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Abstract 
At Kiviks Musteri AB, situated in the southeast part of Scania, a wide variety of products based 
on fruits and berries, are produced. One of these products is base apple wine, which is used for 
the production of cider and mulled wine and also is sold to other producers of cider. A foaming 
problem has occurred at some customers when the cider is bottled, and this problem has been 
traced to the base wine. The aim of this paper is to investigate what causes the foaming and how 
the foaming is affected by the clarifying agents used during the production of the wine. An 
investigation whether silica based antifoaming agents might be a solution of the problem will be 
performed. During the work fermentations, clarification and foaming tests will be performed in 
laboratory scale in Kivik. Tests with four different silica based antifoaming compounds are 
carried out and on these samples the surface tension and viscosity are measured to see how these 
factors correlate with the foaming when antifoaming agents are added to the wine. What is more, 
fermentations with a new yeast type and fermentations with less fruit are made to investigate if 
this could give better foaming properties in the wine.  
The tests showed that it is probably proteins that are the main cause of the foaming, but an 
increase of the amount of bentonite, the clarifying agent reducing protein content in the wine, is 
not possible since this causes too much sediment. Antifoaming agents gave reduced foaming 
times, which were at an acceptable level, but when the wine was mixed to cider base and filtered 
the effect was lost. No significant differences were observed between the four antifoaming 
compounds. The test with the new yeast type gave no positive results when it came to foaming. 
The test with less fruit showed a decrease in foaming but not sufficient enough. 

    

 

 



 
 
 

   
   

Sammanfattning 

På Kiviks Musteri AB i Kivik tillverkas olika produkter med frukt och bär som bas. 

En produkt som produceras är grundvin av äpple som används vidare i tillverkning 

av till exempel cider och glögg. Ett problem med skumning då dessa drycker tappas 

på flaska, har uppstått både på musteriet i Kivik och hos kunder som köpt äppelvinet. 

Huvudsyftet med det här arbetet är att undersöka problemet med skumningen. I 

arbetet ingår även att titta närmare på hur olika föreningar närvarande i vinet och hur 

olika sköningsmedel som används under produktionen kan påverka skumningen. 

Slutligen skall det undersökas om användning av fyra olika kiselbaserade 

skumdämpare skulle kunna vara en lösning på problemet med skummet. En 

jämförelse av fyra kiselbaserade skumdämpare från tre olika leverantörer görs.  

Skum är en grov blandning av luft och vätska. Rena vätskor kan inte skumma och 

därför behövs någon typ av ytaktiva ämnen som kan bilda en elastisk film som 

stänger in luften i vätskan. I livsmedelsindustrin används ofta olika proteiner som ett 

sådant ämne, varför hypotesen i detta arbete är att proteiner i vinet är den bidragande 

faktorn till skumningsproblemet. De ytaktiva ämnena sänker ytspänningen jämfört 

med den rena vätskans. Ytaktiviteten hos proteiner beror på att dessa har både 

hydrofila och hydrofoba delar. Vid ytan kan de hydrofila delarna riktas mot vätskan 

medan de hydrofoba riktas mot luften. Detta är fördelaktigt ur energisynpunkt.  

Skumdämpare av olika slag används inom en stor mängd industrier för att öka 

produktionseffektiviteten. Skumdämparna är mer ytaktiva än de föreningar som 

bildar skum och tränger därför bort dessa från ytan, men saknar samtidigt förmågan 

att bilda de elastiska filmer som behövs för att bilda skum. Försöken gjorda i detta 

arbete bygger på ett skumningstest där kolsyrat vatten hälls på vinet och 

skumningstider mäts. Även jäsningar i laboratorieskala utförs. När det gäller 

försöken med skumdämpare mäts viskositet och ytspänning för att se hur denna 

korrelerar med mängden tillsatt skumdämpare.  

Försöken utförda under arbetet visade att det troligtvis är proteiner som bidrar mest 

till skumningen och att dessa bildas av jästen under jäsningen. Skumdämpare skulle 

kunna vara en lösning på problemet, men inte den typ som ingått i den här studien, 

då den fastnar i de filter som cidern filtreras genom före tappningen på flaskor.      



 
 
 

   
   

Content 

1. Introduction 7 

1.1 Kiviks Musteri AB 7 

1. 2 Aim 8 

2. Theory 8 

2.1 The apple wines made in Kivik 8 

2.2 Fermentation and clarification of wine in Kivik 9 

2.3 Yeast and clarifying agents 10 

2.4 Foam, Antifoaming agents and Surface tension 12 

2.4.1 Foam 12 

2.4.2 Antifoaming agents 14 

2.4.3 Surface tension and viscosity 20 

2.5 Proteins and other compounds 22 

3. Materials and Methods 25 

3.1 Instruments 25 

3.2 Foaming test 25 

3.3Fermentation 26 

3.4 Clarification and filtration 26 

3.5 Unpasteurized vs. Pasteurized Wine Base 26 

3.6 New type of yeast 27 

3.7 Clarification 28 

3.8 Less fruit 28 

3.9 Comparison of GVÄ, GÄK and GVÄ+GÄK 29 

3.10 Antifoaming compounds 29 

3.11 Surface tension and viscosity 30 

3.11.1 Surface tension 31 

3.11.2 Viscosity 31 

3.12 Mixing of cider with antifoaming compound wine 31 



 
 
 

   
   

4. Results and Discussion 32 

4.1 Unpasteurized vs. Pasteurized Wine Base 32 

4.2 New type of yeast 35 

4.3 Clarification 37 

4.4 Less fruit 38 

4.5 Comparison of GVÄ, GÄK and GVÄ+GÄK 40 

4.6 Antifoaming compounds 43 

4.6.1 Surface tension and viscosity 45 

4.7 Mixing of cider with antifoaming compound wine 49 

4.8 Concluding discussion 51 

5. Conclusion 53 

6. Acknowledgements 54 

7. References 55 

 

 



 

7 
 

1. Introduction 

Foam is a dispersion of gas in liquid. The gas bubbles are entrapped in the liquid by 

viscoelastic films, created by surface active substances. (Shaw 1992) In many 

situations formation of foam is a wanted property, examples of these situations are 

hygiene products and fire-fighting. (Valkovska et al. 2000) What is more, some 

foods are dependent on stable foams, such as meringues (Foegeding et al. 2006). 

However, in other cases foam causes problems, as foam can lead to loss in process 

efficiency and cause environmental problems in waste handling. (Abdolahi et al. 

2005)  When beverages are bottled stable foams can cause a loss of efficiency since 

the foam prevents the bottle to be filled completely. This is the case of beverages 

made of the base apple wine investigated in this paper. 

This work investigates foaming in apple wine, what might cause it and possible ways 

to reduce the foaming to suitable levels. The study is performed at Kiviks Musteri 

AB, where the problem with the foaming has occurred. 

 

1.1 Kiviks Musteri AB 

Kiviks Musteri AB is situated in Kivik in the southeast region of Scania, called 

Österlen. The company is one of four affiliated companies in Kiviks Holding. This 

group of companies is owned by members of the fourth generation of the Åkesson 

family. Kiviks Musteri AB was founded in 1935 by Ivar Åkesson, but it roots back to 

1888 when his father, Henric Åkesson, planted his first apple trees in Kivik. The 

vision of the company is to develop, produce and sell products based on fruits and 

berries to conscious customers who priorities and care about the origin of food and 

beverages. The aim is to create enjoyment, health and wellbeing. As far as it is 

possible the company uses fruit and berries grown nearby the plant as the base of the 

products. In the plant in Kivik, one produces different kinds of juices, cider, fruit 

compotes and soups and table drinks, both to be sold under the own brand but also as 

contract manufacture for other brands.(Kiviks Musteri AB) 



 

8 
 

 

1. 2 Aim 

The main aim of this work is to investigate the problem with foaming in the apple 

wine. Particles and/or molecules that might cause the foaming will be investigated 

and what is more, the role of clarifying agents in foaming will be studied. When it 

comes to particles/molecules the main focus will be on proteins since this is the 

group of molecules most related to foaming in food products. Tests with silica based 

antifoaming compounds will be carried out to investigate if this may be a possible 

solution of the foaming problem. Fermentations, clarifications and foaming test will 

be carried out in the laboratory in Kivik, where apparatus for measurement of brix 

and acidity also is available. Measurements of surface tension and viscosity will be 

carried out at the Linnæus University in Kalmar.  

 

2. Theory 

The theory section will constitute a background to this paper and give a more 

theoretical aspect of foam; how it is formed, what causes it and how it can be 

prevented. This section starts with a brief explanation of the wines produced in Kivik 

and how they are manufactured. 

 

2.1 The apple wines made in Kivik 

The apple wine made in Kivik is a base wine which is used for the making of, for 

example, cider and mulled wine. There are two types of base apple wine produced, 

one which is made of apple concentrate, with European origin, which is mixed with 

water to juice, and one made of apple juice produced at the plant in Kivik. The 

former one is abbreviated GVÄ (Grundvin Äpple) and the second one GÄK 

(Grundvin Äpple Kivik). The GVÄ has a fruit content of 50% and an alcoholic 

content of 11.3%, while the GÄK has a fruit content of 80% and the alcoholic 

content is 10%. In this work the focus will be on the GVÄ since it is this wine that is 

sold to other cider producers and where a foaming problem has occurred while 
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bottling the cider, but some comparisons will be made with the GÄK. There are also 

a third type of apple base wine produced in Kivik, a blend of 90% GVÄ and 10% 

GÄK. The three types of wine are clarified in different ways. The foaming time the 

company wants to achieve is a total time of 30-40 seconds during the foaming test 

which is explained further in the Material and method section. These times are 

obtained for a reference wine from another wine producer. (Kiviks Musteri AB, 

staff)      

 

 2.2 Fermentation and clarification of wine in Kivik 

The production of the base apple wine in Kivik starts with the mixing of apple 

concentrate, dextrose syrup and water in a mixing tank. After that citric acid and a 

nutrition salt are mixed with water and added.  Brix and total acidity expressed as 

tartaric acid content are measured and corrected if needed. The brix should be 19.7 ± 

0.2 oBx (% sugar) and the tartaric acid content should be 0.30 ± 0.02 %. The yeast is 

propagated for 20 minutes in a mixture of water and sugar solution that holds a 

temperature of 33oC and is then added while pumping the wine base to the 

fermentation tank. The alcoholic fermentation takes place in a tank that holds a 

temperature of 26oC and the wine is circulated during the whole process of 

fermentation. During the fermentation brix is measured daily and when it is lowered 

to a certain level, about 7oBx, the alcoholic content is measured. If the alcoholic 

content has reached the right level set by the company, the fermentation is 

interrupted by stopping the pump, and the wine is transferred to a new tank, where 

sulphite is added. (Kiviks Musteri AB, staff)  

After the fermentation, clarifying of the wine then takes place. Bentonite and 

activated carbon are dissolved in water for 20 minutes during agitation. A silica sol is 

added to the mixture before pumping it into the tank. The mixture is added from the 

top of the tank and the content of the tank is circulated and agitated for three hours. 

Gelatin is then added from the top of the tank and after that the content is circulated 

and agitated for another three hours. After this the wine is left unstirred and still until 

the clarifying agents have reacted, the residues have settled and the wine is clear. The 

final step in the wine making is the filtration where the wine is first filtered through 
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cloths covered with kieselguhr and then through cellulose sheet filters. During 

fermentation of the GÄK, freshly pressed apple juice is used instead of juice made 

from concentrate, otherwise the ingredients are the same, but the amounts are 

adjusted to obtain the right values on brix and acidity. During fermentation no 

circulation takes place and no activated carbon is added during the clarification. 

(Kiviks Musteri AB, staff) 

Apple wine and cider constitute a complex matrix which can be affected by 

parameters that are both controllable such as apple mixture and uncontrollable such 

as the weather during the growth of the apples. (Cabrales et al. 2003)    

 

2.3 Yeast and clarifying agents 

The yeast used by Kiviks Musteri AB is a selected strain of Saccharomyces 

cerevisiae ph.r. bayanus. This type of yeast has a high alcoholigenous power and it 

shows good alcohol resistance during fermentation. It is also resistant to low 

temperatures and low pH. During fermentation high concentrations of acetates of 

higher alcohols and fatty acid esters are produced and they affect the sensory 

properties of the wine (AEB-group). The reason for clarifying wine is to eliminate 

substances which can cause turbidity in the wine and to improve the long-term 

stability of the wine (Gómez-Plaza et al. 2000), but the clarification step can also 

modify wine quality (García et al. 2009). Clarification involves addition of 

substances that cause flocculation and settling, such as bentonite and silica. These 

substances capture particles responsible for turbidity or instability in the wine and 

when they are removed by the clarifying agents the result is a clear and stable wine. 

(Ribéreau-Gayon et al. 2006, vol.2) Currently, bentonite is the most widely used 

substance for elimination of proteins (Ribéreau-Gayon et al. 2006 vol.2). Bentonite is 

the commercial name of expansive clay mainly composed by montmorillonite, which 

acts as a settling aid to remove positively charged proteins and other cationic 

constituents from the wine. This occurs due to the cationic exchange properties of the 

clay. (Catarino et al. 2008, Gómez-Plaza et al. 2000, Ribéreau-Gayon et al. 2006 

vol.2) Bentonite is very nonspecific in its way of action and does not discriminate on 

the basis of protein molecular size or if the protein is free or associated. Bentonite 
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can even reduce the content of free amino acids in the wine. (Siebert and Lynn 1997) 

Proteins with their isoelectric point above the pH of the wine carry a net positive 

charge and therefore exchange on to the bentonite. What is more, since phenols can 

form complexes with proteins, bentonite can also remove these substances indirectly. 

The long-term stabilization is due to absorption of enzymes, which are proteins, that 

are responsible for some of the wine oxidation and instability. (Gómez-Plaza et al. 

2000) The electrostatic interactions of bentonite with proteins can decrease the 

protein concentration considerably and therefore have important effect on the 

foaming in wine (García et al. 2009). The study performed by García et al. 2009 

showed that clarification with bentonite produced a decrease in foaming and foam 

persistence while use of bentonite together with gelatin maintained or improved foam 

quality (García et al. 2009). 

A “sol” is a colloidal dispersion with free particles subjected to Brownian motion. A 

silica sol is a concentrated aqueous suspension of non- aggregated silica particles. 

These particles are negatively charged and when they come in contact with positively 

charged proteins, silica and proteins flocculate and settle. (Ribéreau-Gayon et al. 

2006 vol.2) Silica sols are often used to stabilize beer since they remove haze-active 

proteins without affecting the foam significantly. This is generally explained by the 

effects of silica particles and pore size, but studies have shown that silica attaches to 

specific sites in the haze-active proteins. (Siebert and Lynn 1997) The silica sol used 

by Kiviks Musteri AB is composed by 30 % silica in water and is used in 

conjugation with liquid gelatin. The affinity binding between the silica sol and the 

gelatin creates visible floccules, which precipitate and settle. During settling the 

floccules drag particles that cause turbidity with them to the bottom of the vessel.  

The silica sol cause total elimination of suspended carbon in wine. (AEB-group)  

Gelatins are used to eliminate negatively charged substances such as tannins 

(Ribéreau-Gayon et al. 2006 vol.2).The gelatin used by the company is a 

hydrosolubilized gelatin, which adsorbs unstable molecules in the wine, such as 

polyphenolic substances and colloidal colorants.  The gelatin reacts with silica sol 

and insoluble macro-coagula of these compounds, where suspended solids are 



 

12 
 

incorporated, are formed directly after this reaction. Gelatin influences the presence 

of proanthocyanidines and eliminates tannins from the wine. (AEB-group) 

 

2.4 Foam, Antifoaming agents and Surface tension 

In the following section foams, antifoaming agents together with surface tension and 

viscosity will be investigated on a theoretical basis to give an understanding of the 

foam phenomenon and how destruction of it by antifoams works. 

 

2.4.1 Foam 

Foam is a dispersion of gas in a small amount of liquid (Shrestha et al. 2006, Shaw 

1992, Abascal and Gracia-Fadrique 2009). Pure liquids cannot foam unless a surface-

active agent is present since the gas will escape very fast. (Shrestha et al. 2006, Shaw 

1992) Foam is a complex phenomenon which depends on the interactions of many 

compounds rather than one alone (Cabrales et al. 2003).  Surface active materials 

(surfactants) are molecules with both hydrophilic and hydrophobic parts. These 

molecules adsorb strongly to interfaces creating monomolecular layers (films), see 

Figure 1. This occurs since it is more energetically favorable for these molecules to 

locate the hydrophobic parts towards the air and the hydrophilic parts towards the 

aqueous phase than to be completely soluble in either phase. The adsorption causes a 

lower surface free energy, and therefore a lower surface tension. (Shaw 1992, 

Damodaran et al. 1996) Surface activity is a dynamic phenomenon, since a surface is 

balanced between the tendency of the surfactant to adsorb and the tendency towards 

mixing caused by thermal motion of the molecules (Shaw 1992). In Figure 1 a 

simplified picture of foam structure is shown. 
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Figure 1  The figure shows a simplified structure of foam. Plateau boarder, lamellae and viscoelastic film are 
pointed out.  

 

Foam is a thermodynamically unstable colloidal dispersion, where the characteristics 

depend on the surface active components present (Abascal and Gracia-Fadrique 

2009). The stability of the thin film depends on the molecules existing at the surface. 

The stability of protein films is attributed to the elastic properties of the adsorption 

layers, where lateral diffusion of proteins within the layers is inhibited. Contrary to 

this, films formed by proteins in combination with phospholipids or surfactants are 

quite unstable. This is because the lateral interactions of the proteins and the 

phospholipids make it impossible to form ordered adsorption layers. (Yampolskaya 

and Platikanov 2006)  

Surfactants can produce several effects in food. The lowering of the surface tension 

leads to easier deformation of interfaces, which is important in foam formation and 

for the occurrence of coalescence. Contact angels are affected and these determine 

whether solid particles can adsorb to fluid interfaces, which will be discussed further 

below in the section of antifoams.(Damodaran et al.1996)  If a surfactant is present in 

the solution a restoring force is set up when the equilibrium surface tension is 

disturbed due to expansion of the air-liquid interface. The elastic film formed by the 

surfactants is less likely to break up than is the pure liquid surface. (Shrestha et al. 

2006) 
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Foam collapses mainly through liquid drainage, bubble disproportionation (Ostwald 

ripening) and coalescence. (Shrestha et al. 2006, Damodaran et al. 1996, Makri and 

Doxastakis 2007) These types of instabilities are interdependent to some extent 

(Damodaran et al 1996), but all of them occur mainly due to film rupture (Makri and 

Doxastakis 2007).  Disproportionation is often the most important type of instability 

in food and this implies the diffusion of gas from smaller to larger bubbles or the 

atmosphere, which occurs due to differences in pressure. (Damodaran et al 1996) 

Liquid drainage occurs due to gravity and unequal surface pressure in the foam 

lamellae and at the plateau boarder. As the liquid drains, the entrapped bubbles come 

closer to each other and may eventually collapse. The liquid drainage from lamellae 

to the plateau boarders causes both film thinning and increased surface tension. 

(Shrestha et al. 2006, Shaw 1992) A surface tension gradient force is formed and 

causes the liquid to flow from regions with lower surface tension to regions with 

higher surface tension. The loss of liquid between the interfaces is balanced by a 

counter flow of liquid and further thinning is prevented. This stabilizing process is 

named the Gibbs-Marangoni effect. (Shrestha et al. 2006, Abdolahi et al. 2005, 

Damodaran et al. 1996) It is the absence of the Gibbs-Marangoni effect that is the 

main reason why pure liquids do not form any foam (Shaw 1992). The mass and/or 

heat transfer across a liquid interface coupled with surface tension gradients (the 

Marangoni effect) results in production of hydrodynamic instabilities (Valkovska et 

al. 2000). Coalescence involves melting together of bubbles due to film rupture 

(Damodaran et al.1996) The stability of foams is influenced by film thickness and 

mechanical properties, protein-protein interaction and environmental factors. If 

proteins are the stabilizing factor the type of protein also affects the stability. (Makri 

and Doxastakis 2007) It is hard to make accurate measurements at foam properties in 

protein foams since the destabilization processes occur simultaneously with foam 

formation and directly after formation (Foegeding et al. 2006).            

 

2.4.2 Antifoaming agents 

Foaming might cause loss of efficiency in industrial processes and thereby lead to 

higher costs for companies. (Abdolahi et al. 2005, Wasan et al.2004, Valkovska et al 
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2000) Unwanted foam can also cause environmental problems in waste discharge. 

Various antifoaming agents are used in different industries, such as pulp and paper 

production, food industries and textile dyeing, to reduce the amount of unwanted 

foam. (Abdolahi et al. 2005) Antifoaming agents are in general materials, which tend 

to be adsorbed to the air-liquid surface in preference to the foaming agents, but do 

not possess the properties to form stabile foams (Shaw 1992). Two types of 

antifoaming agents are gaining popularity in wine making; dimethyl polysiloxane 

(DMPS) and a mixture of oleic acid mono- and diglyceride. These do not leave any 

residue in the wine especially not after filtration. (Ribéreau-Gayon et al. 2006 vol.1) 

Antifoaming performance includes the abilities to both break foam and inhibit 

foaming processes (Wu et al. 2008). Additives called antifoaming agents or 

defoamers can reduce the volume of undesired foam in different industries such as 

food industries and pulp and paper production. There is a slight difference between 

antifoaming agents and defoamers. Antifoaming agents are added to the solution 

before foam formation to prevent the formation. Defoamers are added to the existing 

foam to induce foam collapse.(Abdolahi et al. 2005)  Microscopic solid particles, oil 

droplets or a combination of these can exhibit destructive effects on foam 

(Valkovska et al. 2000), and generally antifoaming agents or defoamers consist of 

these components (Abdolahi et al. 2005). Mixtures of oil and hydrophobic solid 

particles are termed antifoaming compounds and are readily used for foam control in 

various technologies. These combined compounds are often more efficient than the 

components used separately. (Marinova et al. 2002)  

Shaking of the liquid can influence the efficiency of the antifoaming compound. This 

phenomenon was observed by Wu et al. 2008 when higher surface tensions were 

observed at the second measurement of the surface tension than in the first. 

According to this report antifoams exist in three forms in the liquid; as globules, 

dispersed in the liquid, as thin spreading of oil and as lenses floating on the surface. 

The authors propose that before shaking the sample there are some oil and lenses at 

the surface and this helps to break the foam, but after shaking only part of the lenses 

still exist at the surface thus giving a higher surface tension than in the first case. 

(Wu et al. 2008)  



 

16 
 

Transport of oil to the air/water surface decreases the surface tension and perturbs the 

film surface leading to film rupture by causing enhanced fluctuation capillary waves. 

The forced growth of capillary waves at the film surface is a sign of Marangoni 

instability (Valkovska et al. 2000). The oil is present as lenses in the air/water 

interfaces. The hydrophobic solid particles are lodged in the oil/water interfaces of 

the antifoaming compound lenses. When the lenses accumulate in the Plateau 

borders they function as active foam breaking agents. The size of the lens affects the 

foam breaking capacity. If the lens is too small the activity of the antifoaming 

compound is reduced. This is due to the time that is acquired for the films to drain 

sufficiently enough, which makes it possible for the lens to bridge neighboring 

bubbles at the Plateau border. Oil-based antifoaming compounds are often added to 

the surface of or dispersed into the aqueous solution. In either case it is important 

that the antifoaming compound is dispersed in small droplets that spread 

spontaneously at the air/water surfaces. (Wang et al. 1999)  

The foam breaking properties of solid particles mainly depend on their 

hydrophobicity, which is measured as their contact angle, αAW. Experiments have 

showed that the hydrophobic particles can rupture the foam film by the bridging-

dewetting mechanism. This mechanism implies that the solid particles first come into 

contact with two opposite surfaces in the interfaces of the film forming a bridge 

between them. If the hydrophobicity of the particle is large enough the particle is 

dewetted by the liquid causing perforation of the film at the particle surface. 

Experiments have shown that the contact angle can at most be 90o to achieve total 

dewetting. Less hydrophobic particles with αAW greater than 90o can stabilize the 

foam by blocking the Plateau channels thereby reducing the drainage. Usually the 

antifoaming mechanism is more effective if the particle concentration is low and the 

particles are large. (Abdolahi et al. 2005) The hydrophobic silica particles tend to 

accumulate at the interface between the antifoaming compound oil and the aqueous 

solution (Wang et al. 1999) 

Three different destruction mechanisms have been proposed for oil based antifoams. 

These are the bridging-stretching mechanism, the bridging-dewetting mechanism and 

the spreading-fluid entrainment mechanism (also called the oil-spreading 
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mechanism). (Abdolahi et al. 2005, Valkovska et al. 2000) All of these mechanisms 

require the entering of antifoam droplets/particles at the air/water interface. Different 

sources of the instability that can cause film rupture and entry of the 

droplets/particles are possible. One of these is diffusion of a surface active 

component from an oil/water interface to an air/water interface, which gives rise to a 

decrease in surface tension. Another source is local fluctuations in film thickness, 

which causes local increase of surface potential creating a surface electric current. 

This drags the water outwards from the concave zone by carrying adsorbed 

surfactant ions, which promotes the growth of concavity. The third way of inducing 

film rupture and entry is addition of solid hydrophobic particles to the oil. The 

particles can rupture oil/water/air film if their edges are greater than the film 

thickness. This third way is often seen in fast antifoaming compounds. Often several 

of the mechanisms above operate simultaneously. (Valkovska et al.2000) 

The bridging-stretching mechanism involves formation of biconcave oil bridges in 

the foam lamellae (Abdolahi et al. 2005). It is the oil globules that are essential for 

the bridge formation between the two surfaces in the lamellae, Figure 2A and 2B 

(Marinova et al. 2002). The stretching of the bridges as a result of capillary pressure 

at the oil/water and gas/water interfaces lead to a formation of an unstable oil film in 

the bridge center, Figure 2C. When the bridge ruptures the entire foam lamellae is 

perforated, Figure 2D. (Abdolahi et al. 2005) Studies have demonstrated that the 

entry of oil globules at the lamellae surface is not a spontaneous process, and the 

main role of the solid particles in an antifoam compound is therefore to facilitate the 

entry of the oil droplets into the film, as described above in this section. If the oil 

droplets are not able to penetrate the film they will be expelled out of the foam into 

the Plateau borders.  As a consequence, oil droplets in absence of solid particles will 

act much slower as foam destroyers or will be inactive. (Marinova et al. 2002) This 

bridging-stretching mechanism requires the possibility of deformation of the 

antifoam globules, which cannot be achieved with hydrophobic solid particles 

(Abdolahi et al. 2005). 
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Figure 2 A schematic picture of the bridging-stretching mechanism. A-B, an antifoam globule enters the film and 
form a bridge. The bridge stretches until only a thin and unstable oil film that easily ruptures, remains, C-D.     
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Figure 3  A schematic picture of the bridging-dewetting mechanism. The oil drop enters the film from the 
lamellae, B, and form a lens, C. The lens forms a bridge in the film, D, and the film is dewetted, E.  

 

The bridging-dewetting mechanism also involves formation of a bridge between two 

surfaces in the foam film (lamellae). The bridge is dewetted by the aqueous phase 

due to the hydrophobic surface. The spreading-fluid entrainment mechanism relies 

on the Marangoni-driven flow, produced by oil spreading along the gas/film 

interface. A monolayer of oil spreads over the surface of the film and drags the 

subsurface with it causing a local thinning, which can rupture the film. Some 

requirements can be made on oil based antifoams. The globules must enter the 

air/liquid interface and this property is expressed by the entering coefficient, E, 

which is determined from the interfacial tension γ, in the system according to 

equation 1 where g stands for gas, o for oil and w for water.  
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E= γgw + γow - γgo          (1) 

If E is positive, oil penetrates the gas/water interface from the aqueous side. 

(Abdolahi et al. 2005) 

 

Figure 4 A simplified picture of the spreading-fluid entrainment mechanism. An antifoam globule enters the 
lamellae and the film A-B, the oil spreads and causes a flow of water, C. The film eventually ruptures, D. 

 

2.4.3 Surface tension and viscosity 

In the liquid state short-range attraction forces exist between molecules. These forces 

can explain the phenomenon of surface tension. Molecules in the bulk liquid are 

subjected to equal forces of attraction in all directions while those molecules located 

at the interfaces between different phases are subjected to unequal forces, which 

results in a net inward pull. The spherical shape of droplets is based on this 

phenomenon, since as many molecules as possible are drawn to the bulk liquid away 
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from the surface. Surface tension and surface free energy can be described as the 

work required to increase the area of a surface isothermally and reversibly by unit 

amount and is denoted γ. The forces involved in the surface tension can include van 

der Waals forces, hydrogen bonding and metal bonding. It is the hydrogen bonding, 

which contributes to the relatively high surface tension of water, 72.8 mN/m at 20oC. 

(Shaw 1992) 

The methods for measurement of surface tension are classified as static, detachment 

and dynamic. The Wilhelmy plate method is one of the methods available for surface 

tension measurements. This method involves a thin plate being suspended from the 

arm of a balance and dipped into the liquid. When using the detachment method the 

beaker holding the liquid is slowly lowered and the pull on the balance at the point of 

detachment, Wdet., is noted. The surface tension is calculated by using equation 2 

where W is the weight of the plate, x is the length and y is the breadth of the plate 

and the contact angle is assumed to be zero. 

Wdet.-W= 2(x+y)γ          (2) 

The tendency for surfactants to congregate at the surface favors surface expansion 

and must be balanced against the tendency of the surface to contract under normal 

surface tension.  The expanding pressure of an adsorbed layer of surfactants, π, 

lowers the original surface tension γ0 to γ according to equation (3). (Shaw 1992) 

γ = γ0–π           (3) 

 

The viscosity of a liquid is a measure of the internal resistance offered to the relative 

motion of different parts of the liquid. A high bulk liquid viscosity retards the rate of 

foam collapse, while a high surface viscosity involves a strong retardation of bulk 

liquid flow near to the surface. This causes a more rapid drainage of thick films than 

of thin film leading to the attainment of a uniform film thickness.(Shaw 1992)  The 

high viscosity in the bulk liquid also results in strong foams due to significant 

cohesive forces between molecules (Makri and Doxastakis 2007).  
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Capillary flow-through methods are the most commonly used for measurements on 

viscosity. The pressure under which the liquid flows creates the shearing stress. The 

Ostwald viscometer is an example of a flow-through method, where the liquid is 

drawn up through a thin capillary and then released. The time, t, it takes for the 

meniscus to pass between the A and B mark is measured. For every Ostwald 

viscometer there is a specific constant, k. The viscosity of a liquid is calculated 

according to equation 4, where ρ is the density of the liquid and η is the viscosity. 

η = kρt             (4) 

Since k is constant for the viscometer the relative viscosity for two liquids can be 

calculated as follows: 

η1/ η2 = (ρ1t1)/(ρ2t2)            (5) 

The relative viscosity can also be written as η/ η0 where η is the viscosity of the 

solution or the dispersion and η0 is the viscosity of the pure solvent or dispersion 

medium. (Shaw 1992) If the solutions are diluted ρ1  ρ2 which alters equation 5 to  

η1/ η2 = t1/t2                    (6)                       

(Laborationer i Fysikalisk Kemi 10p, 2007) 

 

2.5 Proteins and other compounds 

Proteins alone or in collaboration with other surface active components adsorb at the 

interface of newly formed gas bubbles creating a layer around them. The adsorbed 

layer protects the foam from destabilization. (Makri and Doxastakis 2007). Proteins 

adsorb and denature at air-water and oil-water interfaces since unfolding at the 

interface allows the hydrophobic parts of the polypeptide chain to be orientated away 

from the aqueous phase and most of the hydrophilic groups to be in the aqueous 

phase. (Shaw 1992, Foegeding et al. 2006) This lowers the surface free energy as is 

described in the section about foam. Small amounts of proteins in an aqueous 

solution lead to a situation where most of the proteins will be surface denaturized 

creating an insoluble monomolecular film. (Shaw 1992) The protein content of ciders 
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varies from 10-20 mg/l. (Blanco-Gomis et al. 2009, Blanco-Gomis et al. 2007)  

Surfactants, proteins or polymer molecules cover the air/liquid interfaces and prevent 

collapse of the foam thereby stabilizing the foam in aqueous solutions (Shrestha et al. 

2006). Proteins are moderate surfactants, which are usually good stabilizers of all 

types of dispersions such as emulsions and foams, but proteins have many specific 

properties that differ from usual foaming agents. (Yampolskaya and Platikanov 

2006) Proteins seem to play a major role in foaming because of their surface 

properties. They act as tensoactive substances reducing surface tension thus 

enhancing foam stability and contributing to film elasticity and strength. (García et 

al. 2009, Blanco-Gomis et al. 2007, Foegeding et al. 2006) In concentrated protein 

solutions the equilibrium surface tension at room temperature is about 45 mN/m, 

compared with surface tension of about 72 mN/m for pure water at ambient 

temperature. (Foegeding et al. 2006).    

Proteins are often the surfactant of choice in food technology, especially for foams 

(Damodaran et al. 1996), where they contribute to the formation and stabilization of 

foam (Foegeding et al. 2006). The mode of adsorption to the interface depends on the 

type of proteins, but a change in conformation always occurs. (Damodaran et al. 

1996) When the protein approaches the air/water interface different forces such as 

electrostatic, hydrophobic and van der Waals interactions contribute to the total 

potential energy. Van der Waals interactions between the air/water interface and the 

protein are generally repulsive and influence the adsorption of the protein in 

particular. This repulsion might slow down the adsorption rate. (Yampolskaya and 

Platikanov 2006) The diffusion to the interface also depends on factors such as the 

conformation of the protein and the hydrodynamic radius, thus the molecular weight 

(Abascal and Gracia-Fadrique 2009). Polypeptides of high molecular mass affect the 

stabilization of the foam (Blanco-Gomis et al. 2007, Blanco-Gomis et al. 2009), 

while small and flexible proteins rapidly diffuse to the surface and contribute to the 

formation of foam (Abascal and Gracia-Fadrique 2009) 

Foam quality in cider is dependent on its protein profile. The protein profile is 

affected by the technologies used in the juice extraction step of cider making. In the 

study performed 2007, Blanco-Gomis et al. saw that ciders made from juice 
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extracted by the faster pneumatic presses showed higher values for the foaming 

parameters than ciders made from juice extracted by the slower hydraulic presses. 

(Blanco-Gomis et al. 2007) This was also observed by Makri and Doxastakis who 

noted that the origin and extraction method of the protein itself are of importance for 

the foam created (Makri and Doxastakis 2007).  In sparkling wines the stability of 

foam is related to the protein concentration. If polypeptides are present in the cider at 

their isoelectric pH this improves the stability of the foam since interactions between 

the molecules increase as the electrostatic repulsions decrease leading to easier 

formation of the viscoelastic film. (Foegeding et al. 2006, Blanco-Gomis et al. 2009, 

Makri and Doxastakis 2007) Proteins can also bind substances that obstruct foam 

formation and stabilization such as fatty acids (Blanco-Gomis et al. 2009).  

The chemical and physical characteristics influence the foamability and the 

stabilizing properties of the proteins. Proteins that show good foamability tend to be 

flexible and small whereas proteins that show good stabilizing properties are able to 

cross-link and form aggregates and are resistant to mechanical deformation. (Blanco-

Gomis et al. 2009) Three stages are involved in the formation and stabilization of 

foams by proteins; (i) diffusion of the protein to the gas/liquid interface; (ii) 

unfolding at the interface; and (iii) interactions between proteins to form the 

viscoelastic film. (Blanco-Gomis et al. 2007) In order to be a suitable surfactant, 

proteins should be able to manage all the three steps above (Abascal and Gracia-

Fadrique 2009, Makri and Doxastakis 2007). The transport of proteins from the bulk 

aqueous phase to the air/water interface and the formation of film occur in all protein 

stabilized foams (Foegeding et al. 2006).  

Even though it seems like proteins play a major role in the foaming of apple 

wine/cider it should be noted that other molecules such as lipids, polysaccharides, 

alcohols etc. can also affect the foaming properties. (Blanco-Gomis et al.2007, 

Blanco-Gomis et al. 2009). For example, studies have shown that depending on their 

chemical form, free or esterified, fatty acids can have both positive and negative 

effects on foaming (Gallart et al.2002). Polysaccharides are often added as stabilizing 

agents to change the rheological properties or to stabilize colloidal systems (Makri 

and Doxastakis 2007). 
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3. Materials and Methods 

This section deals with the different try outs performed during this study. The first, 

Foaming tests, explains the core test performed during this work. The two parts 

Fermentations and Clarification and filtration explain the basic work behind these 

tests and from this base different alterations have been made, such as different 

amounts of bentonite or new yeast type. In the following parts tests with pasteurized 

wine base, new yeast and less fruit will be described. A comparison between the 

different types of base wines is made and the tests carried out in this comparison are 

described. Finally different tests involving antifoaming agents are dealt with. 

 

3.1 Instruments 

Brix was measured with a RFM 80, Digital Refractometer from Bellingham + 

Stanley Limited. Alcoholic content was measured with an Alcolyzer Wine from 

Anton Paar.  Tartaric acid was measured with a Time 845 Titration manager, Titra 

Lab® from Radiometer analytical. 

 

 3.2 Foaming test 

A 100 ml glass cylinder was filled with 50 ml of the sample. Carbonated water from 

glass bottles, produced by the company, was then poured into the cylinder. Filling 

time (FT) and total time (TT) were measured. Filling time is the time it takes from 

when water is started to be poured until the liquid surface reaches 100 ml; total time 

is the time it takes from when water is started to be poured until the foam breaks up 

and a clear surface of liquid appears from above. If nothing else is noted the cylinder 

is washed three times with distilled water and finally with 10 ml of the sample before 

filling it with sample. This test has been established empirically by the company.   
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3.3Fermentation 

Fermentation tests were carried out as followed if nothing else is noted. Dextrose 

syrup, apple concentrate, water, citric acid and nutritional salt were mixed as a batch. 

Brix and acidity were measured and corrected if needed. The batch was then divided 

into different 5 litre plastic cans and temperature was measured. The plastic cans 

were placed in a water-bath keeping temperatures over 26oC. When the temperature 

was 26oC yeast was added and the cans were placed in a room with constant 

temperature at 26oC. To control the progress of the fermentation, brix was measured. 

When the brix had been lowered to about 7 oBx, the alcoholic content was measured 

and if it had reached the target level, the acidity was measured and fermentation was 

stopped by adding sulphite and shaking the can. 

 

3.4 Clarification and filtration 

Clarification was carried out in 500 ml glass cylinders. Activated carbon was weight 

in and wine was added to the cylinder. A solution of 10 % bentonite that had swelled 

for a minimum of one hour in water was added after 1.5 hours. After another 10 

minutes silica sol was added. Gelatin was mixed with water to a 10 % solution and 

added 10 minutes after the silica sol. After every addition a whisk was used to mix 

the liquid. After addition of the clarifying agents the cylinder was covered with 

parafilm and left to stand in room temperature until a clear wine was obtained or 

during a fixed amount of time. After the clarification the wine was filtered through 

Paper filter Whatman®5 with vacuum.   

 

3.5 Unpasteurized vs. Pasteurized Wine Base 

To investigate whether it is the yeast alone that produces the foaming substances or if 

other microorganisms that produce such substances are present in other ingredients, a 

fermentation test was conducted. In this test one part of the wine base was 

pasteurized before addition of yeast and nutrition salt, while the other part was kept 
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unpasteurized as in the normal production. The pasteurization step involved 

transferring the wine base into glass bottles, which were sealed with capsules and 

placed in cooking-vessels. In each cooking-vessel a glass bottle with water was 

placed and the vessels were heated until a thermometer placed in the water bottle 

showed 82oC. The bottles were turned upside down three times and left to cool under 

running cold water.  

The pasteurized sample was poured into a plastic can and nutrition salt was added. 

When the sample reached a temperature of 26oC the yeast was added. Foaming tests 

were carried out once a day during the course of the fermentations, except over 

weekends. The last measurement was made 24 hours after addition of sulphite to the 

wine. The test was repeated to see if the same results were obtained during the 

second set of fermentation. Some differences occurred between the two sets of tests. 

During the first set of fermentations the wine base for each plastic can was mixed 

alone and not as one batch that was divided into the different plastic cans prior to the 

addition of yeast and nutritional salt. The glass cylinders were only washed once 

with distilled water during the first set of fermentations and not three times with 

water and once with sample as in the second set. In both sets of fermentation the 

foaming tests were performed in doublets for each sample and average foaming 

times were calculated.  

 

 3.6 New type of yeast 

To investigate whether the yeast type influence the foaming behavior of the wine, a 

new type of yeast was tried out. This yeast sample was sent to the company from the 

yeast distributor and was supposed to be specially designed for cider production.  

Fermentations were carried out in two sets to see if the results were repeated. The 

same differences in the method as in the previous section occurred between the two 

sets of fermentations. The foaming tests were carried out in doublets for each sample 

and average foaming times were calculated. 
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3.7 Clarification 

Since the theory is that the proteins are the main cause for the foaming, clarifying 

with different amounts of bentonite was performed on the wines fermented with 

pasteurized and unpasteurized wine base and the wine fermented with a new yeast 

type. The clarification was carried out as described above in the clarification section. 

Except for the different amounts of bentonite added, all of the clarifying agents were 

added according to the recipe. The amounts of bentonite tested were 0.5 times the 

normal dose, the normal dose (1.4 ml 10% bentonite solution to 500 ml wine) and 2 

times the normal dose. During the second set of clarification one sample was 

clarified as the GÄK, which includes approximately 5.4 times more bentonite than 

usual for the GVÄ clarification.  This type of clarification also involves no activated 

carbon, and smaller amounts of silica sol and gelatin. The foaming tests were carried 

out in doublets for each sample and average times were calculated. 

 

 3.8 Less fruit  

A test was carried out to see if a reduction of the fruit content in the wine could 

reduce the foaming since this would imply less nutrition for the yeast to use to form 

foaming substances. The amount of fruit (concentrate) was reduced by 50 % in 

comparison with normal GVÄ. The amounts of dextrose syrup, water and citric acid 

were adjusted to give normal values for brix and acidity. Normal amounts of yeast 

and nutrition salt were added. Both the normal yeast and the new type of yeast were 

tested. Mixing and fermentation were carried out as described above in the 

fermentation section. Foaming was tested once a day during fermentation in 

duplicates for each sample and average times were calculated. When the alcoholic 

content of the wines had reached the target levels, fermentation was stopped and 

clarification carried out as described above in the section regarding clarification. 

After filtration foaming tests were carried out in duplicates for each sample and 

average times were calculated.    
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 3.9 Comparison of GVÄ, GÄK and GVÄ+GÄK 

The comparison between the GVÄ, the GÄK and the GVÄ+GÄK was carried out to 

see if there were any differences in the foaming behavior of the wines and if these in 

that case depended solely on the differences in the clarification. First GVÄ, GÄK 

and GVÄ+GÄK were collected from the production and foaming tests were 

performed.  Samples were taken from different tanks and foaming test performed at 

different times to get a variance in the samples. A total of nine samples for each type 

of wine were analyzed and an average filling and total time were calculated. The 

second part of the comparison included fermentation as described above in the 

section about fermentations, of GVÄ in laboratory scale. This wine and unclarified 

wine from the production were then clarified in three different ways, normal 

clarification, as the GÄK and as GVÄ+GÄK. Foaming tests were performed. A total 

of six samples of each type of clarified wine were analyzed and an average filling 

and total time were calculated. 

 

3.10 Antifoaming compounds 

The four antifoaming compounds tested (here denoted as I, II, III and IV), all had a 

high viscosity and were difficult to transfer from the container to the samples. 

Therefore 10% (v/v) solutions of antifoaming compound I, II and IV and a 5% 

solution of antifoaming compound III were mixed in cold water. These solutions 

were kept at 4oC when they were not used, but not for longer than two weeks.  

A test was carried out where 10 ppm (v/v) of each of the four antifoaming 

compounds with regard to the active substance, were added at the start of the 

fermentation. The wine was mixed as a batch and divided into four plastic cans 

where the yeast and antifoaming compound were added. At the same time wine from 

the same batch but without antifoaming compound added, was fermented for further 

use and as a control. The fermentation was then carried out as mentioned above in 

the section describing fermentation. The wines were clarified as normal. During 

clarification another 10 ppm of each antifoaming compound was added to half of the 
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wines, while the other half was clarified without antifoaming compound. From the 

wine fermented without antifoaming compound, four different clarifications where 

10 ppm of each antifoaming compound was added to respectively clarification 

cylinder. The rest of the original wine was clarified without antifoaming compound.  

After clarification all of the wines were filtered through Paper filter Whatman®5 

with vacuum.  After filtration another 10 ppm of each antifoaming compound was 

added to half of the wine. Of the wine fermented and clarified without antifoaming 

compound four samples were made where 10 ppm of each antifoaming compound 

was added respectively. This test resulted in samples without any antifoaming 

compound, acting as a zero sample, and in other samples 10, 20 and 30 ppm 

antifoaming compound was added to the wine in different stages, of each of the 

antifoaming compounds tested. Foaming tests were carried out on all of the samples 

and double tests were done. Average filling and total times were calculated for each 

sample.    

The test above was done in order to establish in which step antifoaming compound 

should be added to give a suitable total time. The next step was to investigate the 

dosage of each antifoaming compound that gives a suitable foaming time. Filtered 

wine was fetched from the production and samples were prepared with the 

antifoaming compound concentration of 0.5; 1; 2.5; 5 and 10 ppm for each of the 

four antifoaming compounds tested. For this purpose the 10 % solutions described 

above were used as well as 1% (v/v) solutions made from the 10% solutions. 

Foaming tests were then carried out in doublets.  

 

3.11 Surface tension and viscosity         

The hypothesis behind this test was that surface tension would decrease in a similar 

way to the decrease in foaming seen after addition of different concentrations of 

various antifoaming compounds, while the antifoaming compounds would not affect 

the viscosity of the wine.  

The method for measuring the surface tension was the Wilhelmy plate method and 

the device used was a Digital Tensiometer K 10 ST from Krüss GmbH. A platinum 
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plate with a wetting length of 40.0 mm was used. The surface tension, calculated 

according to equation 2, was shown automatically on a display at the device. For the 

viscosity measurements an Ostwald viscometer from Schott-Geräte GmbH was used. 

 

3.11.1 Surface tension 

The surface tension of GVÄ was measured three times and an average was 

calculated. These samples constituted a zero sample. Samples with antifoaming 

compound concentrations of 0.5; 1; 2.5; 5 and 10 ppm in GVÄ of each of the four 

antifoaming compounds investigated were then analyzed three times each. Average 

surface tensions for each of the samples were calculated and the mean surface 

tension was divided by the mean surface tension of the zero samples to obtain a 

quotient. 

 

3.11.2 Viscosity 

The viscosity of GVÄ was measured three times and an average was calculated. 

These samples constituted a zero sample. Samples with antifoaming compound 

concentrations of 0.5; 1; 2.5; 5 and 10 ppm in GVÄ of each of the four antifoaming 

compounds investigated were then analyzed three times each. Average viscosity for 

each of the samples was calculated and the mean viscosity was divided by the mean 

viscosity of the zero samples to obtain a relative viscosity according to Equation 6 

where running time is used instead of the viscosity. In this case, t1 is the time for the 

sample with antifoaming compound and t2 is the time for the GVÄ (zero sample). 

 

3.12 Mixing of cider with antifoaming compound wine 

To investigate whether the effect of the antifoaming compounds still occurred when 

the wine was used in cider production a cider base was mixed according to a recipe 

received from the company. Since more than half of the volume of the cider consists 

of water, instead of adding water to the mix and then carbonating it, half the amount 

of the recipe (in water volume) was drawn away and added during the foaming test 

instead. In this way carbonation was not needed. In the production the cider is 
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filtered through a 0.45 µm filter. To imitate this, the cider base was filtered through a 

FP30/0.45 CA FilterUnit Whatman® syringe filter, before the foaming tests were 

performed. The wines used in the cider had antifoaming compound concentrations of 

0; 1; 2.5; 5 and 10 ppm. Besides these samples ciders with antifoaming compound 

concentrations 5; 10 and 20 ppm, based on cider volume, were tested. These 

concentrations correspond to approximately 15; 30 and 60 ppm of antifoaming 

compound in the wine used in the cider. The cider samples containing 10 and 20 ppm 

of antifoaming compound based on cider volume were also tested without filtration 

before the foaming tests. During this test antifoaming compound I was used. All of 

the foaming tests were performed in duplicates and average times were calculated. 

As it was shown in the previous test that the effect of antifoaming compound I was 

lost during the filtration (see Results and Discussion), a test with all four of the 

defoamers were carried out. Foaming tests were performed with samples containing 

10 ppm of each antifoaming compound. Two tests for each sample were performed 

on wine which was filtered through FP30/0.45 CA FilterUnit Whatman® syringe filter 

and two tests were performed on the same sample but without the filtration step. A sample of 

GVÄ was also tested where the wine was tested in both filtered and unfiltered condition. As 

mentioned two foaming tests for each sample were performed and average foaming times 

were calculated. 

 

4. Results and Discussion 

In the following section the results obtained will be presented and discussed in the 

same order as the different tests are presented in the Material and Method section. 

This section ends with a concluding discussion were matters concerning the entire 

work are discussed.  

 

4.1 Unpasteurized vs. Pasteurized Wine Base 

Figure 5A shows the foaming patterns obtained during the two sets of fermentations 

for wine fermented on pasteurized wine base. It can be seen that the patterns are 
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similar to each other in the two sets of fermentation, even though the curves are not 

exactly the same. The largest difference is seen at the last measurement and this is 

done after addition of the sulphite. An explanation to the longer time obtained during 

the first set may be insufficient shaking of the plastic can after the addition of 

sulphite which can have led to a slower deactivation of the yeast and thus formation 

of more foaming substances than in set 2. The brix values decreased in similar ways 

in both sets of fermentations. This indicates that the fermentations have proceeded in 

the same ways during both sets of fermentation. In Figure 5B the foaming patterns 

obtained during fermentation for wine fermented on unpasteurized wine base is 

shown. As can be seen the patterns of set 1 and 2 are quite similar with the increasing 

total times in the end of the fermentations. As in the case of the pasteurized base it 

could be the shaking after addition of the sulphite that affects the foaming at the last 

measurement. The brix values are lowered in similar ways in both sets of 

fermentations.  A possible explanation of the observed wave pattern in total time is 

time in combination of the amount of viable yeast cells present in the wine. In the 

beginning of the fermentation there are quite few yeast cells in proportion to the wine 

volume and therefore there is excess nutrition available, which can result in a large 

production of foaming substances at the same time as reproduction occurs giving the 

first peak in foaming time, seen in both sets of fermentation for both pasteurized and 

unpasteurized base. As the fermentation proceed the amount of yeast cells increases 

exponentially at the same time as the nutrition is consumed, this could mean that the 

foaming substances produced in the start of the fermentation would have to be used 

as nutrition as well and therefore a decrease in foaming occurs. At the end of 

fermentation the yeast has used most of the nutrition available and will start to lysate. 

As the yeast dies there will be subsequent autolysis of yeast cells, releasing foam 

active substances which in addition with the foaming substances produced by the 

yeast can give rise to the high total times seen in the end of the fermentations in the 

diagrams in Figure 5.      
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A  B  

Figure 5 Diagram A shows the total foaming times and brix for fermentations carried out on 
pasteurized base while diagram B shows the same parameters for wine fermented on unpasteurized 
(normal) base. (        ) total time set 1, (        ) total time set 2, (       ) Brix set 1 and (        ) Brix set 2.  

 

In Figure 6 the total times of both sets of fermentations for both pasteurized and 

unpasteurized base are compared. As can be seen the foaming behavior is similar 

within the sets of fermentation, meaning that pasteurized and unpasteurized 

fermented in the first set show similar patterns while the wines fermented in the 

second set show similar patterns. This indicates that extern factors such as 

fluctuations in temperature, which both cans can have been subjected to influence the 

foaming behavior more than the pasteurization does. Since there is no obvious 

difference in foaming pattern between the pasteurized and the unpasteurized wines 

there are no signs of other microorganisms producing foam active substances than 

the yeast added. An exception of this prediction would be heat resistant 

microorganisms that could survive the pasteurization.   
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 Figure 6 The diagram show the total foaming times for wines fermented at pasteurized and 
unpasteurized bases. (       ) pasteurized set 1, (             ) pasteurized set 2, (            ) unpasteurized set 
1 and (        ) unpasteurized set 2. 

 

4.2 New type of yeast 

Figure 7 shows the total foaming times obtained during fermentation with the new 

type of yeast. As can be seen the use of a new yeast type resulted in shorter 

fermentation times during the first fermentation set. This would be an advantage to 

the company as short production times are desirable. At the second fermentation set 

the fermentation time was equal to the time obtained with the usual yeast. This is 

shown in Figure 8. The shorter time obtained during the first set of fermentation 

could be due to fluctuations in temperature or errors made at the calculation of the 

amount of yeast or the weigh in of the yeast leading to higher amount of yeast from 

the start.   
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Figure 7 The diagram show the total foaming times and brix for the two sets of fermentations with new yeast.    

(            ) total time set 1, (             ) total time set 2, (           ) Brix set 1, (               ) Brix set 2. 

 

In Figure 8 the foaming times obtained during fermentation with the usual yeast and 

the new yeast type are compared. As can be seen the total foaming times for usual 

yeast is lower than for the new yeast type during almost the whole fermentation 

process. This could be due to different metabolisms of the yeasts or different 

capacities in keeping the gas produced by the yeast dissolved in the wine. 

Unfortunately it has been impossible to receive any information about these 

properties of the new yeast type from the company that provided Kiviks Musteri AB 

with the yeast sample. Therefore, the assumptions concerning the yeast metabolism 

could not be confirmed. 
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Figure 8 The diagram show the total foaming times for wine fermented with new yeast and with normal yeast.   
(            ) new yeast set 1, (             ) new yeast set 2, (              ) normal yeast set 1, (         ) normal yeast set 2. 

 

4.3 Clarification 

 In Figure 9 the total foaming times obtained after clarification with different 

amounts of bentonite is shown. The test showed that a doubling of the amount of 

bentonite is not sufficient to reduce the total foaming time to the times required, i.e. 

around 30-40 seconds. When the GVÄ was clarified as the GÄK the total times 

obtained were in level with the required ones, for the wine fermented on the normal 

yeast. But it should be noted that the other differences in the clarifying step such as 

the absence of activated carbon and smaller amounts of silica sol and gelatin, could 

play a role in the decrease of time. The new type of yeast did not clarify when 

normal and twice the amount of bentonite was added, during the two days the 

clarification was carried out. This occurred in both sets of clarification with new 

yeast. This fact makes the new yeast type unsuitable since longer clarification times 

or more filtration would be needed for the wine. However, it is important to point out 

that even if the trend seen in this test, that higher amounts of bentonite would reduce 

foaming, it would not be a solution in the practical work since bentonite in high 

concentrations gives a lot of sediments that tears on the pumps used in production. 

Measurements of the sediments when the wine was clear showed that the sediment 

height increased about three folds when the wine was clarified as GÄK compared 

with normal clarification. If the trend seen in Figure 5 is accurate this would indicate 
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that the main cause of the foam is proteins since bentonite reduces the protein 

concentration. 

        

 

Figure 9 The diagram show the total foaming times obtained after clarification with different amounts of 
bentonite. (          ) unpast. set1, (         ) past. set 1, (          ) new yeast type set 1, (               )unpast. set2, (             ) 
past. set 2, (             ) new yeast type set 2.  

 

4.4 Less fruit 

When half the amount of fruit was used during fermentations the fermentation took 

almost 90 hours more to reach the sufficient alcoholic content compared with when 

the normal amount of fruit was used (Unpasteurized set 2 and New type of yeast set 

2), see Figure 10. This was expected since the yeast had less nutrition available than 

during the normal fermentation. However, longer fermentation times are not desired 

in the practical work.  

The same foaming patterns are seen for the same types of yeast as in previous 

fermentation test with normal and new yeast, even if they are delayed when the fruit 

content is reduced to half. The reduction of the fruit content to half reduces foaming 

times for wines fermented with both types of yeast during fermentation, but not to 

sufficient levels. The normal yeast type gives the shortest foaming times both with 

normal and half the amount of fruit. Since the wines fermented with the normal 

amount of fruit are not from the same batch as the wines fermented with half the 
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amount, differences can occur due to small differences in wine composition. On the 

other hand the, as brix and acidity are measured before the addition of the yeast these 

differences should not play a significant role in the foaming time.   

 

 

Figure 10 The diagram shows the total foaming times obtained during fermentation of wine with half the 
amount of fruit as well the normal amount. The values for the normal amount of fruit was obtained from the 
test with unpasteurized wine base set 2 and the test with a new type of yeast set 2. (                 ) normal yeast 
half the amount of fruit, (            ) new yeast half the amount of fruit, (          ) normal yeast normal amount of 
fruit, (          ) new yeast normal amount of fruit. 

 

 

Table 1 shows the average total foaming times obtained with both types of yeast 

tested when the normal fruit content is used and the amount of fruit is halved. It can 

be seen that there are small reductions in foaming times when only half the amount 

of fruit is used. These values are obtained after clarification and filtration. But since 

the fermentation is not carried out simultaneously and the wine bases are not from 

the same batch the results are not totally comparable, and should only be seen as an 

indication of lowering of total foaming times. Even if a lowering of foaming time 

occurs it does not seem to be sufficient. If the foaming should be decreased to a 

sufficient level only by reducing the fruit content, it might require reducing of the 

fruit content to a level where it would no longer be a fruit wine or the fermentation 

time would be too long. 

0

50

100

150

200

250

0 50 100 150 200 250

To
ta

l f
o

am
in

g 
ti

m
e 

(s
)

Time from fermentation start (h)

Half the amount of fruit 



 

40 
 

 

 

Table 1 In the table the total foaming times of wine fermented on normal amount of fruit and half the amount 
of fruit are compared. The numbers seen in the table are the average total foaming times in seconds. 

 Normal yeast type New yeast type 

Normal amount of fruit 
Half the amount of fruit 

122 
111 

142 
62 

        

 

4.5 Comparison of GVÄ, GÄK and GVÄ+GÄK 

Table 2 shows the average foaming times for each sample tested while Figure 11 

shows the average foaming times obtained from all the samples of GVÄ, GÄK and 

GVÄ+GÄK from the production, and for GVÄ clarified as all three types of apple 

wine in the laboratory.  As can be seen there are differences in the total foaming time 

between the three types of apple wine made in Kivik. When the GVÄ, which is the 

wine of interest in this study, is clarified as the GÄK the total time is shortened, but 

not to a sufficient time of 30-40 seconds. The difference in total time seen between 

GÄK and GVÄ clarified as GÄK could be explained by the fact that the real GÄK is 

made from apple juice produced at the plant in Kivik. This juice is not as processed 

as the concentrate which is bought in and used for the making of the GVÄ. This may 

imply that there are still enzymes like proteases, lipases and pectinases present in the 

juice. These enzymes could be responsible for the breaking of foam active substances 

such as proteins in the GÄK. The clarification of the GÄK involves more than 5 

times higher dosage of bentonite than the clarifying of GVÄ and if it is proteins that 

are responsible for the foaming in the GVÄ this dosage is not sufficient for 

elimination of the foam active proteins in the GVÄ but a reduction of foaming time 

occurs.  

One parameter causing the differences observed between the GVÄ and the GÄK can 

derive from different juice extraction processes, which was observed by Blanco-

Gomis et al. 2007 in a study were it was seen that the type of extraction affected the 

protein profile of the wine . The reason why the foaming times differs between GVÄ 

and the sample named GVÄ clarified as normal could derive from the fact that all the 
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nine samples of GVÄ were fetched from production while the six samples of GVÄ 

clarified as normal derived from wine fermented in the production as well as wine 

fermented in the laboratory. All six of the samples were clarified and filtered in the 

laboratory. All the total foaming times obtained can be seen in Table 2.  

 

Table 2 The total times (in seconds) obtained during foaming tests of wine from production and GVÄ clarified as 
the different types of wine. These times have been used to calculate the average times used in Figure 11. 

 

 

 

Figure 11 Average filling and total times from foaming tests performed on three types of apple wine 
and on GVÄ clarified in three different ways. For each of the wines fetched from production n=9 and 
for each of the different clarifications n=6.  
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 GVÄ GVÄ+GÄK GÄK GVÄ normal 
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GVÄ clarified 
 as GÄK 
 
 

Total times 
(s) 

273 
243 
248 
337 
347 
210 
226 
225 
321 

84 
109 
124 
122 
60 
36 
94 
117 
113 

15 
16 
12 
16 
16 
17 
19 
23 
24 

145 
146 
71 
97 
178 
148 

61 
37 
58 
63 
76 
67 

84 
51 
54 
45 
44 
48 

Average 
total time (s) 

270 95 18 131 60 54 
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In Figure 12 foaming during fermentation is compared between the GVÄ and the 

GÄK fermented in the production. As can be seen the foaming for the GÄK shows 

relatively constant and shorter foaming times, while the foaming in the GVÄ 

increases during almost all of the fermentation process. The foaming times obtained 

for the GVÄ are also longer than the times obtained for the GÄK during the 

fermentation. A possible explanation for these results is that the GVÄ is circulated 

during fermentation while the GÄK is not, since circulation is not necessary to obtain 

the right alcoholic content in the GÄK in a sufficient time. The fact that the GÄK is 

not circulated causes particles, which can stabilize foam, to settle to bottom of the 

vessel and surfactants to migrate to the surface. When samples are taken from the 

fermentation tank the tap is above the sediments and far below the surface, which 

may result in no foam active substances in the sample to be tested. The GVÄ is 

pumped during the whole fermentation process and therefore both particles and 

surfactants can be found in the sample taken from the tap.  

In Figure 12 the fermentation times needed to obtain the right alcoholic content in 

GVÄ and GÄK, respectively, are shown. The shorter fermentation time needed for 

the GÄK is probably a combination of the lower alcohol content wanted (10 % 

instead of 11.3 %) and the fact that GÄK has a higher fruit content than the GVÄ (80 

% instead of 50%). The higher fruit content provide the yeast with more substrate 

from the start of the fermentation which could imply a more powerful fermentation. 

The fact that GÄK has higher fruit content than in the GVÄ should give longer 

foaming times according to the test with less fruit. This is not observed and is 

probably due to the differences in clarification in the different wines. A contributing 

factor can also be enzymes that are present in juice used for the GÄK since this juice 

is not heat treated. These enzymes might help the yeast by degrading particles 

present in the juice to more accessible nutrition.    
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Figure 12 In the diagram foaming times and brix during fermentation of the GVÄ and the GÄK in the production 

is compared. (           ) GÄK, (          ) GVÄ, (            ) Brix GVÄ, (         ) Brix GÄK. 

 

4.6 Antifoaming compounds 

 In Table 3 average filling and total times are shown for wines with different 

antifoaming compounds added at different stages of production. As can be seen in 

Table 3 addition of 10 ppm of any of the four antifoaming compounds after filtration, 

decreases the total foaming time to appropriate levels for the GVÄ. Shorter times are 

acquired when antifoaming compounds are added in one of the earlier steps as well 

as after filtration, but this also means that a double amount of antifoaming compound 

is needed, which could be costly. In the case of two additions of the antifoaming 

compound, addition at fermentation and after filtration would be recommended since 

antifoaming compounds could improve the efficiency in the practical work. This is 

due to the possibilities of larger volumes in the fermentation tanks since foam 

overflow is prevented. If the antifoaming compound is added after filtration no 

significant differences can be seen between the four antifoaming compounds. Larger 

differences are seen if the antifoaming compounds are added in the earlier steps. This 

indicates that the antifoaming compounds react differently at the clarification.  
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Table 3 The table shows the filling and total times for samples where 10 ppm of the different 
antifoaming compounds are added in different stages of the production of the GVÄ. FT stands for 
filling time in seconds and TT for total time in seconds in FT/TT in the table. 

 

 

In Table 4 the total foaming times after addition of different amounts of antifoaming 

compounds to filtered wine are shown. For all of the antifoaming compounds 

addition of 10 and 5 ppm after filtration resulted in total foaming times between 10 

and 20 seconds. Addition of 2.5 ppm gave slightly longer total foaming times, but 

still around 20 seconds except for antifoaming compound I which has a somewhat 

longer time than the other three. Addition of 1 ppm of antifoaming compound of any 

of the four tested, gave total foaming times in level with the acceptable times (30-40 

seconds) while addition of 0.5 ppm resulted in times longer than that. From these 

results it seems like addition of 1 ppm of any of the defoamers tested would be 

sufficient to reduce the total foaming times to acceptable level. 

 

 

 

Step 
 
 
Anti- 
Foam. 
Comp. 

At 
fermen--
tation 

At 
clarifi-
cation 

After 
filtra-
tion 

At 
fermenta-
tion and 
clarification 

At 
fermentation 
and after 
filtaration 

At 
clarification 
and after 
filtaration 

At 
fermentation, 
clarification 
and after 
filtaration 

I 
II 
III 
IV 

64/124 
85/161 
44/52 
86/154 

47/72 
109/180 
50/57 
72/111 

17/21 
10/11 
12/12 
13/15 

17/25 
68/127 
39/49 
48/66 

12/14 
9/10 
10/11 
10/11 

12/13 
10/11 
10/11 
10/11 

11/13 
10/11 
9/10 
10/10 

Wine without antifoaming compound 
138/228 
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Table 4 The table shows the average filling and foaming times obtained after addition of various 
concentrations of antifoaming compounds. As in Table 3 FT stands for filling time in seconds and TT 
for total times in seconds in FT/TT. 

 

 

No matter in which step the addition is made or the total amount of antifoaming 

compound added, the test shows that addition of antifoaming compound decreases 

the total foaming time in comparison with the wine without antifoaming compound 

added. It should be noted that ppm-values refer to the active substance in the 

antifoaming compounds.  

 

4.6.1 Surface tension and viscosity 

The diagrams in Figure 13 show the total foaming times, the relative viscosity and 

the surface tension quotient for wines with the four different antifoaming compounds 

added. As can be seen from these diagrams, addition of antifoaming compounds 

lowers the total foaming time at as low concentrations as 0,5 ppm. What is more, for 

antifoaming compounds I-III, a decrease in surface tension can  also be observed if 

the added concentration is 1 ppm or higher. For antifoaming compound IV the 

decrease is not seen until addition of 5 ppm.  

The fact that the surface tension is not decreasing in the same way that the total 

foaming  time as a function of added antifoaming agent could be explained by the 

way the samples were shaken before the surface tension measurements. As Wu et al. 

observed in their study 2008 this can affect the results obtained by surface tension 

Antifoaming 

compound 

10 ppm 5 ppm 2,5 ppm 1 ppm 0,5 ppm 

I 

II 

III 

IV 

13/15 

10/11 

9/10 

12/14 

17/20 

10/11 

13/14 

16/18 

23/26 

15/18 

16/18 

15/17 

31/40 

29/34 

25/32 

25/34 

38/51 

33/41 

37/49 

38/56 

Wine without antifoaming compound 

110/196 
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measurements. The foaming tests and the surface tension measurements were not 

performed at the same time, but with a couple of days between. Before transferring 

the sample from the containers in which they were stored, to the beaker in the 

tensiometer the container was shaken and it is possible that this affected the 

measurements. It is also possible that the time that passed between the two 

measurements could play a role in the results obtained.  

Another important factor that probably has influenced the results is the fact that the 

tensiometer did not work correctly. It wasn´t possible to zero the tensiometer 

according to the manual and the vessel up function was out of order. This meant that 

the beaker containing the sample had to be elevated manually. This may have caused 

the plate to have different wetting surfaces for different samples, which affects the 

force with which the liquid influences the plate. As an example of the inaccurate 

results obtained by the tensiometer, distilled water, which should have a surface 

tension of about 72 mN/m at room temperature, showed a surface tension of about 

130 mN/m. In order to compensate the inaccuracy, quotients were calculated for each 

sample by dividing the average value for the surface tension of the sample with the 

average surface tension obtained for pure GVÄ. It was assumed that the inaccuracy 

in the method was constant during the course of the measurements. 

As expected the viscosity did not change as the concentration of antifoaming 

compound increased. Even if the antifoaming compounds themselves are viscous 

they are suspended in water and added in small amount in comparison with the wine 

volume. The fluctuations observed can be due to difficulties in washing the Oswald 

viscometer between the samples and the fact that it is a sensory reading of the 

instrument by the eye of the observer. Just a small change in angel of the eyes can 

change the running time. 
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A  B  

C D  

Figure 13 The diagrams in the figure shows the total time (                ) relative viscosity (             ) and 
the surface tension quotient (                ) obtained. The scale to the left is for relative viscosity and 
surface tension quotient, while the right scale is for the total time. Figure A show the values obtained 
for antifoaming compound I, figure B for compound II, figure C for compound III and figure D for 
compound IV 

 

In Figure 14 the surface tension quotients for the four antifoaming compounds are 

shown as a function of amount of antifoam added. Antifoaming compound I gives an 

almost linear decrease in surface tension after addition of 1 ppm or more. For 

antifoaming compound III and IV no significant decrease is seen until after addition 

of 5 ppm. For antifoaming compound II a decrease in surface tension is observed 

after addition of 1 ppm but instead of continuous decrease it seems like the surface 

tension is leveling out after addition of 5 ppm or more. This could indicate that 
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addition of more than 5 ppm of antifoaming agent II does not give better results. As 

can be seen in Figure 13B there is no noticeable decrease in foaming time between 5 

and 10 ppm for antifoaming compound II either which may support this hypothesis. 

 It is possible that the alcohol concentration in the wine influences the lowering of 

the surface tension since ethanol has surface tension of 22.3 mN/m (Shaw 1992) 

compared with 72.8 mN/m for water at 20oC. What is more, other constituents in the 

wine matrix might also affect the surface tension, not only the addition of 

antifoaming compounds.  In cases where more than one surface active species are 

present surface tension measurements can be uncertain (Shaw 1992), and in the case 

of the measurements performed in this work there are at least two types of 

surfactants present; the antifoaming compound and the surfactant/s causing the foam 

in the wine. To further investigate how much the antifoaming compounds contribute 

to the lowering of surface tension, tests should be carried out in distilled water whit 

different amounts of the antifoaming compound.  But since the tensiometer did not 

work properly it was not advisable to perform this type of test as well. 

 

 

Figure 14  The surface tension quotients for all of the four antifoaming compounds tested. (           ) antifoaming 
comp. I,(             ) antifoaming comp. II,(             ) antifoaming comp. III,(            )antifoaming comp. IV. 

 

Figure 15 shows pictures of foaming in the wine when antifoaming compound I is 

added. The only thing that differs between the samples is the concentration of 
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antifoaming compound. Picture A shows 0.5 ppm, B shows 1 ppm, C shows 2.5 

ppm, D shows 5 ppm and E shows 10 ppm. The pattern seen in these pictures is 

similar to the pattern seen for the other antifoaming compounds tested. All of the 

photos are taken 15 seconds after the water is started being poured. In A (0.5 ppm) 

and B (1 ppm) the foam is more compact and stable and it is not possible to 

continuously pour the water into the cylinder. In C (2.5 ppm) and D (5 ppm) the 

bubbles in the foam are larger and they also break up faster than in A and B. In E 

(10ppm) the foam breaks up during pouring of the water and it is possible to pour the 

water continuously until the cylinder is filled up to 100 ml.  

 

A                      B                           C                        D                         E          

Figure 15 The pictures show the foaming pattern when different concentrations of antifoaming 
compound I is added to GVÄ.  

 

 4.7 Mixing of cider with antifoaming compound wine 

The test showed that the filters used by the company most certainly would stop the 

antifoaming compound and thereby the foam reducing effect would be lost.  Even at 

high concentrations of antifoaming agents the total foaming times obtained for the 

filtered cider was longer than the acceptable times, while the unfiltered cider showed 

short total foaming times, see Table 5. Since the difference in total time between 

filtered and unfiltered cider is obvious, it seems quite clear that it is the filter that is 

responsible for the loss of antifoaming compound effect.  If it had been something 
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else in the cider matrix affecting the antifoaming compound the times obtained for 

the unfiltered cider would have been long as well as for the filtered ciders.  

 

 

Table 5 In the table the total times for cider mixed on wine containing various amounts of antifoaming 
compound I is presented.  

Antifoaming compound 
conc. in wine (ppm) 

0 1 2,5 5 10 

Total foaming time (s) 140 159 117 193 147 

 

Antifoaming compound 
conc. in cider (ppm) 

5 10 20  

Total foaming time (s) 156 93 81 Filtered 

 13 14 Unfiltered 

 

 

Table 6 shows the average times obtained when wine containing the four different 

antifoaming compounds is filtered and when it is not. As can be seen in there is a 

marked increase in both filling and total times for all of the antifoaming compounds 

after filtration through a FP30/0.45 CA FilterUnit Whatman® syringe filter. This can 

indicate that the particle size of the solid silica particles in all the compounds tested, 

are larger than the pores in the filter. If the particles are cut off by the filter the foam 

destruction properties of the silica oil can be lost or reduced since the oil needs the 

particles to be able to penetrate the lamellae as described in the antifoaming agent 

part of the theory section. As mentioned by Ribéreau-Gayon et al. 2006 vol.1 in the 

antifoaming agent section, the antifoaming agents mentioned do not leave any 

residue after filtration. This fact is consistent with the results obtained in this study 

where the antifoaming compounds were cut off by the filters. But even if the 

antifoaming agents are not useful in the finished product, they might still gain use by 

the company as a process aid during fermentation to improve the efficiency as 

mentioned earlier in this section.           
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Table 6 The filling and total times for wine containing 10 ppm of respective antifoaming compound. The left 
column shows the times obtained for the unfiltered wines and the right for the filtered wines. FT is filling time 
and TT is the total time in FT/TT.  

Antifoaming compound  
(10 ppm) 

Unfiltered Filtered 

I 
II 
III 
IV 

17/20 
12/14 
12/14 
15/18 

75/159 
63/117 
72/150 
60/92 

GVÄ 42/60 68/133 

 

 

4.8 Concluding discussion 

As can be understood from the theory section foam is a complex phenomenon and 

apple wine constitutes a complex matrix, which both can be affected by many 

factors.  

Even if it seems like proteins play the major role in the foaming problem there are 

other compounds such as polysaccharides and lipids that can contribute to the foam 

formation and stabilization. It seems likely that there will be some kind of 

polysaccharides left in the wine after fermentation even if the yeast have consumed a 

great deal, and therefore these can contribute to the stabilization of the foam. Lipids 

present in the yeast cells can be released when the cells lysate after addition of 

sulphite.    

Changing yeast type does not seem to be a solution to the foaming problem. The tests 

carried out in this study showed that the foaming in the wines fermented with the 

new type of yeast was similar to or even more pronounced than the foaming in the 

wine fermented with the normal yeast. Besides not showing any signs of being more 

efficient during fermentation, the fact that the wines did not clarify as fast as the 

wines fermented with normal yeast is also an argument against a change of yeast 

type. However, it should be noted that in this work only one new yeast type is 

investigated and there is a wide range of yeasts that can be used in the wine making 
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and brewing industries, which might give other results if they were tested. A problem 

that might arise is the difficulty in obtaining relevant information from the 

companies that provides yeast, which can complicate the selecting of yeast types for 

further tests.  

In this study no statistical analysis was made. This has two main reasons; most of the 

foaming tests were only performed in duplicates and therefore statistical analyses 

would not be relevant. Secondly, as is discussed above the matrix of both wine and 

cider is complex and this can cause variations between different sets of fermentation 

even if the wine and cider are produced in the same way. To be able to make 

statistical analyses more standardized methods than the ones used in this test would 

have to be applied. Instead the results obtained from this work can be seen as 

tendencies. 

The foaming test is developed empirically by the company. There are some 

disadvantages with the method such as, it is not possible to measure the amount of 

carbon dioxide dissolved in each bottle, and it is only assumed to be the same. But 

the foaming test is accurate enough to see trends in foaming and it fulfills the 

company requirements. A more accurate method used in some of the studies where 

foaming was tested (Blanco-Gomis et al. 2007, Blanco-Gomis et al.2009) is 

Bikerman´s method. To be able to use this method more equipment is needed, and 

this was not available at Kiviks Musteri AB. Besides the disadvantages in the foam 

measuring method, it is hard to make accurate measurements at foam properties in 

protein foams as was described by Foegeding in the foam section.  

No matter what causes the foaming in wine it seems like silica based antifoaming 

agents can be a solution to the problem with foaming in the apple wine, provided that 

the wine does not pass any other production steps where the antifoaming compound 

can be cut off such as filtration through filters with pores smaller than a certain size. 

No test was made where the duration of the effects of the antifoaming compounds or 

how they affect the tenability in wines with antifoaming compound added.  Therefore 

further tests must be made before it is confirmed that antifoaming compounds are a 

solution of the foaming problem.  
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Another application of the antifoaming compounds can be as a process aid during 

fermentation. The use of antifoaming compounds could make it possible to fill the 

fermentation tanks with larger volumes without this causing overflow. It was seen 

during the laboratory scale tests performed in this study that the effect of antifoaming 

compounds added during fermentation was decreased during clarification and 

filtration. Therefore, it is most likely that the situation would be the same or even a 

higher decrease of effect in the large production scale since the filters used there are 

much more efficient than the filters used in the laboratory tests.  

As was seen during the test where antifoaming compounds were added to cider base 

the antifoaming compound was cut off by the filter used. There was no information 

about particle size of the silica particles for any of the four samples in the product 

specifications obtained from the different suppliers of antifoaming compounds. It 

seems likely that this type of information would be of the confidential sort.  

In this work only silica based antifoaming compounds are tested. There are other 

types of antifoaming agents available. Ribéreau-Gayon et al. 2006, volume 1 

mention mixtures of mono- and diglycerides as well as DMPS.   

 

5. Conclusion 

Wine constitutes a complex matrix and foam is thermodynamically unstable system. 

These factors make it hard to draw any conclusions from the tests performed in this 

study, especially since it is difficult to repeat different tests and obtain similar results. 

Instead, various trends can be identified and these can constitute a platform for 

further studies. What is more, the try outs performed in this study are made in 

laboratory scale and therefore it is not certain that it would be possible to obtain the 

same results if they were performed in full scale.  

However, it is almost certain that it is the yeast that causes the foaming in the wine. 

But the mechanism of this is not clearly understood and is not investigated in this 

work. It is also clear that a change to the new type of yeast is not a solution of the 

foaming problem. Other yeast types might give different results when it comes to 
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foaming since different strains can have different metabolisms. There is a wide range 

of yeasts available on the market, which are designed for winemaking and brewing 

and it is possible that any of these could suit the demands made from the company 

when it comes to both fermentation times and foaming.  

When it comes to what might cause the foaming it seems likely that proteins play a 

major role but further analyses will have to be performed since the focus of this work 

was on the antifoaming compounds.  

From the results obtained in different tests there seems to be no difference between 

the four silica based antifoaming compounds tested, when it comes to foam reducing 

capacity as well as changes in viscosity and surface tension. But one cannot rule out 

that they might show different properties when it comes to affecting the sensory 

properties and the lastingness of the wine since this is outside the scope of this work.  

Concerning the foaming problem in the wine, silica based antifoaming compounds 

can be a solution. But if the wine or the product made from the wine is to be filtered 

after addition of the antifoaming compound, it seems that the antifoaming effect is 

lost, and in that case the four silica based antifoaming compounds tested here are not 

the solution of the problem. However, it cannot be ruled out that antifoaming 

compounds from other suppliers or other types of antifoaming agents can pass the 

filters and thus give more suitable foaming properties for cider as well as for apple 

wine.   
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