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Changes in the contents of micro- and trace-elements in wine due to
winemaking treatments

G. NicoLini, R. LARCHER, P. PanGRazzI and L. BonTEMPO

U.O. Enologiae ChimicaAgraria, IstitutoAgrario, S. Micheleall’ Adige (Trento), Italia

Summary

Forty-four mineral dementsquantified by | CP-OESand
| CP-M Sweremeasured in wines, (a) after winefining, at
three pH levelswith 10 different bentonites (1 g-1%), (b)
after addition of yeast hulls from 2 suppliers to wine
(180 and 360 mg-1'1). Bentonitefining resulted in statisti-
cally significant incr easesof thelargemaj ority of elements,
but in significant lower levelsof Cu, K, Rb and Zn. The
addition of yeast hullscaused astatistically significant de-
pletion of thecontentsof Ce, Cu, Fe, La, Sh,U,VandY.

Key words: minera elements, wine, winemaking
treatments, bentonite, yeast hulls, ICP-OES, ICP-MS.

Introduction

In the European Community the list of allowed addi-
tives, adjuvants and fining agents in winemaking (EC,
Regulation of the Council n. 1493/99; EC, Commission Regu-
lation n. 1622/00) comprises clarifying products of which
bentonite is the most important. In comparison with other
“earths’ like kaolin and Spanish earth, the natural clay is
morewidely used in winemaking. Technologically, the most
interesting characteristics of this montmorillonite-type
phyllosilicate areits capability to act assettling aid to clarify
juice and wine and to remove proteins, thuslimiting the risk
of protein haze in wine. The composition and structure of
bentoniteswere studied in detail for their physical, chemical
and enological peculiarities (Jakos 1989; Rarp 1989; TRIBERTI
and Castino 1992; MaueaN 1993; Bavonove et al. 1995;
BouLton €t al. 1995; Lussers et al. 1995; MARcHAL €t al.
1995; Poinsaut and Harpy 1995 a, b, €). For instance, it is
ascertained that the exchangeable cations in these sheet-
silicates, mainly Mg, Caand Na, affect both swelling (Na-
form bentonites swelling more than Ca-forms) and protein
adsorption on the external surface or withinthesilicalayers.
The effects of bentonite fining in wine were investigated
frequently for the depletion of proteins, amino acids,
bioamines, polyphenols, aromacompounds and the changes
of the main mineral elements. Few data are available, how-
ever, for micro- and, particularly, trace-elements (PosteL et al.
1986; ENkELMANN 1988; McKinNoN et al. 1992; LeskE et al.
1995; Bauer et al. 2001; MoLina et al. 2001).

Few data are reported also concerning the effects of
winemaking treatments morerecently approved, namely yeast

hulls, on the mineral composition of wines (RiBEREAU-GAYON
et al. 2003). Biosorption by living and non-living biomass of
Saccharomyces cerevisiae proved to lower significantly the
final amount of heavy metals(VoLesky et al. 1993; VoLesky
and Mav-PHiLLips 1995). However, itisstill unclear if metal
cation depletion increaseswhen carried out by living or non-
living yeast biomass (BLakweLL et al. 1995).

This paper quantifies changes of the contents of sev-
eral mineral elementsdueto the use of bentonites and yeast
hulls. Analyses were performed using I nductively Coupled
Plasma- Optical Emission Spectrometry (ICP-OES) and In-
ductively Coupled Plasma- Mass Spectrometry (ICP-MS).
These techniques are of particular interest as they permit -
with relatively short time of sample preparation and analysis
- multi-element determination and good automation. Moreo-
ver, in the range of trace-elements, sufficiently low
quantitation limits are reached.

Material and M ethods

Experiments with bentonite: Forty-four
mineral elements were analysed by Inductively Coupled
Plasma— Optical Emission Spectrometry (ICP-OES) and In-
ductively Coupled Plasma- Mass Spectrometry (ICP-MS) in
white wine (alcohol: 12.1 % vol.; pH: 3.35; total acidity:
5.4 g1, astartaric acid; reducing sugars. < 1 g-I"%) after fin-
ing with 10 different bentonites obtained from 4 companies
inltaly (Tab. 1). Thedose of bentonitewas 1 g-I*%, similar to

Tablel

Characteristics of the bentonites used

Code Colour Form Characteristics

A paebeige powder -

B paebeige powder Natype, activated
C Dbeige-greyish  powder -

D grey-greenish  granule -

E beige-greyish granule -

F grey granule  Na-type, natural

G paebeige granule  Nartype, activated
H grey pellet Na-type, activated
I palegrey-beige powder Na-Ca-type, activated
L  paegrey-beige powder Natype, activated
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the highest doses normally used in winemaking. The natural
pH of thewine wasraised to pH 4.00 by NaOH 0.1 M, then
two wine aliquots were separated and acidified with HNO,
1 % (“ Suprapure”, Carlo Erba Reagenti, Milan, Italy) to pH
3.50and pH 3.00, respectively, in order to have 3 levelsof pH
covering the natural range occurring in wine.

Sample preparation: Eachbentonite(45mg) was
hydrated with 0.45 ml Milli-Q water in polypropylenevias
previously rinsed with nitric acid. Forty-five ml of a cold
stabilized and membrane filtered (0.45 um) dry whitewine
were added into each vial. Vials were submitted to gentle
shaking (3 h, 70r.p.m.) and centrifuged (5 min, 4000 r.p.m.).
Clear fractionswere analysed.

Analysis: Twenty eements(Al, As, B, Ba, Ca, Co, Cr,
Cu, Fe, K, Li, Mg, Mn, Na, Ni, Rb, Sn, Sr, V, and Zn) were
analysed by | CP-OES, while 24 elements(Be, Cd, Ce, Cs, Dy,
Er, Eu, Ga, Gd, Hf, Ho, La, Lu, Nd, Pb, Pr, Sb, Sm, Th, Tl, Tm,
U, Y, and Y b) wereanalysed by ICP-MS. Each sampletreated
with bentonite was analysed in parallel with ablank of the
samewine at thesamepH, similarly stirred and centrifuged.

|CP-OES analysis was run with an Optima 3300 Dual
View, equipped with cyclonic spray chamber and auto-sam-
pler AS90 controlled by the software [ICPWinLab 1.42 (Perkin
Elmer, Norwalk, CT, USA). Operating conditionsarereported
in LArRcHER and NicoLini (2001). Standardsfor Ca, K, Mgand
Nawere obtained from Merck (Darmstadt, Germany), while
Snwasfrom Baker (Deventer, Holland). Multi-element stand-
ards (Merck) were used for the other elements. Ittrium
(100 pg-1*; Merck) wasadded automatically asinterna stand-
ard to correct matrix effectsand drift.

ICP-MSanalysiswas carried out with aHP 4500 series
(Hewlett-Packard, Corvallis, USA), equipped with Fassel
torch, Babington nebulizer, Scott-type spray chamber,
autosampler ASX 500 (CETAC Technologies, Omaha, USA)
and HP-4500 Chemstation software. Five ml of wine were
added to 0.1 ml of Suprapure nitric acid (68 %, Carlo Erba
Reagenti, Milan, Italy) and Milli-Q water to afina volumeof
10 ml. Drift and matrix effectswere corrected using, asinter-
nal standards, an on-line-added solution of Sc, Rhand Tb
(Plasma Emission Standard ICP; Aristar, BDH Laboratory
Supplies, Lutterworth, England). Four different multi-element
calibration standards were used in various concentrations
for the external quantification, threefrom Agilent Technolo-
gies, and onefromAristar (ICP-M S Calibration Standard 4).
Three spectrum lines, spaced of 0.05 myz units, were used
for each isotope. Setting conditions are reported in Tab. 2.

Experiments with yeast hulls: Yeasthulls
from 2 suppliersin Italy (coded SO and IT) were added, at
2 levels(180 mg+1,D1, and 360 mg--%, D2) and with 3 repli-
cates, to a white and a red wine, both dry, cold-stabilised
and sterile filtered (0.45 um). After gentle shaking (3 h,
70 r.p.m.) and centrifugation (5 min, 4000 r.p.m.), the clear
fraction of each sample was analysed by ICP-OES and
ICP-MS asin the experiment with bentonites. Each couple
of samples (D1, D2) wasanalysed in parallel with the corre-
sponding untreated controls, adjusted, shaken and centri-
fuged like the treated samples. The experiment was run at
room temperature. The elements of the above-mentioned
experiment with bentonite were analysed.

Table 2

Instrumental parameters and setting conditions for the ICP-MS
analysis

Instrumental parameter Operating conditions

RF power (W) 1380
sampling depth (mm) 6.00
plasmagas(l - min?) 15
auxiliary gas(l - min?) 060
peri pump (rps) 010
before acquisition:

uptake speed (rps) 030

uptaketime(s) 70

stabilizationtime(s) 0
acquisition time (s per el ement) 45
carrier gas(l - min?) 102

before each series
of samples, with tuning
solution to optimize
the signal

ion lens setting

Datawere statistically analysed using the software pack-
age STATISTICA™ for Windowsv. 5.1, 1997 (StatSoft Italia
Sr.l., Padova, Italy).

Resultsand Discussion

Experiments with bentonite: The
composition of the control and treated winesis reported in
Tab. 3 together with the quantitation limit (QL) of each ele-
ment assessed according to Husaux and Vos (1970) and
VAaNATTA and CoLEMAN (1997). The table presents only ele-
ments with concentrations >QL for each of the 60 samples
and with RSD% <15 for the 30 analyses of the control wine.
Compared to the controls (Tukey’s test), bentonite-fined
wines had significantly different contents of most of the
mineral elements, differences being not significant only for
Pb (p <0.0542), B, Cr and Sn (Tab. 3). Statistically, bentonite
fining resulted in significantly lower levelsof Cu, K, Rband,
as expected according to Enkelmann (1988), Zn. Techno-
logically, changesof K, Rband Zn are negligible, whilethe
Cu depletion (-43 %) is remarkable and interesting, e.g. to
limit protein-metal haze. The average percentage of deple-
tion of Cu dueto bentonitefiningwassimilar tothat achieved
inwinewith al-vinyl-imidazole/1-vinyl-pyrrolidone (9:1) co-
polymer alternative to ferrocyanide treatment in wine
(NicoLini et al. 2001). Statistically significant increaseswere
observed for the other elements (Tab. 3), confirming that
“technological” pollution and secondary contaminations can
overlap significantly the natural levels of many elementsin
wines (Seprpi and Speranpio 1978; Mebina and SUDRAUD
1980; EscHNAUER 1982; EscHnauer and Nees 1988; M cKINNON
etal. 1992; OucH 1993; EscHnauer and ScoLLARY 1995; BAUER
et al. 2001). The changesin the average amounts of Al, Ba,
Be, Ca, Cu, Fe, K, Mg, Mn, Na, Ni and Pb observed after
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fining agree with those already observed in wines (PosTeL
et al. 1986; McKinnon et al. 1992; Lese et al. 1995; MoLIinA
et al. 2001; BAukeR et al. 2001) or expected using synthetic
solutions (ENnkELMANN 1988), but they do not agree with
those observed by the quoted authors for Sn and Cr. The
increases dueto bentonitefining (roughly one order of mag-
nitude) were particularly remarkablefor Ce, Gd, La, Nd, Pr
and Y. Increases by roughly 4-6 times were observed also
for Be, Tl and U. Significant differences among the
10 bentoniteswerefound for Al, Ba, Be, Ca, Co, Cr, Cs, Cu,
Fe, Ga, Li, Mg, Mn, Pb, Rb, Sb, Sr, Tl, U, V and Zn (Tab. 3).
However, the limited number of observationsfor each ben-
tonite does not urge to deeper discussions.

In the control wine, Sm (QL = 0.06 pg-1?), Eu (QL =
0.04 pg-), Dy (QL =0.08 pg-), Ho (QL =0.08 ug- ), Er (QL
=0.08 ug-l'%), Tm(QL =0.06 pg-l%), Lu (QL =0.10 ugl%), Th
(QL=1pg1"), Yb(QL =0.1pg ) and Hf (QL =0.3ugY), dl
measured by ICP-MS, were close to or under their relevant
QL. After bentonitefining the quoted el ementswerein quan-
tifiableamountsin all thewine samples, reaching thefollow-
ing mean concentrations (n=30): Sm, 0.85 ug-l; Eu,
0.24 pg-I'%; Dy, 1.3 ug-; Ho, 0.27 pg-1%; Er, 0.92 pg-l'%; Tm,
0.16 pg-l'%; Lu, 0.23 ug-1%; Th, 9.7 pg-l%; Yb, 1.3 ug-l%; Hf,
1.1 pgl. For Cd (by ICP-MS) and As (by ICP-OES), the
mean concentrations in the control wines were 0.8 and
11 pg-It, with RSDs % rather high, 20 and 30 % respectively.
After bentonite fining (n=30), a dlight but statistically not
significant increase of 10-12 % was observed in the mean
concentrations of these two elements. The release of each
mineral element from bentonites or the depletion dueto the
bentonite fining were not significantly affected by the pH of
the wine, thus these data are not shown.

Experiments with yeast hulls: Biosorption
is the sole mechanism for quick fixing of cations by non-
living yeast cell walls (BLakweLL et al. 1995), amechanism
in which protein-polysaccharide complexes are involved.
Metal biosorption by Saccharomycescerevisiaeisnot modi-
fied between 4 °C and 25 °C (Norrisand KeLLy 1977; WHITE
and Gapp 1987), and these temperatures coincide with those
used in winemaking. Also exocellular polysaccharides pro-
duced by yeasts (PeLLERIN €t al. 1997), aswell asby bacteria
(Scot and PaLmer 1990), show biosorption.
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Intheexperiment, 27 minerd dements(Al, B, Ba, Ca, Ce,
Co, Cr,Cs,Cu,Fe, Ga, K, Y, La Li,Mg,Mn, Na,Ni, Pb, Rb, Sh,
Sn, Sr, U, V, Zn) could be quantified; in all the samples, their
amounts were above the relevant QL. Since very large dif-
ferenceswere observed for the contents of several elements
between thewhite and red control wines, datawere expressed
as percentage of the control wines.

Statistically assessed by Anova and Tukey’stest, treat-
ment induced significant decreases of the contents of Ce,
Cu,Fe La Sb,U,V andY (Figure), with atendency to higher
depletion with higher doses. Differences between D1 and
D2, however, are not statistically significant in any case.
The highest average depletion isthat of U (24 % and 36 %
for D1 and D2, respectively, without differences between
the commercial products used, SO and IT), confirming the
capability to reduce the U content of agueous solutions by
non-living biomass of Saccharomyces cerevisiae observed
by VoLesky and MAy-PHiLLIps (1995). U biosorption from
agueous solutions was already shown to occur for some
fungi and their residual biomasses (NAkAamA and SAKAGUCHI
1986, 1993; BengTsson et al. 1995). Also the depl etion of Fe
is quantitatively important and technologically remarkable
(D1: 17 %; D2: 25 %), without differences between SO and
IT. Cu depletion (ca. 5-6 %), statistically significant but
technologically negligible, was significantly higher using
theyeast hullscoded I T (ca. 10 %) compared to SO (ca. 2 %).

Conclusions

This work evidences the role that some winemaking
treatments, namely bentonite and yeast hulls, can play in
the final micro- and trace element composition of wine. It
was possible to prove that these treatments, as a rule not
applied specifically to affect the mineral composition, con-
tributeto increase or deplete the final content of some min-
eral elements. Such side-activities can betaken into account
to reduce the need of specific treatments of metal depletion
in wine. Besides, these activities must be considered - and
by-passed using large sampling and data-bases - when the
mineral composition isused for ascertaining the geographic
originof awine.
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a b B a ab b a b B
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Figure: Average contents of mineral elements (%) in wines treated with yeast hulls at different doses and in the untreated control.
(Treatmentswith the sameletter do not differ significantly at Tukey’stest, p <0.05; b and B mark highly significant differences compared

to the control, with p <0.01 and p <0.001, respectively).



Changesin the contents of micro- and trace-elementsin wine 45

Acknowledgement

Authorsthank Roserto StoccHeTTi for the analytical support.

References

BAUER, K. H.; EscHNAUER, H. R.; GortcEs, S.; 2001: Indicator el ements
in wine analysis. The ultra-trace elements Beryllium and Zirco-
nium. In: Ecole Européenne de Chemie Analytique (Ed.): Ab-
stract Book 2™ Symp. “In Vino Analytica Scientia 2001”, 14-16
June 2001. Univ. V. Segalén 2, Bordeaux.

Bavonove, C.; CaBARoGLU, T.; DuFouR, C.; RazaNGLES, A.; Saps J. C;
BauMES, R.; GUNATA, Z.; 1995: Influence du collage sur le potentiel
aromatique varietal du vin. In: Proc. XX| Congreso Mundia de
la Vifiay el Vino, Enologia, vol. 2A, 27.11.-4.12.1995, 150-
162. 75* Asamblea General O.1.V., Punta del Este, Uruguay.

BENGTSsON, L.; JoHANSSON, B.; HACKETT, T. J.; McHALE, L.; McHALE, A. P,
1995: Studies on the biosorption of uranium by Talaromyces
emersonii CBS 814.70 biomass. Appl. Microbiol. Biotechnol.
42, 807-811.

BLakweLL, K. J;; SINGLETON, |.; ToBiN, J. M.; 1995: Meta cation uptake
by yeast: A review. Appl. Microbiol. Biotechnol. 43, 579-584.

BouLTon, R. B.; SINGLETON, V.; Bisson, L. F.; Kunkeg, R.; (Eds.); 1995:
The Earths. In: Principles and Practices of Winemaking, 284-
286. Chapman & Hall, NY.

ENkELMANN, R.; 1988: Schwermetall-Abgabe von Weinbehandlungs-
mitteln. 1. Mitteilung: Bentonite. Dtsch. Lebensm.-Rdsch. 84,
243-247.

EscHNAUER, H.; 1982: Trace elements in must and wine: Primary and
secondary contents. Am. J. Enol. Vitic. 33, 226-230.

EscHNAUER, H.; Nees, R.; 1988: Micro-element analysis in wine and
grapes. In: H. F. Linskens, J. F. Jackson (Eds.): Wine Analysis, 67-
91. Springer-Verlag, Berlin.

EScHNAUER, H.; ScoLLARy, G. R.; 1995; Aluminium in Wein. Vitic. Enol.
Sci. 50, 24-30.

Eurorean CommuniTy, Regulation of the Council n. 1493/99, EC Offi-
cial Gazette n. L 179, 14 July 1999.

Eurorean CommuniTy, Commission Regulation n. 1622/00, EC Officia
Gazette n. L 194, 31 July 2000.

Husaux, A.; Vos, G,; 1970: Decision and detection limits for linear
calibration curves. Anal. Chem. 42, 849-855.

Jakos, L.; 1989: Zusatz von Bentonit zum Most. In: G. WurbpiG, R.
WoLLEr (Eds.): Chemie des Weines, 161-163. Ulmer, Stuttgart.

LARCHER, R.; Nicotini, G;; 2001: Survey of 22 mineral elements in
wines from Trentino (Italy) using ICP-OES. Ital. J. Food Sci. 13,
237-245.

Leskg, P. A.; BrRuer, N. G. C.; CappeBoscq, V.; 1995: An evauation of
some characteristics of commercial bentonites. Wine Ind. J. 10,
73-77.

LuegeRrs, S.; GUERREAU, J.; FEUILLAT, M.; 1995: A study on the efficiency
of protein removal of commercial bentonites on must and wines
of Chardonnay and Sauvignon vine varieties. Bull. OIV 68 (769-
770), 224-244.

MaARcHAL, R.; BARReT, J.; MauJeaN, A.; 1995: Relations entre les
caracteristiques physico-chimiques d’ une bentonite et son pouvoir
d'adsorption. J. Int. Sci. Vigne Vin 29, 27-42.

Maugean, A.; 1993: Propriétés physico-chimiques des bentonites:
Applications oenologiques. Rev. Franc. Oenol. 33, 43-53.

McKinnoN, A. J.; CATTRALL, R. W.; ScoLLARy, G, R.; 1992: Aluminum in
wine. Its measurement and identification of major sources. Am.
J. Enol. Vitic. 43, 166-170.

MEebiNa, B.; Subraup, P; 1980: Teneur des vins en crome et en nickel.
Causes d’ enrichissement. Conn. Vigne Vin 14, 79-96.

MoLina, R.; Mincor, J.; GINER, N.; Revenea, E.; 2001: Influencia de la
clarificacion con bentonita sobre ciertos metales pesados en el
vino. Tecnol. Vino 1, 39-47.

Nakaama, A.; SakacucHi, T.; 1986: Selective accumulation of heavy
metals by microorganisms. Appl. Microbiol. Biotechnol. 24,
59-64.

NAKAJMA, A.; SakAcucHl, T.; 1993: Accumulation of uranium by
basidiomycetes. Appl. Microbiol. Biotechnol. 38, 574-578.
NicoLint, G.; LARCHER, R.; MatTivi, F; 2001: ICP-OES and ICP-MS
measurement of mineral elements in grapes and wines: Analyti-
cal, compositional and enological aspects. In: Proc. VIII Congreso
Latinoamericano de Viticultura 'y Enologia, E34C.pdf. Montevi-

deo, Uruguay.

Norris, P. R.; KeLLY, D. P; 1977: Accumulation of cadmium and cobalt
by Saccharomyces cerevisiae. J. Gen. Microbiol. 99, 317-324.

OucH, C. S.; 1993: Lead in wines. A review of recent reports. Am. J.
Enol. Vitic. 44, 464-467.

PeLLeErIN, P; O’NEILL, M. A,, PERRE, C.; CaBanis, M. T.; DArviLL, A. G;
ALBERSHEIM, P;; MouTounET, M.; 1997: Complexation du plomb
dans les vins par les diméres de rhamnogal acturonane I, un
polysaccharide pectique du raisin. J. Int. Sci. Vigne Vin 31, 33-41.

PoinsauT, P; Harpy, G.; 1995 a: Les bentonites (1lére partie).
Caractérisation des bentonites. Rev. Oenol. 21, 25-30.

PoinsauT, P.; Harpy, G.; 1995 b: Les bentonites. Analyses et
comportements des bentonites (2éme partie). Rev. Oenol. 21,
17-21.

PoinsauT, P; Harpy, G; 1995 c: Utilisation des bentonites en oenologie
(3éme partie). Rev. Oenol. 21, 29-34.

PosteL, W.; MEIer, B.; MARKERT, R.; 1986: Einfluss verschiedener
Behandlungsstoffe auf den Gehalt des Weins an Mengen- und
Spurenelementen. |. Bentonit. Mitt. Klosterneuburg 36, 20-27.

Rarp, A.; 1989: Aminosduren. In: G. WurbiG; R. WoLLEr (Eds.): Chemie
des Weines, 541-546. Ulmer, Stuttgart.

RiBEREAU-GAYON, P; DuBourbIEU, D.; DONECHE, B.; Lonvaub, A. (Eds));
2003: L'impiego di scorze di lievito. In: Trattato di Enologia I.
Microbiologia del Vino. Vinificazioni, 97-100. Edagricole Sr.l.,
Bologna.

Scot, J. A.; PALMER, S. J;; 1990: Sites of cadmium uptake in bacteria
used for biosorption. Appl. Microbiol. Biotechnol. 33, 221-225.

Seppl, A.; SPERANDIO, A.; 1978: | metalli dei vini. Teoria e verifica
sperimentale della corrosione delle attrezzature metalliche di
cantina. Vini d'ltalia 20, 35-42.

TrigerT, M. G,; Castino, M.; 1992: Effetti del trattamento con ben-
tonite sulla composizione e sulle proprieta del vini rossi. Vignevini,
19, 56-64.

VANATTA, L. E.; CoLeman, D. E.; 1997: Calculation of detection limits
for a single-laboratory ion-chromatographic method to deter-
mine parts-per-trillion ions in ultrapure water. J. Chromatogr. A
770, 105-114.

VoLEsKY, B.; May, H.; HoLan, Z. R.; 1993: Cadmium biosorption by
Saccharomyces cerevisiae. Biotechnol. Bioengin. 41, 826-829.

VoLEsKY, B.; MAY-PHiLLips, H. A.; 1995: Biosorption of heavy metals by
Saccharomyces cerevisiae. Appl. Microbiol. Biotechnol. 42,
797-806.

WHITE, C.; Gabb, G M.; 1987: The uptake and cellular distribution of
zinc in Saccharomyces cerevisiae. J. Gen. Microbiol. 133,
727-737.

Received December 2, 2003



