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Summary

We studied the influence of an adsorbent PVI-PVP
resin (a copolymer of vinylimidazole and vinylpyrro-
lidone), on the removal of heavy metals in wines, main-
ly copper (Cu), iron (Fe), lead (Pb), cadmium (Cd) and
aluminium (Al). The study also investigated the influ-
ence of PVI-PVP on the physical-chemical and sensory
characteristics of white and red wines, comparing its
effect when applied in the must and in the wine. The
removal of metals was more effective when PVI-PVP
was applied to the wine than to the must. The removal
of Fe and Pb was more effective in white wines than in
red wines, while the removal of Cu and Al was higher
in red wines. In general, the higher the PVI-PVP dose,
the greater the quantity of metallic elements (copper,
iron, lead and aluminium) that are removed. PVI-PVP
had a minor effect on phenolic composition. The wines
showed some decrease in total acidity and an increase
in pH with PVI-PVP. The application of PVI-PVP at
the dose rates employed here did not affect the wine’s
sensory characteristics significantly.

Key words: PVI-PVP, vinylimidazole, vinylpyrro-
lidone, metals, wine.

Introduction

The mineral constituents of must and of wine are
present in ionic form and also as colloidal complexes with
other compounds such as some organic acids and polysac-
charides. Their primary presence is due to the natural trans-
fer from soil-to-root-to-grapevine, in which the elements
are absorbed by the roots according to their bio-availability
in the soil, these being afterwards metabolised by the plant
and further modified in the winemaking process and dur-
ing the aging of the wine. These natural levels can also
be increased by contamination (Seppi and SPERANDIO 1978;
MEbINA and SUDRAUD 1979; McKINNON et al. 1992; OucH
1993; ESCHNAUER ef al. 1996; BAUER et al. 2001). A number
of different factors can be responsible for the presence of
exogenous metal contaminants in wines such as plant pro-
tection products, the winemaking equipment, and acciden-
tal contaminations of the must.

With technological progress, and especially with in-
creased use of stainless steel in oenological equipment a

significant decrease in the level of residual Fe in wine has
resulted. According to Eper et al. (2003) clouding problems
are often the result of Cu levels above about 0.5 mg-1"'. The
use of copper-containing plant protection products can re-
sult in grape residues which are at least partially transferred
to the wine. It is also possible that levels of this cation can
be further raised by treatment of the wine with copper sul-
phate to eliminate unpleasant smells caused by sulphydric
acid and by thiols (MatTivI ef al. 2000).

The presence of Pb in wine can originate from atmos-
pheric pollution, from industrial emissions and from road
traffic (presumably from the old, leaded petrol) (TEISSEDRE
et al. 1993 a; AUGAGNEUR et al. 1997; FOURNIER et al. 1998),
or from plant protection and oenological products contain-
ing Pb as an impurity (TEISSEDRE et al. 1993 b; MINGUEZ
etal. 1997).

Contamination with Cd is the result mainly of contact
with zinc materials rich in Cd and from some stainless
steels (CURVELO-GARcIA 1988). GILBERT (1979) and MEDINA
and Supraup (1979) refer to a possible cadmium enrich-
ment in musts from grapes growing close to major roads.
ESCHNAUER et al. (1996) cite also plant protection products
as possible sources of Cd.

High levels of metal contamination in wine such as Fe,
Cu, Pb or Cd can influence the physico-chemical stabil-
ity of the wine (BouLToN ef al. 1995), causing browning,
clouding and the formation of precipitates. This is quite
separate from issues of food safety and of breaching le-
gal upper limits. The present OIV (International Organi-
sation of Vine and Wine) upper limits for Pb in wine are
150 pg-1t; for Cd 10 pg-l?, and for Cu 1 mg-1! (OIV 2005,
2006) making it sometimes necessary to remove excess
metals so as to lower the concentrations to below these le-
gal limits. This also brings their contents to levels that are
both safe for the consumer and favourable for the stability
of the wine. These OIV limits are accepted within the Eu-
ropean Community but not necessarily outside.

The classic removal process for excess metals in wine
(mainly iron, but also sometimes copper, zinc, manganese,
nickel, silver, lead, cadmium and aluminium) is by treat-
ment with potassium ferrocyanide (K, [Fe(CN/)]-3H,0).
This is sometimes called ‘blue fining’. The use of potas-
sium ferrocyanide in wines is a technique which has limi-
tations such as the need to carry out preliminary assays to
determine the right dose rate. Obviously, ‘over fining’ by
the addition of too much potassium ferrocyanide can re-
sult in the formation of free cyanide ions so that potassium
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ferrocyanide use must be very carefully controlled indeed.
Potassium ferrocyanide residues also raise environmental
problems in disposal of waste. The addition of potassium
ferrocyanide to the must is not allowed. From a techno-
logical viewpoint, this method has not anyway been very
effective in eliminating Cu in wines that also contain low
levels of Fe.

Because of these limitations, alternative methods have
been explored such as those using adsorbent or exchanger
resins (FENG et al. 1997; Paracios et al. 2001; EDEr et al.
2001, 2003; BENITEZ et al. 2002). Many authors have de-
veloped methods based on the use of just one adsorbent
resin to lower the levels of all of the contaminant metals
present in wines (MATTIVI et al. 1994; 2000; EDER et al.
2001, 2003; NicoLNt et al. 2004), to values which are both
safe for the consumer and which enhance the stability of
the wine The adsorbent resin referred to by FUSSNEGGER et
al. (1992) is known as PVI-PVP or just PVI, and is a vi-
nylimidazole and vinylpyrrolidone copolymer (ratio 9:1).
PVI-PVP is insoluble in water and in most other liquids,
and it has a number of functional imidazole groups which
connect selectively to the various metals. Research has
been carried out into the use of different doses of PVI-PVP
in the must and in the wine with different times of contact,
and its influence on wine colour, and on the various phe-
nolic and aroma compounds of wine.

Besides its effect on the metals, PVI-PVP seems to
have a relevant action in wine clarification. Here, as well as
decreasing the level of hydroxycinnamic acid derivatives,
mainly caftaric acid (MatTivi et al. 1994, 2000; NicOLINT
et al. 2004; EpEr et al. 2001, 2003) it also minimises
browning.

Must, 100 mg/1S0O,,
Crushing/pressing
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The treatment of musts and/or wines with PVI-PVP for
lowering levels of metals such as Fe, Cu, Zn and Al, has
been under discussion at OIV by experts under both the
“Wine Technology” and, also the “Food Security” groups.
The authorisation dossier is currently under evaluation.
In May 2006, the French Agency of Food Security in an
advice (AFSSA 2006) commented that utilisation of PVI-
PVP at a dosage of 80g/hL did not appear to present any
risk to consumer health.

The aim of this work was to study the influence of
PVI-PVP on metal reduction (Fe, Cu, Pb, Cd, Al) and, es-
pecially to confirm that there were no important changes in
the chemical and sensory characteristics of either white or
red wines. We also wanted to compare its effects on wine
characteristics when it was used either in the must or, later
in the wine.

Material and Methods

Fining treatment applied to must and
wine: Wines: White wines were prepared using
grapes of the variety 'Ferndo Pires' (Vitis vinifera L.), and
red wines using 'Casteldo' (Vitis vinifera L.). Grapes were
harvested in 2002 from the Ribatejo region, Portugal.

PVI-PVP: The PVI-PVP (Divergan® HM, BASF,
Germany) was applied at 10 and 20 g-hl!' (must) and
30 and 50 g-hl' (wine). Experiments are summarised in
Fig. 1. These application doses are those recommended by
the supplier.

For the musts, the PVI-PVP was introduced before
fermentation. They were immediately shaken for 20 min,

Must, 80 mg/1 SO,,
Crushing /de-stemming

[ | [ |
Fermentation Fermentation Ferment. Ferment.
F ) with 10 g/hl with 20 g/hl F ) 10 g/hl 20 g/hl
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| | [ | |
WM-C | | WM-D1 | | WM-D2 | | RM-C | | RM-D1 | | RM-D2 |
— Fermentation Fermentation [—
as as
I I
White wine Red wine
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Fig. 1: Flowchart of the fining treatment (PVI-PVP) applied and wines.
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after which they remained at rest during fermentation. Sep-
aration occurred at first racking. The wines were shaken
for 15 min immediately after introduction of the PVI-PVP,
after which they too remained at rest for 48 h.

Fining treatment applied in wine
with metal additions: With the aim of con-
firming the influence of PVI-PVP on Fe and Cu we added
these elements to matured white and red wines: ‘Addi-
tion A’ (5 mg-1"!' of Fe and 0.5 mg1" of Cu). ‘Addition B’
(15 mg'1" of Fe and 1 mg-1" of Cu). We also added two
levels of PVI-PVP 25 and 50 g-hl! (the amounts ‘1’ and ‘2’
respectively).

Mineral composition: The concentration
of potassium (K), calcium (Ca), sodium (Na), magnesium
(Mg), iron (Fe) and copper (Cu) was assayed by Flame
Atomic Absorption Spectrometry (FAAS) using a Varian
Spectra 10/20 (Victoria, Australia), according to the offi-
cial method of OIV (OIV 1990).

The Pb, Cd and Al content were determined by Elec-
trothermal Atomic Absorption Spectrometry (ETAAS), ac-
cording to the method described by Catarmvo (2000) and
CATARINO et al. (2002).

Colour and phenolic composition:
The total content of phenolic compounds was measured by
the absorbance at 280 nm (RiBEREAU-GAYON 1970); colour
intensity by the sum (A, +A_, +A_, ), where tonality is de-
fined by the ratio (A, /A_,). For the white wine, colour in-
tensity was measured using absorbance at 420 nm. Colour
measurements of the wines were also performed according
to the CIELAB 76 method (McLAREN 1980). Spectral read-
ings, transmittance every 10 nm over the visible spectrum
380-770 nm, were performed with a UV4 Unican Visible
Spectrometer (Cambridge, UK), using quartz cells of path
length 1 mm (red wine), and 10 mm (white wine). The soft-
ware Chroma 2.0 colour measurement was used to calcu-
late the CIELAB coordinates directly. The L*, a* and b*
values describe a three-dimensional colour space.

For the red wine, the total pigments were estimated us-
ing the method of SomEers and Evans (1977); the polymeric
pigments index was determined by a method proposed by
Grorigs (1978) and total anthocyanins were evaluated ac-
cording to the method of RIBEREAU-GAYON and STONESTREET
(1965).

Organic acid composition: Organic
acids (tartaric, malic, citric, lactic and shikimic acid) were
analysed by High Performance Liquid Chromatography
(HPLC) using a method described by Tusseau and Benoir
(1986 a, b). Two columns with reverse phase Lichrospher
100 RP 8 (Merck, Darmstadt, Germany) (particle size
5 um, 250 x 4 mm) were used. Detection was made with a
UVIS 206 PHD (KONIK Instruments, Barcelona, Spain)
set at 210 nm, and the peak areas were determined with
Konikchrom 5.2 software.

Current analysis: pH, titratable and vola-
tile acidity were determined by Fourier Transform Infrared
Spectrometry — FTIR (WineScan FT120, Foss, Slangerup-
gade, Denmark) (MoREIRA et al. 2002 a, b).

Sensory analysis: Sensory analyses were
performed by six expert panellists who were members of
“Comissdo Vitivinicola Regional of Ribatejo (CVRR)”.
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These persons were all properly trained and had good pre-
vious experience. We asked panellists to look for differ-
ences between the control wine and each sample of treated
wine. The wine attributes included visual, nose and taste
senses, as well as overall (global) appreciation.

Statistic analysis: The data were analyzed by
Analysis of Variance using SPSS 12.0 for Windows. The
treatment means were separated by the Scheffée test at the
5 % significance level.

Results and Discussion

Fining treatment applied in must and
wine: Must and white wine: Theresults of
applying PVI-PVP in must and wines were analysed sepa-
rately. The summary of our variance analysis results with
white wine is shown in Tab. 1.

For phenolic composition we confirm that PVI-PVP,
either in the must or in wine caused a slight, but signifi-
cant decrease in the level of phenolic compounds in the
wine. This was expressed in a reduction in the total phenols
index (Ipt). However, no significant differences appeared
between the two PVI-PVP dose rates used. This is consist-
ent with the observations of MatTivi et al. (2000). Accord-
ing to these authors, PVI-PVP removes also some phenolic
compounds from the wine and, in particular the low mo-
lecular weight ones. It is these that are mainly involved in
the oxidative browning of white wines. Also NicoLINI ef al.
(2001, 2004) and EpEr ef al. (2001, 2003) refer to the influ-
ence of PVI-PVP on the reduction of hydroxycinnamates,
thus improving colour stability.

In fact, with regard to the wines’ chromatic character-
istics, we confirm a slight, but not significant decrease in
A420 and in the co-ordinates L*, a* and b*.

As for mineral composition, we found that PVI-PVP
had no effect on Ca, Mg and Na contents, regardless of
whether the product was used in the must or, later in the
wine. This result is in line with that of other authors (EDErR
et al. 2001, 2003; NicoLnt ef al. 2004). However, the ap-
plication of PVI-PVP in the must did have a slight, but sig-
nificant effect on the potassium content when compared
with the control. This seems to indicate that the application
of PVI-PVP in the must causes a premature elimination of
this cation, and this probably contributes to tartaric stabili-
sation in the subsequent wine.

In the particular case of Cu, the application of PVI-
PVP in the must or in the wine did not have a significant
effect on the content of this metal. This result may be due
to the very low copper content of our wine, or to our exper-
imental conditions. Also, the discontinuous shaking may
have resulted in insufficient contact between PVI-PVP and
the wine. Our result could be explained by that of NicoLini
et al. (2004), who found that removal was faster and more
complete when mixing was more thorough. Also, EDErR
et al. (2003), suggest that metal removal can occur quite
rapidly allowing PVI-PVP to be separated from the wine
after only 16 h of contact.

Under our conditions, no effect on Fe content was
detected with PVI-PVP either in white must or in wine;
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Table 1

Effects of PVI-PVP application in must and wine on some white wine characteristics

Effect WM-C  WM-D1I WM-D2 WW-C WW-DI WW-D2 Effect

Colour and phenolic composition:

. +x« X 108b 104a 102a 10.8c  9.6b 9.2a s
Total phenol index (ua) s 0l 00 01 00 01 01
x 0.113a 0.104a 0.116a 0.113a 0.103a 0.103a
A420 (ua) s 0035 0007 0009 0002 0000 0.005
L* hs X 981a 978a 9822 98.9a  98.1a 98.1a ns
s 02 0.3 0.0 1.7 0.1 0.0
o ns X -09a -0.7a -1.0a -03a -0.7a -0.6a ns
s 014 0.06 0.24 0.45 0.16 0.05 a
b* s X 7.6a 7.5a 8.0a 4.0a 6.9a 6.6a ns
s 0.08 0.10 0.98 0.75 0.09 0.04
Mineral composition: B
. i « X 605b  578a  565a  565a  565a  568a
Potassium (mg-1™") s 10 3 4 10 13 0 ns
. e x 72a 69a 70a Tla 70a 69a
Calcium (mg-1") ns s J ] ] 0 ] 0 ns
. 1 x 47a 46a 47a 48a 48a 48a
Sodium (mg1") ns s J 0 0 J 0 ] ns
. e X 93a 9la 92a 91a 90a 9la
Magnesium (mg-1™) ns s 7 / J / ) ] ns
14 x 0O.la 0.1a 0.1a 0.1a 0.1a 0.1a
Copper (mg1) s o1 o1 o1 o1 o1 01 ™
Iron (mg'1") s X 0.4a 0.4a 0.4a 0.4a 0.3a 0.3a ns
& s 01 00 00 00 00 01
Lead (ug1) « X 79.0b 485a 50.0a 344b 25.5a 19.6a "

10.7 4.2 1.1 1.2 0.8 2.1

Cadmium (ug1") ns <03a <03a <03a <03a <03a <0.3a ns
HE 045 000 092 030 004 0.00

w

© X

Acid composition:
2.4a 2.4a 2.3a 2.4a 2.4a 2.4a

: " X
Tartaric ac. (g'1") o5 00 00 00 00 00 00 ™
. " x 13a 1.4a 1.3a 1.2a 1.2a 1.2a
Malic ac. (1) S 00 01 00 00 00 00
o 1 X 33a 34a 33a 34a 33a 34a
Shikimic ac. (mg-1") ns s 0 0 0 0 0 0 ns
. 1 x  0.6a 0.7a 0.6a 0.8a 0.6a 0.6a
Lactic ac. (g) s o1 00 00 00 01 00 ™
Citric ac. (mg'1) ns X 744a  707a  709a  724a  673a  683a ns
- (g s 45 29 2 0 32 17

Current analysis:

Density (g-ml™) ns x 0.9912a 0.9904a 0.9897a 0.9927a 0.9905a 0.9903a ns
vie 0.0005 0.0004 0.000 0.0001 0.0001 0.0001

Alcohol content (% v/v) ns 12.7a  12.8a 12.8a 12.8a 12.7a 12.8a ns

w

=

s 0.1 0.1 0.1 0.0 0.0 0.1
Titrable acidity wx X 57D 5.4a 5.3a 5.5b 5.3a 5.2a s
(g1 tartaric ac.) s 00 0.0 0.1 0.0 0.1 0.0
Volatile acidity ns X 0.52a  0.49a 0.50a 0.52b 0.45a 047ab
(g1 acetic ac.) s 0.10 0.01 0.01 0.02 0.01 0.01
x 3.08a 3.1la 3.14a 3.14a 3.17ab 3.20b
pH ns *

0.01 0.00 0.03 0.12 0.01 0.01

w

The two experiments (must and wine) were analysed in separate. ¥ —mean; s — standard error. Treatment means were separated
by the Scheffée test at the 5% significance level. Different letters in the same line indicate statistically significant differences:
* (p<0.05), ** (p<0.01), ns-not significant; nd - not detected. WM-C: white wine control for PVI-PVP must applications;
WM-DI1 or D2: white wine, resulting from the PVI-PVP application in must; WW-C: white wine control for PVI-PVP wine
applications; WW-D1 or D2: white wine, resulting from the PVI-PVP application in wine. C — control wine; D1 - amount 1
(low); D2 - amount 2 (high). L*.a*.b* - CIELAB coordinates, au — absorbance units.
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however the Fe content in the wine was also very low. This
may explain the partial disagreement with previous work
(MarTivi et al. 2000, EpER et al. 2003, NicoLiNt ef al. 2004).
This difference too, may be related to an inadequate con-
tact between PVI-PVP and the wine.

For Pb, we see a decrease in content with PVI-PVP,
both in the must and in the wine. However, increasing the
PVI-PVP dosage did not bring about a corresponding in-
crease in Pb removal.

For Cd, all must and wine samples showed concentra-
tions below our detection limit for this metal, so no con-
clusion about their removal is possible. Portuguese wines
generally have very low cadmium concentrations (CATA-
rRINO 2000).

We did not find significant changes in the content of
organic acids when the PVI-PVP was applied to the must
or to the wine at either dosage. For the white wine, we
observed a slight but significant decrease in total acidity,
but an increase in pH, with PVI-PVP when this was added
either to the must or the wine. This confirmed the results
of EpEr et al. (2001, 2003). PVI-PVP did not seem to have
any influence on wine density or alcohol content.

The sensory analysis results from the test panel did not
find significant differences between the wines regardless of
PVI-PVP dosage and of whether it was added to the must
or to the wine (Tab. 2). This represents an important tech-
nological result.

Table 2

Sensory analysis results for the wine. Values of the scores from
1 (minimum) to 5 (maximum) for each attribute, except global
appreciation that is scaled from 1 to 20

Must and red wine: When PVI-PVP was
added to the must, the phenolic composition of the wine
was not significantly affected (data not shown). On the oth-
er hand, when it was added to the wine (Tab. 4), we saw a
small but significant reduction in the total phenol index, in
the colour tonality, total pigments and in the total anthocy-
anin content. The latter effect usually reveals a decrease
in the value of all of the parameters analysed. PVI-PVP
dosage had no significant effect. MarTivi et al. (2000) also
found a slight decrease in total phenols and anthocyanins
in red wine.

PVI-PVP did not remove significant amounts of K, Ca,
Mg or Na when added to either the must or the wine (Tabs 3
and 4). This confirms the results of EDER ef al. (2001, 2003)
for must and for white wine.

Table 3

Effects of PVI-PVP application in red must on mineral

Visual Nose  Taste Glol.)al.

appreciation
WM-C 3.0 3.0 2.9 13.5
WM-D1 34 2.9 2.8 13.2
White WM-D2 33 2.9 2.8 12.9
wine WW-C 3.3 3.0 3.0 13.5
WW-D1 3.2 2.7 2.7 12.6
WW-D2 3.5 2.8 2.9 13.2
RM-C 3.7 3.0 2.3 12.6
RM-D1 3.6 2.8 2.5 13.0
Red RM-D2 3.5 2.9 2.4 12.7
wine RW-C 3.8 3.0 2.6 13.5
RW-D1 3.9 3.3 2.4 13.1
RW-D2 3.7 3.2 2.5 13.1

Legend: WM-C: white wine control for PVI-PVP must applicati-
on; WM-D1 or D2: white wine, resulting from the PVI-PVP ap-
plication in must; WW-C: white wine control for PVI-PVP wine
applications; WW-D1 or D2: white wine, resulting from the PVI-
PVP application in wine. RM—C: red wine control for PVI-PVP
must application; RM-D1 or D2: red wine, resulting from the
PVI-PVP application in must; RW-C: red wine control for PVI-
PVP wine applications; RW-D1 or D2: red wine, resulting from
the PVI-PVP application in wine. C — control wine; D1 - amount
1 (low); D2 - amount 2 (high).

composition

Effect RM-C RM-D1 RM-D2
Potassium (mg-1") ns ;S( 7?23 77113 7617a
Calcium (mg-1"") ns g 8(?;a 8§a SZa
Sodium (mg1") ns g lga 1411a ul;a
Magnesium (mg1")  ns 755 783 7(2)3 78a
Copper (mg-1'") * ;SC 000(;‘1b Obé(z)gb %% loa
w1
Lead (mg1") * ;SC 9;?3 6‘2‘:;13 6;1:(4)1a
Cadmium (mg-1") ns ;s( <03a <03a <03a

% — mean; s — standard error. Treatment means were separated
by the Scheffée test at the 5% significance level. Different let-
ters in the same line indicate statistically significant differences:
*(p <£0.05), ** (p < 0.01), ns-not significant. RM-C: red wine
control for PVI-PVP must applications; RM-D1 or D2: red wine,
resulting from the PVI-PVP application in must; C - control wine;
D1 - amount 1 (low); D2 - amount 2 (high).

We found a significant decrease in Cu content when
PVI-PVP was added to the must.

When added to the wine, we observed a tendency, but
not statistically significant, for decrease in Cu content.
Copper levels were lowered to about 57 % of the initial
value, with greater removal in red wine than in white. The
probable explanation for this is copper’s association with
the anthocyanins as metal complexes (Esparza et al. 2004).
The decrease in total anthocyanin content with PVI-PVP
supports this hypothesis - see Tab. 4.
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Table 4
Effects of PVI-PVP application in wine on some red wine
characteristics
Effect RW-C  RW-DI RW-D2
Colour and phenolic
composition:
Total phenol index «x X 63.6b 6l.1a 60.9a
(ua) s 0.3 0.8 0.2
. . yx 19.73a 19.14a 19.01a
Color intensity (ua) ns ¢ 57 031 0.46
: % 0.569b 0.549a 0.555a
Tonality (ua) 5 0052 0063 0.0i7
x 584a 57.6a 58.0a
L* oS 07 04 03
a* ns x 46.4a 472a 46.5a
s 100 031 036
% 03la 0.35a 0.43a
b* nSS030 049 022
Total anthocyanins % X 367.5b 358.0ab 346.6a
(mg dm-3 Mv-3-glc) s 68 5.3 22
Total pigments « A 26.54b 23.86ab 22.72a
colour (au) s 133 010 121
Polymerised pigments % 56.31a 57.47a 56.8la
index (%) S S 159 077 036
Mineral composition:
- 11 % 955a 95la  957a
Potassium (mg-1") ns ¢ $ f; S
. 1 X 78a 78a 77a
Calcium (mg-1'") ns ¢ 7 7 )i
: 11 x 15a 15a 16a
Sodium (mg-1") ns ¢ 7 0 7
. I X 84a 85a 85a
Magnesium (mg-1')  ns S ] 7 0
e % 023a 0.10a 0.10a
Copper (mg'1") " 073 041 0.08
N X 66b 56a 5.la
fron (mgT) oS 92 02 06
- % 133.6a 121.3a 124.2a
Lead (ug'1") s 302 152 379
Cadmium (pg1") ns X <03a <03a <03a
Acid composition:
. I % 25b  24a  24a
Tartaric ac. (g-1™) * s 00 0.0 0.0
. 1 % 02a 02a 0.2a
Malic ac. (g-17) ns ¢ Y 00 00
P " X 55a 56a 55a
Shikimic ac. (mg-1")  ns A 7 0 3

. 1 x 44a 45a 44a

Lactic ac. (g'1") ns ¢ iy 02 0.1

- 1 % 9732  967a 972a
Citric ac. (mg-1") ns ¢ 10 12 3
Current analysis:

. R % 0.9947a 0.9946a 0.9945a
Density (g-ml™) SS0.0002 0.0001 0.0001
Alcohol content ns & 1lda 1l14a 1lda
(% v/v) s 0.1 0.0 0.0
Titrable acidity X 7.6¢ 7.4b 7.3a
(g1 tartaric ac.) s 0.0 0.0 0.2
Volatile acidity ns x 0.28a 03la 0.32a
(g1 acetic ac.) s 005 001 0.0

H «x X 3.12a 3.15a 3.18a
P s 002 000 0.0]

When PVI-PVP was added to the must, although the
decrease in Fe content was not statistically significant it
represented about a 15 % reduction for the lower dosage
and 23% for the higher one. When added to the wine, PVI-
PVP caused a very significant decrease in Fe content and
this was enhanced by increasing the PVI-PVP dosage.

Lead levels were significantly lowered (30 %) by PVI-
PVP when this was added to the must, but when added to
the wine a non-significant reduction of 9 % was found (NB
Pb determinations were very variable and standard devia-
tions were high).

For Cd, the contents were below our detection limits
for red wines, so no conclusions can be drawn. The same
was true for must and for white wine.

No effect on organic acid content (tartaric, malic, lac-
tic, citric or shikimic) was detected with PVI-PVP when
this was added either to the must or to the wine. However,
a significant effect was detected in wine on total acidity
and on pH. The significant decrease in total acidity and the
increase in pH had already been observed in the assay with
white wine (Tab. 1), and in agreement with the results of
EDER ef al. (2003). The density and alcohol content were
not affected by PVI-PVP.

The taste panel could not find significant differences
between the wines for the attributes evaluated by them. This
can be considered a good result from a technological point
of view with PVI-PVP not affecting sensory characteristics
at either of the dosages used in this study (Tab. 2).

Fining treatment applied in wine
with metals addition: To confirm the influence
of PVI-PVP on Fe and Cu content of the wine, these metal
elements were added to a white and a red wine as described
above. In addition, we have analysed also the content of the
other metals (Cd, Pb, Al).

White wine: The physical-chemical test results
are shown in Tab. 5. As noted above, PVI-PVP had some
influence on the total phenol index, on the optical density
at 420 nm, and in the lightness of the wine (L*). Titrable
acidity was significantly reduced by increasing PVI-PVP
dosage. This was accompanied by an increase in pH, again
confirming our earlier results (Tab. 1). Eper ef al. (2001,
2003) also found a slight reduction in titrable acidity with
PVI-PVP. The other physical-chemical parameters, den-
sity, alcohol content, and volatile acidity were not signifi-
cantly affected.

Relatively to the remove of the metals in study (Cu,
Fe, Cd, Pb and Al), we obtained a more effective reduction
in Cu with the higher PVI-PVP dosage and with the high-
est Cu addition (59 %), as seen in Fig. 2. This result was
similar to that of MatTivI et al. (2000). The removal of Fe
was very significant. The removal percent was nearly 70 %
(except with the addition B having the lower level of PVI-

X — mean; s — standard error. Treatment means were separated
by the Scheffée test at the 5 % significance level. Different letters
in the same line indicate statistically significant differences:
*(p £0.05), ** (p < 0.01), ns-not significant. RW-C: red wine
control for PVI-PVP wine applications; RW-D1 or D2: red wine,
resulting from the PVI-PVP application in wine. C — control wine;
D1 —amount 1 (low); D2 —amount 2 (high). L* a* b* — CIELAB
coordinates; au — absorbance units.
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Table 5

Effects of PVI-PVP application on some white wine characteristics

Addition A Addition B
Fe: 5 mgI! Fe: 15 mg-1!
Cu: 0.5 mg'l" Cu: 1 mg1"!
Control PVI-PVP PVI-PVP| Control PVI-PVP PVI-PVP
Effect . . Effect
wine 25 g-hl! 50 mg-l'| wine 25 g-hl!' 50 mg-1!
Colour and phenolic composition: B
. wx X 19c 7.4b 7.1a 7.9¢ 7.4b 7.1a s
Total phenol index (ua) s 00 00 01 | 01 00 01
wx 7 0.160c 0.126b 0.117a| 0.165c 0.131b 0.121a
A420 (ua) s 0.002 0.001 0.001 | 0.001 0.001 0.002
L* « X 97.5a 985b 98.7b | 97.4a 98.2ab 98.4b *
s 03 0.0 0.2 0.1 0.3 0.2
2% ns X -l.la  -12a -l12a | -14a -12a -13a ns
s 0.07 0.00 0.06 0.09 0.00 0.04
- «x X 96c 795  72a | 102b 80a 762
s 0.27 0.03 0.06 0.37 0.03 0.01
Mineral composition: B
" « X 05b 0.3a 0.3a 0.7b 0.3a 0.3a -
Copper (mg'T) s 00 00 00 | 00 01 00
. X 490 1.5a 1.4a 9.4b  53ab  2.6a *
fron (mg-1") s 00 01 04 | 04 09 16
11 «x X 356b 294a 26.6a | 354b 298a 27.0a .,
Lead (ng'™) s 13 04 47 | 01 06 LI
. e x 0.7a 0.7a 0.6a 0.7a 0.8a 0.7a
Cadmium (ugT") s 00 o1 00 | 00 00 01 ™
s 1 «x X 414b  334a  267a | 429b 345ab  259a -
Aluminium (pg-1") s 8 25 16 6 26 13
Current analysis: B
Density (gml") s X 0.9902a 0.9901a 0.9901a|0.9903a 0.9902a 0.9901a ns
vie s 0.0000 0.0000 0.0000| 0.0001 0.0001 0.0000
o x 11.7a 11.8a 11.8a | 11.6a 11.7a 11.7a
Alcohol content (% v/v) ns s 00 0.0 0.0 0.1 0.0 0.0 ns
Titrable acidity X 63D 6.2b 6.0a 6.3b 6.2b 6.0a s
(g1 tartaric ac.) s 00 0.0 0.0 0.0 0.0 0.0
Volatile acidity ns X 0.4a 0.4a 0.4a 0.4a 0.4a 0.4a ns
(g1 acetic ac.) s 001 0.00 0.00 0.00 0.01 0.01
H wx X 3.16a  320b 324c | 3.16a 3.19b 3.24c
P s 0.00 0.00 0.01 0.00 0.01 0.01

The two experiments (addition A and addition B) were analysed separately. y —mean; s —standard error. Treatment means were
separated by the Scheffée test at the 5 % significance level. Different letters in the same line indicate statistically significant
differences: * (p < 0.05), ** (p < 0.01), ns-not significant. Control wine — wine without PVI-PVP application. L* a* b* —

CIELAB coordinates; au — absorbance units.

PVP). In wine with addition A, increasing levels of PVI-
PVP did not result in more effective Fe removal.

Lastly, PVI-PVP seems to have some capacity to de-
plete Pb and Al. The lowest dosage had some Pb reduction
effect (18 %) and this was improved by the highest dosage.
This fitted with the previous results for Pb. Nevertheless,
PVI-PVP was not effective in removing Cd. Aluminium
depletion (from 19 % to 40 %) has also been reported by
NicoLint et al. (2001, 2004).

Red wine: The results of PVI-PVP additions on
the removal of metals and on other physical-chemical char-
acteristics of red wine are presented in Tab. 6.

PVI-PVP affected the total phenols index of the wines
slightly but still significantly with removal percentages of
about 6 %. However, it did not significantly affect anthocy-

anin content, or the polymeric pigment, or the total pig-
ments (expressed as the colour due to the total pigments).
These results have confirmed those of our previous assays
(Tab. 4). Confirming our previous results (Tab. 4), PVI-
PVP reduces the total acidity of the wine, and significantly
increases pH. As for metal removal, there was an efficient
reduction of Cu, Fe, Pb and Al by PVI-PVP, but the greatest
reduction was found for Cu (74 %). This agrees with MAT-
Tivi et al. (2000) and NicoLint et al. (2004). The removal
percentage increased with dosage (Fig. 3) and was greater
in the wines and with addition B. These results are consist-
ent with those of Mattivi et al. (2000), in which adsorption
efficiency is greater when the metal content is higher.
PVI-PVP also showed some ability to remove Pb,
which confirms the results obtained in the previous assays.



145 H. Mira et al.

Re moval Percent of metals

%

80+ 69 70

Metal Addition A
25g/hL PVI-PVP

OcC (mg/L) OFe(mgl) BPb (ugl)

Metal Addition A
50 g/hL PVI-PVP

Metal Addition B
25g/hL PVI-PVP

Metal Addition B
50 g/hL PVI-PVP

Al (uglL)

Fig. 2: Removal percent of copper, iron, lead and aluminium in white wine (metal addition A: 5 mg':ml™' of iron and 0.5 mg':ml"' of

copper; metal addition B: 15 mg'ml"! of Fe and 1 mg-ml" of copper).

However, in wines with a higher content of metals (addi-
tion B) the percentage of removal was slightly lower com-
pared to the wines having the lower metal content addition
A (Fig. 3).

Conclusion

Generally, PVI-PVP removed Cu, Fe, Pb and Al more
effectively when it was added at the highest dosage and
when these metal contents were initially high. However,
PVI-PVP had no significant effect on the contents of Ca,
Mg, Na and Cd. However, the wines used in this study
were very low in Cd, lower than our detection limit as is
usual in Portuguese wines.

The removal of metals was more efficient when PVI-
PVP was used in the wine than in the must. This probably
reflects the complex macromolecular composition of the
must. In the metal addition assays, the removal of Fe and
Pb was more efficient in white wine than in red, while the

removal of Cu and Al was more efficient for the red wine
than for the white. For Pb, the complexes formed with
pectic polysaccharide Rhamnogalacturonan II (PELLERIN
and O'NEILL 1998), which are very important in red wines,
could explain the smaller removal of Pb in red wines com-
pared to white wines. Again, the percentage removal of all
of these metallic elements increased with increasing dos-
ages of PVI-PVP. In future work other (greater and lesser)
application doses will be assessed.

PVI-PVP application had only a slight influence on the
colour and phenolic composition of the wines. Organic acid
content (tartaric, malic, lactic, citric and shikimic acids) of
the wine was not influenced by PVI-PVP, either in the must
or in the wine. The wines showed significant decreases in
total acidity and increases in pH, with PVI-PVP additions.
However, sensory analysis did not reveal significant dif-
ferences between any of the wines from any of the many
attributes evaluated by the test panel. The application of
PVI-PVP in must or wine seems not to affect its sensory
characteristics, for the dosages used in this study which is a

Removal Percent of metals

%

Metal Addition A

25 g/hL PVI-PVP 50 g/hL PVI-PVP

OCu (mg/L) mFe (mg/L) @ Pb (ug/L)

Metal Addition A

Metal Addition B
25g/hL PVI-PVP

Metal Addition B
50 g/hL PVI-PVP

Al (ug/L)

Fig. 3: Removal percent of copper, iron, lead and aluminium in red wine. (metal addition A: 5 mg-ml"' of iron and 0.5 mg-ml"' of copper;

metal addition B: 15 mg'ml! of Fe and 1 mg-ml" of copper).
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Table 6

Effects of PVI-PVP application on some red wine characteristics

Addition A Addition B
Fe: 5 mgI! Fe: 15 mg'1!
Cu: 0.5 mg-1"! Cu: 1 mg1"!
Control PVI-PVP PVI-PVP| Control PVI-PVP PVI-PVP
Effect . i i . i _, Effect
wine 25 g-hl! 50 mg-l'| wine 25 g-hl! 50 mg-1!
Colour and phenolic composition:
. x 57.4b 55.1ab 54.1a | 57.3b 54.1ab 53.5a
Total phenol index (ua) s 1o o1 o6 | 04 14 01
Colour intensity (ua) s x 1097c 10.72b 10.52a| 11.02a 10.96a 10.68a ns
s 0.05 0.09 0.09 0.04 0.24 0.09
Tonality (ua) ns % 0.790b 0.785a 0.784a| 0.792a 0.795a 0.797a s
s 0.006 0.007 0.004 | 0.002 0.010 0.006
L % x 51.5a 522ab 52.7b | 51.4a 52.1a 52.7a .
S 0.1 0.2 0.2 0.0 0.1 0.1
a* s ¥ 43.03a 42.58a 42.07 | 42.44a 41452 41.03a s
s 002 0.31 0.56 0.09 0.39 0.26
b* s v 15.73a 15.6la 15.44a| 15.77a 15.68a 15.59a ns
s 0.01 0.10 0.13 0.10 0.03 0.07
Total anthocyanins ns % 478a 502a S1.3a | 49.0a 509a 473a ns
(mg dm-3 Mv-3-glc) s 15 2.8 2.6 0.65 2.1 1.3
Polymerised pigments index (%) s x 73.43a 73.74a 74.66a | 75.40a 75.58a 75.42a ns
s 0.50 0.36 0.23 0.25 0.78 1.97
Total pigments colour (ua) ns % 12.28a 11.98a 11.95a| 12.08a 12.08a 11.70a s
s 018 0.11 0.14 0.18 0.04 0.14
Mineral composition:
1 «x X 048 026b 0.15a | 0.97b 0.40a 0.25a -
Copper (mg') s 003 003 000 | 010 002 00l
1 wx X 49c 3.8b 28a | 10.0b 7.9ab  53a *
fron (mg-I") s 003 001 020 | 071 126  0.09
1 « X 414b  339a 337a | 40.6b 369a 35.0a .
Lead (ug™) s 23 19 L0 | 26 09 01
. i x 0.3a 0.4a 0.4a 0.3a 0.4a 0.4a
Cadmium (hg'") s 00 00 00 | 00 01 02 ™
.. i x 928b 679ab  437a 752b  454ab  409a
Aluminium (ug 1) Yo o 200 18 | 1300 33 31 ’
Current analysis:
Density (g-ml) ns % 0.9926a 0.9926a 0.9926a|0.9928a 0.9927a 0.9925a ns
s 0.0000 0.0000 0.0001 | 0.0001 0.0001 0.0000
o x 13.1a 13.la 13.0a | 13.0a 13.0a 13.0a
Alcohol content (% v/v) ns s 00 0.0 0.0 0.1 0.0 0.0 ns
Titrable acidity « X 6.dc 5.9b 5.8a 6.1c 5.9b 5.8a s
(g1 tartaric ac.) s 0.0 0.0 0.0 0.0 0.0 0.0
Volatile acidity x l.la I.1a 1.1a 1.1a I.1a l.1a
(g1 acetic ac.) s 001 o001 o001 | 001 o001 o000 ™
pH wx X 342a  346b 349 | 3.43a 347b 3.50c .,
s 001 0.00 0.00 0.00 0.00 0.01

The two experiments (addition A and addition B) were analysed separately. ¥ — mean; s — standard error. Treatment means were
separated by the Scheffée test at the 5% significance level. Different letters in the same line indicate statistically significant
differences: * (p<0.05), ** (p<0.01), ns-not significant. Control wine — wine without PVI-PVP application; L*.a*.b* - CIELAB
coordinates; au — absorbance units.

useful result. In our opinion, these findings make an impor-  to have some of the limitations and dangers associated with
tant, practical contribution, showing that oenologists could traditional potassium ferrocyanide treatment. In addition,
use this product without major impact on the chemical and ~ PVI-PVP does not impact negatively upon the principal
sensory properties of their wines. Finally, PVI-PVP effi-  characteristics of the wine making this copolymer a useful
ciently removes Cu and Fe from wines and does not seem  likely replacement.
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