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Response surface methodology (RSM) was applied in order to examine the 
influence of extraction parameters on the extraction yield of total phenols (TP), 
total flavonoids (TF) and apigenin (A) from autofermented chamomile ligulate 
flowers (A-CLF) extracts. Temperature, the ethanol concentration and extra-
ction time were selected as independent variables, and their values were se-
lected on the basis of preliminary experimental results and literature data. The 
Box-Behnken experimental design which was applied consisted of 17 experi-
mental runs with five replicates at the central point. A second-order polynomial 
model was used for predicting the response. Defined optimal conditions for 
maximizing yields of TP, TF and A included the extraction temperature of 80 °C, 
ethanol concentration of 62% and extraction time of 50.4 min, whereas the 
maximum yields of apigenin could be expected at the temperature of 73.6 °C, 
the solvent concentration of 60.8% and the extraction time of 46 min. The 
verification of the experimental process was done at previously defined op-
timal conditions. The experimental values agreed with those predicted thus 
indicating suitability of the used model and the success of RSM in optimizing 
the extraction conditions.

Keywords: Chamomile; response surface 
methodology (RSM); optimization; polypheno-
lics; apigenin.

Introduction 

Chamomilla recutita (L.) or simply chamomile is one 
of the most popular and well documented medicinal 
plants whose flower-heads are used both internally and 
externally to alleviate or even cure a vast list of health 
conditions [1]. Although used in different pharmaceuti-
cal formulations [2-5], chamomile is mostly consumed as 
infusion for sedative and anxiolytic purposes [6-8], as a 
digestive and to treat gastrointestinal disturbances, es-
pecially in babies and children [9-11]. Bioactivity and po-
tential health benefits of chamomile are associated with 
essential oil and flavonoids fraction. Among other flavo-
noids, researchers focus special attention on apigenin.
Apigenin is a flavonoid belonging to the flavone structural 
class, chemically known as 4',5,7,-trihydroxyflavone [12]. 
It is a central benzodiazepine receptor-ligand with an-
xiolytic effects, responsible for the sedative effect of the 
chamomile [3-13]. It has been shown that apigenin has 
the chemopreventive activity against UV-radiation and/or 
anti-cancer properties against a number of tumour types. 
This compound shows strong cytostatic and anti-angio-
genic effects in vitro and was found to be an inhibitor of 
protein kinases. Furthermore, apigenin induces apopto-
sis in breast cancer cells through proteasomal degrada-
tion [14]. Recently, it has been discovered that apigenin 

inhibits hypoxia-activated pathways linked to cancer pro-
gression in human prostate cancer [15,16].

Apigenin accumulates in white ligulate flowers of the 
chamomile anthodium in a bound form as apigenin 7-O-
glucoside (Ap-7-Glc) and various acylated derivatives 
[17]. There are many reports showing that hydrolysis 
of Ap-7-Glc (the main glucoside in chamomile) into api-
genin could be done prior extraction [18-20]. The fermenta-
tion process activates β-glucosidase, normally present in 
CLF. The action of this enzyme breaks glycoside links 
between aglycone and a sugar component in the mo-
lecule of Ap-7-Glc, releasing a free aglycone – apigenin.
Response surface methodology (RSM) is an effective 
statistical technique for optimizing complex processes 
because it allows the more efficient and easier arrange-
ment and interpretation of experiments compared to other 
methods [21-23]. In addition, it is less laborious and 
time-consuming than other optimization approaches [24]. 
RSM is widely used in optimizing the extraction process 
of bioactive compounds [25-28].

Taking into account that, depending on the polyphe-
nolic composition the extracts obtained from fermented 
chamomile ligulate flowers may have a different biologi-
cal potential [29], the aim of this study was to determine 
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the optimal extraction conditions for the extraction of au-
tofermented chamomile ligulate flowers (A-CLF) in order 
to obtain the highest yields of phenols, flavonoids and 
apigenin. The study included the investigation of the in-
fluence of the extraction temperature (40, 60, 80 °C), sol-
vent concentration (50, 70, 90%) and extraction time (20, 
40, 60 min) on the observed responses (total phenolic, 
total flavonoid and apigenin yields).

Experimental

Chemicals and reagents
Folin-Ciocalteu reagent, chlorogenic acid and rutin 

were purchased from Sigma-Aldrich (St. Louis, Missouri, 
USA). Aluminium chloride hexahydrate, sodium carbon-
ate, and sodium acetate trihydrate were purchased from 
Merck (Darmstadt, Germany). Apigenin standard was 
produced by Extrasynthese (Genay, France).  All other 
chemicals and reagents were analytical reagent grade.

Plant material and sample preparation
Chamomile ligulate flowers (CLF) used in this study 

were produced by the Institute of Field and Vegetable 
Crops, Bački Petrovac, Serbia, in the spring of 2011. 
Chamomile flos were dried at the temperature of 40 °C 
in the solar dryer. The layer thickness of the plant mate-
rial was 5 cm. Drying was completed after the moisture 
of the plant material was approximately 12%. Ligulate 
flowers were separated from other parts of the inflore-
scence by sifting through sieves. CLF were packed in 
paper bags and stored in the dark until use.

The process of autofermentation was performed ac-
cording to the procedure previously described by Zeković 
et.al., [18]. The process was performed with sodium-ac-
etate buffer (0.1 mol/dm3, pH=5.5) at 37 °C during 72 h. 
The plant: buffer ratio was 1:5 (w/v). The dry plant mate-
rial was moisturized with the buffer and the mixture was 
stirred five times per day. The sample was further dried 
at room temperature for 5 days. 

Autofermented samples were extracted using etha-
nol in different concentrations (50, 70, 90%), at different 
temperatures (40, 60, 80 °C) and during different extra-
ction times (20, 40, 60 min). Sample-solvent ratio was 
1:50 (w/v). Liquid extracts were separated using filtration 
and stored at 4 °C until analysis.

Selection of experimental conditions ranges 
This step was carried in order to define the solvent 

concentration, sample: solvent ratio, temperature and 
time that will be investigated. The solvent was selected 
after the extraction of A-CLF by three different solvents 
(water, methanol and ethanol) under the same conditions 
(room temperature and extraction time of 40 min). Three 
different sample: solvent ratios were investigated using 
70% ethanol for the extraction at room temperature du-
ring 40 min. The obtained values of the extraction yield, 
total phenolic and total flavonoid contents were the input 
parameters for choosing the experimental conditions in 

this work. The selection of the extraction temperature 
and time was based on current literature data [25-28].

Determination of total phenolics
Total phenolics were determined spectrophotometri-

cally using the Folin-Ciocalteu method [30,31]. The liq-
uid extracts of A-CLF (0.1 ml) were diluted with destilled 
water (7.9 ml) to which 0.5 ml of Folin-Ciocalteau rea-
gent and sodium-carbonate (20%, 1.5 ml) were added, 
and allowed to react at room temperature during 1 hour. 
Blank was prepared by using water instead of A-CLF liq-
uid extract. The absorbance was measured at 750 nm. 
Chlorogenic acid was used as a standard.

Determination of total flavonoids
Flavonoids in the A-CLF extracts were determined us-

ing colorimetric assay based on the procedure described 
by Markham [32]. A-CLF liquid extract (1 ml) was mixed 
with 5% NaNO2 solution (0.3 ml). After 5 minutes, alumi-
nium choride hexahydrate (10%, 0.3 ml) was added and 
allowed to stand for further 6 minutes. Sodium-hidroxide 
(1M, 1 ml) was added to the mixture. Immediately, the 
distilled water was properly added to bring the final vo-
lume to 10 ml. Blank was prepared using water instead 
of A-CLF liquid extract. The absorbance was measured 
at 510 nm. Rutin was used as a reference standard.

Determination of apigenin by thin layer 
chromatography (TLC)
Thin layer chromatography (TLC) was performed on 

20 x 20 cm glass plates (silica gel GF254, 0.5 mm thick-
ness). The aliquots of A-CLF extracts (50 µl) were spotted 
on the plate as start points. The mixture of toluene: ethyl-
methylcetone: methanol (55:30:15, v/v/v) was used as a 
mobile phase. The development was performed at room 
temperature in a saturated glass chamber. Detection was 
done under UV light (254 and 365 nm). Rf value of api-
genin standard was used to identificate apigenin in the 
investigated extracts. 

Spots of apigenin on silica gel were scraped and di-
ssolved in 50% ethanol (5 ml). After 30 min of intensive 
mixing, the mixture was centrifuged at 3000 min-1 for 10 
min. The obtained supernatant, i.e. apigenin solution, 
was evaporated using nitrogen and after that dissolved 
in 5 ml of 50% ethanol. The absorbance of the apigenin 
solution was measured at 340 nm [33].

Experimental design
Response surface methodology (RSM) with Box-

Behnken experimental design was applied to identify the 
optimum levels of three variables: extraction tempera-
ture (40, 60, 80 °C), ethanol concentration (50, 70, 90%, 
w/w), and extraction time (20, 40, 60 min) regarding 
three responses – total phenolic, total flavonoid and api-
genin contents in A-CLF extracts. The statistical analysis 
of the experiment was performed using Design-Expert 
v.7 Trial (Stat-Ease, Minneapolis, Minnesota, USA).

The coded and uncoded independent variables used 
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in the RSM design are listed in Table 1. The ranges of 
temperature (X1), ethanol (X2), time (X3) and the central 
points were selected based on preliminary experimental 
results and literature data. 

Table 1. Uncoded and coded levels of independent variables and values of the observed independent 
variables, total phenolics (TP), total flavonoids (TF) and apigenin (A) contents

The response variables were fitted to the following 
second-order polynomial model (Eq. 1) which was able 
to describe the relationship between the dependent out-
put variable and the independent variables:

                                                    ............................(1)

where Y represents the response variable (total phe-
nolic, total flavonoid and apigenin contents); Xi and Xj are 
independent variables (temperature, ethanol concentra-
tion, extraction time);  β0, βi, βii and βij are regression co-
efficients for intercept, linear, quadratic and interaction 
coefficient, respectively.

Results and discussion

Selection of the levels of independent variables
In general, the efficiency of the extraction is influ-

enced by multiple parameters such as temperature, ex-
traction time and solvent polarity among others, and their 
effects may be either independent or interactive [34]. 

Considering the specific structure of polyphenolic com-
pounds, most of them are efficiently extracted with polar 
solvents. In order to choose the best solvent, three polar 
solvents were investigated. Table 2 represents the total 
extraction yield (TY) as well as the total amount of the 
extracted phenol (TP) and flavonoid compounds (TF) in 
the samples obtained with three different solvents. 

1 Chlorogenic acid equivalent
2 Rutin equivalent
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Table 2. Total extraction yield (TY), phenol (TP) and flavonoid (TF) contents in A-CLF extracts 
obtained with different solvents

Table 3. Regression coefficients of the predicted second-order model for the response variables, 
TP, TF and A

Considering the total extraction yield, total pheno-
lics and total flavonoids content, the mixture of ethanol 
and water was chosen as the best solvent, comparing 
to water and methanol. Other reasons for choosing the 
mixture of ethanol and water included the relative micro-
biological stability of the extracts and rather low toxicity 
comparing to other organic solvents. Sample:solvent ra-
tio was investigated at three different levels (1:20, 1:30 
and 1:50; w/v). The total yield of extractable compounds 
at 1:20 ratio was 30.80%, at 1:30 it was 31.98% while 
the total amount of extractable compounds was the high-
est at 1:50 ratio - 33%. The total extraction yield was in-
creased with the sample: solvent ratio. Further increase 
in ratio is not desirable, due to practical reasons. There-
fore, ratio 1:50 was maintained in all future experiments.

According to current literature [25,28,35] the most 
common temperature range for the extraction of phe-
nolic compounds is between 50 and 70 °C. This was the 
reason for choosing 40, 60 and 80 °C as lower, middle 
and upper levels of temperature. It is reported that the 
best extraction conditions for the apigenin extraction 
from A-CLF include 70% ethanol during 40 min [36]. Since 

the main focus of this study was put on the optimization 
of the apigenin extraction, previous conditions were cho-
sen as middle levels for the experimental design. Lower 
and upper levels included were 50 and 90% ethanol. In 
terms of time, these levels were set at 20 and 60 min.

Optimization of the extraction using RSM
Considering that extraction is a very important stage 

in isolation and, after that, the identification of bioactive 
compounds, there are many reports that aim to optimize 
the extraction process. RSM is a family of statistical 
techniques for the design, empirical modelling and op-
timization of processes, where the responses of interest 
are influenced by several process variables [37,38].

To our knowledge, there are no reports on the opti-
mization of apigenin extraction from A-CLF. In order to 
identify optimum variables regarding the three respons-
es, RSM was applied. The experiments were designed 
according to RSM design, and the results are presented 
in Table 1. The results were statistically tested by the 
analysis of variance (ANOVA) at a significance level of 
p=0.05.

* Significant at 10%.
** Significant at 5%.
*** Significant at 1%.
a Coefficient of multiple determination
b Coefficient of variance
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Table 4. Analysis of variance (ANOVA) of the modelled responses

Figure 1. The influence of the investigated parameters on total phenolics content

Total phenolics content in A-CLF liquid extracts
At different investigated extraction conditions, the to-

tal phenolics content in A-CLF extracts varied from 0.770 
to 1.920 mg CAE/ml. In the experiments, the highest TP 
content was obtained at the temperature of 80 °C and 
ethanol concentration of 70% during 60 min. The regre-
ssion coefficients of models for TP, TF and A obtained by 
multiple linear regression are reported in Table 3.

A high value of the coefficient of multiple determina-
tion indicates the excellent fit of experimental and theo-
retical values. A relatively low value of the coefficient of 
variance also supports this claim. The total phenolics 
content was significantly influenced by the linear term 
of extraction parameters and by quadratic term of the 
solvent concentration (p<0.01). The interaction between 
the extraction temperature and time demonstrated a sig-

nificant effect on the phenolics content (p<0.05). Due to 
a negative quadratic effect of X2, it is indicated that there 
is a maximum in the TP yield at certain ethanol concen-
tration. After this point, the yield of TP starts to decrease. 
The summarized analysis of variance (ANOVA) is rep-
resented in Table 4. According to F-value (p<0.05) the 
fitted model represented the experimental data well. Ho-
wever, the lack of fit for this model is significant (p<0.05). 
Therefore, it was not possible to generate a mathemati-
cal equation which would satisfactory describe the mod-
el on the investigated experimental range. A particularly 
high value of the lack of fit suggests that there is a sig-
nificantly high deviation between the mean response at 
each level of independent variables and the correspon-
ding fitted value [38].

a Degrees of freedom
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The visualization of the parameters influence could 
be accomplished by charts presented in Figure 1.  It can 
be seen that the total phenolics content of A-CLF liquid 
extract increased with the temperature and with time. 
The ethanol concentration also had a significant influ-
ence on the phenolic content. Figure 1 shows that the 
total phenols content increased with the concentration 
of ethanol up to approximately 70%. A further increase 
in the concentration caused a decrease in the phenolics 
content.

Total flavonoids content in A-CLF liquid extracts
The total flavonoids content of A-CLF liquid extracts 

varied from 0.128 to 0.314 mg RE/ml (Table 1). The high-
est TF content was obtained by applying the following 
experimental conditions: temperature of 60 °C, ethanol 
concentration of 70% and extraction time of 40 min. A 
relatively high value of the coefficient of multiple determi-
nation indicates a good fit of experimental and theoretical 
values (Table 2). The coefficient of variance was rather 
low, supporting the fitness of the model. The total flavo-
noids content was significantly influenced by linear terms 
of extraction parameters, particularly by time (p<0.01), 
and by quadratic term of the ethanol concentration. The 
interaction between independent variables turned out to 
be insignificant (p>0.1). Due to the negative quadratic 
effect of X2, it is indicated that there is a maximum in the 
TF yield at certain ethanol concentration. After this point, 
the yield of TF starts to decrease, as it was the case with 
TP. According to ANOVA for the modelled response, the 
fitted model represented the experimental data well with 

the high correlation coefficient (R2) and F-value (p<0.05). 
Moreover, the lack of fit, which measures the fitness of 
the model, resulted in no significant F-value (p>0.05) in 
terms of the response variable studied, indicating that 
the model was sufficiently accurate for predicting the re-
sponse variations (Table 3).

The effects of independent variables on total flavo-
noids content of A-CLF could be described by the follow-
ing equation:

                                                    ...............(2)

where Y represents TF content, while X1, X2 and X3 re-
present independent variables.

The influence of the extraction parameters is present-
ed in Figure 2. It can be seen that the highest values 
for the total flavonoids content were obtained for upper 
levels of temperature and time. With the increase of the 
ethanol concentration up to approximately 70% the in-
crease of the TF was observed, while a further increase 
caused the decrease of the output value, which is in 
correlation with the regression coefficient for concentra-
tion. This indicates that there is a saddle point near 70% 
ethanol concentration. This is related to the fact that the 
extraction of flavonoid compounds depends on the po-
larity of a solvent. The mixture of ethanol and water of-
fers modified polarity which is particularly suitable for the 
extraction of this type of compounds.

Figure 2. The influence of the investigated parameters on total flavonoids content

Simplicity and low cost are the main reasons for 
combining thin-layer chromatography (TLC) with UV-
spectrophotometry for apigenin determination. Apigenin 
contents in the analysed A-CLF liquid extracts were in 
the range from 0.0884 to 0.179 mg/ml. Although the co-
efficient of multiple determination was satisfactory and 
indicated a good fit of experimental and theoretical val-
ues, the coefficient of variance was rather low (Table 2), 
the testing for the lack of fit suggested that the model 
did not represent the observed experiment well (Table 3). 

F-value for the lack of fit was high, as it was the case 
with the model for the total phenolics content. However, 
p-value for the lack of fit in this was very close to the 
critical point (p<0.05) comparing to the one for total phe-
nolics. The apigenin content was significantly influenced 
by linear terms of the concentration and time, while the 
temperature influence was rather insignificant, as it was 
the case with the interaction between independent vari-
ables (p>0.1). A negative quadratic effect of the ethanol 
concentration was the same as it was the case with TP 
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Figure 3.  Response surface plots showing the effects of the investigated parametars on the apigenin 
content

and TF, which also indicated that there was a saddle 
point at certain concentration. After this point, the yield 
of apigenin started to decrease, as it was the case with 
TP and TF.

Optimal process values of the temperature, solvent 
concentration and time for the preparation of A-CLF ex-
tracts with the maximum content of apigenin could be 
calculated by using the equation (3).

                                                     
                                                     ...........................(3)

where Y represents the apigenin content, X1 the ex-
traction temperature, X2 the solvent concentration and X3 

the extraction time.
The influence of the investigated parameters on the 

apigenin yield is shown in the Figure 3. As in previous 
cases, the influence of the concentration was most obvi-
ous. A higher slope could be noted at lower values of the 
concentration and after a certain point, the apigenin yield 
started to decrease. According to this, it is expected that 
the optimum value of the concentration is beneath the 
middle level of the independent variable. In the case of 
other two variables, the apigenin content was constantly 
growing with the increase of temperature and time, and 
optimum values are expected to be above the middle 
point of two variables.

Determination and validation of optimal conditions
In chemical engineering, all processes demand op-

timization as a crucial step. This includes a detailed 
investigation of all the process parameters in order to 
obtain the optimum conditions for a particular process. 
This leads to rationalization in the process operations in 
terms of lowering costs and achieving a higher quality 
of the final product. In this work RSM was applied for 
optimization, which simultaneously optimizes several 
levels of process variables to attain the best system per-
formance [39].

Second order polynomial models obtained in this 
study were utilized for each response in order to dete-
rmine the optimum extraction conditions [28]. Two op-
timized systems were investigated in this study. Due to 
the number of health benefits of apigenin [40], the main 
attention was to deploy te optimized extraction condi-
tions for its yield. On the other hand, it was important to 
retain high contents of other polyphenolic compounds in 
liquid extracts due to their potential additive and syner-
gistic effects.

The first system (System I) was developed in order 
to maximize the yields for TP, TF and A with the highest 

level of importance for the apigenin content (5) and the 
lowest levels for TP and TF (1). The results of optimized 
parameters, predicted and observed values are reported 
in Table 4. The validation of experiments was performed 
under the optimized conditions in order to estimate con-
currence of predicted and observed values. The model 
showed good prediction for two output variables (TF and 
A). However, the observed values of TP were bellow ex-
pected. This could be due to a significant lack of fit for 
the predicted model. 

In the second system (System II), the focus was on 
apigenin as the main flavonoid compound responsi-
ble for the spasmolytic activity of A-CLF liquid extracts, 
therefore other outputs (TP and TF) were not investigat-
ed. According to the results presented in Table 5, a good 
correlation between the predicted and observed values 
confirmed that the response model was suitable for the 
intended optimization. 
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Table 5. The comparison between the predicted and observed values for the response variables

Optimal conditions for the highest phenolic content 
were determined at the temperature of 80 ºC, 61% etha-
nol and the time of 60 min. In order to obtain the maxi-
mum of flavonoids in A-CLF liquid extracts the optimal 
conditions were: the temperature of 71 ºC, the ethanol 
concentration of 68.2% and the time of 57.4 min.

Conclusion

Liquid extracts of autofermented chamomile ligulated 
flowers can be used as a potential rich source of api-
genin and also as a rich source of phenols and other 
flavonoids. Response surface methodology (RSM) was 
applied for the extraction of total phenols (TP), total fla-
vonoids (TF) and the compound of the greatest interest, 
apigenin. Optimized extraction conditions for each re-
sponse (TP, TF and A) individually and collectively for all 
responses were determined. The first system (System 
I) included maximization of all three responses with the 
highest level of importance for the apigenin (5) content 
and the lowest levels for TP and TF (1), while the second 
system (System II)  was only based on maximization of 
apigenin. Experimental validation was performed for two 
investigated systems. Considering the fact that the ex-
tracts with higher concentration of apigenin may have 
more pronounced pharmacological activity, these results 
can be useful for developing new A-CLF-based products. 
Scale-up from a laboratory to the industrial level would 
probably need further investigation, prior to the full im-
plementation.
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OPTIMIZACIJA PROCESA EKSTRAKCIJE FLAVONOIDA IZ FERMENTISANIH 
CVETOVA KAMILICE

Zoran  Zeković1, Aleksandra D. Cvetanović1, Branimir M. Pavlić1, 
Jaroslava V. Švarc-Gajić2, Marija M. Radojković1

1Tehnološki fakultet, Katedra za biotehnologiju i farmaceutsko inženjerstvo, Novi Sad, Srbija
2Tehnološki fakultet, Katedra za primenjene i inženjerske hemije, Novi Sad, Srbija

U prikazanom istraživanju u cilju ispitivanja uticaja ekstrakcionih parametara 
na ekstrakcioni prinos ukupnih fenola (UF), flavonoida (UFL) i apigenina (A) iz 
ekstrakata autofermentisanih jezičastih cvetova kamilice, korišćena je metoda 
odzivne površine (RSM). Temperatura, koncentracija etanola i vreme ekstrakcije 
su izabrani kao nazavisno promenljive, a njihove vrednosti definisane na osnovu 
preliminarnih eksperimentalnih rezultata, kao i na osnovu literaturnih podataka. 
Korišćeni Box-Behnken dizajn eksperimenata sastojao se od 17 eksperime-
ntalnih koraka sa pet ponavljanja u centralnoj tački. Polinomna jednačina dru-
gog reda korišćena je za predviđanje odgovora sistema. Definisani optimalni 
uslovi pri kojima se ostvaruje maksimalni prinos UF, UFL i A podrazumevali su 
temperaturu od 80 °C, koncentraciju etanola od 62% i vreme ekstrakcije u tra-
janju od 50,4 min. Sa druge strane maksimalni prinos apigenina mogao bi se 
očekivati pri temperaturi ekstrakcije od 73,6 °C, koncentraciji etanola od 60,8% 
i vremenu ekstrakcije od 46 min. Verifikacija eksperimenata urađena je pri pret-
hodno definisanim uslovima. Eksperimentalno dobijene vrednosti bile su u kore-
laciji sa predviđenim, što ukazuje na pogodnost korišćenog modela i uspešnost 
korišćenja RSM metode za optimizaciju uslova ekstrakcije.

Ključne reči: kamilica, metoda odzivne 
površine (RSM), optimizacija, polifenoli, api-
genin.
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