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Summary 

Fining agents used in winemaking are under scrutiny due to their animal or synthetic 

origin and their potential allergenicity. Vegan and non-allergenic alternative fining 

agents are commercially available, but since fining agents are very specific, there are 

many unique situations requiring research. This research project is focusing on a class 

of fining agents used to reduce bitterness, browning potential, and yellow color in white 

wines, specifically in terpene rich wines made from Muscat Blanc à Petits Grains. Three 

traditional fining agents (potassium caseinate, isinglass and PVPP) were tested 

alongside three modern commercial alternatives (pea proteins, potato proteins and 

yeast proteins extract). A dry Muscat wine made with the intent to maximize phenolic 

content was treated with the fining agents. Chemical and sensory analyses were 

conducted and revealed that the fining agents did not affect the wines’ basic chemistry 

or the wines’ aromatic intensity. All fining agents did reduce the yellow hue of the 

treated wines. The sensory results on bitterness were inconclusive, suggesting that no 

treatments influenced perceived bitterness. The lack of phenolics traditionally 

associated with bitterness, namely flavan-3-ols, is calling into question our 

understanding of bitterness in white wines. The phenolic chemistry was most affected 

by PVPP and to a lesser extent by pea proteins. Browning potential was reduced by 

PVPP, pea proteins, yeast proteins extract and potassium caseinate. A score card to 

help wineries rate their white wine fining agents has been proposed based on the 

results. The research concluded that potato proteins and yeast proteins extracts are 

expensive and lead to high wine turbidities which do not favor their use in white wines. 

PVPP and pea proteins displayed superior abilities in removing undesirable phenolics. 

Pea protein would be a desirable anti-phenolic fining agent in terpene-rich white wines 

for producers seeking to use an organic, non-allergenic and non-animal-based product.  
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1 Introduction 

The quality and marketability of aromatic white wines are driven in large part by the 

intensity and typicity of their aromatics. These aromatics are linked to the concentration 

of volatile molecules that are specific to individual cultivars, such as terpenes for Muscat 

Blanc à Petits Grains. To maximize the intensity and typicity of aromatic whites, 

winemakers use techniques which often lead to an increase in phenolic compounds. 

Though there are positive effects of phenolics in white wines, they can also increase 

bitterness, browning potential and, in some research, have been shown to reduce 

aromatic intensity. Therefore, phenolics in white wines are often removed through fining. 

Fining agents are a large family of compounds and the term "anti-phenolic fining agent" 

will be used throughout the paper to refer to fining agents targeting phenolic removal in 

wines. Historically, anti-phenolic fining agents have been of animal or synthetic origin, 

while more natural and non-animal alternatives have been explored over the past 15 

years. Alternative fining agent research has focused primarily on their effect on phenolic 

rich red wines and few have focused on aromatic white wines. For this reason, this 

research seeks to understand the impact of selected fining agents on the phenolic 

content and the aromatic intensity of a highly aromatic white variety: Muscat Blanc à 

Petits Grains. The questions the research wanted to answer were: 

a) Are the new alternative fining agents as efficient as traditional fining agents at 

removing undesirable phenolic compounds in Muscat? 

b) Do alternative fining agents affect the aromatic intensity and typicity of Muscat? 

c) What are the costs and logistical differences between traditional fining agents 

and their newer alternatives? 



 

3 

2 Research context 

2.1 Introduction 

This research focuses on fining agents specifically used to remove undesirable phenolic 

compounds in terpene-rich Muscat Blanc à Petits Grains. Consequently, it is important 

to introduce this work by summarizing the current knowledge related to: 

 phenolic compounds, with an emphasis on white wines 

 aromatic terpene molecules 

 fining practices with a focus on anti-phenolic fining agents used in white 

winemaking 

2.2 Phenolic compounds in white wines 

Phenolics can negatively contribute to the quality of white wines since they can be 

bitter, astringent 1,2 and are correlated to color browning.3 Phenolics are primarily 

located in the seeds, skins and stems of grapes and are extracted during winemaking.4 

Since white wines are generally not fermented in the presence of seeds, skin or stems, 

they have ten times less phenolic content than red wines.5 Phenolic concentration in 

white wines is correlated with skin contact time, mechanical action during processing, 

the amount of late presses retained, and the clarity of the juice after settling.4 The 

extraction kinetics and the evolution of phenolic concentration during fermentation and 

storage of white wines is very complex and not yet well understood.6 

Chemically, phenolics are a large family of compounds sharing the same molecular 

structure made of a benzene ring linked to a hydroxyl group. 

Phenol basic structure 

______________________________________________________________ 

1 Gawel et al., 2014 
2 Harbertson, 2016 
3 Singleton and Kramling, 1976 

4 Ribereau-Gayon et al., 2006 
5 Ma et al., 2014 
6 Komes et al., 2007 
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Broadly speaking wine phenolic compounds are separated into non-flavonoids and 

flavonoids (table A below). 

 

 

Table A: Principal families of phenolic compounds in wines. 
Range of concentration in white wines and importance to winemakers 

 

 

2.2.1 Non-flavonoid phenolics 

They include acid phenols, stilbenes and gallic acids. Stilbenes and gallic acids are 

found in small quantities and have no known impact on the stability or quality of white 

wines.12 Acid phenols are the predominant fraction and they are potent antioxidants. 

The oxidation of acid phenols (through oxygen, light, temperature or fungal enzymes) 

creates brown pigments darkening the color of white wine.13 Research has shown that 

white wines’ browning potential is proportional to their concentration in acid phenols.14,15 

______________________________________________________________ 

7 Komes et al., 2007 
8 Nikolantonaki, 2010 
9 Boulton et al. 2011 
10 Noble, 1998 
11 Tannins can be separated by their degree of 
polymerization (DP) indicating the number of 

individual flavan-3-ol unit in a tannin polymer. 
Tannins that are 4 DP or lower tend to be bitter. 
12 Harbertson, 2016 
13 Cheynier et al., 1990 
14 Lee et al., 1988 
15 Barosso et al., 1989 

phenolic family mg/L gae in 
white wines 

major compounds why they matter 

n
o

n
 f

la
v

o
n

o
id

s
 acid phenols 10 to 50 

mg/L 
hydroxybenzoic, 
hydroxycinnamic acids 
and their esters of 
which caftaric acid is 
the most important 7 

affect the browning of white 
wines and may trap 
aromas. Can be precursors 
to odorous vinyl and ethyl 
phenols 

stilbenes 1-3 mg/L resveratrol anti-carcinogen for humans 

gallic acids <1 mg/L ellagitannins, vanillin 
primarily 

gained through contact 
with oak 

fl
a

v
o

n
o

id
s
 

flavonols 1 to 3 mg/L8 quercetin and 
kaemferol primarily 

participate in 
copigmentation of red 
wines9 

flavan-3-ols 0 to 300 
mg/L 

catechin and 
epicatechin primarily 

bitter 

tannins traces polymers of flavan-3-
ols 

structure of red wines, 
astringent 10 at 7DP, bitter 
below 4 DP11 

anthocyanins none  malvidin, petunidin, 
delphinidin primarily 

color in red and rose wines 
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Acid phenols can also be transformed under certain conditions into unpleasant 

odoriferous vinyl and ethyl phenols 16 and have been shown to trap aromas such as 

thiols.17,18 

2.2.2 Flavonoid phenolics  

They include flavonols, flavan-3-ols, tannins and anthocyanins. Flavonols are present in 

small amounts in white wines; they are noted for being mildly sensitive to fining 19 and at 

least one of them (quercetin-3-glucoside) is suspected to be astringent and bitter.20,21 

Flavan-3-ols (also confusedly named flavanols) are bitter and are the primary flavanoid 

in grapes.22 The threshold of bitterness of flavan-3-ols in water is 20 mg expressed in 

gallic acid equivalent per liter (gae/L) and is likely lower in alcoholic solution since 

alcohol lowers the threshold of perception of bitter compounds.23 While bitterness in 

unoaked white wines is currently mainly associated with flavan-3-ols monomers and 

dimers, researchers are questioning this long-held belief and bitterness in white wines is 

not yet fully explained.24 Tannins are polymers of flavan-3-ols and they provide red wine 

with its structure and astringency but are not significantly present in white wines.25 

Anthocyanins, giving red wine its red/blue color, are typically absent in white wines. 

Total white wine phenolic content is generally between 50 to 250 mg gae/L and is 

mainly made of acid phenols, affecting color stability and potentially trapping aromas, 

and flavan-3-ols that are known to be bitter. It is these key compounds that winemakers 

are trying to minimize either by controlling extraction techniques or by removing them 

after the fact with anti-phenolic fining agents. 

______________________________________________________________ 

16 Cabrita et al., 2012 
17 Nikolantonaki, 2010 
18 Moine et al., 2012 
19 Moutonet, 2007 
20 Ferrer-Gallego et al., 2017 

21 Moutonet, 2017 
22 Peleg et al., 1999 
23 Fischer et al., 1994 
24 Sokolowski et al., 2012 
25 Ribereau-Gayon, 1998 
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2.3 Terpene-driven aromatic white wines 

Terpene-based white wines are some of the most popular and well-known wines in the 

world due to their intense and recognizable aromatics that are derived from high 

concentrations of monoterpene molecules. Monoterpenes influence the floral and fruity 

notes of grape varieties such as Muscat, Gewürztraminer, Pinot Gris, Riesling, 

Auxerrois, Scheurebe, Muller Thurgau, Viognier, Albarino, Muscadelle and Torrontes. 

Each variety and climate show a recognizable mix of monoterpenes,26 that leads to a 

high level of typicity for terpene-driven aromatic wines. Terpenes are isoprenoids 

derived from a five carbon units (C5H8) with the most preeminent type being 

monoterpenes with a C10H16 molecular structure. 

Basic C5H8 terpene structure 

The C10H16 structure can be added with hydroxyl groups generating enantiomers 

(molecules that are mirror image of one another), which leads to a wide range of 

molecules with distinct aromas. There are approximatively 50 monoterpenes that have 

been identified through Gas Chromatography – Mass Spectrometry27 or GCMS (table B 

next page). The main monoterpenes of Muscat Blanc à Petits Grains are linalool, 

geraniol, α-terpineol and nerol.28,29 

 
  

 

linalool nerol α-terpineol geraniol 
 

  

______________________________________________________________ 

26 Tomasino, 2016 
27 Williams et al., 1986 

28 Li et al., 2017 
29 Mateo et al., 2000 
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compound associated aroma threshold of 
detection in wine 

primary variety 
association 

linalool rose, lavender, 
coriander 

50 µg/L Muscat, 
Gewürztraminer, 
Riesling, Scheurebe 

α-terpineol lilac, coniferous 250 µg/L Gewürztraminer, 
Riesling 

citronellol rose petal,  
lemongrass 

20 µg/L Gewürztraminer 

nerol rose 400 µg/L Muscat, Albarino 

geraniol rose, spicy, citrus 130 µg/L Muscat 

limonene lemon, orange, 
bergamot 

200 to 500 µg/L  

cis-rose oxide floral, green, lychee 0.5 to 50 µg/L Gewürztraminer 

trans-rose oxide floral, minty, leafy 80 to 160 µg/L  

trans-linalool oxide sweet, earthy, leafy 3,000 µg/L  

cis-linalool oxide sweet, earthy, leafy 3,000 µg/L  

1.8 Cineole eucalyptus 3 µg/L  

hotrienol linden tree, lime 200 µg/L Riesling, Albarino 
 

Table B: Primary monoterpenes found in grapes with their known threshold of detection 
and variety association – key terpenes for Muscat wine are highlighted 

 

Terpenes originate from grape skin and are maximized in the vineyard through sun 

exposure (open canopy management, vigor control, appropriate trellis system).30,31 At 

the winery, terpene maximization techniques include late harvest picking32, skin 

contact33, heat treatment, and enzyme addition,30,34 which are also techniques 

conducive to phenolic extraction. Therefore, winemakers often use anti-phenolic fining 

agents during the winemaking of terpene-based white wines. Yeasts have been shown 

to transform terpenes during fermentation35, by degrading nerol and geraniol into 

citronellol, alpha terpineol and linalool.36 Terpenes can be free (free monoterpenes) and 

are volatile and fragrant, or bonded (either glycosylated or polyols of terpenes) and are 

non-volatile and inodorous.37 Bonded terpenes can be cleaved through enzymatic or 

______________________________________________________________ 

30 Marais et al., 1987 
31 Reynolds et al., 1997 
32 Tian et al., 2009 
33 Baron et al., 2017 
34 Gunata et al., 1990 

35 Rapp et al., 1985 
36 Buettner, 2017 
37 Waterhouse 
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acid hydrolysis (highlighting the importance of wine pH for the expression of certain 

terpenes) during winemaking, which in turn can release free monoterpenes, thus 

altering the intensity and the mix of aromatics in a terpene-driven wine.38,39 Since 

bonded terpenes are typically the dominant fraction in wines, they can be viewed as an 

important reservoir of potential volatile flavors. 

2.4 Fining applied to white wines 

Fining of wines is defined as the deliberate addition of an agent that can selectively 

capture a molecule, or a family of molecules, creating an insoluble compound that 

precipitates by gravity in a vessel.40 Fining removes specific soluble compounds and 

therefore is different from filtration or centrifugation, which are separation techniques 

based on particle sizes. In practice, fining follows a three-step process: 1) the 

coagulation of the added fining agent with wine elements, 2) the flocculation of the 

coagulate and 3) its sedimentation through gravity.41 

Coagulation mechanisms can be grouped into four types42: 

 Electrostatic interaction of oppositely-charged elements (such as added 

bentonite clay and wine proteins) 

 Hydrophobic interaction (such as added carbon with non-polar wine compounds) 

 Hydrogen bonds where a hydrogen atom is shared between two molecules (such 

as added proteins and wine tannins) 

 Ionic bonds (such as added copper and wine sulfur compounds) 

While the coagulation time is generally short (protein and tannins react together within 

an hour), the sedimentation phase can last several days based on wine density, wine 

______________________________________________________________ 

38 Donova-Sapceska et al., 2011 
39 Gunata et al.,1986 
40 Boulton et al., 1996 

41 Blade et al., 1988 
42 Waterhouse et al., 2016 
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volume, temperature or the type and concentration of the fining agents.43,44 

The best fining agents have narrow target molecule selectivity and they form 

precipitable aggregates with low solubility. They also generate little lees and can 

compact well, which allows for easy separation from the settled wine.45 The timing of the 

fining agent addition is still debated, as certain research46 suggests that adding a fining 

agent pre-fermentation leads to better final organoleptic quality while conflicting 

research 47 suggests no significant sensory or analytical differences. This highlights that 

universal statements on fining agents are fraught with risks, since each fining agent 

reacts differently in a wine based on phenolic content, alcohol levels, pH or metal 

content, among many other factors.48,49,50,51 This makes broad applications based on 

singular fining experiment a challenge and is why continuous specific fining agent 

research is needed. 

  

______________________________________________________________ 

43 Boulton et al., 1996 
44 Watanabe et al., 1999 
45 Harbertson, 2008 
46 Moio et al., 2004 
47 Sims et al., 1995 

48 Calderon et al., 1968 
49 Ribereau-Gayon et al., 2006 
50 Granato et al., 2010 
51 Tschiersch et al., 2008 
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There are many fining agents used in wines (table C below) but few are applied to 

reduce phenolic content in white wines. 

use fining agent origin application in winemaking 

w
h

it
e
 w

in
e
s
 

isinglass fish air bladder 
protein 

clarification, enhance brilliant color, 
removal of bitter compounds. Usable at 
cold temperatures, do not overfine, used 
in small quantities 

casein milk protein clarification, good flocculation, reduction 
of yellow hue or pinking, removal of 
metals (iron). Demands good mixing, do 
not overfine, some deodorizing potential 

bentonite clay/earth clarification, removal of proteins for 
protein stability, slight color removal 

silicon dioxide silica/earth avoid over fining of protein agents and 
settle lees. Can replace tannins 

tannins oak, chestnut, 
gall nut, grape 

removal of proteins, metal removal 

potassium and 
calcium alginates 

algae 
polysaccharide 

for settling and ease of removal of 
deposit in bottled fermented sparkling 

vegetal proteins potato and pea 
mainly 

removal of phenolics 

PVPP synthetic vinyl 
polymer 

removal of phenolics, reduction of 
pinking, small DP tannins removal 

re
d

 w
in

e
s
 gelatin animal bone 

proteins 
tannin removal. Over-fining risk on 
whites 

albumin egg white 
protein 

tannin removal – especially aged wines 

bentonite clay/earth clarification and compaction of lees – 
especially young wines 

a
ll

 w
in

e
s
 

activated carbon purified 
powdered 
charcoal 

decolorization and deodorization 

copper sulfates copper reacting 
with sulfuric acid 

removal of hydrogen sulfides and thiols 

yeast proteins 
extracts 

prepared yeast 
culture 

removal of phenolics 

 

Table C: Commonly used fining agents in wine, their origin and their applications. 
Highlighted fining agents are considered for this research 

 

Traditionally, white wine anti-phenolic fining agents have been proteinous because 

phenolics coagulate well with proteins through hydrogen bonding. 
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White wine anti-phenolic fining agents’ primary goals are to: 

 clarify the wine  

 increase brilliance and minimize yellow color52 

 remove bitter phenolics53 

 decrease browning potential and promote color stability over time54,55,56,57 

At the same time, white wine anti-phenolic fining agent should minimize undesirable 

side effects such as: 

 any detrimental alteration of wine composition 58,59 

 an increase in protein instability through the addition of extra protein (also known 

as over-fining) 

 a lasting increase in turbidity requiring additional clarification processes 

 any significant wine loss in fining lees 

 the introduction of off aromas 

 the stripping of desired aromas60,61  

Aroma stripping is a suspected problem with bentonites62,63,64 and gelatins65 but is not 

universal to all fining agents. The literature reveals a range of interaction between 

aroma compounds and white wine anti-phenolic fining agents from no impact66,67,68,69 to 

aromatic stripping.60,70 This variability is likely due to varietal differences; for example, 

Washington State research67 reported that fining had no impact on terpene-based 

______________________________________________________________ 

52 Tschiersch et al., 2010 
53 Castillo-Sanchez et al., 2008 
54 Spagna et al., 2000 
55 Li et al., 2008 
56 Simonato, 2005 
57 Cheynier et al., 1990 
58 Sims et al., 1995 
59 Castillo-Sanchez et al., 2006 
60 Nikolantonaki, 2010 
61 Guillou et al., 1998 

62 Puig-Dieu et al.,1996 
63 Armanda et al., 2006 
64 Lubbers et al., 1995 
65 Sims et al., 1995 
66 Lefebvre et al., 2000 
67 Sanborn, 2008 
68 Mira et al., 2006 
69 Noriega-Dominguez et al., 2010 
70 Moio et al., 2004 
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Gewürztraminer while French study71 showed that thiol-based Sauvignon Blanc was 

adversely affected from fining. To complicate matters, research also shows that 

stripping can affect the volatile aromas themselves, or a pool of aromatic precursors 

that are non-odorant at the time of the test (such as bonded terpenes), that could be 

released over time.72 Currently, the potential stripping effect of terpenes by anti-phenolic 

fining agents is not fully understood. Additionally, analytically significant reduction in 

aromatic compounds is not always correlated with sensory analysis differences,73 

showing that while analysis might show a reduction at the molecular level, a trained 

sensory panel cannot perceive that difference.74,75 Furthermore, when sensory 

differences are found they are rarely correlated to understandable preferences, which 

does not assist in making qualitative decisions.76 

2.5 White wine anti-phenolic fining agents 

Traditional white wine anti-phenolic fining agents present several concerns. First, two 

agents commonly used are extracted from animal products (isinglass and casein), 

posing contamination risks with animal byproducts. This concern was triggered in the 

late 1990s and early 2000s77,78 following the bovine spongiform encephalopathy 

epidemic commonly known as mad cow disease. Second, animal-based agents are not 

suited to a vegan diet and can be viewed negatively by consumers. Third, animal 

proteins can be the source of food allergies (casein from milk, for example79,80) that 

have been increasing in recent decades,81 and which requires specific wine labeling in 

the European Union,82 Australia and New Zealand.83 PVPP, the third most commonly 

______________________________________________________________ 

71 Nikolantonaki, 2010 
72 Gunata et al., 1986 
73 Hill, 2009 
74 Sanborn, 2008 
75 Mira et al., 2006 
76 Cabaroglu et al., 2003 
77 Lefebvre et al. 2000, 2002 and 2003 

78 Marchal et al., 2003 
79 Deckwart et al., 2014 
80 Kirschner et al., 2009 
81 Asero et al., 2009 
82 EU 579/2012 
83 Food Standard: Australia & N. Zealand, 2002 
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used white wine anti-phenolic fining agent, presents a different set of challenges as its 

synthetic nature makes it unsuitable for organic or biodynamic winemaking and it is not 

readily biodegradable.84 For these reasons, winemakers have been looking for 

alternative anti-phenolic fining agents. 

Research for alternatives has focused on protein-rich plant-based agents and on Yeast 

Protein Extracts (YPE).85 In the mid-2000s, researchers studied the impact of the most 

interesting alternative proteins on different type of wines and many plant proteins were 

tested.86,87,88 Due to various factors, such as allergic risks in wheat proteins (rich in 

gluten) 89 or high level of aromatic stripping with lentils,90 only pea and potato proteins 

are now widely commercialized. YPEs have also been perfected providing several new 

products on the market.91 

Overall, current alternative fining proteins have been found to have minimal impact on 

wine chemical composition and sensory aspects.87 They have shown to be effective at 

reducing wine turbidity89 with kinetics and addition rates similar to animal proteins.88 

Studies also show that alternative fining agents leave no residue in the finished 

wine92,93,94 nor do they affect protein stability or filterability.89,91 These alternative agents 

are also as diverse in their spectrum of action as animal proteins.95 Their impact on 

sensory properties has been minimal and in instances when alternative fining agents 

have had impact on a treated wine, no difference in consumer acceptance has ever 

been proven.96  

______________________________________________________________ 

84 Julinova et al., 2013 
85 OIV directive 452/2012 
86 Martin et al., 2007 
87 Mira et al., 2006 
88 Moutonet, 2006 
89 Penas et al., 2015 
90 Granato et al., 2013 

91 Marchal et al., 2017 
92 Lefebvre et al., 2000 
93 Sarny-Machado et al., 1999 
94 Maury et al., 2001 
95 Maury et al., 2003 
96 Hill, 2009 
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The most commonly used traditional white wine anti-phenolic fining agents are listed 

below and are summarized in table D located on page 17: 

2.5.1 Isinglass 

Isinglass is washed, dried and ground fish air bladders (such as sturgeon) and is mainly 

a complex mix of collagen fibers (a variety of large-sized proteins). Isinglass requires a 

few hours of swelling time before use and settles slowly.97 It is known to be active 

against flavan-3-ols monomers and small phenolic compounds, making it ideal to 

reduce bitterness in white wine.98 Isinglass also has been shown to reduce browning 

potential and offer good clarification.98 Research in at least one case revealed a 

reduction in terpene levels in Muscat wines 99 with the use of isinglass.  

2.5.2 Casein  

Casein is a phosphoprotein extracted from milk by coagulating skim milk through acid or 

rennet addition. The casein coagulate is washed, filtered and dried into powder. In 

winemaking, potassium caseinate is typically preferred to pure casein because it is 

more soluble at wine’s pH.100 Casein is liked because it does not overfine and settles 

quickly,101,102 but its quick flocculation makes it difficult to mix well in the treated wine.103 

Casein easily binds acid phenols, therefore decreasing browning risks,104,105 and fines 

monomeric and polymeric flavan-3-ols, reducing bitterness. 106,107,100 Casein can be 

used curatively to reduce brown and yellow color in oxidized white wines.108 Studies 

note some aroma stripping, especially at high dosage (60 g/Hl).109,110,111 

______________________________________________________________ 

97 AWRI fining agent guide 
98 Cosme et al., 2008 
99 Cabaroglu et al., 2003 
100 Waterhouse et al. 2016 
101 Boulton, 1996 
102 Chagas et al., 2012 
103 Braga et al., 2007 
104 Cosme et al., 2012  

105 Sims et al., 1995 
106 Maury et al., 2003 
107 Puig-Deu et al., 1996 
108 Spagna et al., 2000 
109 Moio et al., 2004 
110 Brugirard, 1997 
111 Guillou et al., 1998 
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2.5.3 Polyvinylpolypyrrolidone  

Polyvinylpolypyrrolidone (PVPP) is a synthetic vinyl polymer sold as an insoluble 

powder. PVPP is commonly used in food and is known to reduce astringency in red 

wine112 and browning risk in white wines.113 PVPP binds catechins and small 

tannins,114,115 resulting in a reduction in total flavonoids. PVPP is also known to absorb 

anthocyanins, limiting its use in red wines,116 and allowing the correction of white wine 

pinking. PVPP has proven to be an excellent alternative to protein fining agent in white 

wines especially since it does not affect protein stability.117 No aromatic stripping from 

PVPP has been reported.113,118 PVPP is a synthetic product and is suspected to be 

extremely difficult to biodegrade.119 

Innovative white wine anti-phenolic fining agents that are current commercial 

alternatives are listed below and are summarized in table E located on page 18: 

2.5.4 Pea proteins 

Pea proteins are extracted from Pisum sativum, a legume rich in protein, that are 

soluble in aqueous solutions. Recommended by the O.I.V. (Organisation Internationale 

de la Vigne et du vin) in 2004,120 pea proteins have been shown to reduce astringency 

in red wine,121 reduce bitterness in white wine and reduce browning potential at a level 

between casein (best) and PVPP (weakest).122,123 Pea proteins have good clarification 

potential with rapid flocculation,124 and generate less lees than animal-based fining 

agents.125 Pure pea protein preparations have been found to be neutral in sensory 

impact, and have shown a slight stripping of iron.126 

______________________________________________________________ 

112 Chagas et al., 2012 
113 Sims et al., 1995 
114 Doner et al., 1993 
115 Dong et al., 2011 
116 Castillo-Sanchez et al., 2006 
117 Fischerleitner et al., 2003 
118 Brugirard, 1997 
119 Julinova et al., 2013 

120 OIV 28/2004 
121 Gambuti et al. 2012,  
122 Cosme et al., 2010 and 2012 
123 Erbloh experiment, 2013 
124 Renouf et al., 2013 
125 Noriega-Dominguez et al., 2010 
126 Mira et al., 2006 
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2.5.5 Potato proteins 

Potato proteins (patatin) are vegetal proteins extracted from Solanum tuberosum. 

Patatin is a by-product of the potato industry from the purification of its processing 

waste water. Patatin has been added to the list of allowable protein fining agents by the 

O.I.V.127 and has been approved for use in the E.U. since 2013.128 Patatin has good 

sedimentation and clarification abilities and has been shown to generate little lees.129 

Perhaps its only drawback is its high foamability making it more difficult to use in the 

cellar.130 Several studies suggest patatin as a good alternative to casein in white wines 

and gelatin in red wines.129,131,132 Past research has shown that in sensory analysis, 

animal fining agents are preferred to patatin,133 mainly based on the positive perception 

of the volume on the palate even though major wine chemistry was unchanged. 

2.5.6 Yeast Protein Extract  

Yeast Protein Extracts (YPE) are made from fresh yeast extracts and have been 

recommended by the OIV since 2011134 to reduce turbidity, preserve the chromatic 

characteristics of wines, eliminate tannins and increase filterability.135,136 Experiments in 

white wines have shown a decrease in yellow color and a modest decrease in total 

phenolics 135,137 with lees compaction similar to that of casein. YEPs have been found to 

be more effective than casein at reducing browning potential.137,138,139 They are non-

allergenic 140 and are entirely biodegradable.  

______________________________________________________________ 

127 OIV 495/2013 
128 EU directive 1251/2013 
129 Irtumendi et al., 2013 
130 Mouly, 2016 
131 Gambuti et al., 2012 and 2016 
132 Moine et al., 2012 
133 Casado, 2014 

134 OIV 417/2011 
135 Marchal et al., 2017 
136 Irtumenti et al., 2010 
137 Rhazmkhab et al., 2002 
138 Fernandes et al., 2015 
139 Bonilla et al., 2001 
140 EU directive 1169/2011 
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characteristics isinglass potassium 
caseinate 

PVPP 

appearance 

   
MW in kilodalton (KDa) 140 to 240 30 NA 

Isoelectric point  
(see note below) 

4.5 and 4.8 4.6 NA 

impact on acid phenols +/- ++ + 

impact on flavan-3-ols + +/- +/- 

impact on tannins - - + 

clarification potential ++ + + 

sedimentation and lees 
compaction  

+ +/- + 

alteration of basic wine 
chemistry 

- - - 

impact on protein 
stability 

possibly141 possibly142 - 

stripping of aromatics possibly possibly no 

animal free/Vegan no no yes 

natural/organic yes possibly no 

allergenicity potentially 143 yes 143 no 

waste management biodegradable biodegradable non-biodegradable 

preparation dissolve in 150 
times its weight in 

water. 3 hours 
swelling 

dissolve in 10 times 
its weight in water 

dissolve in 10 times 
its weight in water 

 

 

Table D: Traditional white wine anti-phenolic fining agents’ reported characteristics 

 

Note: Protein fining agents can be classified according to their isoelectric point and their molecular weight 
(MW). The higher the MW, the better the flocculation speed but the lower the phenolic absorption. The 
isoelectric point is the pH of a protein solution at which the net charge of the protein is zero. Proteins with 
an isoelectric point close to, but slightly higher than, wine pH will have a positive charge which makes 
them reactive with negatively charged tannins and bentonite  

______________________________________________________________ 

141 Cabaroglu et al. 2003 
142 Penas et al, 2015 

143 Weber et al., 2007 
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characteristics pea proteins potato proteins YPE 

appearance 

   
MW in kilodalton (KDa) 45 40 12-50 

Isoelectric point  
(see note below) 

5.5 4.9 Variable 
(mix of proteins) 

impact on acid phenols +/- +/- + 

impact on flavan-3-ols + +/- +/- 

impact on tannins + + +/- 

clarification potential + + + 

sedimentation and lees 
compaction  

+ +/- + 

alteration of basic wine 
chemistry 

+/- - - 

impact on protein 
stability 

- - - 

stripping of aromatics - - - 

animal free/Vegan yes yes yes 

natural/organic yes yes yes 

allergenicity no no potentially 

waste management biodegradable biodegradable biodegradable 

preparation dissolve in 10 times 
its weight in 20°C 
water. 6 hours of 
swelling 

dissolve in 10 times 
its weight in water 

dissolve in 10 times 
its weight in water 

 

Table E: Innovative white wine anti-phenolic fining agents’ reported characteristics 
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3 Methodology 

3.1 Preparation of the base wine 

3.1.1 Selected vineyard and grape handling 

The grapes for the experiment came from a warm vineyard site (3,300 growing degree 

days) in the Horse Heaven Hills of the Columbia Valley of Washington State. The 

vineyard was planted in 2008 on a vertical shoot positioned trellis system and is free of 

disease. The Muscat grapes were machine-harvested and delivered to the winery on 

the afternoon of September 25th, 2017. The skins and juice were left in contact 

overnight with no additional crushing in the press providing 12 hours of skin contact in a 

sealed press. This process increases the terpene content of the wine and is commonly 

used for aromatic varieties. During pressing, the juices were separated with the later 

pressings retained for the experiment. Selecting later pressings was an attempt at 

maximizing the phenolic content of the experimental wine. 30 ppm SO2 was added to 

the settling juice. 

3.1.2 Settling and fermentation 

The settled juice was racked clean after 24 hours into a 20-hectoliters stainless steel 

tank. Nutrients were adjusted to ensure complete fermentation and the juice was 

inoculated with rehydrated Prise de Mousse yeast. pH was adjusted below 3.70 with 

malic acid. No other additives were added. Fermentations were conducted cold (11.3°C 

on average) to minimize terpene volatilization. The aim was to make a dry wine (i.e. 

without residual sugar, or RS) to evaluate more clearly the level of bitterness during the 

sensory evaluation. Appendix B summarizes all fermentation data. 
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3.1.3 Stabilization and storage 

After complete alcoholic fermentation was confirmed by an enzymatic RS test, the 

tank’s temperature was lowered to 8°C to avoid malolactic fermentation (MLF). After a 

week the wine was racked to a clean 20-hectoliters tank and it was topped from another 

dry Muscat wine tank coming from the same vineyard to minimize headspace and 

potential oxidation. 40 ppm SO2 were added ten days after the end of fermentation to 

further lower oxidation risk and to avoid MLF. Two weeks after SO2 addition, the wine 

was cross-flow filtered and dissolved CO2 was lowered below 1 g/L through nitrogen 

sparging. Note that no bentonite was added to the wine during the trial. 

3.2 Fining experiments 

3.2.1 Number of trials 

Three replications for each treatment level were done to evaluate differences 

statistically. Each treatment had two levels of each fining agent: one level using the 

upper level of the recommended manufacturer rate and another level based on twice 

the upper level of the recommended manufacturer rate (table F below). Six fining agents 

were studied at the two dosage levels along with two sets of controls leading to 14 sets 

of wines with 3 replicates each, resulting in a total of 42 individual trials. 

product name active ingredient supplier recommended 
dosage range 

selected 
dose 

Vegecoll potato protein Laffort 1-12 g/Hl 9 & 18 g/Hl 

Flora Clair pea protein Erbsloeh 10-25 g/Hl 20 & 40 g/Hl 

Fyneo yeast protein extract IOC 5-15 g/Hl 13 & 26 g/Hl 

Polyclar V polyvinylpolypyrrolidone ATP 10 to 40 g/Hl 26 & 52 g/Hl 

Crystalline plus isinglass Scott Lab 1.5-3 g/Hl 2.5 & 5 g/Hl 

Casei - plus potassium caseinate Laffort 5-25 g/Hl 20 & 40 g/Hl 
 

Table F: Selected fining agents for the research 

 



 

21 

3.2.2 Controls 

Two sets of controls were made: The first set consisted of three replicates that were 

handled in a similar manner to the fined treatments but without fining agent (Manip 

control). A second set was left alone isolating differences due to the experimental 

handling itself (Zero control). 

3.2.3 Addition of fining agents 

On the same day, the fining agents were added to four-liter clear cylindrical glass 

containers that had been calibrated to consider small variations 

in container sizes. Fining agents were prepared based on the 

manufacturer recommendation, though all were rehydrated in 

20 ml of deionized water to ensure consistent dilution of 0.4% 

for all treatments and for the manipulation control (picture 1). 

Fining agents were rehydrated in water and not directly in wine 

to avoid lumping.  

Containers were mixed by inverting the container twice 

(except for the zero control) and then topped to their precise 

calibrated volume. The containers were left at cellar temperature (12 to 14°C) for 

settling and were capped to minimize oxidation (picture 2). 

3.3 Conservation of trials 

After ten days’ contact time, each trial was 

racked into a clean, nitrogen-blanketed, glass 

cylinder and the homogenized racked wine was 

then bottled into nitrogen-blanketed bottles with 

15ppm SO2 added to each bottle.  

Picture 1: Rehydration of fining agents 

with three replicates per trial 

 

Picture 2: Fining trial in four-liter containers in the cellar 

after addition of fining agents with three replicates per 

trial 
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The bottles were sealed with a screwcap closure, along with a drop of liquid nitrogen to 

prevent oxygen trapping in the headspace. Four 750 milliliters bottles per trial were 

kept. 

3.4 Laboratory analysis 

To ensure that all absorption/release phenomena came to equilibrium, the analytical 

work was done no earlier than two weeks after bottling. 

Analyses were run on the 42 individual trials. The methods utilized, and the equipment 

used are summarized in table G. 

 

analysis method equipment used location 

turbidity – day 30 nephelometer Hach 2100P winery 

turbidity – day 10 nephelometer Hach 2100P winery 

pH pH meter SypHony meter with Thermo 
Orion 8102BN probe 

winery 
 

titrable acidity titration with 
sodium hydroxide 

manual titration winery 
 

volatile acidity enzymatic Astoria Pacific discrete 
analyzer using megazyme 
kits 

winery 
 

residual sugar enzymatic Astoria Pacific discrete 
analyzer using megazyme 
kits 

winery 
 

protein stability bentonite series Hach 2100P winery 
 

evaluation of lees  pictures + 
description 

iphone 6 camera and 
personal notes 

winery 
 

browning potential A420 nm spectrophotometer university 

total iron reactive 
phenolic index 

A280 nm spectrophotometer university 

ethanol infralizer Anton Paar, Ashland, VA university 

phenolic 
composition 

HPLC Agilent 1290 series HPLC 
and an Agilent 6130 series 
quadrupole-MS 

university 

terpene content GC/MS see protocol in appendix D university 

color CIELAB 
coordinates 

Konica Minolta CR-400, 
Ramsey, NJ 

university 

 

Table G: Analytical methods used 
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The trials were visually inspected before racking out of lees and wine clarity and lees 

aspect were recorded. The bottled wines were analyzed in two locations. A first set of 

analyses was conducted from one bottle from each trial in the laboratory of the winery 

where the trials were conducted and included: 

 the turbidity at day 30 through a nephelometric reading at a depth of 7 cm from 

the surface of the wine. 

 the turbidity at day 10, which was measured with a nephelometric reading after 

mixing the bottle. 

 the pH. 

 the titratable acidity, using sodium hydroxide titration. 

 the impact on protein stability, estimated with a nephelometric reading performed 

on wine filtered down to 0.45 microns and then placed in an 80°C hot bath for 30 

minutes. 

An additional test to measure lees amount was conducted and consisted of adding the 

medium high level of each fining agent to a separate 750ml bottles of unfiltered Muscat 

wine. Lees amount was measured after 10 days of storage at 4°C. 

A second set of analysis was conducted at a local university laboratory on a second 

bottle from each trial and included: 

  the total iron reactive phenolic index through an absorbance reading at 280 nm 

of a wine sample put in contact with iron chloride, which measures phenolic 

compounds with more than one hydroxyl group.144 

 the ethanol through infrared reading. 

______________________________________________________________ 

144 Heredia et al., 2006 
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 the phenolic composition on an Agilent 1290 series HPLC and an Agilent 6130 

series quadrupole-MS (full set-up detailed in appendix E). An additional test 

using the same analytical protocol was conducted to appreciate the amount of 

catechin removed by the medium high level of fining agents in model wines. In 

that test catechin was added to 10 mL of model wine (5 g/L tartaric acid, 14% 

ethanol, pH=3.5) to reach a final concentration of 300 ppm. The fining agents 

were rehydrated in water as previously described and were added after 

appropriate swelling times to catechin solutions in triplicate. Samples were mixed 

overnight and filtered prior to HPLC analysis. 

 the terpene and ester composition through GCMS (full protocol detailed in 

appendix E). 

 the color through the measurement of the CIE L*a*b* coordinates with a 

colorimeter. 30ml of wine was added to a petri dish and the colorimeter was 

positioned at a set height above the wine sample. 

 the estimation of the browning potential through a measurement before and after 

treatment of the absorbance at 420nm of 5 mL wine samples. The treatment 

consisted of heating the sample to 50°C for 4 weeks.145 After four weeks some 

evaporation had occurred through the top lid and model wine was added to 

ensure that final volume was 5mL. 

  

______________________________________________________________ 

145 Cheynier et al., 1989 
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3.5 Sensory analysis 

The sensory analysis was conducted at a local university sensory laboratory and its 

objectives were to evaluate the impact of the different fining agents on the trials' 

aromatic intensity, bitterness, typicity and mouthfeel volume. A preliminary tasting with 

five experienced tasters was conducted 4 weeks after bottling to discuss the 

experimental protocol for the sensory trial (results of the tasting in appendix C). It was 

decided that, considering the small sensory differences noted by the panel between the 

two dosages for each fining agent, the sensory trial would focus on the high dosage 

trials and the two controls.  

3.5.1 Panelists 

Eight volunteer panelists participated in the study (7 men, 1 woman) and were recruited 

from a local University faculty, staff, and students. Four had previously participated in 

wine descriptive analysis. 13 panelists were trained originally. 1 panelist was sick and 

was unable to do analysis. 4 panelists were removed from analysis because of 

reproducibility issues since they rated a wine high the first time they saw it and low the 

second time they saw it. 

3.5.2 Training 

Three, 60 minutes training sessions were conducted. During the first training session, 

panelists tasted three of the treatments with the most apparent differences and created 

a list of terms that described the wines. The list of descriptors was modified each 

training session after tasting different experimental wines, until panelists agreed upon 

terms. Descriptors that best described the wines were hue (yellow to blue), aromatic 

intensity, bitterness, body, and acidity. Standards were presented for each term and are 

summarized in table H next page.  
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descriptor standard left anchor 
word 

right anchor 
word 

hue tri-stimulus color measurement: 
Blue: L=88.0 a=-1.1 b=3.8 
Yellow: L=87.9 a=-1.49 b= 4.2 

blue yellow 

aromatic 
intensity 

Low: 25% control wine, 75% water 
High: Control wine 

low high 

bitterness Low: Pea protein fining treatment 
High: Control wine and 500 ppm 
caffeine 

low high 

body Low: 80% control wine, 20% water 
High: Control wine with 4 g/L sugar 
added 

thin viscous 

acidity wine containing: 
Low: TA= 4.1 g/L 
Medium: TA=5.1 g/L 
High: TA= 8.0 g/L 

flabby crisp 

 

Table H: Sensory panel standards used to train the sensory panel 

At each training, panelists practiced rating each attribute with research wines and dry 

Muscat samples. Compusense software146 feedback calibration was utilized to help train 

panelists on low and high scale use for each attribute. 

3.5.3 Evaluations 

After training, four sessions were utilized to evaluate the 

experimental wines. Wines were coded with random 3-digit 

codes, evaluated in duplicate, and presented in a 

randomized Williams Latin square design. Samples were 

evaluated in individual sensory booths under white light 

(picture 3). Samples were scored for each attribute on a 

10cm line scale anchored at each end (see appendix D). 

After each sample was evaluated, there was a forced 60 

second break, before the panelist could continue with the next 

______________________________________________________________ 

146 https://www.compusense.com/en/ 

Picture 3: sensory booth 
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sample. Wines were served at 18oC and were poured 30 minutes prior to analysis. 

Glasses were covered with plastic glass covers to minimize aroma loss. Twelve wines 

were presented at each session. Panelists could evaluate up to two sample sets per 

day, with a minimum one-hour break in between.  

3.6 Statistics 

For each chemical analysis, a one-way analysis of variance (ANOVA) was performed, 

with treatment as the source of variation. For sensory analysis a three-way ANOVA was 

performed with wine, replicate, and judge as sources of variation. If significance was 

found, Fisher Least Significant Difference (LSD) was utilized for separation of means. 

Sensory data was normalized prior to statistical analysis.   
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4 Results 

4.1 Wine observations 

Tables I-1 and I-2 (page 28 and 29), display pictures and observation of the four-liters 

containers after two weeks of settling. Both controls were clear with no apparent lees 

confirming that the observed haziness and lees were from the fining agent additions. 

The patatin and YPE treatments were not settled and were significantly hazy especially 

the patatin. All other treatments were settled and relatively clear with the pea treatment 

showing a very slight haze. The quantity of lees generated was minimal with lowest 

volumes for the isinglass treatments and largest volumes for the PVPP treatments. 

Overall the quantity of lees in all treatments was reasonable and below 1% by visual 

evaluation. The separate experiment in 750ml bottles filled with unfiltered Muscat wine 

confirmed the minimal differences in lees amount (picture 4) except for patatin that 

showed a higher level of total lees. While the overall haziness of the trials was reduced 

by storing at lower temperature, patatin fining still generated a larger amount of lees 

than any other fining agent. 

 

 

 

Picture 4: side by side pictures of the unfiltered Muscat wine added with the medium high dose of each fining agent 

Dotted line indicates the level of lees in the control 
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control manipulation zero control casein mid-level casein high-level 

 
 

 

 

no lees – clean wine no lees – clean wine relatively clear with 
moderate level of fluffy 

lees sticking to side of jug 

relatively clear with 
moderate + level of fluffy 
lees sticking to side of jug 

isinglass mid-level isinglass high-level PVPP mid-level PVPP high-level 

   
 

well settled with little 
fluffy lees at the 

bottom 

well settled with fluffy 
lees at bottom 

almost clear with 
moderate level of thick 

lees at the bottom 

slightly hazy with high 
level of lees at bottom 

 

Table I-1: trial observation pre-bottling  
for controls and conventional anti-phenolic fining agents after 10 days settling   
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patatin mid-level patatin high-level pea mid-level pea high-level 

 

 
  

hazy – not settled 
very hazy – cannot 

see through 
very slight haze with 

settled lees 
very slight haze with 

settled lees 

YPE mid-level YPE high-level   

  

  

slightly hazy with little 
lees at the bottom 

moderate haziness with 
fluffy lees 

  

 

 

Table I-2: trial observation pre-bottling 

for innovative anti-phenolic fining agents after 10 days settling  
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4.2 Fining agent costs 

The cost per hectoliter of each treatment ranged from $0.35/Hl for the medium high 

isinglass treatment to $1.43/Hl for the high YPE treatment (table J). Lost wine in lees is 

not estimated to be significantly different between the treatments except for patatin. 

 

 

 

 $/Kg g/Hl $ per Hl of treatment 

fining agent cost medium 

high dose 

high 

dose 

Medium 

high 

high 

Isinglass $138.50 2.5 5 $0.35 $0.69 

Potassium Caseinate $31.30 20 40 $0.63 $1.25 

PVPP $16.80 26 52 $0.44 $0.87 

Pea protein $27.00 20 40 $0.54 $1.08 

Potato protein $75.10 9 18 $0.68 $1.35 

YPE $55.00 13 26 $0.72 $1.43 

 
Table J: Cost of fining agents 
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4.3 Wine analyses results 

4.3.1 General chemistry 

4.3.1.1 Residual sugars, volatile acidities, pH, titrable acidities and alcohols 

Averages, standard deviation and statistical relevancies are summarized in table K. 

Residual sugars, volatile acidities, titrable acidities and ethanols were unaffected by the 

treatments. Statistical differences were found in pH levels though the differences were 

minimal ranging from 3.75 in the manipulation control to 3.78 in the pea and YPE high 

treatments. 

 

 

Table K: General chemistry for each trial 
Means presented with standard deviations. Means not sharing a letter are significantly 

different at α=0.05 (Fisher LSD). 
 

Treatment Glu/Fru VA pH TA Alcohol 

Control Manip. 0.3±0.0 0.05±0.04 3.75±0.01 E 5.27±0.06 13.47±0.02 

Control Zero 0.4±0.2 0.02±0.01 3.77±0.01 AB 5.30±0.00 13.54±0.02 

Casein Mid 0.3±0.1 0.01±0.01 3.77±0.01 ABCD 5.27±0.06 13.45±0.02 

Casein High 0.3±0.0 0.02±0.02 3.77±0.00 ABC 5.30±0.00 13.43±0.02 

Isinglass Mid 0.2±0.2 0.04±0.04 3.77±0.01 ABCD 5.30±0.00 13.45±0.03 

Isinglass High 0.4±0.1 0.03±0.03 3.77±0.01 ABCD 5.27±0.06 13.42±0.02 

PVPP Mid 0.3±0.0 0.01±0.02 3.76±0.01 CDE 5.27±0.06 13.42±0.02 

PVPP High 0.2±0.2 0.01±0.01 3.76±0.01 BCDE 5.23±0.06 13.46±0.03 

Patatin Mid 0.3±0.0 0.01±0.01 3.76±0.01 DE 5.27±0.06 13.44±0.01 

Patatin High 0.4±0.1 0.02±0.02 3.77±0.01 ABCD 5.27±0.06 13.43±0.01 

Pea Mid 0.4±0.2 0.02±0.03 3.77±0.01 ABC 5.27±0.06 13.42±0.07 

Pea High 0.3±0.0 0.01±0.01 3.78±0.01 A 5.30±0.00 13.43±0.06 

YPE Mid 0.3±0.4 0.03±0.02 3.77±0.00 ABC 5.30±0.00 13.4±0.1 

YPE High 0.4±0.2 0.02±0.01 3.78±0.01  A 5.30±0.00 13.37±0.07 
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4.3.1.2 Turbidities  

The turbidities at 10 and 30 days and the turbidities after protein stability testing were 

affected by the treatments and displayed in table L below. 

 

Treatment NTU Day 30 NTU Day 10 NTU HS Impact 

Control Manip. 0.45±0.02 D 0.49±0.03 G 0.68±0.08 C 

Control Zero 0.48±0.06 D 0.44±0.04 G 0.58±0.08 C 

Casein Mid 0.86±0.14 D 1.2±0.2 FG 0.62±0.10 C 

Casein High 3.1±1.1 C 4.5±1.3 DE 0.64±0.16 C 

Isinglass Mid 0.51±0.13 D 0.54±0.01 G 0.59±0.09 C 

Isinglass High 0.34±0.07 D 0.59±0.12 G 0.6±0.3 C 

PVPP Mid 0.56±0.06 D 0.65±0.07 G 0.57±0.02 C 

PVPP High 0.62±0.04 D 0.77±0.03 FG 0.67±0.03 C 

Patatin Mid 23±3 A 33.3±0.4 B 1.5±0.5 AB 

Patatin High 5.8±0.4 B 45±4 A 1.7±0.7 A 

Pea Mid 4.7±0.6 B 5.7±1.1 D 0.8±0.3 BC 

Pea High 4.9±0.6 B 6.1±0.6 CD 1.5±1.5 AB 

YPE Mid 1.7±0.2 CD 2.7±1.1 EF 0.66±0.10 C 

YPE High 4.8±0.3 B 7.9±1.0 C 0.8±0.3 BC 

 

Table L: nephelometric turbidity units (NTU) for each trial 
Means presented with standard deviations. Means not sharing a letter are significantly 

different at α=0.05 (Fisher LSD). 
 
 
 

The turbidities after 30 days of settling in bottles were significantly higher for all the 

alternative fining agents with a correlation between higher turbidity and higher level of 

treatment for YPE, no correlation with the level of treatment for pea and a reverse 

correlation for patatin. The turbidity at day 30 of all the traditional fining agents was not 

significantly different from the controls except for the high treatment level of casein. 
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The turbidities at day 10 showed a similar pattern with patatin significantly the haziest 

followed by pea and YPE and finally the traditional fining agents (casein, PVPP and 

isinglass in order of decreased haziness). Only isinglass, at both medium and high 

levels, was not statistically different in turbidity from the controls at day 10. Controls 

(manip and zero) were consistent, confirming that the observed differences in turbidity 

were due to the fining treatments. 

 

 

 

The heat stability of the wine was significantly reduced with the patatin treatment at both 

dosages with a higher instability at higher dosage. The pea treatment also significantly 

reduced the heat stability of the treated wine though to a lesser degree than patatin. All 

the traditional fining agents showed no statistically significant impact on heat stability 

(chart 2 next page). Finally, visual observations of the test tubes were identical which 



 

35 

agree with the fact that the human eye cannot easily detect hazes below 5 NTU147. 

 

4.3.2 Color and browning potentials 

L*a*b* coordinates, also referred to as CIE LAB coordinates, place a given color in a tri-

dimensional model where L* indicates lightness, a* the position on the red/green axis 

and b* the position on the yellow/blue axis (see representation below). 

 

 

  

______________________________________________________________ 

147 E. Myre et al. 

CIE L*a*b* color modeling 
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L* was unaffected by the treatments (table M). A significant reduction of a* (less 

negative) indicating a loss of green hue is noted for the high casein treatment and to a 

greater extent for the high level of pea protein and any level of YPE. The high level of 

isinglass was the only treatment statistically increasing the green hue. b* was 

significantly highest for the controls, and all treatments reduced yellow hue, although 

the standard deviation was large for this measurement. The largest reduction in b* 

came from the high level of pea and casein treatments. 

 

Table M: Cie L*a*b* coordinates and browning potentials 
Means presented with standard deviations. Means not sharing a letter are significantly 

different at α=0.05 (Fisher LSD). 
 

 

 

Treatment 
L lightness a* red/green b* yellow/blue browning potential 

(ΔA420nm) 

Control Manip. 87.9±1.0 -1.49±0.03 bc 4.23±0.09 a 0.086±0.034 ab 

Control Zero 86.8±0.4 -1.36±0.04 bc 4.26±0.07 a 0.082±0.015 ab 

Casein Mid 86.9±0.8 -1.33±0.04 b 4.0±0.3 abcde 0.084±0.005 ab 

Casein High 87.3±0.3 -1.40±0.04 bc 3.79±0.04 e 0.067±0.019 bc 

Isinglass Mid 86.6±1.0 -1.45±0.08 bc 4.1±0.2 abcde 0.083±0.004 ab 

Isinglass High 87.4±0.6 -1.50±0.09 c 4.2±0.3 abc 0.096±0.027 ab 

PVPP Mid 87.6±1.0 -1.48±0.05 bc 3.9±0.2 bcde 0.094±0.018 ab 

PVPP High 87.6±1.7 -1.43±0.04 bc 4.0±0.2 abcde 0.078±0.011 b 

Patatin Mid 88.6±1.6 -1.46±0.09 bc 4.2±0.3 ab 0.084±0.022 ab 

Patatin High 87.5±2.2 -1.46±0.09 bc 3.9±0.3 cde 0.112±0.013 a 

Pea Mid 87.9±1.0 -1.44±0.07 bc 3.9±0.2 bcde 0.069±0.018 bc 

Pea High 88.0±1.1 -1.1±0.3 a 3.8±0.1 de 0.045±0.016 c 

YPE Mid 88.4±0.6 -1.03±0.04 a 4.12±0.06 abcd 0.067±0.018 bc 

YPE High 87.5±1.5 -1.1±0.1 a 4.2±0.2 abc 0.088±0.023 ab 
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The browning potential evaluation showed a gradient of changes from an increase with 

the high level of patatin to light reductions with the high level of casein and PVPP, the 

medium level of pea and the medium level of YPE. The highest reduction in browning 

potential came from the high level of pea proteins. 
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4.3.3 Terpenes GCMS analyses 

The GCMS analysis results are summarized in table N below. The analysis of total 

terpenes did not reveal any statistical difference between the treatments in totality or at 

the molecular level (chart 4). The main terpenes found were citronellol, linalool, 3,7-

octadiene-2,6-diol and 2,6-dimethyl (a linalool isomer). 

treatment total terpenes 
(ppm geraniol 
equivalents) 

total esters 
(ppm ethyl 
decanoate 
equivalents) 

citronellol 
(ppm) 

linalool 
(ppm) 

linalool 
isomer 
(ppm) 

Control Manipulation 0.87±0.07 0.16±0.01 0.50±0.03 0.24±0.02 0.15±0.02 

Control Zero 0.93±0.03 0.179±0.004 0.54±0.02 0.25±0.01 0.16±0.01 

Casein Mid 0.91±0.02 0.18±0.01 0.53±0.01 0.243±0.007 0.157±0.006 

Casein High 0.89±0.07 0.17±0.01 0.52±0.03 0.25±0.03 0.15±0.01 

Isinglass Mid 0.96±0.02 0.19±0.01 0.55±0.02 0.27±0.02 0.162±0.005 

Isinglass High 0.88±0.01 0.17±0.01 0.52±0.01 0.23±0.02 0.146±0.003 

PVP Mid 0.91±0.06 0.17±0.02 0.53±0.03 0.26±0.02 0.15±0.01 

PVP High 0.92±0.07 0.17±0.02 0.54±0.04 0.25±0.03 0.16±0.01 

Patatin Mid 0.89±0.06 0.17±0.01 0.51±0.03 0.24±0.02 0.16±0.02 

Patatin High 1.05±0.10 0.21±0.01 0.57±0.03 0.37±0.05 0.13±0.02 

Pea Mid 0.88±0.02 0.164±0.004 0.52±0.01 0.24±0.01 0.141±0.007 

Pea High 0.91±0.03 0.169±0.004 0.54±0.01 0.244±0.009 0.156±0.009 

YPE Mid 1.02±0.37 0.18±0.06 0.59±0.18 0.31±0.18 0.15±0.02 

YPE High 0.90±0.08 0.16±0.02 0.54±0.04 0.24±0.03 0.15±0.02 
 

Table N: GCMS aggregate results of total terpenes, total esters  
and main terpene compounds 
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The GCMS analysis revealed significant total ester content, and again there was no 

differences between treatments (chart 5). The main esters found were octyl ester of 

acetic acid, 3-(octadecyloxy) propyl ester of stearic acid, ethyl ester of hexadecanoic 

acid, 1-butanol,3-methyl-,acetate, ethyl 9-decenoate, 3-methylbutyl ester of octanoic 

acid, ethyl ester of hexanoic acid, ethyl ester of octanoic acid, ethyl ester of nonanoic 

acid, ethyl ester of decanoic acid and ethyl ester of dodecanoic acid. 
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4.3.4 Phenolic compounds analyses 

Phenolic analyses data for the 4 liters container trials are summarized in table O below. 

The iron reactive phenolics analyses revealed little differences between treatments and 

controls except for the patatin, which seemed to increase the total phenolic reading of 

the treated wines (chart 6). 

Treatment 
iron 

reactive 
phenolics 

flavonols 
(ppm quercetin 

equivalents) 

hydroxycinnamatic acids 
(ppm affeic acid 

equivalents) 

Control Manip. 28±6 e 9.00.3 AB 83.10.1 AB 

Control Zero 33±2 cde 9.00.2 AB 84.00.2 AB 

Casein Mid 34±8 cde 8.40.2 DE 83.40.4 DE 

Casein High 31±2 de 8.20.2 EF 80.60.4 EF 

Isinglass Mid 33±1 cde 8.80.2 ABC 83.170.04 ABC 

Isinglass High 29±2 e 9.00.3  A 82.70.5 A 

PVPP Mid 29±2 e 5.310.02 G 80.60.4 G 

PVPP High 33±1 cde 4.240.07 H 78.70.5 H 

Patatin Mid 48±7 a 8.60.4 CD 82.20.4 CD 

Patatin High 48±8 a 8.70.2 ABCD 81.50.4 ABCD 

Pea Mid 39±3 bc 8.170.04 EF 80.580.0.06 EF 

Pea High 33±1 cde 7.960.04 F 78.50.5 F 

YPE Mid 37±3 bcd 8.560.07 CD 83.40.2 CD 

YPE High 43±5 ab 8.60.2 BCD 82.80.5 BCD 
 

Table O: Total iron reactive phenolics and HPLC phenolic fraction analysis  
Means presented with standard deviations. 

Means not sharing a letter are significantly different at α=0.05 (Fisher LSD). 
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The HPLC analysis was able to detect small amounts of phenolics and for interpretation 

they have been gathered into two groups: 

 Flavonols (chart 7) were found ranging from 4.24 to 9.0 mg/L of quercetin 

equivalent with significant decreases from the controls for casein, patatin, pea and 

PVPP. The largest decreases were for PVPP. The decrease in flavonols was 

accentuated by higher dosage of fining agent in most cases. Isinglass seemed to 

have no effect on flavonol concentration. 
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 Hydroxycinnamic acids content (chart 8) ranged from 78.5 to 84 mg/L of caffeic 

acid equivalent with significant modest decreases from the controls for isinglass, 

patatin and YPE, larger decreases for potassium caseinate and largest reduction 

for PVPP and pea proteins. The decrease in hydroxycinnamic acids was always 

accentuated by higher dosage of fining agents. All fining agents have reduced 

hydroxycinnamic acids concentration from the controls. 

 

 Flavan-3-ols were not detected by the HPLC. A secondary analysis of the 

samples through an Agilent liquid chromatography/quadrupole time-of-flight mass 

spectrometry (LC/Q-TOF/MS) confirmed that no flavan-3-ols were present in the 

samples. 

Since no flavan-3-ols were present, a separate experiment was conducted to evaluate 

the impact of the medium high dose of fining agents on this class of phenolics known to 

be bitter. 
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Based on this additional experiment (chart 9/table P), only PVPP had a significant 

impact on flavan-3-ols. 

treatment catechin 
(ppm) 

 

Control 294±3 AB 

Isinglass High 293±9 AB 

Casein High 303±7 A 

PVPP High 219±15 C 

Pea High 297±1 A 

Patatin High 282±9 B 

YPE High 290±5 AB 

 
Table P: Impact of fining agents (high dosage) on flavan-3-ols concentration  

in model wine added with catechin 
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4.4 Sensory results 

The sensory analysis revealed no significant difference among controls and treatments 

except for yellow hue. The interaction analysis showed no interaction, which validates 

the quality of the sensory analysis: the wine was not impacted by the winemaking 

replicate (Wine x Rep), each judge rated each replicate consistently (Judge x Rep) and 

each judge internally rated the wines the same way (Wine x Judge). Table Q 

summarizes the three-way analysis of variance and a graphic representation of each 

tested sensory attribute is located at the end of appendix D. 

Table Q: Three-way ANOVA (F-value and significance level) of attributes rated. 
Main effects: judge (n=8), wine (n=8), and replicate (n=3) and interactions for all wines, 

attributes and replicates. Significance at p<0.05*, 0.01**, 0.001*** 

 

Table R displays the analysis of the differences found for hue. 

Sample Normalized Hue Rating (higher values 
are yellower, lower values are bluer) 

Control Man 0.73±0.16 A 

Control Zero 0.72±0.19 A 

Isinglass 0.71±0.19 A 

YPE 0.67±0.25 A 

Casein 0.55±0.19 B 

PVPP 0.52±0.25 B 

Pea 0.40±0.21 C 

Patatin 0.33±0.21 C 

Table R: Sensory panel ANOVA for hue. Letters indicate significantly different grouping. 

 

Source of Variation DF Hue Aroma Bitter Body Acidity 

Wine 7 18.11*** 1.68 0.85 0.66 1.41 

Replicate 2 1.46 1.87 0.18 0.89 0.06 

Judge 7 0.79 7.47*** 7.64*** 9.38*** 8.63*** 

Wine x Rep 14 1.09 1.52 0.72 0.88 0.59 

Judge x Rep 14 0.88 0.70 1.07 1.21 0.35 

Wine x Judge 49 1.62 1.36 0.94 1.04 0.79 

Error 290 0.62 0.72 0.85 1.18 0.94 
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The tasters recorded any off aromas during the sensory evaluation. Their frequency and 

type of aroma recorded are summarized in table S below. 

 

number of 
observations 

(out of 72 
possible) 

number of 
panelist 

making an 
observation out 
of 7 panelists 

overall observations 

YPE 3 (4%) 3 
Fewest observations, one for heat, two for 
reduction 

Casein 4 (6%) 3 
Two positive comments (fresh and nice), one for 
muted aromatics and one for musty 

Control 
zero 

5 (7%) 4 
One comment for high intensity, 4 comments for 
musty 

Control 
Manip 

8 (11%) 6 
3 positive comments (like or nice), 3 odd aromas 
(herbal, bubblegum and piny), 2 lower aromatic 
intensity 

Patatin 9 (12%) 6 
4 comments about slight haziness, 5 comments 
for odd aromas (chemical, chalky, grassy, 
musty, reduced) 

Isinglass 10 (14%) 5 

4 comments for musty/TCA, 2 comments for 
petrol, 3 comments for odd aromas (oxidation, 
green apple, windex), 1 comment for low 
intensity 

PVPP 11 (15%) 7 
11 random odd aromatics (bruised apple, 
ethanol, herbal, metallic, green, low flavors, 
musty, watery, tart) 

Pea 12 (17%) 7 

4 green aromatics (grape seed, pyrazine, green 
pepper, seedy), 2 reduction of intensity (watery), 
3 reduction (musty, rubbery, litter), 3 other odd 
aromas (sulfites, green apple) 

Table S: Compilation of off aroma free field from the sensory evaluation 
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5 Discussion 

The research set out to answer three questions about the impact of traditional and 

newer anti-phenolic agents on the phenolic and terpene composition of Muscat as well 

as their practical use and cost in the cellar. The following discussion aggregates the 

results from the research and attempts to answer those questions as precisely as 

possible. 

5.1 Are the new alternative fining agents as efficient as traditional fining 

agents at removing undesirable phenolic compounds in Muscat? 

5.1.1 Impact on phenolic chemistry 

Broader total phenolics measurement among all fining agents appeared to show little 

variation except for patatin, which showed a significant increase in iron phenolic 

content. This increase is likely not an indication of an enrichment in phenolics, but rather 

cues to the addition of an unidentified compound that is detected by the analysis. The 

finer HPLC analysis revealed only two phenolic fractions which was surprising. No 

flavan-3-ols were detected, suggesting a very gentle handling of the grapes, despite 

machine harvesting, skin contact and selection of late presses treatments. The two 

revealed fractions were flavonols and more importantly, acid phenols.  

o Flavonols: Traditionally, bitterness has been associated with flavan-3-ols but the 

lack of those compounds and the presence of bitterness in the controls suggest 

that compounds other than flavan-3-ols must be responsible for bitterness in 

white wine. Recent scientific research suggests that flavonols, such as 

quercetin-3-glucoside, could be bitter which could explain why while no flavan-3-

ols were detected, the treated wines were still showing some bitterness. This 

finding confirms that flavonols could be more important to white winemaking 

than previously thought. Flavonols were best reduced by PVPP and somewhat 
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impacted by potassium caseinate and pea proteins.  

o Acid phenols have been linked to browning and potentially flavor stripping. The 

best agents at removing those compounds were PVPP and pea followed by 

casein and patatin. The browning reduction results correlate somewhat with the 

reduction in hydroxycinnamic acid (chart 10) supporting the idea that 

hydroxycinnamic acids play a role in the browning of white wines but is 

obviously not the only factor to consider. 

 

o Flavan-3-ols, which were absent in the base wine, were most affected by PVPP 

in the model wine. This result agrees with the literature that often reports PVPP 

as being an excellent agent to remove bitterness in wines. 

5.1.2 Impact on bitterness 

The sensory was not conclusive as to bitterness reduction for any of the fining agents. 

Bitterness is very difficult to evaluate because the variability among people in perceiving 

that sensation is known to be very large. The bitterness of the treatments was no better 

or worse than the controls and therefore no fining agents affected the perception of 

bitterness significantly. Based on these results, the addition of anti-phenolic agents to 
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reduce the sensation of bitterness in this experiment would seem insignificant. There 

was a slight impact of PVPP at pulling flavonols out of solution which could potentially 

reduce bitterness, but further research would be needed to confirm this statement and 

the overall impact would likely be minimal. 

5.1.3 Impact on color 

The reduction in green hue for pea, YPE and to a lesser degree, potassium caseinate, 

could lead to a loss of perceived freshness in white wines. Interestingly, the increase in 

green hue for isinglass could be linked to the popular idea that isinglass treated wines 

are more brilliant and look fresher. The yellow hue was highest for the controls both 

analytically and by sensory evaluation, which suggests that all treatments, and most 

significantly potassium caseinate and pea proteins, were able to pull out yellow 

pigments. The excellent correlation between sensory appreciation of yellow hue and b* 

(chart 11) displays how accurate and universal our sense of vision is, especially when 

compared to the lack of universality and accuracy of the appreciation of bitterness. Prior 

research studies portray potassium caseinate and pea proteins as interchangeable and, 

at least based on their impact on color, this research would support that statement. 
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5.1.4 Impact on browning potential 

Only a few agents reduced browning potential: potassium caseinate at high level, PVPP 

at high level, YPE at moderate level and most consistently pea proteins at both levels. 

Pea proteins seemed the best fining agent for the reduction of browning potential and 

even at moderate levels it was more effective than PVPP, which is currently the most 

recommended agent for this task. YPE’s moderate impact on browning potential could 

also be attractive. Patatin was the only agent to increase browning potential. This is of 

interest because it was also the only agent to increase total phenolics. These results 

indicate that patatin may add a compound to wine that both analyses are detecting. 

5.2 Do the new alternative fining agents affect the aromatic intensity and 

typicity of Muscat? 

The mix and type of terpenes were as expected with a preponderance of citronellol, 

which is generally the leading terpene post alcoholic fermentation. The GCMS data did 

not reveal any differences among treatments and controls for either terpenes or esters. 

The consistency of the chemical analysis was confirmed by the lack of difference in 

sensory analysis. Therefore, none of the fining agents should be rejected based on their 

impact on aromatic intensity or on typicity. The analysis of off-aromas in not sufficient to 

declare any of the fining agents as introducing undesirable aromatics, although there 

were more off-odors noted for pea proteins, PVPP and isinglass at one end, and fewer 

off-aromas than the control for YPE and potassium caseinate at the other end. Further 

research would be needed to confirm statistically those results and none of the fining 

agents should be rejected based on such faint evidence. 
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5.3 What are the costs and logistical differences between existing fining 

agents and their newer alternatives? 

5.3.1 Cost 

The cost of fining was analyzed by estimating the efficiencies of each fining agent in 

removing undesirable characteristics without altering other qualities and without creating 

further logistical costs. Table T (next page) computes the cost to treat 1,000 Hl of 

Muscat wine in order to obtain a one percent improvement in reduction for each 

undesirable characteristic. Only agents that influenced a given characteristic are 

deemed to be worth the investment. The key characteristics selected were: 

o the reduction in browning potential. Agents that had an impact were the high 

levels of PVPP and potassium caseinate, the medium level of YPE (which is not 

consistent with the high level) and pea proteins at any level. The best and least 

expensive fining agent per unit of browning potential reduction were pea proteins. 

The reduction in hydroxycinnamic acid correlates well with those results. 

o the reduction in clarity, which at the upper end is associated with additional 

settling time, the use of colder temperature and perhaps additional clarification 

and filtration requirements which are all costly. Patatin generated the haziest 

wine by far and isinglass the clearest. 

o the reduction in yellow hue. All treatments reduced yellow hue and the best were 

pea proteins and PVPP and, to a lesser degree, potassium caseinate. 

o the reduction in flavonols and flavan-3-ols concentration. The best fining agent 

for both groups of compounds was by far PVPP. Patatin is probably also 

appropriate but at a much higher cost (10 times more expensive). 

The cost-minded winemaker should look at pea proteins to reduce browning potential, 

at PVPP and pea proteins to reduce yellow color, and at PVPP to reduce potentially 
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bitter phenolic content of Muscat white wines. A mix of the PVPP and pea proteins 

would be an interesting combination to study. 
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5.3.2 Preparation and addition 

The alternative fining agents were generally easy to use, except perhaps in terms of 

preparation time. Pea proteins required 6 hours of swelling, and isinglass required 3 

hours of swelling; these preparation times could be inconvenient in some cellars. 

Among the traditional fining agents, only potassium caseinate was more difficult to use 

since it tended to coagulate or clump in wine and must be prepared in water and 

injected and mixed quickly in wine to avoid poor fining results. The high foamability of 

patatin reported in the literature was not observed. The preparation and addition of the 

alternative fining agents is not a specific obstacle to their usage. 

5.3.3 Clarification levels and potential requirements for additional processes 

The alternative fining agents as a group provided wines that were more turbid after 

addition than their traditional counterparts. Patatin was especially turbid both after 30 

and 10 days regardless of dosage and had little settled lees after 10 days. The 

secondary experiment using unfiltered wine also confirmed that patatin generated more 

lees which could add to its cost of use by either increasing wine losses in lees or by 

demanding additional filtrations. Pea was significantly turbid, though less than patatin, 

and showed decent sedimentation of lees in the unfiltered wine experiment. YPE was 

hazy, mainly at high level, but reasonably clear at lower dosage suggesting a minor 

impact on clarity. The traditional fining agents offered good clarity, close to the controls 

at 10 days except for the high potassium caseinate dosage. Overall the traditional fining 

agents offered better clarification than the alternatives. These results must be 

moderated by the fact that wines are almost always filtered post fining and that all 

treatments had final turbidities below 50 NTU which are not of practical significance for 

modern filtration equipment. 
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5.3.4 Impact on protein stability 

In general, the newer alternatives made the treatments slightly more unstable. Patatin 

increased the NTU post-heat stability test above 1.0 regardless of concentration. Pea 

only raised the NTU above 1.0 for the high dosage, while YPE stayed below 1.0 at all 

dosage levels. All the traditional fining agents were not significantly different from the 

controls. These results must be tempered by the fact that while the turbidity differences 

were statistically significant, they will have little practical impact since most wine 

laboratories consider wines protein-stable when they are less turbid than 2.0 NTU after 

heat treatment testing. Nevertheless, for wines that are close to stability, patatin and 

perhaps pea proteins could slightly overfine the treated wine and checking protein 

stability post treatment is recommended for those fining agents. 

5.4 Alteration of wine chemistry 

The treatments had very little impact on basic wine chemistry which is a desired feature 

of good fining agents. Residual sugars, volatile acidities, titrable acidities, ethanol were 

identical in all cases. A slight difference in pH is noted but the standard deviation is too 

large to be conclusive and the variation in pH from 3.75 to 3.78 is of no technical 

importance. Therefore, it can be safely concluded that all fining agents used in the 

experiment do not alter basic wine chemistry. 
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5.5 Proposed scorecard for evaluation of white wine anti-phenolic agents 

The evaluation of white wine anti-phenolic fining agents in a winery laboratory context is 

likely prone to several biases such as: 

 An overreliance on color and clarity after fining to select a given fining agent 

because they are easy to measure, observe and discuss. 

 A lack of appreciation for the browning potential of the wine over time because 

no rapid tests are available. 

 An overestimation of the impact of fining agents on bitterness, which comes from 

the fact that the sensory of bitterness is not identical from one individual to 

another, and from the fact that we do not clearly know the wine compounds that 

are responsible for bitterness. 

Based on this research, a white wine anti-fining agent scorecard is proposed in table U. 

This scorecard summarizes the main factors that a winery could tabulate with the 

assistance of an outside laboratory if necessary. Such a process would ensure a more 

rigorous selection of white wine anti-phenolic fining agents. 

Critical points Methods of measurement Results 

Turbidity of wine post addition NTU pre/post addition  

Amount of lees Laboratory settling trial  

Color alteration L*a*b* coordinates  

Decrease of browning potential Browning potential test  

Alteration of wine composition Analysis pre/post addition  

Change in protein stability Heat stability test  

Impact of bitterness Sensory triangular test  

Introduction of off aromatics Sensory triangular test  

Impact on aromatic intensity Sensory triangular test  

Impact on flavonols HPLC pre/post addition  

Impact on hydroxycinnamic acids HPLC pre/post addition  

Impact on flavan-3-ols HPLC pre/post addition  

Cost of treatment Supplier information  
 

Table U: Proposed white wine anti-phenolic agent score card 
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Table V below summarizes the impact of each fining agent on the Muscat wine of this 

experiment. 

 Results 

Analyses Potassium 
caseinate 

Isinglass PVPP Pea 
protein 

Patatin Yeast 
Protein 
Extract 

Turbidity of wine post addition - -- - 0 ++ + 

Amount of lees - - - - ++ - 

Color alteration a*↓ b*↓↓ a*↑ b*↓ b*↓ a*↓ b*↓↓ b*↓ a*↓↓ b*↓ 

Decrease of browning potential 0 0 ↓ ↓ ↓↓ ↓ 

Alteration of wine composition 0 0 0 0 0 0 

Change in protein stability 0 0 0 + + 0 

Impact of bitterness 0 0 0 0 0 0 

Introduction of off aromatics 0 ? ? ? ? 0 

Impact on aromatic intensity 0 0 0 0 0 0 

Impact on flavonols 0 0 ↓↓ ↓ 0 ↓ 

Impact on acid phenols ↓ ↓ ↓↓ ↓↓ ↓ 0 

Impact on flavan-3-ols 0 0 ↓ 0 0 0 

Cost of treatment + - - + ++ ++ 

Recommended (R) or  
Not Recommended (NR) 

NR NR R R NR NR 

 

Table V: Final evaluation and recommendation for the use of anti-phenolic fining agent 
on Muscat wine 
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5.6 Potential further research 

This research highlighted the following three areas that would be interesting for future 

studies: 

 A better understanding of the compounds that are responsible for bitterness in 

white wines would allow for a better selection of the appropriate fining agent to 

remove them. 

 Understanding the variation among wine consumers in bitterness perception and 

preference could assist winemakers in determining if a wine will be judged 

negatively as bitter in the marketplace. 

 A faster laboratory test to assess browning potential in white wines at the winery 

level would be extremely useful to estimate and reduce the risk of color browning 

over time. 
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5.7 Conclusions 

The newer anti-phenolic fining agents have proven to be interesting as alternatives to 

traditional ones.  

None of the fining agents studied had an impact on the basic wine chemistry and on 

aromatic intensity or typicity, thus validating their neutrality for these important 

characteristics. Unfortunately, none of the fining agents had an impact on perceived 

bitterness, which is the primary reason for their use in the first place. Despite the lack of 

impact on perceived bitterness, PVPP and pea proteins are noted for their reduction in 

potentially bitter flavonols. PVPP was the only agent able to pull out significant amount 

of known bitter flavan-3-ols in model wine. The experimental wine did not have any 

flavan-3-ols suggesting that winemaking practices were gentle and that they are likely 

the best means of avoiding high levels of flavan-3-ols in the first place. The lack of 

flavan-3-ols and the presence of bitterness in the wines reaffirm the need for a better 

understanding of the compounds responsible for bitterness in white wines. Browning 

potential and yellow hue were the characteristics most affected by all fining agents, and 

on that basis PVPP, pea proteins, patatin and YPE had the best results. A major 

drawback of patatin were the high levels of turbidity post-fining as well as the slight 

increase in protein instabilities. High costs make patatin and YPE less interesting than 

pea proteins as an alternative fining agent in terpene-rich Muscat wines. 

In conclusion, PVPP and pea proteins were the most interesting fining agent for 

terpene-rich Muscat Blanc à Petits Grains. PVPP was more efficient at pulling out 

flavonols and flavan-3-ols, potentially making it a better agent against bitterness. PVPP 

has also the advantage of being inexpensive and to have no known allergies. PVPP’s 

only drawbacks are its inorganic nature and poor biodegradability. In this experiment 

pea proteins were not only one of the best fining agent, but they also performed better 
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than commonly used potassium caseinate, which had very little impact on the treated 

wine except on color, or isinglass, which was the least impactful of all fining agents 

except in increasing green hue. Therefore, pea proteins are a viable alternative to 

PVPP, isinglass and potassium caseinate for winemakers interested in a vegan, 

biodegradable and non-allergenic anti-phenolic fining agent alternative in Muscat Blanc 

à Petits Grains. 
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APPENDIX A: RESEARCH PAPER PROPOSAL 

IMW Research Paper Proposal Submission Form 

Student ID 23580 Date of submission  

RPP Version No  Name of Advisor David Bird 

Note: RPPs must be submitted via your Advisor to the IMW 

Proposed Title 

Impact of selected fining agents on the phenolic content and the aromatic intensity of Muscat Blanc 
à Petits Grains 

Research Questions:  Define the subject of your Research Paper and specify the specific 

research questions you plan to pursue. (No more than 200 words) 

A key quality parameter of aromatic grape varieties resides in the typicity and intensity of their 
primary fruit aromatics. The maximization of those aromatics through long hang time, cluster sun 
exposure and skin contact often result in a high concentration of phenolic compounds in aromatic 
white wines, which may require fining to minimize bitterness, especially in dry wines. The highly 
aromatic variety Muscat Blanc à Petits Grains has been retained to research the impact of selected 
fining agents on aromatic intensity and phenolic content. The research will focus on common fining 
agents that present ethical concerns (PVPP, Casein and Isinglass), and on new alternative of fining 
agents that are natural and vegan (from yeast, peas and potatoes). This research will explore:  

a) Are yeast, potatoes and yeast protein based fining agents as efficient at removing 
undesirable phenolic compounds on Muscat as traditional fining agents? 

b) Do yeast, potatoes or yeast protein fining agents affect the aromatic intensity and typicity of 
Muscat? 

c) What are the costs and logistics differences between existing fining agents and their newer 
alternatives? 

Background and Context: Explain what is currently known about the topic and address 
why this topic requires/offers opportunities for further research. (No more than 200 words) 

Current scrutiny on ingredient labeling and demand for more “natural” processes by consumers are 
pushing wineries to explore new winemaking solutions. The use of natural and vegan proteins to 
remove phenolics in white wines would appear to be an alternative to current fining agents that are 
either animal based, chemically made and/or can be labeled as allergens. Several researchers 
have studied the effect of vegetal protein fining on red and rosé wines but few studies have been 
conducted on white wines. Very few fining researches have been done on terpene rich white wines 
that can be high in phenolics because of their associated winemaking techniques attempting to 
maximize terpene intensity. This work will evaluate the differences between the current fining 
agents and newer natural and vegan protein based fining agents. The amount of phenolic removed 
by the different fining agents will be analyzed as well as the amount of terpene potentially “stripped” 
out. An analysis of wine losses and cost of material will provide an additional way to compare the 
different fining agents and could be used as a fining decision reference for wineries making 
terpene-rich white wines. 
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Sources: Identify the nature of your source materials (official documents, books, articles, 

other studies, etc.) and give principle sources if appropriate. (No more than 150 words) 

A detailed review of current knowledge focusing on white wine fining experiments will be 
conducted. Preliminary research looking at google search, ASEV journal, Revue Française 
d’Oenologie, INRA online library, Journal International de la Science de la Vigne et du Vin, 
Food and Science technology suggest a large body of literature with few researches on vegetal 
and yeast based protein fining agents and only a couple doctorate level work on fining of 
aromatic whites leaving gaps in the research: 

 Michel Moutonet. 2006. Intérêt de l'utilisation des protéines vegetales pour le collage des 
mouts et des vins. Revue Francaise d'Oenologie. Vol. 217, 70-73. 

 Melissa Sanborn. 2008. The impact of fining on the chemical and sensory properties of 
Washington State Chardonnay and Gewurztraminer wines. Master of Science in Food 
Science Thesis – Washington State University Department of Food Science. 

 
Research on white wine phenolics and terpene aromatics will also be of interest such as: 

 D. Doneda-Sapceska, WR Sponholz, l. Tasev. 2011. Analysis of volatile components in 
Riesling wines with and without enzymes treatment by SBSE-GC/MS technique. Journal of 
the University of Chemical technology and Metalurgy. Vol. 46-4, 409-418 

 
Additional literary review will include white wine fining trial methodology as well as chemistry 
and sensory analytical methodologies such as: 

 Vincent Renouf, Philippe Louazil, Nerea Irtumendi, Virginie Moine. 2014. New tools for 
precise and adapted fining. Revue Francaise d'Oenologie. Vol. 266, 59-65. 

Research Methodology: Please detail how you will identify and gather the material or 

information necessary to answer the research question(s) and discuss what techniques 

you will use to analyse this information. (No more than 500 words) 

1) During the 2017 harvest a dry Muscat wine will be made to serve as the base wine for the 
experiment. To maximize terpene and phenolic content the juice will come from a skin-
contact batch and the juices will be selected from later pressings. The resulting wine will be 
fermented separately to dryness with Prise de Mousse yeasts and the necessary yeast 
nutrients. Malolactic conversion will be avoided through the addition of sulfites post 
completion of primary fermentation. 

2) After the end of alcoholic fermentation the based wine will be degassed below 1 g/L residual 
CO2 and filtered. The fining trials will be conducted in triplicates in 4 liters containers at 
cellar temperature. The containers will be protected from oxidation and will be settled by 
gravity for two weeks prior to the analytical work. The wines will be treated with two levels of 
fining agents (recommended level and twice the recommended level). The following 
treatments will be conducted: a full control, a manipulation control, three treatments with 
traditional fining agents (PolyclarV, Casei-plus, Isinglass) and three treatments with natural 
and vegan agents (Vegecoll, FloralClair, Fyneo).  

3) Treatments and controls will be analyzed one month after treatment. Analysis performed will 
include: total acidity, pH, alcohol, volatile acidity, phenolic content (HPLC), TPI (D280); 
turbidity, browning potential (D420), terpene content (GC-MS), sensory analysis (focused on 
terpene intensity and perception of bitterness). 

4) Analysis will come from the medium sized winery laboratory for basic analysis (Ethanol, pH, 
TA, total phenols, browning potential, color, protein stability, turbidity) along with a major 
enological university laboratory for GCMS (terpenes), HPLC (phenolics) and sensory 
evaluation. Analysis of results with statistical work using analysis of variance (ANOVA) with 
Fisher’s LSD statistical analysis  (5% level) for laboratory data and Ducan MRT statistical 
analysis for sensory data 
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5) Results and discussion of the statistical analysis done in 4 above. A study of cost 
considerations (losses in lees, cost of fining agent) and logistical concerns (ease of use, 
contact time) will be also included 

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.  (No more than 150 words) 

The proposed research will provide wineries making aromatic white wines with information 
regarding the use of allergen free, natural and vegan protein based fining agents in comparison to 
traditional fining agents used to reduce the phenolic content on white wines. The research will also 
outline a research protocol that could be replicated by other wineries to evaluate their own fining 
agents. Finally, the research will provide concrete recommendations to wineries about the cost and 
the ease of use of the studied fining agents. 

Proposed Time Schedule/Programme: This section should layout the time schedule for 

the research, analysis and write-up of the Research Paper and should indicate 

approximate dates with key deliverables. Dates of submission to both Advisors and the 

IMW must be those specified by the IMW. 

9/13/17: First RPP submitted to advisor 
10/10/17: Experimental protocol shared with advisor, winery, fining agent suppliers and nearby 
enological university for feedback 
10/16/17: Final RPP submitted to advisor 
10/20/17: Base Muscat wine done fermenting 
10/30/17: Final experimental protocol including precise analytical methodology 
11/15/17: Fining trials start 
12/1/17: Analytical work begins - can be compiled and analyzed over holidays 
1/15/18: Sensory work begins 
2/1/18: Research paper writing begins 
3/30/18: First draft of research paper submitted to mentor 
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APPENDIX B: BASE WINE INFORMATION 

 

Variety 100% Muscat Blanc à Petits Grains 

Appellation 100% Horse Heaven Hills American Viticultural Area 

Harvest date 9/24/17 

Additives 

diammonium phosphate 88.7 g/Hl nitrogen source for yeast 
fermentation 

nutristart 26.4 g/Hl vitamins and nutrients for yeasts 

potassium metabisulfite 11.8 g/Hl antioxidant and anti-bacterial 

malic acid 141 g/Hl acidification 

water 6.4% reduces sugar concentration 

prise de mousse yeasts 39.5 g/Hl Inoculated fermenting yeast 

Length of 
fermentation  

33 days 
 

Brix curve 
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Juice (pre water add) 0 0 0 0 3.84 4.5 87 262 

Post alcoholic 
fermentation wine 

14.1 22 59 0.01 3.74 5.6 0 0.4 
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APPENDIX C: PRELIMINARY TASTING NOTES 

 

Wine tasted taster tasting notes

N Intense, lilac, bitterm hard, hot 

R same as 13 but slightly less intense, some phenolics

C high typicity, floral, bitter

J serious muscat, almost like hops, SO2

K rose, orange blossom, heat, bergamot, spice, meyer lemon

N Sl less intense than 27, clean, less bitter, viscous, warm/hot

R tropical, honey, flowers, apricot, some SO2

C bitter, similar to 27

J muscat flavor and aroma

K rose petal, lemon, hops

N Lower aromatic intensity, sweet midpalate, not hot, soapy

R less arome than 3, thiner mouthfeel

C diminished aromatics, hot, reduced bitterness

J very aromatic, fat mouthfeel, floral

K rose, orange, meyer lemon, thin, coriander, less bitter

N Lower aromatic intensity, mod bitterness, similar to 3/can't tell the difference

R less aromatics than control, kind of soapy

C less bitter than control but no difference with 3

J aromatic, nutty, no SO2, lower intensity, mouthfeel similar to 3

K lower aromatics, round mouthfeel, cinnamon, lemon peel

N Brilliant color, clean, refined/focused aromatics, high ABV, balanced

R not as intense as control, metalic, SO2

C less bitter than 4

J still bitter but slightly lower - not by much

K rose hips, thin, bitter finish, lees volume

N Sl hazy, very clean, round, sl. Phenolic not as elegant as 7 and seems like a mid point

R same than 7

C still a little bitter - overall better aromatics intensity than 21 &3

J still bitter but not so bad, very similar aromas and sourness

K hops, citric acid, thin, bitter

N Orange peel, little stripped, phenolic pretty high, modest acidity, low impact agent

R 5 and 25 same aromatic intensity

C reduced aromatics, bitter, acetic acid?

J floral, rose, definite decrease in bitterness

K rose hips, lemon peel, medium body, sharp finish, focused, slight bitterness, watery finish

N Less intense than 5, nervous acidity, thin, a little metallic

R 25 more bitter than 5

C reduced aromatics, less bitter, watery finish, metallic

J lower bitterness

K canned pears, watery finish, tea leaves

N Intense aromatics, rose petal, chalky, little sour, great reduction of bitterness

R very bitter and sour

C still high aromatic intensity, bitter

J fairly sour and bitter - more bitter?

K intense rose, medium body

N Little less intense but focused, lime, sl reductive, chalky

R less bitterness

C reduced intensity vs 31, very bitter

J reduced aromas, more sour, similar to 31

K lemon, sharp and bitter

N Intense, refined, round mid palate, highest quality of the tasting

R more aromatics and delicate - less bitter

C good aromatic intensity, good bitterness reduction

J still bitter but less

K phenolic, very thin, coriander, focused aromatics

N Sl phenolic and metallic, modest aromatic intensity

R less aromatics

C good aromatic intensity, slightly more bitter than 38

J Bitter

K better aromas than 38, herbal, apricot, ginger

N focused aromatics, pretty, phenolic, good volume, modest impact on phenolics (bitter)

R lemon, grapefruit, zesty, sour

C intact aromatics, sour, reduced bitterness

J metallic, lingering SO2

K similar intensity to 37

N Sl stripped, phenolics still present

R same as 45 - sour

C More bitter than 45

J Still bitter

K coriander, roses, round, textured, smooth finish/light bitterness

4 - isinglass m. high

27 - Control manip

13 - control

3 - casein high

21 - casein m. high

7 - isinglass high

45 - YPE m. high

37 - YPE high

5 - PVPP m. high

25 - PVPP high

31 - patatin m. high

33 - patatin high

38 - pea high

9 - pea m. high
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APPENDIX D: SENSORY ANALYSIS 

Sensory analysis grid in ipads using compusense software 

Screen one: 

 

Screen two: 

 

Screen three: 

 

Screen four: 
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Screen five: 
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Detailed sensory analysis results 

 

Taster Replicate Control Man Control zero Casein Isinglass PVPP Patatin Pea YPE

A R1 0.57 0.58 0.48 0.72 0.03 0.28 0.49 0.43

A R2 0.76 0.75 0.60 0.76 0.70 0.00 0.00 0.79

A R3 0.73 0.70 0.36 0.10 0.28 0.33 0.07 0.78

A R1 0.78 0.78 0.48 0.81 0.72 0.46 0.55 1.00

A R2 0.57 0.82 0.76 0.55 0.72 0.45 0.51 0.73

A R3 0.82 0.91 0.57 0.73 0.84 0.75 0.54 0.54

B R1 0.77 0.66 0.50 0.73 0.34 0.27 0.22 0.73

B R2 0.78 0.63 0.56 0.64 0.52 0.00 0.66 0.64

B R3 0.78 0.78 0.78 0.86 0.16 0.48 0.52 0.19

B R1 0.61 0.59 0.47 0.94 0.66 0.17 0.59 0.22

B R2 0.88 0.77 0.53 0.69 0.47 0.36 0.36 0.61

B R3 1.00 0.67 0.77 0.70 0.75 0.19 0.47 0.41

C R1 0.99 1.00 0.86 0.73 0.33 0.25 0.54 0.77

C R2 0.93 1.00 0.91 0.95 0.57 0.25 0.52 1.00

C R3 0.49 0.83 0.77 0.91 0.70 0.47 0.57 0.58

C R1 0.93 0.94 0.40 0.54 0.91 0.25 0.27 0.49

C R2 0.98 0.75 0.40 0.93 0.79 0.04 0.37 0.38

C R3 0.32 0.57 0.26 0.62 0.30 0.00 0.07 0.44

D R1 0.33 0.71 0.77 0.85 0.18 0.38 0.00 0.97

D R2 0.58 0.88 0.60 0.30 0.37 0.70 0.08 0.55

D R3 1.00 0.95 0.26 0.90 0.29 0.65 0.18 0.86

D R1 0.81 0.74 0.22 0.56 0.67 0.10 0.32 0.95

D R2 0.86 0.31 0.63 0.98 0.25 0.09 0.43 0.85

D R3 0.73 0.42 0.14 0.80 0.11 0.68 0.15 0.88

E R1 0.77 0.52 0.56 0.58 0.49 0.53 0.52 0.91

E R2 0.64 0.65 0.58 0.64 0.62 0.32 0.55 1.00

E R3 0.57 0.26 0.51 0.65 0.94 0.51 0.58 0.57

E R1 0.83 0.73 0.57 0.87 0.51 0.22 0.64 0.57

E R2 0.66 0.77 0.64 0.78 0.49 0.56 0.00 0.71

E R3 0.68 0.99 0.49 0.74 0.53 0.66 0.58 0.56

F R1 0.56 0.53 0.55 0.88 0.51 0.28 0.27 0.63

F R2 0.37 0.39 0.57 0.84 0.73 0.59 0.19 0.51

F R3 0.60 0.73 0.35 0.55 0.55 0.07 0.56 0.49

F R1 0.77 0.85 0.53 0.68 1.00 0.00 0.27 0.73

F R2 0.83 0.48 0.08 0.49 0.57 0.31 0.55 0.16

F R3 0.64 0.53 0.64 0.59 0.59 0.72 0.17 0.92

G R1 0.37 0.41 0.59 0.00 0.80 0.30 0.63 0.74

G R2 0.78 0.39 0.93 0.72 0.30 0.39 0.59 0.59

G R3 0.28 0.24 0.44 0.61 0.59 1.00 0.96 0.78

G R1 0.30 0.76 0.46 0.80 0.67 0.81 0.78 0.63

G R2 0.54 0.56 0.48 0.89 0.61 0.87 0.43 0.61

G R3 0.63 0.89 0.43 0.85 0.76 0.43 0.93 0.78

H R1 0.53 0.64 0.63 0.64 0.00 0.69 0.04 0.26

H R2 0.33 0.76 0.08 0.49 0.14 0.05 0.47 0.44

H R3 0.83 0.00 0.04 1.00 0.09 0.03 0.00 0.73

H R1 0.87 0.87 0.55 0.64 0.90 0.69 0.38 0.17

H R2 0.76 0.85 0.10 0.35 0.65 0.45 0.23 0.09

H R3 0.42 0.64 0.14 0.88 0.63 0.78 0.53 0.83

I R1 0.37 0.80 0.70 0.35 0.75 0.81 0.44 0.33

I R2 0.65 0.38 0.54 0.74 0.26 0.20 0.61 0.60

I R3 0.56 0.68 0.77 0.57 0.77 0.71 0.30 0.58

I R1 0.73 0.65 0.43 0.65 0.69 0.40 0.79 0.73

I R2 0.69 0.60 0.54 0.68 0.15 0.35 0.35 0.29

I R3 0.61 0.75 0.52 1.00 0.00 0.18 0.40 0.11

J R1 0.76 0.84 0.62 0.52 0.02 0.26 0.81 0.90

J R2 0.76 0.93 0.60 0.53 0.78 0.57 0.57 0.81

J R3 0.98 0.62 0.88 0.83 0.47 0.31 0.38 0.00

J R1 0.71 0.97 0.22 0.97 0.76 0.03 0.14 0.62

J R2 0.62 0.72 0.59 0.81 0.93 0.02 0.66 1.00

J R3 0.69 0.60 0.38 0.53 0.72 0.19 0.36 1.00

K R1 0.70 0.37 0.54 0.71 0.00 0.38 0.52 0.80

K R2 0.80 0.55 0.94 0.66 0.52 0.22 0.46 0.62

K R3 0.79 0.68 0.23 0.54 0.54 0.24 0.46 0.41

K R1 0.52 0.95 0.57 0.35 0.74 0.54 0.44 0.50

K R2 0.62 0.54 0.51 1.00 0.57 0.55 0.45 0.96

K R3 0.60 0.83 0.48 0.95 0.44 0.32 0.24 0.28

L R1 0.74 0.91 0.53 0.65 0.37 0.37 0.21 0.47

L R2 1.00 0.85 0.35 0.56 0.75 0.16 0.43 0.74

L R3 0.76 0.82 0.34 0.56 0.78 0.03 0.63 0.62

L R1 0.46 0.99 0.53 0.76 0.65 0.37 0.18 0.85

L R2 0.82 0.91 0.53 0.32 0.65 0.26 0.69 0.62

L R3 0.85 0.60 0.09 0.38 0.51 0.00 0.18 0.72

Hue
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Taster Replicate Control Man Control zero Casein Isinglass PVPP Patatin Pea YPE

A R1 0.92 0.37 0.79 0.77 0.08 0.49 0.64 0.57

A R2 0.64 0.60 1.00 0.31 0.73 0.39 0.26 0.70

A R3 0.44 0.27 0.77 0.12 0.74 0.42 0.49 0.09

A R1 0.00 0.59 0.71 0.31 0.39 0.28 0.47 0.19

A R2 0.87 0.18 0.47 0.74 0.70 0.19 0.70 0.48

A R3 0.54 0.71 0.64 0.66 0.78 0.70 0.16 0.83

B R1 0.69 0.70 0.31 0.66 0.42 0.44 0.95 0.64

B R2 0.84 0.75 0.31 0.00 1.00 0.56 0.89 0.59

B R3 0.70 0.86 0.75 0.28 0.64 0.28 0.27 0.52

B R1 0.78 0.63 0.45 0.97 0.73 0.67 0.47 0.67

B R2 0.34 0.58 0.23 0.84 0.78 0.70 1.00 0.59

B R3 0.30 0.84 0.53 0.81 0.77 0.73 0.88 0.89

C R1 0.74 0.29 0.96 0.92 0.79 0.46 0.80 1.00

C R2 0.45 0.47 0.97 0.92 0.63 0.93 0.83 0.70

C R3 0.12 0.11 0.58 0.16 0.50 0.82 0.67 0.13

C R1 0.59 0.92 0.74 0.11 0.91 0.01 0.34 0.54

C R2 0.72 0.80 0.75 0.62 1.00 0.00 0.22 0.17

C R3 0.67 0.96 0.45 0.58 0.29 0.50 0.25 0.79

D R1 0.60 0.44 0.82 0.20 0.03 0.28 0.10 0.21

D R2 0.39 0.40 0.69 0.33 1.00 0.84 0.11 0.36

D R3 0.62 0.03 0.44 0.82 0.71 0.44 0.00 0.93

D R1 0.66 0.11 0.63 0.27 0.43 0.00 0.84 0.71

D R2 0.88 0.66 0.70 0.26 0.10 0.06 0.23 0.69

D R3 0.40 0.71 0.66 0.44 0.68 0.56 0.04 0.77

E R1 0.24 0.29 0.91 0.94 0.00 0.34 0.92 0.29

E R2 0.44 0.45 0.74 0.21 0.19 0.39 0.64 0.99

E R3 0.44 0.73 0.47 0.55 0.34 0.80 0.89 0.29

E R1 0.82 0.41 1.00 0.25 0.31 0.68 0.68 0.21

E R2 0.04 0.99 0.69 0.39 0.73 0.75 0.60 0.41

E R3 0.42 0.99 0.61 0.79 0.28 0.71 0.53 0.60

F R1 0.01 0.88 0.59 0.89 0.77 0.14 0.95 0.70

F R2 0.09 0.07 0.78 0.24 0.53 0.80 0.20 0.53

F R3 0.15 0.19 0.18 0.14 0.91 0.76 0.73 0.96

F R1 0.50 0.05 0.81 0.88 0.92 0.80 0.55 0.12

F R2 0.00 0.78 0.82 0.93 0.59 0.09 1.00 0.55

F R3 0.01 0.27 0.22 0.53 0.95 0.86 0.24 0.51

G R1 0.67 0.92 0.75 0.00 0.90 0.93 0.93 0.47

G R2 0.71 0.79 0.79 0.45 0.84 0.68 0.68 0.91

G R3 0.86 0.60 0.68 0.52 0.91 0.75 0.84 0.94

G R1 0.95 0.71 0.78 0.83 0.79 0.86 0.89 0.91

G R2 0.95 0.98 0.97 0.86 0.69 0.80 0.74 0.97

G R3 0.94 0.91 0.71 0.56 0.99 0.52 1.00 0.80

H R1 0.21 0.95 0.27 0.89 0.00 0.86 0.20 0.73

H R2 0.90 0.09 0.67 0.78 0.91 0.62 0.67 0.51

H R3 0.91 0.86 0.56 0.65 0.23 0.93 0.14 0.90

H R1 0.73 1.00 0.75 0.75 0.63 0.48 0.60 0.93

H R2 0.85 0.74 0.75 0.73 0.96 0.95 0.93 0.69

H R3 0.28 0.78 0.64 0.69 0.69 0.73 0.94 0.95

I R1 0.21 0.15 0.31 0.55 0.63 0.90 0.92 0.53

I R2 0.73 0.68 0.76 0.17 1.00 0.27 0.99 0.86

I R3 1.00 0.73 0.26 0.92 0.63 0.87 0.55 0.31

I R1 0.00 0.64 0.12 0.81 0.88 0.32 0.71 0.10

I R2 0.96 0.51 0.09 0.99 0.55 0.27 0.56 0.38

I R3 0.99 0.59 0.69 0.83 0.42 0.59 0.86 0.71

J R1 0.16 0.16 0.49 0.05 0.03 0.21 0.19 0.60

J R2 0.69 0.29 0.87 0.79 0.53 0.83 0.63 0.59

J R3 0.20 0.49 0.83 0.59 0.60 0.55 0.00 0.40

J R1 0.47 0.61 0.80 1.00 0.48 0.80 0.64 0.15

J R2 0.68 0.47 0.68 0.72 0.13 0.44 0.49 0.24

J R3 0.60 0.75 0.51 0.89 0.03 0.37 0.09 0.79

K R1 0.12 0.49 0.81 0.47 0.25 0.13 0.81 0.79

K R2 0.88 0.99 1.00 0.44 0.80 0.59 0.32 0.80

K R3 0.20 0.24 0.00 0.76 0.36 0.71 0.72 0.83

K R1 0.85 0.40 0.87 0.63 0.12 0.92 0.61 0.44

K R2 0.23 0.79 0.65 0.28 0.52 1.00 0.29 0.80

K R3 0.67 0.09 0.57 0.95 0.28 0.61 0.17 0.77

L R1 1.00 0.90 0.69 0.64 0.64 0.37 0.44 0.70

L R2 0.36 0.90 0.79 0.46 0.80 0.34 0.90 0.36

L R3 0.41 0.26 0.63 0.87 0.73 0.34 0.84 0.74

L R1 0.49 0.40 0.16 0.41 0.16 0.10 0.09 0.69

L R2 0.54 0.67 0.79 0.53 0.77 0.64 0.74 0.13

L R3 0.64 0.36 0.54 0.69 0.69 0.57 0.00 0.41

Aroma
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Taster Replicate Control Man Control zero Casein Isinglass PVPP Patatin Pea YPE

A R1 0.06 0.54 0.72 0.06 0.16 0.35 0.74 0.04

A R2 0.04 0.10 0.32 0.26 0.19 0.04 0.13 0.07

A R3 0.26 0.03 0.44 0.25 0.00 0.06 0.07 0.10

A R1 0.41 1.00 0.03 0.74 0.26 0.16 0.24 0.10

A R2 0.00 0.09 0.85 0.22 0.03 0.16 0.28 0.28

A R3 0.01 0.00 0.25 0.26 0.31 0.19 0.15 0.00

B R1 0.72 0.31 0.77 0.12 0.65 0.73 0.08 0.49

B R2 0.95 0.31 0.47 0.81 0.48 0.58 0.71 0.13

B R3 0.10 0.29 0.72 0.44 0.33 0.00 0.26 0.92

B R1 0.63 0.57 0.47 0.74 0.38 0.76 0.60 0.64

B R2 0.59 0.56 0.71 0.63 0.76 0.47 0.43 0.55

B R3 0.85 0.28 0.93 0.37 0.48 1.00 0.31 0.45

C R1 0.17 0.84 0.00 0.25 1.00 0.43 0.76 0.29

C R2 0.25 0.41 0.56 0.68 0.39 0.43 0.43 0.40

C R3 0.15 0.61 1.00 0.39 0.43 0.05 0.24 0.51

C R1 0.61 0.41 0.65 0.44 0.23 0.29 0.27 0.67

C R2 0.48 0.32 0.52 0.20 0.89 0.25 0.16 0.13

C R3 0.76 0.55 0.61 0.36 0.53 0.37 0.20 0.72

D R1 0.16 0.00 0.25 0.75 0.71 0.40 0.11 0.82

D R2 0.72 0.21 0.33 0.20 0.34 0.82 0.48 0.73

D R3 0.79 0.93 0.94 0.75 0.75 0.11 0.17 1.00

D R1 0.70 0.10 0.88 0.62 0.49 0.06 0.36 0.25

D R2 0.31 0.81 0.37 0.33 0.31 0.63 0.71 0.81

D R3 0.17 0.79 0.72 0.99 0.84 0.79 0.10 0.25

E R1 0.18 0.25 0.16 0.45 0.76 0.05 0.69 0.87

E R2 0.65 0.66 0.18 0.34 0.26 0.24 0.18 0.96

E R3 0.18 0.64 1.00 0.24 0.96 0.45 0.85 0.21

E R1 0.56 0.18 0.91 0.63 0.16 0.14 0.14 0.05

E R2 0.46 0.55 0.47 0.12 0.14 0.00 0.22 0.19

E R3 0.20 0.77 0.22 0.08 0.63 0.25 0.04 0.03

F R1 0.19 0.73 0.41 1.00 0.22 0.24 0.73 0.22

F R2 0.80 0.09 0.34 0.20 0.19 0.57 0.51 0.50

F R3 0.60 0.12 0.42 0.13 0.36 0.53 0.74 0.14

F R1 0.51 0.60 0.17 0.14 0.14 0.17 0.81 0.20

F R2 0.17 0.14 0.70 0.70 0.08 0.16 0.00 0.34

F R3 0.10 0.69 0.16 0.56 0.88 0.27 0.21 0.12

G R1 0.50 0.16 0.26 0.22 0.56 0.56 0.62 0.60

G R2 0.36 0.76 0.30 0.80 0.86 1.00 0.28 0.24

G R3 0.20 0.16 0.60 0.62 0.38 0.30 0.20 0.20

G R1 0.18 0.34 0.24 0.62 0.08 0.20 0.32 0.70

G R2 0.34 0.32 0.06 0.22 0.28 0.00 0.20 0.24

G R3 0.26 0.70 0.84 0.70 0.48 0.52 0.62 0.30

H R1 1.00 0.33 0.70 0.71 0.67 0.62 0.61 0.17

H R2 0.24 0.11 0.52 0.13 0.88 0.09 0.85 0.70

H R3 0.80 0.09 0.13 0.67 0.83 0.74 0.68 0.12

H R1 0.13 0.88 0.16 0.27 0.12 0.16 0.72 0.13

H R2 0.09 0.11 0.65 0.00 0.04 0.10 0.07 0.45

H R3 0.29 0.10 0.28 0.24 0.28 0.34 0.11 0.16

I R1 0.02 0.60 0.00 0.46 0.25 0.63 0.23 0.90

I R2 0.18 0.35 0.75 0.75 0.82 0.20 0.34 0.27

I R3 0.41 0.58 0.63 0.92 0.08 0.94 0.14 0.27

I R1 0.84 0.10 1.00 0.22 0.90 0.76 0.76 0.19

I R2 0.63 0.72 0.31 0.98 0.14 0.81 0.67 0.61

I R3 0.77 0.70 0.80 0.25 0.36 0.34 0.16 0.78

J R1 0.54 0.89 0.31 0.00 0.01 0.11 0.49 1.00

J R2 0.51 0.05 0.33 0.03 0.11 0.43 0.13 0.32

J R3 0.30 0.45 0.46 0.13 0.49 0.17 0.61 0.24

J R1 0.27 0.54 0.52 0.15 0.25 0.08 0.03 0.10

J R2 0.14 0.01 0.25 0.45 0.34 0.02 0.28 0.31

J R3 0.25 0.06 0.18 0.24 0.09 0.22 0.34 0.28

K R1 0.33 0.22 0.26 0.18 0.17 0.24 0.47 0.71

K R2 0.37 0.94 0.29 0.78 0.35 0.53 0.77 0.74

K R3 0.22 0.24 0.64 0.88 0.03 1.00 0.86 0.88

K R1 0.81 0.12 0.29 0.62 0.36 0.78 0.73 0.09

K R2 0.69 0.13 0.14 0.40 0.21 0.27 0.53 0.65

K R3 0.60 0.00 0.03 0.18 0.47 0.24 0.08 0.08

Bitterness
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Taster Replicate Control Man Control zero Casein Isinglass PVPP Patatin Pea YPE

A R1 0.01 0.45 0.78 0.43 0.41 0.61 0.67 0.70

A R2 0.93 0.45 1.00 0.88 0.64 0.00 0.32 0.19

A R3 0.17 0.78 0.67 0.72 0.12 0.28 0.29 0.14

A R1 0.01 0.39 0.19 0.49 0.57 0.25 0.28 0.19

A R2 0.72 0.20 0.10 0.55 0.23 0.38 0.64 0.23

A R3 0.00 0.01 0.17 0.43 0.91 0.59 0.30 0.42

B R1 0.43 0.37 0.67 0.38 0.48 0.67 0.95 1.00

B R2 0.51 0.44 0.62 0.32 0.71 0.03 0.70 0.35

B R3 0.52 0.83 0.32 0.89 0.81 0.21 0.24 0.08

B R1 0.51 0.89 0.78 0.08 0.54 0.71 0.56 0.56

B R2 0.22 0.56 0.52 0.51 0.38 0.25 0.97 0.17

B R3 0.76 0.00 0.25 0.35 0.70 0.30 0.44 0.90

C R1 0.47 0.82 0.56 0.22 0.85 0.60 0.72 0.19

C R2 0.69 1.00 0.12 0.82 0.79 0.47 0.85 0.82

C R3 0.59 0.56 0.81 0.59 0.35 0.85 0.72 0.68

C R1 0.68 0.71 0.35 0.40 0.65 0.57 0.00 0.35

C R2 0.71 0.57 0.62 0.59 0.72 0.43 0.57 0.25

C R3 0.37 0.31 0.57 0.57 0.40 0.29 0.12 0.62

D R1 0.21 0.05 0.33 0.38 0.09 0.22 0.33 0.33

D R2 0.14 0.57 0.90 0.52 0.77 0.27 0.00 0.93

D R3 0.28 0.20 0.41 0.60 0.59 0.33 0.63 0.38

D R1 0.28 0.22 0.20 0.75 0.81 0.70 0.70 0.67

D R2 0.77 0.33 0.52 0.11 1.00 0.91 0.35 0.20

D R3 0.07 0.33 0.83 0.51 0.10 0.22 0.23 0.85

E R1 0.43 0.91 0.07 0.67 0.07 0.40 0.67 0.44

E R2 0.69 0.19 0.43 0.49 0.46 0.30 0.51 0.87

E R3 0.54 0.20 0.43 0.00 0.71 0.71 0.79 0.67

E R1 0.29 0.36 0.16 0.67 0.70 0.46 0.71 0.01

E R2 0.14 0.16 0.33 0.77 0.50 0.17 0.33 0.80

E R3 0.49 0.07 0.66 0.76 0.79 0.47 1.00 0.99

F R1 0.12 0.40 0.95 0.87 0.80 0.81 0.27 1.00

F R2 0.06 0.95 0.05 1.00 0.85 0.25 0.90 0.12

F R3 0.07 0.96 0.01 0.75 0.06 0.89 0.15 0.76

F R1 0.93 0.85 0.81 0.01 0.04 0.14 0.62 0.92

F R2 0.00 0.37 0.11 0.38 0.67 0.13 0.64 0.62

F R3 0.93 0.05 0.77 0.04 0.74 0.06 0.14 0.92

G R1 0.95 0.96 0.75 0.00 0.92 0.96 0.61 0.25

G R2 0.96 0.77 0.96 0.27 0.43 0.31 0.76 1.00

G R3 0.53 0.87 0.59 0.77 0.99 0.88 0.92 0.16

G R1 0.89 0.97 0.95 0.67 0.44 0.85 0.92 0.88

G R2 0.73 0.89 1.00 0.91 0.63 0.56 0.84 0.93

G R3 0.96 0.88 0.64 0.71 0.92 0.56 0.71 0.92

H R1 0.00 0.66 0.18 0.35 1.00 0.32 0.09 0.42

H R2 0.28 0.27 0.42 0.63 0.29 0.00 0.18 0.15

H R3 0.09 0.03 0.38 0.16 0.23 0.04 0.18 0.51

H R1 0.15 0.72 0.91 0.11 0.34 0.11 0.44 0.85

H R2 0.30 0.72 0.35 0.33 0.27 0.59 0.73 0.47

H R3 0.92 0.25 0.96 0.13 0.13 0.14 0.32 0.67

I R1 0.82 0.90 0.32 1.00 0.92 0.03 0.14 0.00

I R2 0.65 0.76 0.17 0.79 0.83 0.56 0.23 0.82

I R3 0.65 0.31 0.37 1.00 0.69 0.90 0.17 0.72

I R1 0.27 0.12 0.86 0.91 0.81 0.29 0.06 0.17

I R2 0.83 0.72 0.14 0.76 0.22 0.26 0.73 0.73

I R3 0.56 0.09 0.92 0.13 0.95 0.14 0.94 0.19

J R1 0.21 0.11 0.44 0.89 0.28 0.94 0.48 0.39

J R2 0.14 0.11 0.08 0.38 0.87 0.28 0.28 0.23

J R3 0.72 0.58 0.25 0.06 0.04 0.18 0.18 0.73

J R1 0.68 0.61 0.20 1.00 0.75 0.07 0.21 0.07

J R2 0.41 0.28 0.30 0.54 0.72 0.58 0.04 0.15

J R3 0.00 0.37 0.01 0.73 0.28 0.85 0.04 0.77

K R1 0.59 0.76 0.18 0.73 0.43 0.09 0.05 0.25

K R2 0.33 0.23 0.97 0.52 0.28 0.73 0.08 0.90

K R3 0.22 0.05 0.78 0.05 0.47 0.11 0.27 0.16

K R1 0.42 0.15 0.13 0.82 0.00 0.80 0.15 0.14

K R2 0.53 0.22 0.59 0.51 0.63 0.89 1.00 0.13

K R3 0.75 0.01 0.08 0.27 0.56 0.78 0.06 0.05

L R1 0.13 0.46 0.46 0.70 0.45 0.81 0.71 0.42

L R2 0.90 0.65 0.43 0.61 0.87 0.29 0.42 0.12

L R3 0.22 0.67 0.90 0.68 0.16 0.55 0.80 1.00

L R1 0.25 0.57 0.67 0.55 0.57 0.83 0.25 0.51

L R2 0.30 0.77 0.25 0.78 0.77 0.77 0.14 0.78

L R3 0.77 0.43 0.25 0.23 0.16 0.65 0.00 0.17

Body
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Taster Replicate Control Man Control zero Casein Isinglass PVPP Patatin Pea YPE

A R1 0.64 0.85 0.10 0.69 0.75 0.16 0.27 0.10

A R2 0.15 0.09 0.27 0.27 0.49 0.59 0.00 0.58

A R3 0.80 0.06 0.72 0.31 0.01 0.00 0.77 0.57

A R1 0.20 0.65 0.30 0.78 0.09 0.58 0.19 0.70

A R2 0.68 0.58 0.56 0.43 0.53 0.46 0.22 0.63

A R3 1.00 0.26 0.62 0.74 0.31 0.41 0.64 0.78

B R1 0.27 0.68 0.92 0.61 0.28 0.81 0.53 0.84

B R2 0.36 0.85 0.00 0.49 0.49 0.86 0.57 0.89

B R3 0.69 0.58 0.69 0.74 0.31 0.51 0.78 0.54

B R1 0.84 0.41 0.93 0.81 0.76 0.32 0.59 0.51

B R2 1.00 0.97 0.49 0.58 0.77 0.57 0.72 0.78

B R3 0.55 0.88 0.57 0.84 0.70 0.57 0.74 0.69

C R1 0.00 0.75 0.53 0.35 0.57 0.61 0.75 0.39

C R2 0.65 0.52 0.94 0.67 0.10 0.62 0.63 0.61

C R3 0.03 0.19 0.90 0.29 0.22 0.54 0.75 0.92

C R1 0.67 0.90 0.78 0.22 0.83 0.37 0.13 0.29

C R2 0.67 0.61 0.88 0.15 1.00 0.18 0.52 0.14

C R3 0.40 0.34 0.70 0.53 0.42 0.48 0.09 0.53

D R1 0.58 0.02 0.77 0.47 0.21 0.67 0.23 0.86

D R2 0.47 0.33 0.84 0.53 0.79 0.76 0.12 0.56

D R3 0.72 1.00 0.84 0.83 0.80 0.59 0.01 0.98

D R1 0.69 0.56 0.70 0.87 0.66 0.16 0.85 0.78

D R2 0.94 0.56 0.67 0.44 0.88 0.69 0.70 0.45

D R3 0.81 0.00 0.52 0.65 0.19 0.63 0.48 0.57

E R1 0.29 0.46 0.11 0.34 0.85 0.56 0.65 0.43

E R2 0.51 0.22 0.39 0.94 0.87 0.28 0.22 0.84

E R3 0.60 0.81 0.90 0.88 0.87 0.55 0.67 0.23

E R1 0.80 0.66 0.70 1.00 0.74 0.95 0.00 0.44

E R2 0.82 0.88 0.78 0.47 0.44 0.03 0.45 0.48

E R3 0.54 0.80 0.42 0.22 0.18 0.27 0.09 0.29

F R1 0.06 0.89 0.84 0.00 0.21 0.44 0.24 1.00

F R2 0.59 0.49 0.86 0.71 0.67 0.17 0.44 0.95

F R3 0.14 0.90 1.00 0.89 0.90 0.49 0.49 0.67

F R1 0.65 0.00 0.43 0.52 0.75 0.73 0.92 0.00

F R2 0.46 0.86 0.73 0.13 0.73 0.73 0.79 0.68

F R3 0.60 0.89 0.40 0.14 0.51 0.70 0.49 0.46

G R1 0.61 0.83 0.89 0.72 0.67 0.83 1.00 0.89

G R2 0.78 0.83 0.89 0.56 0.67 0.50 0.89 0.56

G R3 0.83 0.67 0.78 0.94 0.67 0.94 0.83 0.00

G R1 0.72 0.72 0.83 0.89 0.61 0.89 0.89 0.50

G R2 0.72 0.72 0.89 0.67 0.89 0.33 0.44 0.83

G R3 0.89 0.72 0.83 0.67 0.94 0.83 0.78 0.94

H R1 1.00 0.00 0.86 0.86 0.87 0.78 0.90 0.78

H R2 0.55 0.61 0.52 0.78 0.90 0.73 0.82 0.58

H R3 0.74 0.23 1.00 0.91 0.97 0.70 0.83 0.86

H R1 0.71 0.06 0.70 0.58 0.84 0.94 0.66 0.70

H R2 0.30 0.91 0.61 0.90 0.95 0.70 0.78 0.13

H R3 0.36 0.65 0.78 0.94 0.78 0.62 0.87 0.70

I R1 0.75 0.29 0.08 0.77 0.64 0.86 0.68 1.00

I R2 0.87 0.59 0.19 0.75 0.14 0.00 0.58 0.75

I R3 0.74 0.32 0.09 0.58 0.41 0.90 0.99 0.73

I R1 0.30 0.14 0.69 0.76 0.87 0.51 0.20 0.44

I R2 0.34 0.85 0.14 0.79 0.07 0.68 0.77 0.23

I R3 0.65 0.10 0.04 0.89 0.11 0.12 0.71 0.13

J R1 0.89 0.57 0.89 0.33 0.13 0.30 0.61 0.59

J R2 0.31 0.49 0.82 0.66 0.00 0.98 0.64 0.64

J R3 0.95 0.85 0.26 0.11 0.52 0.80 0.36 0.95

J R1 0.84 0.90 1.00 0.07 0.80 0.28 0.74 0.36

J R2 0.98 0.46 0.87 0.69 0.84 0.72 0.39 0.49

J R3 0.51 0.95 0.80 1.00 0.30 0.90 0.52 0.33

K R1 0.16 0.77 0.68 0.19 0.70 0.29 0.22 0.71

K R2 0.78 0.67 0.66 0.78 1.00 0.32 0.28 0.11

K R3 0.64 0.20 0.21 0.64 0.36 0.89 0.68 0.59

K R1 0.40 0.01 0.09 0.66 0.06 0.24 0.39 0.51

K R2 0.37 0.24 0.47 0.03 0.13 0.26 0.74 0.48

K R3 0.26 0.07 0.37 0.12 0.12 0.43 0.00 0.24

L R1 0.50 0.63 0.65 0.92 0.82 0.33 0.68 0.85

L R2 0.33 0.93 0.80 0.90 0.83 0.89 0.72 0.91

L R3 0.67 0.81 0.22 0.91 1.00 0.70 0.92 0.56

L R1 0.13 0.75 0.23 0.15 0.75 0.76 0.84 0.73

L R2 0.00 0.84 0.74 0.17 0.80 0.55 0.25 0.75

L R3 0.92 0.78 0.77 0.69 0.70 0.70 0.25 0.76

Acidity
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Sensory analysis graphic summary 

 

Sensory analysis results. 

Cross indicates average rating, lower and upper bar are one-time standard deviation  

 

  

Sample Hue Aroma Bitter Body Acidity

Control Man 0.73±0.16 A 0.57±0.27 0.40±0.25 0.47±0.28 0.60±0.26

Control Zero 0.72±0.19 A 0.57±0.28 0.40±0.30 0.45±0.31 0.57±0.29

Casein 0.55±0.19 B 0.68±0.21 0.47±0.28 0.48±0.29 0.64±0.27

Isinglass 0.71±0.19 A 0.54±0.29 0.42±0.26 0.53±0.26 0.56±0.27

PVPP 0.52±0.25 B 0.54±0.30 0.40±0.27 0.55±0.27 0.53±0.30

Pea 0.40±0.21 C 0.54±0.31 0.37±0.25 0.48±0.31 0.49±0.28

Patatin 0.33±0.21 C 0.54±0.27 0.35±0.29 0.48±0.28 0.53±0.26

YPE 0.67±0.25 A 0.60±0.26 0.42±0.31 0.48±0.32 0.57±0.25
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APPENDIX E: HPLC and GCMS protocols 

HPLC Protocol 

An injection volume of 5 μL was utilized. Samples were separated on an Agilent SB-C18 

column (1.8μm, 2.1x50 mm) maintained at 30oC. Detection was carried out with a diode 

array detector (DAD) at 280, 315, and 360 nm. Flavanols were detected at 280nm, 

hydroxycinnamates at 315 nm, and flavonols at 360 nm. Separation utilized a linear 

gradient with 0.1% (v/v) aqueous trifluoroacetic acid (TFA) (A) and 0.1% TFA (v/v) in 

acetonitrile (B). Gradient conditions were 0 minutes, 10% B, 5 minutes, 30% B, 5.5 

minutes, 100% B, 7 minutes, 100% B, followed by a 1.5 minute post run with 10% 

solvent B. Flow rate was 0.4 ml/min. Peak identification was achieved with both UV 

spectra and quadrupole mass spectrometry data. Where standard retention times were 

available, they were also utilized for peak identification. For mass spectrometry 

analysis, an API-ES spray chamber was utilized. Drying gas flow was 11 l/min, 

nebulizer pressure was set at 35 psig, and drying gas temperature was 350oC. 

Capillary voltage was +/- 4000V. The mass spectrometer was set to scan between 100-

800 m/z, with a fragmentor of 200, gain of 3.0, threshold of 150, and step size of 0.1. 

After 5 minutes, LC flow was directed to waste. Standard curves were created with 

caffeic acid for hydroxycinnamic acids and with quercetin for flavonols. 

GCMS Protocol 

Of each wine, 10 mL samples were analyzed with headspace SPME GC/MS. All 

samples had naphthalene-D8 added as an internal standard. A Supelco stableflex pink 

(PDMS/DVB) fiber was utilized. Samples were agitated at 60oC, 250 rpm, for 35 

minutes. Fiber desportion lasted 60 seconds. The column utilized was Agilent HP5-MS, 

and the inlet temperature was 250oC. The oven temperature was initially set at 60oC 

and was held for 2 minutes. The ramp conditions were ramp 1: 4oC per minute to 
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135oC, ramp 2: 2oC per minute to 160oC, ramp 3: 100oC per minute to 280oC, followed 

by a 5-minute hold. The solvent delay was 4 minutes. Samples were quantified with a 

geraniol or ethyl decanoate standard curve.   
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APPENDIX F: FINING AGENTS TECHNICAL SHEETS 
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Non proteinaceous fining agents 
 
Polyclar V (Polyvinylpolypyrrolidone) 
 
Reason for addition/action 
 
Polyclar V (PVPP) is a synthetic polymer used to reduce the level of phenolic 
compounds associated with browning and astringency of white wine, particularly 
pressings fractions, and in some cases to lightly colored red wines. It is practically 
insoluble in wine and absorbs primarily the low molecular weight phenolics, especially 
anthocyanins and catechins. At high rates PVPP can result in color and flavor stripping 
and should be used with care. It is sometimes used as a co-fining agent with carbon for 
color reduction. It is also used as a mixed fining agent, eg with potassium caseinate and 
silica. This tends to give a less aggressive fining. An advantage of PVPP is that it can 
be used as a means for removing phenolic compounds post-protein stabilization. 
Preparation of a stock solution (10% w/v) for use in the laboratory fining trial 
Add 10 mL of 96% ethanol to about 80 mL of distilled water, mix and then add 10 g of 
PVPP. Stir to prepare a thoroughly mixed slurry and make to volume with distilled water 
in a 100 mL volumetric flask. Mix thoroughly immediately before use, to re-suspend the 
PVPP. 
 
Conducting and assessing the trial 
 
One mL of the stock solution added to 100 mL of juice/wine represents an addition rate 
of 1000 mg/L. Typical ranges to evaluate are — 
white wine 10 to 500 mg/L; and red wine 10 to 400 mg/L 
Determine the fining rate by sensory evaluation and spectrophotometric measures. 
 
Addition in the cellar 
 
Accurately weigh out the required amount of PVPP and make a slurry with a minimal 
volume of juice, wine or water. Add the slurry slowly with mixing to the wine, allow a few 
days for settling and then rack, earth or pad filter. 
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