scanning electron
microscopy (SEM). Some extractive compounds of phenolic such as gallic acid
and catechin were determined by HPLC method.

1. Introduction

From the late 20" century, the studies
showed that long-term used of plant food
containing many polyphenols can prevent
cardiovascular diseases, chronic inflammation,
degeneration, even though cancer diseases.
Because of the great effect on health,
polyphenols have been extracted into functional
food to support human health. The plentiful
polyphenols have been found in plants,
especially in Polygonum multiflorum Thunb.
(In Vietnam, it names Ha thu o do - HTOD). It
was one of the precious plants that containing a
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considerable amount of phenolic compounds.
The roofs of HTOD are used widely as an herb
or tonic to treat hair loss, malaria and added
essential substances in the blood, antioxidant
liver cells. The extracted compound from
HTOD had antioxidant effects, anti-ageing
(Kwon et al., 2009) and anticancer (Milner et
al., 1994). At the present, there are more than
100 chemical compounds that have been
isolated from HTOD and major components
with high biological activity have been
identified such as stilbenes, quinones,
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flavonoids, emodin and other substances (Lin et
al., 2015).

There are many methods to extract
phenolic compounds from plants such as using
microwave, ultrasonic, supercritical fluid, high
hydrostatic pressure, soxhlet extraction, etc.
(Khoddami et al., 2013). Each extraction
method has the advantage and weakness.
Meanwhile, enzyme-assisted extraction is good
effect for plants for instant pectinase. It has
been widely applied in food technology to
increase the extraction efficiency for phenolic
compounds, as in apple (Zheng et al., 2009),
grape seaweed (Ngd et al., 2014), mulberry
(Nguyen et al., 2014), etc. Pectinase hydrolyzes
pectin, breaks the cell wall and promotes the
liberation of the components inside the
material. In addition, using pectinase does not
require complex equipment, environmentally
friendly and high yield. Nowadays, there are no
studies showed pectinase-assisted methods for
the extractive compounds of phenolic from
HTOD. Thus, determining the appropriate
conditions for extractive process including the
ratio material/solvent, enzyme concentration,
pH, time and extraction temperature from
HTOD were quite necessary.

2. Materials and methods

2.1. Materials
2.1.1 Plant material and sample preparation
Polygonum multiflorum Thunb. roots were
collected from Cao Bang province (Vietnam).
The fresh roots have the weight range from 0.5
to 1 kg, reddish brown color, no diseased or
physical injuries. The cleaned roots were sliced
into 2-3 mm thick pieces and dried at 60°C
until <12% of moisture. The dried samples
were ground into a fine powder (<0.5 mm),
packaged in vacuum condition and stored at
room temperature for further use.

2.1.2 Chemical and reagents

Pectinase (Pectinex Ultra SP-L) was
purchased from  Novozyme  Company
(Denmark). Folin—Ciocalteu (FC) and DPPH
(1,1-Diphenyl-2— pricrylhydrazyl) reagent was
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purchased from Merck (Germany). Trolox (6-
hydroxy - 2, 5, 7, 8- tetramethylchroman-2-
carboxylic acid) reagent was purchased from
Sigma-Aldrich (USA) and other chemicals
were of analytical reagent grade.

2.2. Methods
2.2.1 Extraction of phenolic compounds

The root powder (2 g) was extracted with
the assistance of pectinase. Extraction of
phenolic compounds was tested at different
material/solvent ratios (1/5, 1/7, 1/9, 1/11 and
1/13), pectinase concentrations (0.1, 0.2, 0.3,
0.4 and 0.5%), extraction times (40, 60, 80, 100
and 120 minutes), pH (3.5, 4, 4.5, 5 and 5.5)
and extraction temperatures (30, 40, 50, 60 and
70°C). The mixture was filtered through
Whatman No.4 filter paper in vacuum and then
TPC and AC were analyzed.

2.2.2 Determination of total
content (TPC)

The TPC in the extracts was slightly
modified and determined by the Folin-
Ciocalteu colorimetric method (Siddiqua 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).

polyphenol

2.2.3 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 pmol of Trolox per gram of dry
weight (umol TE/g DW).

2.2.4 Scanning electron micrographs (SEM)

Scanning electron microscope system (Jeol
JSM-6480LV, Japan) was used to examine
morphological of dried powder before and after
enzyme treatment.
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2.2.5 Determination of phenolic compounds
by High Performance Liquid Chromatography
method (HPLC)

HPLC analysis of phenolic compounds in
extracts was carried out on an Agilent 1100
Series HPLC system equipped a diode-array
UV-vis detector. The analysis was performed
on a reversed-phase column (ACE C18, 4.6 x
150 mm, 3.5um); the sample was injected into
the injection port (loop 20 pL). The UV
detector was set at a wavelength of 270 nm and
308 nm for gallic acid, catechin and resveratrol,
respectively.

2.3. Data analysis

Results were analyzed by one-way
analysis of variance (ANOVA) method and
significant differences among means from

triplicate  analyses at  pvawe<0.05 were
determined by Fisher's least significant
difference  (LSD) procedure using the

Statgraphics software (Centurion XV).

3. Results and discussions
3.1. Effect of the ratios material/solvent on
the extraction of phenolic compounds
Dried powder was extracted by the same
extraction conditions including pectinase
concentration of 0.2%, temperature of 50°C, pH
of 4.5, extraction time of 100 minutes and
different material/solvent ratios. Figure 1
showed that using material/solvent ratio of 1/11
had the optimal results; TPC and TEAC of
extracts had significant differences (pvaie<0.05)
and reached 41.62+0.98 mg GAE/g DW and
79.13+0.29 pmol TE/g DW, respectively.
During the extraction, the phenolic
compounds moved into solvents that based on
the diffusion. When the amount of solvent
increases, the efficiency will also be improved
(VU and Ha, 2009). If amount of solvent is too
low, phenolic compounds will not diffuse
completely into solvent. Thus, the extractive
efficiency will decrease. However, the high
volume of solvent can dilute the extract; the
obtained vyield is negligible and would not be
cost effective. Based on the received results,
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the ratio of material/solvent 1/11 will use for
the next experiment.
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Figure 1. Effect of the material/solvent ratios
on the extraction of phenolic compounds
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Figure 2. Effect of pectinase concentrations on
the extraction of phenolic compounds

3.2. Effect of pectinase concentrations on the
extraction of phenolic compounds
According to Figure 2, pectinase

concentration of 0.2% was the best result, TPC

and TEAC have the optimal values with
43.92+0.04 mg GAE/g DW and 76.96+0.26
umol TE/g DW, respectively; and effect of
pectinase concentration on the values of TPC
and TEAC have a significant differences

(Pvaiue<0.05).

At first, pectinase hydrolyzes pectin in the
materials, decomposes the structure of cell
plants, reduces the viscosity of the solution and
releases the substances inside the cell,
especially phenolic compounds. Therefore, the
yield of extraction can improve quickly. As
enzyme concentration increases, the reaction
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rate also increases, when the concentration of
enzyme achieves the saturation, then the
velocity the reaction does not change (Lé et al.,
2002). Hence, TPC and TEAC increase
insignificantly and maybe decrease because
some phenolic compounds made the complexes
with protein and inhibit enzymes (Begon et al.,
1989). Pectinase concentration in this study is
lower than some other studies, for instance
Zheng et al. (2008) suggested that the level of
pectinase up to 12% can increase the recovery
yield of polyphenols from apple pomace, Ngo
et al. (2014) used 5.63% pectinase
concentration to extract polyphenol from
seagrape (Caulerpa lentillifera). Based on the
above results, pectinase concentration of 0.2%
was chosen for the evaluation of next steps.

3.3. Effect of extraction time on the
extraction of phenolic compounds

The extraction time was researched from
40 to 120 minutes. The Figure 3 shows that the
highest TPC and TEAC were 44.02+0.77 mg
GAE/g DW and 77.99+0.12 umol TE/g DW at
the extraction time of 80 minutes. Effect of
extraction times on the yield have a significant
difference (pvaie<0.05). TPC and TEAC tend to
increase with increasing extraction time from
40 to 80 minutes then drops slightly from 80 to
120 minutes.

Extraction time is an important factor that
influences on the extraction process. The
optimal extraction time can save cost and time
of process. In the other hand, increased
extraction time is not effective but it can waste
more time-consuming, reduces the economic
and efficient use of the device. Most of the
bioactive compounds are sensitive to high
temperature, and their long storage will lead to
the decomposition of bioactive compounds,
especially phenolic compounds. They are
oxidized by environmental factors such as light,
temperature and oxygen. Extraction time
depends on materials, extraction methods,
devices and phenolic compounds. In this study,
the extraction time was shorter than polyphenol
extraction by pectinase from the seagrape
(Caulerpa lentillifera) (102 minutes) (Ngb et
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al., 2014) and viscozyme L from unripe apples
(12 hours) (Zheng et al., 2009), but it was
longer than that of polyphenol extraction by
microwave-assisted extraction (5 minutes) and
ultrasound-assisted extraction (20 minutes)
from melissa (Ince et al., 2013). Based on the
achieved results, the optimal extraction time
was 80 minutes for extraction process.
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Figure 3. Effect of extraction time on the
extraction of phenolic compounds
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Figure 4. Effect of pH on the extraction of
phenolic compounds

3.4. Effect of pH on the extraction of

phenolic compounds

The optimal value of TPC and TEAC were
shown in Figure 4 and effect of pH on TPC and
TEAC had a significant difference (pvaiue<0.05).
The highest TPC and TEAC obtained were
approximately 45.05+£0.63 mg GAE/g DW and
82.21+0.2 umol TE/g DW at pH of 4.5,
respectively.
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The pH affected significantly the degree of
ionization of substrates and enzymes (L€ et al.,
2002). Besides that, due to the fact that the
optimal operating conditions of pectinase are at
pH of 4.5, TPC and TEAC were higher than the
others, that means polyphenol in root of HTOD
was stabled at pH<7 and could be unstable at
pH>7. This results were similar with research
of Zhu et al. (1997) who recognized that
catechin in green tea was extremely unstable
and decomposed almost completely in few
minutes at pH> 8, while it was very stable at
pH <4. Moreover, Friedman and Jurgens
(2000) also demonstrated that caffeine,
chlorogenic, and gallic acid of plants were
unstable at high pH. Thus, the optimal pH of
4.5 is selected for the next survey.

3.5. Effect of temperature on the extraction
of phenolic compounds

The analyzed results showed that the
temperatures had a significant effect on
extracting the phenolic compounds
(pvaie<0.05). According to Figure 5, the
maximum values of TPC and TEAC were
44.36+1.87 mg GAE/g DW and 80.43%0.13
umol TE/g DW at 50°C, respectively.

As extraction temperature increases from
30°C to 50°C, the values of TPC and AC also
increase. The high temperature can promote the
diffusion of phenolic compounds, reduces the
viscosity of the solvent and easily releases
phenolic compounds. However, when the
temperature rose over 50°C, the TPC and
TEAC decline extremely because they are quite
sensitive with heat treatment. Besides that, the
temperature also had a strong influence on
enzyme reactions. Enzyme activity increased in
a certain temperature limit; if it exceeds the
limit, the enzyme activity will reduce (Nguyén
et al., 2004) and high temperature leads to a
decrease in the value of TPC. Based on the
achieved results, the optimal extraction
temperature was 50°C.
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Figure 5. Effect of extraction temperature on
the extraction of phenolic compounds

3.6. Effect of pectinase-assisted extraction on
the structure of material and content of
some phenolic compounds

Figure 6 shows that initial materials
consist of many pieces of cell plants and starch
that has many different diameter and egg (or
oval) shape. After treatment by pectinase,
almost of starch was not gelatinized at 50°C
and a large number of wrinkles and fragments
appear on surface of cell wall because the cell
wall was destroyed by pectinase. It made the
easy condition to release phenolic compounds.

Using HPLC method identified some
phenolic compounds from the extracts at the
optimal conditions. The detected phenolic
compounds were gallic acid (3.65 mg/g),
catechin (1.56 mg/g) (Figure 7, 8). Detecting
these components are similar with research of

Chen et al. (1999) but resveratrol in this study

was not detected (Figure 9, 10) although there

are many research proved that this compound
also existed in HTOD extract (Quoc and Muoi,

2016; Chang et al., 2016). This difference was

explained by many factors that could affect the

content of phenolic compounds including
extraction method, material, gene, climate, soil.
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Figure 10. HPLC chromatograms of a sample
of Polygonum multiflorum Thunb. root extracts
acquired at 308 nm

4. Conclusions

The results pointed out that the support of
pectinase can improve extraction process of
phenolic  compounds  from  Polygonum
multiflorum Thunb. roots. The highest TPC and
AC in the extract were 44.36+£1.87 mg GAE/g
DW and 80.43+0.13 pumol TE/g DW,
respectively. The optimal conditions of
extraction process were material/solvent of
1/11, pectinase concentration of 0.2%, pH of
4.5, extraction time of 80 minutes and
extraction temperature of 50°C. Cells of
material were destroyed by enzyme pectinase
and there are some main phenolic compounds
which were detected as catechin, gallic acid.
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