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Abstract�Extraction of an anthocyan dye with poly-N-vinylpyrrolidone (PVP) and poly-N-vinylcaprolactam
(PVC) under the conditions of separation of aqueous solutions of this polymer into two phases in the presence
of salting-out agents (sodium chloride and sodium or ammonium sulfate) was studied.
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Heterogeneous systems containing water-soluble
polymers poly-N-vinylpyrrolidone (PVP) and poly-N-
vinylcaprolactam (PVC) are used in biotechnology for
separation of proteins, cells, and biologically active
substances, including amino acids and vitamins [1, 2].
The main advantages of application of PVP and PVC
as extractants are their nontoxicity, high hydrophilic-
ity, and ability to form complexes with many low-
and high-molecular-weight organic compounds [3].

The majority of natural red pigments are derived
from anthocyans, phenolic compounds, whose struc-
ture is similar to that of plant glycosides. These com-
pounds are readily soluble in water and form antho-
cyanides upon hydrolysis [4]. These dyes are used
in food industry [5].

The common methods for recovery and preconcen-
tration of anthocyan dyes from plant raw materials
and aqueous solutions are based on their repeated ex-
traction with organic solvents [5]. We believe that
liquid extraction of anthocyan dyes can be improved
by using two-phase aqueous systems based on water-
soluble polymers containing no toxic organic solvents.
Such extraction systems based on PVP and PVC have
not been studied previously.

In this study, we examined the extractive precon-
centration of an anthocyan dye from aqueous solutions
with PVP and PVC.

EXPERIMENTAL

Anthocyan dye was extracted from black-currant
berry with ethanol at 50�55�C by the procedure re-
ported in [6]. The PVP polymer of medical grade
with a molecular weight M� = 1 � 104 was used.
Poly-N-vinylcaprolactam was prepared by radical
polymerization of its monomer in isopropanol at 70�C
in the presence of azobis(isobutyronitrile) initiator at
various monomer concentrations. The polymer was
precipitated by adding hexane to the reaction mixture
and then vacuum-dried at 55�60�C. The molecular
weights of the polymers were calculated from the in-
trinsic viscosity [�] of their solutions by the for-
mula [�] = 1.5 � 10�4M�

0.68 [3]. PVC samples with
the molecular weights of 1 � 104, 6 � 104, and 16 �
104 were prepared.

NaCl, (NH4)2SO4, and Na2SO4 (chemically pure
grade) were used as salting-out agents providing sep-
aration of aqueous solutions of the polymer into two
phases within a wide range of polymer and salt con-
centrations.

A solution of anthocyan dye (10 ml), contain-
ing a salting-out agent, was placed in a vial with
a ground-glass stopper, and then 1 ml of an aqu-
eous solution of the polymer (concentration 0.001�
2 wt %) was added to obtain a two-phase extraction
system. The extraction was carried out on a vibra-
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tion mixer until the phase equilibrium was attained
(3�5 min).

The efficiency of the extraction recovery of the dye
was characterized by the degree of its recovery R (%):

R = [(A0 � A)/A0 ] � 100,

where A0 and A are the optical densities of aqueous
anthocyan dye solutions before and after extraction
(KFK-2MP spectrophotometer, � = 490 nm, 1-cm
optical cell).

The content of the red pigment in the anthocyan
dye was determined with a reference solution of
CoSO4 � 7H2O by the standard procedure [5].

As a rule, two-phase aqueous systems based on
water-soluble polymers are prepared by their salting-
out from homogeneous aqueous solutions [7]. The con-
ditions of formation of heterogeneous systems by salt-
ing-out of PVP and PVC from their homogeneous
aqueous solutions were elucidated from their phase
diagrams (Fig. 1) obtained by titration of these poly-
mers with standard salt solutions to the cloud point
[8]. We found that, in all the systems under con-
sideration, except PVP�sodium chloride�water, stable
two-phase systems are formed. In phase diagrams,
the fields of two-phase systems lie above binodal
curves of approximately exponential shape. Irrespec-
tive of a particular poly-N-vinylamide, the strongest
salting-out effect is reached in the presence of
ammonium sulfate. It should be noted that the mo-
lecular volume and electronic structure of ammoni-
um cations are close to those of water molecules,
and ammonium cations form hydrogen bonds with
surrounding water molecules. These factors favor
stronger hydration of ammonium cations. To obtain
the maximal amount of the aqueous phase enriched
in the polymer, the salting-out is carried out at the salt
concentration close to saturation.

Figure 2 shows that the extraction of anthocyan
dyes is dependent on both the polymer concentration
and particular dye. In salting-out with ammonium
sulfate, the dye recovery is more complete. In single-
step extraction, the degrees of recovery of dyes in
the presence of ammonium sulfate and sodium sulfate
are 95 and 79%, respectively.

In extraction of anthocyan dye with PVC, the more
efficient recovery of the dye is reached with sodium
chloride compared with ammonium and sodium sul-
fates. We believe that this difference is primarily
caused by the difference in the effect of salts on
the phase separation temperature Tps of aqueous PVC.

Fig. 1. Phase diagrams of the systems (1) PVC�ammonium
sulfate, (2) PVC�sodium sulfate, (3) PVC�sodium chloride,
(4) PVP�ammonium sulfate, and (5) PVP�sodium sulfate.
(� pol) Weight fraction of polymer and (� salt) weight frac-
tion of salt.

Fig. 2. Degree of extraction of anthocyan dye R from
aqueous-salt solutions vs. polymer concentration � pol
Polymer: (1�3) PVC and (4, 5) PVP Salting-out agent:
(1) sodium chloride, (2, 5) sodium sulfate, and (3, 4) am-
monium sulfate.

It is known [9] that, in the absence of salt, the Tps of
this polymer is close to the temperature of warm-
blooded living bodies. At the same time, on adding
NaCl, the phase-separation temperature decreases to
room temperature. Therefore, we suggest that the in-
crease in efficiency of extraction of the anthocyan dye
in the system poly-N-vinylcaprolactam�NaCl�H2O is
caused not only by salting-out of the dye and polymer
but also by changes in the structure of the polymer�
H2O complex.

Figure 3 shows how the PVC molecular weight and
pH affect the degree of recovery of anthocyan dye
from saturated aqueous NaCl. It is seen that, irrespec-
tive of PVC concentration and its molecular weight,
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Fig. 3. Degree R of extraction of anthocyan dye from
saturated aqueous NaCl vs. PVC concentration � pol.
M�: (1) 1 � 104 (pH 3.5), (2) 6 � 104 (pH 3.5), and
(3) 6 � 104 (pH 1).

Fig. 4. Degree R of extractive recovery of anthocyan dye
with aqueous PVC at phase separation induced by heat-
ing vs. the polymer concentration �PVC. M�: (1) 16 � 104

(pH 3.5), (2) 6 � 104 (pH 3.5), (3) 1 � 104 (pH 3.5), and
(4) 1 � 104 (pH 1).

the degree of recovery of the dye considerably de-
creases with decreasing pH. At a PVC concentration of
6 � 104 M, raising pH from 1 to 3.5 increases
the degree of recovery of the anthocyan dye from
77 to 92�95%. The extraction of dyes at pH > 7 in
the systems under consideration was not studied be-
cause of the chemical degradation of anthocyan dye
in alkaline media [10].

Variation of the molecular weight of the polymer
from 1 � 104 to 6 � 104 at pH 3.5 in the extraction sys-
tems based on PVC does not noticeably affect the de-
gree of recovery of the anthocyan dye (Fig. 3, cur-
ves 1 and 2). A similar behavior is exhibited by PVC
in its complexation with fluorescent dyes [3].

We found that, in the extraction systems based on
PVP, all factors being the same (M�, pH, salting-out

agent), the degree of recovery of the anthocyan dye
was higher than in the systems based on PVC (Fig. 2,
curves 3 and 4). This difference is apparently caused
by the stronger complexation of PVP with the dye.
This polymer is more sterically accessible and less
hydrophobic because of the smaller length of hydro-
carbon chains in N-vinylpyrrolidone, compared to
N-vinylcaprolactam.

The high efficiency of the extraction systems based
on PVP and PVC is caused by complexation of PVP
and PVC with dye molecules. This complexation is
manifested in the UV absorption spectra as the absorp-
tion band at 274 nm, absent in the spectra of the aque-
ous solutions of particular polymers. The complexa-
tion between the polymers and anthocyan dye occurs
by the mechanism of hydrogen bonding between the
carbonyl groups of polymer and the hydroxy groups
of the dye. Upon acidification, the complexation
between the polymer and dye weakens because of
the protonation of the C=O groups [11] and, as a re-
sult, the degree of recovery of the dye decreases.

In contrast to aqueous PVP, aqueous poly-N-vinyl-
caprolactams have a lower critical solution point at
32�37�C [3]. Therefore, PVC allows extraction of
anthocyan dye (up to 86%) from aqueous solutions
without salting-out agents at temperature exceeding
the lower critical solution point (33.5�C). As can be
seen from Fig. 4 (curve 4), the extraction of the dye
considerably decreases upon acidification of the ex-
traction system based PVC to pH 1 before phase sep-
aration by heating.

CONCLUSIONS

(1) Two-phase systems based on water-soluble
poly-N-vinylpyrrolidone and poly-N-vinylcaprolactam
are suitable for efficient extractive recovery and pre-
concentration of anthocyan dyes from aqueous solu-
tions. The highest extraction efficiency is exhibited by
the two-phase extraction systems ammonium sulfate�
poly-N-vinylpyrrolidone�water and sodium chloride�
poly-N-vinylcaprolactam�water at pH 3.5.

(2) The anthocyan dye concentrates prepared by
extraction with poly-N-vinylpyrrolidone and poly-N-
vinylcaprolactam can be used for coloration of food
products.
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