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Phenolic content and antioxidant capacity
of infusions herbs: Optimization of phenolic
extraction and HPLC-DAD method
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Abstract: The aim of this work was to investigate the phenolic content and antioxidant
capacity of infusions of commercial herb samples (fennel, anise, peppermint, lemon
grass and lemon balm) popularly consumed in Brazil. The infusion preparation for
phenolic extraction was optimized using multivariate planning. Spectrophotometric
methods were used to determine in vitro antioxidant activity and total phenolic and
flavonoid content. Peppermint infusions had higher phenolic content and antioxidant
potential. It was developed and validated a method by HPLC-DAD for the determination
of caffeine, phenolic acids and flavonoids and applied for the analysis of the composition
of the infusions. Higher concentrations were obtained for chlorogenic and p-coumaric
phenolic acids and for flavonoids rutin and catechin. Principal Components Analysis
and Hierarchical Cluster Analysis were applied for the comparative evaluation of the
phenolic composition of the infusions. The multivariate analyzes indicate that the
phenolic profile for the samples of the same species tend to present greater similarities
in relation to other herbs and one of the analyzed samples, commercialized as anise,
does not belong to the P. anisum species.
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the decoctions involve the boiling of the herb
(Fotakis et al. 2016, Pérez et al. 2014).

Plants are natural sources of phenolic
antioxidant compounds, which may occur in all
of its parts, such as seeds, roots, bark, leaves
and fruits (Shahidi & Ambigaipalan 2015). In
most studies, plant extracts are prepared with
solvents unsuitable for human consumption,
therefore, they cannot be used as a food source
of antioxidants (Erkekoglou et al. 2017).
Infusions and decoctions (beverages
popularly called “teas”) are excellent food
sources of natural antioxidants. The preparation
method of these beverages favors the extraction
of the phenolic compounds of the plant. The
infusions are prepared by the addition of heated
or boiling water over parts of the plant, while

The investigation of the phenolic profile
and antioxidant capacity of the teas is
important for the correlation of its composition
with the beneficial health effects to which they
are associated. The antioxidant capacity of
the teas depends on the preparation process
of the beverage and the species from which it
was prepared, due to the fact that the content
of phenolic compounds varies according to the
species and because they present different
antioxidant activities (Zielinski et al. 2014,
Shahidi & Ambigaipalan 2015, Fotakis et al. 2016).
It is also important to investigate the properties
of teas from commercial samples to provide
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consumers with information that may support
their choice of product.

A wide variety of analytical methods can
be used to determine bioactive phenolics. In
the last twenty years, High Performance Liquid
Chromatography (HPLC) has been extensively
used for the separation and characterization
of phenolic compounds. The choice of column
is preferably C18 reverse phase (Acosta-Estrada
et al. 2014). To detect and quantify phenolic
compounds the chromatographic system can
be equipped with various detectors such as
ultraviolet/visible (UV/VIS), refractive index,
fluorescence and mass spectrometry. The diode
array detector (DAD) is widely used to elucidate
the phenolic profile of plant materials. The
determination of total phenolics and antioxidant
capacity has been carried out predominantly by
UV-Vis spectrophotometry (Haminiuk et al. 2012,
Santos et al. 2017).

In this sense, the present work had the
objective of optimizingthe tea preparation by the
infusion method and to investigate the phenolic
antioxidant content in infusions of commercial
samples of herbs commonly consumed in Brazil.
For this, a simple DAD-coupled HPLC separation
methodology was developed and validated
to determine phenolic acids, flavonoids and
caffeine. Using UV-Vis spectrophotometric
methods, the total phenolic content, total
flavonoid content and antioxidant capacity of
the infusion samples were determined.

MATERIALS AND METHODS

Reagents

Caffeine, (+) catechin, rutin, quercetin,
kaempeferol, ellagic, gallic, p-coumaric,
chlorogenic and caffeic acids from Sigma
Chemical Company (St. Louis, USA). HPLC grade
methanol, glacial acetic acid, 2,2-diphenyl-
1-picrylhydrazyl (DPPH), 2,2'-azinobis
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(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS)
from Merck (Darmstadt, Germany). Ethanol,
methanol, phosphoric acid, sodium carbonate,
potassium persulfate, aluminum chloride
from Synth (Sao Paulo, Brazil). Ultrapure water
was obtained from the Gehaka Master P&D
purification system (Sao Paulo, Brazil).

Samples

Samples of herbs of five species packaged
in sachets were bought in commercial
establishments in Salvador (Bahia, Brazil):
Foeninculum vulgare (fennel), Pimpinella
anisum (anise), Ccymbopogon citratus (lemon
grass), Mentha piperita (peppermint) and
Melissa officinalis (lemon balm). Samples of
anise were also obtained in bulk and as spice.
Three different brands were acquired for each
species and three different lots for each brand.

Optimization strategy of the extraction
process

The traditional preparation of the teas does
not have well-established conditions. The
optimization of this extraction process was
performed using multivariate experimental
design, for which a fennel sample was used
and the sample mass was fixed in 2 g. The
spectrophotometric method was used for the
determination of total phenolic compounds,
the results were calculated using a calibration
curve of gallic acid and expressed as extracted
mass of phenol, in milligrams. Central Point (CP)
triplicates were performed to determine the
experimental error of the planning.

Initially, two-level complete factorial
planning was used to evaluate the interaction
and principal effect of the variables involved in
the infusion preparation: infusion time, volume
and temperature of water. The 2° factorial
planning matrix is presented in Table | with
coded and actual values.
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Table I. 2° complete factorial planning matrix.

Experiment Infusion time (min)
1 -1(3)
2 +1(15)
3 1)
4 +1(15)
5 -103)
6 +1(15)
7 -1(3)
8 +1(15)
9 (CP) 0(9)
10 (CP) 0(9)
11 (CP) 0(9)

CP: Central point.

The Doehlert matrix was used to determine
the optimal conditions of the statistically
significant variables in 2’ factorial design (water
temperature and infusion time). The volume of
water was fixed in 140 mL. The Doehlert matrix
is presented in Table Il with coded and actual
values.

Extraction procedure

Infusion preparation resembles the traditional
preparation method of the beverage, employing
optimized conditions. In a closed recipient,
140 mL of boiling water was added to 2 g of
herb. After 177 min at rest, it was filtered and
the infusion obtained was frozen at -20 ° C for
further analysis.

PHENOLIC CONTENT AND ANTIOXIDANT CAPACITY OF INFUSIONS

Water volume (mL) Water temperature (2C)

-1(80) -1(28)
-1(80) -1(28)
+1(200) -1(28)
+1(200) -1(28)
-1(80) +1(100)
-1(80) +1(100)
+1(200) +1(100)
+1(200) +1(100)
0 (140) 0 (64)
0 (140) 0 (64)
0 (140) 0 (64)

Total phenolic content

The total content of phenolic compounds was
determined by the colorimetric method with
adaptations (Aimvijarn et al. 2018, Oliveira-
Junior et al. 2017). The determinations were
performed in triplicate. The Folin-Denis reagent
was prepared by solubilizing 5 g of sodium
tungstate dehydrate and 1g of phosphomolybdic
acid in 38 mL of ultrapure water and 2.5 mL of
phosphoric acid. The mixture was refluxed for
2h, then cooled and diluted (Santos et al. 2017).

31 mL of water and 200 pL of Folin-Denis
reagent were added to 100 pL of tea, and
after 5 min, 600 uL of 7.5% (w/v) aqueous
sodium carbonate solution was also added,
all being shaken at the end. After 60 min (set
time in kinetic test) in the dark and at room
temperature, the absorbance was measured in
a UV-Vis spectrophotometer (Biospectro, Brazil)
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Table Il. Doehlert matrix.

PHENOLIC CONTENT AND ANTIOXIDANT CAPACITY OF INFUSIONS

Experiment Infusion time (min) Water temperature (2C)

1 +0.866 (20) -0.5 (70)
2 +0.866 (20) +0.5 (90)
3 0 (15) -1(60)
4 0 (15) +1(100)
5 -0.866 (10) -0.5 (70)
6 -0.866 (10) +0.5 (90)

7(CP) 0 (15) 0 (80)

8 (CP) 0 (15) 0 (80)

9 (CP) 0 (15) 0(80)

CP: Central point.

at 760 nm. The results were calculated using a
calibration curve of gallic acid (0-10 mg L"; y =
0.0824x — 0.0216; R = 0.9985) and expressed as
milligrams equivalents of gallic acid per liter
(mg L' GAE).

Total flavonoid content

Thetotalflavonoid contentwas determined using
the colorimetric method by with hexahydrated
aluminum chloride (Santos et al. 2017). 2.4 mL
of 2% (w/v) aluminum chloride methanolic
solution and 1.56 mL of methanol were added
to 40 pL of tea, then shaken. After 30 min (time
set in kinetic test) the absorbance readings were
made at 415 nm in a UV-Vis spectrophotometer
(Biospectro, Brazil). The determinations were
performed in triplicate. The results were
calculated using a quercetin calibration curve
(0-10 mg L™ y = 0.0534x - 0.0036; R = 0.9975)
and the results were expressed as milligrams
equivalents of quercetin per liter (mg L' QE).

In vitro antioxidant activity

The antioxidant activity was determined by
radical sequestration methodologies (Santos et

al. 2017): DPPH (Rufino et al. 2007a) and ABTS™®
(Rufino et al. 2007b). The determinations were
performed in triplicate. In a dark environment,
100 pL of tea was added to 3.9 mL of DPPH 0,06
mM methanolic solution (prepared only on the
day of analysis), then shaken at the end. After
the time established in the kinetic test (30 min
for peppermint and lemon balm samples and
60 min for the others), the absorbances were
read at 515 nm in a UV-Vis spectrophotometer
(Biospectro, Brazil).

The solution of the ABTS" radical was
prepared from the reaction of 5 mL of 7 mM
ABTS aqueous solution with 88 pL of 140 mM
aqueous potassium persulfate solution and
kept in the dark at room temperature for 16
h. The absorbances were read in a UV-Vis
spectrophotometer (Biospectro, Brazil) at a
wavelength of 734 nm. Using ethanol, 1 mL of the
ABTS " solution was diluted to the absorbance of
0.70 + 0.05. In a dark environment, 30 pL of tea
was added to 3 mL of the diluted ABTS"solution,
then shaken. After 6 min, the absorbances were
read at 734 nm.
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The radical-scavenging activity was
expressed as the inhibition percentage (Rebey
et al. 2019), calculated as follows: % inhibition =
100 x (ABS blank - ABS sample)/ABS blank.

HPLC-DAD analyses

A high-performance liquid chromatograph
Promimence model (Shimadzu Scientific
Instruments, Japan) equipped with a high
pressure quaternary pump (LC-20AD model),
degasser (DGU-20A5 model), diode array detector
(SPD-20A model), automatic sampler (SIL-20A
model), heating furnace for column (CTO-20A
model) and communication module (CBM-20A
model), operated by LCsolutions software, was
used. Lichrospher® RP 18 column (5 pm, 4.6 x
250 mm) from Agilent (Germany) was also used.

Factors affecting the chromatographic
separation (elution gradient, mobile phase
flow and column temperature) were studied
and optimized univariate. The efficiency of
the separation was evaluated based on the
chromatographic resolution, which is influenced
by the experimental parameters: retention factor,
separation factor (or selectivity) and number of
theoretical plates (or efficiency) (Santos et al.
2017). These parameters were calculated from the
injection of a mixture of all compound standards
(2 mg L"): caffeine, phenolic acids (gallic, ellagic,
chlorogenic, caffeic, p-coumaric) and flavonoids
(catechin, rutin, quercetin, kaempferol).

Chromatographic separation was performed
at 40 °C using a 1.2 mL min™ flow rate of a
solvent mixture for gradient elution: ultrapure
water with 1% (v/v) glacial acetic acid (A) and
methanol HPLC grade (B). The gradient program
was as follows: 100%-50% A (0-5 min); 50-38%
A (5-7.5 min); 38-34% A (7.5-8 min); 34%-29% A
(8-12.5 min); 29-37% A (12.5-13 min); 37%-50% A
(13-15 min); 50%-100% A (15-17 min); 100% A (17-
20 min).

PHENOLIC CONTENT AND ANTIOXIDANT CAPACITY OF INFUSIONS

After the optimization of the
chromatographic separation method, the
validation for HPLC-DAD determinations was
performed according to the official guidelines,
based on linearity, limits of detection and
quantitation, precision (repeatability and
intermediate precision), accuracy (recovery) and
robustness.

The attempt to identify the chromatographic
peaks was performed by comparing their
retention times and UV spectra with those of
reference standards. UV chromatograms were
acquired at different wavelengths, from 260 to
360 nm. The analysis of infusions was performed
in triplicate, using an injection volume of 20 L.
Table Ill shows the chromatographic parameters
for the analysis of phenolic acids, flavonoids
and caffeine.

Statistical analyzes

The Principal Components Analysis (PCA) and
Hierarchical Cluster Analysis (HCA), implemented
in STATISTICA 7.0 software (Stat-Soft Inc., USA),
were used to evaluate comparatively the
composition of the analyzed samples, based on
data standardized centered on the average.

RESULTS AND DISCUSSION

Optimization of the extraction process

The 2° complete factorial design indicated
that the infusion time and water temperature
factors are statistically significant, as well as
the interaction between them, as it can be
seen in the Pareto graph (Figure 1). The positive
values of the effects of infusion time and water
temperature indicate that, within the domain
studied, the response (mass of extracted
phenolics) rise with the rise of these variables.

The Pareto graph also shows that the
influence of the temperature variable on the
response is greater than that of the infusion time
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Table Ill. Chromatographic parameters for the analysis of phenolic acids, flavonoids and caffeine by HPLC-DAD.

Compound E;t:?::?:) U\{an??d Regression equation ig;ﬁ;t;ﬁ? (nl;glz”) (nll-g%)
Rutin 10.24 260 y = 26432 + 1514.2 0.9969 0.20 0.59
Ellagic acid 10.76 260 y =90516x + 2771.3 0.9961 0.22 0.67
Gallic acid 5.84 272 y = 52131x + 7867.3 0.9933 0.21 0.64
Caffeine 9.43 272 y = 116947x + 84151 0.9947 0.23 0.68
Catechin 794 280 y = 9507x + 1384.4 0.9940 017 0.52
p-Coumaric acid 9.86 310 y = 81911x + 10573 0.9946 0.23 0.69
Chlorogenic acid 8.38 330 y = 46190x — 3557 0.9952 0.25 0.74
Caffeic acid 8.92 330 y = 91755x + 8536.7 0.9938 017 0.50
Quercetin 12.01 360 y = 57490x + 3550 0.9954 013 0.38
Kaempferol 131 360 y = 69686x + 1743 0.9978 016 0.50

LOD: Limit of detection. LOQ: limit of quantification.

variable. The Doehlert matrix for optimization
was chosen for that reason, since this planning
allows the variables to be studied at different
levels (Ferreira et al. 2004). The temperature
variable was studied in five levels, and the time
variable was studied in three levels. Since the
volume of water did not prove to be a significant
variable for the studied process, its value was
fixed in 140 mL for the optimization step.

The data of the Doehlert planning were
processed using the real values, generating
the quadratic model that is represented by
the response surface (Figure 2) in which the
maximum condition is observed. The critical
values (maximum stationary points) are 99.67 °C
for water temperature and 17.02 min for infusion
time.

A reliable way to evaluate the quality of fit
of the model is to use the Analysis of Variance
(ANOVA). ANOVA showed non-significant lack
of fit, significant regression, high coefficient of
determination (R* = 0.973) and low pure error
and residuals. Thus, it can be inferred that there
is agreement between the real values and the

values predicted by the model, which describes
the studied region well and may be used to infer
conclusions about the optimal region.

For the validation of the infusion extraction
method, analytical parameters were evaluated
using HPLC-DAD analyses. Analytical curves with
addition of standard to infusions were linear in
the studied range (0.5 to 2.5 mg L"), obtaining
correlation coefficients higher than 0.99.
Accuracy was estimated in recovery trials for
the addition of standard at three concentration
levels. The values obtained for recovery are
within the acceptable range of 70% to 120%
(Ribani et al. 2004, Azevedo et al. 2019), reflecting
the accuracy of the method.

Spectrophotometric determinations

The results for the determinations of total
phenolic compounds (TPC), total flavonoids (TF)
and in vitro antioxidant activity are presented in
Table IV. TPC ranged from 72.32 to 557.70 mg L,
TF from 29.28 t0 202.50 mg L, inhibition of DPPH
ranged from 43.29 to 92.29% and inhibition of
ABTS from 20.42 to 99.95%.
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Figure 1. Pareto
graph for the 2°
1 factorial design.

p=0.05

Standardized Effect Estimate (Absolule Value)

The variation of the phenolic content
and the antioxidant activity observed for the
infusions of different species is related to the
fact that the phenolic content varies according
to the species. The high standard deviations
obtained reflect the difference between the
lots. The observed variation can be attributed
to several factors, such as the geographical
origin, the environmental and seasonal
conditions during the development of the
plant, the manufacturing conditions adopted
by the companies, such as storage and drying
process (the phenolic composition is sensitive
to temperature changes), among others (Dias
et al. 2013, Zielinski et al. 2014, Costa et al. 2016).
Climatic conditions in the same geographical
region differ at different seasons, which may also
result in changes in the chemical compositions
of tea (Zhao et al. 2017).

In addition to the previously mentioned
factors, the tea preparation process also affects
its phenolic composition, which may justify
the observed differences between the data

presented in this paper and others described
in the literature. These factors may also justify
the observed differences between the results
obtained in this study in comparison with
others available in the literature, as well as the
fact that different extraction methods are used,
since the process of preparation of the infusion
also affects its composition (Fotakis et al. 2016).
There are no studies that relate the phenolic
composition of anise with different commercial
forms.

Zielinski et al. 2014 determined total
phenolics and total flavonoids in infusions of
samples in sachets of anise, lemon grass and
peppermint. On average, the total phenolic
compounds content was, respectively, 100.45,
14712 and 470.07 mg L; these values agree with
some of the samples of these species in this
work. For the total flavonoid content, 34.09, 46.35
and 125.57 mg L' were obtained on average,
respectively, for one of the studied samples
of anise and lemon grass, but lower than that
obtained for the peppermint samples.
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Figure 2. Response surface for Infusion time x Water
temperature.

Pérez et al. 2014 identified levels of 29.42 to
30.33 pg mL" for total phenolics and from 8.60
to 8.95 pg mL" for total flavonoids in infusions
of peppermint leaves, lower than the values
determined for infusions of this species in
this work and the study by Zielinski et al. 2014.
Trendafilova et al. 2010 determined the total
phenolic content of infusions of commercial
fennel and lemon balm samples of, respectively,
112.2 and 1126.5 mg L' GAE. The results for fennel
are close to one of the samples from this study,
but the values obtained for lemon balm are
lower than the study mentioned.

Regarding the antioxidant activity, Zielinski
et al. 2014 determined the percentage reduction
of the DPPH- radical for commercial infusions
of anise, lemon grass and peppermint of,
respectively, 14.30%, 1710%, and 35.24%.
Trendafilova et al. 2010 verified 11.76% for the
inhibition of DPPH by infusion of fennel. These
values are lower than obtained in this work for
infusions of these same species. For infusion
of lemon balm, Trendafilova et al. 2010 verified
91.65% for the inhibition of DPPH, a value close to
that obtained for one of the lemon balm samples

PHENOLIC CONTENT AND ANTIOXIDANT CAPACITY OF INFUSIONS

of this study. Cheel et al. 2005 determined the
percentage of inhibition of DPPH by infusion of
lemon grass of 40.2%, which is lower than that
obtained in this study and by Figueirinha et al.
2008, of 62.3%, similar to the one presented in
this study.

Optimization and validation of HPLC-DAD
methodology

In order to obtain a better separation and
resolution of the chromatographic peaks,
successive gradient modifications were tested,
keeping the composition of the mobile phase
fixed (methanol and acidified water with 1%
v/v acetic acid) and the chromatographic
conditions (40 °C and 1.0 mL min™), changing
only the proportions of the solvents. After
13 modifications the optimal gradient was
established.

Applying the optimized gradient, the effect
of solvent flow on the separation was studied.
The standard mixture was injected using flow
rates of 0.8 to 1.4 mL min™. The increase in the
flow up to 1.2 mL min™ favored the separation
and provided better resolution values for most
of the analytes, being this the optimal condition
established.

Applying the optimized gradient and flow
rate, the chromatographic column temperature
was studied. The standard mixture was injected
employing temperatures of 38 to 44 °C. At 40 °C
better resolution values were obtained for most
of the analytes, and this temperature condition
was established as optimal.

The efficiency of the chromatographic
separation in the established optimal conditions
was evaluated based on the parameters:
resolution, retention factor, separation factor
and number of theoretical plates. It was
obtained for all analytes: resolution > 1.5,
number of theoretical plates > 2000, retention
factor > 0.5 and separation factor > 1.0. The
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Table IV. Results of the spectrophotometric determinations.
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Samples Total pL[!egl;)é;cs (mg Total ﬂaL!onoids (mg . DP.P|.'|. . AB:T.S .
QE) (% inhibition) (% inhibition)
MR 496.63 + 4.28 147.82 + 613 92.29 + 0.23 9995 + 0.07
MS 185.08 + 2.88 8577 +1.32 66.41 £ 10.74 43.49 +1.92
MC 169.89 + 15.65 57.05 + 7.66 58.33 +9.89 33.62 £ 3.23
HO 557.70 + 52.40 191.89 + 27.91 9217 + 015 99.95 + 0.07
HM 446.09 + 41.29 155.68 + 34.00 944 + 0.65 99.71 + 0.20
HF 502.60 + 719 202.50 £ 15.69 92.05 + 0.23 99.76 + 013
CR 170.60 + 17.99 8015+ 776 65.68 + 2.70 4753 + 374
Cco 87.60 + 5.51 3895+ 276 47.36 + 0.26 22.60 + 216
CM 102.08 + 36.56 63.92 + 24.30 64.91 + 19.47 29.20 + 6.86
FR 127.86 + 30.68 4551+ 577 7498 + 2.87 38.94 + 532
FO 114.08 + 319 29.28 + 0.44 4329 + 241 27.68 +1.95
FC 149.49 + 30.32 4395 + 6.89 74.86 + 12.62 32.67 + 9.69
DM 272.32 £ 1418 6111 + 20.97 79.54 +17.99 40.08 + 11.85
DL 98.37 £+ 17.91 35.83 + 3.61 57.86 + 8.85 22.65 + 2.62
DF 149.23 + 18.25 47.38 + 6.62 79.37 + 6.25 32.57 + 412
DK 74.61 + 119 2990 + 117 4542 + 3.01 20.42 +1.31
DN 107.20 + 5.23 33.02 +2.21 57.38 + 6.92 2441 +1.70
DH 113.20 + 2.88 3115 £1.92 66.48 + 3.88 23.88 + 2.64
DE 72.32 + 13.37 3146 + 0.76 43.84 + 097 2374 + 491
DB 101.72 + 0.75 31.77 + 0.44 61.02 + 0.26 22,74 +1.75
DV 91.39 + 1.85 32,71 +£117 50.76 = 0.75 2113 + 0.24

M: lemon balm; H: Peppermint; C: lemon grass; F: fennel; D: anise. The second letter of the sample acronym distinguishes the

brand. Mean * standard deviation, n = 3.

values obtained were satisfactory (Azevedo et
al. 2019), therefore, the method is selective and
the separation is efficient for caffeine, phenolic
acids and flavonoids studied.

The analytical curves generated by
injections in triplicate of the working solutions
containing all analytes at six concentration
levels (0.1to 2.5 mg L"). Linearity was determined
by the correlation coefficients of mean of the
three areas measured with the respective
concentration. As shown in Table IIl, the
correlation coefficients (r > 0.99) indicate that

all calibration curves had good linearity within
the test ranges. Limit of detection corresponds
to the lowest concentration of the analyte that
produces a response three times higher than
the noise. Limit of quantification indicates the
lowest concentration of analyte that can be
accurately measured. The limits of detection
and of quantification ranged between 013 and
0.25 (mg L") and 0.38 a 0.74 (mg L"), respectively,
as shown in Table Il

Instrumental accuracy (repeatability) was
measured by 10 consecutive injections of the

An Acad Bras Cienc (2020) 92(3) 20190646 9 | 17



BARBARA E.A. DE MAGALHAES & WALTER N.L. DOS SANTOS

standard mixture. Intermediate precision was
measured by injecting of the standard mixture
into three nonconsecutive days under the
same measurement conditions. Precision
was expressed in terms of relative standard
deviation. Values of 0.15 to 5.7% were obtained
for the repeatability and from 1.07 to 6.61%
for the intermediate precision, indicating that
the method allows an accurate analysis of the
phenolic bioactive and caffeine.

For the recovery assays, in triplicate, a
sample of each species (previously analyzed)
was enriched with the solutions of the standards
at three levels concentrations (1, 3 and 5 mg L")
and subjected to extraction. Recovery values
were obtained from 70.92% + 0.56 to 119.30% *
0.27, within the acceptable limit considering the
complexity of the sample, indicating that the
method is accurate.

The robustness of the method was evaluated
by injecting a mixture of standards using
two-level complete factorial design (2°), with
triplicate of the central point (optimal conditions

PHENOLIC CONTENT AND ANTIOXIDANT CAPACITY OF INFUSIONS

established), varying the composition of the
mobile phase (percentage of acetic acid) and
temperature of the chromatographic column.
In the generated Pareto graph (Figure 3) it can
be seen that the factors and the interaction
between them are not statistically significant
at the 95% confidence level, indicating that
the method is robust within the experimental
domain studied, for the variation of 20% in the
acetic acid concentration in the mobile phase
and 5% temperature variation.

According to these results, it is indicated
that the proposed method is appropriated for
the detection and quantification of the studied
compounds in infusions. As the validation
process was carried out with solutions of the
caffeine, phenolic (gallic, ellagic, chlorogenic,
caffeic, p-coumaric) and flavonoid standards
(catechin, rutin, quercetin, kaempferol), the
validated method can be applied in several
matrices for the separation, identification and
quantification of these analytes.

(1)% Acetic acid
(2)Temperature '

1112122

Figure 3.
Pareto graph
for the HPLC-
DAD method

-3.23877 | robustness.

p=0.05

Standardized Effect Estimate (Absolute Value)
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Analysis of infusions by HPLC-DAD

In this work, the investigation of the infusions
composition of commercial samples was done
using HPLC-DAD analysis and the concentrations
obtained for phenolic acids, flavonoids and
caffeine are shown in Table V. The highest
concentrations of phenolic acids were verified
for chlorogenic (0.35 - 35.41 mg L") and
p-coumaric (1.01 - 1043 mg L") acids. Among the
phenolic acids present in plants, derivatives of
hydroxynamic acids such as chlorogenic and
p-coumaricacids are more commonin relation to
hydroxybenzoic acids, such as ellagic and gallic
acids (Shahidi & Ambigaipalan 2015). Among
the flavonoids, the highest concentrations were
rutin (0.25 - 107.49 mg L") and catechin (0.23 -
15.68 mg L7).

As observed in the spectrophotometric
determinations, there was great variability
between the results for the different species,
justified by the variation of the phenolic profile
according to the species, and the variation
for different brands may be related to the
geographical origin, environmental conditions,
the manufacturing and preparation of the tea
(Dias et al. 2013, Costa et al. 2016, Fotakis et al.
2016).

Zielinski et al. 2014 determined chlorogenic
acid in infusions of anise (26.24 mg L") and
peppermint (3.25 mg L") in a concentration
similar to that verified for samples of this work.
The concentrations of chlorogenic acid infused
with lemon grass (37.97 mg L") and quercetin
(59.77 mg L") in peppermint infusions are higher
than in this study.

Pérez et al. 2014 determined concentrations
of caffeic acid (0.67 to 1.04 ug mL") and quercetin
(110 to 2.28 pug mL") in peppermint infusion,
respectively, similar to and higher than that
determined in this study. Marques & Farah
2009 quantified caffeic acid (0.01 to 0.16 mg in
200 mL of infusion) in lemon balm infusions at

PHENOLIC CONTENT AND ANTIOXIDANT CAPACITY OF INFUSIONS

concentrations lower than that observed in the
samples analyzed in this study.

The absence of caffeine was expected in the
infusions of fennel, anise, lemon grass, lemon
balm and peppermint, considering that their
teas have a carminative effect, which is not
consistent with the stimulant effect promoted
by caffeine. No studies were found indicating
the presence of this substance in the species
studied. However, caffeine was identified in
infusions of the samples of all batches of alemon
balm brand and in only two of the analyzed
batches of a peppermint brand. Therefore, the
caffeine content in these samples may be the
result of contamination in the manufacturing
process.

When comparing the chromatograms of
all the anise samples, it was verified that only
one of them (DN) presented a phenolic profile
different from the others, which presented the
same chromatographic profile independent
of the commercial form, as shown in Figure
4. In addition to the chromatographic profile,
the physical appearance of the DN samples
(elongated fruit) also differs significantly from
the other anise samples (small and round fruits).
However, the description of the composition for
the species (Pimpinella anisum) and the part
of the plant are not supplied by all brands. The
scientific name of the species is not shown on
the sample packaging.

In Brazil, the term “erva-doce” is used
to designate two species: anise (Pimpinella
anisum) and fennel (Foeniculum vulgare).
Although they belong to the same botanical
family (Apiaceae) and share many similar
characteristics, P anisum and F. vulgare present
different phenolic profiles. Thus, the infusion
chromatographic profiles of the DN sample and
a fennel sample were compared, as shown in
Figure 4c.
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Table V. Concentration (mg L") of phenolics and caffeine in infusions.

Ellagic = Gallic = p-Coumaric | Chlorogenic @ Caffeic

Sample Rutin | Catechin | Quercetin | Kaempferol Caffeine

Acid Acid Acid Acid Acid
MR Offgt nd. | 197:056 | 168+0.67 666_7391 10149 2[')7;; n.d. n.d. 75&1
19.60
MS 0(')?391 nd. | 649:020 | 035:004 | nd. 250‘}48 5;“51 n.d. 0.79 + 0.04 n.d.
MC 1585 nd. | 399:059 | 057+ 031 O(f’goi 230223 50'135 n.d. 0.56 + 0.06 n.d.
Ho | M99t g 2781030 | o096rosm | (4E 40£55 nd. | 062+008 n.d. n.d.
0.31 346 |
HM 5';9; 0623; 118+132 | 537:142 Z*fé‘oi 33’7?5 0(')?26 f n.d. n.d. n.d.
HF 1;?; nd. | 294+019 | 3.07:010 5(')7_17; 55290‘; 0(')3_3; 0.50 + 0.01 n.d. n.d.
CR 053; nd. | 319:035 | 12.07+149 15?; 355; 053 j n.d. n.d. n.d.
co n.d. nd. | 244+007 | 494+023 055; O(‘fg; n.d. n.d. n.d. n.d.
M n.d. n.d. 220 + 014 19.97 + 9.74 n.d. ngf n.d. n.d. n.d. n.d.
FR 0(')7.13; 0(')?37; 965+0.82 | 1153245 | nd. 5200722 5&"; n.d. n.d. n.d.
FO 055; 1& f; 176+ 016 | 494+ 074 0(')%17; 9'5 ’ 150'§88f n.d. n.d. n.d.
0.90
FC 0(')?2141 nd. | 1043+263 | 1253+365 | nd. 31'357[; 5&;; n.d. n.d. n.d.
DM n.d. ng; 218+093 | 3541+1628 OdZeai 6;;; 92‘1;; n.d. n.d. n.d.
DL nd. | nd | 125:022 | 1235:294 | nd. 2('5;); 3(')3;; n.d. n.d. n.d.
DF n.d. Of;i 183+034 | 2621%3.02 O(';*é*gi 467;; 7&2; n.d. n.d. n.d.
DK n.d. nd. | 120:012 | 887:091 n.d. 1‘09_18; 25?; n.d. n.d. n.d.
DN 05?851 nd. | 730033 | 11.06 042 n.d. 3319597 563.21t n.d. n.d. n.d.
DH n.d. nd. | 101:004 | 1428:096 & nd. 35;*; 457_171t n.d. n.d. n.d.
DE n.d. nd. | 108:001 | 941036 n.d. 3(')2;; 3.(()5;)11 n.d. n.d. n.d.
DB n.d. nd. | 119:010 | 1427:036 | nd. 362.5?61 552; n.d. n.d. n.d.
DV n.d. nd. | 148051 | 1477:386 | nd. 557161 4‘22?76; n.d. 044 £ 0.22 n.d.

M: lemon balm; H: Peppermint; C: lemon grass; F: fennel; D: anise. The second letter of the sample acronym distinguishes the
brand. n.d.: not detected or below limit of detection. Mean * standard deviation, n = 3.
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As shown by the comparison of the
chromatograms, Figure 4 explains that the
phenolic profile of the DN sample infusion differs
from the profile of the other anise samples and
resembles that of the fennel sample. In view of
this, it is suggested that sample DN, marketed as
anise, does not belong to the P. anisum species
like the other samples, it actually is another
species called F. vulgare.

PHENOLIC CONTENT AND ANTIOXIDANT CAPACITY OF INFUSIONS

Multivariate analysis (PCA and HCA)

The multivariate statistical methods simplify
the interpretation of the studied data through
the construction of alternative variables or
indices that condense the original information
of the data, allowing us to obtain the maximum
information of the chemical data and that are
not demonstrated by the conventional analysis
(Santos et al. 2017).
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Figure 4. Comparison of chromatograms in wavelength 310 nm: (a) Overlap of chromatograms of infusions of
anise samples (DH, DE, DL) in different commercial forms (spice, bulk and sachet); (b) Overlapping of the infusion
chromatograms of samples DN (black) and DH (gray); (c) Overlapping of the infusion chromatograms of samples

DN (black) and fennel (gray).
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The multivariate statistical methods, PCA
and HCA (Figure 5), were used to comparatively
evaluate the composition of the analyzed
samples. In the PCA, were selected the principal
components (PCs) whose eigenvalues are
equal or greater than to 1. For the analysis of
components, the non-rotated matrix was used,
being verified that there is no redundancy and
that each original variable is significant only for
one of the PCs.

For the PCA of the infusions of different
species commercialized in sachets, 4 PCs were
significant. PC1 explains 38.99% of the data
variance, while PC2 explains 17.07%, PC3 14.87%
and PC41110%. The results for PCA are expressed

PHENOLIC CONTENT AND ANTIOXIDANT CAPACITY OF INFUSIONS

by the graph of scores for PC1 x PC2, shown in
the Figure 5a, which explain most of the total
variance of the experimental data (56.06%),
being satisfactory for extracting information.
The graph shows the separation of a sample
of lemon balm (MR) and a group of samples of
peppermint (HF, HO, HM) from the other samples.
This separation is consistent with the results
of the spectrophotometric determinations, in
which the peppermint and MR samples were
distinguished for having higher phenolic content
and antioxidant activity than the other samples.

The PCA analysis indicates that the
segregation of the MR sample is due to the
much higher concentration of rutin and the

FR
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a i | —
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Figure 5. Scores plots (PC1 x PC2) for infusions of (a) samples commercialized in sachets and (b) different
commercial forms of anise. Dendrograms for infusions of (c) samples in sachets and (d) anise.
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presence of caffeine, while in the case of the
group of peppermint samples, the segregation
was mainly due to the presence of quercetin,
not detected in the other samples.

For the PCA of infusions of different
commercial forms of anise, only two PCs showed
an eigenvalue greater than 1. PC1 explains 45.39%
ofthe totalvariation and the PC2 explains 38.48%,
thus, the graph PC1 x PC2 (Figure 5b) explains
83.87% of the variability of the experimental
data. The graph of scores shows the segregation
of the DN sample, mainly due to the fact that
it did not contain kaempferol and because it
had much higher concentrations of rutin and
ellagic and p-coumaric acids. The separation of
the group of samples in sachets is explained
by their higher concentrations of catechin and
gallic and chlorogenic acids. The other samples
presented similarities in relation to the majority
of the analytes, which justifies the formation of
the largest group.

The results for HCA are presented as
dendrogram, in which the smaller the distance
between the groupings, the greater the similarity.
In this study, it was used the Euclidean distance
for the distance measure and the Single Linkage
method as linkage rule.

In the dendrogram of the infusions of
different species commercialized in sachets
(Figure 5c), we can observe the separation
of a sample of lemon balm (MR), a group
of samples of peppermint (HF, HO, HM) and
the other of infusions with lower phenolic
contents (other samples), which corroborates
the results obtained in the determinations
spectrophotometric and PCA.

The dendrogram of infusions of different
commercial forms of anise (Figure 5d) shows the
same groups obtained by PCA. The multivariate
analyzes explain the discrepancy between the
composition of the sample DN in relation to
the other samples, providing another subsidy
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to affirm that this sample does not belong to
the species Pimpinella anisum, as previously
discussed.

CONCLUSION

The experimental designs applied were efficient
for the study of the factors involved in the
preparation of infusion and for establishing
optimum conditions for the extraction of
phenolic compounds. The HPLC-DAD proposed
method is appropriated for the detection and
quantification of phenolic acids, flavonoids
and caffeine and can be applied in several
matrices. The results of the investigation of
the antioxidant composition of infusions of
commercial samples showed that it can vary
greatly depending on the species, commercial
form, brand and lot of the samples, as many
factors may affect the phenolic content. The
multivariate analysis methods used in this study
were adequate to evaluate the composition of
the infusions analyzed and indicate that the
phenolic profile for the samples of the same
species tend to present greater similarities in
relation to other herbs.
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