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ABSTRACT

The aim of this work was to evaluate the red cabbagthocyanins quality after purification by statidsorption
assays on clay (Tonsil Terrana 580FF). Thin-laykratnatography analysis and scan spectrometry onVisible

showed a good dye stability of the pigment inténgctvith the clay. The use of pH 3.0 buffer durthg batch
assays provided a protective effect on the cablasgleocyanins, limiting the dye acid hydrolyses. Ifs@s of the
reducing sugars contents of the extract showed d¢lzat retained 20% average of total free sugarsarritie test
conditions.
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INTRODUCTION They naturally occur in the heteroglycosidic form,
containing one or more molecules of sugar. In the
Flavonoids comprise a group of phenolic pigmentaglycon form, it is also known as anthocyanidin.
that are mainly responsible for several color The most common sugars linked to anthocyanins
found in the flowers, fruits and leaves (Curtright molecules are glucose, rhamnose, xylose,
al., 1996; Bobbio and Bobbio, 1995).galactose, arabinose and fructose (Francis, 1989).
Anthocyanins, a flavonoid subgroup, show man These sugars can be monoglycosides, diglycosides
benefits to human health, such as the cardand triglycosides replaced directly at aglycon. The
protector effect, that is related to the ability tcanthocyanins color depends on its structure,
inhibit the lipids peroxidation and to cushion athe number and position of hydroxyl and methoxyl
processes that involve related oxygen specicgroups present in its composition, and the
(Renaud and De Lorgeril, 1992; Cook ancstructural forms. Quinoidal base, Flavilium cation,
Samman, 1996; Noda et al., 2000; Heim et alChalcone and Pseudobase are a function of the
2002). Anthocyanins are soluble in water and eth'solution pH as shown in Figure 2 (Jackman and
alcohol (Peterson and Dwyer, 2000, Curtright eSmith, 1992; Cooper-Driver, 2001).
al., 1996), and as glycosidic pigments, derive Red cabbage, a rich source of anthocyanins,
from the 2-fenilbenzopirilium or flavilium produces a very concentrated juice which easily
nucleus, are distinguished by the B ring structurdeteriorates due to the high free reducing sugar
as shown in Figure 1 (Jackman and Smith, 199zcontents fermentation. Red cabbage (Brassica
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oleracea) anthocyanins were identified aproduct. Recent works have shown the viability of
cyanidin-3,5-diglucoside and cyanidin-3- using clay Tonsil Terrana 580FF as alternative
sophoroside-5-glucoside, the latter found iradsorbent material to decrease costs. On the other
various acylated form (Dirby et al., 2001; Jackmaihand, possible anthocyanins modifications during
and Smith, 1992; Hrazdina et al., 1977). the purification process is not yet known (Lopes et
Adsorption is a separation process that can be usal., 2005). This work aims to evaluate the effdct o
to make partial or total purification of this adsorbent on possible structural modifications
anthocyanins (Lopes et al.,, 2007). Traditionaon red cabbage anthocyanins after adsorption-
adsorbents such as resins as Amberlite XAD-desorption process clay.

(Coutinho et al., 2004) results in an expensive
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Figure 1 - Molecular structure of anthocyanins.
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Figure 2 - Structural Transformation of anthocyanins accordingH (Jackman and Smith, 1992).

MATERIAL AND METHODS composition shown in Table 1. Its particle size
distribution is shown in Table 2, obtained by laser

M aterial diffraction (CILAS, model 1064L).

Tonsil Terrana Clay 580 FF (Protocol: 1683), The texture of Tonsil Terrana clay was

supplied by Siid Chemie of Brazil Ltda was use@haracterized using the Autosorb-1

as adsorption material for the partial purification(Quantachrome) equipment (Table 3), according to
of red cabbage juice anthocyanin. Tonsil TerranBET, DR (Dubinin-Radushkevich) and HK
580 FF is natural smectitic clay, with chemical(Horvath-Kawazopmethods.
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Natural red cabbage pigment (liquid) andcabbage, followed by vacuum filtration and
commercial dye (Chr. Hansen Ltda), as a waterentrifugation at 3500 rpm for 20 minutes and
soluble powder, were used in this work. The re@5°C. Reducing sugar quantification was done
natural dye was obtained by squeezing thaccordingto MILLER (1959).

Table 1 — Chemical composition of Tonsil Terrana Clay 580 F

Contents % in mass
Silicon Oxide (SiQ) 55.50
Aluminum Oxide (AbO3) 16.36
Iron Oxide (FgOs) 7.53
Calcium Oxide (CaO) 2.45
Sodium Oxide (NzO) 0.11
Potassium Oxide (O) 2.94
Manganese Oxide (MnO) 0.18
Titanium Oxide (TiQ) 0.90
Magnesium Oxide (MgO) 2.28
Phosphorus Oxide (Bs) 0.35
Fire Loss (T = 950°C) 10.64

Table 2 — Particle diameter (Dp) distribution of Tonsil Tama Clay 580 FF.

Particle diameter (um) % Cumulative Particles
> 53.00 96.0
53.00 >0 = 16.33 90.0
16.33 >0 > 5.87 50.0
5.87 >0,>0.00 0.0

Table 3 - Physical properties of Tonsil Terrana Clay 580 FF.

Property Clay “in natura”
Superficial area BET (frg™) 112.3
Micropore area DR method {rg?) 123.7
Micropore volume DR method(chg?) 0.04395
Pore width HK method (A) 4.975
Batch Assays solution were analyzed before, during and after the

Triplicate batch assays were made at 25°C. Tadsorption-desorption process according to
50mL red cabbage dye solution with known initialCurtright et al. (1996). The samples of red cabbage
concentration, 0.5 g clay was added to thelye solution were treated by thin layer
isotherms. Aliquots were taken from thechromatography to detect the possible changes due
supernatant during the batch adsorption procest the clay-dye interaction. The solvent used was
The pH was corrected to 3.0 considering thédCl/formic acid/water at 19.0/39.6/41.4 (v/v)
spectrometry scan sensibility at the wavelength géroportion (Francis, 1982). Sugars bound to the

550 nm (Sondheimer and Kertesz, 1948). anthocyanins molecules were removed by the
hydrolysis (Curtright et al., 1996).

Spectrophotometry and Thin-Layer  Aglycone is a less polar compound and migrates

Cromatography more slowly in the ascending thin-layer

Thin-layer chromatography and scan spectrometrghromatography plate than a mono or diglycoside.
on UV-Visible were used to detect the possible

changes occurring in the red cabbage anthocyanins

during the adsorption and desorption process dcRESUL TS AND DISCUSSION

clay. Pigments from: a) squeezed red cabbage

extract, and b) commercial powder in aqueougatch Assays
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Table 4 gives of the Freundlich equation (Equatiometter condition for separation. Figures 3 and 4
1) parameters fitted on the experimental results. show the results of the Freundlich isotherm fitted
was observed that for lower pH values, k was hightp the adsorption data of red cabbage commercial
showing a greater adsorption capacity. Lowedye on Tonsil Terrana clay 580 FF, at pH 3.0 and

values of n (n < 1), as 5.0.
for pH 3.0, indicated a solute tendency to migrate
to the SOlId, WhICh means that pH 3.0 was thé:le - kCe .......................................... (1)

Table 4 - Experimental conditions and Freundlich parametétedf to experimental adsorption results of red
cabbage commercial dye.

Experimental conditions Commercial Dye pH= 3.0 Commercial Dye pH=5.0
R (cm) 0.0007 0.0007
= 0.53 0.53
Pq (g cm®)* 1.74 1.74
Co (mg cm®) 1.1 1.1
V (cnm) 50 50
Mag (Q) 0.5 0.5
Adjusted Parameters of Freundlich |sotherm
pH 3 pH 5
k 308.607 195.73
n 0.8988 1.00
Variance 3.35 -
Correlation 0.9939 0.9221
801+ Esxperimental data

Freundlich Model
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Figure 3 - Adsorption isotherm of red cabbage commercial dyelay, pH 3.
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Figure 4 - Adsorption isotherm of red cabbage commercial dyelay, pH 5.
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Figure 5 shows the experimental data and tranthocyanins in red cabbage juice, adsorbed sugar
Freundlich model fitted to the adsorption isotherncontents were quantified in eight assays using
of natural dye on Tonsil Terrana clay 580 FF, ptdifferent Tonsil Terrana clay 580 FF mass
3.0. It was observed that the adsorption isother quantity. Results are shown in Figure 6.

was unfavorable, with a tendency of the solute tit was observed that the Tonsil Terrana clay 580
remain in the liquid phase. Adjusted values ofFF adsorbed a relatively small sugar amount,
Freundlich isotherm were 36.04 and 1.93 for k andbout 16%, initially present in the red cabbage
n, respectively, R= 0.9658. juice (sugar initial concentration of 40.18 mg mL
The different k values found for red cabbage). Even when the clay mass was raised about
commercial and natural dyes showed different300%, there was no significant variation in the
solutions constitutions: the former was lessadsorbed sugars content. This result showed a
competitive solute than the latter (Coutinho et al.good selectivity of the clay regarding to the dye
2004). preferential adsorption of the sugar.

To evaluate the clay selectivity for separation o
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Figure5 - Adsorption isotherm of red cabbage natural juicelag, pH 3.
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Figure 6 - Percentage of sugar and anthocyanins of red calatslsgebed on Tonsil Terrana clay
580 FF.
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Spectrophotometry and Thin-Layer at the ultraviolet band, between 310-335 nm,
Chromatogr aphy indicates the presence of acylated organic acids at
Spectrometry scans of commercial and natural retthe anthocyanin molecule (Harborne, 1967).
cabbage anthocyanins, before, during and after thfnother peak was observed at the visible band,
adsorption-desorption process are shown iaround 540 nm, for the aglycone.

Figures 7 and 8. A characteristic absorbance peak

" o Commercial dye before adsarption
Commercial dye during the adsorption process

15 —— Commercial dye after the adsorption process

] T — 1
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Absorbance

Figure7 - Scan spectrometry on UV-Visible to red cabbage ceroial dye.

—— Maturaldye of red cabbage juice
- - - Matural dye of red cabbage juice during the adsorption process
. Matural dye of red cabbage juice after the adsorption

Absorbance

0 T T T T T T T
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Figure 8 - Scan spectrometry on UV-Visible to red cabbagerahtiye.

Jacobsi and Schoonheydt (1999) and Czimerova ptocess; 4.natural dye of red cabbage juice; 5.
al. (2004) studied variations promoted in thenatural dye of red cabbage juice after the
spectrum by changing the molecular structures adsorption process; 6. natural dye of red cabbage
the dyes, which is detected by the batochromijice after the desorption. Fig. 9a is a
occurrence. The increase of the absorptioshromatogram found by Curtright et al. (1996), a
wavelength of anthocyanins was attributed to theeference for this study. Figure 9b (black and
number of auxochromic hydroxyl group increasewhite representation and colored photograph) is
due to the buffer addition into the material or forthe chromatogram obtained for the samples 1 to 6
the clay’s ability of changing cations. cited above. The Rf of each component, that is the
Paper chromatography was performed for theharacteristic distance run in the chromatography
following samples: 1.commercial dye before theyaper, are shown in the Table 5. D and S are the
adsorption; 2.commercial dye after the adsorptiospace covered by the sample and solvent,
process; 3. commercial dye after the desorptiorespectively.
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Figure 9 - Samples chromatogram during the batch process.

Table 5 - Paper chromatography Rf parameter for the anthdeyaamples.

Sample Rf
1.commercial dye before adsorption 0.84
2.commercial dye during the adsorption process 0.75
3. commercial dye after the desorption process 0.92
4. natural dye of red cabbage juice 0.85
5. natural dye of red cabbage juice during the igd&m process 0.85
6. natural dye of red cabbage juice after the qetgor 0.62

According to Curtright et al. (1996), the firsf, R concentration balance between the supernatant and
superior to 0.62, refers to anthocyanin withouthe adsorbent, the formation of aggregates amang th
hydrolysis, the second shows partial dyeclay and the red cabbage anthocyanins was avoided,
hydrolysis (Rfrom 0.0 to 1.0) and finally the preserving the dye molecules characteristics. Thin-
third is a characteristic spot of a completdayer chromatography analysis permits to conclude
hydrolyzed molecule (Rinferior to 0.32). The that the use of buffer solution during the adsorpti

Rf values found in this work were greater tharmprocess to adjust the pH, avoided the dye hydsolisi
0.62, indicating that red cabbage anthocyaninshenomenon occurred when HCI solution is used
were not dissociated in mono or diglycosides, or

even aglycones in the process on clay, and clafBBREVIATIONS

was a good material to partially purify the

anthocyanins from the red cabbage. D, Particle diameter (m)

The results indicated that the use of the buffek Freundlich adsorption isotherm constant

solution to lower the pH for the partial n Freundlich isotherm exponent

purification of the anthocyanin improved the% 83}2 ggzggmg:gz :2 lsigﬂ?df?;:e g(%(?i?)
cyanidins stability avoiding the hydrolyzes. C. Initial dye concentration in liquid fase  qai®)

M,y Adsorbent mass (9)

R Particle ray (cm)
CONCLUSIONS \% Dye solution volume (cm)

Ry Proportion between the distance that the dye went

. i through and the distance that the solvent went
Thin-layer chromatography and scan UV/Visible through the thin-layer chromatography _(cmim

spectrometry analysis did _not reveal did npb Distance that the dye went through cm)(
reveal structural changes in the anthocyaning Distance that the solvent went through  cm)(
molecules which showed the dye stability duringy,  Particle specific mass (g cmd)
the separation process. Scan spectrophotometgy  Particle porosity.

analyzes indicated that due to the fact that thBR  Dubinin-Radushkevich method

system reached almost instantly the dydiK Horvath-Kawazoe method
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