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In recent years, anthocyanins are widely used in food industry as natural dyes and in medicine as compounds
with high antioxidant activity. In connection with this, examination of adsorption removal of anthocyanins from
extracts of cheap plants containing a lot of these compounds as well as of main and interaction effects which
influent on adsorption of anthocyanins is important. In this paper, experiments were conducted according to full
factorial experimental design to identify the main and interaction effects of factors and their influence on the
removal efficiency of anthocyanins from red cabbage aqueous extracts by bentonite. The factors were investigated
at two levels: contact time — 30 and 120 min, temperature — 293 and 323 K, initial anthocyanin concentration —
70 and 130 mg/L, and adsorbent mass — 10 and 25 g/L. The total number of 16 experiments was performed and
each experiment was repeated thrice to evaluate an experimental error. Main and interaction effects were
analysed using of variance (ANOVA), F-test and P-values to define most important process variables affecting the
anthocyanin adsorption. A mathematical model that considers the significant main and interaction effects was
suggested. The variance analysis and the statistic data showed that the model was adequate and had high
coefficient of determination (R* = 0.9954). The mathematical model obtained allows prediction of the removal of
anthocyanins from red cabbage aqueous extracts with bentonite. We have found that the contact time and
adsorbent mass have the positive effect, but the initial concentration of anthocyanins and temperature as well as
two-way interaction ““contact time-temperature, three-way interactions ‘“‘contact time-initial anthocyanin
concentration-adsorbent mass” and ““temperature-initial concentration of anthocyanins-adsorbent mass™ have
the negative effect on the removal of anthocyanins from red cabbage extracts by bentonite. The results indicated
that higher removal efficiency of anthocynians from red cabbage aqueous extracts was 95 % at 120 min, 293 K,
initial anthocyanin concentration 70 mg/L, and adsorbent mass 25 g/L.

Keywords: adsorption, anthocyanins, red cabbage, bentonite, statistical analysis, main effects,
interaction effects

INTRODUCTION where the raw material, rich in anthocyanins, is
macerated in contact with the solvent. At the end of
the extraction process, the extract is filtered and
purified. The most promising method in this field is
adsorption which allows us to concentrate and to
purify anthocyanins from their extracts [3—7] and it
is also relatively simple in design and operation [7].

In this connection, red cabbage is a
widespread agro-industrial plant in many
European countries and could be a cheap source
of anthocyanins. Undoubtedly, the choice of red
cabbage is cost-effective, because its cultivation
and harvest are inexpensive and the storage is
not difficult. After all, acylated anthocyanins
found in red cabbage are biologically more
active than many other compounds in this group
[8]. According to the studies [9, 10], aqueous

In recent years, numerous studies proved that
such natural dyes as anthocyanins could be an
alternative to carcinogenic synthetic dyes in the
food industry [1]. On the other hand, natural dyes
are also effective in medicine for the prevention
and treatment of cardiovascular and visual
diseases, diabetes, cancer and others because they
have high antioxidant activity [2]. Therefore, in
many countries intensive studies are conducted
with the purpose to choose cheap plant materials
containing a lot of anthocyanins and to optimize
effective methods of removal and purification of
anthocyanins from them.

Frequently, the way to obtain anthocyanins is
an operation using a static method of extraction
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and alcohol extracts of red cabbage can be used
for coloration of soft drinks and ice-cream. But
the aim of these studies was to investigate only
anthocyanin stability in their extracts under the
effect of different factors.

Red cabbage is also a rich source of sulfur-
containing glucosinolates known as thiocyanates,
isothiocyanates and others. If we store the
extracts of red cabbage, the sulfur-containing
substances are destroyed and form light sulfur
compounds (dimethyl disulfide and dimethyl
trisulfide) producing a disagreeable smell
described as “stuffy odour” [11]. On the one
hand, the study [12] showed a low adsorption
capacity of clay minerals to glucosinolates,
because the anionic glucosinolates repelled from
the negatively charged clay surface. On the other
hand, cationic anthocyanins in acidic region of
pH can be adsorbed on the negatively charged
clay surface. Therefore, adsorption by clay
minerals can be used as a relatively simple
method of removal of anthocyanins from extracts
which contain undesirable components.

Nowadays, a full factorial design is a
powerful  techniqgue for  characterisation,
optimisation and modelling of the adsorption
process. Unfortunately, information about the
influence of different factors and their interaction
effects on adsorption removal of anthocyanins
from red cabbage extracts by a cheap adsorbent
as bentonite is not available. In the present work
we used full factorial design 2* in order to
examine individual and interactive effects of the
four main independent parameters, namely
contact time (z), temperature (T), initial
anthocyanin concentration (C), adsorbent mass
(m) on the anthocyanin removal efficiency from
red cabbage extracts by bentonite.

MATERIALS AND METHODS

Plant material and chemicals. Red cabbage
(Brassica oleracea L.) was harvested in Odessa
region (Ukraine) in 2016. The cabbage heads
were washed, dried, and stored in polyethylene
bags at 277 K until the time of processing. Only
the leaves of red cabbage were used in the
experiments.

Chemical reagents of analytical grade
(hydrochloric acid, glacial acetic acid, sodium
acetate (trihydrate), potassium chloride) were
purchased from Cherkassy State Chemical Plant
(Ukraine).
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Preparation of the red cabbage extract. The
extract of red cabbage was obtained from its
shredded leaves by maceration with 0.1 M HCI
(as 1:2 = w:v) during 24 h at 293 K in the dark.
Then the red cabbage extract was filtered and
centrifuged. The extract was stored at 277 K.

Some characteristics of the red cabbage
extract such as initial anthocyanin concentration
(C), pH-value, density (p), viscosity (n), and
Briggs coefficient (°By) are shown in Table 1.

Table 1. Characteristics of the red cabbage extract at

293 K
Properties Value
C, mg/g 130.0+6.5
pH 1.60+0.02
p, g/lcm?d 1.080+0.001
n, mPa-s 5.39+0.02
°Bx 43.0+0.1

The total anthocyanin content in extract (C)
was determined by pH-differential method [13]
as mg cyanidin-3-glucoside per one litre of the
extract using the following equation:

[(Aszs —Amp )pH:l.O B (A510 = Ay )pH:ASJ'M -DF -1000

l-¢

M)

where Asys and Az are the absorbances of an
extract at pH 1.0 and at pH4.5; M is the
molecular weight of cyanidin-3-glucoside
(449.2); DF is the dilution factor as a final
volume per the initial volume; | is the path length
(cm); ¢ is the molar extinction coefficient
(26 300 L/(mol-cm) of cyanidin-3-glucoside);
1000 is a conversion factor from g to mg. The
absorbance of each extract was measured at 525
and 700 nm using an UV-VIS spectrophotometer
(SF-56, Spectral, Russia).

The measurement of pH of anthocyanin
extract was carried out using a pH meter
(Universal ionomer EV-74, BLR). Briggs
coefficient was calculated using refractive index
which was measured with a refractometer (Abbe
Refractometer RL-1, Poland). The determination
of density of anthocyanin extract was carried out
by a picnometer. The kinematic viscosity of the

extract was measured using a capillary
Ubbelohde viscometer.
Adsorbent preparation. Bentonite from

Dashukovsky deposit in Ukraine (TU U14.2-
00223941-006:2010) was used as cheap and
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It refers to alkaline earth
the following chemical
Si02—49.6; A|203—13.5;

available adsorbent.
silicate and has
composition  (%):
Fe O3 — 7.2 [14].

Before adsorption studies, bentonite was
pounded in a porcelain mortar and washed with
distilled water at 293 K to remove impurities and
then dried at 368 K for 24 h to remove moisture.

Adsorption  studies.  All  adsorption
experiments were carried out in static conditions,
shaking mixtures of anthocyanin extracts of red
cabbage with bentonite at agitation speed
150 rpm. After adsorption these mixtures were
filtered out and concentrations of anthocyanins
were determined by pH-differential method. The
anthocyanin removal efficiency (o) was defined
using the equation:

0o~

-100 %,

a= )
0

where C, and C are the concentrations of

anthocyanins in extracts before and after

adsorption (mg/L).

Full factorial experimental design and
statistical analysis. The main steps of the full
factorial  experimental design are the
determination of response variables, factors and
factor levels; choice of the experimental design;
execution of an experiment; statistical analysis of
the experimental data; examination of the main
factors and their interactions, obtaining a

mathematical model of the process; and checking
the adequacy of the model.

It is well known that the adsorption capacity
of adsorbents for anthocyanin removal is
affected by several factors, for example, such as
pH, temperature, initial concentration of
anthocyanins, adsorbent mass, contact time and
others. On the one hand, the classical experiment
allows us to study the effect of only one factor
which is assessed by varying its value providing
that all other factors are kept constant. So, the
classical experiment cannot capture interactions
between different factors [15]. On the other
hand, by factorial planning of the experiments it
was possible to investigate the effects of all the
variables simultaneously using a minimum
number of experiments [16].

In this study, the full factorial experimental
design 2* was selected to evaluate the main and
interaction effects of the factors on anthocyanin
removal. The independent variables were contact
time, temperature, initial anthocyanin
concentration, and adsorbent mass. Each variable
was investigated at two levels: high and low. The
levels of the factors were selected according to
our preliminary experiments. Factors, their
abbreviations and levels are shown in Table 2.
The anthocyanin removal efficiency was chosen
as dependent response variable.

Table 2. Selected values of the variables investigated in the factorial experiment

Factor Abbreviation Low level (-1) High level (+1)

Time, min T 30 120

Temperature, K T 293 323

Initial anthocyanin concentration,

mg/L C 70 130

Adsorbent mass, g/L m 10 25

RESULTS AND DISCUSSION statistical plots (Pareto, main effects, and

All experiments were chosen randomly to !nteraction plots). The interacti_ons b(_etween
prevent partiality of researchers and to avoid mdelzpe_nder]lt fac_tors WieN gslti\rmm%d \(]V'th the
systematic errors. The factorial matrix and the a?? yts's fo t\r/]arlancg ( dsoroti ) an t de {.21‘?"3
results of the removal efficiency of anthocyanins Easeec dsocr)l tine PO_ ?/);?Slenvsi tioipglg r; /W;r ?:(I)n?‘in d:erllie
from red cabbage extracts by bentonite are level. The effects, re ressior(l) coefficients
shown in Table3. The total number of 16 ' ' 9 ; !
experiments was performed and each experiment standard errors, the_ Student’s test (t-test), and

- P-values are shown in Table 4.

was repeated thrice. ANOVA. The determination of the significant

The obtained results were analysed using factors af'fec.tin the removal efﬁciencgof red
MINITAB 16 statistical software to evaluate the bb i g u by bentonit Y d out
effects as well as the statistical parameters, the cabbage anthocyanins by bentonite was carried ou
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by performing ANOVA (Table 5). Since for our
studies tabulated F-test (0.05; 2; 32) = 3.63, all the
effects with F-test higher than 3.63 are statistically
significant, besides they must have a P-value less
than 0.05. The results from Table 5 confirm that
contact time, temperature, initial concentration of
anthocyanians, and adsorbent mass show
significant effect on the removal efficiency of

anthocyanins from red cabbage extracts by
bentonite. Interaction effects are significant with
only two-way interaction “contact time-
temperature”, three-way interactions “contact time-
initial anthocyanin concentration-adsorbent mass”
and “temperature-initial anthocyanin
concentration-adsorbent mass”.

Table 3. Adsorption removal efficiency of anthocyanins from red cabbage extracts by bentonite

Removal efficiency, %

Run T T C m Average Predicted Residual
1 -1 -1 -1 -1 72.2 72.4 0.2
2 +1 -1 -1 -1 87.2 88.4 1.2
3 -1 +1 -1 -1 75.0 75.3 0.3
4 +1 +1 -1 -1 76.7 75.5 -1.2
5 -1 -1 +1 -1 55.0 55.6 0.7
6 +1 -1 +1 -1 78.9 78.5 -0.5
7 -1 +1 +1 -1 63.6 62.8 -0.8
8 +1 +1 +1 -1 69.9 69.8 0.0
9 -1 -1 -1 +1 73.3 725 -0.7
10 +1 -1 -1 +1 955 95.4 -0.1
11 -1 +1 -1 +1 79.5 79.8 0.3
12 +1 +1 -1 +1 86.9 86.8 -0.1
13 -1 -1 +1 +1 67.1 66.9 -0.2
14 +1 -1 +1 +1 83.6 83.0 -0.7
15 -1 +1 +1 +1 69.5 69.8 0.2
16 +1 +1 +1 +1 68.8 70.0 1.2
Table 4. Statistical parameters for 24 designs
Term Effects Coefficients Standard error t-test P-value Status
Constant 75.17 0.3231 232.68 0.000
T 11.54 5.77 0.3231 17.85 0.000 Significant
T -2.88 -1.44 0.3231 -4.45 0.000 Significant
C -11.22 -5.61 0.3231 -17.36 0.000 Significant
m 5.72 2.86 0.3231 8.86 0.000 Significant
w™<T -7.88 -3.94 0.3231 -12.19 0.000 Significant
T<C -0.32 -0.16 0.3231 -0.50 0.348
™>C -0.06 -0.03 0.3231 -0.08 0.395
™>m -0.20 -0.10 0.3231 -0.30 0.378
Txm -0.84 -0.42 0.3231 -1.29 0.172
Cxm -0.30 -0.15 0.3231 -0.45 0.356
TxTxC -0.86 -0.43 0.3231 -1.33 0.163
T™xXCxm -3.40 -1.70 0.3231 -5.28 0.000 Significant
TXTXm -0.12 -0.06 0.3231 -0.18 0.389
txCxm -2.18 -1.09 0.3231 -3.38 0.003 Significant
TXTXCXm 0.24 0.12 0.3231 0.36 0.370

Pareto chart. The results given above were
verified by the Pareto chart (Fig. 1) where the

vertical line with 2.04 value indicates the
minimum  statistically  significant  effect
magnitude. It was calculated for the 95 %

confidence level and 32 freedom degrees. The
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values which exceed a reference line are
significant ones. According to Fig. 1, the main
factors (tr, C, T, and m) and their two-way
interaction ‘“contact time-temperature”, three-
way interactions “contact time-initial
anthocyanin concentration-adsorbent mass” and

ISSN 2079-1704. CPTS 2017.V.8.N 4
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“temperature-initial anthocyanin concentration-
adsorbent mass” are extended over the limits of
the reference line and are significant at the level
of 0.05. The rest of their interactions have
smaller effects and are statistically insignificant.
Main effects. Main effects of each control
factor influencing removal of anthocyanins from
red cabbage extracts are shown in Fig. 2. It can
be seen that the contact time has more positive
influence upon the removal efficiency of
anthocyanins than the adsorbent mass. The
increasing of the contact time and mass of the

adsorbent contributes to the increase in the
removal efficiency of anthocyanin. The initial
anthocyanin concentration has a more negative
influence upon the anthocyanin removal
efficiency than the temperature. The increase of
the initial anthocyanin concentration and
temperature reduces the anthocyanin removal
efficiency. The maximum removal efficiency of
anthocyanins from red cabbage extracts takes
place at the low initial concentration and
temperature, high contact time and adsorbent
mass.

Table 5.  Analysis of variance
Source DF SS MS F-test P-value Status
T 2 1596.21 798.11 239.00 0.000 Significant
T 2 99.19 49.59 14.85 0.000 Significant
C 2 1509.76 754.88 226.05 0.000 Significant
m 2 393.31 196.65 58.89 0.000 Significant
w™<T 2 744.19 372.09 111.43 0.000 Significant
T=C 2 0.03 0.02 0.00 0.348
™<C 2 1.27 0.63 0.19 0.395
™><m 2 0.44 0.22 0.07 0.378
Txm 2 8.33 4.17 1.25 0.172
Cxm 2 1.02 0.51 0.15 0.356
xTxC 2 8.84 4.42 1.32 0.163
™><Cxm 2 139.40 69.70 20.87 0.000 Significant
xTxm 2 0.16 0.08 0.02 0.389
TxCxm 2 57.20 28.60 8.56 0.003 Significant
TXTXCxm 2 0.65 0.33 0.10 0.370
Error 16 53.43 3.34
Total 47 4613.44
DF: degrees of freedom; SS: sum of squares; MS: mean square
204
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Fig. 1. Pareto chart of standardized effects on the removal efficiency of anthocyanins from red cabbage extracts
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Unfortunately, no information was published
about the main effects of control factors on the
removal efficiency of anthocyanins from red
cabbage extracts. According to [17], for the full
factorial experimental design 2% the initial
concentration of Neutral red dye has the most
negative influence on the dye removal on sand
with bentonite. Respectively, the contact time
has a more positive influence upon the removal

efficiency of anthocyanins than the adsorbent
mass.

Interaction effects. The full factorial
experimental design describes which control
factor has a greater impact and how factors affect
each other simultaneously [18]. The interactions
between two different control factors and their
effects on the removal efficiency of anthocyanins
are shown in Fig. 3.
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Interaction effects for the removal efficiency of anthocyanins from red cabbage extracts by bentonite
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The two-way interactions among different
control factors for the removal of red cabbage
anthocyanins by bentonite are shown in Fig. 3.
According to [19], the interactions between
control factors are effective when the change in
the response from low to high levels of a factor
is dependent on the level of the second factor,
viz. when the lines of the interaction effects do
not run parallel.

As it is shown in Fig.3, the lines of
interaction effects such as the contact time and
temperature are far from being parallel and the
interaction between these factors is effective.
That is, the high level effect of the contact time
on the removal of anthocyanins from red
cabbage extracts will be higher if the
temperature is maintained at a low level. And
vice versa, the high level effect of temperature
on the removal of anthocyanins from red
cabbage extracts will be higher if the contact
time is kept at a low level.

Modelling of anthocyanin removal by
bentonite. Taking into account the statistical
treatment of our experimental data given above
we obtained mathematical model for the removal
efficiency of anthocyanins from red cabbage by
bentonite according to the following first-order
polynomial equation:

o =75.17+5.777-1.44T-5.61C+2.86m-3.9477-
-1.70zCm-1.09TCm. 3

The ANOVA (Table 6) confirms that the
equation (3) adequately describes the adsorption
removal of anthocyanins from the extracts of red
cabbage by bentonite. Lack of fit associated
elimination of few factors was 0.26. This was
much lower compared with tabulated Fisher’s
F-value=2.32 for red cabbage extracts. It
confirms that the obtained equation adequately
describes adsorption removal of anthocyanins
from the red cabbage extracts. It can be seen
from Table 5 that for equation 3, the value of the
determination coefficient R?2 was 0.9954, while
the values of adjusted determination coefficient
R%g¢ was 0.9914. It indicates a high degree of
correlation between the experimental and
predicted values.

The equation (3) shows the dependence of
anthocyanin removal efficiency on individual
factors as well as interactions between them and
allows prediction of the removal of anthocyanins
from red cabbage extracts by bentonite. Table 3
shows the removal efficiency of anthocyanins
across the experimental and predicted values.
The results indicate a good fit between the
observed and predicted values.

Table 6. Analysis of variance for removal efficiency of anthocynians

Term DF SS MS F P-value Comment
T 2 1596.21 798.11 292.73 0.000 S=1.3431
T 2 99.19 49.59 260.18 0.000 R? = 0.9954
C 2 1509.76 754.88 646.10 0.000 R%q=0.9914
m 2 393.31 196.65 159.60 0.000
w™<T 2 744.19 372.09 41.47 0.000
™>Cxm 2 139.40 69.70 9.45 0.000
TxCxm 2 57.20 28.60 18.68 0.001
Residual error 33 53.43 1.62
Lack of fit 17 20.75 1.22 0.26
Pure error 16 74.18 4.64
Total 47 4592.69

CONCLUSIONS

In the present study, influence of the contact
time (30-120 min), temperature (293-323 K),
initial anthocyanin concentration (70-130 mg/L),
and adsorbent mass (10-25 g/L)) on the removal
efficiency of red cabbage anthocyanins was
studied by using full factorial experimental
design 2*. The analysis of variance indicated that

ISSN 2079-1704. CPTS 2017.V.8.N 4
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all given above control factors and only some of
their interactions (two-way interaction “contact
time-temperature”,  three-way  interactions
“contact time-initial anthocyanin concentration-
adsorbent mass” and  “temperature-initial
anthocyanin  concentration-adsorbent  mass”)
were significant at a 5% of probability level.
According to our experimental results, the
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contact time has the more positive influence
upon the removal of anthocyanins than the
adsorbent mass. In its turn, the initial
anthocyanin concentration has a more negative
influence upon the removal efficiency of
anthocyanins than the temperature. From the
obtained results it follows that all significant

interactions have a negative influence upon the
removal efficiency of anthocyanins. We also
obtained an adequate mathematical model for the
removal efficiency of anthocyanins from red
cabbage extracts with bentonite as the first-order
polynomial equation which allows prediction of
the anthocyanin removal.
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8b10e/IeHUs AHMOYUAHO8 U3 IKCHPAKMOB8 KPACHOKOYAHHOU Kanycmol Ha benmonume. Q@akmopsl usyuanucs Ha
08yx ypoeHsax (-1 u +1). Yemanoesneno, umo apems KOHMAKma u Macca adcopoeHma umerom noJ0ICUMeTbHbIL
apghexm, a HauanvHas KOHYEHMpAyus aHMOYUAHO8 U memnepamypa, a maxyice e3aumooericmeue 08yx
Ghakmopos «8pemsi KOHMAKMAa-memMnepamypa» u 3aumMo0elicmeus. mpex (hakmopos «epemsi KOHmAaKma-
HAuaibHas KOHYEHMpayus aHMOYUAHO8-MAcca aocopOenmay U «memnepamypa-ucxooHas KOHYEeHmMpayus
AHMOYUAHOB-MACCA A0COPOEHMAY OMPUYAMETLHO GIUSIOM HA BblOCIeHUe AHMOYUAHO8 U3 IKCMPAKMOS
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KPACHOKOYAHHOU Kanycmuvl HA Oenmonume. B pabome npednooicena mamemamuyeckas mooens npoyecca
aocopbyuu ¢ yuemom 2naeHuIX d¢hpexmos pakmopos u ux ezaumooercmeutl. Ananuz oucnepcuu u
cmamucmuyeckue 0anHvle noomeepounu ee adekeamuocms. Ilonyuennas mooenv nos3gossem npeocKazamo
8blOeIeHUEe AHMOYUAHOB U3 IKCMPAKMOE KPACHOKOUAHHOU KAnyCmbl Ha OeHmMOoHume.

Knroueesvie cioea: adcop&;uﬂ, anmouyuawrbsl, KpPACHOKOYaHHAaA Kanycma, 6eHm0Hum,

CMAmMuUCMu4ecKull aHanu3, OCHosHbvle d¢hghexmol, 3pexmul 3aumooeticmaus
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