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1 Summary
The sensorial impact of four different allergen free fining agents and the potential
allergen casein for comparison, was examined on a medium-sweet Primitivo di
Salento IGT.
Firstly, two panels of Swiss wine professionals determined the optimum dosage level
of each fining agent in preference tastings. Subsequently, the five preferred wines
(for each fining material) were compared to a non-fined control sample in a
preference tasting by the same two panels.
Finally, triangle test tastings between the control and the most preferred allergen free
sample, Polyclar, as well as the control and casein-fined, as overall most preferred
sample, were conducted by a total of 82 average consumers. Statistically significant
results for taste difference were attained.
A cost analysis was made, based on product cost, wine loss and speed of
clarification for the fining products.
Chemical analysis of the trial samples showed only a small influence on major wine
components, which however varied between fining agents.
This study revealed best overall performance of casein in sensory analysis, while
second best ranking from the economic aspect. Out of the four allergen free fining
agents, Polyclar exhibited best results for sensory quality while obtaining the third
best ranking on economic grounds.
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2 Introduction
2.1 Background
Fining is a procedure for clarifying and purifying liquids. In wine it is mainly used for
two reasons: i) prevention of haze and ii) removal of phenolics, mainly tannins, to
improve the balance and taste of the wine. Fining agents are composed of colloid
materials that can be used to remove other undesirable colloids (protein, phenolics)
from the wine. Colloids in solution carry (+) or (-) charges that will form electrostatic
bonds with oppositely charged colloids and the neutralized combination precipitates.
Fining helps to achieve wine clarification and stabilization that would occur naturally,
given sufficient time. It has been performed traditionally in winemaking to achieve
physical stability e.g. protein removal, clarity by removal of hazes or haze causing
substances and to improve the phenolic character of wines by removing tannin or to
remove colour. With growing importance of the sensory quality of wine, fining agents
are increasingly used to improve the balance and sensory appeal in many wines
(Maury et al., 2003).
Nowadays, many winemaking techniques focus on producing more palatable wines
which express their potential as soon as possible. Commercially successful red
wines for the mass market such as J.P. Chenet or Yellow Tail have a smooth
mouthfeel, due to soft tannins and an off-dry style with intense fruit flavours. The
wine used in the trial has a similar style and market positioning.
Astringency is an important sensory characteristic of red wine quality. The sensation
gives a drying mouthfeel and is generally thought to be produced by interaction of
wine tannins with salivary proteins and the subsequent aggregation and precipitation
of protein-tannin complexes. The importance of wine astringency for marketability
has led to a wealth of research in the causes of astringency and how tannins impact
the quality of the sensation, particularly with respect to tannin structure (McRae and
Kennedy, 2011).
In winemaking, red wines are often treated with protein-fining agents to remove part
of the phenolic substances, thus preventing colloidal precipitation, but also to reduce
harshness and astringency of the wine. Proteins used for fining interact with wine
tannins by a mechanism similar to that occurring with saliva during tasting. Common
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fining agents are animal proteins such as egg white, bovine gelatin and caseinates,
all of which are positively charged at wine pH (Boulton et al., 1996).
These proteins interact with polyphenols to form complexes which are removed from
the wine by decanting, centrifugation or filtration.
The removal of protein-reactive tannins results also in the reduction of astringency
thus affecting wine sensory properties. The intensity of perceived astringency is an
important determinant of consumer response to red wine, astringency descriptors
accounting for more than half of the total terms in the mouthfeel wheel proposed for
describing the characteristics of red wine (Gawel et al., 2000).
The type of fining agent used, as well as the fining rate, can affect the aroma and
flavour of wine, and the aroma and flavour of wine continues to change while it is in
the bottle (Pollnitz et al., 2003).
It is widely accepted that wine quality depends directly on astringency levels (Gawel,
1998). Due to the consumer’s demand for young and promptly consumable wines,
fining is still and maybe even more relevant today. Improvement of sensory
properties and especially reduction in off-flavours (e.g.H2S), bitterness and excessive
astringency by fining has been widely discussed over the last 15 years.
By the very nature of the fining process, the finished wine does not contain any of the
added fining substances, because all of the fining agent will have reacted with the
colloids in wine and then have been removed by racking or filtration. Fining agents
should be regarded as processing aids, not ingredients, since they are only present
in minute amounts after fining treatments and their trace levels are very hard to
detect in wine. In previous trials, no detectable allergenic residues were found in
wines treated with caseinates (Restani et al., 2012) or egg whites (Uberti et al.,
2013).
There is also still no definitive scientific proof that these compounds cause allergic
reactions when used for fining and at the residue levels in finished wines (Simonato,
B. et al., 2013; D’Amato et al., 2010).
No adverse patient reaction could be detected in tests with fined wine (Kirschner et
al., 2009). Among patients consuming wine, reported reactions by skin prick test
were few and mild and due to extremely high dosage levels for casein
(Vassilopoulou, E. et al., 2011).
However, since July 2012, European Union legal obligations require fining agents
based on animal proteins at concentrations above 0.25 mg/L in wine to be labeled.
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This legal obligation exists already since 2002 in Australia and New Zealand. Most
wine producers and bottling companies prefer avoiding such a declaration, in order to
prevent consumer concerns. This obligation represents also a potential limit of
marketability to certain consumer segments like vegans and also introduces
additional costs. Suppliers of oenological products have developed new fining agents
free of dairy and egg allergen proteins for their use in must and wine. This urged a lot
of wine producers and bottling companies to switch from traditional fining agents. No
systematic studies on sensorial impact of allergen free fining agents have been
published so far.

This research paper will investigate the sensorial impact of four different fining
agents, without egg or dairy allergen compounds, in comparison to one traditional
fining agent, skim milk, containing casein, on a commercially important red wine, a
Primitivo di Salento IGP. The goal of this study is to determine the most favorable
allergen free fining agent in terms of taste, dosage level, costs and efficiency of
fining.
Although the emphasis of the research lies on the sensorial impact, results will also
investigate the impact on major wine components as well as a cost-benefit-analysis.

4

3 Research Methodology and Materials
3.1 Materials
Wine
Four fining agents without allergen compounds and one traditional fining agent,
casein, for comparison, were tested on a medium-sweet Primitivo di Salento IGT (20
g/L of residual sugar). This red wine from Italy was selected since it is a popular wine
in Switzerland due to fruity character, soft tannins and low to moderate acidity.
Leading Swiss wine retailer Coop lists 19 Stock keeping units (SKU’s) of this wine on
its website (www.mondovino.ch), which indicates its popularity.
The wine was imported in bulk to Switzerland in stainless steel ISO tanks, holding up
to 26,000 liters. On arrival at the winery, it was cross-flow filtered at 0.45 μm pore
size, but not fined.

Fining agents
Three different dosage levels for each fining agent were used, the lowest and the
highest as recommended by the suppliers, as well as a median level.
The fining agents used in the trial are listed in Table 1 and their fact sheets can be
found in the appendix A5.

Table 1. Fining agents and their dosage levels used in the trial
Name &

Ingredients

supplier
Polyclar
Lamothe Abiet

Harmovin CF
Erbsloeh

Price

Description

per kg
PolyVinylPoly
Pyrrolidon
(PVPP)
Gelatin,
PVPP,
silicates

Synthetic,

CHF

protein free

CHF

PVPP,
Polymix natur’

calcium

27.00

Lamothe Abiet

bentonite,

CHF

yeast hulls

mg/L

31.50

33.00

Dosage levels in

100, 350, 600

Combined,
natural and

100, 450, 800

synthetic
Combined,
natural and

150, 550, 950

synthetic
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Vegecoll
Laffort

Protein
extract from
potatoes

Single natural

CHF

agent

10, 30, 50

0,25, 0,75, 1,25 ml/L

Skim milk
Coop

56.00

casein

Naturaplan

2.00

Traditional

corresponding to

CHF/L

milk protein

6,75; 20,25, 33,75
mg/L of casein

Control
CHF = Swiss Francs
Skim milk dosage levels are calculated as casein according to Schlimme & Buchheim
(1995) and have been chosen according to the winery’s experience for sensory
corrections of wines (Carrupt, pers. comm. 2015). Therefore, the chosen dosage
levels are lower than those reported in literature (Rankine, 2004), which indicate
dosage levels also for other purposes such as brightening the colour or removing offflavours. A non-fined control was used for sensorial comparison and chemical
analysis.
For each dosage level, a batch of 10 liters of wine was used and after four days of
contact time bottled manually after careful decanting, without filtration, in 100 cl
bottles with crown cap and 50 cl bottles with screw cap. Once bottled, all the bottles
were stored at 10 to 12°C. In addition to the fining batches, three replicates of each
dosage level for each fining agent on laboratory scale of 200 mL were made. This
then provided the replicates for chemical analysis. Suspensions of the fining agents
were made for this purpose in order to facilitate the addition to such small wine
volumes.

3.2 Chemical analyses
Chemical analyses of the trial samples were made on a Foss WinescanTM Auto with
Fourier Transform Infrared Spectroscopy in a laboratory of a wine importing and
bottling company in Switzerland. Major wine components such as alcohol (%), pH,
total acidity expressed as tartaric acid (TA g/L), residual sugar (RS g/L), colour
density (a.u.) and polyphenolic content expressed as Folin-Ciocalteu Index (unitless)
were measured for all wine samples in duplicate for the four replicates.
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The level of various metal ions in each wine sample was detected in duplicate with
specific analysis using inductively coupled plasma atomic emission spectroscopy
(ICP-AES) on a Varian Vista-MPX by an external accredited laboratory (Institute
Heidger, Osann-Monzel, Germany).
Wine samples treated with casein were analysed for traces of animal proteins with
the enzyme-linked immunosorbent assay (ELISA) by the same accredited laboratory.
A specific test kit for the quantification of casein in wine and food was used,
RIDASCREEN®FAST Casein from R-Biopharm AG, Darmstadt, Germany.

3.3 Sensory Evaluation
In a first step, the ideal level of fining agent matching the preferred wine style was
determined. Each of the wines treated with five fining agents at three dosage levels
(low, intermediate, high) was tasted blind by two different panels of experienced,
high-involvement tasters. The first panel was formed by 19 Swiss wine professionals
including oenologists, trade members and WSET diploma level holders. The second
panel was formed by 15 Swiss WSET diploma level holders or students, all working
in the wine business. The panels were asked to select the preferred wine in each
bracket according to smoothness and harmony of the wine, as well the fruit intensity
and the overall impression.
The ISO 11136:2014(E) was taken as a guideline for the conduct of all hedonic
tastings. Results were statistically analysed according to ISO 8587 by the Friedman
test, the applied method being of non-parametric nature. The Friedman test (Analysis
of variance by ranks, ANOVA) gives the maximum opportunities for demonstrating
recognition by the assessors of differences among the samples. The test is applied
where all assessors have ranked the same number of products.
Where it is concluded by the Friedman test that there are consistent differences
among the rank orders of the products, then to determine which products are
significantly different, the Least Significant Difference (LSD) is calculated at a chosen
risk level(α=0.05 or α=0.01) (ISO 8587).
All assessments were conducted under the same test conditions. Samples were
presented in random order and the role of the assessors was to place them in rank
order on sensorial preference. The assessors were instructed to avoid tied ranks.
To confirm these results, the Kramer test, an additional statistical analysis was
applied. The Kramer test does basically what the Friedman two-factor ANOVA does;
7

it is a related samples design, testing whether there are any differences between two
or more treatments. It merely categorizes the treatments into: significantly higher,
medium, significantly lower (O’Mahony, 1986).
The second stage of sensorial investigation was a tasting by the same two panels on
the same occasion. The five preferred wines (one for each fining material) had to be
ranked in order for the preferred wine, thus fining material, together with the control
sample. The ISO Norm 11136:2014(E) was taken as a guideline for the conduction of
the preference tasting.

Finally, a triangle test tasting between the control sample and the best ranked
allergen free sample of the preference test, Polyclar, as well as a casein treated
sample – since it was the overall best ranked sample -, were presented to a total of
82 average considered consumers. ISO 4120:2004(E) was chosen as a guideline for
conducting the triangle test tastings, with the modification that the assessors had to
choose a preferred sample after having decided which one was the odd sample.
The data from the triangle test were analysed for statistical significance at the stated
α-risk of 0.05 (confidence level 95%) using a table from ISO 4120:2004(E).
The data of the subsequent preference test were analysed for statistical significance
at a probability level of 0.05 using a table from Roessler et al. (1978), regarding the
minimum number of agreeing judgements for Paired-Preference tests.

3.4 Cost-benefit analysis
For each fining agent, a cost benefit analysis has been calculated, based on fining
product costs and wine loss after a half day, one and two days of fining agent
settling. Samples were poured after addition of the fining agent into a 500 ml column
and the amount of sediment was measured after 12, 24 and 48 hours.
The registered wine loss represented by the lees of the wine was estimated on the
basis of the wholesale value of the wine of 5 CHF/L and was added to the product
costs for the fining. Clarification rate after fining could not be expressed as a numeric
value, but was taken into account as additional positive or negative factor for each
sample.
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4 Results, Analysis and Discussion
4.1 Tastings
Three different dosage levels of the fining agents were tested: lowest and highest as
recommended by the suppliers, and their median level as presented in Table 1.
4.1.1 Preference tastings
Preference tastings of three dosage levels of the same fining agent
In a first step, the optimum dosage level of each fining agent, resulting in the most
preferable wine style with soft tannins was determined.

The assessors ranked samples accordingly with rank 1 as most preferred, rank 2 as
second best and rank 3 for the least favored sample. The rank sum total for each
dosage level is presented in the following six tables. The lower the rank sum, the
more preferred the sample were.
Table 2 shows tasting results for Vegecoll. The aggregate rank sum total of the two
panels shows that the lowest rank sum was given for the medium concentration with
no statistically significant difference between the three samples according to the
Friedman test (Analysis of variance by ranks, ANOVA). The detailed calculations of
the statistical analysis can be found in the appendix A2.
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As can be seen in Table 3, Polymix natur’ showed equal rank sums for the medium
and the highest concentration but highest scores for the minimum dosage. No
significant difference could be found for the total rank sum as well as for the different
panels.

The rank sum totals for Polyclar as seen in Table 4, did not demonstrate a
statistically significant difference in the preference of the three tested concentrations.
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The rank sum totals for the preference tastings for Harmovin CF are shown in Table
5. They did not show any statistically significant difference between the three tested
concentrations.

The total rank sums on aggregate for casein in Table 6 show the lowest rank sum for
the medium concentration without any statistically significant difference. The rank
sum total of the Basel panel showed the lowest rank sum for the lowest dosage level
of casein without any statistically significant difference. The rank sum total in the
Zurich panel was the lowest for the medium dosage level and it was the only result of
the single panels where it can be concluded that there is a statistically significant
difference compared to the minimum and maximum dosage levels according to the
Friedman test with a stated α-risk level of 0.05. The fact that the highest dosage level
of casein had the highest rank sums in both panels, being the least preferred sample,
suggests a negative fining effect with higher dosage levels. Some assessors noted a
strange kind of flavour in the nose for casein at the higher dosage level in
comparison with the other two samples.
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Summary of the preference tastings of the three dosage levels for each fining
agent.
The results of the Basel panel in Table 7 show that for four fining agents in the trial
the medium dosage level had the lowest rank sum. Only with casein the minimum
dosage level had the lowest rank sum. Perhaps the absence of clearly detectable
sensory differences within the wine samples treated with the same fining agent led
the assessors to choose the medium dosage level as preferred, as an average
choice. There were no statistically significant results from this panel.
Table 7. Ranking of the preferred dosage levels by the Basel panel
Basel Panel Rank

Dosage level

Vegecoll

1

Medium dosage
level 30 mg/L
2

Maximum dosage
level 50 mg/L
3

Minimum dosage
level 10 mg/L

1

Medium dosage
level 550 mg/L 2

Maximum dosage
level 950 mg/L
3

Minimum dosage
level 150 mg/L

1

Medium dosage
level 350 mg/L 2

Minimum dosage
level 100 mg/L
3

Maximum dosage
level 600 mg/L

1

Medium dosage
level 450 mg/L 2

Maximum dosage
level 800 mg/L
3

Minimum dosage
level 100 mg/L

Minimum
dosage
level 2
6.75 mg/L

Medium dosage
3
level 20.25 mg/L

Maximum dosage
level 33.75 mg/L

Polymix
natur'
Polyclar
Harmovin
CF

Casein/skim
1
milk

Rank Dosage level

Rank

Dosage level
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The results of the Zurich panel in Table 8 show more scattered results for the
different dosage levels. For three of the fining agents, the maximum dosage level had
the lowest rank sum total, for one it was the medium and for one the minimum
dosage level. The results for the casein samples are significantly different according
to the Friedman test with a stated α-risk level of 0.05.
Table 8. Ranking of the preferred dosage levels by the Zurich panel
Basel Panel Rank

Dosage level

Vegecoll

1

Medium dosage
level 30 mg/L
2

Maximum dosage
level 50 mg/L
3

Minimum dosage
level 10 mg/L

1

Medium dosage
level 550 mg/L 2

Maximum dosage
level 950 mg/L
3

Minimum dosage
level 150 mg/L

Medium dosage
level 350 mg/L

Minimum dosage
level 100 mg/L

3

Maximum
dosage level 600
mg/L

Medium dosage
level 450 mg/L 2

Maximum dosage
level 800 mg/L
3

Minimum dosage
level 100 mg/L

Minimum
dosage
level 2
6.75 mg/L

Medium
dosage
3
level 20.25 mg/L

Maximum
dosage
level
33.75 mg/L

Polymix
natur'
Polyclar

1
Harmovin
CF

1

Casein/skim
1
milk

Rank Dosage level

2

Rank

Dosage level

The aggregate rank sums of the two panels for each fining agent show a trend
without reaching significance level. This can be seen in table 9. For four of the five
fining agents in the trial, the dosage level with the lowest rank sum and thus the
preferred one was the medium level. Also for the fifth fining agent, Polymix natur’, the
medium dosage level had the lowest rank sum ex-aequo with the maximum dosage
level. None of the preference tastings for a single fining agent showed statistically
significant results, except for the casein tasting by the Zurich panel. However, the
direct comparisons between the different fining agents in the second stage of the trial
have demonstrated several statistically significant results. These details will be
presented in the following section.

The assessors were asked to write down short comments for the preference tastings
and some of them, especially those with an oenology background, had made the
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observation that the differences within a tasting of the same fining agent, even at
large differences in dosage levels, were sensorially less obvious than for the
comparison between the various fining agents. This would allow the conclusion that
each fining agent has a specific effect on a certain wine because of its composition
and that in order to obtain the best results for sensory corrections on a certain wine,
the choice of the most appropriate fining agent is more important than the dosage
level used.

Table 9. Aggregate scores of the two panels for the dosage levels of each
fining agent
Basel Panel Rank

Dosage level

Vegecoll

Medium dosage
level 30 mg/L

1
Polymix
natur'

1

Polyclar
1
Harmovin
CF

1

Casein/skim
1
milk

Medium dosage
level 550 mg/L
Medium dosage
level 350 mg/L
Medium dosage
level 450 mg/L

Rank Dosage level

2

2

2

2

Minimum
dosage
level 2
6.75 mg/L

Maximum dosage
level 50 mg/L
Maximum dosage
level 950 mg/L
Minimum dosage
level 100 mg/L
Maximum dosage
level 800 mg/L

Rank

Dosage level

3

Minimum
dosage level 10
mg/L

3

Minimum
dosage level 150
mg/L

3

Maximum
dosage level 600
mg/L

3

Minimum
dosage level 100
mg/L

Medium
dosage
3
level 20.25 mg/L

Maximum
dosage
level
33.75 mg/L

Preference tasting between the preferred dosage levels of the different fining
agents
The second stage of the sensorial research was a blind tasting on the same occasion
by the same two panels between the five preferred wine samples (for each fining
material), that had to be ranked in order for the preferred wine, thus fining material,
together with the control sample.
For most of the fining agents different concentrations were submitted in this second
stage to the two panels, as they had not preferred the same dosage levels of the
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different fining agents. Nevertheless, the two results have been summed up for total
results referring to a fining agent in general, not just to one dosage level of it.

Basel panel
Table 10 represents a comparison of the best ranked dosage levels of each fining
agent against each other and against a control sample, tasted by the Basel panel.
The casein sample had by far the lowest rank sum total. All results showed a
statistically significant difference with a stated α-risk level of 0.05. It can be therefore
concluded that there are consistent differences among the rank orders of the different
fining agents.
If it is concluded by the Friedman test that there are consistent differences among the
rank orders of the products, then the next step is to determine which products are
significantly different. This was tested by calculating the Least Significant Difference
(LSD) at a chosen risk level (α= 0.05 or α= 0.01).
According to this analysis it can be concluded with a stated α-risk level of 0.05 that
significantly different ranks have been given to casein versus Polyclar, Harmovin CF,
Polymix natur’ and Vegecoll, but not versus the Control sample.
Also with a stated α-risk level of 0.05 it can be concluded that significantly different
ranks have been given to the Control sample versus Polymix natur’.
No other statistical differences according the ISO Standard 8587 analysis were
apparent.
To confirm these results, an additional statistical analysis using the Kramer test was
applied. This analysis showed for the aggregate rank sums of the five fining agents a
statistically significant difference with a stated α-risk level of 0.05 and also with an αrisk level of 0.01 because of the rank sum for casein, which was more extreme to the
first tabular values corresponding to the two risk levels.
The second tabular values of the Kramer test show that the rank sum of casein is
significantly lower than the others with a stated α-risk level of 0,01. The rank sum of
Polymix natur’ is significantly higher than the others with a stated α-risk level of 0.05.
The detailed analysis is presented in the appendix A2.2.
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Zurich panel
The same tastings were conducted by the Zurich panel but at different dosage levels
in some cases. The results as presented in Table 11 did not show any statistically
significant difference between the six samples according to the Friedman test, nor
the Kramer test. The rank sum totals of the different fining agent samples were too
close together. This panel rated casein and the control sample equal, with the lowest
rank sum.

Total rank sum of the two separate panels on aggregate
These results obtained by the addition of the rank sums of different dosage levels of
the same fining agent – which is somewhat questionable in statistical analysis 16

match the results of the Basel panel, obtained properly according to statistical
analysis. Therefore they are confirming these results. The total rank sums of the five
fining agents and the control in Table 12 shows a statistically significant difference
with a stated α-risk level of 0.01 according to the Friedman-test. It can be therefore
concluded that there are consistent differences among the rank orders of the
samples.
To determine which samples are significantly different, the Least Significant
Difference (LSD) was calculated. According to this analysis it can be concluded with
a stated α-risk level of 0.05 that significantly different ranks have been given to
casein versus Polyclar, Harmovin CF, Polymix natur’ and Vegecoll, but not versus
the control sample.
Also with a stated α-risk level of 0.05 it can be concluded that significantly different
ranks have been given to the control sample versus Polymix natur’.
No other statistical differences according to ISO Standard 8587 could be found.
Analysis with the Kramer test showed for the aggregate total rank sums a statistically
significant difference with a stated α-risk level of 0.05 and also with an α-risk level of
0.01 due the rank sum of casein, which is more extreme to the first tabular values
corresponding to the two risk levels.
The second tabular values show that the rank sum of casein is significantly lower
than all the others with a stated α-risk level of 0.01. The rank sum of Polymix natur’ is
significantly higher than the others with a stated α-risk level of 0.05.
The preference for casein may be explained by the specific and selective properties it
seems to have when used for wine fining and tannin reduction compared to other
protein fining agents (Bindon & Smith, 2013).
Previous research has shown that different fining agents do affect aroma and flavour
profiles of wine but not all flavour compounds are affected in the same way (Pollnitz
et al., 2003).

17

4.1.2 Triangle test tastings
In the third stage of the sensory research, a triangle tasting was performed between
the Control sample and the best ranked allergen free treated sample determined in
the preference tasting, the medium dosage level of Polyclar. Since the casein treated
sample was the overall best ranked sample, its medium dosage level was included in
the triangle test tastings, too. A total of 82 average wine consumers performed two
series of a triangle test each.
Two different consumer panels were used for the triangle tasting.
The first panel consisted of twenty two declared wine lovers (5 females and 17
males) from Central Switzerland, of different backgrounds. Those individuals
consume wine several days per week and had enrolled for a guided visit to a wine
importing and bottling company. Age ranged between 25 and 55 with an average age
of about 40.
The second panel was build up by sixty students (25 males and 35 females) of the
Bar College Zurich (Barfachschule Zürich), the majority of the panelists working in
the hospitality industry, a small number preparing for this profession and all of them
were enrolled in the wine workshop level I program. The age was between 20 and 45
with an average of about 30 years.
The norm ISO 4120:2004(E) was chosen as a guideline for conducting the triangle
test tastings with the modification that the consumers had to choose a preference for
one of the samples after having decided which one was the odd sample.
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These data were analysed for statistical significance using Table A.1 from ISO
4120:2004(E), see appendix A2.3.
Triangle test tastings by the wine lovers panel
The correct responses of the wine lovers panel for the triangle tastings in Table 13
shows a high significance level for identifying the different samples. For Polyclar it
can be concluded with an α-risk level of 0.001 using table A.1 from ISO
4120:2004(E), that the fined sample was different compared to the non-treated
control sample.
Also for casein it can be concluded with an α-risk level of 0.001 that the fined sample
was different compared to the non-treated control sample.
The results from this panel suggest that a large number of average consumers are
able to detect changes in tannin structure of red wine and this despite a medium
residual sugar level in the wine.

Table 13. Triangle test tasting by the wine lovers panel
Samples

Number of
Panellists

Correct responses
Significance level
of the Triangle test

Polyclar 350 mg/L
vs. Control

22

18

significant at α-risk
level of 0.001

Casein 20.25 mg/L
vs. Control

22

17

significant at α-risk
level of 0.001

Triangle test tastings by the Bar College panel
The correct responses for the consumer triangle tastings in Table 14 show a low
significance level for identifying the Polyclar sample against the control sample as
different with an α-risk level of 0.10 using table A.1 from ISO 4120:2004(E).
For casein it cannot be concluded that the fined sample was different compared to
the non-treated control sample.
According to O’Mahony (1995) and Sauvageot et al. (2012) triangle tests even
performed by accredited laboratories can lead to results departing largely from the
average. Therefore it is not surprising to see differing results between the two
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consumer panels, especially considering the different knowledge and affinity levels of
the two panels.

Table 14. Triangle test tasting by the Bar College panel
Samples

Number of
Panellists

Correct responses
Significance level
of the Triangle test

Polyclar 350 mg/L
vs. Control

60

26

significant at α-risk
level of 0.10

Casein 20.25 mg/L
vs. Control

60

22

non significant

Aggregate scores of the triangle test tastings
The aggregate results of the consumer triangle tastings showed a high significance
level for identifying the different samples (Table 15). For Polyclar it can be concluded
with an α-risk level of 0.001 using Table A.1 from ISO 4120:2004(E), that the fined
sample was different compared to the non-treated control sample.
For casein it can be concluded with an α-risk level of 0.01 that the fined samples
were different compared to the non-treated control sample.
The results of this trial suggest that a large number of average consumers are able to
detect changes in tannin structure of red wine despite a medium residual sugar level
in the wine. This contrasts with previous research on the sensory effect of protein
fining and cross-flow filtration for clarification, although at higher dosage levels than
in this trial. Only the cross-flow filtered wine sample could be perceived as different
by the tasting panel, not the samples fined with gelatin, nor with egg white
(Oberholster, A. et al., 2013).
Table 15. Aggregate scores of the consumer triangle tests
Samples

Number of
Panellists

Correct responses
Significance level
of the Triangle test

Polyclar 350 mg/L
vs. Control

82

44

significant at α-risk
level of 0.001

Casein 20.25 mg/L
vs. Control

82

39

significant at α-risk
level of 0.01
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Preference based on the triangle test tastings
In modification to the ISO Standard 4120:2004(E), the consumers had to choose a
preference for one of the samples, after having decided upon the odd sample in the
triangle tasting. The goal was to acquire evidence as to whether consumers really
are more appreciative of a wine sample that has been treated in order to obtain softer
tannins and to become more palatable than a non-treated control sample.
Only panelists with correct responses in the previous triangle tasting were taken into
account for this analysis.
The wine lovers panel did not show significant preferences for one of the fined
samples with Polyclar and with casein versus the non-treated control sample (Table
16). One might conclude that the differences in sensory quality between the samples
were too small.

Table 16. Preference based on the triangle test tastings by the wine lovers
panel
Correct
responses of
the Triangle
test

Preference for
the fined
sample

Preference for
the Control
sample

Significance
level

Polyclar 350
mg/L
vs. Control

18

8

10

non significant

Casein 20.25
mg/L
vs. Control

17

9

8

non significant

Samples

The correct responses in the triangle test of the Bar College panel (Table 17) showed
clear preferences for both of the fined samples with Polyclar and with casein versus
the non-treated control sample, considering the small sample size of N=26 & 22. In
the case of Polyclar even with a statistical significance at a probability level of 0.05
using a table from Roessler et al., 1978, regarding the minimum number of agreeing
judgements for Paired-Preference tests.
This suggests fining treatments of wines before bottling can be useful for sensorial
quality and appeal of the red wine.
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Table 17. Preference based on the triangle test tastings by the Bar College
panel
Correct
responses of
the Triangle
test

Preference for
the fined
sample

Preference for
the Control
sample

Polyclar 350
mg/L
vs. Control

26

19

7

significant at
p=0.05 level

Casein 20.25
mg/L
vs. Control

22

15

7

non significant

Samples

Significance
level

The aggregate scores in Table 18 of the two panels with a total of 44 tasters who had
correct responses in the triangle test with Polyclar preferred more often the fined
sample with Polyclar and the 39 tasters who had correct responses for the triangle
test with casein versus the non-treated control sample preferred more often the
sample fined with casein. The two results do not achieve statistical significance.
Nevertheless, it can be concluded that there are indications, that fining treatments of
the wines before bottling can be useful for sensorial quality and appeal of red wines

Table 18. Aggregate score for preference based on the triangle tastings
Correct
responses of
the Triangle
test

Preference for
the fined
sample

Polyclar 350
mg/L
vs. Control

44

27

Casein 20.25
mg/L
vs. Control

39

Samples

Preference for
Significance
the Control
level
sample

17
non significant

24

15
non significant

4.2 Chemical Analyses
The results for the total of sixteen samples (three dosage levels of five different fining
agents and the control sample) can be found in Tables 19a and 19b.
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4.2.1 Major wine components
pH value, Malic acid, Lactic acid, Acetic acid and Glycerol
Changes in the analysis results for pH value, malic acid, lactic acid, acetic acid and
glycerol were minute and no correlation can be drawn from these results. Therefore,
they are not shown in the tables.

Metal ions
Metal ion contents were analysed for each sample. The results were not significant
and are included in the appendix A3.

Total acidity (expressed in tartaric acid)
The results in Table 19a suggest there is a negative correlation. The higher the
dosage level, the lower the amount of total acidity in the wines. Only exception is
formed by Vegecoll which might be due to an outlier. The decreases are minute,
maximum loss represents two percent, which could be due to some dilution effect.

Tartaric acid
The results in Table 19a for the different fining agents suggest there is a negative
correlation. The higher the dosage level, the lower the amount of total tartaric acid
found in the wines. Maximum loss of tartaric acid was up to seven and a half percent
with Polymix natur’. Again an effect of dilution cannot be excluded.

Alcohol
A negative correlation seems evident for all the fining agents used. The higher the
dosage level of the fining agents, the lower the alcohol level. Decreases of alcohol
were up to 2.2 percent with higher dosage levels of Harmovin CF, as shown in Table
19a. This may be due to specific action or a dilution effect with higher dosage levels.

Residual sugar
Most results in Table 19a suggest a negative correlation. Highest decrease
represents six percent, but a correlation with dosage levels cannot be found.

23

Table 19a. Wine values regarding Acidity, Alcohol and residual sugar
Vegecoll
Vegecoll
Vegecoll
Polymix
natur
Polymix
natur
Polymix
natur
Polyclar
Polyclar
Polyclar
Harmovin
CF
Harmovin
CF
Harmovin
CF
Casein
Casein
Casein
Control

DL
10
30
50

TA
6.01
6.02
6.00

CV(%)
1.11
1.55
2.16

TartA
2.19
2.15
2.13

CV(%)
1.99
3.37
4.16

Alc
13.37
13.34
13.30

CV(%)
0.09
0.23
0.46

RS
20.87
20.33
20.51

CV(%)
0.54
2.13
2.48

150

6.01

1.51

2.17

1.317

13.34

0.06

20.40

2.32

550

5.97

2.14

2.14

3.339

13.28

0.14

20.29

2.09

950

5.93

2.73

2.11

3.881

13.25

0.47

20.18

2.09

100
350
600

6.02
5.99
5.96

1.75
1.52
1.47

2.18
2.14
2.12

1.959
3.092
3.02

13.34
13.29
13.25

0.37
0.87
0.46

20.32
20.47
20.19

2.20
2.62
1.78

100

6.02

1.75

2.21

0.96

13.30

0.34

20.57

2.56

450

5.97

1.89

2.16

0.957

13.21

0.87

20.53

2.41

800

5.92

2.11

2.15

1.936

13.14

1.10

20.09

3.03

6.75
20.25
33.75

6.04
6.03
6.01
6.05

1.43
1.27
1.56
0.92

2.18
2.20
2.19
2.28

1.981
2.86
2.849
1.97

13.35
13.32
13.28
13.44

0.32
0.57
0.43
0.26

20.65
20.68
20.67
21.38

2.03
2.18
2.75
2.09

DL=Dosage level in mg/L; TA=Total acidity in g/L; CV=Coefficient of variation in %;
TartA=Tartaric acid in g/L; Alc.=Alcohol in %vol.; RS=Residual sugar in g/L; n=8
measurements done (duplicates of four replicates)

Colour density
The results in Table 19b suggest a negative correlation for Polymix natur’, Polyclar
and Harmovin CF, as would be expected, but not for Vegecoll and casein.
Previous research confirmed that fined wines in general, but especially those fined
with PVPP, presented lower anthocyanin levels and colour density than unfined
wines (Castillo-Sanchez, J.J. et al., 2008). Maximum decrease is close to eight
percent.

Colour hue
The results in Table 19b for the ratio of the extinction of the yellow and brown to the
red colour suggest a negative correlation with the dosage levels of the fining agents
for Polyclar and Harmovin CF. This would suggest a specific action by removing
specifically the yellow and brown colour pigments to refresh the colour of older,
brownish wines. The other results do not indicate any changes.
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Polyphenols expressed as Folin Ciocalteu Index
A negative correlation with dosage levels was observed, as expected. The decreases
were close to six percent, as shown in Table 19b. The results suggest that fining with
Harmovin CF, Polyclar and Polymix natur’ decreases considerably the amount of
phenolics, while the use of Vegecoll and casein causes only slight decreases in
polyphenols. Lisanti et al. (2008) have found PVPP and gelatin to significantly reduce
the phenolic content. It has already been found that fining wine with protein changes
the wine composition before and after fining only minimally, even though sensory
analysis showed a decrease in astringency of the wine after fining (Maury et al., 2001
& 2003).

Colour absorption
The results in Table 19b suggest a negative correlation as would be expected, with
exception of probably one outlier. Fining agents such as egg white, casein, gelatin
and PVPP are known to reduce the phenolic content and to decrease the colour of
wines (Sarni-Manchado, P. et al., 1999; Castillo-Sanchez, J.J. et al., 2006).
Decreases in the absorbance value at 420nm, a measure of the amount of yellow
and brown colour in wine, were up to nine percent. At 520nm, a measure of the
amount of red colour in wine, the decreases were up to seven percent. At 620nm, a
measure of the amount of blue colour in wine, the decreases were up to nine
percent. Overall the same can be concluded as for the phenolic content: fining with
Harmovin CF, Polyclar and Polymix natur’ considerably decreases the colour
absorption of the wines, while fining with Vegecoll and casein causes only slight
decreases of colour.
These results suggest that for fining treatments of varietal wines with lower colour
density like Pinot noir and Grenache, fining agents like Vegecoll and casein can be
preferred to Polymix natur’, Polyclar and Harmovin CF, in order to avoid too much
loss of colour.
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Table 19b Wine values regarding colour and polyphenols
Vegecoll
Vegecoll
Vegecoll
Polymix
natur
Polymix
natur
Polymix
natur
Polyclar
Polyclar
Polyclar
Harmovin
CF
Harmovin
CF
Harmovin
CF
Casein
Casein
Casein
Control

DL
10
30
50

CD CV(%) CH CV(%) A420 CV(%) A520 CV(%) A620 CV(%)
PP CV(%)
9.65
1.53 0.98
0.36 0.855
1.87 0.871
1.93 0.204
2.42 77.54
1.63
9.59
1.66 0.99
0.40 0.851
2.16 0.864
1.69 0.203
1.46 77.30
2.33
9.74
1.93 0.99
0.82 0.865
2.01 0.873
1.29 0.211
5.92 76.40
1.24

150

9.52

1.92 0.98

1.01 0.841

2.03 0.861

2.58 0.202

1.53 77.09

1.55

550

9.25

2.95 0.97

1.02 0.816

3.21 0.838

3.88 0.196

2.99 75.58

1.49

950

9.05

4.53 0.97

0.80 0.795

4.30 0.817

4.99 0.198

4.54 75.58

2.90

100
350
600

9.50
9.27
8.97

2.02 0.97
3.47 0.97
3.36 0.94

1.63 0.835
1.59 0.814
3.31 0.777

2.04 0.864
4.27 0.841
3.45 0.825

2.80 0.202
3.76 0.199
4.61 0.191

0.89 76.65
2.53 74.50
1.50 73.64

2.15
1.55
1.63

100

9.59

1.57 0.98

0.47 0.847

1.86 0.866

1.76 0.205

0.94 76.82

2.61

450

9.24

2.72 0.96

1.18 0.811

2.52 0.842

3.54 0.196

0.42 74.76

2.43

800

9.00

3.58 0.95

2.17 0.789

3.69 0.822

4.29 0.190

1.36 74.15

2.52

6.75
20.25
33.75

9.67
9.70
9.53
9.74

1.65
1.97
1.70
1.92

77.32
77.23
77.03
78.19

1.71
1.99
2.53
1.45

0.98
0.98
0.98
0.98

0.42
0.59
0.75
0.74

0.858
0.858
0.844
0.860

2.20
2.08
1.79
1.86

0.872
0.876
0.860
0.879

1.75
2.24
1.95
2.22

0.204
0.206
0.202
0.209

1.00
2.10
1.96
1.25

DL=Dosage level in mg/L; CD=Colour density in a.u.; CV=Coefficient of variation in
%; CH=Colour hue as ratio of A420nm/A520nm, unitless; A 420= Absorbance at 420
nm in a.u.; A 520= Absorbance at 520 nm in a.u.; A 620= Absorbance at 620 nm in
a.u.;

PP=Polyphenols

expressed

as

Folin

Ciocalteu

Index,

unitless;

n=8

measurements done (duplicates of four replicates)
4.2.2 ELISA analysis of the samples fined with casein
Residues of animal proteins were investigated by the enzyme-linked immunosorbent
assay (ELISA) in the samples fined with casein. The results did not show any
detectable amounts in the samples of the three different dosage levels. Therefore the
treatment with animal proteins would not have to be declared on the wine labels. This
confirms personal communications from wine producers who failed to detect any
animal protein residues in dozens of analysed wines that had been treated with milk
or egg proteins, since this legal obligation came into force (Madrazo, pers. comm.
2015, and de Martin, pers. comm. 2015).
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4.3 Cost-benefit analysis of the fining treatments
For each of the fining agents a cost benefit analysis has been undertaken, based on
product cost and wine loss after a half day, one and two days of settling allowed for
the fining product at the respective dosage level.
The recorded wine loss represented by the lees of the wine was estimated on the
basis of the wholesale price of the wine and was added to the product costs for the
fining. For each dosage level of the different fining agent used, the product costs per
treatment were increased by the wine loss due to the lees, which resulted in the final
price per liter of wine. Speed of clarification after fining could not be expressed as a
numeric value, but was taken into account as an additional positive or negative factor
for each sample. Tables in the appendix A4 show the specific calculation for each
fining agent and its three dosage levels.
Tables 20 to 22 show the ranking according the cost calculation for the fining
treatments of the wine in the trial, separated for the minimum, medium and maximum
dosage levels. The basic value of the wine was defined with 5 CHF per liter, which
corresponds to the wholesale value of the wine.
Casein added in the form of skim milk, is the least expensive fining agent for the
minimum dosage levels, as Table 20, shows. This is no surprise given the low
purchase price of milk and the low recommended dosage level respective to the
other fining agents. The low dosage leads to low amounts of lees and hence only to
inferior wine loss. The clarification of this minimum dosage was quick, settling was
completed after twelve hours.
Vegecoll is the second least expensive fining agent for this low dosage level,
although the product is the most expensive per unit of all the commercial fining
agents in the trial. The low recommended dosage level of this product, its positive
attribute of clarifying the treated wine quickly, as well as its low wine loss due to
formation of only a small volume of lees, make it economically efficient.
Table 20 shows Polyclar as the third least expensive fining agent at low dosage level.
Polyclar shows the same quick fining effect and clarification as casein and Vegecoll,
but its recommended minimum dosage level makes it much more expensive than the
first two products.
Fining with the minimum dosage levels of these first three fining agents did not
present visible creation of lees, hence any wine loss.
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Harmovin CF is ranked fourth and therefore the second most expensive fining agent
at low dosage levels. Its cost per unit is of the same as Polyclar, but it shows a
slower clarification and settling of the lees, which results in some wine loss at this
lowest dosage level.

Polymix natur’ as shown in Table 20 is the most expensive fining agent for this low
dosage level. Its fining cost per unit is the lowest of all the commercial products, but
its recommended lowest dosage level, which is higher compared to the other fining
agents, and its slower clarification and settling of the lees, which results in some wine
loss, makes it the most expensive product.

Tables 21 and 22 show the cost ranking for the medium and the maximum dosage
levels of each fining agent. As the ranking according to the fining treatment cost was
the same for both dosage levels, the two tables are discussed in common.
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Vegecoll ranks as the least expensive fining agent for the medium and maximum
recommended dosage levels, although being the most expensive per unit of all the
commercial fining agents in the trial. The low recommended dosage levels of this
product and the positive attribute of quickly clarifying the treated wine, as well as the
low wine loss because only low amounts of lees are formed, make it economically
efficient. This contrasts with the results of the sensory analysis from the preference
rankings in Table 12, where Vegecoll was ranked second last and is thus the second
least preferred fining agent.
The cost ranking for the medium and maximum dosage levels of each fining agent
shows that casein, added in form of skim milk, represents the second least expensive
fining agent. This is no surprise given the low purchase price of milk and the low
recommended dosage level in comparison to the other fining agents. The low dosage
leads to low amounts of lees, hence only inferior wine loss. The positive aspects of
the economic efficiency of casein as fining agent are amplified by the fact that the
sensory quality of the casein treated sample was rated as best in this trial according
to the aggregate ranking scores of the two tasting panels as seen in Table 12.
Tables 21 and 22 show that Polyclar is the third least expensive fining agent for the
medium and maximum dosage levels. It demonstrates the quickest clarification effect
in this trial and produces a low amount of lees which compensates to some extent its
higher recommended dosage levels. When used for large volumes of wine, PVPP,
which is the substance Polyclar is made of, can be reclaimed through filtration.
Finally, the sensory effect of Polyclar resulted in being the best rated of the four
allergen free fining agents in this trial, according the aggregate scores of the two
tasting panels in Table 12.
Polymix natur’ as shown in Tables 21 and 22 is the second most expensive fining
agent for the medium and maximum dosage levels of each fining agent. It represents
the least expensive product per unit of all the commercial agents. Its relatively high
recommended dosage levels, resulting in higher amount of lees and wine losses,
make its fining cost expensive. The higher amount of lees formed might be due to the
complex composition of this product, combining PVPP, calcium bentonite and yeast
barks, reacting with more wine components than a single component fining agent.
Polymix natur’ showed the worst sensory rating of all the fining agents in the trial,
according to Table 12.
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Tables 21 and 22 show that Harmovin CF is the most expensive fining agent for the
medium and maximum dosage levels used in the trial. Harmovin CF is a relatively
expensive product per unit. Its relatively high recommended dosage levels resulting
in higher amount of lees and wine loss make its fining cost expensive. The higher
amount of lees formed might be due – similar to Polymix natur’ - to the complex
composition of this product, combining PVPP, gelatin and silicates, reacting with
more wine components than a single component fining agent. Its sensory effect
resulted in Harmovin CF to be the third best rated of all the fining agents, and the
second best of the allergen free fining agents, according to Table 12.
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4.3.1 Summary of the fining cost analysis
The fining costs with Vegecoll were the least expensive of all the fining agents in the
trial, even though the product is the most costly per unit.
The cost analysis reveals only insights into the economic aspects but not into the
sensory characteristics the fining agents can bring about. Taking this latter
characteristic into account, casein is the best performing agent in this trial. The
sensory qualities of casein were convincing already in the sensory analysis of the
preference tastings. The best ranked fining agent in the cost analysis, Vegecoll,
presented rather mediocre results in the sensory analysis despite its positive
economic aspects.
The third ranked fining agent in the cost analysis, Polyclar, was the best rated
allergen free fining agent as can be seen in table 12. Therefore its economic
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qualities, especially the quick clarifying effect in wine and the minor lees deposit,
represent an additional recommendation for its use.
Polymix natur’ as only fourth rated fining agent in the cost analysis in combination
with the worst result in the sensory analysis, does not clearly support arguments for
its use. The sluggish clarifying effect and the relatively high amount of lees created in
this trial are further obstructions for a recommendation.
Harmovin CF has shown average results for the sensory quality in this trial and was
ranked last on fining costs. As with Polymix natur’, the sluggish clarifying effect and
the relatively high amount of lees created by Harmovin CF in this trial are serious
obstructions for a recommendation.

The fining cost analysis provides an insight into this aspect of winery economy and it
is meant as an additional support or as a sign for additional reflection upon the
choice of a fining agent having shown good results in the sensory analysis.
The figures of the fining cost may seem minute at first sight with a maximum cost of
0.05 CHF/L for one fining treatment with the highest dosage level of Harmovin CF.
For a big wine producer or a big wine merchant, dealing with several millions of liters
per year, these cost differences can however become significant. The more than
hundred fold difference in fining costs between the highest dosage for Harmovin CF
and the lowest dosage for casein can become an important economic aspect for the
winery. Even when the comparison is made only within the lowest dosage levels,
there is a twelve fold difference in fining costs between the least and the most
expensive fining agent. It has to be considered that the figures in this trial are the
result of fining treatments on a crossflow filtered wine and carry therefore only minor
loss of wine due to lees. Treatments with fining agents for clarification of wines can
represent up to 4% wine loss in a large winery of a bulk wine merchant where time is
key (Quermel, pers. comm., 2014).

4.4 Discussion
In recent years, fining agents from animal origin such as egg or dairy proteins came
under scrutiny as possibly causing allergic reactions and allergen labelling of wine
has become a legal obligation within the EU. Although potential risks are not yet
proven, many producers of oenology products nowadays offer allergen free fining
agents on the market.
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The present study shed light on the fining performance of four different allergen free
fining agents and casein in terms of mainly sensorial but also chemical and
economical aspects. A commercially important medium-sweet red wine was used as
wine for the fining trials.
No significant differences in preference tastings of wine treated at three dosage
levels for each fining agent by professional panels could be found. Sole exception
was the medium dosage level of casein in one panel. Consequently, one might
conclude that the recommended dosage levels by producers are all far too high in
comparison to its sensorial impact, at least for this type of wine.
Whereas preference tastings between wines treated with the five fining agents and a
non-fined control revealed a statistically significant preference of the casein samples
over all other fining agents. No significant preference was found within the allergen
free fining agents. Moreover, no significant preference difference could be detected
between non-fined wine and the allergen free samples. Non-fined wine even showed
better scores than all other ones treated with allergen free fining agents. These
results indicate a rather mediocre performance of allergen free fining agents for this
type of wine.
This confirms the still popular use of casein as traditional fining agent in wine
production. Casein is well known for the efficient removal of oxidisable and oxidised
phenolic compounds in white and red wines (Caillet, 1994). According to some
sources, about 40% of French wines are fined each year with casein (Union
Française Des Laboratoires et Industries Oenologiques, UFLIO, 2007) and up to
20% of German wines (Deutscher Weinbauverband, 2010). The use of casein for
fining of white and also red wines seems common among most Italian wineries
(D’Amato et al., 2010).
In a triangle test by using medium dosage levels of casein and Polyclar, as best
ranked allergen-free fining agent, against a non-fined control sample, panelists were
able to significantly distinguish both fined wines over the non-fined control sample.
This suggests that average consumers are capable of detecting sensory differences
of fined wines compared to non-fined and they do care about smoothness, even in a
medium-sweet red wine, where astringent tannins can contrast too much with the
sweetness.
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A cost analysis of the fining treatments for each fining agent uncovered another
argument for casein. Only the use of Vegecoll, the most recent fining agent on the
market, seems to be more beneficial in economic terms than casein, but Vegecoll is
in a far inferior position compared to casein with respect to sensorial aspects.
Chemical analysis of wine treated with fining agents did not reveal any notable
change in their composition compared to the control wine.
Finally, an ELISA-analysis of the casein treated samples did not show any detectable
residues of animal proteins in these wines.
It can be stated that casein has a superior impact on sensorial preferences of
medium sweet red wines compared to allergen free fining agents. Especially for wine
sold in larger volumes, the price of about hundred Euros for an ELISA analysis in
order to make sure there are no trace residues of animal proteins in the wine,
represents a good investment.

5 Conclusion
What was intended as a study of allergen free fining agents turned into a triumph of
the traditional, decades-old casein fining with skim milk. This fining agent had been
chosen only as a control for the allergen free samples. In the end, it showed best
results on sensorial analysis and the best result on cost analysis for its lowest
dosage level. Casein, together with Vegecoll, seems to alter the least the chemical
composition of the treated wine. This quality is especially welcome when lightcoloured wines made out of grape varieties like Pinot noir or Grenache have to be
fined. The results presented in this study should be confirmed on a larger scale.
Fining agents should be examined on different varieties and wine styles in order to
bring out the best in them. Furthermore, it would be interesting to determine a
threshold dosage level of fining agent based on sensorial preference tests.
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Appendix
A1

Research Paper Proposal

Candidate Number: 77-10
th

Date: 9 January 2015

Proposed Title:
An assessment of the sensorial, economic and analytical impacts of fining
agents without allergen compounds on one commercially important red wine
on the Swiss market

Define the subject of your Research Paper and specify the research questions
you plan to pursue:
(approximately 150 words)

This research paper will investigate the sensorial impact of four different fining
agents, without egg or dairy allergen compounds, on one commercially important red
wine. The goal is to find the most suitable fining agent and its dosage level in order to
obtain a red wine with the desired sensory properties of a soft and round palate while
retaining good varietal fruit intensity and complexity.
Although the emphasis of the analysis lies on the sensorial impact, the analysis will
also include financial consequences and the impact on the analytical values of the
wine.

The following questions shall be answered:
Which fining agent produces the best sensorial wine qualities as preferred by the
tasting panels?
Which fining agent produces the minimal loss of wine and has the lowest costs
altogether?
Which fining agent has the least impact on the key wine components following the
fining treatment?
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Background and Context:
Explain what is currently known about the topic and address why this topic
requires/offers opportunities for further research.
(approximately 200 words)
Fining has been performed traditionally in winemaking to achieve physical stability,
clarity and to improve the phenolic character of wines. With growing importance of
the sensory quality of wine, fining agents are increasingly used to improve the
balance and sensory quality of wine. Nowadays, winemaking techniques focus on
making the wines more palatable to the consumer and let the wine express its
potential as soon as possible. Commercially successful red wines for the mass
market like J.P. Chenet or Yellow Tail have a smooth mouthfeel in common, due to
soft tannins and an off-dry style with intense fruit flavours. The wine being produced
in the trial is to be of similar style and market positioning.
Since July 2012, European Union Law requires fining agents based on animal
proteins at concentrations above 0.25 mg/Lt to be stated on wine labels. Most wine
producers and bottling companies prefer avoiding such declaration, in order to
prevent consumer concerns. Suppliers of oenological products have developed new
fining agents free of dairy and egg allergen proteins for the use in must and wine.
This has brought the need for a lot of wine producers and bottling companies to
change the traditional products in use. No systematic studies with comparative trials
of allergen free fining agents have been published so far.

Sources:
Identify the nature of your source materials (official documents, books, articles, other
studies, etc.) and give principle sources if appropriate.
(approximately 100 words)
A literature search of wine science articles, manufacturers data sheets of oenology
products, and publications of the major wine research institutes, eg. Geisenheim,
AWRI, UCLA Davis, Université de Bordeaux a trial has been made. The search has
been specifically relating to allergen free fining agents, allergens, fining processes
and their sensory impact.
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Rankine, B., (2007 ) Making good wine, chapter 9 Fining, Macmillan Australia

Würdig, G. and Woller, R. (2014) Chemie des Weines, New edition, Ulmer Verlag

Christmann, M., (2012) Kennzeichnungspflicht: “Allergene Rückstände”, Der
Deutsche Weinbau, Nr. 8/2012, pg. 34 - 35

McRae, J.M. Kennedy, J.A. (2011) Wine and grape tannin interactions with
salivary proteins and their impact on astringency: a review of current research.
Molecules 16 (3): 2348–2364; 2011.

Caldersmith, M (2003) The effect of fining treatments on aroma and flavour
compounds in wine. (a summary of work performed by Matthew Caldersmith of the
DHVO at Adelaide University, supervised by Dr. Alan Pollnitz and Stephen Clarke)

Gonzales-Neves, G. et al. (2014) Effect of fining on the colour and pigment
composition of young red wines, Food Chemistry 157 (2014), pg. 385 – 392

Cosme, F. et al. (2012), Evaluating potential alternatives to potassium caseinate for
white wine fining : effects on physicochemical and sensory characteristics, LWT Food Science and Technology 46 (2012), pg. 382 - 387

https://www.wineaustralia.com/en/Regulatory Services/~/media/0000Industry
Site/Documents/Production and Exporting/Market Access/AWBC-263211 - EU
Allergens Update - Website.ashx
Research Methodology:
Please detail how you will identify and gather the material or information necessary to
answer the question(s) and discuss what techniques you will use to analyze this
information.
(approximately 350 words)

Four fining agents without allergen compounds and one traditional Casein fining
agent will be tested on a medium-sweet ( 20 g/L) Primitivo di Salento IGT. This red
wine from Italy was selected as it is a popular style in Switzerland due to fruity
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characters, soft tannins and low to moderate acidity. Leading Swiss wine retailer
Coop lists 19 SKU’s of this wine on its website (www.mondovino.ch), which indicates
its popularity.
The bulk wine has been cross-flow filtered prior to the trial, but not fined.
A 100 liter wine sample will be used and treated using the dosage levels
recommended by the suppliers. Three different dosage levels for each fining agent
will be used, the lowest, the highest and their intermediate level.
The four allergen free fining agents are :

-

Divergan F (PVPP) ) representing a synthetic, protein-free agent

-

Harmovin CF (gelatin, PVPP, silicates) representing a combined agent of
natural and synthetic compounds

-

Polymix Natur’ ( PVPP, calcium bentonite and specific yeasts hulls)
representing a second combined agent of natural and synthetic compounds

-

Vegecoll (protein extract from potatoes) representing a single, natural agent

For the sample treated with casein three dosage levels of skimmed milk will be used.
A non-fined control will be used for comparisons and analysis.

Chemical analysis of the trial samples will be made on a Foss Winescan with Fourier
Transform Infrared Spectroscopy. It will show the influence of the fining upon levels
of alcohol, pH, total acidity, residual sugar, sulfur dioxide, colour density and
polyphenolic content. Specific analysis with Inductively coupled plasma atomic
emission spectroscopy (ICP-AES) will evaluate the effect also on the level of various
metal ions.

The first stage of the research is to determine the ideal level of each fining agent that
produces the preferred wine style. For each of the 5 fining agents, the three levels of
fining (low, intermediate, high) will be tasted against the non -fined control. The four
wines for each fining material will be presented blind to a panel of 25 Swiss WSET
diploma level tasters that can be considered as high-involved tasters. The panel will
be asked to select the preferred wine in each bracket against the control, also blind.
The second stage of taste testing will be between the five preferred wines (for each
fining material) requiring the panel to rank them in order for the overall best or
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preferred wine thus fining material.
Finally a triangle tasting between the control sample and the best ranked allergen
free treated sample of the preference test will be presented to a total of 50
consumers that can be considered as low impact tasters. This will show whether the
tasters are able to distinguish the difference between the samples.
This data from the tastings will be analysed for significance using the related sample
t-test.

For each of the fining agents a cost benefit analysis will be performed, based on
product cost and wine loss after half, one and two days of settling allowed for the
fining product.
The ultimate aim is to determine the preferred fining agent in terms of favorable
sensory properties to target the Swiss market and to establish the most cost effective
allergen free fining agent for use in the wineries.

Potential to Contribute to the Body of Knowledge on Wine:
Explain how this Research Paper will add to the current body of knowledge on this
subject. (approximately 100 words)

Today, wines on sale are consumed always more rapidly once they are purchased.
As a consequence, most of the wines have to be ready-to-drink when offered on
sale. Winemaking techniques focus nowadays on making the wines more palatable
to the consumer and let the wine express its potential as soon as possible. A
treatment prior to bottling is the last chance to influence the wine’s condition before
leaving it to nature’s evolution once the wine is bottled. This research aims to find out
which, if any of the allergen free fining agents can produce the favored wine style,
having the lowest possible costs and a rapid settling of the deposit.

Proposed Time Schedule/Programme:
This section should provide a summary of the time schedule for the research,
analysis and write-up of the Research Paper and should indicate approximate dates
with key deliverables.
(approximately 100 words)
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November/December 2014
Literature research and writing the Introduction section

January 2015
Write Research methodology section
Practical fining trials at the winery , followed by chemical analysis

January/February 2015
Organize comparative preference tastings

Send the first written sections to advisor

February/March 2015
Organize triangle tastings
Write Results, Analysis and Conclusion sections

Send first draft to Mentor by end of April 2015

May and early June 2015
Correct, finalize and submit the Research Paper
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A2

Calculations for the statistical analysis of the preference
tastings according to ISO 8587

A2.1 Friedman Test
For complete block designs, the Friedman test value is:
12

FTest = 𝑗𝑗∙𝑝𝑝(𝑝𝑝+1) (R12+…+Rp2) – 3j(p+1)

Where Ri is the rank sum of product i.

p is the number of products ranked
j is the number of assessors
If FTest > F, according to Table 4 from ISO 8587 “Critical values for the Friedman test
(risks of 0.05 and 0.01)” considering the number of assessors, the number of
products and the chosen risk, it is concluded that there are consistent differences
among the rank orders of the products.
If it is concluded by the Friedman test that there are consistent differences among the
rank orders of the products, then to determine which products are significantly
different, the Least Significant Difference (LSD) is calculated at a chosen risk
level(α=0.05 or α=0.01) (ISO 8587).
Least Significant Difference
For complete block designs:
𝑗𝑗∙𝑝𝑝(𝑝𝑝+1)

LSD = z �

6

If the level of risk applies to each pair individually, then the risk to be associated is α.
For instance, with a risk α=0.05, then in the calculation of the LSD, the value of z
(corresponding to a two-tailed normal probability of α) is 1,96. This is known as
comparison-wise or individual risk.
If the observed difference between the rank sums of two products is equal to or
greater than the LSD, then it is concluded that the two products have been given
significantly different ranks.
If the observed difference is less than the LSD, then the two products have not been
given significantly different ranks.
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Preference tastings of the three dosage levels of the same fining agent

Preference tasting for the Vegecoll samples
Test if there is a difference between at least two products with an α-risk of 0.05
Basel panel
12

FTest = 19∙3(3+1) (412+352+382) – 3∙19(3+1) = 0,947 < 5,99

non significant

Zurich panel
12

FTest = 15∙3(3+1) (312+302+292) – 3∙15(3+1) = 0,133 < 6,40

non significant

Aggregate rank score of the two panels
12

FTest = 34∙3(3+1) (722+652+672) – 3∙34(3+1) = 0,760 < 5,99

non significant

Preference tasting for the Polymix natur’ samples
Test if there is a difference between at least two products with an α-risk of 0.05
Basel panel
12

FTest = 19∙3(3+1) (432+302+412) – 3∙19(3+1) = 5,178 < 5,99

non significant

Zurich panel
12

FTest = 15∙3(3+1) (312+352+242) – 3∙15(3+1) = 4,133 < 6,40

non significant

Aggregate rank score of the two panels
12

FTest = 34∙3(3+1) (742+652+652) – 3∙34(3+1) = 1,588 < 5,99

non significant

Preference tasting for the Polyclar samples
Test if there is a difference between at least two products with an α-risk of 0.05
Basel panel
12

FTest = 19∙3(3+1) (392+312+442) – 3∙19(3+1) = 4,526 < 5,99

non significant

Zurich panel
12

FTest = 15∙3(3+1) (292+362+252) – 3∙15(3+1) = 4,133 < 6,40

non significant

Aggregate rank score of the two panels
12

FTest = 34∙3(3+1) (682+672+692) – 3∙34(3+1) = 0,058 < 5,99

non significant
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Preference tasting for the Harmovin CF samples
Test if there is a difference between at least two products with an α-risk of 0.05
Basel panel
12

FTest = 19∙3(3+1) (432+322+392) – 3∙19(3+1) = 3,263 < 5,99

non significant

Zurich panel
12

FTest = 15∙3(3+1) (232+332+342) – 3∙15(3+1) = 4,933 < 6,40

non significant

Aggregate rank score of the two panels
12

FTest = 34∙3(3+1) (662+652+732) – 3∙34(3+1) = 1,117 < 5,99

non significant

Preference tasting for the casein samples
Test if there is a difference between at least two products with an α-risk of 0.05
Basel panel
12

FTest = 19∙3(3+1) (362+382+402) – 3∙19(3+1) = 0,631 < 5,99

non significant

Zurich panel
12

FTest = 15∙3(3+1) (282+242+382) – 3∙15(3+1) = 6,933 > 6,40

significant at α-risk of
0.05

(confidence

level

95%)
The value of 6,933 is greater than that given in Table 4 for j = 15, p = 3 at the
significance level of 0.05 (i.e. 6,40); it can therefore be concluded, with a risk of error
less than or equal to 5%, that the three samples have been perceived as being
different .
Furthermore, it can also be decided that two individual samples are different if the
absolute difference between their rank sums is greater than
15∙3(3+1)

LSD = 1,96 �

6

= 10,73

Med. dosage – Max. Dosage: | 24 – 38 | = 14
Med. dosage Min. dosage Max. dosage
______________________
The meaning of the underlining is as follows:
-two samples that are not connected by continuous underlining are perceived as
significantly different (at α-risk of 0.05);
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-two samples that are connected by continuous underlining are perceived as
significantly not different.
Aggregate rank score of the two panels
12

FTest = 34∙3(3+1) (642+622+782) – 3∙34(3+1) = 4,471 < 5,99

non significant

Preference tastings between the preferred dosage levels of the different fining
agents
Test if there is a difference between at least two products with an α-risk of 0.05
Basel panel
12

FTest = 19∙6(6+1) (772+832+472+722+402+602) – 3∙19(6+1) = 11,406 > 10,91
significant at α-risk of 0.05 (confidence level 95%)

The value of 11,406 is greater than that given in Table 4 for j = 19, p = 6 at the
significance level of 0.05 (i.e. 10,91); it can therefore be concluded, with a risk of
error less than or equal to 5%, that the six samples have been perceived as being
different .
Furthermore, it can also be decided that two individual samples are different if the
absolute difference between their rank sums is greater than
19∙6(6+1)

LSD = 1,96 �

6

= 22,60 (at the 0.05 risk)

Casein – Vegecoll:

| 40 – 77 | = 37

Casein – Polymix natur’: | 40 – 83 | = 43
Casein – Polyclar:

| 40 – 67 | = 27

Casein – Harmovin CF: | 40 – 72 | = 32
Control – Polymix natur’: | 60 – 83 | = 23
Casein Control

Vegecoll Polyclar Harmovin CF Polymix natur’

_________________________________
The meaning of the underlining is as follows:
-two samples that are not connected by continuous underlining are perceived as
significantly different (at α-risk of 0.05);
-two samples that are connected by continuous underlining are perceived as
significantly not different.
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Zurich panel
12

FTest = 15∙6(6+1) (582+542+522+612+452+452) – 3∙15(6+1) = 4,142 < 10,87

non significant

Aggregate score for the rank sum totals of the preference tastings between the
different fining agent samples with different dosage levels by the two panels
12

FTest = 34∙6(6+1) (1352+1372+1192+1332+852+1052) – 3∙34(6+1) = 17,882 > 11,07
significant at α-risk of 0.05 (confidence level 95%)
and also:
12

FTest = 34∙6(6+1) (1352+1372+1192+1332+852+1052) – 3∙34(6+1) = 17,882 > 15,09
significant at α-risk of 0.01 (confidence level 99%)

The value of 17,882 is greater than that given in Table 4 for j = 34, p = 6 at the
significance level of 0.05 (i.e. 11.07) and also at the significance level of 0.01 (i.e.
15.09); it can therefore be concluded, with a risk of error less than or equal to 1%,
that the six samples have been perceived as being different.
Furthermore, it can also be decided that two individual samples are different if the
absolute difference between their rank sums is greater than
34∙6(6+1)

LSD = 1,96 �

6

= 30,23 (at the 0.01 risk)

Casein – Vegecoll:

| 85 – 135 | = 50

Casein – Polymix natur’: | 85 – 137 | = 52
Casein – Polyclar:

| 85 – 119 | = 34

Casein – Harmovin CF: | 85 – 133 | = 48
Control – Polymix natur’: | 105 – 137 | = 32
Casein Control

Vegecoll Polyclar Harmovin CF Polymix natur’

_________________________________
The meaning of the underlining is as follows:
-two samples that are not connected by continuous underlining are perceived as
significantly different (at α-risk of 0.01);
-two samples that are connected by continuous underlining are perceived as
significantly not different.
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A2.1.1 Table 4 from ISO 8587 Critical values for the Friedman test (risks of 0.05 and 0.01)
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A2.2 Kramer test for the preference tasting between the preferred dosage
levels of the different fining agents
The Kramer test does basically what the Friedman two-factor ANOVA does; it is a
related samples design, testing whether there are any differences between two or
more samples. It merely categorizes the samples into: significantly higher, medium,
significantly lower (O’Mahony, 1986)

Basel panel
According to Table G.23 “Selected Rank Totals for the Kramer Test” from O’Mahony
(1986) the critical rank totals for 19 assessors and 6 samples are as follows:
5% level

1% level

49 – 84

45 - 88

54 – 79

49 – 84

At the α-risk level of 0.05 the total rank sum of casein, 40, is lower than the tabular
value 49, so differences exist.
At the α-risk level of 0.01 the total rank sum of casein, 40, is lower than the tabular
value 45, so differences exist also.
With the tabular values in the second row, the established difference is categorized
as significantly higher, medium, significantly lower.
At the α-risk level of 0.05, the total rank sum of casein, 40, is significantly lower than
the tabular value 54, the total rank sum of Polymix natur’, 83, is significantly higher
than the value 79.
At the α-risk level of 0.01 the total rank sum of casein, 40, is significantly lower than
the tabular value 49.

Zurich panel
The results do not show any statistically significant differences according to the
Kramer test.

Aggregate score for the rank sum totals of the preference tastings between the
different fining agent samples with different dosage levels by the two panels
According to Table G.23 from O’Mahony (1986) the critical rank totals for 34
assessors and 6 samples are as follows:
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5% level

1% level

95 – 143

90 - 148

103 – 135

96 – 142

At the α-risk level of 0.05 the total rank sum of casein, 85, is lower than the tabular
value 95, so differences exist.
At the α-risk level of 0.01the total rank sum of casein, 85, is lower than the tabular
value 90, so differences exist also.
With the tabular values in the second row, the established difference is categorized
as significantly higher, medium, significantly lower.
At the α-risk level of 0.05, the total rank sum of casein, 85, is significantly lower than
the tabular value 103, the total rank sum of Polymix natur’, 137, is significantly higher
than the value 135.
At the α-risk level of 0.01 the total rank sum of casein, 85, is significantly lower than
the tabular value 96.
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A2.3 Table A.1 from ISO 4120 Minimum number of correct responses needed
to conclude that a perceptible difference exists based on a triangle test
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A2.4 Table 13.1 from Roessler et al. (1978) adapted by Lawless & Heymann
(1998) Minimum numbers of agreeing judgements necessary to establish
significance at various probability levels for the paired-preference test
(two-tailed, p = ½)
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A3

Analysis of the metal ion content of the wine samples in the
trial by ICP-AES on a Varian Vista-MPX

All results in mg/L

Ca
Mg
Na
K
Fe
Cu
Pb
Al
Zn
Boron

Vegecoll dosage level in mg/L
10
30
50
Control
120
120
119
122
115
114
113
115
38
38
38
39
1386 1406 1422
1422
3.9
3.8
3.7
4.1
<0.1 <0.1 <0.1
<0.1
<0.1 <0.1 <0.1
<0.1
1.4
1.4
1.4
1.4
0.8
0.8
0.8
0.8
8.2
8.1
8
8.2

Ca
Mg
Na
K
Fe
Cu
Pb
Al
Zn
Boron

Polymix natur' dosage level in
mg/L
150
550
950
Control
120
121
123
122
114
115
115
115
38
38
39
39
1393 1410 1413
1422
3.8
3.7
3.7
4.1
<0.1 <0.1 <0.1
<0.1
<0.1 <0.1 <0.1
<0.1
1.4
1.5
1.6
1.4
0.8
0.8
0.9
0.8
8.1
8.2
8.1
8.2

Ca
Mg
Na
K
Fe
Cu
Pb
Al
Zn
Boron

Polyclar dosage level in mg/L
100
350
600
Control
119
122
118
122
113
117
112
115
38
39
37
39
1440 1466 1429
1422
3.8
3.8
3.7
4.1
0.1
0.1 <0.1
<0.1
<0.1 <0.1 <0.1
<0.1
1.4
1.4
1.3
1.4
0.8
0.8
0.8
0.8
8.1
8.3
8
8.2
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Ca
Mg
Na
K
Fe
Cu
Pb
Al
Zn
Boron

Harmovin CF dosage level in
mg/L
100
450
800
Control
120
120
123
122
115
113
115
115
38
38
40
39
1446 1413 1421
1422
3.8
3.7
3.8
4.1
<0.1 <0.1 <0.1
<0.1
<0.1 <0.1 <0.1
<0.1
1.4
1.5
1.7
1.4
0.8
0.8
0.8
0.8
8.1
8
8.1
8.2

Ca
Mg
Na
K
Fe
Cu
Pb
Al
Zn
Boron

Casein dosage level in
mg/L
6.75 20.25 33.75 Control
121
121
122
122
115
114
115
115
38
38
39
39
1435
1421
1452
1422
3.8
3.7
3.7
4.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
1.4
1.4
1.4
1.4
0.8
0.8
0.8
0.8
8.1
8.1
8.2
8.2
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A4

Detailed cost calculation of the fining agents

Vegecoll
CHF/mg 0.000056
Wine loss in %
Wine loss in CHF
Calculated cost of wine
in CHF/L
Speed of clarification

10
0.00056
0
0
5.00056

5.0029304

5.0053014

12 hrs.

24 hrs.

48 hrs.

Polymix natur'
CHF/mg 0.000027
Wine loss in %
Wine loss in CHF
Calculated cost of wine
in CHF/L
Speed of clarification

Polyclar
CHF/mg
CHF/mg 0.0000315
Wine loss in %
Wine loss in CHF
Calculated cost of wine
in CHF/L
Speed of clarification

150
0.00405
0.05
0.002502

Speed of clarification

Dosage in mg/L
550
950
0.01485
0.02565
0.1
0.2
5.0347149
5.0613513

5.006552

5.0198649

5.0357013

24 hrs.

48 hrs.

not clarified
after 48 hrs.

100
0.00315
0
0

Dosage in mg/L
350
600
0.011025
0.0189
0.1
0.15
0.005011
0.00752835

5.00315

5.016036

5.02642835

12 hrs.

12 hrs.

12 hrs.

Harmovin CF
CHF/mg 0.000033
Wine loss in %
Wine loss in CHF
Calculated cost of wine
in CHF/L

Dosage in mg/L
30
50
0.00168
0.0028
0.025
0.05
0.0012504
0.0025014

100
0.0033
0.025
0.001251

Dosage in mg/L
450
0.01485
0.25
0.0125371

800
0.0264
0.5
0.025132

5.004551

5.0273871

5.051532

24 hrs.

48 hrs.

not clarified
after 48 hrs.
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Casein from Skim milk
CHF/mg 0.000055555
Wine loss in %
Wine loss in CHF
Calculated cost of wine
in CHF/L
Speed of clarification

6.75
0.000375
0
0

Dosage in mg/L
20.25
33.75
0.001125
0.001874981
0.05
0.1
0.0025006
0.005001875

5.000375

5.0036256

5.006876856

12 hrs.

24 hrs.

48 hrs.
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A5

Product specifications of the commercial, allergen free fining
agents
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60
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