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The aim of these investigations was to obtain some extracts more concentrated in certain substances with
phytotherapeutic effects by using the following parameters: temperature, solvent extraction and pore size
cellulose membrane. The study presents some biologically active extracts with antioxidant properties. We
aimed to establish the optimum conditions of extraction and adsorption of the most important active substances
with phytotherapeutic properties: hawthorn (Crataegus monogyna), bilberry (Vaccinium myrtillus l.), rosehip
(Rosa canina) and chokeberries (Aronia melanocarpa). The main target of our research was oriented towards
extracts more concentrated in certain substances with phytotherapeutic activity in the perspective of preparing
a dietary supplement. The solvent and the operating temperature are limited in order to protect the molecular
species of interest. The study of the antioxidant activity was done by help of two methods which highlighted
the main compounds of the bioactive extracts. The best antioxidant activity recorded at λ =536nm was
obtained for chokeberry and hawthorn extracts prepared with a cellulose membrane at a temperature of
400C for 60 min and using as  extraction solvent: ethanol: water 6:4. The particle size and the particle shape
of the cellulose membrane were emphasized by scanning electron microscopy (SEM). The results’ processing
was performed using two kinetic models, namely: Lagergren (pseudo-first order kinetic model) and Ho &
McKay (pseudo-second order kinetic model).
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The antioxidants can be defined as substances able to
inhibit or delay the oxidative damage of protein, nucleic
acid and lipid caused by a dramatic increase of reactive
oxygen species (ROS) through inhibiting the initiation or
propagation of oxidizing chain reactions [1-3].

The reactive oxygen species are formed in the process
of incomplete reduction of oxygen and include superoxide
anion, hydroxyl radical, hydrogen peroxide and singlet
oxygen [3-5]. The negative effects of reactive oxygen
species can be balanced by antioxidant defence
mechanisms, which include antioxidant enzymes such as
superoxide dismutase, catalase and glutathione-
peroxidase as well as non-enzymatic antioxidants such as
glutathione, ascorbic acid, α-tocoferol and β-carotene [5-
9].

Plants have been used for several years as a source of
traditional medicine to treat various diseases and
conditions. A variety of herbs and herbal extracts contains
different phytochemicals with biological activity that can
provide therapeutic effect.

There are also studies that show their sedative and
anxiolytic effects [10] as well as their cardiotonic properties
[11]. So, the antioxidant and the hypolipidemic activity of
the obtained extracts represented the aim of this study.

In this work, we investigated the conditions for
extracting the most important active substances with
antioxidant properties from the fruits described below:
hawthorn (Crataegus monogyna), bilberry (Vaccinium
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myrtillus l.), rosehip (Rosa canina), and chokeberries
(Aronia melanocarpa). Thus, the optimum extraction
conditions of the most important active substances that
have antioxidant properties from some fruits such as:
hawthorn (Crataegus monogyna), bilberry (Vaccinium
myrtillus L), rosehip (Rosa canina) and chokeberries (Aronia
melanocarpa) were studied.

The kinetic models Lagergren [12-19] and Ho & McKay
[14,15] were regarded as the most suitable for checking
the experimental data using the linear regression. After
applying both models, we observed that were obtained
very good correlation factors. Therefore, we concluded that
the models used described very well the adsorption process
associated with the optimum conditions of the compounds’
extraction. The temperature and the solvent used for
extraction influenced  significantly the extraction process
of the biologically active compounds.

Biological active extracts
The free radicals- mainly the reactive oxygen species-

formed in our organisms during a normal metabolism may
be among the causes of atherosclerosis, cancer, heart
failure, and other diseases. For this reason, the neutralization
of free radicals is of great importance.

Flavonoids, phenolic compounds and other bioactive
compounds found in medicinal plants have strong
antioxidant properties and scavenge free radicals such as
peroxide, hydroperoxide or lipid peroxyl, thus inhibiting the
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oxidative mechanism that cause degenerative diseases
[16]. Flavonoids (quercetin, hyperoside, rutin, quercitin,
kaempferol and others) are among the main compounds
in hawthorn (Crataegus monogyna), bilberry (Vaccinium
myrtillus L), rosehip (Rosa canina), and chokeberries
(Aronia melanocarpa) and other plants that are used for
the treatment and prophylaxis of cardiovascular disorders.
The antioxidant activity of Crataegus monogyna, a plant
widely spread in Europe, northwest Africa and western Asia,
is based on oligomeric proanthocyanidins. In addition, it
increases the coronary blood flow, enhancing the oxygen
flow and the heart functioning.

The oxidative stress, defined as the imbalance between
oxidants and antioxidants in favor of the oxidants,
potentially leading to damage has been suggested to be
the cause of aging and various human disease. In modern
western medicine, the balance between anti-oxidation and
oxidation is believed to be a critical concept maintaining a
healthy biological system [17, 18].

Recent investigations in the field of antioxidants have
focused on naturally occurring molecules to satisfy
consumer concerns over safety and toxicity of food
additives. Among natural antioxidants, polyphenols are
interesting since they are widely distributed in plants and
exhibit various antioxidant properties.

Hawthorn (Crataegus monogyna), chokeberries (Aronia
melanocarpa), bilberry (Vaccinium myrtillus L), rosehip
(Rosa canina) were studied in this paper, from the point of
view of antioxidant activity, therefore the best antioxidant
activity of the extracts from fruits can be assigned to a
synergism of polyphenolic compounds, procianidins and
flavones, which acts on carbohydrates and different free
radicals.

Experimental part
The extraction time of the biologically active compounds

ranged between 1 to 2 h depending on the operating
temperature which ranged between 40-600C,  the water-
ethanol ratio used as a solvent in various proportions, the
particles size, as well as the dimension of the used
membrane.

The final results showed that the extraction of active
substances is greater for the fine grinded fruits, and a solvent
of ethanol-water mixture (60, 70 and 80%) at working
conditions to protect certain groups of bioctive substances,
namely: range  temperature 40 - 600C for 1- 2h.

Kinetic model description
The kinetic studies are important as they could predict

the progress of adsorption, and subsequently could
determine the adsorption mechanism which is important
for design purposes. In order to investigate the adsorption
kinetics of the fruits on the adsorbent, a pseudo-first order
and a pseudo-second order models were used [19].

The kinetic model of Lagergren [13] was fitted to the
experimental data by nonlinear regression. The pseudo-
first order equation of Lagergren is generally expressed as
follows:

                                      (1)

where:
qe is the adsorption capacity at the equilibrium (mg g-1)
qt  - the sorption capacity in a given time t, respectively

(mg g-1)
ki - the rate constant  of  pseudo - first order sorption

(min-1).

After integration and applying boundary conditions t = 0
to t = t and qt = 0 to qt = qt, the integrated form of equation
(1) becomes:

                          (2)

In order to make a difference between a kinetic model
based on the adsorption capacity of a solid from one based
on the concentration of a solution, Lagergren’s first-order
rate equation has been called pseudo-first order [19] and
the rate expression is represented as equation (2).

Another model for the analysis of adsorption kinetics is
a pseudo second-order one proposed by Ho & McKay [14,
15] and it can be used to explain the sorption kinetics. The
model is based on the assumption that the biosorption
follows a second order chemisorption. The pseudo-second
order model can be expressed as:

                                (3)

where:
- k2 is the rate constant of pseudo-second order sorption

(g/mg/min).

Taking into account the boundary conditions (t = 0 to t
= t and qt = 0 to qt = qt), by integrating the equation (3),
this becomes:

                                  (4)

which is the integrated rate law for pseudo-second order
reaction.

Equation (4) can be rearranged to obtain:

        (5)

which has a linear form:

            (6)

where:
- h, can be regarded as the initial sorption rate as qt / t →

0, hence:
(7)

Equation (6) can be written as:

             (8)

Equation (6) does not have the disadvantage with
assigning an effective qe. If a pseudo-second order kinetics
is applicable, the plot of t/qt against t from equation (6)
should give a linear relationship, from which qe, k and h
can be determined from the slope and intercept of the plot
and there is no need to know any parameter beforehand.

Reagents and apparatus
All reagents were of analytical grade: 1,10 -

phenantroline (Phen, 99%), Fe2+-EDTA, pyrogallol were
obtained from WVR International GmbH - VIEN - Austria,
while phosphate buffer (pH-7,4), tampon Tris-HCl (pH-8),
hydrochloric acid, sulfate heptahydrate (FeSO4×7H2O),
hydrogen peroxide were obtained from VWR international
GmbH – VIEN - Austria.  All the herbal plants used were
obtained from Hofigal S.A. Company.
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The absorbance measurements were performed on an
UV spectrometer LAMBDA 45 Perkin Elmer apparatus using
quartz cell of cm1- path length. The pH measurements were
made with special pH paper. The shaker SHKA 2508-ICE
(Labo Plus) and centrifuge MPW-350 (LABO-MIX) were
used for sample preparation.

Morphological characterization was performed by
scanning electron microscopy (SEM) by help of HITACHI
S2600N equipment.

Scanning Electronic microscopy
Scanning electronic microscopy (SEM) is a way to view

a sample surface by scanning it with a beam of electrons
accelerated to high energy. The clash of the analyzed
material with electrons allows to get the topographic
information, structure and composition of the sample,
these being the reasons for which we used this type of
microscopy.

Procedures
Solvent extraction of plant materials: there were taken

for this study 5g of  vegetal material (dried fruits) from
each species. These samples were soaked in 100mL
ethanol (EtOH): H2O (60, 70, 80% solution) and
homogenized in an Ultra-Turrax apparatus by gradually
increasing the number of cycles per unit of time.  There
were made three hydro-alcoholic extractions for each
sample. For the extraction’s optimization there were taken
into account three factors: the extraction temperature, the
time and the concentration of the ethanol. From the three
combinations only two were the most important. The
obtained extracts were transferred to centrifuge tubes, then
centrifuged for 10 min (at 3000 rpm) and afterwards
transferred into 100mL flasks. The obtained extracts could
be analyzed for their antioxidant activities on the next day.
They were kept overnight at +4oC in a refrigerator.

Antioxidant activity - hidroxyl radical scavenging activity
(l=536 nm) inhibition (% assay) [21]. The hydroxyl radical
- scavenging assay was carried out using the method
described by De Avellar et al. [22] with some modifications:
1,10- Phenanthroline (0.075mmol/L) and Fe2+ - EDTA
(0.075mmol/L) were dissolved in phosphate buffer
(pH=7.4) and mixed thoroughly. H2O2 (0.1mol/L) and the
hawthorn PC fractions were added. The mixture was
incubated at 370C for 60min and then the absorbance was
measured at 536 nm. The hydroxyl radical-scavenging
activity (I1) was determined using the equation:

                (9)

where:
As is the absorbance of the sample
A1 - the absorbance of the control solution containing

1,10 – phenanthroline, FeSO4 and H2O2
A0 - the absorbance of the blank solution containing 1,10

- phenanthroline, FeSO4

Superoxide radical O2
- - scavenging activity (λ = 325

nm) inhibition (% assay) [21]. Superoxide radical-
scavenging activity was estimated at 250C by
spectrophotometric monitoring of the inhibition of
pyrogallol auto-oxidation as described by Marklund and
Marklund [22] with some modifications. Pyrogallol solution
(0.4mL of 2.5 mmol/L) was added in a tube containing
0.1mL sample PC fraction previously dissolved in 4.5mL
Tris/HCl/EDTA buffer (0.1mol/L, pH=8), mixed thoroughly
and then incubated at 250C for 4 min. Reaction was stopped

by addition of 2 drops of HCl (8mol/L). The absorbance
was measured in triplicate at 325 nm.

The superoxide radical - scavenging activity (I2) was
determined as:

(10)

where:
Ab is the absorbance of the blank (0.1mL deionized water

instead of sample)
As - the absorbance of the sample

Kinetics and mechanisms of antioxidant activity using
hidroxyl radical and superoxide radical O2

- — scavenging
activity assay: The  reaction mechanisms of the two
methods of antioxidant activity are proposed in order to
explain the experimental results obtained from a kinetic
study using the free radical 1,10-phenanthroline and
pyrogallol methods, previously adapted in our laboratory.
The models were tested with the experimental data
collected in our laboratory using the volumetric isotherm
apparatus for equilibrium and the differential adsorption
bed for kinetics. It was found that the models proposed
describe well the adsorption as well as desorption kinetics.
Mathematical modeling approaches help to deal with the
system complexity, making them an important tool for
metabolic engineering. Different methods were developed,
ranging from basic stoichiometric models up to fine-grained
kinetic models. Kinetic modeling is the most detailed and
complex mathematical description of a metabolic network
and constitutes an important branch in the growing fields
of systems biology.

Results and discussions
Usually the particle size and the shape for the pulp and

composite membrane evidenced by the scanning electron
microscopy influenced the maximum adsorption capacity
[23-25].

Scanning electron microscopy (SEM)
Scanning electron microscopy allows visualization of

the overall structure of the cellulose membrane. In the
image below there is characterized the cellulose
membrane obtained after microfiltration chokeberry
fruits. The values   marked in red on the upper surface of
the membrane between 184.3 to 282.3 nm, show the
compounds adsorbed on the membrane surface. 

  The cross section values range between 1.99 to 2.66
μm and the pores’ size distribution on the cellulosic range
between 1.48 to 1.58 μm. From the structure asymmetry
and the images described below it could be estimated the
porosity and the pores’ size distribution.

Fig.1. SEM image of chokeberry extract on cellulosic membrane
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The smaller pores’ size the bigger the adsorption of the
compounds’ molecules that have bigger dimensions, on
the membrane’s surface (flavones and polyphenols).

Based on the obtained experimental data, as figure 3
shows the best antioxidant activity was obtained for the
chokeberries fruits. After the extraction of biologically active
compounds from the fruits studied, another microfiltration
process follows for concentrating the extracts compounds.

Chokeberry presented the best results for antioxidant
activity through the method of capturing the free radicals
at λ  = 536nm. Hydroxyl radicals are captured by
polyphenolic compounds and flavonoids present in large
amounts in the extracts of chokeberry fruit.

The lowest result obtained for antioxidant activity was
recorded for extracts of hawthorn fruit and the largest for
chokeberry frui t .  Testing antioxidant activity of the
chokeberry extract is necessary for determining the
antioxidant effect of O2

- and HO.. Hydroxyl radical (HO.) is
the most reactive free radical, causing several diseases in
humans.

The antioxidant activity method at λ=325nm is a
method of catching the O2

- radicals. This method
emphasizes the present compounds in the extract of
hawthorn fruit and chokeberry fruit.

Increased antioxidant activity was highlighted by the
presence of polyphenolic compounds, which were
concentrated very well onto the cellulose membrane.
Depending on the increasing for the microfiltration time,
the maximum amount adsorbed on cellulose membrane
increases, also the temperature rises and falls. Due to the
presence of biologically active compounds in each extract,
we could state that the method of  antioxidant  activity at
λ = 536 nm is the most suitable for our extracts and to
determine the activity of hydroxyl radicals capture.

The other method described above is suitable for
determining the activity of O2

- radical capture. The best
results were obtained by means of the antioxidant activity
at λ = 536 nm for all studied fruit extracts containing
compounds with hydroxyl radicals.

The results for the two methods of antioxidant activity
are significantly affected by the pore size and shape of the
cellulose membrane.

Graphical representation of linearized forms of the
pseudo-first order kinetic model and pseudo-second order
kinetic model, for sorption of biologically active compounds
for the fruit extracts from ethanol : water solutions onto
cellulosic membrane is illustrated in the figure 5,  at different
temperatures, T = 40, 50, 600C and 536 nm wavelength.

The regression coefficients (R2) obtained for pseudo-
first order Lagergren (I) kinetic model shown in figure 5

were between 0.8270 for rosehip and 0.9854 chokeberry.
For pseudo-second order Ho & McKay kinetic model, the
regression coefficients (R2) obtained were between 0.8582
for rosehip and 0.9941 for bilberry. It can be seen that the
adsorption of the biologically active compounds from the
fruit extracts is best described by the pseudo-second order
model, while in the case of pseudo-first kinetic model the
values are smaller, for all compounds studied. The values
of the regression coefficients (R2) for the fruits: chokeberry,
hawthorn and rosehip obtained from linear dependencies
shown in figure  6 (I-c) and (II-c) are smaller for model Ho
& Mckay compared with the pseudo-first order model, as
the model Ho & Mckay takes into account the working
conditions (temperature and concentration).

On the other hand, the amount of biologically active
compounds from the fruit extracts per unit mass of sorbent
(q.e., mg/g), necessary to achieve an equilibrium state is
higher when the  Ho & McKay model is applied.

Based on the results obtained at a temperature of 600C,
it was obtained a R2 correlation factor of 0.9507. For the
method of antioxidant activity at λ = 325nm, the results
and the correlation factors decrease with temperature and
concentration.

At low temperatures (400C) for extraction and 60%
concentration of alcohol in water there were obtained the
best extraction efficiencies. It could be concluded that
the temperature of extraction and the alcohol
concentration have a significant influence over the
extraction of biologically active compounds from the fruits
studied.

The Lagergren adsorption model shows very good
results for adsorption process involving biologically active
compounds in a wide concentration range, unlike the
pseudo-second order model which could be applied only
to the method of antioxidant activity of 536 nm.

For the antioxidant activity method at λ = 325 nm, the
results obtained for the correlation factors also decrease
depending on temperature and concentration.

Fig.2. SEM image of bilberry extract on cellulosic membrane

Antioxidant activity-hidroxyl radical scavenging activity (λ=536nm) 
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Fig. 3. Antioxidant activity at λ=536nm obtained for fruits with
cellulose membrane

Superoxide radical O2- —scavenging activity (λ=325nm) 
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Fig. .4. Antioxidant activity at λ=325nm obtained for fruits with
cellulose membrane
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Fig. 5. Graphical
representation of linearized
forms of the kinetic models:

Lagergren model (I) and Ho &
McKay model (II) at different
temperatures: 400C (a), 500C

(b), 600C (c)

Fig. 6. Graphical
representation of linearized
forms of the kinetic models:

Lagergren model (I) and Ho &
McKay model (II) at different

temperatures: 400C (a),
 500C (b)
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The Lagergren model shows very well the stoichiometric
process involving adsorption of biological active
compounds in a wide range of concentrations.

Conclusions
This study was performed to determine the optimum

conditions for extraction of biologically active compounds
from fruits analyzed. Parameters of interest were:
extraction temperature, extracting time and concentration
of solvent used in preparing extracts. The opium extraction
conditions extraction and also the extraction efficiency
were revealed using two methods of antioxidant activity.

In the case of a specific solvent mixture (60% ethanol:
40% water) and using the extraction temperature 400C,
there were recorded the best results. 

The results for antioxidant activity methods were
processed using Lagergren and  Ho & McKay kinetic
models.  For the method of antioxidant activity at λ = 536
nm, it was  obtained a correlation factor of 0.9941. For the
method of antioxidant activity at λ = 325 nm, a correlation
factor of 0.9846 was obtained. The model Lagergren
presented good results for antioxidant activity method at λ
= 325 nm as it can be seen from linear dependencies in
figure 6. (Ib, II-b) (I c, II-c). This observation is also
supported by the high values  which have been obtained
for the correlation factor applying this method as compared
to the values  obtained for the Ho & McKay method.

The results obtained for the methods of antioxidant
activity were processed using Lagergren and Ho&McKay.
The Ho & McKay model shows better results for antioxidant
activity at λ = 536 nm because it was obtained a correlation
factor greater than in the case of the Lagergren model. The
pseudo-first order kinetic model is not suitable for the
antioxidant activity at λ = 536 nm, and this observation is
supported by the low values of correlation coefficients (R2).

Cellulose membrane with a distinct pore size and shape,
significantly affect the results for the two methods of
antioxidant activity. In the case of the two models:
Lagergren and Ho & Mckay  applied for the two methods of
antioxidant activity it could be stated that the temperature
of the extraction and solvent concentration has influenced
significantly the process of extraction of biologically active
compounds from the fruits studied.
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Fig. 6. Graphical representation
of linearized forms of the
kinetic models: Lagergren
model (I) and Ho & McKay

model (II) at different
temperatures:  600C (c)
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