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This study aimed to optimise and evaluate the antioxidant activity of Glycyrrhiza uralensis root extract using a simple
heating method. The optimisation of extraction conditions was conducted using the Response Surface Methodology (RSM)
and a Box-Behnken design (BBD), focusing on variables such as temperature, ethanol concentration, extraction time, and
solvent-to-material ratio. The total phenolic content (TPC) and total flavonoid content (TFC) were used as response
variables. The optimal extraction conditions were determined to be a temperature of 58°C, ethanol concentration of 56%, a
liquid-to-solid ratio of 30 mL/g, and an extraction time of 190 minutes, resulting in TPC and TFC values of 158.81 mg
GAE/g and 122.15 mg QE/g, respectively. The extract exhibited considerable DPPH and hydroxyl radical scavenging
effects. These findings suggest that the optimized extraction method not only simplifies the process but also enhances the

scalability and cost-effectiveness of industrial applications.
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Introduction

Glycyrrhiza uralensis, also known as licorice, is a
highly valued herbal medicine that has been widely
used across Asia for centuries'. Its roots are renowned
for their therapeutic properties, particularly in
alleviating pain, reducing inflammation, and soothing
coughs®. Over the years, extensive research has been
conducted to explore the chemical composition of
G. uralensis roots, revealing a rich array of bioactive
compounds. Among these, flavonoids, saponins, and
various other phenolic compounds stand out for their
significant medicinal properties'*. These compounds
have been the subject of numerous studies, which
have demonstrated their potent bioactivities, including
anti-inflammatory, antioxidant, anti-cancer, and
immunomodulatory effects’. Additional research has
expanded the wunderstanding of G. wralensis,
highlighting other significant bioactive compounds
such as glycyrrhizin, isoliquiritigenin, isoliquiritin,
liquiritigenin, and liquiritin, known for their anti-
inflammatory and nitric oxide inhibitory effects™”.
Furthermore,  polysaccharides  extracted from
G. uralensis residues exhibit promising antidiabetic
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activities, particularly through inhibition of
o-glucosidase®. Comparative studies have shown
diverse biological activities across various plant parts,
including leaves, stems, and seeds, traditionally
viewed as agricultural waste, revealing antioxidant,
anticancer, antiviral, and antidiabetic potentials7.

Prenylated phenolic compounds have shown
particular promise against osteoarthritis
inflammation®, and licorice  sprouts  possess

noteworthy antioxidant and lipid-lowering properties,
reinforcing their dietary and therapeutic potential’.
Notably, G. uralensis components have demonstrated
substantial protective and regenerative effects on
muscle tissues, making it a candidate for treating
muscle-related  disorders'’. Advanced analytical
techniques have elucidated the intricate metabolomic
and transcriptomic profiles of G. wralensis,
emphasizing its isoflavonoid biosynthesis pathways

and their significant pharmacological roles''.
Investigations also underscore its substantial
antioxidant, hepatoprotective, anticancer,

immunomodulatory, and cardiovascular protective
effects, reinforcing its comprehensive therapeutic
profile'*. Recent studies further validate the
anti-inflammatory and immunomodulatory properties
of G. uralensis in treating ulcerative colitis through
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modulating immune responses and key inflammatory
signaling pathways'".

Traditionally, the extraction of these valuable
compounds from G. uralensis has been carried out
using various methods, with ultrasonic-assisted
extraction being one of the more advanced and widely
studied techniques. This method, while effective, can
be complex and may require specialized equipment,
which could limit its applicability in large-scale
production settings'>'°. Recognizing this challenge,
the present study sought to optimize a more
straightforward and accessible extraction process,
focusing on the use of a simple heating method to
extract the antioxidant components of G. uralensis.

Response  Surface  Methodology (RSM) has
emerged as an effective statistical tool for
optimizing  extraction conditions, significantly
enhancing the yield and quality of extracted
bioactive compounds'™'®. Recent studies have
successfully applied RSM to optimize the
ultrasonic-assisted  extraction  conditions for

isoliquiritigenin ~ and  glycyrrhizic acid from
G. uralensis, achieving higher extraction efficiencies
compared to conventional extraction methods'®".
Additionally, deep eutectic solvents combined with
ultrasonic-assisted extraction have been optimized
using RSM to efficiently extract multiple bioactive
flavonoids and saponins, demonstrating the potential
for greener, more sustainable extraction processes'’.
Other innovative approaches, such as supercritical
CO, extraction and ionic liquid-based extraction
methods, have also utilized RSM to enhance the
recovery of bioactive constituents from licorice roots,
confirming its versatility and effectiveness in
extraction optimization®?*. Despite these advances,
there remains limited research specifically focusing
on the optimization of antioxidant extraction from
G. wuralensis, highlighting the need for further
studies to fill this critical gap and better harness
the antioxidant potential of this medicinal herb.

By carefully optimizing the extraction conditions,
this study has successfully developed a method that
not only preserves the integrity and efficacy of the
antioxidant compounds but also offers
practical advantages for large-scale production. The
simplicity and efficiency of the heating method
make it a viable alternative to more complex
extraction techniques, particularly in industrial
applications where scalability and cost-effectiveness
are critical considerations. Furthermore, the

optimized conditions identified in this study can be
readily applied to the extraction of bioactive products
from G. wralensis roots, paving the way for
their widespread use in the pharmaceutical industry.
This approach has the potential to significantly
enhance the availability of these beneficial
compounds, contributing to the development of new
medicinal formulations that harness the therapeutic
power of G. uralensis. The findings of this study not
only advance our understanding of efficient
extraction processes but also highlight the
enduring relevance of traditional herbal medicines
in modern healthcare.

Materials and Methods
Instruments and chemicals

UV-Vis absorbance was measured on a BioTek
Synergy HTX multimode reader (Agilent, US). The
incubator and the sonication bath were supplied by
Daihan Scientific, Korea. Ethanol (EtOH), water,
DMSO, and other inorganic chemicals were supplied
by Daihan Scientific, Korea. Folin-Ciocalteu
reagent, gallic acid, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), trichloroacetic acid (TCA), deoxyribose,
thiobarbituricacid, catechin, acarbose and quercetin
were supplied by Merck, Germany.

Plant material

G. uralensis roots were collected in July 2022 in
Hanoi, Vietnam. The samples were identified by
Dr Nguyen The Cuong, Institute of Ecology and
Biological Resources, Vietnam Academy of Science
and Technology. A voucher specimen of the plant was
deposited in the Joint Vietnam-Russia Tropical
Science and Technology Research Center with code
number VR908716. The sample was cleaned under
water taps, dried at 50-55°C, powdered, and preserved
for further experiments.

Total polyphenol assay

The total phenolic contents (TPC) of the samples
were evaluated using the Folin-Ciocalteu method™.
The standard solutions were prepared with several
concentrations of gallic acid (10-400 pg/mL). The
analytes were prepared by dissolving the extracts in
methanol at certain concentrations. Each 100 pL of
the sample or standard solution was mixed with
900 pL of Folin — Ciocalteu 10% and 1000 pL of
Na,CO; 6% and incubated for 15 min at 40°C. Its
absorbance was measured with a UV-Vis
spectrophotometer at 750 nm. The total
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phenolic content was calculated as mg of gallic acid
equivalent (mg GAE/g) by using the gallic acid
calibration curve.

Total flavonoid assay

The total flavonoid contents (TFC) of the
samples were examined using a previous method®.
The calibration standards were prepared with
different concentrations of quercetin (10-200
pg/mL). The analytes were prepared by the same
process as the total phenolic assay. Mix 100 pL of
NaNO; 5% to 500 pL sample or standard solution at
room temperature for 5 min, then add 100 pL of
AlCl; 10% and 500 pL NaOH 1M to the mixture.
Keep the mixture at room temperature for 15 min.
Its absorbance was measured with a UV-Vis
spectrophotometer at 510 nm. The total flavonoid
content was calculated as mg quercetin
equivalent (mg QE/g) by using the quercetin
calibration curve.

Antioxidant assays

The antioxidant activities of extracts and
subfractions were evaluated by DPPH and hydroxyl
radicals scavenging assays. DPPH radical-scavenging
activity was conducted by modifying a previous
method™. Briefly, each sample (20 pL) was mixed
with 380 puL of DPPH in methanol and then dark
incubated at 37°C for 20 minutes. The absorbance
was measured at 517 nm. Ascorbic acid was used as a
positive control.

The hydroxyl radical scavenging assay was
measured based on quantification of the degradation
product of 2-deoxyribose by condensation with
thiobarbituric acid”. 50 pL of the test sample was
incubated with 100 pL of the phosphate buffer
50 mM pH 7.8, 100 uL of deoxyribose 2.8 mM, and
100 pL of Fe(NH4)2(SO4), 500 uM for 1 h at 37°C.
Next, 250 pL of trichloroacetic acid (10%, w/v) and
250 uL of thiobarbituric acid (1% w/v) were added,
and the reaction mixture was boiled for 15 min in a
water bath. The colour development was measured
at 532 nm.

The ICsy values were measured based on
experiments in  several concentrations. The
statistically significant difference in ICsy values was
evaluated by one-way ANOVA and Tukey’s HSD
posthoc analysis.

Experimental Design
The optimal extraction conditions were determined
using the RSM. A Box-Behnken Design (BBD) was

applied to design the experimental setup using the
software Design-Expert 12.0 (Stat-Ease, Inc.,
Minneapolis, US). The independent variables
included extraction temperature (°C, X1), ethanol
concentration (%, X2), extraction time (minutes, X3),
and solvent-to-material ratio (mL/g, X4), with TPC
and TFC as the response variable. Ethanol
concentrations of 0 (distilled water), 48, and 96%
were used as solvents, while the temperatures ranged
from 30 to 80°C (the central point at 55°C), the
solvent-to-material ratio varied between 10 and 50
(the central point at 30) and the extracting time
was set from 60 to 240 minutes
(the central point at 150 minutes). Each experiment
was performed in triplicate, and the average values
were recorded as the observed response.

Results and Discussion
Optimization of extraction conditions by the RSM

The extraction of TPC from G. uralensis roots was
further refined using the RSM with a BBD to
optimize the process. Four key variables, coded and
detailed in Table 1, were carefully selected for this
study, resulting in the design of 30 distinct
experiments. The outcomes of these experiments,
summarized in Table 2, were analyzed using
analysis of variance (ANOVA) to evaluate the
response TPC.

The quadratic model generated from this analysis
proved to be highly significant, with a p-value of less
than 0.001 and a model F-value of 274.82.
Additionally, the lack of fit F-value of 0.4378
(p = 0.8752) indicated that the lack of fit was not
statistically significant relative to the pure error, with
an 87.52% probability that such a lack of fit could
occur due to random noise. The predicted R? value of
0.9866 was found to be in reasonable agreement with
the adjusted R? of 0.9925, further confirming the
model's accuracy. The relationship between TPC and
the four independent variables was expressed through
a second-order polynomial equation:

TPC = -141.59556 + 2.89285X; + 5.00591X, +

3.11197X5 + 0.103835X, - 0.001540X;X, -
Table 1 — Codes and levels of the variables
Variables Unit Code levels
-1 0 1

Temperature (X) °C 50 65 80
Ethanol concentration (X5) % 0 48 96
Time (X3) minutes 60 150 240
Liquid-to-solid ratio (X4) mL/g 10 30 50
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Table 2 — Responses of TPC of the extracts to independent variables using Box-Behnken design

Variables TPC TFC
X :EtOH X,:Temp. Xj:Ratio X4:Time (mg GAE/g) (mg QE/g)

0 30 30 150 42.1 30.13
96 30 30 150 85.85 70.43
0 80 30 150 57.84 46.59
96 80 30 150 94.2 72.4
48 55 10 60 121.97 85.77
48 55 50 60 150.95 128.9
48 55 10 240 130.66 119.36
48 55 50 240 153.31 118.32
0 55 30 60 68.51 61.74
96 55 30 60 116.13 85.65
0 55 30 240 71.75 52.85
96 55 30 240 111.85 74.71
48 30 10 150 89.24 75.82
48 80 10 150 125.36 88.39
48 30 50 150 134.79 120.46
48 80 50 150 123.53 114.46
0 55 10 150 54.39 50.46
96 55 10 150 97.14 68.01
0 55 50 150 76.24 62.88
96 55 50 150 116.13 92.02
48 30 30 60 114.58 88.07
48 80 30 60 131.89 93.03
48 30 30 240 119.5 101.86
48 80 30 240 134.37 96.44
48 55 30 150 146.04 106.71
48 55 30 150 150.82 103.27
48 55 30 150 144.47 107.75
48 55 30 150 152.79 116.44
48 55 30 150 143.85 131.38
48 55 30 150 147.37 126.14

0.000745X;X5 - 0.000435X;X4 - 0.023690X,X; -
0.000271X,X; — 0.000879X;X, - 0.023809X,* -
0.035547X,°- 0.017899X5" - 0.000085X,>

Similarly, the RSM approach was applied to
evaluate the extraction of TFC. The modified
quadratic model for TFC also showed a significant p-
value of less than 0.001 with a model F-value of
25.10. The lack of fit for this model was not
significant, with a lack of fit F-value of 0.45 (p =
0.8690), indicating an 86.90% chance that this lack of
fit could be attributed to noise. The R? value of
0.9388and the adjusted R? of 0.9014 support the
validity of the model. The relationship between TFC
and the four independent variables was also captured
in a second-order polynomial equation:

TFC = -102.47628 + 2.20810X; + 3.45897X, +
1.90780X; + 0.266345X, - 0.003019X,X, +

0.003018X;X5 - 0.009285X,X; - 0.001153X,X, -
0.006135X3X, - 0.019504X,” - 0.025859X,"

The result of ANOVA revealed that
X (temperature), X, (ethanol concentration), Xj
(time), X4 (solid-to-liquid ratio), X,*(temperature x
temperature), X,’(cthanol concentration x ethanol
concentration) were significant model terms. In detail,
these factors could deeply affect the TPC and TFC of
the extraction product. The comprehensive analysis
using RSM and BBD provided a deep understanding
of how various factors influenced the extraction
efficiency of both TPC and TFC from G. uralensis
roots. These optimized conditions and models can
now serve as a foundation for further refining the
extraction processes, potentially leading to more
effective and scalable methods for harnessing the
medicinal properties of G. uralensis.
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TPC (Mg GAE/g)

TPC (mg GAE/g)

Fig. 1 — Response surfaces a) temperature vs ethanol concentration, b) temperature vs time, and c) temperature vs liquid-to-solid ratio to

total phenolic contents of G. uralensis roots extracts.

TFC (mg QE/g)

Fig. 2 — Response surfaces a) temperature vs ethanol concentration, (b) temperature vs time, and (c) temperature vs liquid-to-solid ratio

to total flavonoid contents of G. uralensis roots extracts.

Fig. 1 and Fig. 2 present three-dimensional
response surface plots, illustrating how different
extraction parameters influence the TPC and TFC of
the extracts. The plots show that extending the
extraction time and increasing the liquid-to-solid ratio
can enhance both TPC and TFC in the final product.
Additionally, the extraction temperature and ethanol
concentration must be elevated to specific levels to
maximize the yield of phenolic compounds. Using the
RSM and calculations performed with Design-Expert
software, the optimal conditions for extracting
phenolics and flavonoids from G. uralensis root were
identified. The ideal extraction parameters were
determined to be a temperature of 57.2°C, an ethanol
concentration of 55.9%, a liquid-to-solid ratio of 30.0
mL/g, and an extraction time of 189.6 minutes. Under

these conditions, the predicted optimal TPC and TFC
values were 150.30 mg GAE/g and 115.25 mg QE/g,
respectively.

To validate these findings, an actual extraction was
conducted under slightly adjusted conditions: a
temperature of 58°C, an ethanol concentration of
56%, a liquid-to-solid ratio of 30 mL/g, and an
extraction time of 190 minutes. The results from this
confirmation test closely matched the predicted
values, with the actual TPC measured at 158.81 mg
GAE/g and the TFC at 122.15 mg QE/g (based on
triplicate tests). These actual results closely aligned
with the calculated predictions, demonstrating the
effectiveness and accuracy of the optimized extraction
conditions. The study's findings underscore the
importance of precise control over extraction



312 INDIAN J NAT PROD RESOUR, JUNE 2025

Table 3 — Free radicals scavenging activities of G. uralensis root
extract in the optimal extracting condition.

Sample DPPH (ICsg, pg/mL) Hydroxyl
(ICsp, pg/mL)

G. uralensis root 18.56+1.14 38.32+3.87

extract

Ascorbic acid " 35.21£1.73 -

Catechin™ - 36.44+2.87

& kok ..
* positive controls

variables and provide a robust framework for
optimizing the extraction of bioactive compounds
from G. uralensis, which can be applied in larger-
scale production settings.

Antioxidant activities

Free radicals are unstable molecules or atoms that
contain one or more unpaired electrons, which make
them highly reactive. Due to their instability, free
radicals can readily interact with and damage nearby
stable molecules. Under normal physiological
conditions, the body maintains a delicate balance
between the production of reactive free radicals and
the body's endogenous antioxidant defence
mechanisms. This balance is crucial for protecting
cells and tissues from oxidative damage. However,
when this equilibrium is disrupted, it can lead to
oxidative stress, a condition that results in cellular
damage. This damage can affect vital biomolecules
such as DNA and proteins, potentially leading to cell
death. Over time, oxidative stress is implicated in the
development of various diseases, including diabetes,
cardiovascular diseases, inflammation, and cancer’.
In this study, the antioxidant properties of
G. uralensis root extract were thoroughly evaluated
under optimal conditions, focusing on its ability to
scavenge free radicals. The extract's effectiveness was
assessed using two well-established assays: the DPPH
radical scavenging assay and the hydroxyl radical
scavenging assay. Table 3 revealed that the
G. wuralensis root extract exhibited a particularly
strong DPPH radical scavenging effect, with an
IC50 value of 18.56 pg/mL. This result is
significantly lower than the ICs, value of 35.21
pg/mL  observed for ascorbic acid, a widely
recognised antioxidant and the positive control in
this study. This indicates that the G. uralensis root
extract is more potent in neutralizing DPPH
radicals than ascorbic acid. Moreover, the extract
also demonstrated substantial scavenging activity
against hydroxyl radicals, with an IC50 value of

38.32 pg/mL. This value is very close to that of
catechin, another positive control known for its strong
antioxidant properties, which had an ICs, value of
36.44 pg/mL. These findings suggest that the
G. wuralensis root extract is highly effective in
combating oxidative stress by neutralizing harmful
free radicals, such as DPPH and hydroxyl
radicals. The strong antioxidant activity of the
G. uralensis root extract, as demonstrated by its low
ICsp values in both assays, highlights its potential
therapeutic benefits. The extract could be particularly
valuable in the development of natural antioxidant
supplements or pharmaceuticals aimed at preventing
or mitigating oxidative damage, which is implicated
in a variety of chronic diseases, including
cardiovascular diseases, cancer, and inflammatory
conditions. The results of this study underscore the
importance of further research into G. wuralensis
and its bioactive compounds, as they may offer
significant health benefits through their potent
antioxidant effects.

Conclusion

In this study, a simplified heating method
for extracting antioxidant compounds from
G. wuralensis root was successfully optimised,
demonstrating significant improvements in both
extraction efficiency and practicality compared to
more complex methods. Through the application of
RSM and BBD, the optimal extraction conditions
were identified as a temperature of 58°C, ethanol
concentration of 56%, a liquid-to-solid ratio of
30 mL/g, and an extraction time of 190 minutes.
These conditions resulted in high TPC and TFC, with
actual values closely matching the predicted optimal
outcomes. The antioxidant activity of the extract was
assessed using DPPH and hydroxyl radical
scavenging assays, revealing superior performance in
scavenging DPPH radicals compared to ascorbic acid
and comparable activity against hydroxyl radicals to
catechin. These results underscore the potent
antioxidant potential of G. wuralensis root extract,
which could be harnessed for developing natural
antioxidant supplements and pharmaceuticals. The
simplified extraction method not only facilitates
large-scale production but also offers a cost-effective
alternative to more sophisticated techniques. The
findings highlight the enduring relevance of
traditional herbal medicines in modern health
applications and provide a robust foundation for



further research into the therapeutic benefits of
G. uralensis and its bioactive compounds.
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