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a  b  s t  r  a c  t

The aim  of  this  paper was to study  and  optimize  the  dynamic  maceration  process  to obtain  Matricaria

chamomilla  L.,  Asteraceae,  inflorescences  extracts with  optimum  flavonoid  content  and  antioxidant activ-

ity  using a multivariate  approach.  Hydroalcoholic  extracts were  obtained  by  dynamic  maceration  in lab

scale  and the  influence  of extraction  temperature,  ratio of plant to solvent,  ethanol  strength;  extraction

time  and stirring  speed  on  the  flavonoid  content and  antioxidant activity  were  unveiled  using a fractional

factorial  design. The ethanol strength,  ratio  of plant to solvent  and  temperature  were the three factors  that

influenced  most the  extract properties  and were  studied  by  a central composite  design. Total  flavonoid

content  and  antioxidant  activity  were  affected by  the  ethanol  strength  and  ranged  from 1.49  to 3.95%

and  13.3  to  36.2  �g/ml,  respectively. The  desirability functions  resulted  in  an optimal  dynamic  macer-

ation  condition  using 1 h  extraction at stirring  speed of 900  rpm, ethanol 74.7%, temperature  of  69 ◦C

and  using 36.8%  of plant in solvent  (w/v).  Under  this  set  of conditions,  the  extract had  total  flavonoid

content  of 4.11  ±  0.07%,  in vitro  antioxidant activity with  IC50 of  18.19 �g/ml and  apigenin  and  apigenin-

7-glycoside  contents  of  2.0  ± 0.1 mg/g and  20.1  ± 0.9 mg/g, respectively. The  results showed  a low  solvent

consumption  compared  to previous works.  The model  was able to predict  extract properties  with  maxi-

mum  deviation  of 12%  and  the  extraction process developed  herein  showed  to be  reliable,  efficient and

scalable for  M.  chamomilla  inflorescences,  enriched  with  flavonoids,  apigenin  and  apigenin-7-glycoside

and  high  antioxidant  activity.

©  2017  Published by  Elsevier  Editora Ltda.  on behalf  of Sociedade Brasileira  de  Farmacognosia.  This  is

an open  access article under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

Introduction

Plant extracts usually present several therapeutic applications

because of their richness in bioactive and have been used to  treat

man’s health problems since ancient times. Recognizing this fact,

the World Health Organization (WHO) has also been working to

promote the use of these in health systems and recently published

guidelines for the quality, safety and efficacy of herbal medicines.

The sustainable production and efficacy of medicinal plants have

made their extracts a  focus of world attention (Ansel et  al., 2000;

Srivastava et al., 2010; Cortés-Rojas et  al., 2015).

Among the worldwide known medicinal plants there is the

Matricaria chamomilla L.,  Asteraceae, which is one of the oldest and
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best documented plants in the world (Srivastava et al.,  2010) and

its inflorescences are widely used to  obtain infusions, extracts and

essential oils. Due to M. chamomilla diverse therapeutic properties,

it stands out as the most cultivated and consumed medicinal plant

in the world today, with estimated more than one million cups of

its tea consumed daily (Borsato et al.,  2005; Srivastava et al., 2010).

The extract of M. chamomilla has a  wide variety of constituents,

which can provide antioxidant, anti-inflammatory, moisturizing

and emollient properties that could be used in  formulations for

topical application. Also because of the numerous benefits to the

skin the use of extracts and essential oils in pharmaceutical and

cosmetic formulations is increasing. Despite this, there are still

few studies on topical formulations containing the extracts of

chamomile (Dal’Belo et al., 2006; Nóbrega et al. (2013)). Chamomile

extraction can be performed by different processes and conditions

that can influence extract characteristics. Harbourne et al. (2009)

studied chamomile extraction by  water infusion at 90 ◦C during

https://doi.org/10.1016/j.bjp.2017.11.006
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20 min  comparing fresh and dried flowers and found total phe-

nolic content of 19.7 ±  0.5 mg/g and 13.0 ±  1.0 mg/g for fresh and

oven-dried inflorescences, respectively. The M.  chamomilla soxhlet,

microwave-assisted (MAE), ultrasound-assisted (UAE) and subcrit-

ical water (SCW) extractions were compared (Cvetanovic et al.,

2014) using the same solvent, drug-to-solvent proportion, time and

temperature. SCW at 200 ◦C and 1.6 bar for 40 min gave the best

results with 49.70% extraction yield, phenolic content from 117.31

to 151.45 mg/g and flavonoid content from 51.6 to 64.3 mg/g.

Dynamic maceration of M.  chamomilla (Srivastava and Gupta,

2009a,b) using methanol, ethanol, water and methanol–water mix-

tures as solvent at 200 rpm, 37 ◦C, drug/solvent ratio of  1:20 for 4 h

demonstrated the water extract had no  apigenin but high contents

of apigenin-7-glycoside. Solid liquid extraction using aqueous 0.5 N

HCl, 0.5 N NaOH and water at 80 ◦C and drug/solvent proportion of

1:20 for 3 h resulted in  extracts with higher phenolic content in

alkaline conditions, but flavonoid content and antioxidation activ-

ity was higher in  acidic solvent (Osman et al., 2016).

Recently, the International Conference on Harmonization

(Freitas et al., 2017) had established the guidelines for the qual-

ity of pharmaceutical products. The guideline Q8 is devoted to  the

development of pharmaceutical products and indicates the need

for a deep understanding of  the process and formulation influences

on final product quality. Among the considerations, ICH-Q8 recom-

mends the application of multivariate analysis to fully understand

the processes involved. Therefore, the design of experiments, DOE,

is an increasingly important tool  that allows obtaining a greater

number of information using a smaller number of experiments

(Peralta-Zamora et al., 2005; Ferreira et al., 2007; Rodrigues and

Iemma, 2009). The DOE became a  very powerful tool to generate,

interpret and apply scientific experiments in most efficient way

(Ferreira et al.,  2007) with optimization of product and process.

The  aim of this work was to study the extraction of M.

chamomilla inflorescences by  dynamic maceration applying mul-

tivariate analysis to obtain an optimized hydroalcoholic extract

with maximum flavonoids content, antioxidant activity (DPPH) and

apigenin and apigenin-7-glycoside.

Materials  and methods

Materials

Matricaria  chamomilla L., Asteraceae, dried inflorescences were

purchased from Flores e Ervas Ltda (Piracicaba, SP, Brazil).

Analytical-grade apigenin and apigenin-7-glucoside were pur-

chased from Sigma–Aldrich Brasil Ltda (São Paulo, SP, Brazil).

Ethanol and phosphoric acid were acquired from Synth Ltda

(Diadema, SP, Brazil). Methanol and acetonitrile were purchased

from J.T. Baker (Phillipsburg, NJ, USA).

Drug (Chamomile) characterization

Samples  of  the inflorescences were deposited in  the herbari-

ums of the Faculdade de Filosofia, Ciência e Letras of Ribeirão Preto,

University of  São Paulo with number SPFR 15116 and at Herboteca

Silvio Sarti (LADIFARP/FCFRP/USP) with number HSS 0012/15.

The  dried inflorescences were grounded in a  knives mill SL31

(Solab Ltda, Piracicaba, São Paulo, Brazil). The powder size distribu-

tion of grounded inflorescences was measured using a  set of sieves

with mesh openings from 45 to 1400 �m and a  sieve shaker model

01/02 (Bertel Ltda, São Paulo, Brazil).

The plant solvent uptake was determined as follows: 25 ml of

solvent was added to a  25  ml  beaker containing 1 g of grounded

inflorescences. The beaker was shaken every 10 min  for 1 h and

allowed to  stand for 3 h at room temperature. The solvent uptake

was  obtained by the difference between the volume occupied by

the plant material at the end of the test and its initial volume.

Extraction procedure

The  hydroalcoholic extracts of the M. chamomilla were obtained

by dynamic maceration in a  multipoint magnetic stirrer with ther-

mostatic air bath TAB15 (Labmaq do Brasil Ltda, Ribeirão Preto, SP,

Brazil) and using 250 ml  Erlenmeyer and according to the extrac-

tion conditions defined by the experimental designs. At  the end of

the experiment, the extracts were filtered using qualitative filter

paper.

A fractional factorial design 25–2 with two levels (−1 and 1)

and five factors (Barros-Neto et al., 2003) was applied to  study

preliminarily the influence of the extractive factors extraction tem-

perature (TE), percent ratio of plant to  solvent (P/S%), percent

ethanol strength (Et%), extraction time (t) and stirring speed (SS)

on the extract solids content (SC) and total flavonoid content (TFC).

Table 1 shows the five factors with their levels in the coded form

(−1 and +1) and actual values in  low and high levels.

After the choice of the most important factors on the dynamic

maceration, a  central composite design (CCD) was  set to  study

the effect of TE, P/S% and Et% on the extract properties. The CCD

is shown in  Table 2. The experiments were performed according

to the conditions established in  Table 2 using a  stirring speed of

900 rpm and extraction time of 1  h.  The dependent variables eval-

uated in the CCD were solids content (SC), total flavonoid content

(TFC) and in vitro antioxidant activity (IC50)  of the extracts.

Table 1
Fractional factorial design (25–2) applied to evaluate the effects of extraction tem-

perature (TE), percentage of  plant to  solvent (P/S%), percentage of ethanol (Et%),

extraction  time (t) and stirring speed (SS) on Matricaria chamomilla extract.

Experiment TE  (◦C) P/S% (w/v) Et% (v/v) t  (h) SS (rpm)

1 −1 (25) −1  (10) −1  (50) −1 (1) +1 (900)

2 −1 (25) +1 (30) −1  (50) +1 (18) −1  (300)

3 −1 (25) −1  (10) +1 (90) +1 (18) −1  (300)

4 −1 (25) +1 (30) +1 (90) −1 (1) +1 (900)

5 +1 (50) −1  (10) −1  (50) +1 (18) +1 (900)

6 +1 (50) +1 (30) −1  (50) −1 (1) −1  (300)

7 +1 (50) −1  (10) +1 (90) −1 (1) −1  (300)

8 +1 (50) +1 (30) +1 (90) +1 (18) +1 (900)

Table 2
Central composite design applied to  evaluate the effects of extraction temperature

(TE), percent ratio of plant to  solvent (P/S%) and percentage of ethanol (Et%) on

Matricaria chamomilla extracts.

Experiment aX1
aX2

aX3 P/S% (w/v) Et% (v/v) TE  (◦C)

1 −1  −1 −1  10 40 30

2 +1 −1 −1  30 40 30

3 −1  +1 −1  10 80 30

4 +1 +1 −1  30 80 30

5 −1  −1 +1 10 40 60

6 +1 −1 +1 30 40 60

7 −1  +1 +1 10 80 60

8 +1 +1 +1 30 80 60

9 b−˛ 0 0  3.2 60 45

10 b+  ̨ 0 0  36.8 60 45

11 0 b−˛ 0  20 26.4 45

12 0 b+  ̨ 0  20 93.6 45

13 0  0 b−˛ 20 60 19.8

14 0  0 b+  ̨ 20 60 70.2

15 0  0 0  20 60 45

16 0  0 0  20 60 45

17 0  0 0  20 60 45

a X1, P/S% coded; X2, Et% coded; X3,  TE coded.
b

 ̨ = 1.68.



S.V.  Pereira et al. / Revista Brasileira de Farmacognosia 28 (2018) 111–117 113

Extraction optimization and extracts characterization

Extraction optimization was carried out by  the desirability

functions method using the module Response Optimizer from the

software Minitab 14.0 (Lead Technologies Inc.) and the SC, TFC and

IC50 data obtained in the CCD. Hydroalcoholic extracts were char-

acterized by  their solids content (SC), total flavonoid content (TFC),

in vitro antioxidant activity (IC50), density (�) and apigenin (QA)  and

apigenin-7-glycoside (QA7) contents.

The  SC was determined gravimetrically by  sampling and weight-

ing 2  g aliquots of the extracts in Petri dish and taking to  an oven at

105 ◦C until constant weight. The analyses were performed in  trip-

licate and result was calculated as percent weight (w/w)  (Brazilian

Pharmacopoeia, 2010; Tacon, 2012; Martins et al.,  2013).

The  TFC was measured by the method of complexation

with 2% aluminum chloride in  methanol and using quercetin

(Sigma–Aldrich) as reference. The samples were analyzed in a

UV–vis spectrophotometer model M 330 (Camspec Ltd., Garforth,

UK) at 425 nm after 1 h of reaction under light (Costa-Machado

et al., 2013). The analyses were performed in triplicate and results

were expressed as weight percentage (w/w). The extracts density

was determined by pycnometry according to  Brazilian Pharma-

copoeia (2010).

The  in vitro antioxidant activity was determined by the 2,2-

diphenylpicrilhydrazyl radical (DPPH) method. Each extract sample

was diluted in  methanol solutions in five concentrations. Then,

50 �l of each extract dilution was mixed with 2 ml of 60 �M of DPPH

in methanol. The samples were then held sheltered from the light

for 1 h and analyzed by  UV–vis spectrophotometer model M  330

(Camspec Ltd., Garforth, UK). The results were expressed as IC50,

which is the concentration corresponding to the 50% inhibition of

DPPH. Antioxidant activities of quercetin and �-tocopherol were

also determined following this same methodology. The analyses

were performed in triplicate and the IC for each sample was calcu-

lated based in Eq.  (1) in  seven concentrations (Abdoul-Latif et al.,

2011; Kulisic et al., 2004) and the IC50 was obtained the extract

concentration (�g/ml) corresponding to an inhibition of 50%.

IC  (%) =
(

Abs517 nmControl − Abs517 nmSample

Abs517  nmControl

)
(1)

High  performance liquid chromatography

The  quantification of apigenin and apigenin-7-glucoside in the

hydroalcoholic extract was done by high performance liquid chro-

matography (HPLC) on an Ultimate 3000 chromatograph (Thermo

Scientific Inc, Waltham, USA) with a diode array detector operating

at wavelengths of 335 nm.  The analyses were run with a  Pheno-

menex Luna C-18 column (4.6 mm  × 250 mm,  particle size of 5 �m

and aperture of 100 Å) and a  safety guard column, Phenomenex

Luna. The sample volume injected was 20 �l  and the mobile phase

was acetonitrile/water acidified with phosphoric acid (pH 3). The

method was validated by determination of the selectivity, linearity,

accuracy, detection and quantification limits (Cabral et al., 2017).

Statistical  analysis

The  experimental designs were analyzed by ANOVA using the

response surface methodology and the software’s Statistica 10

(Statsoft Inc, USA) and Minitab 14 (Minitab Inc., USA). The effects

of factors were considered significant only when p <  0.05.

Results and discussion

The  powder size distribution of the dried and grounded inflo-

rescences of M.  chamomilla showed a Gaussian shape, as seen in

Fig. 1. Fig. 1 also shows the accumulative size distribution of the
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Fig. 1.  Size distribution of the dried and grounded inflorescences of Matricaria

chamomilla.

M. chamomilla powder and particle sizes from 127 to 1400 �m.

From the accumulative size distribution the D50 and Spam could

be obtained and resulted in  410 �m and 1.25, respectively. The

analysis of the vegetal material granulometry is important for the

extractive process, since the mean size  and spam of the drug pow-

der influences the extraction of the chemical constituents. It is

already known that smaller particle sizes result in  faster and some-

times more efficient extraction process. In the literature, extraction

studies have used plant materials with particle size ranging from

150 to 825 �m (Jacques et al., 2007; Luthria et al.,  2007; Fan et al.,

2008; Diouf et al., 2009; Costa-Machado, 2011). The mean particle

size and spam found for M. chamomilla herein are adequate for a

dynamic maceration extraction.

The  determination of drug solvent uptake is  important to extrac-

tion studies since it is  related to  the amount of solvent which

is retained by the solid vegetable matrix and cannot be recov-

ered (Tacon, 2012). The solvent uptake of the dried and ground M.

chamomilla inflorescence was  determined for all the solvents used

as extractive liquid in this study. The solvents used were ethanol

26.4%, 40%, 50%, 60%, 80%, 84.8%, 90% and 93.6%, and the respective

swelling indexes obtained were 7.0, 6.0, 4.2, 2.4, 1.9, 1.8, 1.6, 1.4

and 1.3 ml/g.

The  HPLC method was validated for apigenin and apigenin-7-

glycoside and showed to be  selective to the analytical standards

compared to the chamomile extracts obtained under the several

conditions studied. The method showed to  be linear within the

ranges of 0.1–6 �g/ml (r =  0.9996) and 0.1–40 �g/ml (r =  0.9998)

for apigenin and apigenin-7-glycoside, respectively. The precision

and accuracy were evaluated by the relative standard deviation of

five injections and resulted in maximum deviations of  2.08 and

2.17% for apigenin and 2.19 and 3.62% for apigenin-7-glycoside,

respectively. Quantification limits were 0.05 �g/ml for both chem-

ical markers (Cabral et al., 2017).

Fractional factorial design

The  response surface analysis carried out on the influence of the

five factors on SC and TFC is shown in  Fig. 2. Although only the

P/S% effect on SC was significant at 5%  level, the estimated effect

can still be used to identify the strongest influences among the

factors studied. As can be seen in  Fig. 2A, the three factors that influ-

enced most the SC  responses were P/S%, Et% and TE with estimated

effects of 6.7, 4.2 and 2.0, respectively. The influence of P/S% on SC

and TFC is theoretically expected since increasing the proportion

of plant a  larger amount of soluble solids and phenolic compounds

are available to be extracted for as much as the solvent does not

become saturated. Another important estimated effect is  for Et% on

SC and TFC due to the increasing polarity for the increasing strength

of ethanol in  hydroalcoholic solutions, favoring the extraction of
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flavonoids and soluble solids (Pinelo et al., 2006; Huang et al., 2009;

Costa-Machado et al., 2013). Finally, TE can influence SC and TFC,

because the temperature interferes with solute solubility, diffusion

coefficient and dielectric constant of water (Costa-Machado, 2011;

Costa-Machado et al., 2013; Pinelo et al., 2006).

In equilibrium extractive methods (Martins et al., 2017), such

as dynamic maceration, the extraction time t is  a factor that must

be considered because there is  a minimum time required for the

solvent to  swell and moisturize the plant, solubilize the com-

pounds within the vegetable cells and then diffuse them into

the solvent (Prista and Morgado, 1995; Costa-Machado et al.,

2013; Martins et al., 2017). However, in  the present study t

(Fig. 2A and B) was not  among the factors that influenced

mostly SC  and TFC. The agitation speed probably promoted a

rapid homogenization of  the solute in the solvent in  this case,

causing the equilibrium to be reached within 1 h. According to

the literature, other factors, such as temperature and agitation

speed, may influence extraction time (Costa-Machado et  al., 2013;

Martins et al., 2017).

Central composite design

The results of total solid contents and flavonoid contents in

M. chamomilla extracts originated from the CCD are shown in

Figs. 3 and 4,  respectively. The SC ranged from 1.02 to 6.24%, and

was affected significantly by the factors P/S%, Et% and TE at the

significance level of 5%. The results obtained here agree with lit-

erature on dynamic maceration (Pinelo et al.,  2006; Huang et al.,

2009; Costa-Machado et al.,  2013; Tacon and Freitas, 2013). Fig. 3A

shows SC as function of  Et% and P/S% and as seen also in  Table 3,  the

both the linear and quadratic effects of these two  factors on SC  are

significant at 5%. The response surface in Fig. 3A is  curved due to

the quadratic effect and shows that the highest values of  SC were

observed for intermediate values of Et%. One possible explana-

tion for this result is that hydroalcoholic solutions of intermediate

polarities are capable of  extracting both polar and nonpolar com-

pounds, which results in higher amounts of soluble solids extracted.

Also in  Fig. 3A it is possible to  see that maximum SC  is  observed

for the highest P/S%. This effect is  also well notified in  literature
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Table 3
Summary of ANOVA on extracts solid content (SC), total flavonoid content (TFC) and

in vitro antioxidant activity (IC50) in central composite design.

Studied factors p value

SC TFC IC50

P/S% 0.000005a 0.054763 0.656327

P/S%2 0.016715a 0.073836 0.159313

Et% 0.528548 0.000011a 0.069868

Et%2 0.000419a 0.002062a 0.000145a

TE 0.032055a 0.501449 0.247743

TE2 0.674875 0.626947 0.426903

P/S% × Et% 0.687189 0.119734 0.249776

P/S% × TE  0.506638 0.298957 0.793896

Et% × TE 1.000000 0.362543 0.742624

a p < 0.05.

(Martins et al., 2017) since higher ratio of plant in relation to sol-

vent gives more soluble solids available to be extracted, and in

this case revealing the solvent is  not saturated. The influence of

TE on SC can be seen in Fig. 3B,  where it is possible to observe that

the SC increases with increasing the temperature in  the extrac-

tion. Although there is some divergence in the literature regarding

the effect of temperature in extraction (Moure et al.,  2001), the

most accepted idea is  that the increase in  temperature promotes

an increase in solute solubility, diffusion coefficient and dielec-

tric constant of water which may  improve compounds extraction

(Costa-Machado, 2011; Pinelo et al., 2006). However, the data in

Table 3 indicates that the effect of TE on SC  is  linear, which is  shown

in Fig. 3C. In the response surface in  Fig. 3C the effect of TE seems

to be not so pronounced such as in Fig. 3B, showing that Et% effect

is more important than TE. Also, Fig. 3C confirms that Et% effect is

quadratic on SC and there is  a maximum SC at intermediary values

of Et%.

The data from central composite design shows that  TFC results

were between 1.49 and 3.95% (w/w). These values are consistent

with the literature (Franke and Schilcher, 2005; Reis et al., 2011).

However, the minimum content of total flavonoids in extracts of

M. chamomilla is  usually reported to be 2.5% (Dowd, 1959; Reis

et al., 2011). The effect of Et% on the TFC is presented in Fig. 4A

and B,  showing that extract TFC increases with Et% in  a asymptotic

behavior. This result is  consistent with the literature, since higher

proportions of ethanol in solution favor the extraction of phenolic

compounds (Costa-Machado, 2011; Huang et al., 2009; Pinelo et al.,

2006). Fig. 4A and B also show that  effects of P/S% and TE are not so

expressive. All the effects observed in the response surfaces Fig. 4A

and B are confirmed by the analysis of variance, as  shown in  Table 3.

Fig. 5A and B shows the influence of the P/S%, TE and Et% on

the IC50. The in vitro antioxidant activity by  DPPH indicates that

the  extracts obtained in  the CCD presented IC50 between 13.38

and 36.23 �g/ml. These IC50 indicate that the extracts presented

good antioxidant activity, since a  small extract concentration is

required to inhibit the DP/S%H radical, which is in  accordance

with the literature (Abdoul-Latif et al., 2011) and it is  similar to

the antioxidant activity of other medicinal plants (Lima et  al.,

2006; Sousa et al.,  2007; Costa-Machado, 2011; Tacon and Fre-

itas, 2013). However, extracts IC50 were higher than reference

compounds studied herein, since their IC50 were 1.14 ± 0.28 �g/ml

and 8.23 ± 0.56 �g/ml for quercetin and �-tocopherol, respectively.

These quercetin and �-tocopherol IC50 are in good agreement with

literature (Kulisic et al., 2004; Costa-Machado, 2011).

The effects of extraction conditions on IC50 shown in Fig. 5A

and B. The surface responses in these figures indicate that IC50 was

influenced by Et% but not by P/S% and TE. The effect of  Et% is some-

what unusual since there a minimum IC50 for intermediate values

of Et%, meaning that the antioxidant activity of the hydroalcoholic

extracts are higher for intermediate Et%. This is  an indicative that

IC50 is  probably related not only to the total flavonoids, but also to

other compounds of M. chamomilla. Similar effect was  observed by

Kazan et al. (2014) and Kukula-Koch et al. (2013).

The summary of statistical analysis on SC, TFC and IC50 are pre-

sented in Table 3. The linear and quadratic term of percentage of

plant (P/S% and P/S%2), the quadratic term of  the ethanol percent-

age (Et%2)  and the extraction temperature (TE) have a significant

influence on SC. The extracts TFC and IC50 were influenced only by

the Et%.

Optimization of extraction process

The optimization of the M. chamomilla dynamic maceration

extraction process was  made to obtain maximum extraction of

total solids and flavonoids, as well as  maximum antioxidant activ-

ity (minimum IC50) of the extracts. The optimization was done by

the method of desirability functions using the set of equations fit-

ted to the response surfaces of SC, TFC and IC50. The desirability is

widely used because it is very useful when there are a large number

of responses to be considered (Freitas et al., 2017).

The optimal condition obtained for the M.  chamomilla dynamic

maceration were percent plant to solvent ratio of 36.8% (w/w),

74.7% (w/w) ethanol solution and temperature of 69 ◦C. In order

to verify the accuracy of extraction performance, experiments

were run in triplicate at this combination of P/S%, Et% and TE,

and also at a  stirring speed of 900 rpm for 1 h.  Table 4  shows the

comparison between the predicted and experimental values for

each response studied. Under this set of conditions the extract

presented solids content of 5.38 ±  0.03% (w/w), total flavonoid

content of 4.11 ± 0.07% (w/w) and antioxidant activity (IC50) of
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Table  4
Comparison between predicted and experimental values in optimal conditions of

extractive process, considering solid content (SC), total flavonoids content (TFC)

and in vitro antioxidant activity (IC50).

Results Predicted Experimentala

Solid content (SC) 5.94% (w/w) 5.38 ± 0.03% (w/w)

Total flavonoids content (TFC) 3.66% (w/w) 4.11 ± 0.07% (w/w)

In  vitro antioxidant activity (IC50)  18.45 �g/ml 18.19 ± 0.96 �g/ml

a Mean ±  standard deviation (n =  3).

18.19 ± 0.96 �g/ml. In previous works the solid liquid extraction

of M.  chamomilla resulted in  TFC of 0.11–0.18% (Osman et al.,

2016) while subcritical aqueous extraction resulted in 5.16–6.43%

(Cvetanovic et al., 2014). The TFC yield of  (Cvetanovic et al., 2014)

is similar to  the one obtained herein but these authors used a

drug/solvent ratio of 1:50 while the one used here was  only around

1:3, showing that our  optimized process is  more eco-friendly.

The predicted and experimental values of  SC, TFC and IC50 were

close to each other, with deviations of −10.4%, 10.9% and −1.43%,

respectively. The agreement between these values shows that the

desirability method is a reliable and adequate tool for the optimiza-

tion of this process and validates the optimum condition obtained

for M.  chamomilla dynamic maceration.

The hydroalcoholic extract obtained under the optimized

condition was also characterized relatively to the density and api-

genin and apigenin-7-glycoside contents. The markers of selected

hydroalcoholic extract selected in the present study were apigenin

and apigenin-7-glycoside. These two markers were selected to bet-

ter characterize M.  chamomilla extract because these flavonoids are

among the most promising compounds and mostly indicated as

responsible for this plant therapeutical activities (McKay and Blum-

berg, 2006; Weber et al., 2008; Srivastava and Gupta, 2009b; Gupta

et al., 2010; Srivastava et al.,  2010). Additionally, the Brazilian Nor-

mative Instruction Nr. 02 from Anvisa (Anvisa, 2014) establishes

the apigenin-7-glucoside as  the chemical marker of M. chamomilla.

The values obtained were the density of 0.89 ± 0.02 g/ml, and

apigenin and apigenin-7-glycoside contents of 2.0 ±  0.1 mg/g and

20.1 ± 0.9 mg/g, respectively. In the extracts of M.  chamomilla, api-

genin is present in  very small amounts in the free form, existing

predominantly in the glycosylated form (Mulinacci et al., 2000;

Srivastava and Gupta, 2007, 2009a,b).

Conclusions

The multivariate approach applied herein to find optimized

conditions to M.  chamomilla extraction any dynamic maceration

allowed to identify the most influential factors among the temper-

ature, ethanol strength, stirring speed, plant to  solvent ratio and

time. The effects of plant to solvent ratio, ethanol strength and

temperature were studied in detail by response surface modeling

and the optimal condition determined by  desirability functions.

The best extraction condition correspond to 1 h extraction at

900 rpm, percent plant to solvent ratio of 36.8% (w/w), 74.7% (w/w)

ethanol solution and temperature of 69 ◦C. At  this condition the

total flavonoid content and antioxidant activity were maximized

and resulted in an extract with apigenin and apigenin-7-glycoside

contents of 2.0 ± 0.1 mg/g and 20.1 ± 0.9 mg/g, respectively.
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folhas de Copaifera langsdorffii Desf.: otimizaç ão da extraç ão e  secagem em spray
dryer utilizando planejamentos experimentais. PG-FCFRP, Universidade de São
Paulo, Ribeirão Preto, Brazil, 115 pp.

Costa-Machado, A.R.M., Bastos, J.K., Freitas, L.A.P., 2013. Dynamic maceration of
Copaifera langsdorffii leaves: a  technological study using fractional factorial
design.  Rev. Bras. Farmacogn. 23, 79–85.

Cvetanovic, A., Svarc-Gajic, J.,  Maskovic, P.,  Savic, S., Nikolic, L., 2014. Antioxidant
and biological activity of chamomile extracts obtained by different techniques:
perspective  of using superheated water for isolation of biologically active com-
pounds. Ind. Crops Prod., http://dx.doi.org/10.1016/j.indcrop.2014.09.044.

Dal’Belo, S.E., Gaspar, L.R., Maia Campos, P.M.B.G., 2006. Moisturizing effect of cos-
metic formulations containing Aloe vera extract in different concentrations
assessed by skin bioengineering techniques. Skin Res.  Technol. 12, 241–246.

Diouf, P.N., Stevanovic, T., Boutin, Y., 2009. The effect of extraction process on
polyphenol content, triterpene composition and bioactivity of yellow birch
(BTEula  alleghaniensis Britton) extracts. Ind. Crops Prod. 30, 297–303.

Dowd,  L., 1959. Spectrophotometric determination of quercetin. Anal. Chem. 31,
1184–1187.

Fan, G., Han, Y., Gu, Z., Chen, D., 2008. Optimizing conditions for anthocyanins extrac-
tion from purple sweet potato using response surface methodology (RSM). LWT
– Food Sci. Technol. 41, 155–160.

Farmacopeia  Brasileira, 2010. Agência Nacional de Vigilância Sanitária, 5th ed,
Brasília, Brazil.

Ferreira, S.L.C., Bruns, R.E., Ferreira, H.S., Matos, G.D., David, J.M., Brandao, G.C., dos
Santos, W.N.L., 2007. Box-Behnken design: an alternative for the optimization
of  analytical methods. Anal. Chim. Acta 597, 179–186.

Franke, R., Schilcher, H., 2005. Chamomile: Industrial Profiles. Taylor and Francis
Group, NY, USA.

Freitas,  L.A.D., Freitas, L.V.D., Montes, A.C.R., Freitas, L.A.P., 2017. The  quality by
design approach to  the development of modern phytomedicines. In: Freitas,
L.A.P.,  Teixeira, C.C.C., Zamarioli, C.M. (Eds.), Recent Developments in Phy-
tomedicine Technology, Chap 3. Nova Publ Inc, New York, USA.

Gupta,  V., Mittal, P.,  Bansal, P.,  Khokra, S.L., Kaushik, D., 2010. Pharmacological poten-
tial of Matricaria recutita – a  review. Int. J. Pharm. Sci. Drug Res. 2, 12–16.

Harbourne,  N., Jacquier, J.C., Riordan, D.O., 2009. Optimisation of the extraction and
processing conditions of  chamomile (Matricaria chamomilla L.) for incorporation
into  a beverage. Food Chem. 115, 15–19.

Huang, W.,  Xue, A., Niu, H.,  Jia, Z., Wang, J.,  2009. Optimised ultrasonic-assisted
extraction of flavonoids from Folium eucommiae and evaluation of antioxidant
activity  in multi-test systems in vitro. Food Chem. 114, 1147–1154.

Jacques,  R.A., dos Santos Freitas, L., Pérez, V.F., Dariva, C.,  de Oliveira, A.P., de Oliveira,
J.V., Caramão, E.B., 2007. The use of ultrasound in the extraction of Ilex  paraguar-
iensis  leaves: a  comparison with maceration. Ultrason. Sonochem. 14, 6–12.



S.V.  Pereira et al. / Revista Brasileira de Farmacognosia 28 (2018) 111–117 117

Kazan, A., Koyu, H., Turu, I.C., Yesil-Celiktas, O., 2014. Supercritical fluid extrac-
tion of Prunus persica leaves and utilization possibilities as a  source of phenolic
compounds.  J.  Supercrit. Fluids 92, 55–59.

Kukula-Koch, W.,  Aligiannis, N., Halabalaki, M.,  Skaltsounis, A.-L., Glowniak, K.,
Kalpoutzakis, E.,  2013. Influence of extraction procedures on  phenolic con-
tent  and antioxidant activity of Cretan barberry herb. Food Chem. 138,
406–413.

Kulisic,  T., Radonic, A., Katalinic, V., Milos, M.,  2004. Use of different methods for
testing  antioxidative activity of oregano essential oil. Food Chem. 85, 633–640.

Lima, A.R., Barbosa, V.C., Santos Filho, P.R., Gouvêa, C.M.C.P., 2006. In  vitro evaluation
of  the antioxidant activity of  the hydroalcoholic extract of leaves of bardana. Rev.
Bras. Farmacogn. 16, 531–536.

Luthria, D., Biswas, R., Natarajan, S.,  2007. Comparison of extraction solvents and
techniques used for the assay of isoflavones from soybean. Food Chem. 105,
325–333.

Martins,  R.M., Pereira, S.V., Siqueira, S.,  Salomão, W.F., Freitas, L.A.P., 2013. Curcum-
inoid content and antioxidant activity in spray dried microparticles containing
turmeric  extract. Food Res. Int. 50, 657–663.

Martins, R.M., Freitas, L.V.D., Montes, A.C.R., Freitas, L.A.P., 2017. The extraction of
bioactives from plants. In:  Freitas, L.A.P., Teixeira, C.C.C., Zamarioli, C.M. (Eds.),
Recent  Developments in Phytomedicine Technology, Chap 5. Nova Publ Inc,  New
York, USA.

McKay,  D.L., Blumberg, J.B., 2006. A review of the bioactivity and potential
health  benefits of chamomile tea (Matricaria recutita L.). Phytother. Res. 20,
519–530.

Moure,  A., Cruz, J.M., Franco, D.,  Domínguez, J.M., Sineiro, J., Domínguez, H., Núñez,
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