
    

 

 

 

 

 

 

 

 

How fining agents affect the tendency of pear 
base wine to form and stabilize foam  

 

 

 

 

 

 

 

 

 

 Karolina Dahlström 
Chemistry  
30 ECTS credits 
Nr: 2010:L10 

  

School of Natural Sciences 

 

 

 

 

Degree project work  





 1 

How Fining Agents Affect the Tendency of Pear Base Wine to Form and Stabilize Foam  

Karolina Dahlström 

Degree project work, (Chemistry 30 ECTS- equivalents) 
 
 
Supervisors: 
Annika Nilsson, Director R & D   Kiviks Musteri AB 
Sandra Andersson, Product development  SE-277 35 Kivik 
 
 
Håkan Andersson, Ph. D.    School of Natural Sciences, 

Linnæus University 
SE-391 82 Kalmar 

Examiner: 
Kjell Edman, Ph. D.    School of Natural Sciences, 

Linnæus University 
SE-391 82 Kalmar 

 
 
The Degree project work is included in the Nutrition and Food Science program. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abstract 

The company Kiviks Musteri AB produces a pear base wine that forms stable foam, which 
is problematic from a production perspective. The aim of this thesis was to investigate the 
factors underlying foam stability in the pear base wine and to find means for its reduction. 
This was done by foam testing wines and varying several variables, such as the fining 
agents normally used in the wine production (bentonite, gelatin, siliceous earth and 
activated carbon), enzyme treatment, and by changing the fermenting yeast species. 
Results; The wine started to form stable foam during fermentation, and foam stability could 
be reduced by using more bentonite and carbon during the fining process. The other fining 
agents appeared to have only limited impact on foaming characteristics. No pectin was 
present according to a pectin test, but protein bands were evident from SDS PAGE analysis, 
though absent in samples treated with increased doses of bentonite. 

In conclusion; Pectin is not the major foaming agent in the wine, the yeast is most likely the 
producer of the foaming agents, carbon and bentonite has a reducing effect on foam 
stability, bentonite also reduces protein content. Proteins are likely to be involved in the 
foam stabilization but are not the sole contributors to stable foam. 
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Svensk sammanfattning 

 

Päron (Pyrus communis) som pressats till i päronjuice är huvudingrediensen i det grundvin 

som används bland annat till päroncider. I processen då päronjuicen fermenteras till vin 

bildas skum. Tendensen vinet har att skumma kan sedan finnas kvar i vinet även efter 

klarning. Detta är inte alltid önskvärt då det kan försvåra cidertillverkningsprocessen. 

Päronet innehåller från början en mängd skumaktiva ämnen som exempelvis protein, pektin 

och polyfenoler men skumningsaktiva molekyler kan även produceras av den jäst som 

används vi fermenteringen.  Syftet med projektet var att undersöka olika möjligheter att 

reducera skumstabiliteten i vin samt att identifiera vilka faktorer som påverkar 

skumstabiliteten. Avsikten var därefter att presentera en lösning för Kiviks Musteri att 

tillämpa på grundvin i samband med ciderproduktion. 

 

Det första steget i undersökningen var att identifiera när skumningsproblemen uppstår samt 

hur det referensvin som innehar önskade skumningsegenskaper uppträder. Det första 

skumstabilitetstestet utfördes således på råvaran päronjuicekoncentrat vilken även testades 

för pektininnehåll. Det visade sig att skumstabiliteten för koncentratet var likvärdig med 

vatten samt att det inte innehöll pektin. Därpå sattes jäsningar som skumtestades frekvent 

under fermenteringen. Det visade sig då att skumstabiliteten ökade under fermenteringen 

vilket indikerar att jästens produkter bidrar till skumstabiliteten.  

 

För att identifiera vilka molekyler som bidrar till skumningen samt att kontrollera om 

klarningsmedlen bidrog till eller reducerade skumstabiliteten varierades mängderna av dessa. 

Inget av klarningsmedlen bidrog tydligt till skumstabiliteten. Dock reducerades 

skumstabiliteten vid ökande tillsats av kol och bentonit, vilket detta tyder på att proteiner och 

troligen polyfenoler bidrar till skumstabiliteten. Likaså indikerar resultaten från SDS-PAGE 

att proteiner bidrar till skumningen även om det inte verkar som om proteiner är den enda 

orsaken bakom skumstabiliteten i dessa viner. Proteinbanden saknades nämligen för vin 

behandlat med 8 gånger normal mängd bentonit trots att vinet fortfarande hade en längre 

skumningstid än referensvinet. Ett enzymförsök genomfördes också men endast begränsad 

skumreduktion erhölls. 

 

Eftersom ingen definitiv lösning nåddes rekommenderas fler tester. Exempelvis föreslås en 

kombination av ökad mängd kol och bentonit, vilka var för sig har reducerande effekt på 

skumningen, Vidare kan närsaltet eller jästsorten alternativt jäsningsförhållandena varieras 

eftersom det finns indikationer att det är produkter från jästen som bidrar till 

skumstabiliteten. 
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Aim 
The aim of this thesis is to investigate how to reduce foam stability in pear base wine 

and to investigate the factors controlling foam stability. 

 

Introduction 

 

Kiviks Musteri  

The company Kiviks Musteri AB produces products based on fruits and berries, 

especially apples and pears. It is a medium sized company with 97 employees in the 

year 2009 and net sales (for the same year) at 330 million kronor. The production 

volume in 2009 was accordingly: for Tetra Brik-line, Glass Line and PET bottles: 

about 60,6 million packages, glasses and cans.1 

 

The company focuses on natural ingredients and locally produced fruits and berries 

as bases for their products. Their products range from chutneys and jams to juices, 

mulled wine and alcoholic cider.1 They also produce a pear base wine which is used 

for cider production for example to “Kiviks Herrgårdscider, päron”2. This pear base 

wine produces stable foam, the focus of this examination project work. 

 

 

Foam 

Foam is a coarse dispersion of gas in liquid, a complex phenomenon 3, which can be 

affected by several different factors 4.  There are two main types of foam. First, dilute 

foams, which consist of almost spherical bubbles that are separated by thick viscous 

liquid, and second, concentrated foams that are mostly gas phase in this case the 

bubbles are separated by thin liquid films. The concentrated films can appear if the 

liquid has low viscosity or result from dilute foams following liquid drainage.3 Two 

principal factors have an impact on the foam stability, the tendency of the bubble to 

burst and the drainage of the liquid film of the bubbles. 3 These factors can be 

counteracted by surfactants (foaming agents) 3, 5 which increase surface tension, thus 

leading to a more elastic film or by particles that create a steric barrier to 

coalescence, preventing the bubbles to drain.3  
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Drainage of the foam bubbles is a result of liquid flow throughout the holes of the 

film as a consequence of gravity impact. Other factors that are likely to be involved 

in thinning the film are van der Waals attractive forces (coalescence due to instability 

of the film between the bubbles), and capillary pressure (Ostwald ripening, diffusion 

of gas from bubbles as a consequence of less pressure outside the bubble). These two 

factors both favour film thinning. Factors that oppose film thinning also exist, such 

as overlapping of similarly charged electric double layers.3,4  

 

In foam there are two surfaces: one that is hydrophobic (gas) and one hydrophilic 

(liquid). If a surfactant is present it can contribute by placing itself in the interface 4, 

thereby influencing the electrostatic interactions and the range of electric double 

layer repulsion.3 Another stabilizing effect of the surfactant is a phenomenon called 

the Gibbs-Maragoni effect,3 e.g. if a surface area gets thinner the access to foaming 

agents are decreased, thus increasing the surface tension of the thin area. This extra 

tension may last long enough for the thin area to recover to normal thickness. It is 

also suggested that when the foaming agent is spreading on the surface due to the 

surface tension gradient and moving underlying solution with it, the thinning process 

is opposite. Foaming can appear both in the wine and the cider process. Foaming in 

wine is mainly investigated through three factors: foam height, foam height stability 

and foam stability time.5 

 

Possible surfactants in wine 

 

Polysaccharides  

The foam stabilizing properties of polysaccharides 6 are due to their direct effect 

on viscosity, and may slow down the air drainage of liquid between the bubbles 7, 6 

leading to stabilization of the foam. One of the polysaccharides present in pear juice 

is pectin, and several pear wine processing tools (pectinases) target this 

polysaccharide.8 

 

Pectin 

Pectin is an anionic carboxylated polysaccharide that exists in terrestrial plants and is 

plentiful in most vegetables and fruits.9 It has a molecular mass of about 100 kDa 10 

and it has been reported that pectins of apples and pears have almost the same 
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molecular weights 11. Pectin is actually a general term used to designate water 

soluble poly-galacturonic acid, galacturonoglycan arrangements of varying methyl 

ester contents, that are capable of forming gels.4, 9 Some of the carboxyl groups in 

natural pectins occur in the form of methyl esters. The pectins can be divided into 

two groups: high-methoxy (HM) pectins and low-methoxy (LM) pectins.  HM 

pectins are by definition arrangements with more than half of the carboxyl groups as 

methyl ester. If the pectin is esterified at less than half of the carboxyl groups, it is 

designated LM 4, 10 (see Figure 1.) 
 

Pectin has a unique ability to form spreadable gels in the presence of sugar and acid 

or in the presence of calcium ions.4 All pectin molecules consist of a linear chain of 

1-4-linked α-D- galactopyranosyluronic acid units and natural sugars, primarily L-

rhamnose. Structural irregularities limit the size of junction zones and affect gelation.  

In citrus and apple pectin these irregularities may be a result of inserted L-

rhamnopyranosyl units into the polysaccharide chain.4 
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Figure 1: A common base structure in a pectin molecule. 

 

HM pectin solutions gelate at low pH in the presence of high sugar (55-65%) 

concentrations. 4, 10The pH dependence of gelation is related to the unprotonated, 

uncharged, states of the pectin carboxylic acid groups at low pH, 4, 9 leading to a 

lower degree of hydration than the charged state at neutral pH. The high 

concentration of sugar reduces hydration of the pectin chains further, allowing them 

to interact with one another.4 LM pectin solutions only gelate in the presence of 

divalent cations that provide crosslinks.4, 10 

 

Pectin exhibits time-dependent foam properties when it is dehydrated by glucose 

syrup. 10 It can also interact with proteins and amines, which may also contribute to 

foam stabilization 10 and function as protective colloids. 7, 9  
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Polyphenols 

Polyphenols are naturally present in tea, coffee, vegetables 12, 13, fruit 4, 13 and in wine 
4, 14, 15. They are constituted by benzene derivates 4, 16 that are formed from 

carboxylic acids, phenolic acids and sugars 4. Furthermore, they are responsible for 

the colour, astringency and bitter taste in e.g. white wine 16. 

 

Polyphenols can be further sub-divided into flavonoids, tannins 4, 17 and lignins. They 

are associated with flavour and colour (yellow to brownish) 4, 16, 18 and can in some 

cases function as antioxidants (flavonoids). When polyphenols are oxidized, colour 

changes can occur as a result of molecular level structural changes. 15 Tannins can 

form complexes with other molecules such as proteins by hydrogen bonding and 

hydrophobic effects. 4, 13, 17 The main polyphenols in wine are the non-flavonoids 

hydroxybenzoic acid and hydroxycinnamic acid and flavonoids such as 

anthocyanins, flavan-3-ol monomers and polymers 15  , one example are shown in 

 figure 2.  

 

 

 

 

 

Figure 2: Structure of one polyphenol present in wine: flavan-3-ol.4 

 

Protein 

Proteins are naturally present in pears 4, 19, thus in pear wine as well. Apple juice used 

for wine fermentation contains about 4-33mg N /100ml juice 20 and cider contains 

around 20mg proteins/L.5 Apples consists of approximately 0,3g protein /100g and 

pears 0,4g protein/100g 19. The apple base wine used for cider has been shown to 

contain proteins with a weight of 20kDa-154kDa. 5, 21, 22, 23 Although the composition 

of amino acids and the structures of polypeptide chains vary in proteins, all proteins 

are amphiphilic (a molecule with both hydrophobic and hydrophilic areas). Even so, 

they behave differently owing to their surface-activity properties.4, 5, 10, 21, 22, 23, 24 

These properties may render them more or less suitable for stabilization of foam 4, 

24and emulsion systems that are unstable without an amphiphilic agent.4 However 

proteins with higher molecular weights seem to contribute more to foam formation 

O

OH

OH
OH

OH
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and foam stability than proteins of lower molecule weight. 5, 22 The main factors 

affecting the surface activity and stabilizing properties of proteins are the distribution 

pattern, the stability and flexibility of the polypeptide chain (its adaptability to 

changes in the environment).4 Depending on the distribution pattern of hydrophobic 

and hydrophilic patches, the protein can migrate spontaneously to an air/water 

interface. The presence of hydrophobic patches on the protein surface increases the 

likelihood that the protein adsorbs to the interface.4 Once adsorbed to the interface, 

the protein can undergo conformational changes and bind to each other. Although 

their surface properties render them efficient foaming agents 4 most proteins 

normally cannot provide stable foams unless complementary stabilizing agents 

(usually polysaccharides or phenols) are present. 10, 25, 26 

 

Protein, Polyphenol and Pectin complexes 

Complexes with proteins and polyphenols can result in haze formation 25, 26, and if 

also pectins are a part of the complex, this can contribute to stabilizing lasting foam 

in sparkling wine. 10, 14  

 

Polyphenols can bind to proteins through two main types of mechanisms; 

hydrophopic effects and hydrogen bonds, albeit affected by pH, reaction time, 

structure and ionic strength. 14, 25 In the first step of complex formation, the 

polyphenols spread over the wine surface in a single layer. The presence of small 

amounts of protein in the wine will lead to association, in time incorporating the 

polyphenols. This raises the the protein concentration at the interface and the 

phenolic compounds will spread over the protein surface where they act analogously 

to cross-linking agents between various molecules. Pectins present in the wine can 

promote this complex formation which is one contributing factor to lasting foam. 14 

 

The isoelectric point of proteins is the pH where the positive and the negative 

charges of proteins are equal so that the net charge is zero.25, 4 The larger diversity 

between wine pH and the isoelectric point of the protein, the greater the charge of the 

protein and the better the affinity for other polar molecules, including fining agents.25  
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The wine making process  

 
Pears - Pyrus communis L 27, 28, 29 

Pear is the base in pear wine, used to produce the main ingredient pear juice or pear 

concentrate. Pyrus communis is a pseudocarp of apple fruit type and belongs to the 

family Rosaceae. Pears are grown in all parts of the world but grows wild in western 

Asia and eastern Europe and has been cultivated since 200 BC with many different 

cultivars 28, 29 for example Williams, Greve Moltke and Alexander Lucas. 28, 29 The 

average pear weighs slightly more than 100 g with an energy content somewhat less 

than a 100 kcal. The typical content of 100g pear is about 11 g carbohydrates, 0.4 g 

protein, 5 mg ascorbic acid and 0.5 mg of vitamin E.19 Characterization of the sugar 

composition of 'Williams' pears by Colaric et al. showed that the dominating sugars 

were fructose, glucose, sorbitol and sucrose.30 

 

Process flow  

Fruit juice from either freshly pressed fruit or from concentrate is used to ferment the 

wine. Fresh fruit is mechanically pressed to receive fruit juice, sometimes combined 

with pectinase treatment, to reduce pectin levels and to attain more juice from the 

fruit. 20 The juice can then be used directly for fermentation, cooled down for later 

fermentation or evaporated into a concentrate.31 If the wine is fermented from 

concentrate, water is needed to reconstitute the fruit juice. The fruit does not contain 

enough sugar to attain the alcohol content of 12% during fermentation, therefore an 

additional sugar source such as glucose syrup is needed. To produce a well balanced 

wine the must (unfermented pressed fruit juice) should also contain an adequate 

amount of acid ~ 0,4% (expressed as tartaric acid) which is adjusted before 

fermentation 20. Additional acids can be used for pH regulation, such as citric acid. 

The yeast that ferments the sugar into alcohol requires certain nutrients for its 

function, which is added as nutrient salt, typically composed by ammonium sulfate, 

ammonium phosphate and vitamin B1 
32. Fermentation is also more efficient if the 

yeast is propagated with glucose prior to its addition to the must 2. In Figure 3 the 

procedure for wine fermentation on concentrate is described. To prevent further 

fermentation when the wine is ready when the brix, (concentration % (w/w) of sugar 

and similar total solids in solution calculated from refractive index 2), is reduced 

from ~20 to 8 and the alcohol content ~12%) 0,023% potassium disulfite is added to 
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the wine. This inactivates the yeast. To acquire a clear wine, fining (described later) 

and filtration is needed 20. 

 

Analysis methods  

Some measurements of the wine are carried out already prior to fermentation, such 

as sensory analysis on the ingredients, brix measurements as an indicator of glucose 

content and titrations for an estimate of acidity (expressed as tartaric acid), followed 

by correctional additions if necessary. Brix measurements are also done during 

fermentation to control if the fermentation continues as expected. When the wine 

fermentation is nearly completed brix measurements are carried out to provide an 

estimate of the residual glucose content. The alcohol content is assessed and sensory 

tests are performed on the ready wines to secure quality. Every second week 

microbial content (yeast and mold, total bacteria) are tested on the wine with agar 

plates.2 
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Figure 3: Schematic flow diagram of the production of pear base wine, based on the production at 

Kiviks Musteri AB. 
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Yeast 

The main purpose of using wine yeast in wine production is to ferment glucose to 

ethanol and carbon dioxide. This requires anaerobic conditions. In addition to 

alcohol, the yeast produces a great variety of other metabolites during fermentation, 

such as glycerol, fatty acids, and proteins.33, 34,35, 36 Some of these yeast metabolites 

have an inhibiting effect of the fermentation, for example sulfur compounds 33, 

whereas others, such as different carbonyl compounds, can affect the flavour and 

fragrance of the wine both positively and negatively. 34 The metabolites can also an 

impact on the foaming properties of the wine, Some yeast strains are known to 

express proteins with foam-forming properties.33  In addition, more than 400 volatile 

compounds are produced by yeasts during fermentation.35 Examples on varying 

production of metabolites from two different yeast-strains that have fermented the 

same must under the same conditions are shown in table 1.36 Which metabolites to be 

produced by the yeast is mostly dependent on the yeast species and thus controlled 

by genetic factors.33, 34, 35  
 

Not all products from the yeast are produced during fermentation, for example 

components affecting foam stability can develop over time if wine remains in contact 

with the yeast lees. The yeast can release proteins and small particles that have a 

positive effect on foam stability 24 during autolysis.  These proteins can possess 

surfactant properties 14 and thus increase bubble formation. Other small particles may 

contribute to foaming by preventing the bubbles to drain by positioning themselves 

between the bubbles 37, according to figure 4. 
 

 

  
Figure 4: Prevention of foam drainage between bubbles, due to particles from the yeast. 
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Table 1: The composition of wines after alcoholic fermentation of amarone grapes by Saccharomyces 

cerevisiae CA1 and Saccharomyces bayanus UF2 strains based on E. Tosi1, M. Azzolini1et al 36. 

 CA1 UF2 

Free SO2 mg/L 7.00 ± 0.02 8.00 ± 1.00 

Total SO2 Mg/L 62.67± 0.02 70.00 ± 8.00 

Malic acid g/L 1.21± 2.65 1.24 ± 0.01 

Gluconic acid g/L 0.69± 5.03 0.68 ± 0.01 

Total polysaccharides mg/L 1105.3± 0.04 1589.0 ± 46.8 

Mannoproteins mg/L 478.1± 0.02 640.2 ± 56.9 

Ethyl acetate mg/L 106.37± 45.4 83.73 ± 1.52 

Etyl lactate mg/L 10.23± 32.3 9.27 ± 1.02 

Total higher alcohols mg/L 441.60± 3.87 662.13 ± 10.82 

 

Saccharomyces bayanus is one yeast strain used in fermentation of wine where 

conditions are difficult and special fermentation is needed. One brand that ordinates 

from Saccharomyces bayanus is Zymasil Bayanus 38. This yeast was developed 

especially for sparkling wines, adapted to high sugar levels and the generation of 

high levels of alcohol. It also possesses good resistance against sulfur dioxide, high 

pressure, low temperature, and low pH.38  

 

Fining  

During wine fermentation, the emergence of some turbidity (which is the foremost 

negative aspect in assessing a wine) is a natural consequence. Turbidity results from 

an optical phenomenon known as the Tyndall effect, caused by the presence of 

particles in suspension that deflect light from its normal path.14 This problem can be 

eliminated through a process called fining. The wine can fine spontaneously through 

settling, e.g. sedimentation by the gravity of the particles in suspension and their 

adsorption to container walls, leaving a clear wine.14 However, other phenomena 

appearing over time, unwanted by producers, such as lees, haze (foggy wine created 

by a complex between proteins and polyphenols) and colour changes (browning) of 

the wine may occur if the wine has been spontaneously fined .14, 18, 39 These 

phenomena can only be controlled by the use of fining agents (as will be detailed 

below). The use of fining agents and different fining techniques that improve wine 

stability to avoid haze formation, browning, lees etc. and affect the final sensory 

characteristics, are important. 14, 24, 15, 39 The fining agents eliminate substances in 

suspension such as unstable proteins and some phenolic compounds of colloidal 
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nature that contribute to an unstable wine.15, 39 The effects that occur during fining 

depend on the streaming potential and surface charge density of the wine. Some 

examples of fining agents used for fining wine are presented in the next section. 

 

Bentonite 

Bentonite clay is a fining agent used to remove positive particles such as proteins 

from the wine. It is constituted by hydrated aluminosilicates, e,g, montmorillonites 

(Al2O3, 4SiO2 * n H2O) with exchangeable cations such as Mg2+, Ca2+ and Na+, with 

varying composition depending on the geographical origin of the bentonite.14 The 

montmorillonites are capable of fixating proteins that are positively charged at the 

pH of wine.14, 21 and preferentially adsorbs proteins with an isoelectric point above 6. 

Elimination of proteins with lower isoelectric points requires higher doses of 

bentonite.14 Bentonite additions remove equal amounts of both unbound proteins 25, 

free amino acids 26 and protein-phenol complexes 25, 26 and very efficiently removes 

positively charged proteins between 10-20 and 60kDa 21. Studies have shown that 

bentonite can remove up to 80% of the protein content of apple wine 21 but 

conversely, one study demonstrates lack of bentonite binding to 100kDa proteins in 

sparkling wine. 21  

 

García et. al (2009) showed that clarification with bentonite has a reducing effect on 

foaming and foam persistence in wine. However, bentonite in combination with 

protein fining agents maintains or improves the foam quality (foam stability). 24 

The montmorillonite is structured into separate flakes that distinguishes it from the 

more compact kaolinite and also gives remarkable colloidal properties. 

Montmorillonite, which swells in water exhibits large surface absorption (Na+ 

bentonite swells more than Mg2+ or Ca2+ bentonite), and a highly negative net 

charge. The flakes are organized in a relatively regular pattern. Each flake consists of 

two rows of interconnected tetrahedral structures with oxygen atoms at the nodes and 

a silicon atom at the center. Between these two tetrahedral structures a series of 

octahedral structures are interconnected by oxygen or hydroxyl radicals (shown in 

figure 5).  The middle octahedral consists in three out of four cases of Al3+ or Mg2+ 

ions. The charge diversity between the tetrahedrals generates a negative charge in the 

area between the flakes. This keeps the flakes separated and provides a gap that 

varies in size depending on the origin of the bentonite.14  
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Figure 5.  Flakes arrangement in swelled bentonite, inspired by P.Ribéreau-Gayon et al, Handbook of 

enology 14.  

 

The exchangeable cations enter in this negatively charged space by adsorption. When 

being added to a water solution or wine bentonite forms a colloidal dispersion with 

negatively charged particles, which makes the bentonite to swell, forming a gelatin-

like paste with water and, at high dilution, a stable colloidal suspension. 

Furthermore, because of the large area of the flaky bentonite, its adsorption 

properties are significant. Sodium bentonite is the most common form of bentonite 

used in the winery processes because it is the most effective. It has noticeably better 

adsorption capacity for proteins even if it is more difficult to dissolve for swelling 

than for example calcium bentonite, but may contribute a little to the sodium content 

of the wine (10mg/l). Even if it does, good quality bentonite hardly leaves any taste 

or odour, albeit if used in high doses (80g/hg) it can attenuate the organoleptic 

response.14   

 

Siliceous Earths 

Siliceous earths are used in wine to remove haze-active proteins. Silica binds to sites 

in haze proteins that haze polyphenols normally bind. This makes it rather specific 

for haze proteins, why its effect on foam active proteins is somewhat limited.26  

The siliceous earths that are used for fining wine are stable, non-aggregated particles 

(size 7-50 nm) of silica concentrated (SiO2 content of 15-50%) in an aqueous 

suspension, a sol. The sol is stabilized by small quantities of bases that pull hydrogen 

ions from the surface of the silica particles, thereby creating a negative surface 

charge that is necessary to balance the positive charge of the stabilizers (Na+ or 

SiO2  (tetrahedral structures) 
Al 2(OH)6 (octahedral structures) 

SiO2  (tetrahedral structures) 

Negatively charged area between the flakes 

SiO2  (tetrahedral structures) 
Al 2(OH)6 (octahedral structures) 

SiO2  (tetrahedral structures) 
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NH4
+). 14 These repulsive forces render the sol stable. When pH is around 4-7, 

repulsion between the particles is weaker and a gel is formed.14   

 

When negatively charged siliceous earths are used in fining they are used together 

with positively charged protein. The positive charges of the proteins neutralize the 

silica which leads the silica particles to flocculate and thus pulling down particles to 

the bottom sediment. This contributes to the clarification in wine. If siliceous earths 

are used together with any protein agent it accelerates the clarification process, it 

improves filterability and it also removes the entire protein fining agent and therefore 

eliminates the risk of overfining the wine (when proteins added to the wine do not 

flocculate, thereby increasing the risk of turbidity in the wine) 14. It is often used on 

wine with low tannin contents. Siliceous earths works best if added to the wine 

before the protein fining agent (best result with gelatin) and after bentonite 

treatment.14  

 

Protein fining agent/Gelatin  

Gelatin is a protein fining agent mainly consisting of glycine, proline, 

hydroxyproline and glutamic acid residues. It is produced through hydrolysis of 

collagen from animal by-products and possesses excellent fining and stabilization 

properties.4, 14, 24. Examples of other protein fining agents are casein, potassium 

caseinate and egg albumin. All these agents are positively charged at pH 3,5 14  but 

each protein fining agent can behave somewhat differently.14, 39 

The main purpose of using gelatin (or any other protein fining agent) is to reduce the 

amounts of negatively charged polyphenols such as tannins and flavonoids 14, 15, 

which may affect the taste 14 and cause a browning effect over time 16, 18.  Cosme et 

al. (2008) found however that protein fining agents have a greater effect on 

flavonoids than on other polyphenols 39. 

The protein fining agent combines with the polyphenols through hydrogen bonds and 

hydrophobic effects, depending on the characteristics of the fining agent and the 

polyphenol. This leads to the formation of a monolayer around the fining agent that 

is less hydrophobic than the protein alone and creates a reversible complex that 

makes it possible for sedimentation of polyphenols, However, to acquire the required 

fining effect siliceous earths are often used together with gelatin. 14 
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Gelatin is an entropic, predominantly elastic gel 4.  Depending on the degree of 

hydrolysis of collagen the gelatin molecules possess a surface charge between 0,1 

meq/g and 1 meq/g.14 The more highly charged the gelatin is, the more active it is in 

relation to the various groups of polyphenol.14 Gelatin is classified according to its 

gelling power (between 50 and 300 Bloom units) 4, 14 charge and solubility (highly 

charged heat-soluble, weakly charged liquid, and cold-soluble weakly charged of low 

protein content). 14 

 

Activated Carbon  

Activated carbon is insoluble porous carbon dust with good adsorptive properties. 16, 

18 It is produced by physical and/or chemical pyrolysis of different organic materials 

with low levels of inorganic compounds and with high carbon content, such as for 

example Pine saw dust and Peach stones. 16, 18 The activation process is responsible 

for the development of molecular size pores in the carbon particle, providing 

extremely high internal porosity and large adsorption surface. 18  Usually powdered 

activated carbon has a specific surface between 1000 and 1300 m2/g. 18 The active 

carbon properties and efficiency are determined by the chemical composition and the 

presence of unpaired electrons, chemically bonded elements, pore structure, pore 

volume and suface.18  

 

Activated carbon has a tendency to bind to weakly polar molecules, especially 

aromatic compounds such as phenols 16 making it useful in white wine to reduce the 

amount of polyphenols, at high concentrations producing oxidative reactions and 

browning (it reduces the quality and the shelf life of wine, as shown in figure 6) it is 

also used for taste and odour reduction. 16, 18 

 

 

 

 

 

 

The approach 

Figure 6: Browning effect caused by oxidation of 
wine treated with different amount of activated 
carbon. Rising carbon treatment from left (0g 
carbon/L wine) to right  
(1,68g carbon/L wine). 
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This project comprises an investigation of the foaming properties of the pear wine 

from Kiviks Musteri, and attempts to reduce foaming. Three different target areas 

were investigated, namely.  

1. The effect of replacing the yeast strain by another. Since different yeast strains can 

be modified to produce different products (besides alcohol) this was anticipated to be 

a useful strategy to reduce the foam stability in wine.  

2. Improving understanding of the constituents responsible for foam formation and 

stability. Some progress should be possible through fermentation and pectin 

analyses, enzyme treatment and by varying the fining agents.  

3. By varying the fining agents it should also be possible to distinguish if the fining 

agents themselves might contribute to foam formation and stabilization and if these 

have any impact on the forming characteristics.  

 

Evidently, other factors than those investigated in this project may also be important. 

For instance, particle content and yeasts nutrient composition, and fermentation 

conditions were deemed outside the scope of this project. Moreover, the choice of 

foam test method can be debated. The method of choice in this project was the one 

already in use at Kiviks Musteri. However, other methods, perhaps more suited for 

scientific studies, such as the Bikerman method6 are also available. 

 

Materials and methods 

 

Foam test 

A 100mL measuring cylinder was rinsed with tap water and subsequently rinsed with 

5mL of sample, followed by addition of 50mL sample. The time to fill the measuring 

measuring cylinder from 50mL to 100mL with carbonated water and with a foam 

staple up to the opening of the measuring cylinder was measured with a stop watch. 

When the measuring cylinder was filled to 100mL, the time for the foam column to 

collapse to the surface of the wine was assessed. 

 

Reference wine 

To investigate how a reference wine (with a required foaming time) behaved, four 

foaming tests were made on the reference wine.  
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Experiment with juice 

To investigate if there were any difference between foaming in wine and foaming in 

the concentrate a juice was prepared from a concentrate (brix 70, Rauch, Austria). To 

calculate the amount of concentrate acquired to mix 1kg juice, brix was measured on 

the concentrate and the amount was calculated according to equation 1.  

 

Equation. 1 

( ) 1000
9,69

9,11
1000

.

.
 econcentrat weighed ∗⇒∗=

indexConc

indexJuice
g  

 

The calculation showed that 170g concentrate was needed. Water was then added 

until 1kg juice was received. The juice was measured in triplicate on Day 0 and Day 

1. As a reference to the concentrate, tap water was used, also measured in triplicate. 

 

To investigate the impact on foaming characteristics of shaking the wine during 

fermentation and try two different yeast strains, four batches were prepared and each 

batch divided into five cans. 

For one batch Pear juice concentrate (brix 70, Rauch, Austria), temperate glucose 

syrup (approximately. 33°C, brix 75, Repos D95) and citric acid monohydrate were 

blended and subsequently subdivided into five cans (5L). Yeast nutrient salt 

(Enovit®, AEB-groupe) was added directly to the cans, acidity and pH was measured 

on the solution with a Time 845 Titration manager, Titra Lab®, Radiometer 

analytical, the cans were then left to temperate to 26ºC over night. The following 

morning the yeast (the same amount of Zymasil Bayanus® or Zymasil Cider®) was 

added to 10 cans respectively, the mixture was blended and a lid was loosely placed 

on top of the cans before leaving them in 26°C to ferment until the wine was ready 

(at brix ~8 and alcohol content ~12%). 

The four batches were Zymasil Cider (five cans resting (ZCre1-5) and shaken 

/ZCsh1-5) respectively) and Zymasil Bayanus (five cans resting (ZBre1-5) and 

shaken (ZBSh1-5) respectively). The ZSsh1-5 and ZBSh1-5 batches were shaken by 

hand for approximately 7 seconds every hour from 8 a.m to 4 p.m. In addition to 

foam stability testing, brix measurements were carried out every 24 h using an RFM 

80, 0-95% sugar, (Digital Refractometer, Bellingham + Stanley Limited, England) to 

control the fermentation and on one can from each batch pH was measured using a 
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Time 845 Titration manager, Titra Lab®, (Radiometer analytical, France). For 

ZBsh1-5 and ZCsh1-5 samples were collected by pouring from the cans to 100mL 

measuring cylinders and for the ZCre1-5 and ZBre1-5 batches, samples were 

collected using a 50mL Voll pipette. Duplicate measurements were made each day 

for all samples. The ZCre1-5 and ZBre1-5 batches were, apart from the absence of 

shaking, handled identically. At the end of the fermentation process, alcohol content 

was measured using an alcoholmeter, Alcolyzer wine (Anton Paar, Austria) to 

confirm that the wine was ready, followed by potassium disulfite addition to a final 

concentration of 0.023%. 

 

Fining 

For the fining experiments, para film, a whisk, 500mL measuring cylinders and 

(1000µL and 5000µL) pipettes were used. The fining agents used in these 

experiments were powdered activated carbon (Decoran ATC CX-H, surface area 

1300m2/g), bentonite (Bentogran®, granular bentonite) siliceous earth (Spindasol 

SW1®, 30% siliceous earth), and gelatin (Gelsol® Liquid gelatin, from Spindal 

Europe Nord AB).41 For a standard fining protocol, as suggested by producers, 

activated carbon to a final concentration of 0.84g/L was added to 500mL wine 

initially (t=0), followed by additions of bentonite to a final concentration of 0.28g/L 

(t + 90 min), siliceous earth to a final concentration of 1g/L ( t+ 100 min), and 

gelatin to a final concentration of 0.2g/L (t + 110 min) was added to 500mL wine. 

Between each addition the wine was stirred with a whisk. A batch fined according to 

the standard protocol was then left to fine for two days at room temperature. 

Subsequently, the wine was filtered with a vacuum suction pump, a Büchner funnel 

and filter paper (Whatman Cat No 1005 055,) size 5 and tapped in a bottle with 

screw cork. 

 

Fining experiments 

An experiment with bentonite was carried out with 3L from the ZBSh1-5 and 2.5L 

from the ZCsh1-5 batches, ZBre1-5 and ZCre1-5. The same procedure was used with 

each batch. The wine was sub-divided into measuring cylinders (500mL), and treated 

like standard fined wine except in respect to the amount of bentonite, which was 

varied according to Table 2 (sample ZBsh16-21 and sample ZBre 16-20, ZCsh 16-20 

and ZCre 16-20). A series of experiments were also carried out where the contents of 
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gelatin, siliceous earth and activated carbon were varied, with 2.5L wine from batch 

ZBsh1-5, ZBre1-5, ZCsh1-5 and ZCre1-5, respectively. ZBre1-5 and ZC1-5re were 

transferred with a siphon to a can before being poured into the fining measuring 

cylinders, otherwise the same procedure was made with all batches. The wine was 

divided into measuring cylinders (500mL), and treated like a standard fined wine 

except in respect to the addition of gelatin (in the gelatin experiment, sample 1-5 in 

Table 2), siliceous earth (in the siliceous earth experiment, sample 6-10 in Table 2) 

and activated carbon (in the activated carbon experiment, sample 11-15 in Table 2). 

The quantities in table 2 were used in experiments with both ZB and ZC batches, 

data from these series are designated ZB:sample number 1-21 or ZC: sample number 

1-20. Each fining experiment has a reference sample (underlined in table 2), used for 

comparison of the finings. 

 

Table 2: Fining experiments showing the different amount fining agent added to fining of fermented 
wine (both ZB and ZC).  

Sample Gelatin (ml) Siliceous earth (ml) Carbon (g) Bentonite (ml) 
1 0 0.5 0.42 1.4 
2 0.5 0.5 0.42 1.4 
3 1 0.5 0.42 1.4 
4 2 0.5 0.42 1.4 
5 4 0.5 0.42 1.4 
6 1 0 0.42 1.4 
7 1 0.25 0.42 1.4 
8 1 0.5 0.42 1.4 
9 1 1 0.42 1.4 
10 1 2 0.42 1.4 
11 1 0.5 0 1.4 
12 1 0.5 0.21 1.4 
13 1 0.5 0.42 1.4 
14 1 0.5 0.84 1.4 
15 1 0.5 1.68 1.4 
16 1 0.5 0.42 0 
17 1 0.5 0.42 0.7 
18 1 0.5 0.42 1.4 
19 1 0.5 0.42 2.8 
20 1 0.5 0.42 5.6 
21 1 0.5 0.42 11.2 
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Enzyme treatments 
To investigate the possibility to reduce foam by eliminating proteins through 

hydrolysis an enzyme experiment was performed. The enzyme used was 

Flavourzyme 1000L enzyme complex (Univar), produced through 

submerged fermentation from a fungal select native strain of Aspergillus Oryzae. It is 

a food grade endo- and exopeptidase mixture with a density of 1.27g/mL 40, 41 with 

an optimum pH of 5.5 and a temperature optimum at 55°C. 41 

 In these experiments except for the enzyme complex, unfined wine fermented in the 

winery ( with ZB), equipment for a standard protocol fining and fining like sample 

14 in table 2, 5mL pipette (Gilson, pipettman 1000-5000µL), Transferpette® 2-20µL 

and tap water was used. 

 

A 40mL enzyme solution (300mg/L) was prepared from tap water and added to 

500mL unfined wine according to table 3. One “maximum value test” was also made 

by adding 100µL enzymes (250mg/L) directly in the wine. After enzyme addition, 

the glasses were sealed with para film and turned 20 times. The glasses were covered 

with aluminum foil during 24 hours before they were fined according to the standard 

protocol and fining similar to sample 14 in table 2. After the wine was fined it was 

filtered and foam tested. 

 

Table 3:  Amount added (mL) of enzyme solution (300mg/L) to 500mL wine and the final enzyme 
concentration in the wine. 

Wine sample Added enzyme solution (mL) Concentration enzyme in wine (mg/L) 
1 1 0.6 
2 2 1.2 
3 4 2.4 
4 8 4.8 
5 16 9.6 
  

The same amount of enzymes was also added (as in table 3) to already standard fined 

wine left covered with aluminum foil for 24 hours prior to foam testing. 

 

SDS-PAGE 

A series of wine samples were analyzed for protein content SDS-PAGE at the 

Linnaeus University in Kalmar.  The samples: One reference wine with desirable 

foam time (I ), three samples from laboratory fermented wine with varied fining agent 
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bentonite fined as sample 16 ((no bentonite) II ), sample 18 (bentonite 0.28g/L) (III ) 

and sample 21 ((bentonite 2.24g/L) IV ) in table 2. Sample II, III and IV were from 

the same fermented batch, fined and filtrated in the laboratory. The following 

samples were all from another batch (wine fermented in the winery but fined and 

filtrated in the laboratory). One sample of wine fermented in the winery but fined and 

filtrated in the laboratory (V), one sample from the winery production just filtrated in 

the laboratory (VI ). Three enzyme tested wine samples was also used, one with 

250mg/L (VII ) and two others with 0.6mg/L in one where 0.6mg/L added to the 

wine after standard fining (VIII ) and with enzymes added to the wine before 

standard fining (IX ).  

 

Two different gels were analyzed. In one case the wine samples had not been pre-

concentrated, but in the other case 50 x pre-concentrated were analyzed. Pre-

concntration was carried out according to the procedure described below. 

 

Sample treatment: 

The samples were concentrated 50 times by evaporating 100mL wine to 2mL, which 

had been added to a 100mL cup and placed uncovered in a hood. 

 

Wine samples without enzymes: The reference wine was concentrated as described 

above. The wine fined in the winery was filtrated and concentrated in the laboratory. 

Unfined wine from the winery (500mL) was fined according to the standard protocol 

and then filtered. Directly after the filtration the samples were concentrated 50 times 

as described above. The wine used for bentonite tests was fermented at the laboratory 

and fined as table 2, bentonite sample 16, 18 and 21 and filtrated, followed by 50 x 

pre-concentration.  

 

Wine samples with enzymes: before fining were treated following the same 

procedure as above with the only difference that the wine was treated with enzymes 

and covered with aluminium foil 24 hours before fining according to the standard 

protocol. After filtration, 100mL wine was added to one 100mL cup and the enzymes 

was added to the wine, the cup was covered with aluminium foil for 24 hours prior to 

pre-concentration. The residual 2 ml concentrated wine was later analyzed with SDS-

PAGE. 
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The electrophoresis: 

The gel used for SDS-PAGE was a NuPAGE 4-12% Bis-Tris Gel, 1,0mm x12 well, 

USA. The buffer used was a MES-buffer from Invitrogen NuPage MES SDS 

Running Buffer# NP0002, diluted 20 times. The gel was run at 125V for 90 minutes.  

The protein marker were Fermentas #SM0671Page Ruler Prestained Protein Ladder. 

Charged in well M1 and M2.  

 

To each well (well I-VI and VII-IX) a 13µl wine sample was added. The gel was 

washed 3x 10 minutes with 100 ml dH2O and stained in approximately 20 ml 

PageBlue Protein Staining Solution (Fermentas #R0571) during 25 hours and rinsed 

in 100 ml dH2O for 10 minutes.  

 

Pectin test 

To decide if the wine contained any pectin, a pectin test was carried out on the juice 

mixed from pear concentrate (brix 70, Rauch, Austria) as described earlier. The 

experiment was also carried out on two reference samples, water containing pectin 

powder and Kivik’s freshly pressed raspberry juice, known (by the Kiviks Musteri) 

to contain pectin.  

 

Juice in acidified ethanol (alcohol test) 

In this test five marked test tubes (15mL), para film, 96% ethanol, 37% HCl and 

fined, filtrated pear wine (GVP) was used. 1mL HCl was mixed with 99ml ethanol in 

a 100mL measuring cylinder. 4mL acidified ethanol and 2mL juice (or reference 

solution) was added to five test tubes, respectively. Para film was placed on top of 

the tubes and the tubes were flipped three times and left for 15 minutes before visual 

reading. 

 

Calculations: 

Mean values and standard deviations from the foam measure tests are based on 

quadruplicate samples from the reference wine, each fining experiment or enzyme 

treated wine, respectively. The fermentation measurements were carried out on 5 

different fermentations with duplicate samples at each analysis, i.e. 10 samples per 

occasion. Finally, the sediment mean height was calculated from 4 batches (ZCre, 

ZCsh, ZBre and ZBsh). 
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Results 

 

Reference wine 

The average foam column reduction time was 40s ±14,8s. 
 
Experiment with juice 

The appearance of the foam column differed between water and juice. The foam 

column in the juice samples consisted of large and small transient bubbles that were 

reduced almost as quickly as the bubbles in the tap water, few big bubbles that were 

reduced almost instantly. The foam reduction time after filling time, was in both 

cases under one second, as shown in table 4. 

 
Table 4: Foam sample reduction time (s) from the experiments on juice with water as a referent 

Sample Test 1  Test 2  Test 3 Test 4  
Tap water 5 5 6 6 
Pear juice  6 8 7 6 

 

Pectin tests 

In the test no lees appeared in any of the five test tubes. The wine was clear and free 

from lees and bubbles as shown in figure 7. 

 

 

 

 

Wine experiments 

During fermentation the foaming time (filling and reduction time) increased with a 

wavy pattern in both the resting and shaken batches, independent of yeast-strain as 

shown in figure 8-11. The resting fermentations in average took one day longer to 

Figure 7: From the left pectin containing raspberry juice with bubbles 
captured in a lee. In the middle water containing pectin also with bubbles 

captured in lee. To the right, pear wine with no bubbles or lee. 
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completion.  ZB has a marginally shorter foaming time than ZC after fermentation. 

pH 3 was unchanged in all tested cans during the fermentation process. 

 

Foaming development during fermentation for ZBsh
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Foaming development during fermentation for ZBre
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Foaming development during fermentation for ZCsh
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Figure 10. Foaming times for Zymasil Cider shaken during fermentation in laboratory environment. 

Figure 8. Foaming times for Zymasil Bayanus shaken during fermentation in laboratory environment. 

Figure 9. Foaming times for Zymasil Bayanus resting during fermentation in laboratory environment. 
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Foaming development during fermentation for ZCre
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Fining experiments 
 

The foaming results from the fining experiments are compiled in Figures 17 and 18. 

Bentonite and carbon showed a tendency to decrease the extent of foaming. However 

it seems like more addition of bentonite than in sample 20 was pointless in this 

context, as the effects of foaming levelled off at higher bentonite additions. In this 

experiment wine fermented with ZC responded more (decrease in foaming reduction 

time) to carbon than wine fermented on ZB. The foam structure was also affected by 

these fining agents, if the wine was fined according to the standard protocol, the 

bubbles were small and compact, while fining with larger amounts of bentonite or 

more carbon renders bigger bubbles. Siliceous earth and gelatin did not have the 

same effect. It is not entirely clear whether additional additions of siliceous earth and 

gelatin has any effect on foaming at all. The foaming patterns as shown in figure 17 

and 18 were observable for both the shaken and the still fermentations.  

 

The fining agents had varying effects on the fining. In order to vary gelatin, the wine 

had to be fined equivalent to standard protocol or with a greater amount of gelatin 

(sample 3-5) to be fined (shown in figure 12). The same fining issue occurred when 

no siliceous earth was added (sample 6), however as much as the standard amount 

siliceous earth was not necessary. Sample 7 contained enough siliceous earth to fine 

wines fermented with both ZB and ZC (shown in figure 13). The opposite fining 

effect appeared in relation to carbon concentrations, both ZB and ZC showed that 

sample 15 (much more carbon than standard protocol) prevented the wine to fine 

(shown in figure 14). The only difference observed for the ZB and ZC yeast 

fermentations was the case of bentonite. In wine fermented with ZB the fining was 

Figure 11. Foaming times for Zymasil Cider resting during fermentation in laboratory environment. 
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slightly problematic in sample 20 (shown in figure 15). In wine fermented with ZC, a 

fining problem (shown in figure 16) occurred at lower concentrations of bentonite, 

already in sample 19.  

 

The sedimentation heights were measured in all wines after two days of fining, table 

5. For samples 1-5 the gelatin amounts were varied, for samples 6-10 the siliceous 

earth, for samples 11-15 carbon, and for samples 16-20 the bentonite amounts were 

varied. Carbon variation did not affect the sedimentation height but in general the 

sediment was higher the more of the fining agent added to the wine also shown in 

figure 12- 16. 

 

 

 

 

        

 
 
 
 
 
 
 

 

 

 
 

 

 

 

 

Figure 12: Varying gelatine fining for 
both ZB and ZC from left to right  
sample 0-5             
                                                   

 

Figure 16: Varying bentonite fining  
from left to right sample ZC 16-20 
 
 

Figure 15: Varying bentonite fining 
from left to right sample ZB 16-20             
 
 

Figure 13: Varying siliceous 
earth fining   for both ZB and 
ZC from left to right          
sample 6-10  

Figure 14: Varying carbon 
fining for both ZB and ZC from 
left to right sample 11-15                  
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Table 5: The average sedimentation heights after two days of fining in 500ml measure  
glasses in wines fermented with ZB and ZC, from experiments of 20 different samples with variouss 
quantities of one fining agent in a standard fining. 
 

Equivalents 

to the 

standard 

protocol  

Height (mm) 

Sample 1-5 

according to 

table 2  

(Gelatin 

variation) 

Height (mm) 

Sample 6-10 

according to 

table 2  

(Siliceous earth 

variation) 

Height(mm) 

Sample 11-15 

according to 

table 2   

(Carbon 

variation) 

Height (mm) 

Sample 16-20 

according to 

table 2   

(Bentonite 

variation) 

0 2 3 6  3 

0,5 3 3 6 5 

1 4 5 6 6 

2 6 6 6 7 

4 6 7 6 10 
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Enzyme experiments 

Figure 18: The time for foam reduction in wine fermented with ZCsh and treated with varying 
addition of fining agents. Based on a standard fining, Samples ZCsh1-20 in table 2. 

Figure 17 The time for foam reduction in wine fermented with ZBsh treated with varying addition 
of fining agents. Based on a standard fining. Samples ZBsh1-21 in table 2. 



 31

Figure 19: Wine foaming time depending on which concentration enzymes the wine was treated with before 
fining. Wine fined with 0.84g/L carbon. 

In the wine samples treated with enzyme, the wine was clearer after fining (no haze) 

than in the reference wine. Small enzyme additions appeared to increase the foaming 

time in the wine fined according to the standard protocol and the wine fined using 

increased carbon load (as sample 14, table 2). The foaming time of the wine fined 

using the standard protocol showed a tendency to drop with higher concentration 

enzymes up to a concentration of 9.6mg/L where an apparent increase in foaming 

time is observed, followed by a decrease from 250mg/L enzyme addition (67±7s to 

fill and 93±22s for foam column reduction.). No defined pattern could be seen in the 

wine fined using increased carbon load (as sample 14, table 2). The results are shown 

in figure 19 (standard fining) and figure 20 (increased carbon load [as sample 14, 

table 2]). No evident differences were observed from the foaming patterns of wine 

treated with enzymes added 24 hours before fining and enzymes added to standard 

fined wine, tested directly after 24 hour treatment, data not shown. 
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Foaming results for enzymes added before fining ZB
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SDS-PAGE 

Neither the sample treated with increased bentonite load (sample IV), nor the 

reference wine (sample I) indicated the presence of protein. The wine treated with 

250 mg/L (sample VII) enzymes show weak lines at approximately 30 kDa and 95 

kDa, respectively. In the samples treated with 0,6 mg enzymes/L (sample VIII and 

IX) the presence of low molecular weight was indicated, however weaker than in 

wines treated without enzymes, especially for sample VIII with enzyme treatment 

after fining. All other samples (samples II, III, V and VI) showed indications of 

protein at 95 kDa, approximately 30 kDa and between 0-17 kDa shown in figure 22. 

(In the unconcentrated wine no lines were visible). 

Figure 20: Wine foaming time vs. enzyme concentration the wine was treated before fining. Wine 
fined with 1.68g/L carbon. 
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Discussion 

 

Fermentation 

No remarkable differences in foaming time were evident between ZB and ZC 

fermented wines. However, as the juice did not form stable foam it appears likely 

that some matter contributing to foaming may be some of the 400 products 35 

produced by yeast (as mentioned in the introduction), such as foam-stabilizing 

proteins 33 It also appears like the foam builders are produced at an earlier stage 

during the fermentation process for ZC than for ZB, due to that foaming time is 

initially longer for ZC than ZB. However, it was outside the scope of this project to 

investigate the foaming agents from the two yeasts.  

 

The apparent foaming peaks and valleys visible in fermentation diagrams were 

Figure 21. Marker from brushier to 
Fermentas #SM0671Page Ruler 
Prestained Protein Ladder 

Figure 22: SDS-page on 50x concentrated wine and 50x concentrated 
enzyme treated wine. Ma1: Marker I:  referent wine II:  Bentonite 0g/l III:  
Bentonite 0,28g/l IV:  Bentonite 2,24g/l V. wine from the winery fined and 
filtrated in the laboratory VI:  wine from the winery filtrated on the 
laboratory Ma2: Marker VII: 250 mg enzyme/L before fining VIII: 
0,6mg/L enzyme after fining  IX:  0,6mg/L enzyme before fining. All the 
wells are charged with 13µl wine. 

  Ma1      I        II       III     IV     V      VI   Ma2      VII   VIII    IX  
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somewhat surprising, but may potentially be a side effect of yeast consuming its own 

products in association to cell division. 

 

It also emerged during the tests that foam reduction time increased with storage. This 

might be as a result of time-dependent complex formation between proteins and 

polysaccharides 10, 14 or possibly by increase of yeast particle decay.  

 

Fining  

According to the foaming experiments it seems as neither bentonite nor gelatin rise 

the foaming time in the wines. In this respect, the results diverge from those of 

García et. al (2009) which demonstrated that gelatin counteracts the foam reducing 

effect of bentonite 24.  

 

However, it appears as if small additions of carbon or siliceous earth, respectively 

increase foaming and contribute to foam stability of wines fermented with both ZB 

and ZC. The addition of larger amounts of carbon reduced the foaming time or had 

no effect at all. The reason could be that very small amounts of the fining agent are 

inadequate for flocculation and complex formation and thereby settlement why 

addition instead contributes to the residual particle content of the wine. This 

hypothesis is consistent with the observed sediment height for siliceous earth, which 

has the same height both if the addition is half the standard quantity (sample 7, table 

2) or zero (sample 6, table 2), but leads to an increase with larger additions (sample 

8-10, table 2). However, the sediment height does not correlate with the foaming 

time for any of the other fining agents.  

 

Some observations concerning fining 

In cases where a surplus of carbon was added the carbon did not settle in two days 

and remained suspended in the wine. The explanation might be that the surplus of 

carbon has nothing left to adsorb to, and thus remains suspended in solution. The 

same phenomenon occured when no siliceous earth was added (sample 6, table 2) 

and when smaller amounts of gelatin than that of the standard protocol (sample 1 and 

2, table 2) were used. Siliceous earth and gelatin are known to affect fining most 

efficiently when used in combination14. Deficit of either of these fining agents is 

likely to leave a fraction of the other agent uncomplexed, leading to less efficient 
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fining. This could also provide an alternative explanation to the unsettled carbon at 

lower dosage. If gelatine and siliceous earth contribute to complex stability with 

wine foaming agents that carbon has adsorbed to, deficit of gelatine or siliceous earth 

agent might have a negative effect on settling. Moreover, my results indicate that the 

wine investigated in this project requires larger amounts of gelatin than of siliceous 

earth as related to the standard fining protocol, to obtain a clear wine.  

 

When the bentonite additions to wine were varied, differences were observed relating 

to the suspended carbons with respect to ZB and ZC. Carbon remained suspended in 

the wine fermented with ZC (sample 20, table 2). This could indicate a difference in 

yeast fermentation product formation between ZC and ZB. 

 

Carbon and bentonite were the fining agents found to have the greatest effect on 

foaming time, suggesting that proteins, possibly complexes with polyphenols, are the 

main contributors to foam stability, as foam stability remains even if the foam 

reduction appears to level off between sample 20 and 21, table 2. While no 

measurable amount of protein remained in sample 20 (discussed later). The fact that 

increased amounts of bentonite further reduces foaming could potentially indicate 

that the proteins that contribute to the foaming have a higher isoelectric point than 

the proteins removed during standard fining.14  

As for carbon, it is likely that the polyphenols are involved in the fining stability. But 

due to the non-selective nature of carbon adsorption, it is unclear whether the 

removed molecules are lipids, polyphenols, polysaccharides or a combination.  

 

SDS-page and Enzymes 

The fact that no visible bands were evident on the gel without prior pre-concentrated 

indicates a concentration ofs less than 0,38 mg/L proteins in the analyzed samples. 

However, the concentration method was not uncontroversial and there were risks in 

using it, for example microbiological growth in the wine, the possibility of Maillard 

reactions and other oxidation reactions cannot be ruled out. Nevertheless, the 

presence of protein bands indicates that concentration was successful. A special 

difficulty with these samples was that the concentrated wines were extremely 

viscous, making pipetting (13 µl) difficult. This is likely to have induced 
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uncertainities to the quantitative analysis. It is therefore difficult to assess protein 

concentrations from the gel, although qualitative analysis would be feasible.  

Microbiological growth during concentration appears unlikely as the protein bands 

visible in the gel are in the same order of magnitude in all wine samples. Neither was 

any growth visible to the eye on the tested wine samples. However, wine oxidation 

appears to have occurred, as concluded from colour change during concentration. 

The fact that there are no protein bands showing in the wine from another company 

(well I) was expected, since that wine does not form foam in the same way as the 

wine fermented in the winery. That wine fined with bentonite (well II) contained the 

same type of proteins as standard fined wine (well III, V, VI) which was also 

expected.  

 

A higher concentration of protein from the wine not fined with bentonite would be 

expected, albeit that the concentration estimate is somewhat unreliable in this case. 

In sample 21 ZB, table 2, the protein bands are not present, but some of the foaming 

problem remains, which indicates that there are more central factors than protein 

contributing to foam stabilization. The absence of protein in SDS-PAGE in sample 

21 ZB, table 2 and the reduced foaming time could also mean that less bentonite can 

be used for achiving similar protein clearance. 

 

Comparison of wine fined in the laboratory (well V) and wine fined in the production 

(well VI) indicates that the fining strategy employed in the production line is slightly 

more efficient in removing some of the protein (a protein band at 95 kDa is missing 

from the production sample). In the wine treated with 250mg/ L enzyme it appears as 

the enzymes efficiently removed small proteins but not the proteins at 26 kDa and 95 

kDa. The foaming effect was the same in sample 21, table 2 (without proteins) as the 

wine treated with enzyme (250mg / L), indicating that mostly small proteins 

contribute to foam, opposite to the effect of Blanco-Gomis et. al 5, 22. It also appears 

as the enzymes settle with standard fining, as concluded by the absence of new 

protein bands in the gel. Unless the enzyme residues can be seen in the gel at the 

same size as proteins normally present in the wine, for example at 26 kDa and 95 

kDa.   
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For wine treated with the lower dosage of enzymes (0.6mg / L) before fining, 

differences were evident in comparison to untreated wine. Potentially, the enzyme 

dosage was too low and the incubation time too short for the enzymes to make a 

noticeable impact. When wine treated with enzymes (0.6mg / L) before fining were 

compared to the wine treated with enzymes (0.6mg / L) after fining, a slight effect 

could be observed just above 10 kDa protein. This could indicate that the enzymes 

maintained hydrolysis throughout the concentration period until inactivation. This 

would potentially provide the time required to affect the protein content even if the 

enzyme concentration appears to have been too low. This comparison also suggests 

that the enzymes were removed during fining. The reason that the principal study of 

enzyme additive was made on wine before fining was that the ability to control the 

enzyme effect was anticipated to be greater in those cases.  

 

When adding  0.6 mg/L enzyme an increase in foaming time is observed compared to 

no enzyme addition and also compared to adding 1.0 mg/L or more enzyme (see 

figure 19, 20). This could be because the addition of the molecule itself contributed 

to the foaming. Higher enzyme concentration than 0.6 mg/L appeared to decrease 

foam stability. This could be due to a hydrolysis of small proteins present in the wine 

that later can be removed in the fining. An increase in foaming time is noticeable at 

9.6 mg / L and may depend on enzyme presence in so large quantities that hydrolysis 

of lager proteins is possible, however, only partially hydrolyzed, thereby also 

contributing to more stable foam (if not removed by bentonite).  

 

 It needs to be stressed that the foaming method is insensitive and can only give an 

indication of foam behaviour. It is affected by the pressure in the bottle of carbonated 

water used in the tests, the surface adsorption to the measuring glass, pouring 

technique, mixing of the wines and temperature of the solutions. The pressure can 

vary slightly between the bottles and the pressure in the bottle after opening is 

slightly reduced over time. This means that the samples can show different results 

depending on the testing order. This method error remains although it has been 

reduced by varying the sample order. Moreover, although the samples were 

temperate to 23 ºC (room temperature in the laboratory) prior to analysis (refrigerator 

temperature) and carbonated water at 8 º, small differences in temperature still occur. 

Mixing and storage time before foam testing is also important for their behaviour. 
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This variable was controlled by shaking the wines before foam tests. However, 

variations still occur between the wines because of differences in complex formation 

over time. To reduce the difference in surface adsorption to the glass, all measuring 

cylinders were first washed with tap water and then washed with a small amount of 

solution from the sample to be tested prior to use. 

 

Conclusion 

The methods used in this work are too rough to allow definite conclusions from the 

data collected in this project. However, the conclusion that foam is stabilized through 

products formed during fermentation can be drawn and also that different yeast 

varieties contribute to the wine with some difference in product composition. The 

foaming results indicate that it is not a fining agent that causes foam stability, and 

that proteins are very likely to be involved in wine foam stabilization but also that 

additional components are of importance for foam stability.  

 

For further investigation, one recommendation is to further investigate the relative 

amounts of fining agents, and especially varying carbon and bentonite. Another 

suggestion is to investigate additional yeast species. Moreover, it might prove 

rewarding to explore the effects of yeast nutrient composition on foam stability. The 

last recommendation is to investigate how the particle content varies during 

fermentation, to, in an extension, potentially changing filtration strategy for particle 

removal. If the foaming investigation proceeds, a method improvement for the 

foaming test is also suggested to receive better data precision. 
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