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Abstract

Response surface methodology was used to estimate the optimum extraction parameters, for which the total phenolic content and
total flavonoid content of Avicennia officinalis L. extract were the highest. Based on the 3D surface plots and regression analysis of the
independent variables, the optimal conditions for the ultrasound-assisted extraction were as follows: methanol content, 55.27%; liq-
uid-to-solid ratio, 14:1 (mL/g, v/w); temperature, 48.8 °C, and time, 9.66 min. Optimal extraction conditions were applied to validate
the quantification. The bioactive compounds from the Avicennia officinalis L. extract were identified through ultra-fast liquid chro-
matography coupled to diode array detector for the first time. These methods were applied to quantify phenolic acids and flavonoids
from A. officinalis extracts collected at six different locations in Vietnam. The results showed that the concentrations of these com-
pounds varied from 0.319 + 0.022 to 3.524 + 0.125 mg/g in the methanol extract. The result showed that cinnamic acid is the major
compound in A. officinalis collected in Vietnam. In the present study, an optimized ultrasound-assisted extraction was first designed
to improve the content of phenolic acids and flavonoid compounds from A. officinalis. Additionally, the bioactive compounds from
the A. officinalis extract were identified through UFLC-DAD for the first time.
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Introduction which is used in the leather and dye industries (Kathiresan

et al. 2001; Bandaranayake et al. 2002). One of the most
There are eight species of mangrove plants in the genus  significant mangrove species is Avicennia officinalis L., an
Avicennia, which is found on every continent. The bark of ~ evergreen plant found throughout Europe, Western Asia,
mangrove plants contains a significant amount of tannin, and North Africa (Das et al. 2019). In Vietnam, mangrove
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habitats in coastal provinces, such as Ca Mau, Kien Giang,
and Tra Vinh, are home to a large population of this spe-
cies (Duong et al. 2022).

Several Avicennia officinalis L. components have been
used in traditional medical procedures. The seeds are used
topically for ulcers, boils, and abscesses to speed up the
suppuration process. Roots are used in the treatment of
skin conditions, including scabies, rheumatism, paralysis,
asthma, and snakebites, and as aphrodisiac; bark is used
as a diuretic. Fruits are used as tumor plasters (Das et al.
2018; Thatoi et al. 2018). The pharmacological signifi-
cance of this plant has been reported in several studies. A.
officinalis is used because of its therapeutic benefits as an-
tidiabetic (Das et al. 2018), anti-inflammatory (Sumithra
et al. 2011a), anticancer (Sumithra et al. 2011b), and anti-
bacterial (Shanmugapriya et al. 2012; Valentin et al. 2016).
Furthermore, A officinalis has significant antioxidant ef-
fects (Thirunavukkarasu et al. 2011; Bakshi et al. 2018; Bui
et al. 2022), and natural antioxidant particles may inhibit
viral replication by denaturing enzymes. The phytochem-
icals in this plant might be a source of substances that can
inactivate SARS-CoV-2 Mpro (Mahmud et al. 2021).

According to a phytochemical investigation of A. offici-
nalis leaf extracts, phenolic compounds, such as trans-cin-
namic acid (Muhammad et al. 2013), n-hexadecanoic
acid, 9-octadecenoic acid methyl ester, and phenethyl
alcohol, are present in the extract (Mahmud et al. 2021).
Solvent extraction is frequently used for the preparation
of bioactive chemicals. The extraction yield is consider-
ably affected by several variables, including solvent com-
position, solvent-to-solid ratio, extraction temperature,
and extraction duration (Chirinos et al. 2007; Ghafoor et
al. 2009; Omwamba et al. 2009; Nguyen et al. 2015). The
one-factor-at-a-time approach, in which only one compo-
nent is changed at a time while others are fixed at constant
values, is a traditional assay to explore the optimization
conditions. However, this method takes considerable time
and cannot assess the interaction of different elements.
Response surface methodology (RSM) is a useful meth-
od for solving these problems. When various factors may
have an impact on the results, RSM can investigate the
links between the response values and the independent
variables and improve procedures or goods (Bas et al.
2007). System-related biochemical and biotechnological
processes have been effectively modeled and optimized
using RSM (Pompeu et al. 2009; Karacabey et al. 2010;
Gong et al. 2012; Nguyen et al. 2022).

The objective of this study was to determine the effect
of methanol concentration, extraction temperature, and
time on the total phenolic content (TPC) and total fla-
vonoid content (TFC) yields and antioxidant activity in
A. officinalis extracts. The optimal extraction parameters
were determined using RSM with the A. officinalis extract
having the highest concentration of bioactive compounds.
Using ultra-fast liquid chromatography coupled to diode
array detector (UFLC-DAD), we developed and validat-
ed a method for quantifying phenolic acid and flavonoid
components from a methanol extract of A. officinalis from

Vietnam using the optimal extraction conditions. Addi-
tionally, this study is the first to simultaneously quantify
six polyphenols in A. officinalis.

Materials and methods

Chemicals and instruments

Methanol, ethanol, acetone, ethyl acetate, dichlorometh-
ane, chloroform and n-hexane (analytical grade) used for
sample extraction were purchased from Sigma-Aldich,
Germany. 2-Azino-bis (3-ethylbenzothiazoline-6-sulfon-
ic acid) diammonium salt (ABTS), 1,1-diphenyl-2-picryl-
hydrazyl (DPPH), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ),
and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxyl-
ic acid (Trolox) were all purchased from Sigma-Aldrich
Chemical Co., Ltd. (St. Louis, Missouri, USA). Other an-
alytical-grade reagents used in the study were purchased
from Tianjin Kemiou Chemical Reagent Co., Ltd. (Tian-
jin, China). The chemicals used to prepare DESs were pur-
chased from Aladdin Biochemical Technology Co., Ltd.
(Guangzhou, China).

Methanol, acetonitrile, acetic acid, and formic acid
(Sigma-Aldich, Germany) were HPLC grade and water
was purified by a MilliQ system (Milllipore Corporation,
Bedford, MA, USA). The standards of taxifolin (98%),
luteolin-7-O-glucosid (98%), sinapic acid (98%) and cin-
namic acid (98%) used for HPLC analysis were purchased
from ChemFaces Biochemical Company, Wuhan. Chlo-
rogenic acid (98%) and p-coumaric acid (98%) standards
were purchased from Sigma-Aldich, Germany.

UFLC-DAD was performed on an UFLC Shimadzu
system (LC-20AD), detector DAD SPD-M20A, all piloted
by Labsolutions software.

Plant material

Avicennia officinalis L. leaves were obtained from the Me-
kong Delta region of Ca Mau, Vietnam, and identified at
the Can Tho University Department of Biology. To re-
move dirt and grime, the leaves were washed with water.
The moisture content of the dried samples was less than
13%. The raw ingredients were crushed into a fine powder
with a size of 2 mm. A. officinalis powder was maintained
at room temperature in black glass containers until use.

Preliminary extraction experiments

The aim of the preliminary studies was to choose the ideal
conditions (solvent concentration, solid-to-liquid ratio,
temperature, and time) for the ultrasonic-assisted ex-
traction of the total phenolic acid content (TPC) and total
flavonoid content (TFC) from the extract of A. officinalis
leaves. The first step of the experiment was to determine
the effect of the solvent on the production of phenolic ac-
ids and flavonoids. Leaf powder (1 g) and solvent (15 mL)
with varying methanol concentrations (50-100%, v/v)
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were used for extraction. The extraction flask was sub-
merged in an ultrasonic bath at 40 °C for 15 min. The flask
was covered to prevent solvent loss during the extraction.
Each filtered extract from the solid-liquid mixture was
diluted to a volume of 50 mL using the same extraction
solvent after the solid-liquid mixture was filtered. The sec-
ond step of the experiment determined the solid-to-liquid
ratio (1:5 to 1:25). Setting the temperature and proper du-
ration for the ultrasound-assisted extraction was the final
step of the experiment. The extraction was conducted be-
tween 30 °C and 50 °C, and lasted between 10 and 25 min.
The extraction effectiveness was assessed through the sum
of the peak regions for TPC and TFC.

Optimization of the extraction procedure

RSM was used to optimize the phenolic acid and flavo-
noid extraction parameters from the A. officinalis leaf ex-
tract for the highest antioxidant potential. The methanol
concentration (X ), solid-to-liquid ratio (X,), temperature
(X,), and duration (X,) are the independent variables. The
levels of independent parameters were set based on early
experimental findings. For 20 runs of the five stages of the
variable optimization process, a rotatable Box-Behnken
design was used. Table 1 shows the ranges and numbers
of the independent variables in their coded forms. To rep-
resent the TPC (Y,) and TFC (Y,) yields as a function of
the independent factors, linear models were fitted to the
experimental data as follows:

4 4 4 4
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where Yn represents the response variables, a0 is a fixed
amount, and ai, aii, and aij represent the linear, quadratic,
and interaction coeflicients, respectively. The independent
variables are Xi and Xj. Three-dimensional surface re-
sponse plots were produced by altering the two variables
within the experimental range and maintaining the third
constant at the center point. The coefficients of the response
surface equation were calculated using Design Expert 11.
A 95% confidence level (p < 0.05) based on the total error
criterion was used to test for statistical significance.

Table 1. Experimental design factors and levels of design of ex-

periments.
Independent variable Units Experimental value
Low (-1) High (+1)
A: Methanol concentration v/v,\% 50 100
B: Liquid: Solid (L/S) mL/g 5 25
C: Ultrasonic temperature °C 30 50
D: Ultrasonic time Min 5 25

Analysis of samples through UFLC-DAD

A UFLC Shimadzu (LC-20AD) system with a DAD detec-
tor, autosampler, injection system, and quaternary pump

was used to identify and quantify phenolic acids and fla-
vonoids in the crude methanol extracts. The system was
controlled using LabSolution software. A 4.6 x 250 mm
Agilent C18 column with 5 pum particle size was used to
measure phenolic acid and flavonoid components. The
complete loop injection option was used to inject 20-uL
samples. The mobile phase was used to elute the column at
a constant flow rate of 1 mL/min and consisted of HPLC-
grade acetonitrile (solvent A), HPLC-grade methanol
(solvent B), and water containing 0.2% ammonium ace-
tate and 0.1% formic acid. The gradient elution program
included: 0-17 min, 3% B and 90% C; 32 min, 9% B and
90% C; 41 min, 10% B and 83% C; 48 min, 11% B and 82%
C; 55 min, 15% B and 74% C; 72 min, 18% B and 73% C;
86 min, 20% B and 80% C; and 90-95 min, 7% B and 90%
C. The DAD detector was set at 280 nm.

Standard solutions

Stock solutions of chlorogenic, p-coumaric, sinapic, and
cinnamic acids, taxifolin, and luteolin-7-O-glucosid
were prepared in methanol at 1000 pg/mL and stored at
4 °C. Then, solutions were diluted in methanol to ob-
tain seven concentrations (from 1.25 to 150 pug/mL). The
peak areas and concentrations of each standard were fit-
ted to linear regression and linear regression after square
root transformation to select the most suitable regres-
sion model.

Validation quantitative method

The validation of the method was performed with three
independent series of experiments to analyze the follow-
ing criteria: selectivity, linearity, limit of detection (LOD),
limit of quantification (LOQ), precision, and accuracy ac-
cording to the Association of Official Analytical Chemists
(AOAC) guidelines (Association of Analytical Communi-
ties International 2013).

Applications

Six crude methanol extracts of A. officinalis leaves collect-
ed from different coastal provinces of Vietnam were used.
Leaves were harvested from many different A. officinalis
trees to obtain 1 kg of dry leaf samples. The methanol leaf
extracts were analyzed using validated methods for their
concentrations of chlorogenic, p-coumaric, sinapic, and
cinnamic acids, taxifolin, and luteolin-7-O-glucosid to
analyze variations according to the collection location and
determine the best one.

Statistical analyses

Statistical analyses were performed using Microsoft
Excel and GraphPad Prism 8. All measurements were
performed in triplicates. Data and figures from the pre-
liminary experiments were generated using Microsoft
Excel. Analysis of variance (ANOVA) of the results of
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the RSM test and the correlations of extraction param-
eters with TPC and TFC were analyzed using Design
Expert 11.

Results and disscussion

Preliminary extraction experiments

The extraction is very important for the isolation and
identification of phenolic acid and flavonoid compounds
in plants. In this study, a one-factor-at-a-time approach
was used to select the appropriate extraction conditions
(solvent concentration, solid-to-liquid ratio, temperature,
and time). TPC and TFC were chosen as the indices for
the extraction process. The effect of different methanol
concentrations (50%, 60%, 70%, 80%, and 100%; v/v) on
the TPC and TFC yields was tested at 40 °C for 15 min.
The results showed that TPF and TFC depended on meth-
anol concentration (Fig. 1a). The total phenolic acid and
flavonoid yields increased with an increase in methanol
concentration from 50% to 80% and then decreased when
100% methanol was used. The maximum TPC and TFC
yields were 126.47 pg/mL and 75.36 pg/mL, respective-
ly, when methanol concentration was 80%. These results
were similar to those previously reported (Liyana-Pathi-
rana et al. 2005; Silva et al. 2007), and might be attributed
to the change in solvent polarity with changes in methanol
proportion. Furthermore, a high methanol concentration
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may cause protein denaturation, which prevents the disso-
lution of polyphenols and affects the extraction rate (Yang
et al. 2009). Considering the limitation of the highest
methanol concentration in the design, 80% was chosen as
the center value for the RSM.

The effect of the solid-to-liquid ratio was investigated
using 80% methanol as the solvent at 40 °C for 15 min. To
evaluate the effect of this factor on the extraction yields,
we examined different ratios ranging from 1:5 to 1:25 g/
mL. Fig. 1b shows that TPC and TFC were significantly
affected by the solid-to-liquid ratio. Therefore, a 1:15 ratio
was selected as the center point for the RSM.

The effect of the temperature (30 °C, 35 °C, 40 °C, 45 °C,
and 50 °C) was investigated using 80% methanol with a
solid-to-liquid ratio of 1:15 for 15 min. Fig. 1c demon-
strates that TPC and TFC were significantly affected by
the temperature. When the temperature increased from
30 to 45 °C, a substantial increase in the TPC and TFC was
observed. However, a further increase in temperature in-
duced a decrease in TPC and TFC. The rise in temperature
may benefit the extraction of TPC and TFC by decreasing
the viscosity coefficient, increasing the diffusion coeffi-
cient, and enhancing the solubility of phenolics (Cacace et
al. 2003). Simultaneously, heat-sensitive compounds may
be degraded at higher temperatures. Therefore, a tempera-
ture of 45 °C was fixed as the center point for the RSM.

The effect of the ultrasonic time (5 min, 10 min, 15 min,
20 min and 25 min) was investigated using 80% metha-
nol with a solid-to-liquid ratio of 1:15 at 45 °C. Fig. 1d
(b) == Total flavonoids content
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Figure 1. Influence of methanol concentration, ratio of solid to liquid, temperature and time ultrasonic on the extration of TPC and

TFC from A.officinalis leave extracts.
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demonstrates that TPC and TFC were significantly affect-
ed by ultrasonic time. When the ultrasonic time increased
from 5 to 20 minutes, a substantial increase in the TPC
and TFC was observed. However, a further increase in ul-
trasonic time at 25 minutes induced a decrease in TPC
and TFC. Therefore, 20 minutes was fixed as the center
point for the RSM.

Optimization of the extraction proce-
dure by RSM

Model fitting

The experimental modeling results showed that TPC varied
from 29.39 to 162 ug/mL and TFC from 17.03 to 75.38 pg/
mL (Table 2). The software generated two regression equa-
tions that demonstrated the empirical relationship between
the response values and extraction parameters of methanol
concentration (X,), solid-to-liquid ratio (X,), temperature
(X,), and time (X,) of the ultrasound-assisted extraction.

Table 2. Rotatable central composite design setting in the origi-
nal and coded forms of the independent variables (X, X,, X, X,)
and experimental results of TPC (Y,) and TFC (Y,).

Table 3. ANOVA for the effect of methanol concentration (X)),
solid-to-liquid ratio (X,), temperature (X,), and time (X,) of the
ultrasound-assisted extraction on the total phenolic content
(TPC) and total flavonoid content (TFC) using a quadratic re-
sponse surface model.

Term Df TPC TFC

Mode SS F-ratio P-value SS  F-ratio P-value
Model 14 19605.75 10.59 0.0083 4444.55 796 0.0158
X, 1 458.92 347 0.1215 80.20 2.01 0.2154
X2 1 2.34 0.0177 0.8993 171.48 4.30 0.0928
X, 1 7.60 0.0575 0.8201 15.95 0.3997 0.5550
X4 1 61.91 0.4684 0.5242 855.12 21.44 0.0057
XX, 1 2.73 0.0207 0.8913 39.35 0.9864 0.3662
XIX3 1 694.88 5.26 0.0704 115.79 290 0.1419
XX, 1 1824.08 13.80 0.0138 65.72 1.65 0.2556
XZX3 1 534.35 4.04 0.1006 191.59 4.80 0.0799
XX, 1 338479 2561 0.0039 299.59 7.51 0.0408
X3X4 1 3213.73 2431 0.0044 34.63 0.8681 0.3942
X2 1 428.37 324  0.1317 22590 5.66 0.0632
X§ 1 1265.60 9.57 0.0270 255.85 6.41 0.0524
X2 1 531.84 4,02 0.1012 783.76 19.65 0.0068
Xj 1 5937.68 4492 0.0011 199.52 5.00 0.0755
Lackof fit 2  467.24 392 0.1586 9.61 0.0760 0.9286
Pureerror 3  193.67 189.83
R? 0.9674 0.9571
Adj R? 0.8761 0.8368

Run Independent variables Responses
A B C D TPC (ug/mL) TFC (ug/mL)
1 50 15 40 5 162.00 75.38
2 100 15 40 5 126.49 71.02
3 100 15 50 15 104.58 23.34
4 75 15 40 15 78.07 36.04
5 75 15 30 5 81.90 36.03
6 50 15 40 25 80.64 30.47
7 75 15 40 15 80.01 28.08
8 75 25 40 25 43.71 21.06
9 100 15 30 15 64.46 36.78
10 75 5 30 15 63.24 25.97
11 75 25 30 15 73.71 22.58
12 75 15 40 15 72.61 28.84
13 75 5 40 5 38.04 46.35
14 50 25 40 15 29.43 50.38
15 50 5 40 15 29.39 48.58
16 100 5 40 15 44.49 48.06
17 75 25 50 15 43.75 41.33
18 50 15 50 15 49.95 28.76
19 75 5 50 15 79.51 17.03
20 75 15 40 15 62.09 45.18

Regression analysis and ANOVA were used to fit the
model and examine the statistical significance of the
terms. The results of the ANOVA are presented in Table 3.
The corresponding coeflicients of determination (R?) for
the models were 0.9674 and 0.9571 for TPC and TFC, re-
spectively. No significant difference in the lack of fit (p >
0.05) was observed between the two models, indicating
that the models could be used to predict responses. The
generated 3D response surface graphs corresponding to
all responses showed the interactive effects of the variables
(Figs 2, 3).

Effect of the extraction variables on TPC

The linear effects of X,,as well as the quadratic effects of X
, X5 X5 and X2showed highly significant effects on TPC. In
addition, the p-values verified that TPC depended mainly
onX X, followed by XX, XX, XX,X and X (Table 3).
Furthermore, out of the four interactive terms, the inter-
active effect of X and X, was significant. The relationship
between TPC and variables is described by the following

second-order polynomial equation (1):

Y, = 73.19 + 1046X - 0.5884X, - 1.21X, - 4.52X, +
1.16X X, +19.06X X, +32.19X X, - 11.59X X, - 83.67X X,
- 86.52 XX, - 11.93X2- 23.15X2- 15X2+ 74.5X2 (1)

A 3D response surface (Fig. 2A-F) was applied to clarify
the interactive effects of the four variables on the TPC of A.
officinalis leaf extract. X, and X, showed an interactive ef-
fect on TPC, which increased readily up to 162 pg/mL with
increasing TPC (Fig. 2C). Fig. 2E, F show that X, interacted
significantly with X and X, (p < 0.05). Fig. 2A, B showed X,
had no significant effect on TPC with X, and X, (p > 0.05).

Effect of the extraction variables on TFC

The linear effects of X, and the quadratic effects of X3, XS,
X?, and X showed highly significant effects on TFC. TFC
was mainly affected by X, X X,,and X2 (p < 0.05). The TFC
model is represented through the following equation (2):

Y, = 34.54 + 437X, + 5.03X, + 1.76X, - 16.79X, +
438X X, - 7.78X X, + 6.11X X, + 6.92X X, - 24.89X X, -
8.98X X, + 8.67X 2 + 10.41X ? ~1821X” + 13.66X*  (2)
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Figure 2. 3D response surface curve showing the influences of independent variables on the TPC (A-F).

To visualize the effects of the four independent vari-
ables on TFC from A. officinalis leaf extracts, 3D response
surface plots (Fig. 3A-F) were generated according to
equation (2). X, and X3 showed a positive effect on all the
responses. Negative quadratic effects were observed at the
time of extraction, which confirmed a decrease in the ex-
traction yield. Thus, an excessive time is not effective in
the extraction process.

Optimization of the extraction conditions

An experiment was conducted to confirm the reliabili-
ty of the RSM design under the ideal ultrasound-assist-

TEC (ug/ml)
TFC (ug/ml)

TFC (ug/ml)
TFC (ug/ml)

ed extraction conditions established through the model.
The ideal conditions for TPC extraction were determined
using the following parameters: 55.27% methanol con-
centration, 14:1 (mL/g, v/w) for the liquid-to-solid ratio,
48.8 °C as the temperature, and 9.66 min as the duration
of the ultrasound-assisted extraction at optimal condi-
tions. TPC and TFC were 127.841 pg/mL and 46.18 pg/
mL, respectively. In contrast, the greatest 162 ug/mL TPC
and 75.38 pg/mL TFC were projected with 80% of meth-
anol concentration and a 15:1 (mL/g, v/w) liquid-to-solid
ratio at 45 °C for 20 min. When phenolics from Inga edulis
were extracted, a similar result was observed (Silva et al.
2007). This could be caused by process flaws, including

TFC (ug/ml)

TFC (ug/mi)

Figure 3. 3D response surface curve showing the influences of independent variables on the TFC (A-F).
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phenolic breakdown at high temperatures, prolonged ex-
traction times, or use of high solvent concentrations.

Quantification method and validation

Four standards of phenolic acids, including chlorogenic,
p-coumaric, sinapic, and cinnamic acids, and two stan-
dards, including taxifoli and luteolin-7-O-glucosid were
selected to quantify the major phenolic compounds from
the methanol extracts of A. officinalis leaves from Vietnam
by the validated method we developed.

Selectivity

Selectivity was validated by comparing the retention times
and UV spectra of peaks of the crude extract and stan-
dards of six analytes at retention times corresponding to
the beginning, middle, and end of these peaks. Similar re-
sults indicated the selectivity of the method (Fig. 4).

mAU
200
1754
150
1254
100

754
504

25— s o > = -—

T
10 20 30 40 50 60 70 80 9

Figure 4. HPLC chromatogram of A.officinalis leaves extract.
a Mobile phase solvent; b Solute sovent; ¢ Extraction solvent;
d Spiked sample; e Mixed standards solution; f Standard addition.
(C1: Chlorogenic acid, C2: p-coumaric acid, C3: Sinapic acid, C4:
Taxifolin, C5: Luteolin -7-O-glucoside, C6: Cinnamic acid).

Linearity and limits of detection and quan-
tification

The stock solutions were diluted and mixed to seven con-
centrations ranging from 0.05 to 100 pg/mL for the six
analytes. To evaluate linearity, each mixed standard sam-
ple was injected in triplicate into the HPLC system, and
calibration curves were obtained by plotting the average of
the peak area responses versus the concentration of each
sample. Square correlation coefficients (R?) were higher
than 0.999 (Table 4). The LOD was estimated as 0.33 pg/
mL for chlorogenic, p-coumaric, and cinnamic acids,
0.7 ug/mL for taxifolin, 1.0 ug/mL for luteolin-7-O-gluco-
side, and 1.32 for sinapic acid by the signal-to-noise ratio

of three as mentioned in 3.0. The LOQ varied from 0.1 to
0.4 ug/mL for the six analytes. This was determined as the
lowest concentration level of the test, in agreement with
the accuracy profiles.

Precision

Precision was expressed as relative standard deviation
(RSD %) values to evaluate repeatability (intra-day) and
intermediate precision (inter-day). The results showed
that the repeatability and intermediate precision were less
than 4% for the six analytes (Table 2). The precision values
(< 6%) agreed with the AOAC guidelines criteria (Associ-
ation of Analytical Communities International 2013).

Accuracy

The accuracy of this method was investigated through re-
covery studies. Three different concentrations of the refer-
ence compounds, including low (50%), medium (100%),
and high (150%), were added to the blank samples. Spiked
samples were then added and quantified according to the
methods described above. The results indicated that the
method developed exhibited good accuracy, with an overall
recovery ranging from 88.44 to 103.86%. Based on the re-
sults of the recovery test, this method was deemed accurate.

Application to samples

The leaves of A. officinalis used in this study were collected
from six provinces in Vietnam. Crude methanol extracts
were analyzed using the methods developed. Quantifi-
cation results (Table 5) showed that the concentration
of phenolic acids and flavonoids in the methanol extract
of the six samples varied from 0.319 to 3.524 mg/g. The
highest total content of bioactive components was found
in samples collected in the Kien Giang province.

Cinnamic acid is the major phenolic acid component in
the leaves of A. officinalis in Vietnam. The highest content
of cinnamic acid reached 2.531 mg/g in the crude extract in
samples from the Kien Giang province, while no cinnam-
ic acid was detected in the leaf samples collected from the
Ben Tre province, and the lowest phenolic acid content was
chlorogenic acid, which ranged from 0.005 to 0.102 mg/g.

The leaf samples from the Soc Trang Province had the
highest TFC (0.856 mg/g) and contained the highest con-
centration of luteolin-7-O-glucoside (0.841 mg/g). The
sample collected in the Bac Lieu province had no detected
luteolin-7-O-glucoside and the content of taxifolin was
low (0.018 mg/g).

Table 4. Precision, recovery, calibration parameters, LOD and LOQ.

Substance Calibration curve Precision (n=6) Recovery (%) LOD LOQ
Regression equation R? Intra-day Inter-day Low-level Mid-level High-level (ug/ mL) (pg/ mL)
RSD (%)  RSD (%)
Chlorogenic acid y = 41266x - 32257 0.9996 3.22 0.77 91.59 100.09 101.26 0.33 0.10
p-coumaric acid y = 74152x - 61700 0.9996 3.19 1.03 88.44 91.13 89.03 0.33 0.10
Sinapic acid y = 64417x - 68771 0.9992 3.54 2.61 96.16 94.21 101.42 1.32 0.40
Cinnamic acid y = 76966x + 65516 0.9994 3.35 2.78 103.86 102.58 100.33 0.33 0.10
Taxifolin y = 52877x - 71296 0.9995 3.64 1.28 99.51 99.11 100.86 0.70 0.20
Luteolin -7-O-glucoside ~ y = 25716x - 23233 0.999 3.31 2.45 98.71 99.48 98.61 1.00 0.30
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Table 5. Phenolic acid and flavonoid content in samples of A.officinalis leaves collected in different provinces in Vietnam by the

validated methods.

Samples (mg/g dry weight) Bac Lieu Ben Tre Soc Trang Tra Vinh Kien Giang Ca Mau
Chlorogenic acid 0.102 + 0.007 0.032 +0.001 0.014 + 0.002 0.017 +0.001 0.005 + 0.001 0.006 + 0.001
p-coumaric acid 0.236 + 0.007 0.007 +0.001 0.107 + 0.006 0.081 + 0.005 0.198 + 0.003 0.033 +0.008
Sinapic acid 0.042 + 0.009 0.008 + 0.002 0.035 +0.005 0.016 +0.001 0.037 +0.001 0.008 +0.001
Cinnamic acid 1.698 + 0.005 ND 1.114 £ 0.017 0.496 + 0.045 2.531 +£0.059 0.141 £ 0.007
Total phenolic acid content (a) ~ 2.078 +0.029 0.046 + 0.004 1.332+0.029 0.611 +0.053 2.771 +£0.063 0.189 +0.016
Taxifolin 0.018 +0.001 0.032 +0.002 0.015 +0.001 0.013 +0.001 0.043 +0.002 0.012 + 0.002
Luteolin -7-O-glucoside ND* 0.336 +0.012 0.841 +0.041 0.522 + 0.042 0.710 + 0.060 0.118 + 0.004
Total flavonoid content (b) 0.018 +0.001 0.369 +0.014 0.856 + 0.042 0.535 +0.043 0.753 +0.062 0.130 + 0.006
Total (a+b) 2.078 +0.03 0.412 +0.018 2.188 +0.071 1.146 + 0.096 3.524 +0.125 0.319 +0.022

(n = 3, mean = + SD) in mg/g methanol extract.
*ND: not detected

Huang studied polyphenol-rich Avicennia marina leaf
extracts (Huang et al. 2016). The content of bioactive com-
pounds in the water extracts included chlorogenic acid
(0.0089 mg/g), p-coumaric acid (0.0058 mg/g), and luteo-
lin (0.0022 mg/g). The A. officinalis polyphenol content in
Vietnam was 10 times higher than that of A. marina in Tai-
wan. To the best of our knowledge, this is the first report
on the sinapic acid and taxifolin content in A. officinalis.

Conclusions

In the present study, an optimized ultrasound-assisted ex-
traction was first designed to improve the content of pheno-
lic acids and flavonoid compounds from A. officinalis. From
the results of the antioxidant assay, the methanol extract
was selected as the solvent for the extraction of compounds
from A. officinalis leaves. Based on the 3D surface plots and
regression analysis of the independent variables, the opti-
mal conditions for the extraction were: 55.27% methanol
content, 14:1 (mL/g, v/w) liquid-to-solid ratio, and 48.8 °C
and 9.66 min as the temperature and time, respectively, of
the ultrasound-assisted extraction. Optimal extraction con-
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