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Abstract

Myrtus communis L. (myrtle) is native to the Mediterranean region and Western Asia. Its leaves have demonstrated its potential
effect towards different bioactivities like anti-diabetic, anti-diarrheic, anti-ulcer, anti-cancer, among others. These activities have
been associated with its phenolic content. In this sense, the aim of this work has been to develop a new pressurized-liquid
extraction procedure (PLE), by using a response surface methodology (RSM), to evaluate the phenolic composition from myrtle
leaves by HPLC-DAD-TOF-MS. Previously, different solvents such as methanol, ethanol, and acetone/water mixtures were
tested by using ultrasound-assisted extraction (UAE) in order to select the most suitable one. Subsequently, a Box-Behnken
design (BBD) was performed according to the effect of ethanol/water ratio (50, 75, and 100% (v/v)), temperature (50, 125, and
200 °C), and extraction time (5, 18, and 30 min). The optimal conditions achieved with the established method were 71% ethanol/
water, 137 °C, and 19 min. The analysis of the obtained extracts by HPLC-DAD-TOF-MS allowed the characterization of 15 new
compounds in myrtle leaves. Finally, high amounts of gallic and ellagic acid were found in the optimized PLE extracts (3.31 +
0.03 and 3.88 =£0.09 mg/g leaf dry weight (d.w.), respectively), and PLE reported greater recovery of total phenolic compounds
than UAE (30 + 1 and 22.4 + 0.6 mg/g leaf d.w., respectively).

Keywords Myrtus communis L. - Ultrasound-assisted extraction - Pressurized liquid extraction - Response surface methodology -
HPLC-DAD-TOF-MS - Phenolic compounds
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the proper extraction technology and optimizing the related
process parameters [5]. In spite of its drawbacks [5, 6], con-
ventional extraction techniques have generally been used to
recover phenolic compounds from myrtle leaves [7, 8]. To
overcome the disadvantages of these last techniques, several
non-conventional techniques have been developed in the last
years [6]. Among them, ultrasound-assisted extraction (UAE),
microwave-assisted extraction (MAE), and supercritical-fluid
extraction (SFE) have been applied for this purpose in myrtle
leaves [9, 10]. However, pressurized-liquid extraction (PLE),
which has demonstrated to improve the extraction of phenolic
compounds in other plants [11-15], has not previously been
used. Compared to these alternatives, PLE offers several ad-
vantages (i.e., reduction of solvent) and is based on the use of
high temperatures and pressures to enhance solubility and
mass transfer in a more efficient way [6].

Concerning the extraction process, solvent, temperature,
and extraction time are the most critical parameters for this
technique; whereas pressure is not usually considered for op-
timization designs due to its slight effect [15]. In contrast to
the typical one-variable-at-a-time methodology, multivariate
statistic methodologies have been applied to enable greater
extraction efficiency. Especially, response surface methodolo-
gy (RSM) has become the most preferable approach for the
optimization of analytical methods, when a response is affect-
ed by several factors [16]. Based on these premises, the goal of
this work was to develop a new PLE procedure, evaluating the
effect of solvent, temperature, and extraction time, for the
characterization of the phenolic composition in myrtle leaves
by using HPLC-DAD-TOF-MS, and to find out the optimal
extraction conditions for target compounds by PLE.

Material and methods
Chemicals and plant material

Double-deionized water (18.2 M{2) was obtained with a Milli-
Q system (Millipore, Bedford, MA, USA). LC-MS “optima”
grade methanol, acetonitrile, ethanol, acetone and sand (extra
Pure, SLR, Ottawa, 20-30 Mesh) were purchased from Fisher
Scientific (Leicestershire, UK). Acetic acid and the standards:
gallic acid, catechin, p-coumaric acid, and quercetin were all
from Sigma-Aldrich (Steinheim, Germany).

Mpyrtus communis L. leaves were collected in the north
coast of Naples (Italy). They were middle age intense green
leaves and they were collected in March 2016. Leaves were
air-dried at room temperature and stored frozen until analysis.
The environmental conditions had mean max/min temperature
of 15/6 °C, precipitation of 2.3-86 mm, and saturated light
duration ranged from 11.19 to 12.41 h day .
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Extraction procedures
Ultrasound-assisted extraction (UAE)

The phenolic compounds extraction from myrtle leaves was
carried out with an ultrasound bath (Branson B3510). Briefly,
to 0.5 g of air-dried and grounded leaves were added 10 mL of
solvent (mixtures of ethanol, methanol or acetone with water
(80% v/v) and sonicated during 10 min at room temperature
(% 3). Then, to remove solids, samples were centrifuged for
10 min at 6000 rpm. The supernatants were evaporated and
reconstituted in 6 mL of methanol/water (50% v/v). Finally,
the extracts were filtered through 0.20-pm (regenerated cellu-
lose) filters and stored at — 18 °C in amber vials until analysis.
The samples were run in triplicate (n = 3).

Pressurized-liquid extraction (PLE)

The extraction of phenolic compounds from myrtle leaves by
PLE was carried out using an accelerated solvent extractor
equipped with a solvent controller (ASE 350, Dionex,
Sunnyvale, CA, USA). Briefly, 1 g of plant material was
placed into 22 mL volume extraction cells with 14 g of sea
sand as dispersing agent to avoid the reduction of the contact
surface and the matter transfer, enhancing the efficiency of the
extraction [17]. The extraction conditions were as follows:
pressure (7 MPa), flush volume (60%), static time (5 min),
N, purge time (100 s), number of cycles (1) and preheat time
(0 min). Solvent ratio (ethanol/water ratio (50, 75, and 100%
v/v), temperature (50, 125 and 200 °C) and extraction time
(5, 18 and 30 min) were changed in order to optimize the
extraction. Finally, the extracts were evaporated,
reconstituted, filtered and stored until analysis as in UAE.

Experimental design

Box-Behnken design (BBD) was chosen for the optimization
of the phenolic compounds extraction since it is more simple
and efficient than other three-level factorial designs [16, 18].
The complete design consisted on 15 experimental runs, with
three levels (— 1, 0, 1) for each factor, and three center points.
The coded and natural values of the factors are shown in
Table 1. Briefly, each factor was tested in the following levels:
ethanol/water ratio (50, 75, and 100% v/v) (X;), temperature
(50, 125, and 200 °C) (X,), and extraction time (5, 18, and
30 min) (X3).

The response variables were fitted to a second-order poly-
nomial model equation (Eq. (1)) obtained by the response
surface methodology (RSM):

3 3 2 3
T =0+ ; Bixi + ; Bixi+ Y X 1 Bixix;

i=1 j=i+
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Table 1 Experimental Box-Behnken design (BBD), with natural and
coded values for the factors, and response variable values

Run Independent factors Response variable
X X5 X3 TPC (mg/g leaf d.w.)

1 50(—1) 50(-1) 18 (0) 11.6

2 100 (1) 50(=1) 18 (0) 54

3 50(—1) 200 (1) 18 (0) 14.3

4 100 (1) 200 (1) 18 (0) 14.7

5 50(—1) 125 (0) 51 22.2

6 100 (1) 125 (0) 51 12.7

7 50(—1) 125 (0) 30 (1) 21.9

8 100 (1) 125 (0) 30 (1) 20.2

9 75 (0) 50(=1) 5(1) 8.0

10 75 (0) 200 (1) 5(1) 19.1

11 75 (0) 50(=1) 30 (1) 11.9

12 75 (0) 200 (1) 30 (1) 18

13 75 (0) 125 (0) 18 (0) 27.1

14 75 (0) 125 (0) 18 (0) 27.9

15 75 (0) 125 (0) 18 (0) 27.8

X;_3: ethanol/water ratio (% (v/v)), temperature (°C), and extraction time
(min)

where T represents the response variable, total phenolic con-
tent (TPC) via HPLC-DAD-TOF-MS, X and X; are the inde-
pendent factors affecting the response, and B¢, Bi, Bii, and Bj;
are the regression coefficients of the model (intercept, linear,
quadratic and interaction term).

The model was built and fitted using Statistica 7.0 (2002,
StatSoft, Tulsa, OK). Analysis of variance (ANOVA) with
95% confidence level was carried out to find out the adequacy
of the regression model, which was decided by the regression
coefficient (R%), and the p value of the regression model and of
the lack of fit (LOF). The significance of the model was eval-
uated by a Fisher test, with p value obtained for the intercept,
linear, quadratic and interaction terms of the model.

HPLC-DAD-TOF-MS analysis

Chromatographic analyses were conducted on an Agilent
1200 series Rapid Resolution Liquid Chromatograph
(Agilent Technologies, CA, USA) equipped with a binary
pump, a degasser, an autosampler, a column heater, and a
DAD detector. A Poroshell 120 EC-C18 analytical column
(4.6 mm x 100 mm, particle size 2.7 um) from Agilent
Technologies was used for the separation of the compounds.
Water with acetic acid (1%) to enhance separation, and aceto-
nitrile were used as eluents A and B, respectively, and the
gradient elution was applied as follows: 0 min, 2.5% B;
5 min, 10% B; 9 min, 15% B; 10 min, 16% B; 12 min, 18%
B; 17 min, 20% B; 21 min, 50% B, 25 min, 75% B; 32 min,
100% B; 34 min, 100% B; 36 min, 2.5% B. The injection

volume was 5 pL, the flow rate was set at 0.8 mL/min, and
the column temperature at 25 °C.

The HPLC system was coupled to a time-of-flight mass
spectrometer (micrOTOF™, Bruker Daltonics GmbH,
Bremen, Germany), equipped with a model G1607A ESI in-
terface (Agilent Technologies) operating in negative ion
mode. At this stage, the use of a T-type splitter (split=1:3)
was required for coupling with the MS detector to achieve
reproducible results and stable spray. The optimum values of
source parameters were capillary voltage of + 4 kV; drying-
gas temperature, 210 °C; drying-gas flow, 10 L/min;
nebulizing-gas pressure, 43.5 psi; and end-plate offset, —
0.5 kV. The values of transfer parameters were capillary exit,
—120 V; skimmer 1, — 40 V; hexapole 1, —23 V; RF hexapole,
50 Vpp; and skimmer 2, —22.5 V. The source and transfer
parameters were optimized to ensure good sensitivity, to reach
reasonable resolution within the mass range of the target com-
pounds (50-1500 m/z), and to improve the ionization
performance.

External mass spectrometer calibration was performed
passing a solution containing sodium acetate clusters (5 mM
sodium hydroxide in water/2-propanol 1/1 (v/v), with 0.2% of
acetic acid) in quadratic high-precision calibration (HPC) re-
gression mode. With this method, an exact calibration curve
was achieved based on numerous cluster masses, each differ-
ing by 82 Da (C,H3NaO,). The calibration solution was
injected at the beginning of the run using a Cole Palmer sy-
ringe pump (Vernon Hills, Illinois, USA) and all the spectra
were calibrated prior to phenolic compounds characterization.
The micrOTOF does not only allow for accurate mass mea-
surement but also provides a tool for elemental composition
suggestions of a compound of interest. Compound mass spec-
tra are selected in the DataAnalysis 4.0 software (Bruker
Daltonics, Bremen, Germany) and exported to a molecular
formula generator. The GenerateFormula™ editor uses a
CHNO algorithm, which provides standard functionalities
such as minimum/maximum elemental range, electron config-
uration and ring-plus double bonds equivalents, as well as a
sophisticated comparison of the theoretical with the measured
isotope pattern (SigmaValue™) for increased confidence in
the suggested molecular formula [19].

The characterization of the phytochemical compounds was
based on the accurate mass measurements of the molecular ion
[M-H] , the UV-Vis data and also on the previous related
literature from the Myrtus family members, since no commer-
cial standards were available for all detected compounds.

Finally, Data Analysis 4.0 software (Bruker Daltonics,
Bremen, Germany) was used for the quantification. The anal-
yses were run in triplicate (n=3) and results expressed for
each compound quantified as pg/g leaf dry weight (d.w.),
and for the total amount as mg of phenolic compounds/g leaf
dry weight (d.w.). For this purpose, four phenolic standards
(gallic acid, p-coumaric acid, quercetin, and catechin) were
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used to quantify the phenolic composition in myrtle leaf ex-
tracts. The calibration curves were prepared at seven concen-
tration levels from the limit of quantification (LOQ) to
250 mg/L in methanol/water (50% v/v). Besides, good linear-
ity (R*>0.9962-0.9998) was found for all the standards. The
standard deviation of the background noise was determined,
for each standard, as the signal-to-noise ratio of 3:1 for the
limit of detection (LOD) and 10:1 for the limit of quantifica-
tion (LOQ). For all the standards, values ranged from 0.002 to
0.03 mg/L for LOD and from 0.005 to 0.099 mg/L for LOQ. It
is noteworthy that compounds with no commercial standard
available were quantified with the calibration curve of a specie
with similar structure.

Results and discussion
Compounds identification and solvent choice

The selection of the extraction solvent was performed via
UAE. In general, solvent mixtures, such as methanol, ethanol
or acetone/water, reported greater extraction efficiencies for
phenolic compounds compared to pure solvents [20]. For this
reason, mixtures of ethanol, methanol or acetone with water
(80% v/v) were tested in order to select the most suitable
solvent for PLE extraction. The myrtle leaves extracts obtain-
ed with different solvents were subsequently analyzed by
HPLC-DAD-TOF-MS. First, a tentative compound identifica-
tion (Table 2) was performed by using the retention time, the
UV-Vis and mass spectra. These data were compared and
contrasted with the information available in the literature. In
fact, information from DAD spectra (200-550 nm) was used
to support the identification of each family of compounds
because phenolic acids usually present maximum between
200 and 290 nm and others absorption band in the range of
270 to 360 nm if they present additional conjugations [21]. In
the case of flavonoids, all of them exhibit their main band
between 240 and 290 nm and only some of them present a
maximum at longer wavelengths (300-550 nm) [22]. Fig. S1
(see Electronic Supplementary Material (ESM)) shows the
extract ion chromatograms (EICs), UV-Vis and MS spectra
of compounds 16, 37 and 44 as example of experimental data
obtained and used for identification.

The Base Peak Chromatogram (BPC) obtained by using
ethanol/water mixture (80% v/v) is shown in Fig. S2 (see
ESM).

By using UHPLC-ESI-Q-TOF platform, Taamalli et al. [7]
previously reported the characterization of several phenolic
compounds in water and methanol myrtle extracts obtained
by infusion and stirring, respectively. Comparing with our
results, compounds 1, 3-7, 9, 10, 13, 15, 16-18, 20, 22, 23,
25,26, 28, 29, 31, 32, 35, 36, 39, 40, 43, and 45 from Table 2,
had previously been described by Taamalli et al. [7]. These
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compounds were also verified in ethanolic, methanolic and
acetone extracts obtained by UAE in the present work. The
verification was achieved by the extract ion chromatogram of
the compounds (EIC), the UV-Vis and MS spectra; an exam-
ple is showed in Fig. S1 (see ESM) for compound 16.
However, the extraction methodology allowed the recovery
of additional phenolic compounds. As far as we are con-
cerned, 15 new compounds were tentatively identified for first
time in myrtle leaves. These compounds were classified as
gallic acid derivatives, flavonoids, quinic acid derivatives,
and other phenolic compounds.

Firstly, six gallic acid derivatives were characterized.
Isomers 12 and 14 (m/z 647.0253) with molecular formula
C,7H,0019 and fragments at m/z 169.0150, due to the loss of
a galloyl unit, and at m/z 303.0140, due to the loss of a
hexahydroxydiphenoyl (HHDP) unit, were assigned as
HHDP-glucopyranuroyl-gallic acid derivatives [23]. The
compound detected at m/z 447.0535, molecular formula
C,0H 601> (33) with a fragment at m/z 300.9938, was previ-
ously identified in Myrtaceae family as
rhamnopyranosylellagic acid [24]. Tetra-galloyl-glucose
(compound 34) and methyl-ellagic acid (compound 38) were
also determined in Myrtaceae family [25, 26]. Moreover, the
molecular ion of 34 (m/z 787.0981) and a fragment at m/z
617.0747 were in concordance with Yang et al. [27].
Compound 41 (m/z 585.2180) with molecular formula
C54H,30,, was identified as gallomyrtucommulone E [28].
At last, compound 42, m/z 461.0709, was characterized as
methyl-ellagic acid rhamnopyranoside as previously reported
in Myrtaceae family [29].

Regarding flavonoids, three compounds were detected.
Compound 30, with m/z 451.1248 and molecular formula
C,1H,401,, was identified as catechin glucopyranoside [29].
Compounds 37 and 44 (m/z 463.1008 and 431.0971, respec-
tively) were assigned as quercetin glucoside and kaempferol
rhamnopyranoside, respectively. Their fragmentation patterns
were in concordance with data showed by Yang et al. in Acer
truncatum leaves [27] and it is also showed in Fig. S1 (see
ESM).

Besides, two different quinic acid derivatives were deter-
mined. Isomers 21 and 24, at m/z 353.0885 and a fragment at
m/z 191.0532, due to the loss of a quinic acid unit,
corresponded to caffeoylquinic acid [30]. Compound 27, pre-
sented a molecular formula C,gH,4015, molecular ion at m/z
647.0885 and fragments at m/z 495.0780 and m/z 343.0666
(due to the loss of one and two galloyl units, respectively).
Thus, it was proposed as tri-galloyl-quinic acid [29].

Finally, other phenolic compounds were determined.
Compound 2, with a molecular ion at m/z 191.0275 and a
fragment ion at m/z 111.0088, was identified as citric acid,
according to data previously found in myrtle berries [31].
Fukiic acid (8), at m/z 271.0455 and molecular formula
C1H,05, was identified in whole pods of Vicia faba, in
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mSigma

Error (ppm)

A (nm) Fragments

Molecular formula

m/z exp m/z calc

rt (min)

Compound

Table 2 (continued)

No.
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29.4

-33

185.0224, 229.0147, 257.0044, 283.2643
301.0005

253, 366

301.0000 301.9990  C,4HeOg
463.0882

463.1008

14.31

Ellagic acid

36

273

-3.7
=51

6.5

250, 353
243
241
243
244
242
243
240
243

C21H20012
CISHSOS

14.42
16.53
16.88
17.33

17.8

Quercetin glucoside

37
38

253

315.0120 315.0146

Methyl-ellagic acid

354

447.0423
300.0222

599.1042  CygH»4015
447.0850  447.0933

599.0977

Kaempferol galloyl hexoside

39
40

11.5

49

CZIHZOOII

Quercetin rhamnoside 1

12.6

5.4
9.6

169.0096
0.7

C27H3 80 14

585.2189
461.0725
569.2240

431.0986 431.0984
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agreement to Abu-Reidah et al. [32]. Compound 11 was de-
tected at m/z 391.0769 with a molecular formula C,,H;40-.
According to Miiller et al. [33], it was identified as
anthracenone derivative. Anthraquinones have also been
found in phytochemical analyses of Myrtus communis flowers
[34]. Osmanthuside H (19) was identified due to the signal at
m/z 431.1575 and a fragment ion at m/z 137.0503, in concor-
dance with Hu et al. [35]. This compound has also been iso-
lated in Osmanthus asiaticus bark [36] and persimmon leaves
[37].

Subsequently, and in order to select the most suitable
solvent for the extraction of phenolic compounds in myrtle
leaves, the quantification of the characterized compounds
was carried out. Table S1 (see ESM) shows the difference
for individual compounds, as well as the total amount recov-
ered for each solvent mixture tested. The data show that the
total phenolic content was influenced by the type of solvent
used in the extraction. Thus, acetone/water mixture (80%
v/v) reported the highest amount of phenolic compounds
(24.9+0.7 mg/g leaf d.w.), followed by methanol/water
mixture (80% v/v) and ethanol/water mixture (80% v/v),
which provided a total 0of 23.7+0.8 and 22.4 £ 0.6 mg/g leaf
d.w., respectively. These observations are in concordance
with Amensour et al. [4], who found that methanol reported
higher values than water and ethanol. Significant differences
were also found between acetone and ethanol extracts, and
no significant differences were found between them and
methanol extract. To our knowledge, there is no literature
available about acetone extraction in myrtle leaves, although
the same trend was noticed in Feijoa sellowiana
(Myrtaceae) fruits [38]. In contrast, in Moringa oleifera
Lam. leaves, acetone extracts reported lower values than
methanol extracts [39]. However, from environmentally
point of view, ethanol is considered a “GRAS” (Generally-
Recognized-As-Safe, according to American Food and Drug
Administration) solvent and its use is allowed in extracts
that will be added to food [5]. Thus, ethanol/water mixture
was chosen as solvent for PLE optimization.

Fitting the model

Once the most appropriate solvent mixture was selected, RSM
was applied for the optimization of three process parameters
which affect to phenolic compounds extraction by PLE. In
fact, a BBD was applied to evaluate the effects of ethanol/
water ratio (50, 75, and 100% v/v) (X;), temperature (50,
125 and 200 °C) (X,), and extraction time (5, 18 and
30 min) (X3) on the TPC via HPLC-DAD-TOF-MS from
myrtle leaves. As can be seen in Table 1, the lowest concen-
trations of phenolic compounds were reported by low temper-
atures (5.4-11.9 mg/g leaf d.w.), whereas the highest values
were obtained at the center points (27.1-27.9 mg/g leaf d.w.).



Establishment of pressurized-liquid extraction by response surface methodology approach coupled to... 3553

Table 3  Significance and values of the regression coefficients for the
fitted second-order polynomial equation

Regression Response
coefficients
Coefficients ~ Standard  t-value p value
error
Bo* 14.97 0.13 112.6 <0.0001
Linear
By* -4.29 0.32 -132 0.0057
By* 7.31 0.33 22.5 0.0020
Bs* 2.51 0.33 7.7 0.0164
Cross product
Bo* 327 0.46 7.1 0.0192
Bis* 391 0.46 8.5 0.0136
Bos* -2.57 0.46 =56 0.0306
Quadratic
Brir* 5.54 0.24 23.1 0.0019
Bao* 10.53 0.24 439 0.0006
Bss* 2.75 0.24 11.5 0.0076

*Significant at 0.05 level

The data of the response variable were used to fit the model
to a second order-polynomial equation (Eq. (1)) via least
squares method (LSM). This task was done using Statistica
7.0 (2002, StatSoft, Tulsa, OK). Based on Fisher test, the
evaluation of the model was done according to the signifi-
cance (aw=0.05) of the regression coefficients, which are
showed in Table 3. For this extraction method, each equation
term exhibited high significance (0.0001 <p <0.031). These
coefficients are used to complete the equation of the second
polynomial order. Based on their term (effect) and their p
value (Table 3), the intercept (Xo) (14.97, <0.0001), the qua-
dratic (10.53, 0.0006) and linear (7.31, 0.0020) coefficients of
temperature (X,) were the most influent terms, followed by
the terms for ethanol/water ratio (X;) (—4.29, 0.0057). Then,
analysis of variance (ANOVA) was carried out in order to
confirm the validity of the predictive model. For this purpose,
a predictive regression model should provide a high correla-
tion coefficient (R%), a significant regression model, and a
non-significant lack of fit (LOF) [5]. ANOVA data are

provided in Table 4, demonstrating that the model for phenolic
compound extraction from myrtle leaves by PLE reach all the
requirements (R2= 0.987; p<0.05; p>0.05) and it is ade-
quate to explain the variance of the results.

Response surface plots for the predictive model were rep-
resented by the software using the coefficients from Table 3,
and are displayed in Fig. 1. Firstly, ethanol/water ratio (X;)
and temperature (X,) demonstrate their high effect on the re-
sponse variable due to the size of the maximum area. It is also
observable the negative effect of the linear term of X; because
of the shape of the plot (Fig. 1a). Secondly, the low values of
the equation terms for time (X3) and the high value of the
linear term of temperature (X,) are the responsible of the form
of'this plot (Fig. 1b). Lastly, X; and X5 provided a good adjust
since the value of their coefficients are similar, although is
observable the negative effect of the linear term of X; (Fig.
le),

Optimization of PLE parameters

In order to optimize the extraction conditions to recover phe-
nolic compounds from myrtle leaves by PLE, the proposed
response surface plots model was used. Generally, as it has
been reported in literature, the most common extraction tem-
perature in this technique is between 75 and 125 °C, and the
extraction is usually completed at 20 min [15]. In this case,
values for the optimal point were given by the software used,
obtaining that the optimal conditions were ethanol/water (71%
v/v), 137 °C and 19 min. Similar conditions were also reported
by several authors in other plant matrices. In this sense, in
sorghum brans the highest total phenols content was found at
70% ethanol content in a temperature range of 120—150 °C
[12]. In M. oleifera leaves, temperature, time and ethanol
content were also optimized. For this plant, the optimal tem-
perature was 128 °C during 20 min of extraction, which are in
concordance with the present results. In contrast, the optimal
content of ethanol was 35% [11]. This difference could be
probably due to the different type of phenolic compounds
present in both leaves. In fact, the flavonoid content is higher
in M. oleifera leaves, whereas myrtle leaves had more gallic
and ellagic acid derivatives, as happens in sorghum brans.

Table 4 ANOVA test for the

predictive model Sum of squares Degree of freedom Mean square F-value p value
Model (R*=0.987)
Regression 689.54 9 76.62 42.22 0.0003
Residuals 9.074 5 1.82
Lack of fit 8.65 3 2.88 13.60 0.0693
Pure error 0.42 2 0.21
Total 698.61 14
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Fig. 1 Response surface plots of the combined effects of the factors and the response variable (TPC (by HPLC-DAD-TOF-MS)) in 3D and 2D. a
Temperature (°C) and ethanol/water ratio (% (v/v)). b Temperature (°C) and time (min). ¢ Ethanol/water ratio (% (v/v)) and time (min)

The validity of the predictive model was confirmed com-
paring the predicted and the observed values, both at optimal
conditions. Actually, no significant differences were found
between the value predicted by the model (28 2 mg/g leaf
d.w.) and the experimental one (30 +1 mg/g leaf d.w.). The
quantification of single phenolic compounds is showed in
Table 5 at the above mentioned conditions. Regarding the
differences between UAE and PLE techniques (Table 5 and
Fig. S2 (see ESM)), PLE allowed the extraction of two more

@ Springer

isomers of gallomyrtucommulone C (42). Besides, one of
these isomers (44), gallic acid (5), and ellagic acid (33)
were the major compounds quantified in PLE extract,
whereas in UAE extract, major compounds were digalloyl
quinic acid 1 (13) and gallomyrtucommulone E (38). This
fact might be since high temperatures and pressures in
PLE enhance the solubility and diffusion rates of target
compounds, and reduce viscosity, improving the extrac-
tion of certain analytes [15]. In particular, the content in
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Table 5 Quantification of
phenolic compounds at optimal
conditions for PLE extract

PLE extracts of gallic and ellagic acid (3.31+0.03 and
3.88+£0.09 mg/g leaf d.w., respectively) were similar to
those reported for Terminalia chebula (3.68 and 4.08 g/kg

No. Compound Concentration (pug/g leaf d.w.)
1 Galloyl quinic acid 391+12
2 Galloyl glucose 581+12
3 Strictinin 1 1889+ 106
4 Fukiic acid <LOQ
5 Gallic acid 3308+32
6 Strictinin 2 1623 +£93
7 D-galloyl-D-gluconopyranose 1 839+31
8 Anthracenone derivative <LOQ
9 HHDP-glucopyranuroyl-gallic acid derivative 106 £8
10 (-)-Epigallocatechin 1 90+3
11 HHDP-glucopyranuroyl-gallic acid derivative 102+9
12 Strictinin 3 148+9
13 Digalloyl quinic acid 1 1276 £96
14 Pedunculagin/casuariin 1734 +169
15 Digalloyl quinic acid 2 423+£23
16 Osmanthuside H 222+9
17 D-galloyl-HHDP glucose 1 623 +£22
18 Caffeoylquinic acid 1 279+17
19 D-galloyl-d-gluconopyranose 2 255+31
20 Tri-galloyl glucose 1 501+25
21 Caffeoylquinic acid 2 223£16
22 (-)-Epigallocatechin 2 40+3
23 D-galloyl-HHPD glucose 2 1049 +£57
24 Tri-galloyl quinic acid 324+17
25 Tri-galloyl glucose 2 182+8
26 Myricetin galloyl hexoside 510+31
27 Catechin-gluconopyranoside 24+2
28 Myricetin galactoside 383+9
29 Myricetin galloyl rhamnopyranoside 205+9
30 Rhamnopyranosyl ellagic acid 300+ 19
31 Tetra-galloyl glucose 206+ 15
32 Mpyricetin arabinoside 97+4
33 Ellagic acid 3881+88
34 Quercetin glucoside 1070+9
35 Methyl-ellagic acid 131+6
36 Kaempferol-galloyl-hexoside 61+2
37 Quercetin rhamnoside 1 1797
38 Gallomyrtucommulone E 167771
39 Methyl-ellagic acid rhamnopyranoside 63+2
40 Gallomyrtucommulone A 1073 +£17
41 Kaempferol rhamnopyranoside 54.6+0.6
42 Gallomyrtucommulone C 1 610+27
43 Gallomyrtucommulone C 2 494+18
44 Gallomyrtucommulone C 3 2976+ 84
Total (mg/g leaf d.w.) 30+1

d.w., respectively) [40]. From the TPC values, PLE re-
ported higher recoveries (p <0.05) of the target com-
pounds than UAE.
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Finally, comparing the results obtained with other matrices,
the quantification of phenolic compounds extracted by PLE,
in many instances, has been done by Folin-Ciocalteu method,
which is known to display higher contents due to the reaction
of sugars and proteins with this reagent. Although in the pres-
ent work quantification has been done via HPLC-DAD-ESI-
TOF-MS platform, myrtle leaves exhibited a phenolic content
in the same order of magnitude compared to M. oleifera leaves
[11] and sorghum brans [12], and higher than jabuticaba skins
[41]. Furthermore, the presence of gallic acid was greater in
myrtle leaves than in rosemary, marjoram and oregano [14].

Conclusions

In this work, a new PLE procedure by using a Box-Behnken
design (BBD) has been developed to extract phenolic com-
pounds from M. communis leaves, which were subsequently
analyzed by HPLC-DAD-TOF-MS. Prior to optimize the PLE
extraction, ethanol/water mixture was chosen, among other
solvents, as extracting solution since it is considered as green
solvent. Results demonstrated the high significance (p < 0.05)
of the factors (ethanol/water ratio, temperature, and extraction
time) tested, being the linear and quadratic terms of tempera-
ture the most influent on the response of TPC (by HPLC-
DAD-TOF-MS). It was also confirmed the adequacy of the
predictive model and the verification of the model was done at
optimal conditions (71%, 137 °C and 19 min). The quantifi-
cation data obtained by PLE extraction reported high concen-
tration, particularly, of gallic and ellagic acid derivatives (3.31
+0.03 and 3.88£0.09 mg/g leaf d.w., respectively). Lastly,
based on the TPC, by using HPLC-DAD-TOF-MS data, PLE
improved the extraction of phenolic compounds from 22.4 +
0.6 mg/g leaf d.w. (by UAE) to 30 £ 1 mg/g leaf d.w.

Moreover, it is important to consider that, in this work, 15
new compounds have tentatively been identified for the first
time in M. communis leaves.

In view of the results, myrtle leaves have demonstrated to
be a good source of phenolic compounds that could be used
for nutraceutical formulation.
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