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The possible presence of allergenic residues in wines treated with one of the potassium caseinates used as
fining agents has been investigated.

Samples of experimental (16) and commercial (63) wines that had been fined with caseinates with or
without bentonites were studied. The leading physicochemical characteristics of each wine sample were
determined to assess their possible role in promoting or hindering the elimination of allergenic residues.

The study used a specifically developed ELISA test as well as an immunoblotting technique in which
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allergenic residues.

membranes were incubated with specific anti-caseinate antibody, both tests having high sensitivity for

No detectable allergenic residues were found in any of the samples by either immunochemical test,
irrespective of the physicochemical characteristics of the wine, the type and dosage of refining agent
and the enological process used.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Allergic reactions to foods are an increasing problem in the
world, although their actual prevalence is still unknown. Milk
allergy is frequent in childhood but quite rare in adults (Asero et
al., 2009a), in whom fruits and vegetables (Asero et al., 2009b) or
peanut and tree nuts (Metcalfe, 1997), are frequently the cause of
anaphylactic or other clinical reactions.

Potassium caseinate is a water-soluble fining agent mainly used
for white wines. It flocculates when added to wine because of the
acidic pH, binding the compounds responsible for turbidity and en-
abling them to be removed mechanically. Caseinates have useful
enological properties, but any residues left in the wines so clarified
could constitute a risk for the rare individuals suffering from milk
allergy in adulthood.

EC Directive 2000/13/EC (EC, 2000) incorporated laws of EU
Member States relating to the labelling, presentation and advertis-
ing of foodstuffs. The rules for allergen labelling were detailed in
Directives 2003/89/EC (EC, 2003) and 2006/142/EC (EC, 2006).
Annex Illa to Directive 2003/89/EC listed food ingredients (and,
later, lupines and molluscs), likely to cause adverse reactions in
susceptible individuals.
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EC Directive 2005/26/EC listed food ingredients that were
provisionally excluded from the labelling requirement (EC, 2005);
but inclusion of wine fining agents in this list was postponed until
the end of May 2009 (EC, 2007) and again to the end of 2010 to
allow further studies (EC, 2009a). This paper records the results
from an investigation into the presence of caseinate residues in
several commercial wines that might pose a significant risk for
adults suffering from milk allergy.

Some previous studies measured the presence of caseinate res-
idues in wines (both experimentally made and commercially avail-
able), with mixed results (Lifrani et al., 2009; Rolland, Apostolou,
de Leon, Stockley, & O’Hehir, 2008; Weber, Hans, & Paschke,
2009; Weber, Steinhart, & Paschke, 2007). The present study, using
two specially designed immunological tests, showed a large num-
ber of caseinate-treated wine samples to be free from detectable
allergenic residues.

2. Materials and methods
2.1. Milk proteins
Highly purified cow’s milk proteins (Sigma Chemical, St. Louis,

MO, USA) were used in SDS-PAGE and immunoblotting as
reference standards.
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2.2. Wine samples

2.2.1. Experimental wines

The following experimental wine samples were prepared:
untreated wine (negative control), samples fined with 20 and
50 g/h L of commercial caseinate (Protein-100, purity 100%; Dal
Cin, Sesto San Giovanni, M, Italy), both these dosages with the addi-
tion of 0, 30, 60 or 90 g/h L of bentonite.

Aliquots of 2 L of wine were firstly added with the primary
fining agent (caseinate) as described above and left at room tem-
perature for 24 h. After addition of the secondary fining agent
(bentonite), samples were maintained at room temperature for
further 24 h.

All wines were microfiltered through membranes with pore size
3 um. Detailed data on the 16 experimental wine samples are
listed in Table 1. A further group of 14 samples not treated with
caseinate were included as negative controls.

2.2.2. Commercial wines

Italian producers were asked to send commercial wines that had
been fined with caseinates; only wine samples having known eno-
logical practices were included in the study. Detailed data on the
59 white, 2 rosé and 2 red wine samples are listed in Table 2. All
commercial wines were filtered through membranes having pore
size < 1 um. The commercial caseinates used in wine fining were:
alpha caseinate (purity 96%; Pall Corporation, Italy), caseinato di
potassio (purity 88-94%; Acca, Italy), Caseo Cell (containing potas-
sium caseinate, montmorillonites and alpha cellulose; Pall Corpora-
tion, Italy), Clarasi DC (containing 65% caseinate, and bentonite; Dal
Cin, Italy), Clarito Spray Dry (highly purified; Vason Group, Italy),
Clarito SP (containing 12% caseinate, activate bentonite and potas-
sium bicarbonate; Vason Group, Italy), Kaseomax (pure potassium
caseinate; Tecnomax, Italy), Micron 96 (purity > 96%; AEB, Italy),
Micron XL (purity > 90%; AEB, Italy), potassium caseinate S (purity
89.5%; DMW International, The Netherlands), Protoclar (pur-
ity > 90%; Esseco, Italy) and Vinpur Special (milk casein; Erbsloh
Geisenheim, Germany).

2.3. Physicochemical characteristics of wines

2.3.1. Alcoholic strength by volume

The alcoholic strength by volume is the number of litres of
ethanol contained in 100 L of wine, both volumes being measured
at 20 °C. The symbol is “% vol.”.
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The method involves distilling wine volume by volume; the
volumetric weight of the distillate is measured by electronic
densitometry using a frequency oscillator (OIV-TALVOL, 2009).

2.3.2. Total alcoholic strength by volume

Total alcoholic strength is a calculation of the potential alcohol
concentration if all remaining sugars were to be fermented; it is
calculated by adding potential alcoholic strength to alcoholic
strength by volume (EC, 2009b).

Potential alcoholic strength by volume is the number of
volumes of pure alcohol at 20 °C produced by total fermentation
of the sugars contained in 100 volumes of the product at that tem-
perature and is calculated by multiplying the concentration of
reducing sugars (g/L) by 0.06.

2.3.3. Reducing sugars

To prepare samples with a sugar content ranging between 0.5
and 5 g/L, dry wine (sugars <5 g/L) was diluted 1:2 (v/v) with
water; sweet wine was diluted suitably to reach the values
reported above. Red wine was clarified with solutions of neutral
lead acetate and calcium carbonate (Merck KGaA, Darmstadt,
Germany). A specific quantity of an alkaline solution of copper salts
is heated and the copper ions are titrated by the clarified/diluted
wine, in the presence of methylene blue as indicator (UIV Internal
Method, 2009).

2.3.4. Total acidity

Wine total acidity was determined by acid-base potentiometric
titration, using 0.1 N NaOH, to pH 7, with an automatic titrator
(OIV-ACITOT, 20009).

2.3.5. Volatile acidity

Carbon dioxide was first removed from the wine sample. Vola-
tile acids were separated from wine by steam distillation and ti-
trated using NaOH. The acidity of free and combined sulphur
dioxide distilled under these conditions was subtracted from the
acidity of the distillate, after titration by standard iodine solution
(OIV-ACIVOL, 2009).

2.3.6. pH
pH was measured by potentiometry using a calibrated pH meter
(OIV-pH, 2009).

Table 1

Physico-chemical characteristics and allergenic residues of experimental white wines.
Sample  Oenological treatment ASV TAS RS Specific gravity  pH TDE RE TA VA Ash (g/L) TPC ELISA IMM
C1G - 11.87 1195 1.4 099321 330 226 222 63 034 193 224  Neg Neg
C2G 50 g/h L caseinate 11.70 1176 1.0 0.99330 335 224 224 62 033 212 168 Neg Neg
C3G 50 g/h L caseinate + 30 g/h L bentonite  11.62 11.69 1.2  0.99342 335 223 221 61 033 206 174 Neg Neg
C4G 50 g/h L caseinate + 60 g/h L bentonite  11.48 11.54 1.0 0.99338 335 219 219 6.0 033 207 163  Neg Neg
C5G 50 g/h L caseinate + 90 g/h L bentonite  11.41 1148 1.1 0.99355 336 220 219 6.0 032 206 172 Neg Neg
C6G 20 g/h L caseinate + 30 g/h L bentonite 11.61 11.68 1.1  0.99359 334 224 223 61 034 203 183 Neg Neg
C7G 20 g/h L caseinate + 60 g/h L bentonite  11.43 1149 1.0 0.99355 335 222 222 6.0 034 207 179 Neg Neg
Cc8G 20 g/h L caseinate + 90 g/h L bentonite  11.44 11.52 1.3  0.99351 335 223 220 6.0 033 201 175 Neg Neg
C1S - 1346 13,52 1.0 0.99289 346 272 272 64 033 273 295 Neg Neg
C2S 50 g/h L caseinate 1319 1325 1.0 099314 347 272 273 64 031 267 266 Neg Neg
38 50 g/h L caseinate + 30 g/h L bentonite  13.14 1320 1.0 0.99314 346 270 270 63 032 270 281 Neg Neg
C4S 50 g/h L caseinate + 60 g/h L bentonite 1291 1297 1.0 0.99336 345 269 269 62 031 273 254  Neg Neg
C5S 50 g/h L caseinate + 90 g/h L bentonite 1291 1298 1.1  0.99318 346 267 266 62 031 262 252 Neg Neg
C6S 20 g/h L caseinate + 30 g/h L bentonite  13.12 13.19 1.1  0.99325 345 272 271 63 032 263 250 Neg Neg
C7S 20 g/h L caseinate + 60 g/h L bentonite 1292 1298 1.0 0.99337 345 269 269 63 032 267 248 Neg Neg
C8S 20 g/h L caseinate + 90 g/h L bentonite  13.06 13.12 1.0 0.99314 345 266 266 62 031 269 246  Neg Neg

G = Garganega; S = sicily white wine; Neg = negative; ASV = alcoholic strength by volume (mL/100 mL); TAS = total alcoholic strength (mL/100 mL); RE =reduced extract;
RS = reducing sugars (g/L); TDE = total dry extract (g/L); TA = total acidity (g/L); TPC = total phenolic compounds; VA = volatile acidity (g/L); IMM = immunoblotting.
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Table 2
Physico-chemical characteristics and allergenic residues of commercial wines - part I-IV.
N  Wine name CAS (g/hL) BEN ASV TAS RS Specific pH  TDE RE TA VA  Ash TPC  ELISA IMM
gravity (g/L)
1 Bianco Toscano - Gruppo No Yes 12.28 12.38 1.6 0.99171 3.32 20.8 202 56 032 197 154 Neg Neg
Italiano Vini
2 Vernaccia di San Giminiano VS 7.5 Yes 12.86 13.07 3.5 0.99058 3.19 20.3 178 51 0.24 1.09 150 Neg Neg
DOCG
3 Bianco di Toscana IGT 2008 VS 7.5 Yes 1222 1248 43 099224 324 223 190 55 028 1.59 206 Neg Neg
4 Basilicata IGT 2008 VS 17.5 Yes 13.06 13.63 9.5 099560 327 334 249 59 0.27 1.96 232 Neg Neg
5  Bianco Toscana IGT 2008 AC +CC Yes 11.78 11.98 34 099178 314 200 176 59 033 1.22 167 Neg Neg
20+20
6  Chardonnay Umbria IGT M96 + CL Yes 1271 12.85 23 099203 334 228 215 57 049 176 247 Neg Neg
2008 30+25
7 Chardonnay Umbria IGT M96 + CL Yes 1291 13.06 2.5 0.99146  3.27 223 208 6.1 045 1.55 182 Neg Neg
2007 30+25
8  Orvieto Classico DOC 2008 M96 30 Yes 11.62 11.96 57 099249 3.11 21.7 170 56 024 1.03 165 Neg Neg
“Campogrande”
9 Bianco Toscana IGT 2008 AC+CC+CL Yes 11.79 11.94 25 099137 3.14 18.8 173 57 026 1.13 172  Neg Neg
“Villa Antinori” 20+20+15
10 Moscato d’Asti DOCG Vigneti CP 23 No 488 11.88 1166 1.04709 324 1394 238 58 035 177 207 Neg Neg
Castelli del Poggio
11 Gavi DOCG 2008 Podere CP 10 Yes 1240 12.59 3.1 0.99068 3.06 18.8 16.7 57 025 145 85 Neg Neg
Saulino Novi Ligure
12 Trebbiano di Modena IGT CP 30 Yes 10.24 10.94 11.7 0.99771 241 264 157 84 043 2.06 10 Neg Neg
Frizzante secco
13 Riesling Oltrepo’ Pavese DOC  PTC 30 Yes 1197 12.46 8.1 0.99465 3.17 274 203 6.2 024 1.70 242 Neg Neg
Torrevilla 2009
14  Solbri 2008 Piemonte DOC PC 40 Yes 11.89 12.20 5.1 0.99220 3.18 205 164 55 021 1.20 215 Neg Neg
Cortese
15 Vino Bianco Greco di Tufo M96 20 Yes 1245 12.62 28 099102 323 200 182 58 031 135 269 Neg Neg
DOCG 2005
16 Vino da Tavola Bianco - Vin  AC 15 Yes 1143 11.49 1.0 099160 3.31 18.1 18.1 44 026 147 226 Neg Neg
del Sannio
17 Falanghina del Beneventano  AC 15 Yes 1240 12.46 1.0 0.99028 3.42 18.4 184 46 025 1.79 161 Neg Neg
IGT Pengue
18 Sannio Falanghina DOC 2008 AC 15 Yes 12.61 12.67 1.0 0.99090 343 199 199 54 028 197 222 Neg Neg
19 Sannio Greco DOC 2008 AC 18 Yes 1328 1334 1.0 099097 336 223 223 58 024 2.00 207 Neg Neg
20 Coda di Volpe Sannio DOC M96 20 Yes 1191 11.99 1.3 099123 3.27 18.7 184 57 020 1.76 394 Neg Neg
2008
21 Falanghina Sannio DOC 2008 M96 20 Yes 13.03 13.29 43 099105 3.14 218 185 57 020 1.05 381 Neg Neg
22 Greco di Tufo DOCG 2008 CSD 10 Yes 1324 1330 1.0 099094 323 217 217 73 036 1.53 331 Neg Neg
23 Fiano di Avellino DOCG 2008 CSD 10 Yes 1297 13.03 1.0 099119 331 1398 208 6.2 026 144 260 Neg Neg
24  Moscato d’Asti DOCG 2009 PCS 20 Yes 456 11.09 108.8 1.04869 2.15 232 320 68 020 1.71 275 Neg Neg
25 Pinot Grigio delle Venezie CSD 30 Yes 1150 11.80 50 099332 330 243 192 56 020 1.63 196 Neg Neg
IGT 2009
26 Oltrepo’ Pavese DOC Bianco ~ PTC 10 Yes 11.61 12.10 8.1 0.99370 3.04 1161 172 63 0.23 130 251 Neg Neg
2008
27 Chardonnay Friuli Aquileia AC 15 Yes 1322 1330 1.3  0.99087 3.32 1322 216 59 022 1.69 329 Neg Neg
DOC 2008
28 Chardonnay Friuli Aquileia AC 25 Yes 13.18 13.27 1.5 0.99083 3.35 13.18 21.0 58 021 1.82 287 Neg Neg
DOC 2008
29 Sauvignon Friuli Aquileia AC 15 Yes 12.80 1291 1.9 099180 336 1280 21.7 64 022 191 270 Neg Neg
DOC 2008
30 Oltrepo’ Pavese DOC PTC 10 Yes 11.06 11.71 109 0.99618 2.79 11.06 184 58 020 1.38 177 Neg Neg
Malvasia
31 Vino Bianco Malvasia MXL 35 Yes 3,58 9.62 1006 1.04689 1.84 1309 313 73 020 216 315 Neg Neg
dell’Emilia IGT Frizzante
32 Falanghina IGT Campania CDC 5 Yes 12.86 13.16 5.00 099314 3.19 24.7 207 63 027 148 472 Neg Neg
33  White wine San Marzano PCS 40 Yes 1237 12.68 520 099400 350 279 237 62 036 212 282 Neg Neg
34 White wine Rufiano Felline PTC 35 Yes 1391 14.18 4.5 099037 3.11 230 195 6.0 021 1.14 252 Neg Neg
2008
35 White wine Frascati PTC 25 Yes 1291 13.01 1.6 099055 320 199 193 58 032 137 194 Neg Neg
Superiore 2008
36 White wine Frascati PTC 25 Yes 13.04 13.13 1.5 099041 3,23 19.7 192 56 034 1.32 216 Neg Neg
Superiore 2008
37 Lugana 2008 MXL 4 Yes 12.81 13.04 3.8 099157 324 226 198 55 0.2 135 218 Neg Neg
38 Custoza 2008 MXL 5 Yes 1237 12.65 4.7 099215 3.18 219 182 53 021 1.21 142 Neg Neg
39 Chardonnay Villa Mura MXL 2 Yes 1223 1239 27 099219 324 208 191 54 023 141 220 Neg Neg
40 Pinot Grigio Trulli 2008 MXL 2 Yes 1240 12.65 42 099245 3.17 228 196 55 024 140 190 Neg Neg
41 Custoza 2009 MXL 2 Yes 1221 12.46 4.2 099253 323 227 195 54 020 142 202 Neg Neg
42 Chardonnay Feudo Sartanna  MXL 3 Yes 1334 13.50 27 099253 337 260 243 53 029 1,68 264 Neg Neg
2009
43 Pinot Grigio Villa Mura MXL 3 Yes 1221 1244 3.9 099245 330 218 189 52 027 1.55 208 Neg Neg
44  Pinot Grigio Grave 2009 MXL 3 Yes 1278 13.03 4.1 0.99221 3.34 231 200 54 027 1.72 167 Neg Neg
45  Pinot Grigio Trulli 2008 MXL 4 Yes 1240 12.63 3.8 099283 330 239 211 6.0 031 193 198 Neg Neg
46 Pinot Grigio Galico 2008 MXL 4 Yes 1221 1244 3.8 099271 327 227 199 58 025 1.60 213 Neg Neg
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Table 2 (continued)
N Wine name CAS (g/hL) BEN ASV TAS RS Specific pH TDE RE TA VA Ash TPC ELISA IMM
gravity (g/L)

47  Pinot Grigio Arcole 2008 MXL 5 Yes 12.77 13.03 43 099297 339 254 221 57 026 195 204 Neg Neg

48 Chardonnay Feudo Arancio CSD 6.6 No 13.57 13.79 3.6 099173 341 256 230 58 035 1.83 255 Neg Neg
2007

49 Chardonnay Vigneto delle CSP 5.5 No 13.12 1334 3.7 099197 345 250 223 59 038 192 268 Neg Neg
Dolomiti 2007

50 White wine Feudo Arancio CSD 6.6 No 12.89 13.08 3.1 099216 338 244 223 59 032 174 296 Neg Neg
2007

51 Pinot Grigio Mezzacorona CSD 5.7 No 12.51 12.70 3.2 0.99199 3.42 229 20.7 58 031 1.73 233 Neg Neg
2007

52 Rotary Talento Brut Arte CSD 7.2 No 1338 13.83 7.5 099290 341 279 214 63 030 1.77 226 Neg Neg
Italiana

53 Falanghina Vigne Sannite CSP 15 Yes 1191 12.16 4.1 099342 359 249 218 50 035 262 281 Neg Neg

54 Fiano Vigne Sannite CSP 20 Yes 10.85 11.14 48 099409 348 233 195 4.7 034 231 274 Neg Neg

55 Falanghna Vigne Sannite CSP 20 Yes 1249 1257 14 099171 346 223 219 56 031 263 300 Neg Neg

56 Coda di Volpe Vigne Sannite  CSP 20 Yes 1223 12.34 1.8 099183 3.32 222 214 62 033 213 356 Neg Neg

57 Greco Vigne Sannite CSP 20 Yes 12.58 12.66 14 0.99171 3.31 228 224 65 032 221 342 Neg Neg

58 White Lambrusco Belgioioso MXL 20 Yes 10.84 11.7 143 0.99908 3.05 35.6 223 73 020 1.55 154 Neg Neg

59 Trebbiano Lamapopoli 2008  KSM 30 Yes 113 11.41 1.9 099258 337 208 199 5.0 030 230 223 Neg Neg

60 Chardonnay Lama di Mucci KSM 40 Yes 13.01 13.34 5.6 0.99391 3.32 28.9 243 63 034 209 200 Neg Neg
2009

61 Bizantino Rosé Salento 2008  PTC 30 Yes 12.6 12.92 54 09931 337 258 214 53 025 221 356 Neg Neg

62 Lambrusco Rosé Borso d’Este  MXL 20 Yes 10.61 11.49 146 099999  3.22 368 232 7.0 021 197 420 Neg Neg

63 Lambrusco Borso d’Este MXL 30 Yes 1049 11.42 155 1.00197 3.05 414 269 75 026 222 1429 Neg Neg

64 Lambrusco Nero di Corte MXL 30 Yes 1045 11.19 124 1.00197 3.08 414 300 65 02 220 3317 Neg Neg

CAS = caseinates; BEN = bentonites.

Caseinates: AC = alpha caseinate; CP = caseinato di potassio; CC = Caseo Cell; CDC = Clarasi DC; CSD = Clarito Spray Dry; CSP = Clarito SP; KSM = Kaseomax; M96 = Micron 96;
MXL = Micron XL; PCS = potassium caseinate S; PTC = Protoclar; VS = Vinpur Special.
Physicochemical parameters and analyses: ASV = alcoholic strength by volume (mL/100 mL); TAS = total alcoholic strength (mL/100 mL); RS = reducing sugars (g/L); TDE = total
dry extract (g/L); RE = reduced extract; TA = total acidity (g/L); VA = volatile acidity (g/L); TPC = total phenolic compounds; ELISA = enzyme-linked immuno sorbent assay;

IMM = immunoblotting.

2.3.7. Ash

The wine extract was ignited at 500-550 °C until complete
combustion (oxidation) of organic material had been achieved.
The amount of ash was obtained by weighing the residue after
sample combustion using a balance having a sensitivity of 0.1 mg
(OIV-CENDRE, 2009).

2.3.8. Total dry extract and reduced extract

The wine total dry extract was calculated indirectly from the
specific gravity of the alcohol-free wine, after measuring the spe-
cific gravity at 20 °C of the wine and of the water-alcohol mixture
obtained by distillation of the wine sample. The reduced extract
was calculated as the difference between the total dry extract
and the reducing sugars in excess of 1 g/L (OIV-EXTSEC, 2009).

2.3.9. Total phenolic compounds

Total phenolic compounds were measured using a modified
version of the Folin-Ciocalteau Method (OIV-INFOL, 2009). All wine
phenolic compounds were oxidized by Folin-Ciocalteau reagent.
After dilution, wine samples were mixed with Folin-Ciocalteau
reagent and sodium carbonate (Merck KGaA, Darmstadt, Germany);
absorbance was measured by spectrophotometry at 760 nm.

2.4. SDS-PAGE

2.4.1. Gradient running gel

The composition of the gradient running gel was: 9-19% acryl-
amide; 0.08-0.17% bis-acrylamide; 0.36 M Tris—HCI buffer pH 8.8;
35% glycerol; 0.1% SDS; 0.02% ammonium persulfate; and 0.15%
N,N,N',N'-tetramethylenediamine (TEMED).

2.4.2. Stacking gel

The composition of the stacking gel was: 3.5% acrylamide;
0.09% bis-acrylamide; 0.125 M Tris-HCl buffer pH 6.8; 0.1% SDS;
0.02% ammonium persulfate; and 0.15% TEMED.

2.4.3. Running buffer

The composition of the running buffer was: 25 mM Tris, 0.19 M
glycine and 0.1% SDS (w/v), pH 8.8. For further details, see Ballabio
et al. (2007). All reagents were from BioRad (Segrate, M, Italy).

2.4.4. Sample buffers
The composition of the 2x sample buffer was: 0.25 M Tris-HCl
buffer pH 6.8, 22.5% glycerol, 2% SDS and 5% B-mercaptoethanol.
The composition of the 4x sample buffer was: 0.50 M Tris-HCl
buffer pH 6.8, 45.0% glycerol, 4% SDS and 10% B-mercaptoethanol.

2.4.5. Standard preparation
Standard caseinates were solubilized at a concentration of
2 mg/mL in water and then mixed 1:1 (v/v) with 2 x sample buffer.

2.4.6. Sample preparation
Wine samples were mixed 3:1 (v/v) with 4x sample buffer and
25 pL were loaded onto the gel.

2.4.7. Gromova staining

After electrophoresis, gels were stained according to Gromova
and Celis (2006). Protein detection depends on the binding of silver
ions to the aminoacid side chains, primary the sulfhydryl and car-
boxyl groups of proteins, followed by reduction to free metallic sil-
ver. The protein bands are visualized as spots where the reduction
occurs and, as a result, the image of protein distribution within the
gel is based on the difference in oxidation-reduction potential be-
tween the gel area occupied by proteins and the free adjacent sites.

2.5. Immunoblotting

After SDS-PAGE, proteins were transferred to PVDF membrane
(Millipore, Vimodrone, M, Italy) by western blotting in a Trans-blot
Electrophoretic Transfer Cell (Bio-Rad). The membranes were
blocked with 1% gelatin and washed three times with 0.25% gelatin
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solution (in 150 mM NaCl, 5mM EDTA, 50mM Tris, 0.05%
Triton-X) to prevent nonspecific adsorption of the immunological re-
agents. The membrane was then immersed in 10 mL of 0.25% gelatin
solution containing 10 pL of rabbit anti-caseinate IgG polyclonal anti-
bodies. The antibody was developed for this research by using total
casein fraction (Sigma-Aldrich, Milan, Italy) for immunization; the
same antibody was used both in immunoblotting and ELISA test
(Restani, Ballabio, Mottini, & Tarantino, 2009).

Antigen-IgG complexes were detected using 10 pL of goat
anti-rabbit IgG antibodies labelled with alkaline phosphatase
(Sigma-Aldrich). The developing solution contained 15% bromo-
chloroindolyl phosphate (BCIP) and 30% nitro blue tetrazolium
(NBT) (Sigma-Aldrich) in alkaline phosphatase buffer (100 mM
Tris-HCI, pH 9.5, 100 mM NaCl, 5mM MgCl,). Tests were
performed at least three times.

2.6. ELISA test

An ELISA kit (Casein Wine Kit, Euroclone S.p.A., Pero Milano),
specifically modified for the quantification of caseinates in wine,
was used (Restani et al., 2009). It is a sandwich ELISA where the
microplate is first coated with the specific anti-casein antibody
also used in immunoblotting; after incubation with the wine sam-
ple a secondary anti-casein antibody conjugated with horse radish
peroxidase (HRP) is added to form a sandwich. To determine the
detection limit (LOD) and the quantification limit (LOQ) the proto-
col described in the OIV “Compendium of international methods of
analysis” E-AS1-10-LIMDET (OIV-LIMDET, 2009) was used. The
limits were calculated according to the procedure “Determination
on blank” using the data from 10 laboratories participating in a
collaborative interlaboratory study. For quantification, standard
solutions contained increasing amounts of a fining caseinate (Pro-
tean 100, Dal Cin, Sesto San Giovanni, M, Italy) were used. Wine
samples were diluted 1:5 (v/v) with the buffer supplied with the
kit. Tests were performed at least three times.

3. Results

This study included 16 experimental and 63 commercial wines
fined with the aid of caseinates with or without bentonites; all
samples were microfiltered. Untreated wines were examined in
parallel as negative controls.

3.1. Physicochemical characteristics

The physicochemical properties of wine samples were exam-
ined in order to identify (in case residues were detected) parame-
ters most likely to inhibit or promote the elimination of allergens
during the fining process. Although the selection was performed
only among Italian wines, the wide variety of samples considered
makes the results significant also for the international market.
Few rosé and red wines were examined since in Italy caseinates
are rarely used in these products. Data are reported in Table 1
(experimental wines) and Table 2 (commercial wines).

3.2. SDS-PAGE and Gromova staining

After the optimization of SDS-PAGE method, its detection limit
was determined by loading decreasing quantities of enological
caseinates. LOD was 8.6ng of caseinate, corresponding to
0.43 ppm in the wine sample due to the sample dilution (data
not shown).

The method was then applied to wine samples. To assess the
usefulness of this technique to quantify allergenic residues, some
caseinate-free white wine samples were also analyzed. As an

example, Fig. 1 shows the electrophoretic separation of some com-
mercial wines and an untreated sample.

Several bands are visible in the gel, even when wines were not
fined with caseinates. Unfortunately, the proteins present in wine
(Dizy & Bisson, 1999) have electrophoretic properties similar to
those of caseinates. The wine samples were always assessed by
SDS-PAGE, but the results were not considered specific enough
for caseinate detection and are not described in this paper in detail.

3.3. Specificity of anti-caseinate antibody

The quality of antibody is critical in immunochemical determi-
nations; for this reason the antibody specifically developed for this
research was characterized by its binding capacity for the main
proteins contained in fining agents (o- and B-caseins) and their
possible proteolytic fragments (y-caseins).

Fig. 2 shows the electrophoresis (left) and immunoblotting
(right) of an enological caseinate alongside the purified caseins
from cow’s milk. In the fining agent, o- and B-caseins are clearly
visible and identifiable.

As Fig. 2 (right) shows, the specificity of the antibody used both
in ELISA test and in immunoblotting is capable of detecting each
casein fraction, although it was developed mainly against o~ and
B-caseins. The antibody also recognized the proteolytic fragments
of B-casein (y-caseins), which guarantees the detection of casein
in commercial wines even when there has been proteolysis during
the maturation.

The specificity of antibody was also assayed with most fining
agents used in experimental and commercial wines. All tested fin-
ing agents were specifically recognized by the antibody (data not
shown); the differences observed depended on the percentage of
caseinate present in each product as described in Section 2.

3.4. Immunoblotting

3.4.1. Detection limit of immunoblotting

Through the loading of decreasing quantities, it was possible to
determine the lowest detectable amount of enological caseinates;
this value was below 1 ppm in the wine sample. This limit could
be reduced by concentrating the wine sample, but it was consid-
ered low enough to confirm data from the ELISA test.

yi-cas -
Y2+3.0aS -~

MK EC 10 11 12 uw 14 15

Fig. 1. SDS-PAGE of commercial wine samples fined with caseinates and an
untreated experimental wine. EC = potassium caseinate (fining agent); 10 = Moscato
d’Asti; 11 = Gavi DOCG; 12 = Trebbiano di Modena; UT = untreated wine; 14 = Solbri
DOC; 15 = Greco di Tufo DOCG; MK = molecular weight standard solution.
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Fig. 2. SDS-PAGE (left) and immunoblotting (right) of a fining agent containing caseinate and purified casein fractions from cow’s milk. EC = enologic caseinate; B+y=f+7y
casein; B = B casein; o = o-casein; K = Kk casein; Cas = standard total casein; MK = molecular weight standard solution.
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Fig. 3. Immunoblotting of commercial wine samples fined with caseinates and an untreated experimental wine. EC = potassium caseinate (fining agent); 10 = Moscato d’Asti;
11 = Gavi DOCG; 12 = Trebbiano di Modena; UT = untreated wine; 14 = Solbri DOC; 15 = Greco di Tufo DOCG; MK = molecular weight standard solution.

3.4.2. Immunoblotting of wine samples

An example of immunoblotting performed on wine samples is
shown in Fig. 3. Samples shown in this figure are the same loaded
onto SDS-PAGE illustrated in Fig. 1. All experimental and commer-
cial wines tested in this project were analyzed by immunoblotting
and were free from residues of caseinates as reported in Tables 1
and 2, respectively. As expected, all untreated samples were free
from caseinate.

3.5. ELISA

The ELISA sandwich test specifically developed for this project is
now commercially available. According to the collaborative inter-
laboratory study, this method showed a reliable limit of detection
equivalent to 0.28 ppm and a limit of quantification of 0.76 ppm,
and quality parameters (reproducibility, repeatability and robust-
ness) in line with the criteria established by the OIV in the Com-
pendium of International Methods of Analysis (OIV-ETCOL, 2009).

All the samples proved to be free from detectable allergenic res-
idues, irrespective of the physicochemical characteristics of the
wine, type and dosage of fining agent used and enological practices
applied to experimental and commercial wines as reported in
Tables 1 and 2, respectively. As expected, all untreated samples
were free from caseinates (data not shown).

4. Discussion and conclusions

The prevalence of food allergy in adults is lower than in children
and clinical data show wide heterogeneity, possibly because of
differences in study design and methodologies. Moreover, there is

a significant discrepancy between perception of food allergy and
the results of the double-blind placebo-controlled food challenges
(actual prevalence) both in adults and in young subjects (Roehr
et al., 2004; Young, Stoneham, Petruckevitch, Barton, & Rona,
1994). According to the study by Asero et al. (2009a, 2009b) per-
formed in 17 Italian allergologic centres, the percentage of subjects
suffering for food and milk allergy among adults are respectively 2%
and 0.062%; moreover, in the case of milk allergy in adulthood the
frequency of anaphylaxis is very rare. Similar prevalences were re-
ported by other authors (Osterballe, Hansen, Mortz, Hest, & Binds-
lev-Jensen, 2005; Sicherer & Sampson, 2006).

As to the risk associated to wines fined by caseinates, we can
unequivocally state that because the number of adults suffering
for milk allergy is low and because of the undetectable levels of
residues we found, clinical reactions to fined wine will be highly
improbable. Kirschner, Belloni, Kugler, Ring, and Brockow (2009)
did show that some patients gave a skin-prick test positive to
wines fined with caseinates, but the subjects actually tolerated
the same product assayed by double-blind, placebo-controlled
food challenge.

Our investigation showed residues of less than 0.28 ppm in all
the wines examined. This result was independent of the physico-
chemical characteristics of the wines, despite the wide range of
values for each parameter included; the type and dosage of fining
agent that had been used (20-50 g/h L of caseinate for experi-
mental and 2-40 g/h L for commercial wines) and the enological
practices applied (use or not of bentonite in both experimental
and commercial wines) apart from microfiltration.

We nevertheless searched for further data that might indicate
the need to protect the most sensitive subjects. Some authors have



1444 P. Restani et al./Food Chemistry 134 (2012) 1438-1445

determined milk protein thresholds: Taylor et al. (2002) summa-
rized the work of different teams and concluded that 0.33% of chil-
dren allergic to milk could react to as little as 0.6 mg of milk proteins
(see comments in Moneret-Vautrin & Kanny, 2004), while Bindslev-
Jensen, Briggs, and Osterballe (2002) defined threshold values that
would protect 99 of 100 allergic individuals as 8.6 mg of proteins
for milk, 3.4 mg for egg, 1.2 mg for peanut, and 2.2 mg for soybean,
and Bellioni-Businco et al. (1999) and Fiocchi et al. (2008) found
LOAELs of 1 and 0.1 mL of whole milk in children (approximately
36.2 and 3.6 mg of proteins, respectively).

In adults, Pastorello et al. (1989) found a LOAEL of 0.5 g of freeze-
dried milk (approximately 187 mg of proteins). In agreement with
the different values reported, the threshold of milk capable of elic-
iting an objective clinical reaction ranged between 0.6 and 180 mg
of protein. On the basis of these findings, a limit of detection
(LOD) of 0.5 ppm and a limit of quantification (LOQ) of 1 ppm was
considered amply sufficient for methods to be capable of estimating
caseinate residues in fined wines, since in the very worst case (a
child sensitive to 0.6 mg of milk protein) the subject would have
to drink 1.2 L of wine in a short time to suffer a clinical reaction;
the adult thresholds seemed to be above 10 mg. The ELISA test is
therefore amply sufficient for the routine assessment of caseinate
residues in wine.

Although the ELISA methods published previously (Rolland,
Apostolou, de Leon, Stockley, & O’Hehir, 2008; Weber et al., 2007,
2009) are scientifically sound, our method was developed specifi-
cally for wine samples, in commercial form in order to standardize
its performances and to make it available for producers and labora-
tories involved in food control. The use of mass spectrometry,
though highly sensitive and specific (Monaci, Norgaard, & van
Hengel, 2010), or animal tests (Lifrani et al., 2009) cannot be consid-
ered suitable methods for routine control.

Our results provide strong evidence of the safety of wines fined
with caseinates, and are particularly important in view of the
current assessment by the EU of the possibility of exempting case-
inates from wine labelling requirements.
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