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II)     Abstract 

 

The treatment of wine with fining agents is a common practice in the wine industry which 

aims to achieve wine’s clarity and improves its stability along the time. The objective of this 

work was to examine the influence of various animal proteins used as fining agents on the 

anthocyanins’ profile. For this experiment, two Portuguese varieties, Touriga Nacional and 

Trincadeira have been used in which two different concentrations have been applied for each 

fining product. The fining agents are commercial fining products widely used in the wine 

industry such as Egg Albumin, Isinglass, PVPP, Gelatin, Casesol. These proteins were 

added in the wines in order to perceive the effect of the adding protein and other fining 

agents on the wine’s anthocyanidins final composition, since that these monomeric 

anthocyanins have an important function on the sensory characteristics of wines, such as 

colour. The clarification process lasted 7 days for each fining product. At the end of each 

clarification period, monomeric anthocyanin analysis was carried out by HPLC. By the 

analysis in the HPLC, we perceived that in general the biggest impact from all the fining 

agents is displayed to the acylated and coumarylated derivatives of the monomeric 

anthocyanins rather than the 3-glucoside antocyanidins. Having this as a fact and learning 

through the initial analysis that Touriga Nacional is richer in these two groups rather than in 

glucoside derivatives we are able to explain why Touriga Nacional was more affected in all 

the fining treatments compared to Trincadeira that is poorer in acylated derivatives and in 

general it was less influenced by the fining agents. Moreover, further analysis have been 

carried out in order to examine the influence of the fining agents on the concentration of 

pigments, the quantity of condensed tannins as well as on the chromatic characteristics of 

the wine after fining. For the quantity of condensed tannins after fining, the results have 

shown that all the fining agents promoted a reduction on the final quantity of tannins after the 

treatments whereas for the pigments and colour intensity the impact was notably lower 

compared with the tannins. Regarding the impact on the colour anthocyanins, Casesol 

promoted the greatest influence on their quantity. In addition, the general tendency indicates 

that the fining products in high concentrations provoke a bigger decrease on the amount of 

total anthocyanins compared with the small concentrations. 

Key words: fining agent, monomeric anthocyanins, tannins, wine, pigments, clarification 
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1.   Introduction 

Wine has great importance in the history of the Mediterranean people and in the last years it 

has been brought great improvements on their production, quality and commercialization. 

The International Standards Organisation defines quality as the ‘degree to which a set of 

inherent characteristics fulfils requirements’ and it is worthwhile considering the meaning of 

this definition in relation to different elements involved in the wine production chain. The 

essential request from the costumers for a quality wine is the total absence of defects. For 

the majority of them, one of the most important quality factor is the wine stability. Unstable 

wines and wines with high levels of turbidity are not preferred from the costumers. The 

presence of particles in suspension leads to a wine with high turbidity levels and therefore to 

an unfavourable sensorial aspect that is unacceptable and not well appreciated by the 

costumers. (Figure 1) Turbidity is undeniably a major negative factor in assessing a wine. 

In the case of reds, unclarified and unfiltered wines that have precipitates are also not 

appreciated most of the times by the costumers.   

              
                   

                   
 
 
 

 

 

However, in most of the cases the presence of some insoluble substances doesn’t affect the 

rest of quality parameters of the wine. For instance, red wines, demonstrated for their high 

quality, appear to have a slight precipitation of tartrates and a sedimentation of colorant 

matters that for them it’s a guarantee of integrity. Moreover, from the technical point of view 

(Figure 1). Difference between clear and turbid wines 
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the wine stability, respecting the precipitates and particles, must be always one of the most 

important factors to ensure the quality of the product.    

After malolactic fermentation, young red wines contain particles from grape must, yeast, 

bacteria, salts, colloids and amorphous substances. External factors, such as temperature, 

oxygen and ellagic tannins from oak wood either promote or inhibit precipitation. Along the 

time, a spontaneous sedimentation of the particles in suspension is observed due to gravity 

and their adsorption on container walls. This natural phenomenon leads to a natural and 

spontaneous clarification of the wine. (Ribéreau-Gayon et al 2006 ; Colagrande et al 1986) 

 

In addition, this spontaneous sedimentation doesn’t ensure the limpidity of the wine during its 

conservation along the time and it’s independent from the conditions of temperature and 

lighting. So the wine can be clarified by eliminating these particles in a short term period but 

not permanent due to many naturally occurring phenomena in it that are often accompanied 

by the formation of turbidity or deposits. Therefore, the clarity of the wine and the prevention 

of deposits have to be guaranteed in a long term period  whatever the temperature, oxidation 

and lighting conditions are when the wine is stored. One of the most common technological 

processes available that can ensure the clarity of the wine and the production of a high 

quality wine whatever the conditions are, is the clarification with fining. (Ribéreau-Gayon et al 

2006 ; Peynaud et al 1983)     

 

This treatment is intended to enhance the clarification process in order to obtain at the end of 

the treatment a clear wine. In addition to facilitating clarification, fining may help stabilize 

wines against haze formation (by precipitating the compounds involved in haze production), 

eliminate certain off-odors, and remove excessive amounts of bitter and astringent phenolics. 

Its effects on removing pesticide residues are often pesticide-specific, as well as significantly 

affected by pesticide solubility (Ruediger et al., 2004). Although fining may not completely 

remove undesired compounds, it certainly facilitates negating their sensory impact. 

Moreover, the method that is applied for the clarification of the wine should guarantee the 

stability of the wine along the time. (Yokosuka & Singleton, 1995 ; Ronald S. Jackson, 2008) 

 

From the sensorial point of view, clarification with fining can provoke modifications that can 

be positive and negative for the wine’s profile. Fining is not a stable process but varies 

according to the substances that will act, the type of the fining agents, their origin, the 

quantities that are used for the clarification. All these factors have an impact on the fining 

process, on the fining result and a different influence on the components of the wine. For 

instance, it may make a wine softer and more elegant or, on the contrary, thinner and less 
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attractive. Moreover, fining is an aid to, not a replacement for, spontaneous stabilization, it 

should be used only to the extent necessary. It is important to avoid sensory disruption by 

minimizing unnecessary changes to the chemical and physical balance of the wine. Fining 

should also be conducted as quickly as possible to avoid oxidation. (Ronald S. Jackson, 

2008; Cosme et al. 2008 ; Fischerleitner et al. 2002) 

 

1.1 Wine as a colloidal solution 

 

Wine can be considered as an hydro alcoholic solution where certain substances are in the 

form of solution or others in low colloidal dispersion. A wide range of unrelated substances 

with very different origins and chemical compositions are capable of forming colloidal 

dispersions. Turbidity in wine is due to the presence of particles in suspension that stop light 

rays and diffuse some of the light in other directions than that of the incident light beam. This 

makes the wine seem opaque to varying degrees. Besides the microbial problems and 

tartrate precipitations described before, turbidity detrimental to clear wine (precipitation of 

colouring matter and metallic casse) involves colloidal phenomena. The mechanisms 

responsible for turbidity in red and white wines, as well as the processes for preventing it, are 

based on the properties of colloids: the conditions under which particles grow in size, 

resulting in flocculation and sedimentation. Colloidal phenomena can be found in main 

practices of wine making such as: • Clarification and limpidity • Metallic precipitation (ferric 

casse and copper casse) • Protein turbidity of white wines and bentonite treatment • 

Precipitation of colloidal colouring matter in red wines • Fining wine • Involvement of 

protective colloids in clarification problems and the tartrate precipitation mechanism • 

Treating wines with gum Arabic. There are two stages generally that these mechanisms are 

operated. Firstly, a purely chemical mechanism produces mainly colloidal particles that 

remain in solution and leave the wine clear. Later, various factors cause them to combine, 

leading to flocculation. This produces turbidity that eventually settles out as sediment. . 

(Hidalgo, 2003 ; Ribéreau-Gayon et al 2006) 

 

Furthermore, it is more exact to speak about colloidal phases or solutions rather than 

colloids. (Feuillat M., 1987). What defines this colloidal phase is the size of the existing 

compounds in the dispersed system and more specific their linear dimension.(Hiemenz 1986 

; Usseglio-Tomasset 1989) All the different types of the dispersed systems are summarized 

below in the Table 1. (Ribéreau-Gayon et al 2006) 
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                 Table 1. Classification of dispersed systems (Staudinger H., 1950) 

 

 

 

1.2 Types of colloids and their properties 

 

The colloidal state of the must and the wine is really complex. Two types of colloids can be 

distinguished according to their properties and their differentiated composition. The first type 

is the “hydrophobic colloids or micelar colloids” and the second type is the “hydrophilic 

colloids or macromolecular colloids”. (Table 2) The hydrophobic colloids are formed by 

aggregates or micelles consisting of a large number of simple molecules, held together by 

low-energy physical bonds (Van der Waals, hydrogen, hydrophobic, etc.). The stability of 

colloidal dispersions may be ensured by the fact that the particles are electrically charged 

and repel each other. (Staudinger H., 1953) In wines, micelar colloids can be formed 

accidentally (ferric phosphate and copper sulphite), naturally during aging (condensed 

phenols or colloidal colouring matter) or can be present in the form of molecules in crystal or 

“colloidal crystal” like the nucleus in the crystallization of the potassium bitartrate. (Molina R., 

2000 ; Glories 1978)    

 

The hydrophobic colloids are unstable and consequently responsible for the turbidity, the 

flocculation and the precipitation in the wine. The principal hypothesis is that they are 

negatively charged due to the pH of the wine that contributes to their stability. The 

precipitation occurs from the cations and the proteins of the fining agents that in the pH 
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(normally the case for proteins in wine pH < i.p.) of the wine are positively charged. (Moreno-

Arribas & Polo, 2009 ; Flanzy C., 1998) 

  

The “macromolecular or hydrophilic colloids” consist of molecules with bigger size such as 

polysaccharides and proteins in which are involved uniquely covalent chemical bonds 

possessing electrical loads due to the dissociation of acid or basic functions. (Staudinger H., 

1953) These colloids dissolve easily in water that leads to hydration, providing them a 

second stabilizing factor in addition to the repellent effect of the electrical charges. Some of 

these substances (polysaccharides) may even communicate this stability to association 

colloids, by coating them and protecting them from the precipitating effect of the electrolytes. 

In this instance, they are known as ‘protective colloids’ (Ribéreau-Gayon et al 2006). The 

Table 2. summarize the properties and the characteristics of the colloids (Molina, 2000) 

 

                                 Table 2. Colloids’ properties and characteristics  

 

 

 

 

 

 

               Hydrophobic colloids                  Hydrophilic colloids 

-Absorb substances in solution at the 
solid-liquid the inter-face 

-Absorb big quantities of water  

-Precipitation easily with small 
quantities of salts 

- No precipitation by salts’ action 

-Lead to a powdery flocculation  - Have properties depending on the 
emulsions 

-Have properties depending on the 
suspensions 

- These particles are held together by 
covalent chemical bonds 

-The micelar particles are held together 
by physical bonds Van der Waals 

-The dispersed particles are molecules 
of high dimension “molecular 
dispersion”  

-Appear in the microscope like micro 
crystals  

-The stability is ensured by the 
hydration of the particles  

-They belong to these types of colloids: 

 Ferric phosphate  

 Ferric ferrocyanidine 

 Copper sulphate 

 Bentonite 

-They belong to these types of colloids: 

 Gums 

 Proteins 

 Mucilage 
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1.3 Theory of clarification  

 

The fining treatment is defined by “ the incorporation in the wine of substances capable to 

flocculate and precipitate by treating the particles in suspension”. (Caillet, 1994). Through 

fining treatment we are able to obtain various objectives really important for the wine making 

sector. (Salgues, M. Y Razungles, A. 1983) :  

 

 Clarify the wine by flocculating the turbid particles (Razungles et al, 1992) 

 

 Stabilization of the wines by inducing precipitation of certain colloidal substances 

capable to form turbidity subsequently  

 

 Improve, in some cases, the sensorial characteristics of the wines through 

attenuation and elimination of some aromas defects and tannins in the red wine 

though the reaction between proteins in the fining agent (e.g. gelatin). (Hidalgo 2003) 

 

 Reinforce the efficiency of filtration and the following treatments with cold treatment 

and addition of arabic  gum (Cros & Liberto, 1996) 

 

 

1.4 Mechanisms of the fining treatment 

 

The mechanisms of the protein fining treatment are complex. A lot of studies have tried to 

explain these fining mechanisms along the time and have proposed several theories 

concerning this phenomenon. 

 

 The researches of Ribéreau-Gayon, 1977 showed that the fining mechanisms can be 

divided in two main stages : (a) Flocculation (produced by interactions between 

tannins and proteins) (b) Clarification (by eliminating particles in suspension from the 

wine) (Figure 2).  According to recent theories, the mechanisms occurring during 

fining depend on streaming potential and surface charge density. (Lagune-Ammirati 

et al., 1996)   
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(Figure 2). Diagram of the flocculation mechanism of proteins in wine during fining (Ribéreau-

Gayon, 1977 et al., 1977) 

 

 The stability of the colloids in the wine should be functional to their electric charge  

and their affinity to water. Fining involves reactions between colloids in wine and the 

fining agent: attraction, repulsion, hydration and dehydration of particles smaller than 

0.1 μm to which the laws of chemistry governing true solutions are not applicable. 

(Salgues, M. Y Razungles, A. 1983) 

 The interactions between proteins and tannins provoke turbidity in the beverages. It 

has been strongly demonstrated that proteins rich in proline have a great affinity for  

tannins coming from the seeds of the grapes. (Ricardo-da-Silva et al., 1991) 

 

  

Moreover it has been characterized the initial streaming potential of the wine that is negative. 

This indicates that the compounds (phenolic fractions extracted from grapes) present in 

wines have an excess negative surface charges. This electric charge determines the aptitude 

of these compounds to participate in the electrostatic and ionic interactions.(Vernhet A. et al., 

1996) In addition, there is a technique based on the measures of the surface charge density 

which has been applied to various fining products, phenolic fractions extracted from grapes 

and wines. The results have made it possible to characterize these various systems and 

envisage modelling the mechanisms that occur during fining. (Lagune-Ammirati et al., 1996) 
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The process of clarification depends on the adsorption of positively charged proteins found in 

wine by negatively charged fining agents. The cationic nature of proteins is initially 

determined from their isoelectric point and the pH of the wine. Here, we need to demonstrate 

that the pH of the wine is low. Most of the proteins have higher values of isoelectric point 

compared with pH of a wine and as a consequence they are positively charged. (Santoro, 

1995). As long as the gelatine maintains the positively charged net in the wine’s pH, 

bentonite, silicate (SiO2) and other fining agents negatively charged can be used to adsorb 

and clarify proteins and phenolic compounds that are positively charged in the wine. (Hahn & 

Possmann, 1977) These fining agents adsorb the proteins and form aggregates that 

precipitate at the bottom of the tanks. Afterwards they are removed from the bottom of tank 

by removing the lees. (Hsu & Hheartherbell, 1987) 

 

The mechanism of this behaviour of the proteins in the wine is not sufficiently clarified. 

However, for practical purposes, it’s admitted that we can keep on like this regarding a 

medium concentration of tannins present in the wine. For a high concentration of tannins in 

the wine, is more logical to think that the interaction tannin-protein is almost instant. (Molina, 

2000)     

 

1.5 Fining Agents 

 

Nowadays, in the wine industry, there is a large variety of different fining agents that gives 

the opportunity to the winemakers to choose and apply the right fining agent needed for each 

specific fining treatment. The diverse protein fining agents can behave differently, depending 

on their composition, their origin and their preparation condition. Consequently, it is essential 

to know the characteristics of the fining agent and to comprehend the fining mechanisms, to 

achieve the proposed objectives that affect the wine quality. Proteins used as wine fining 

agents have different physic-chemical characteristics mainly molecular weight distribution, 

isoelectric point and surface charge density (Lagune and Glories 1996 a, b; Lagune-Ammirati 

et al. 1996; Maury et al. 2003).  

The oenological fining agents are very diverse and complex. They are usually made from 

non-modified animal proteins or from protein extracts obtained after adequate treatment of 

animal tissue (Amati & Minguzzi, 1976).  

They can be used separately or with mineral fining agents (Machado-Nunes et al., 1998)  

Each one is based on its origin so they can be distinguished as organic, inorganic or 

synthetic. (Molina, 1994)  
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In this report, they are going to be examined the fining agents that have been used for the 

present experiment. 

 

 
 Organic fining agents 

 
 

 Egg Albumin. Egg albumin is the oldest protein fining agent. This fining is often 

mentioned as the method of choice for the production of high end red wines. However, it may 

make some wines thinner Its clarifying effect is safe and can be applied without the need of a 

pre-test. (Troost, 1985) Albumin is produced from egg whites. In powder form it is obtained 

from the drying of egg whites.(Figure 3) Fresh egg whites can also be used, but these will 

have a different composition than the dried product. Egg white contains predominantly 

ovalbumin with ovotransferrin, ovomucoid, and lysozyme (about 54%, 13%, 11% and 3.5% of 

dried egg white, respectively). (EFSA 2007) 

 

                  

 

 

  

One to as many as eight egg whites may be used per barrel. Most experienced tasters can 

detect egg whites at two to three per barrel, depending upon the wine, however. Egg white 

protein can be dissolved in water, but excessive mixing should be avoided as this will lead to 

significant foaming. Better solubility is obtained if a little potassium or sodium chloride is 

  Figure 3. Egg whites  
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added to the water. The albumin proteins also have a net positive charge at wine pH and can 

remove phenolic compounds. The only problem with egg white fining is as noted above, if 

overdone, expert tasters will be able to detect it, and this may be considered a fault or defect 

of the wine. The egg white character is similar to the aroma of meringue. 

 

 Gelatin.  Gelatins are produced by the almost complete hydrolysis of collagen from 

pig skins and animal bones. Their main components are: glycine, proline, hydroxyproline and 

glutamic acid. The gelatins are produced in various ways (chemical hydrolysis or enzymatic 

degradation) and have many uses in food industries. Gelatins have a high content of 

glutamic acid and will therefore be slightly positively charged or neutral at wine pH. The more 

highly charged the gelatin the more active it is in removal of tannins from wine. Gelatin can 

be dissolved in hot water and is frequently used in conjunction with silica sols. Three 

categories are included in the enological codex. Compositions and charges were defined by 

Lagune (1994) :  

 

1) Heat-soluble gelatins (SC) have 30–50% proteins with a molecular weight above 105 

and a strong charge, 0.5–1.2 meq/g. 

 

2) Liquid gelatins (L), produced by intense chemical hydrolysis, have medium-weight  

molecules(M <105), a weak charge and many highly charged peptides. 

 

3) Cold-soluble gelatins (SF), produced by enzymic hydrolysis, have a very weak 

charge, a low peptide content and lightweight proteins: M <105 

 

 

 Casein: Casein is derived from milk and actually represents different protein species. 

These proteins are of low molecular weight (less than 30 Kd) and are not soluble at low pH. 

The casein proteins have regions of net negative charge due to the fact that they are 

phosphorylated. Casein is generally used in white and red wines to remove phenolic 

compounds, off-colors or bitterness and prevent oxidation. It can be found in the market in 

the form of potassium caseinate that is soluble in water and its coagulation is immediate in 

the pH of the wine. The effect is immediate  and the coagulation is instant. (Weber et al, 

2009)  

 

 Isinglass: It is derived from the swim bladders of certain tropical fish and consists 

predominantly of the protein collagen, which is readily soluble in organic acids. Isinglass is 

provided to the industry as a fine powder, a paste, or as a highly viscous liquid and is added 
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directly to the wine to cause aggregation of the yeast cells and other insoluble particles, 

which then sediment to the bottom of the tank or can then be removed by removing the lees. 

It has the least tendency to over-fine, and forms more stable (tight) lees than the other 

agents (Hickman D. et al., 2000) Like the other proteins, it has a net positive charge at wine 

pH. It also tends to denature into "sheets" or strands and thus has a large surface area for 

adsorption. It is also neutral, not adding any nuances to the wine. There are two main 

problems with isinglass, expense and availability. 

 

 

 Inorganic fining agents 

 

 

 PVPP: Wines may also be treated with synthetic polymers. These agents are used to 

remove specific phenolic components. The principle synthetic polymers used are polyglycine, 

polyamide and polyvinylpolypyrrolidone (PVPP). PVPP has a strong affinity for polyphenols.  

The carbonyl oxygen atoms on the surface of these polymers act as adsorption sites for 

phenolic compounds. Polyvinylpolypyrrolidone (PVPP) is a commercially available material 

produced by cross-linking  polyvinylpyrrolidone (PVP). (Figure 4) PVPP is water-insoluble but 

extremely hydrophilic binding water through its carbonyl functionalities by hydrogen bonding. 

Hydrogen bonding is the dominant mechanism by which PVPP binds flavonoids and a variety 

of other phenolic compounds, and this binding capacity has been utilized for removing such 

compounds from tissue homogenates during the isolation of plant enzymes. (Loomis and 

Battaile,1966 ; Donel, Bécard, & Irwin, 1993)   

 

                                                                                                       

                                   (Figure 4). Cross-linking polyvinylpyrrolidone (PVPP) 
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Except this application, PVPP is also useful to fractionate and analyse total phenols in red 

wine. (Hrazdina, 1969; Glories, 1978). Other PVPP’s characteristics are :  

 Minimizes a tendency to browning in white wines 

 Eliminates the oxidizable phenols. 

 Attenuates the bitterness of some wines. 

 Corrects discoloration in white wines, either those made from red grape varieties or 

those made with white grape varieties that have been stained with red wine. 

 Eliminates unwanted pigments either on its own or, more effectively, in combination 

with decolorizing vegetable carbon. 

 Reduces astringency and softens excessively tannic red wines. It fixes the most 

reactive tannins (200–300 mg/l of tannin for 250 mg/l of PVPP), although it has less 

effect on anthocyanins. (Ribéreau-Gayon et al 2006) 

 

 

 

2.Interactions between fining agents and wine compounds 

 

2.1 Influence of the fining agents to the polyphenolic fraction of the wine. 

 

The phenolic compounds play a fundamental role for the sensorial characteristics of a red 

and a white wine interacting directly with the aroma, the colour and taste of the wine.(Arnello, 

1991). The influence of the fining agents on the polyphenols of the wine has been studied 

from several authors before. (Amati et al., 1979 ; Castino, 1992 ; Fischerleitner, Wendelin & 

Eder, 2002 ; Wendelin & Eder, 2003 ; Jouve et al., 1989 ; Muchado Nunes, Laureano & 

Ricardo Da-Silva, 1998). Wine phenolic compounds interact with protein fining agents. For 

example, the two main types of interaction between proteins and tannins are: hydrogen 

bonds and hydrophobic interactions (Murray et al. 1994). The complexes formed could be 

soluble or insoluble. The precipitation occurs in two steps: association between proteins and 

tannins leads to the formation of soluble complexes that could, in a following step, aggregate 

each other and precipitate. This last step depends on the capacity of the tannin to establish 

linkages between protein molecules (Cheynier et al. 1997). Environmental conditions such as 

pH, alcohol and temperature also influence the formation of tannin-protein complexes 

(Calderon et al. 1968, Ribéreau-Gayon et al. 1977, 1998). A recent study shows to us the 

influence of the fining agents in the total phenols of a wine. (Table 3)  
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(Table 3). Influence of the fining treatment on the total phenols of the wine. 

                                                         (Cosme et al., 2008) 

 

                

                     

All the fining agents that had been used in the experiment lead to a decrease on the total 

polyphenols whereas the gelatine is highly hydrolyzed and the casein which is the most 

affected regarding this parameter. (Figure 5) 
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Another fining agent that is used to eliminate polyphenols with a more oxidative character is 

PVPP. (Laborde et al., 2006) Studies on the influence of this treatment to the phenolic 

composition of the wine (Molina et al., 1996 ; Yildirim 2011) demonstrated that this treatment 

provoke a constant and proportional reduction of the total phenolic index as the doses 

increase with a maximum decline of 16%. In addition, the action of PVPP appears to be more 

intensive on the non polymerized phenolic compounds  like catechins, ortodifenoles and 

proanthocyanidins.  

 

Balik et al. (2008) demonstrated that the egg albumin drags a big quantity of polyphenols and 

softens the wines rich in astringent tannins. This result is confirmed from the study of Cosme 

et al., 2008 which shows that egg albumin and gelatine with a medium and low degree of 

hydrolysis are the most reactive regarding the oligomeric and polymeric proanthocyanidins.  

(Table 4)      

 

                                               (Table 4) (Cosme et al., 2008) 

 

 

2.2 Influence of the fining treatments on the anthocyanins and the colour of the 

red wine.  

 

For a red wine one of the most important parameter is its colour. Clarification with fining has 

a strong interaction with the anthocyanins. (Lagune, 1996 ; Lovino et al, 1990 ; Balik, 2003 ; 

Stankovic et al., 2004 ; Cosme, 2007 ; Tshiersch 2008). In all these studies, various 

enological fining agents from different origins such as proteins and minerals have been 

tested. It has been observed that bentonite and gelatin affect more than all the other fining 

agents the colour intensity and anthocyanins’ concentration and specifically, bentonite 

showed a stronger impact than gelatine. (Stankovic 2004). Cosme 2008 confirmed this 

strong influence of gelatine as a fining agent on the total anthocyanins’ concentration, 
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pointing out as well casein as another fining agents that affects the total anthocyanins’ 

content. 

 

Furthermore, it has been examined that the reduction is higher for the wines that have a 

lower quantity of these pigments, and for instance the rose wines. (Balik, 2003) The 

determination of polymeric pigments gives an indication of the amount of anthocyanins 

combined with tannins. Some studies admit that the reduction on the anthocyanins content 

can reach the 40% by applying bentonite as a fining agent. (Valuiko, 1989 ; Taran, 1977)  

 

Other types of fining agents that interact with the colour of the red wine are the PVPP and 

the egg albumin. (Figure 6) Studies of Balik 2008 demonstrate that the treatment with egg 

white leads to a significant reduction of 35% of the total anthocyanins content, in contrast to 

Cosme 2007 that observe in their studies a more gentle behaviour of the egg white 

concerning the colour of the wine with a a minimum percentage of decline. Concerning 

PVPP, it has been shown that this product decreases notably the absorbance in 520nm and 

lowers the antioxidant capacity of the wine.(Bonerz et al., 2004)  

 

 

 

 

 

(Figure 6) Changes in concentrations of total anthocyanins and colour parameters as a 

function of red wine clarification methods. (100% = not clarified control) (Balik 2008) 
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2.3.1  Influence of the fining treatments on the tannins of the red wine. 

Interactions between proteins and tannins. 

 

Researches, as we have mentioned before, have shown that tannins combine with proteins 

by hydrogen bonds and hydrophobic interactions, depending on the characteristics of the 

tannins, those of the proteins and conditions in the medium. The effects that occur between 

tannins and the non-polar regions of proteins are hydrophobic.(Van der Waals attractions) 

(Martin et al., 1990; Haslam, 1993) Certain authors (Oh et al., 1980) even consider that this 

is the predominant interaction mode, due to the hydrophobic nature of the tannins, as 

demonstrated by their adsorption on uncharged polystyrene resins. Furthermore, at low 

protein concentrations, polyphenols bond to the surface of the protein at one or more sites, 

forming a monolayer that is less hydrophilic than the protein alone. This is followed by 

aggregation and precipitation. When the protein concentration is high, an identical 

phenomenon occurs, with the superposed formation of cross-bonds between various protein 

molecules. This explains the non-stoichiometry of the tannin-protein reaction observed by 

manyauthors (Ribereau-Gayon et al., 1977). Tannin-protein interactions depend on the 

characteristics of the tannins: size, structure, charge, etc. These interactions increase with 

the degree of polymerization of the procyanidins (Asano et al., 1984; Ricardo da Silva et al., 

1991; Cheynier et al., 1992) and also according to their galloylation rate (Charlton et al., 

1996). Tannin-protein interactions also vary according to the composition of the tannins. 

Moreover it has been observed that the surface charge density by the pH of the solution. The 

higher the pH, the more charged the flavanols with the variation on the order of 100% 

between pH 3 and 4. This phenomenon is obviously useful in fining. The characteristics of 

the proteins (amino acid composition, structure, size, charge, etc.), like those of the tannins, 

obviously play a major role in these reactions. Indeed, proteins with a high proline content 

have a great affinity for tannins (Hagerman and Butler, 1980a; Mehansho et al., 1987; 

Asquith et al., 1987; Butler and Mole, 1988; Austin et al., 1989; Butler, 1989; Charlton et al., 

1996). On the other hand, small, compact proteins have a low affinity for tannins (Hagerman 

and Butler, 1980b). Proteins in fining agents have a positive charge at pH 3.5. Its strength 

depends on the isoelectrical pH and the degree to which the molecules are broken down. In 

fining, the tannin-protein reaction is not stichiometric and flocculation of the proteins is 

incomplete. Both reagents (tannins and proteins) may be present at the same time in a clear 

solution. In the case of over fining, potential turbidity appears after the addition of either 

tannins or proteins. This emphasizes the importance of preliminary trials before fining, 

followed by analysis, to check not only the efficiency of clarification but also the extent to 

which the wine has been stabilized. Over fining of red wines is rare and is generally due to 
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poor flocculation, fining too rapidly or at too high a temperature, or the presence of colloidal 

turbidity. The deposit corresponding to over fining of red wines coats the inside of the bottle. 

In the case of white wines, over fining produces a precipitate. 

 

 

 

 

2.3.2  Influence on the tannin-protein interactions by the medium and 

consequently on the fining treatment in general 

 

a) When a standard quantity of proteins is added, the quantity of tannins taken up generally 

increases with the tannin concentration of the wine, with certain exceptions. For example, 

Lagune (1994) showed that 5 g/hl of gelatin eliminated 120 mg/l of tannin from a red wine 

that initially contained 1.72 g/l. Only 40 mg/l was eliminated from another Bordeaux red wine 

with a much higher tannin content (3.54 g/l). 

 

b) In general, the larger the quantity of proteins added, the more tannins are eliminated. 

However, the reaction depends on the type of proteins, and no direct correlation has been 

observed between the quantity of protein added and the quantity of tannin eliminated. 

Turbidity (Siebert et al., 1996), as well as the type and quantity of tannin-protein precipitates, 

depend on the relative concentrations of the various components (Calderon et al., 1968). 

 

c) At pH’s ranging from 2 to 4, tannin-protein flocculation is faster and the particles 

precipitate better at lower acidity (Ribereau-Gayon et al., 1977). When the same dose of 

fining agent is added, the quantity of tannins eliminated increases according to the wine’s 

pH. In red wine, this amount almost doubles between pH 3.4 and 3.9 (Glories & Augustin, 

1992). 

 

d) The presence of Na+, K+, Ca2+, Mg2+ and especially Fe3+ cations is indispensable for 

flocculation and the precipitation of tannins and proteins (Ribereau-Gayon, 1934). Negatively 

charged tannin–iron complexes react with positively charged proteins (Ribereau-Gayon 

et al., 1977). 

e) Different types of polysaccharides have highly variable effects. These polymers may have 

a ‘protective’ action that prevents flocculation and precipitation, and, therefore, clarification. 

On the other hand, polysaccharides may also have an ‘activating’ effect. They can increase 
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the intensity of turbidity and is favourable to fining while neutral polysaccharides have no 

effect. 

 

f) Calderon et al. (1968) reported a decrease in the affinity of tannins for gelatin in media with 

a high alcohol content, and stated that the complexes they formed were soluble. 

 

g) Precipitation and clarification is enhanced in a low temperature (15◦C), due to the 

decrease in Brownian movement that facilitates flocculation of the colloids. Thus, it is 

generally recommended to carry out fining in winter. 

 

 

 

 

 

 

3.Aims of this study 

 

In the last years, improvements on the knowledge of protein fining agents characteristics as 

well as on their interactions with wine phenolic compounds were done. However, the majority 

of these works do not performed a detailed and comparative study of the effect of different 

characterized protein fining agents with the distinct monomeric anthocyanins fractions 

existent in the wine. So the main goal of this work is to study, the effect of adding protein and 

other fining agents on the wine anthocyanidins final composition, since that these monomeric 

anthocyanins have an important function on the sensory characteristics of wines, such as 

colour. Especially, one of these monomeric anthocyanins, the Malvidin monoglucoside 

(malvine) may be considered  to form the basis of the colour of red grapes and, by extension, 

red wine. Except this main goal of this work, it is also studied the influence of the adding 

fining agents to the phenolic compounds of the wine, such as tannins. Tannins play an 

important role on the sensory characteristics of the wine, regarding colour, wine structure, 

bitterness and astringency. Moreover, it has been examined the impact of the adding fining 

agents on the colour, pigments and chromatic characteristics of the fined wines since that all 

these parameters contribute notably to the quality assessment of the wine.  
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4.Materials and methods  

 

4.1  Materials 

 

First of all, the analysis were carried out in the laboratory of Enology of school Agronomy – 

Technical University of Lisbon. For the present experiment, two red wines were used from 

the experimental winery of the University. The wines were from the current vintage of 2011. 

Two varieties were employed for the experiment, “Touriga Nacional” and “Trincadeira”. Both 

of them were unfined and the first fining was applied for this experiment. The fining agents 

that were applied to this experiment were: Egg Albumin, Isinglass, Casesol, PVPP and 

Gelatine. Observing the following Table 5, for each clarifying agent, two different doses have 

been applied (the lowest and the maximum, according to the instructions given by its 

company’s manual). In order to be able to compare the influence of each fining treatment to 

the unfined wine, a control from each variety had been analysed at the beginning.  

               

            Table 5. Fining agents used for both red wines and their concentrations. 

 

       Fining agent                                          Code                                               Concentration 

         Control                                               Control                                                       … 

  Egg Albumin (Proenol)                                 C1                                                        5 gr/hl 

                                                                       C2                                                       10 gr/hl 

  Isinglass (Laffort)                                         C1                                                        2 gr/hl 

                                                                       C2                                                        3 gr/hl 

  PVPP (V.REIS, Limitada)                            C1                                                       10 gr/hl 

                                                                       C2                                                       20 gr/hl 

 Casesol (Soluble Casein) (Proenol)              C1                                                       20 gr/hl 

                                                                       C2                                                       100 gr/hl 

 Gelatin (Coignet et Cie, Paris)                      C1                                                        8 gr/hl 

                                                                       C2                                                       15 gr/hl     

 

 

 

 

The treatments were conducted for both wines in bottles of 750ml. Each concentration of 

each fining agent was duplicated in the bottles. The fining products were applied to their  
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doses regarding the protocol of the companies from where they were produced (Table 5). 

Moreover the treated samples were maintained for 7 days at 200C  for the fining procedure. 

At the end of the fining procedure, analysis were performed to all the samples that have been 

treated as well as to the controls in order to observe the influence of each concentration of 

each fining agent to the wines. 

 

 

The analysis that were performed to the treated and control samples were: Total 

polyphenolic index (I.T.P), analysis of coloured anthocyanins, polymeric pigments, colour 

intensity, total anthocyanins, total tannins and concentration of monomeric anthocyanins. 
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                        (Figure 7) Bottles of samples treated during the experiment 

 

      

                         

(Figure 8) Appearance of sediments in the fined samples compared with the control ones 

                                                

                            

                                        

     (Figure 9) More sediments appeared in higher concentrations in Gelatin 
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4.2 Methods 

 

4.2.1  Index of total polyphenols (I.T.P.) 

 

The determination of the total polyphenols was carried out by the method of Ribereau-Gayon 

et Sartore 1970. Red wine was diluted in a proportion of 1/100 with distilled water. 

Afterwards, the solution was measured in 280nm on a 10mm optical path having as blank 

distilled water. The index of the total polyphenols was obtained by the following formula :   

 

                                                 I.T.P. = Abs280nm x 100 

 

4.2.2  Colour, pigments and quantification of coloured and total anthocyanins 

in the spectrophotometer. 

 

For all these analysis above, absorption spectra of the wine samples were recorded with a 

Unicam UV-vis UV4 spectrophotometer (Unicam, Cambridge, U.K.). Colour intensity was 

calculated by summation of the absorbances at three wavelengths 620, 520 and 420 nm (1-

mm cell). Colour hue was expressed as the ratio of absorbance at 420 nm and 520 nm. 

Moreover, the content of total and coloured anthocyanins as well as the content of polymeric 

pigments were determined according to the method proposed by Somers and Evans (1977). 
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                             (Figure 10) Spectrophotometer Unicam UV-vis UV4 

4.2.3  Quantification of monomeric anthocyanins 

 

Monomeric anthocyanin analysis was carried out by HPLC according to Dallas and Laureano 

(1994). The equipment used was a Merck-Waters system, equipped with a model L-7100 

Lachrom Merck Hitachi-High-Technologies pump (Tokyo, Japan), a model Waters 2487 Dual 

λ Absorbance Detector set at 520nm coupled to a version 6.2 Konikrom data 

chromatography treatment system (Konik Instruments, Konik-Tech, Barcelona, Spain). The 

column was a reverse-phase C18 Lichrosphere 100 (5 μm packing, 250mm x 4.6 mm i.d.) 

(Merck, Darmstadt, Germany) protected with a guard column of the same material. The 

separation was carried out at room temperature. The elution conditions for monomeric 

anthocyanins were as followed: 0,7 mL/min., flow rate, solvent A was 40% formic acid, 

solvent B was CH3CN and solvent C was bidistilled water. The initial conditions were 25 % of 

A, 6 % of B and 69 % of C for 15 min. followed by a linear gradient to 25 % of A, 25.5 % of B 

49.5 % of C during 70 min., and 20 min. of 25 % A, 25.5 % of B and 49.5 % of C. At the last 

20 minutes till the 110min, the program was scheduled to return to the initial conditions. The 

quantification of monomeric anthocyanins in wine was performed by means of standard 

curves prepared by using different concentrations of malvidin 3-glucoside chloride in 
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methanol 0.1 % HCl. The peak area was converted to mg/L of malvidin 3-glucoside 

equivalent. 20 μL of each sample was injected. 

 

 

                                                (Figure 11) HPLC equipment  

4.2.4  Quantification of condensed tannins 

 

For the quantification of tannins we had been used the methylcellulose precipitable (MCP) 

tannin assay Harbertson, JF & Downey, MO 2009 that allows complete precipitation of 

tannins from red wine and from homogenate extracts. The subtractive assay is both simple 

and robust, selective for condensed tannins and does not suffer interference from other 

280nm-abosorbing phenolics such as anthocyanins or catechins. Two samples had to be 

prepared for each wine. We had the treatment sample for the red wine and the control 

sample. The preparation of these two samples is summarized below :  

 

a) Treatment sample for the wine. To the red wine (0,1mL) was added 0,04% methyl 

cellulose solution (3ml) and the mixture inverted several times. To this solution, was added 

saturated (NH4)2SO4 solution (2mL) and the total volume was made up to 10mL with distilled 

water. The solution was allowed to stand for 10 minutes at a room temperature and then 

centrifuged for 5 minutes at 4,000 rpm.  The absorbance of the solution was recorded at 280 

nm in a 10 mm quartz cuvette and this represents A280 (supernatant). 

http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=WOS&SID=S2A8@gDlGieMLKHmp3I&field=AU&value=Harbertson,%20JF
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=WOS&SID=S2A8@gDlGieMLKHmp3I&field=AU&value=Downey,%20MO
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b) Control sample. The same volume of tannin solution (e.g. red wine, grape extract, 1.0 

g/L oenotannin) was added as for the treatment sample. To this solution was added 

saturated (NH4)2SO4 solution (2 mL) and the total volume made up to 10 mL with deionised 

water. The solution was allowed to sit for 10 minutes at room temperature and then 

centrifuged for 5 minutes at 4,000 rpm. The absorbance of the solution was recorded at 280 

nm in a 10 mm quartz cuvette and this represents A280 (control). 

 

Concerning the results, we were using the values of the absorbances to quantify the 

condensed tannins. By calculating the difference of the treatment sample for the wine with 

the control sample, and by using the value obtained by the standard curve we were able to 

measure the amount of condensed tannins in g/L. 

 

Condensed tannins (g/L) : Difference of Abs280nm / Y x 100 

Y= value obtained by the standard curve 

 

4.2.5  Turbidity   

 

The equipment used, for measuring the turbidity of the wines, was the Turb 550 IR by WTW. 

By applying the samples to this electronic device we were obtaining the values of turbidity in 

NTU.  

 

 

                                 

                                               (Figure 12) Turbidity meter                                                      



 
32 

5.Results and Discussion  

 

The influence of the different fining agents on the global wine composition that has been 

studied in this experiment presented relevant results in relation with the variable analysis 

performed in the laboratory. All the results that have been observed by the variable analysis 

such as total polyphenols, colour hue, total anthocyanins and etc. are demonstrated below. 

 

5.1 Physical and chemical analysis 

 

These analysis were performed in order to characterize the wines that we were used for the 

experiment. 

   

                                    Table 6. Enological parameters of Touriga Nacional 

  

Analysis performed Units Values 

Volumic mass (g/mL) (g/mL) 0,99259 

pH - 3,69 

Total acidity g/l (of Tartaric Acid) 4,275 

Volatile acidity g/l (of Acetic Acid) 0,58 

Alcohol content (% vol) 13,2 

Total sulphur dioxide (mg/L) 156,8 

Free sulphur dioxide (mg/L) 51,2 

 

                                     

 

                                       Table 7. Enological parameters of Trincadeira 

 

Analysis performed Units Values 

Volumic mass (g/mL) (g/mL) 0,99629 

pH - 3,54 

Total acidity g/l (of Tartaric Acid) 7,83 

Volatile acidity g/l (of Acetic Acid) 0,78 

Alcohol content (% vol) 16,3 

Total sulphur dioxide (mg/L) 96 

Free sulphur dioxide (mg/L) 19,2 
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These parameters have all to be considered very important in order to seek wine quality, 

because of their specific influences on physical, chemical and microbiological stability. 

Factors like pH, alcohol and sulphur dioxide play an important role to the stability and attitude 

of the phenolic compounds in wine that are examined in this experiment. All these 

parameters were analyzed according to the Organisation Internationale de la Vigne et du Vin 

methods (OIV, 2006a) 

 

 

5.2 Turbidity 

 

The results that are reported below show the influence of the different fining products on the 

turbidity of the wines. 

 

 

Table 8. Turbidity results for Egg Albumin treatment  

   

 
                          Egg Albumin treatment 

 
Trincadeira (NTU) 

 
Touriga Nacional (NTU) 

Control 12,3 
 

77,6 

C1R1 4,4 
 

76,9 

C1R2 3,65 
 

75,2 

C2R1 3,64 
 

68,6 

C2R2 3,28 
 

73,2 

 

  

Table 9. Turbidity results for Casesol treatment  

 

                                 Casesol treatment 

  Trincadeira (NTU) 

 

Touriga Nacional (NTU) 

Control 13,5 

 

78 

C1R1 13,7 

 

76,3 

C1R2 14 

 

76 

C2R1 13,1 

 

71,7 

C2R2 12,6 

 

70,8 
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Table 10. Turbidity results for Isinglass treatment  

 

                             Isinglass treatment 

  Trincadeira (NTU) 

 

Touriga Nacional (NTU) 

Control 14,1 

 

92 

C1R1 15 

 

82,2 

C1R2 16 

 

86,3 

C2R1 15,9 

 

80 

C2R2 15,4 

 

85 

 

Table 11. Turbidity results for Gelatin treatment  

 

                                  Gelatin treatment 

  Trincadeira (NTU) 

 

Touriga Nacional (NTU) 

Control 14 

 

85,6 

C1R1 13,1 

 

81,7 

C1R2 13,9 

 

82,3 

C2R1 12 

 

75,6 

C2R2 11,8 

 

72,4 

 

Table 12. Turbidity results for PVPP treatment  

 

                                        PVPP treatment 

  Trincadeira (NTU) 

 

Touriga Nacional (NTU) 

Control 14,4 

 

68,4 

C1R1 14,7 

 

54 

C1R2 16,6 

 

64 

C2R1 13,8 

 

62,9 

C2R2 14,2 

 

66 
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As shown in the tables above, the general outcome is that each clarifying product used, 

affect differently each sample regarding the concentration levels as well as the variety that  

came from. 

Regarding Trincadeira we perceived that, except a big dropping tendency in egg albumin and 

a normal one in gelatin treatment , the rest of the treatments showed a tendency of the same 

or slightly higher levels of turbidity. Whereas, for Touriga Nacional the dropping tendency 

was a common rule for all the treatments as it was expected, regarding the literature so far. 

According to Cosme et al. 2008, fining proteins with higher total surface density show a 

greater impact on the turbidity of the wine. The decrease of the turbidity of the wine is greater 

as the total surface density of a fining protein is higher. In Trincadeira we perceived that, the 

biggest decrease in the turbidity was with Egg Albumin and Gelatin treatments. Results that 

are in accord with Cosme et al. 2008, Scotti and Pinsaut (1997) and Versari et al. 

(1998;1999) in which assays made with gelatin and egg albumin, showed an increase in 

precipitation due to the increase of the surface charge density and therefore less turbid 

wines. Concerning Touriga Nacional, it is not so obvious the difference of the decrease in 

turbidity among the treatments because we had the almost the same tendency in all the 

treated wines. Although the impact is almost the same here, we can perceive that there is a 

slightly bigger decrease in turbidity, for the wines that have been treated with Egg Albumin 

and Gelatin as well as in Trincadeira. Moreover, we observed that in Touriga Nacional 

mostly, the values of NTU were really high. A possible reason is, that the measurements of 

turbidity were performed at the end of the experiment due to a problem with the turbidity 

meter, so the wine of Touriga Nacional had been oxidized along the time of its storage and 

as a result we had the appearance of acetic spoilage. So we assumed that the high levels of 

turbidity were due to the acetic spoilage that was displayed in the bottles of the wine of 

Touriga Nacional. On the other hand, for Trincadeira wine, the values seem to be normal 

because in its bottles it didn’t appear an acetic spoilage.     

 

5.3 Influence of the fining treatments on the quantity of condensed tannins 

   

The analyses of condensed tannins for the various fining treatments indicate a reduction of 

their amount due to their precipitation during the fining process. 

The figures below report this general tendency of reduction in both varieties as well as the 

variability of this reduction regarding each fining treatment.   
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(Figure 13 a, b, c, d, e) Impact of the various fining agents on the concentration of 

condensed tannins in the variety Touriga Nacional. 
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(Figure 14 a, b, c, d, e) Impact of the various fining agents on the concentration of 

condensed tannins in the variety Trincadeira. 
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As shown in all the figures above, there is a reduction in the quantity of condensed tannins 

after the fining treatments in comparison with the quantity of the untreated ones. This result 

agrees with all the studies that have been done so far. (Maury et al. 2001 ; Ricardo da Silva 

et al. 1991a) Furthermore, we can point out that the concentration of the fining agents added 

in the samples didn’t affect proportionally the concentration of tannins in wine. We observed 

that although some concentrations of fining products were higher than others, the condensed 

tannins that precipitated by those concentrations were not as many as the precipitated 

tannins coming from lower concentrations. For example, in Figure 13 c the impact on the 

amount of tannins after fining was higher with the lower concentration of PVPP than with the 

higher one. This tendency appeared also to other fining products. That leads us to conclude 

that higher concentrations of a fining product added in wine do not necessarily promote a 

higher reduction of tannins after fining.  

 

Regarding Touriga Nacional, the bigger decrease of condensed tannins appeared in the 

wines treated by Gelatin and Egg Albumin. More specifically, the biggest decrease was 

observed in Gelatin treatment and especially in its higher concentration. Gelatin is 

considered as a strong fining agent and its use has a great impact on the phenolic 

composition of the wine. Its molecular weight plays also an key role in its influence on the 

amount of tannins after its addition. Gelatins have a high content of glutamic acid and will 

therefore be slightly positively charged or neutral at wine pH. The more highly charged the 

gelatin the more active it is in removal of tannins from wine. So in this case, the high 

reduction of tannins in the wine treated with gelatin has to do probably with its surface charge 

density. 

Concerning Trincadeira, the behaviour of the fining products is completely different 

compared with Touriga Nacional. This tendency confirms the tendencies we’ve faced so far 

and demonstrates that the same fining products behave differently in different varieties. In 

the case of Trincadeira, Casesol has shown the highest reduction of condensed tannins after 

fining. All the rest fining products have shown a lower reduction in the concentration of 

tannins except the high concentration of isinglass that showed a relatively big decrease in 

the quantity of tannins. This wasn’t expected since that we know that isinglass is mostly used 

for white and rose wines and its impact in red wines is small.          
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5.4  Influence of the fining agents on phenolics, colour and pigments.  

 

All the studies that have been done until now and they are mentioned before, report that all 

the fining products have an impact on the wine’s phenolic composition as well as on its 

colour since that they interact with each other. The global evaluation of the phenolic content 

that also indicates the quantity of total polyphenols in wine is very important because it can 

give us an idea how rich in phenolics is our wine and it permits to assess the influence of 

several vinification techniques regarding the content of those compounds. (Glorie, 1978)  

In the tables below, we can see this influence of the fining products on some of the 

characteristics of the wines treated for this experiment. 

 

Table 12 (a,b) Influence of Egg Albumin on phenolics, colour and pigments of Touriga 

Nacional and Trincadeira 

 

     Egg Albumin 

      Touriga Nacional   a  

  Control  C1 C2 

  Mean SDT(+/-) Mean  SDT(+/-) 
Decrease 

% Mean  SDT(+/-) 
Decrease 

% 

T.Polyphenols 51,9 0,25 52,3 0,11 - 51,7 0,18 0,2 

Colour intesity 8,3 0,02 9,4 2,55 - 7,9 0,04 5,4 
Coloured 

antocyanins (mg/l) 41 0,5 37 0,64 10,6 39 0,21 4,7 

Polymeric pigments 2,2 0,02 2,1 0,00 4,3 2,0 0,01 5,8 

Coloured hue 0,7 0 0,7 0,01 1,0 0,7 0,00 0,4 
Total anthocyanins 

(mg/l) 503 50,5 448 2,15 10,9 452 12,86 10,0 
 

                                                                   Egg Albumin 

                           Trincadeira   b  

    Control  C1 C2 

    Mean SDT(+/-) Mean  SDT(+/-) 
Decrease 

% Mean  SDT(+/-) 
Decrease 

% 

T.Polyphenols  58 0,85 57,1 0,11 1,6 56,5 0,57 2,7 

Colour intesity 13,9 0,17 13,8 0,12 0,8 13,6 0,05 2,0 
Coloured 

antocyanins (mg/l) 68 2,55 68 1,84 - 69 0,35 - 

Polymeric pigments  3,8 0 3,7 0,08 2,6 3,7 0,05 3,0 

Coloured hue  0,7 0,01 0,7 0,01 - 0,7 0,00 0,0 
Total anthocyanins 

(mg/l) 591 14,42 574 8,57 2,9 571 9,28 3,5 
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 Table 13 (a, b) Influence of Isinglass on phenolics, colour and pigments of Touriga Nacional 

and Trincadeira 

         

    Isinglass 

                           Trincadeira   b  

    Control  C1 C2 

    Mean SDT(+/-) Mean  SDT(+/-) 
Decrease 

% Mean  SDT(+/-) 
Decrease 

% 

T.Polyphenols  61,9 2,01 61,5 0,18 0,7 62,2 0,25 - 

Colour intesity 13,3 0,04 13,6 0,10 - 13,7 0,01 - 
Coloured 

antocyanins (mg/l) 65 0,31 67 1,56 - 68 0,92 - 

Polymeric pigments  3,7 0,00 3,7 0,02 - 3,7 0,06 - 

Coloured hue  0,7 0,01 0,7 0,00 0,4 0,7 0,00 0,4 
Total anthocyanins 

(mg/l) 563 33,3 557 9,28 1,2 559 2,81 0,8 
  

Table 14 (a, b) Influence of PVPP on phenolics, colour and pigments of Touriga Nationaland Trincadeira 

  PVPP 

      Touriga Nacional   a 

  Control  C1 C2 

  

Mean 
 

SDT(+/-) 
 

Mean  
 

SDT(+/-) 
 

Decrease 
%  

Mean 
  

SDT(+/-) 
 

Decrease  
% 

T.Polyphenols  55,6 0,55 55,0 0,74 0,9 54,4 0,42 2,1 

Colour intesity 8,0 0,09 7,9 0,04 1,6 7,7 0,02 3,4 
Coloured 

antocyanins (mg/l) 38 0,82 38 0,71 - 36 2,47 5,9 

Polymeric pigments  2,1 0,00 2,1 0,01 2,4 2,1 0,07 1,4 

Coloured hue  0,7 0,00 0,7 0,00 0,7 0,7 0,02 - 
Total anthocyanins 

(mg/l) 439 6,91 437 20,71 0,5 405 31,55 7,8 

     

    Isinglass                                                             

      Touriga Nacional     a 

  Control  C1 C2 

  Mean SDT(+/-) Mean  SDT(+/-) 
Decrease 

% Mean  SDT(+/-) 
Decrease 

% 

T.Polyphenols  57,0 0,35 57,2 0,49 - 55,4 0,64 2,7 

Colour intesity 8,0 0,02 8,3 0,22 - 8,2 0,00 - 
Coloured 

antocyanins (mg/l) 37 0,3 39 0,52 - 40 0,35 - 

Polymeric pigments  2,2 0,02 2,2 0,06 0,0 2,1 0,01 1,6 

Coloured hue  0,7 0 0,7 0,01 - 0,7 0,00 - 
Total anthocyanins 

(mg/l) 439 3,03 439 6,00 0,0 438 11,46 0,2 
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    PVPP 

        Trincadeira    b 

    Control  C1 C2 

    Mean SDT(+/-) Mean  SDT(+/-) 
Decrease 

%  Mean  SDT(+/-) 
Decrease 

%  

T.Polyphenols  61,7 2,00 60,0 0,42 2,8 59,6 0,46 3,3 

Colour intesity 12,9 0,04 13,0 0,16 - 12,8 0,11 0,4 
Coloured antocyanins 

(mg/l) 60 0,30 61 1,56 - 61 1,27 - 

Polymeric pigments  3,6 0,00 3,6 0,03 0,0 3,6 0,01 0,4 

Coloured hue  0,7 0,01 0,7 0,00 0,4 0,7 0,00 0,4 
Total anthocyanins 

(mg/l) 576 33,31 574 12,86 0,4 532 39,99 7,5 
 

Table 15 (a, b) Influence of Casesol on phenolics, colour and pigments of Touriga National 

and Trincadeira 

 

  Gasesol 

      Touriga Nacional   a  
  Control  C1 C2 

  Mean SDT(+/-) Mean  SDT(+/-) 
Decrease 

%  Mean  SDT(+/-) 
Decrease 

%  

T.Polyphenols  52,3 0,05 53,0 0,53 - 50,9 0,78 2,6 

Colour intesity 11,0 0,08 10,8 0,02 1,2 10,6 0,04 3,5 
Coloured 

antocyanins (mg/l) 71 0,72 68 0,64 3,3 65 1,32 8,3 

Polymeric pigments  2,4 0,00 2,4 0,01 - 2,4 0,07 0,4 

Coloured hue  0,6 0,00 0,6 0,00 - 0,6 0,00 - 
Total anthocyanins 

(mg/l) 430 5,90 425 0,08 1,0 418 0,57 2,7 

 

 

    Gasesol 

        Trincadeira   b  

    Control  C1 C2 

    Mean SDT(+/-) Mean  SDT(+/-) 
Decrease 

%  Mean  SDT(+/-) 
Decrease 

%  

T.Polyphenols  57,1 2,00 57,2 0,04 - 56,4 0,32 1,2 

Colour intesity 14,9 0,04 14,8 0,13 1,0 14,3 0,06 3,9 
Coloured antocyanins 

(mg/l) 82 0,30 81 0,14 1,1 74 0,92 9,7 

Polymeric pigments  3,8 0,00 3,7 0,09 1,5 3,8 0,00 0,5 

Coloured hue  0,7 0,01 0,7 0,00 - 0,7 0,00 - 
Total anthocyanins 

(mg/l) 547 33,30 542 2,67 0,9 528 1,43 3,5 
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Table 16 (a, b) Influence of Gelatin on phenolics, colour and pigments of Touriga National 

and Trincadeira 

 

  Gelatin 

      Touriga Nacional   a 

  Control  C1 C2 

  Mean SDT(+/-) Mean  SDT(+/-) 
Decrease 

%  Mean  SDT(+/-) 
Decrease 

%  

T.Polyphenols  54,7 0,35 52,6 0,71 3,8 51,6 0,32 5,6 

Colour intesity 11,6 0,02 11,1 0,04 3,9 10,9 0,31 5,9 
Coloured 

antocyanins (mg/l) 69 0,30 67 0,85 3,3 64 1,13 7,1 

Polymeric pigments  2,7 0,02 2,6 0,03 4,4 2,6 0,06 5,3 

Coloured hue  0,6 0,00 0,6 0,00 0,0 0,6 0,01 - 
Total anthocyanins 

(mg/l) 391 3,03 390 1,56 0,2 378 3,44 3,2 
 

 

    Gelatin 

                           Trincadeira   b  

    Control  C1 C2 

    Mean SDT(+/-) Mean  SDT(+/-) 
Decrease 

%  Mean  SDT(+/-) 
Decrease 

%  

T.Polyphenols 59,5 2,00 57,5 0,60 3,4 57,5 0,74 3,4 

Colour intesity 15,5 0,04 15,1 0,05 3,1 14,7 0,14 5,6 
Coloured antocyanins 

(mg/l) 84 0,30 85 0,14 - 84 0,42 0,7 

Polymeric pigments 4 0,00 3,8 0,04 6,3 3,6 0,04 9,7 

Coloured hue 0,7 0,01 0,7 0,00 0,4 0,7 0,00 0,8 
Total anthocyanins 

(mg/l) 515 33,30 496 9,21 3,7 496 7,09 3,8 

 

 

As the results shown above and especially the percentages of reduction after the fining 

treatments, we can assume that colour intensity and molecules related to wine colour (such 

as coloured and total anthocyanins as well as polymeric pigments) are less affected by fining 

with protein agents than the tannins are. Comparing the results of the tables above with the 

reduction on the quantity of tannins after fining, we can claim that the protein agents had a 

greater impact on the concentration of tannins than on the quantity of the molecules related 

to wine colour. However, the addition of Gelatin and Egg Albumin notably decreased colour 

intensity whereas the colour hue remained almost unchanged after the addition of all the 

proteins fining agents. Except the strong impact of Egg Albumin the rest of the results are in 
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line with the finding of others authors. (Lovino et al. 1999 ; Panero et al. 2001 ; Versari et al. 

1998)  

The biggest decrease in the colour intensity appeared to be in Gelatin treatment whereas in 

the egg albumin’s the decrease was slightly lower. This decrease of colour intensity for these 

two treatments is related to the polymeric pigments concentration. Both of them had the 

highest reduction of polymeric pigments among all the fining products. Knowing from the 

literature that there is a strong correlation between colour intensity and polymeric pigments 

we can explain this big impact of these two protein agents on the colour intensity of the wine. 

On the other hand, the smallest decrease on the colour intensity after the fining, had been 

shown by isinglass and PVPP as in both cases the reduction of their polymeric pigments was 

too low.  Regarding the quantity of coloured anthocyanins, we observed the biggest influence 

on their quantity after Casesol’s fining treatment. Their reduction was relatively high for both 

the varieties that had been used for the experiment.  Contrary, for Egg Albumin and Gelatin, 

the tendency of decreasing in the quantity of coloured anthocyanins displays only in Touriga 

Nacional variety whereas in Trincadeira the decrease is extremely small in comparison with 

Touriga Nacional. Moreover, it has to be underlined the high reduction of coloured 

anthocyanins with the addition of PVPP in high concentration in Touriga National.  

Having an overall look of the results, it seems that in Touriga Nacional the impact of fining 

with most of the products is much higher than in Trincadeira regarding the quantity of 

coloured anthocyanins. Comparing these two varieties, regarding their anthocyanins’ profile, 

we can perceive that Trincadeira is richer in anthocyanins than Touriga Nacional. Despite 

Trincadeira’s richness in anthocyanins, the results have shown a lower impact on its profile, 

whereas in Touriga National that presents a poorer anthocyanin profile, the influence is 

bigger.  For the amount of the total polyphenols, we can report to Gelatin’s influence. Gelatin 

demonstrated the biggest influence on the concentration of total polyphenols among all the 

other fining agents in both of the varieties with an exception of PVPP in Trincadeira that 

leaded to a consecutively big reduction too. This high reduction of total polyphenols from 

Gelatin’s treatment can be explained due to the high precipitation of tannins after its addition 

as long as the condensed tannins constitute part of the polyphenols. The highest reduction 

on the quantity of total anthocyanins appeared in Touriga Nacional treated by Egg Albumin. 

Furthermore, the general tendency indicates that the fining products in high concentrations 

provoke a bigger decrease on the amount of total anthocyanins compared with the small 

concentrations. These tendencies have been displayed in the fining treatments of PVVP, 

Casesol and Gelatin, where in all the cases except one, the high concentrations demonstrate 

a higher reduction of total anthocyanins than the smaller ones do.        
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5.5   Influence of fining agents on each monomeric anthocyanins 

 

Knowing from the literature about the influence of the fining agents on the concentration of 

total anthocyanins after the fining, in this experiment we examined as well their influence on 

each monomeric anthocyanin. These pigments are crucial for the colour of the wine. 

Especially, the five monoglucosides and predominantly Malvidin. This happens because the 

presence of ethanol works against the copigmentation and the acetylated anthocyanins 

disappear rapidly a few months after the fermentation whereas the monoglucosides remain 

unaffected by this phenomenon. In addition, the majority of these pigments combine and 

condense with tannins in wine to form another, more stable class of colour molecules. These 

complex combined anthocyanins are responsible for the colour of the wine. That’s the reason 

that is important to know the quantity of these monomeric anthocyanins after a fining 

treatment. In our case the impact of the fining products that we used was different for each 

variety as well as for each specific anthocyanidin.  

 

 

      (Figure 15 a & b)  Impact of Isinglass on the quantity of the monomeric anthocyanins after the 

fining treatment 
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    (Figure 16 a & b)  Impact of Egg Albumin on the quantity of the monomeric anthocyanins 

after the fining treatment 
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       (Figure 17 a & b)  Impact of PVPP on the quantity of the monomeric anthocyanins after 

the fining treatment 
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    (Figure 18 a & b)  Impact of Gelatin on the quantity of the monomeric anthocyanins after 

the fining treatment 

 

0,0 

5,0 

10,0 

15,0 

20,0 

25,0 

30,0 

35,0 

40,0 

45,0 

50,0 

Df 3 -gluc Cy 3- gluc Pt 3-gluc Pe 3-gluc Df 3-cum Mlv 3-ac gl Pt 3-cum Mlv 3-cum gl 

Control 

C1 

C2  

  Trincadeira Gelatin Treatment 

   
m

g/
L 

    a 

0,0 

5,0 

10,0 

15,0 

20,0 

25,0 

30,0 

35,0 

40,0 

45,0 

50,0 

Df 3 -gluc Cy 3- gluc Pt 3-gluc Pe 3-gluc Df 3-cum Mlv 3-ac gl Pt 3-cum Mlv 3-cum gl 

Control 

C1 

C2  

     Touriga National Gelatin Treatment 

   
m

g/
L 

 b 



 
48 

 

 

 

 

         (Figure 19 a & b)  Impact of Casesol on the quantity of the monomeric anthocyanins 

after the fining treatment 
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     (Figure 20)  Impact of all the fining products used on the quantity of Malvidine 3-gluc after 

the fining treatment in Touriga National 

 

 

 

 

     (Figure 21)  Impact of all the fining products used on the quantity of Malvidine 3-gluc after 

the fining treatment in Touriga National 
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Our results demonstrate that there is a grave reduction on the quantity of the monomeric 

anthocyanins in comparison with their quantity on the control. These results are confirmed as 

well by the reduction of the total anthocyanins and of the molecules linked with the colour of 

the wines observed by Somers-Evans (1977) analysis. The same tendencies were reported 

on the results of other authors. (Cosme 2007; Tshierch 2008; Lagune 1996) 

Concerning the decrease of the total anthocyanins, the biggest decrease displayed in 

Casesol’s treatment. Big reductions observed from gelatin and egg albumin treatments too. 

The smallest decrease was reported by Isinglass treatment. Another assumption is that the 

percentages of reduction of the monomeric anthocyanins are not relevant always with the 

fining agents concentrations. We perceived in the previous results of this experiment that in 

high concentrations of fining agents, the impact on the quantity of the different molecules of 

the wine was bigger than the one with low concentrations. In this case, this didn’t happen. 

Regarding PVPP, according to the literature PVPP reduces bitterness as it reacts mainly with 

“small” flavanols. It is linked mostly with the less reactive tannins as the more reactive ones 

are bigger molecules in terms of size. In our case, PVVP didn’t affect the tannins as much as 

other fining products. Contrary, we perceived a bigger effect on the anthocyanins by PVPP 

than on the tannins. This result was expected regarding the literature.  

 For the monomeric anthocyanins, Casesol promoted a decrease in each of them separately. 

This findings agree with those (Lovino et al. 1999; Cosme et al. 2007) who observed the 

fining red wines with casein decreases the level of monomeric anthocyanins. The isinglass 

had the least effect on the total monomeric anthocyanin content. Similar results were 

reported by (Bonerz et al. 2004; Cosme et al. 2008).  

Having an overlook in the results, we can claim that in general the biggest impact by all the 

fining agents is displayed in the acylated and coumarylated derivatives of the monomeric 

anthocyanins  rather than the 3-glucoside antocyanidins. The biggest impact perceived in the 

monomeric anthocyanins 11 (coming from acetic esters)  and 21 (coming from coumaric 

esters) that we don’t know at the moment which are, so they cannot be characterized with a 

name and in the Malvidin-3-(6´´-0-p-coumaroylglucoside) and Malvidin-3-(6’ ’-0-

acetoylglucoside). We observed as well that the biggest reduction was on the monomeric 

anthocyanins of Touriga National. This reduction will be linked afterwards  with the loses of 

colour of this variety after the fining. This reduction can be explained because Touriga 

National is richer in Malvidin-3-(6´´-0-p-coumaroylglucoside) and Malvidin-3-(6’ ’-0-

acetoylglucoside).  

As a consequence, and taking into consideration as well the fact that the fining agents that 

had been used affect more the Malvidin-3-(6´´-0-p-coumaroylglucoside) and Malvidin-3-(6’ ’-
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0-acetoylglucoside), Touriga National will be more affected by the fining treatments in 

comparison with Trincadeira that is richer in the monomeric anthocyanins coming from 3-

glucoside.  

Among the groups of the anthocyanins, the derivatives from acetic esters are particularly 

interesting due to their ability of absorbing anthocyanins non-acylated which have a more 

bluish red colour in a higher wavelength. (Morato 2003) . In particular, the coumarylated 

derivatives seems more interesting respect to the acylated ones due to their high quantity 

and due to their high absorbance in more elevated wavelengths. The major anthocyanin in 

Vitis family is the Malvidin 3 glucoside followed in order by peonidin, petunidin, cyaniding and 

delphidin. The most stable of all is Malvidin 3 glucoside. This stability seems to increase with 

the number of ring B methoxyl groups and diminish the already high number of hydroxyl 

groups. (Zamora 2003)  

As a result, Malvidin presents the highest responsibility for the colour of the wine in 

comparison with the rest of the monomeric anthocyanins. Concerning Malvidin 3 glucoside 

concentration before and after fining, the biggest decrease appeared after the addition of 

Casesol for Touriga National. This confirms as well, the results that were mentioned before 

about Casesol’s big influence on all the monomeric anthocyanins. The same tendency was 

perceived in Trincadeira too. Casesol treatment has shown the biggest reduction on the 

concentration of Malvidin 3 glucoside. In both the varieties Egg Albumin has shown the 

second bigger decrease on Malvidin’s concentration.     
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6.Conclusions 

 

The study of the influence of various animal proteins used as fining agents on the 

anthocyanins profile has shown that we can obtain different results depending on the variety 

that we use as well as on the variability of the fining agents and their concentrations that are 

applied to the wine. It means that even if we apply the same fining agent with the same 

concentration in two different varieties, the results are not equal. This underlines that the 

behaviour of each variety against different fining products is unique.   

The results concerning the turbidity indicated a variability between the two varieties. For 

Trincadeira we had a big dropping tendency for Egg Albumin and a lighter one for Gelatin 

whereas for the other treatments the values were similar and slightly higher than the initial 

ones. On the other hand, the tendency in Touriga National was the same as we had a 

reduction on the values of turbidity for all our treatments. 

In addition the results have shown that all the fining agents promoted a reduction on the final 

quantity of tannins after the treatments. We perceived as well that the concentrations of the 

fining agents didn’t affect proportionally their quantities since that we observed bigger 

decrease of tannins with lower concentrations than with higher ones.  

Moreover, colour intensity and other molecules related with the colour of the wine have been 

affected less from the fining products than the tannins. Gelatin and Egg Albumin provoke a 

notably decrease on the colour’s intensity as well as on the polymeric pigments due to their 

linkage. The colour hue remained unchangeable from all the fining products that had been 

used.  

For the colour anthocyanins, Casesol promoted the biggest influence on their quantity. 

Except Casesol, the rest of the fining products showed different behaviours depending on the 

variety that were applied to. Regarding the total anthocyanins, the biggest reduction on their 

quantity appeared in Touriga National treated by Egg Albumin. Furthermore, the general 

tendency indicates that the fining products in high concentrations provoke a bigger decrease 

on the amount of total anthocyanins compared with the small concentrations. 

The analysis performed on the quantity of monomeric anthocyanins before and after the 

fining treatments demonstrate particularly interesting results. Casesol appeared to have an 

impact on the quantity of all of them, without meaning at the same time, that it affected them 

more than all the others. 
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Regarding separately now the groups of the monomeric anthocyanins we observed that in 

general the biggest impact by all the fining agents is displayed to the acylated and 

coumarylated derivatives of the monomeric anthocyanins rather than the 3-glucoside 

antocyanidins. Having this as a fact and learning through the initial analysis that Touriga 

National is richer in these two groups rather than in glucoside derivatives we are able to 

explain why Touriga National was more affected in all the fining treatments compared to 

Trincadeira that is poorer in acylated derivatives and in general It was less influenced by the 

fining agents. 
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8.Annexes  

 

i) Concentrations of condensed tannins treated with Egg albumin 

 

    Trincadeira        

20-03-
2012 

Branco 
med A 280 s 

A280 b- 
A280 s (a) 

Conc 
(mg/l) (b) Coluna2 Conc (g/l) 

Conc (g/l) 
média Desvio P % 

Co 1 0,691 0,58 0,111 902,439   0,902439 0,926829268 0,01724651   

Co 2 0,691 0,574 0,117 951,22   0,95122       

C1 R1 0,697 0,579 0,118 959,35   0,95935 0,906504065 0,03736743 2,2 

C1 R1 0,697 0,592 0,105 853,659   0,853659       

C1 R2 0,704 0,615 0,089 723,577   0,723577 0,869918699 0,10347904 6,1 

C1 R2 0,704 0,579 0,125 1016,26   1,01626       

C2 R1 0,708 0,585 0,123 1000   1 0,666666667 0,23570226 28,1 

C2 R1 0,708 0,667 0,041 333,333   0,333333       

C2 R2 0,704 0,639 0,065 528,455   0,528455 0,772357724 0,17246507 16,7 

C2 R2 0,704 0,579 0,125 1016,26   1,01626       

                  100 

 

 

 

 

  Touriga National           

20-03-
2012 

Branco 
med A 280 s 

A280 b- 
A280 s (a) 

Conc (mg/l) 
(b) Coluna2 Conc (g/l) 

Conc (g/l) 
média Desvio P % 

Co 1 0,627 0,413 0,214 1739,837   1,7398374 1,61382114 0,1782139   

Co 2 0,627 0,444 0,183 1487,804   1,4878049       

C1 R1 0,645 0,505 0,14 1138,211   1,1382114 0,99593496 0,20120925 38,3 

C1 R1 0,645 0,54 0,105 853,658   0,8536585       

C1 R2 0,638 0,505 0,133 1081,300   1,0813008 0,91463415 0,23570226 43,3 

C1 R2 0,638 0,546 0,092 747,967   0,7479675       

C2 R1 0,646 0,499 0,147 1195,121   1,195122 1,04878049 0,20695808 35,0 

C2 R1 0,646 0,535 0,111 902,439   0,902439       

C2 R2 0,657 0,506 0,151 1227,642   1,2276423 1,26422764 0,05173952 21,7 

C2 R2 0,657 0,497 0,16 1300,813   1,300813       

                  100 
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        ii) Concentrations of condensed tannins treated with Isinglass 

 

  Touriga National           

20-03-
2012 

Branco 
med 

A 280 
s 

A280 b- 
A280 s (a) 

Conc (mg/l) 
(b) Coluna2 Conc (g/l) 

Conc (g/l) 
média Desvio P % 

Co 1 0,564 0,388 0,176 1430,894   1,430894309 1,280487805 0,21270692   

Co 2 0,564 0,425 0,139 1130,081   1,130081301       

C1 R1 0,561 0,408 0,153 1243,902   1,243902439 1,239837398 0,00574884 3,2 

C1 R1 0,561 0,409 0,152 1235,772   1,235772358       

C1 R2 0,561 0,415 0,146 1186,991   1,18699187 1,158536585 0,04024185 9,5 

C1 R2 0,561 0,422 0,139 1130,081   1,130081301       

C2 R1 0,541 0,389 0,152 1235,772   1,235772358 1,077235772 0,22420459 15,9 

C2 R1 0,541 0,428 0,113 918,699   0,918699187       

C2 R2 0,538 0,389 0,149 1211,382   1,211382114 1,166666667 0,06323719 8,9 

C2 R2 0,538 0,4 0,138 1121,951   1,12195122       

                    

 

 

    Trincadeira        

20-03-
2012 

Branco 
med A 280 s 

A280 b- 
A280 s (a) 

Conc 
(mg/l) (b) Coluna2 Conc (g/l) 

Conc (g/l) 
média Desvio P % 

Co 1 0,644 0,47 0,174 1414,634   1,414634 1,585365854 0,120726   

Co 2 0,644 0,428 0,216 1756,098   1,756098       

C1 R1 0,663 0,45 0,213 1731,707   1,731707 1,589430894 0,100605 -0,3 

C1 R1 0,663 0,485 0,178 1447,154   1,447154       

C1 R2 0,667 0,489 0,178 1447,154   1,447154 1,56097561 0,080484 1,5 

C1 R2 0,667 0,461 0,206 1674,797   1,674797       

C2 R1 0,617 0,524 0,093 756,0976   0,756098 0,963414634 0,146595 39,2 

C2 R1 0,617 0,473 0,144 1170,732   1,170732       

C2 R2 0,628 0,419 0,209 1699,187   1,699187 1,321138211 0,267321 16,7 

C2 R2 0,628 0,512 0,116 943,0894   0,943089       

                  100 
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        iii) Concentrations of condensed tannins treated with PVPP 

 

  Touriga National           

20-03-
2012 

Branco 
med 

A 280 
s 

A280 b- 
A280 s (a) 

Conc 
(mg/l) (b) Coluna2 Conc (g/l) 

Conc (g/l) 
média Desvio P % 

Co 1 0,574 0,396 0,178 1447,154   1,447154472 1,3130081 0,18971158   

Co 2 0,574 0,429 0,145 1178,861   1,178861789       

C1 R1 0,557 0,443 0,114 926,829   0,926829268 1,0325203 0,14946973 21,4 

C1 R1 0,557 0,417 0,14 1138,211   1,138211382       

C1 R2 0,568 0,44 0,128 1040,650   1,040650407 1,004065 0,05173952 23,5 

C1 R2 0,568 0,449 0,119 967,479   0,967479675       

C2 R1 0,531 0,396 0,135 1097,560   1,097560976 1,0569106 0,05748836 19,5 

C2 R1 0,531 0,406 0,125 1016,260   1,016260163       

C2 R2 0,549 0,389 0,16 1300,813   1,300813008 1,1869919 0,1609674 9,6 

C2 R2 0,549 0,417 0,132 1073,170   1,073170732       

                  100 
 

 

 

    Trincadeira        

20-03-
2012 

 
Branco 
med 

A 280 
s 

A280 b- 
A280 s (a) 

Conc (mg/l) 
(b) Coluna2 Conc (g/l) 

Conc (g/l) 
média Desvio P % 

Co 1 0,641 0,469 0,172 1398,374   1,398374 1,426829268 0,040242   

Co 2 0,641 0,462 0,179 1455,285   1,455285       

C1 R1 0,629 0,467 0,162 1317,073   1,317073 1,260162602 0,040242 11,7 

C1 R1 0,629 0,481 0,148 1203,252   1,203252       

C1 R2 0,634 0,492 0,142 1154,472   1,154472 1,264227642 0,077609 11,4 

C1 R2 0,634 0,465 0,169 1373,984   1,373984       

C2 R1 0,622 0,458 0,164 1333,333   1,333333 1,349593496 0,011498 5,4 

C2 R1 0,622 0,454 0,168 1365,854   1,365854       

C2 R2 0,62 0,455 0,165 1341,463   1,341463 1,341463415 0 6,0 

C2 R2 0,62 0,455 0,165 1341,463   1,341463       

                  100 
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                    iv) Concentrations of condensed tannins treated with Casesol 

 

 

 

 

  Touriga National           

20-03-
2012 

 
Branco 
med 

A 280 
s 

A280 b- 
A280 s (a) 

Conc 
(mg/l) (b) Coluna2 Conc (g/l) 

Conc (g/l) 
média Desvio P % 

Co 1 0,538 0,371 0,167 1357,723   1,3577 1,386178862 0,040241849   

Co 2 0,538 0,364 0,174 1414,634   1,4146       

C1 R1 0,536 0,398 0,138 1121,951   1,1219 1,235772358 0,160967397 10,9 

C1 R1 0,536 0,37 0,166 1349,593   1,3495       

C1 R2 0,545 0,38 0,165 1341,463   1,3414 1,284552846 0,080483699 7,3 

C1 R2 0,545 0,394 0,151 1227,642   1,2276       

C2 R1 0,542 0,398 0,144 1170,731   1,1707 1,12195122 0,068986027 19,1 

C2 R1 0,542 0,41 0,132 1073,170   1,0731       

C2 R2 0,545 0,423 0,122 991,869   0,9918 0,825203252 0,23570226 40,5 

C2 R2 0,545 0,464 0,081 658,536   0,6585       

                  100 

    Trincadeira        

20-03-
2012 

 Branco 
med 

A 
280 s 

A280 b- A280 
s (a) 

Conc (mg/l) 
(b) Coluna2 

Conc 
(g/l) 

Conc (g/l) 
média Desvio P % 

Co 1 0,645 0,533 0,112 910,569   0,910569 0,857723577 0,037367432   

Co 2 0,645 0,546 0,099 804,878   0,804878       

C1 R1 0,636 0,55 0,086 699,186   0,699187 0,528455285 0,120725548 38,4 

C1 R1 0,636 0,592 0,044 357,723   0,357724       

C1 R2 0,658 0,594 0,064 520,325   0,520325 0,495934959 0,017246507 42,2 

C1 R2 0,658 0,6 0,058 471,544   0,471545       

C2 R1 0,62 0,558 0,062 504,065   0,504065 0,508130081 0,002874418 40,8 

C2 R1 0,62 0,557 0,063 512,195   0,512195       

C2 R2 0,629 0,542 0,087 707,317   0,707317 0,552845528 0,109227877 35,5 

C2 R2 0,629 0,58 0,049 398,373   0,398374       

                  100 
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v) Concentrations of condensed tannins treated with Gelatin 

 

  Touriga National           

20-03-
2012 

Branco 
med A 280 s 

A280 b- 
A280 s (a) 

Conc (mg/l) 
(b) Coluna2 Conc (g/l) 

Conc (g/l) 
média Desvio P % 

Co 1 0,54 0,391 0,149 1211,382   1,211382 1,199187 0,017247   

Co 2 0,54 0,394 0,146 1186,991   1,186992       

C1 R1 0,549 0,401 0,148 1203,252   1,203252 0,943089 0,367925 21,4 

C1 R1 0,549 0,465 0,084 682,926   0,682927       

C1 R2 0,525 0,402 0,123 1000   1 0,739837 0,367925 38,3 

C1 R2 0,525 0,466 0,059 479,674   0,479675       

C2 R1 0,514 0,492 0,022 178,861   0,178862 0,321138 0,201209 73,2 

C2 R1 0,514 0,457 0,057 463,414   0,463415       

C2 R2 0,515 0,464 0,051 414,634   0,414634 0,349593 0,091981 70,8 

C2 R2 0,515 0,48 0,035 284,552   0,284553       

                  100 
 

 

 

 

 

    Trincadeira        

20-03-
2012 

Branco 
med 

A 280 
s 

A280 b- 
A280 s 

(a) 
Conc (mg/l) 

(b) Coluna2 Conc (g/l) 
Conc (g/l) 

média Desvio P % 

Co 1 0,595 0,464 0,131 1065,040   1,06504065 1,142276423 0,054613938   

Co 2 0,595 0,445 0,15 1219,512   1,219512195       

C1 R1 0,567 0,475 0,092 747,967   0,74796748 0,792682927 0,031618596 30,6 

C1 R1 0,567 0,464 0,103 837,398   0,837398374       

C1 R2 0,606 0,473 0,133 1081,300   1,081300813 1,089430894 0,005748836 4,6 

C1 R2 0,606 0,471 0,135 1097,560   1,097560976       

C2 R1 0,58 0,463 0,117 951,219   0,951219512 0,995934959 0,031618596 12,8 

C2 R1 0,58 0,452 0,128 1040,650   1,040650407       

C2 R2 0,6 0,48 0,12 975,609   0,975609756 1,016260163 0,028744178 11,0 

C2 R2 0,6 0,47 0,13 1056,910   1,056910569       

                  100 
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 1) HPLC Results treated with Isinglass 

 

 

 

 

 

 

 

 

 

 

                     Control L1 mean SDT mean SDT mean SDT

area mg/l area mg/L mg/L area mg/L area mg/L area mg/L area mg/L mg/L % area mg/L area mg/L area mg/L area mg/L mg/L %

Df 3 -gluc 451931 5,4 358274 4,3 4,9 0,80 327859 3,9 404314 4,9 374542 4,5 343693 4,1 4,4 0,41 10,5 342785 4,1 445052 5,3 397751 4,8 416915 5,0 4,8 0,52 1,1

Cy 3- gluc 0 0,0 0 0,00 0,0 0,00 0 0,0 0 0,0 0 0,0 0 0,0 0,0 0,00 0,0 0 0,0 0 0,0 0 0,0 0 0,0 0,0 0,00 0,0

Pt 3-gluc 1066541 12,8 972388 11,7 12,2 0,80 798506 9,6 962153 11,6 918824 11,0 1002974 12,0 11,1 1,06 9,7 796547 9,6 844496 10,1 775028 9,3 829424 10,0 9,7 0,38 20,4

Pe 3-gluc 1739525 20,9 1898105 22,8 21,8 1,35 1888777 22,7 1828657 22,0 1814691 21,8 1723486 20,7 21,8 0,82 0,3 1745772 21,0 1644731 19,7 1684359 20,2 1730405 20,8 20,4 0,55 6,5

Mv 3-gluc 12982683 155,9 13370871 160,5 158,2 3,30 12820311 153,9 12967352 155,7 13497387 162,0 13074094 157,0 157,2 3,49 0,7 12315773 147,9 12414544 149,0 12381883 148,7 12319148 147,9 148,4 0,58 6,2

11? 564675 6,8 564849 6,8 6,8 0,00 550328 6,6 558998 6,7 602791 7,2 332554 4,0 6,1 1,46 9,5 437588 5,3 555400 6,7 521879 6,3 612037 7,3 6,4 0,88 5,8

Malv 3-acet gluc 2938543 35,3 3000680 36,0 35,7 0,53 2922875 35,1 2754807 33,1 2908403 34,9 2868550 34,4 34,4 0,91 3,6 3061881 36,8 2758700 33,1 2733539 32,8 2943825 35,3 34,5 1,88 3,2

21? 580739 7,0 638253 7,7 7,3 0,49 543944 6,5 487405 5,9 607764 7,3 527719 6,3 6,5 0,60 11,1 561760 6,7 469478 5,6 484194 5,8 598491 7,2 6,3 0,74 13,3

Malv 3-coum gluc 1505929 18,1 1633771 19,6 18,8 1,09 1532973 18,4 1396516 16,8 1519846 18,2 1425685 17,1 17,6 0,81 6,4 1577232 18,9 1566400 18,8 1325332 15,9 1572801 18,9 18,1 1,48 3,8

sum 262,1 269,4 265,7 256,7 256,4 267,1 255,7 259,0 5,40 2,5 250,2 248,5 243,8 252,4 248,7 3,66 6,4

Total area 22958288 275,6 23742648 285,0 280,3 6,66 22860216 274,5 25678590 308,3 25640330 307,8 22689868 272,4 290,7 20,01 -3,7 22471386 269,8 21727766 260,9 21471122 257,8 22357478 268,4 248,7 5,81 11,3

C2R2 L2 C2R1 L1 C2R1 L2

Touriga National Ichtyocole

        Control L2 C1R1 L1 C1R1 L2 C1R2 L1 C1R2 L2 C2R2 L1

                     Control L1 mean SDT mean SDT mean SDT

area mg/l area mg/L mg/L area mg/L area mg/L area mg/L area mg/L mg/L % area mg/L area mg/L area mg/L area mg/L mg/L %

Df 3 -gluc 1390041 16,7 1487718 17,9 17,3 0,83 1500228 18,0 1416151 17,0 1577882 18,9 18,0 0,97 -4,1 1436325 17,2 1402636 16,8 1373239 16,5 16,9 0,38 2

Cy 3- gluc 459321 5,5 345841 4,2 4,8 0,96 358978 4,3 435947 5,2 446182 5,4 5,0 0,57 -2,8 373384 4,5 401470 4,8 324600 3,9 4,4 0,47 9

Pt 3-gluc 2242886 26,9 2333543 28,0 27,5 0,77 2202476 26,4 2170694 26,1 2229954 26,8 26,4 0,36 3,8 2436343 29,2 2278645 27,4 2029944 24,4 27,0 2,46 2

Pe 3-gluc 3822958 45,9 4001421 48,04 47,0 1,52 4004209 48,1 3943095 47,3 3801966 45,6 47,0 1,25 -0,1 3616804 43,4 3732252 44,8 3561451 42,8 43,7 1,05 7

Mv 3-gluc 14464435 173,7 15400049 184,89 179,3 7,94 15217743 182,7 14956271 179,6 14934426 179,3 180,5 1,89 -0,7 14522139 174,3 14988645 179,9 14632158 175,7 176,7 2,93 1

11? 782026 9,4 685168 8,23 8,8 0,82 320170 3,8 501677 6,0 230374 2,8 4,2 1,66 52,2 300068 3,6 298036 3,6 307613 3,7 3,6 0,06 59

Malv 3-acet gluc 806119 9,7 887803 10,66 10,2 0,69 897433 10,8 769459 9,2 878442 10,5 10,2 0,83 -0,2 828395 9,9 657035 7,9 851845 10,2 9,4 1,28 8

21? 464422 5,6 443410 5,32 5,4 0,18 455125 5,5 418291 5,0 423193 5,1 5,2 0,24 4,8 460875 5,5 412308 5,0 457915 5,5 5,3 0,33 2

Malv 3-coum gluc 1566184 18,8 1660664 19,94 19,4 0,80 1642889 19,7 1548010 18,6 1578153 18,9 19,1 0,58 1,5 1566389 18,8 1595591 19,2 1310426 15,7 17,9 1,88 8

sum 312,1 327,1 319,6 319,3 314,1 313,4 315,6 1,3 306,6 309,3 298,3 304,8 5

Total area 27435216 329,4 29090898 349,3 339,3 14,06 28829572 346,1 28465024 341,7 28685088 344,4 344,1 2,20 -1,4 27485592 330,0 28353980 340,4 27251198 327,2 332,5 6,97 2

C2R1 L2 C2R2 L1 C2R2 L2

Trincadeira ichtyocole

        Control L2 C1R1 L1 C1R1 L2 C1R2 L1 C1R2 L2 C2R1 L1
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                     2) HPLC Results treated with Egg Albumin 

 

 

 

 

 

 

 

 

 

 

Trincadeira -egg albumin

                     Control L1 mean SDT mean SDT mean SDT

area mg/l area mg/L mg/L area mg/L area mg/L area mg/L mg/L % area mg/L area mg/L area mg/L mg/L %

Df 3 -gluc 1652469 19,8 1487718 17,9 18,9 1,40 1614626 19,4 1260087 15,1 1618674 19,4 18,0 2,47 4,60 1229774 14,8 1544501 18,5 1544298 18,5 17,3 2,18 8,3

Cy 3- gluc 401284 4,8 345841 4,2 4,5 0,47 344108 4,1 316158 3,8 346176 4,2 4,0 0,20 10,19 304072 3,7 373406 4,5 366267 4,4 4,2 0,46 6,9

Pt 3-gluc 2711027 32,5 2333543 28,0 30,3 3,20 2171321 26,1 2106260 25,3 2352955 28,2 26,5 1,53 12,37 2136041 25,6 2322789 27,9 2250185 27,0 26,8 1,13 11,3

Pe 3-gluc 4267739 51,2 4001421 48,0 49,6 2,26 3530427 42,4 4122535 49,5 3446246 41,4 44,4 4,42 10,52 3726310 44,7 3478032 41,8 3417914 41,0 42,5 1,96 14,4

Mv 3-gluc 14424771 173,2 15400049 184,9 179,0 8,28 13440560 161,4 15120190 181,5 13788079 165,5 169,5 10,64 5,34 14189960 170,4 13924709 167,2 13529851 162,4 166,7 3,99 6,9

11? 721912 8,7 685168 8,2 8,4 0,31 713302 8,6 695202 8,3 667871 8,0 8,3 0,27 1,62 630280 7,6 668512 8,0 651561 7,8 7,8 0,23 7,6

Malv 3-acet gluc 881756 10,6 887803 10,7 10,6 0,05 717651 8,6 814129 9,8 772333 9,3 9,2 0,58 13,19 803070 9,6 788315 9,5 712612 8,6 9,2 0,58 13,2

21? 455381 5,5 443410 5,3 5,4 0,10 374776 4,5 475426 5,7 415401 5,0 5,1 0,61 6,13 414830 5,0 358774 4,3 411890 4,9 4,7 0,38 12,1

Malv 3-coum gluc 1685991 20,2 1660664 19,9 20,1 0,22 1296398 15,6 1630029 19,6 1405149 16,9 17,3 2,04 13,71 1558765 18,7 1380897 16,6 1396533 16,8 17,4 1,18 13,6

sum 326,6 327,1 326,8 290,6 318,6 297,9 302,4 7,49 300,1 298,2 291,5 296,6 9,3

Total area 29165910 350,16 29090898 349,26 349,7 0,64 26663338 320,1 28373384 340,6 26388682 316,8 325,9 12,91 6,82 26915126 323,1 26567396 319,0 25596090 307,3 316,5 8,21 9,5

C1R1 L1 C1R1 L2 C1R2 L2        Control L2 C2R1 L1 C2R1 L2 C2R2 L2

        Control L2 mean SDT mean SDT mean SDT

area mg/l area mg/L mg/L area mg/L area mg/L area mg/L area mg/L mg/L % area mg/L area mg/L area mg/L mg/L %

Df 3 -gluc 406148 4,9 358274 4,3 4,59 0,41 344711 4,1 292792 3,5 357915 4,3 403486 4,8 4,20 0,55 8,5 371683 4,5 315672 3,8 418959 5,0 4,43 0,62 4

Cy 3- gluc 0 0,0 0 0,0 0,00 0,00 0 0,0 0 0,0 0 0,0 0 0,0 0,00 0,00 0,0 0 0,0 0 0,0 0,00 0,00 0

Pt 3-gluc 1038271 12,5 972388 11,7 12,07 0,56 851883 10,2 820989 9,9 773978 9,3 680096 8,2 9,39 0,90 22,2 822833 9,9 754353 9,1 857217 10,3 9,74 0,63 19

Pe 3-gluc 1851618 22,2 1898105 22,8 22,51 0,39 1768842 21,2 2165332 26,0 1673997 20,1 1881598 22,6 22,48 2,56 0,1 1520853 18,3 1929472 23,2 1477542 17,7 19,72 2,99 12

Mv 3-gluc 14021080 168,3 13370871 160,5 164,43 5,52 13562005 162,8 13583758 163,1 12404666 148,9 13252152 159,1 158,48 6,63 3,6 11633788 139,7 11633088 139,7 11146884 133,8 137,72 3,37 16

11? 314280 3,8 376739 4,5 4,15 0,53 308485 3,7 299162 3,6 307410 3,7 293390 3,5 3,63 0,09 12,6 348612 4,2 272168 3,3 314158 3,8 3,74 0,46 10

Malv 3-acet gluc 3226147 38,7 3000680 36,0 37,38 1,91 2704448 32,5 2680961 32,2 2670475 32,1 2707117 32,5 32,30 0,22 13,6 2318914 27,8 2135947 25,6 2366849 28,4 27,30 1,46 27

21? 625379 7,5 638253 7,7 7,59 0,11 557706 6,7 680202 8,2 583811 7,0 384313 4,6 6,62 1,48 12,7 422942 5,1 622569 7,5 415244 5,0 5,85 1,41 23

Malv 3-coum gluc 1650730 19,8 1633771 19,6 19,72 0,14 1552475 18,6 1733561 20,8 1538762 18,5 1731350 20,8 17,42 1,30 11,6 1169618 14,0 1363490 16,4 1130196 13,6 14,66 1,50 26

sum 277,7 267,1 259,9 267,2 243,8 256,1 256,78 9,77 223,4 228,4 217,6 223,16 5,41 0

Total area 25059482 300,9 22275058 267,4 284,14 23,64 23577838 283,07 24053402 288,78 22014918 264,3 23110832 277,5 278,40 10,47 6,6 20035471 240,5 20920048 251,2 19397164 232,9 241,52 9,18 18

C2R1 L1 C2R1 L2 C2R2 L2     Control L1

Touriga National Egg Albumin

C1R1 L1 C1R1 L2 C1R2 L1 C1R2 L2
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                3) HPLC Results treated with PVPP 

 

 

 

 

 

 

 

 

 

                     Control L1 mean mean SDT mean SDT

area mg/l mg/L area mg/L area mg/L mg/L % area mg/L area mg/L mg/L %

Df 3 -gluc 406148 4,9 4,9 392980 4,7 411429 4,9 4,8 0,16 1,0 394462 4,7 411402 4,9 4,8 0,14 0,8

Cy 3- gluc 0 0,0 0,0 0 0,0 0 0,0 0,0 0,00 0,0 0 0,0 0 0,0 0,0 0,00 0,0

Pt 3-gluc 1036271 12,4 12,4 1012005 12,1 977542 11,7 11,9 0,29 4,0 888678 10,7 981657 11,8 11,2 0,79 9,8

Pe 3-gluc 1851618 22,2 22,2 1804839 21,7 1779470 21,4 21,5 0,22 3,2 1678291 20,1 1725595 20,7 20,4 0,40 8,1

Mv 3-gluc 14021080 168,3 168,3 13996496 168,0 13865513 166,5 167,3 1,11 0,6 13917080 167,1 13869165 166,5 166,8 0,41 0,9

11? 796312 9,6 9,6 593988 7,1 761904 9,1 8,1 1,43 14,9 705165 8,5 753848 9,1 8,8 0,41 8,4

Malv 3-acet gluc3226147 38,7 38,7 3084042 37,0 3206311 38,5 37,8 1,04 2,5 3121166 37,5 3142393 37,7 37,6 0,18 2,9

21? 625379 7,5 7,5 580861 7,0 617190 7,4 7,2 0,31 4,2 574095 6,9 582528 7,0 6,9 0,07 7,5

Malv 3-coum gluc1650730 19,8 19,8 1578783 19,0 1610794 19,3 19,1 0,27 3,4 1594054 19,1 1546410 18,6 18,9 0,40 4,9

sum 283,5 283,5 276,7 278,9 277,8 1,58 2,0 274,6 276,3 275,4 1,19 2,8

Total area 25059482 300,9 300,9 24250264 291,1 24762464 297,3 294,2 4,35 2,2 24380004 292,7 24336534 292,2 292,4 0,37 2,8

C2R2 L2

Touriga National PVPP

C1R1 L1 C1R2 L1 C2R1 L1

                     Control L1 mean mean SDT mean SDT

area mg/l mg/L area mg/L area mg/L mg/L % area mg/L area mg/L mg/L %

Df 3 -gluc 1487718 17,9 17,9 1398170 16,8 1466919 17,6 17,2 0,58 3,7 1315339 15,8 1352919 16,2 16,0 0,32 10,3

Cy 3- gluc 345841 4,2 4,2 362799 4,4 276765 3,3 3,8 0,73 7,5 335509 4,0 315383 3,8 3,9 0,17 5,9

Pt 3-gluc 2333543 28,0 28,0 2145959 25,8 2210290 26,5 26,1 0,55 6,7 2199766 26,4 2290836 27,5 27,0 0,77 3,8

Pe 3-gluc 4001421 48,0 48,0 3847428 46,2 3746459 45,0 45,6 0,86 5,1 3629135 43,6 3858717 46,3 44,9 1,95 6,4

Mv 3-gluc 15400049 184,9 184,9 15131773 181,7 14881403 178,7 180,2 2,13 2,6 14575733 175,0 15059654 180,8 177,9 4,11 3,8

11? 685168 8,2 8,2 694379 8,3 640109 7,7 8,0 0,46 2,6 616899 7,4 666126 8,0 7,7 0,42 6,4

Malv 3-acet gluc 887803 10,7 10,7 769824 9,2 814209 9,8 9,5 0,38 10,8 865232 10,4 821700 9,9 10,1 0,37 5,0

21? 443410 5,3 5,3 406258 4,9 421882 5,1 5,0 0,13 6,6 389093 4,7 412763 5,0 4,8 0,20 9,6

Malv 3-coum gluc1660664 19,9 19,9 1499060 18,0 1569071 18,8 18,4 0,59 7,6 1455012 17,5 1533021 18,4 17,9 0,66 10,0

sum 327,1 327,1 315,2 312,5 313,8 1,94 4,1 304,7 315,9 310,3 7,89 5,1

Total area 29090898 349,3 349,3 27942530 335,5 27726741 332,9 334,2 1,83 4,3 27094454 325,3 28251380 339,2 332,2 9,82 4,9

C1R1 L1 C1R2 L1 C2R1 L1 C2R2 L2

Trincadeira PVPP
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                4) HPLC Results treated with Gelatin 

 

 

 

 

 

 

 

                     Control L1 mean mean SDT mean SDT

area mg/l mg/L area mg/L area mg/L mg/L % area mg/L area mg/L mg/L %

Df 3 -gluc 500582 6,0 0,0 442315 5,3 432139 5,2 5,2 0,09 12,7 436888 5,2 440726 5,3 5,3 0,03 12,3

Cy 3- gluc 0 0,0 0,0 0 0,0 0 0,0 0,0 0,00 0,0 0 0,0 0 0,0 0,0 0,00 0,0

Pt 3-gluc 825342 9,9 0,0 816488 9,8 753998 9,1 9,4 0,53 4,9 755371 9,1 772252 9,3 9,2 0,14 7,5

Pe 3-gluc 1332866 16,0 0,0 1110156 13,3 1115274 13,4 13,4 0,04 16,5 974412 11,7 1061384 12,7 12,2 0,74 23,6

Mv 3-gluc 8951878 107,5 0,0 8254857 99,1 8205589 98,5 98,8 0,42 8,1 8026836 96,4 8460517 101,6 99,0 3,68 7,9

11? 692346 8,3 0,0 319667 3,8 313667 3,8 3,8 0,05 54,3 351805 4,2 343274 4,1 4,2 0,07 49,8

Malv 3-acet gluc2061561 24,8 0,0 1808074 21,7 1777491 21,3 21,5 0,26 13,0 1715183 20,6 1756052 21,1 20,8 0,35 15,8

21? 444038 5,3 0,0 239477 2,9 281023 3,4 3,1 0,35 41,4 302689 3,6 312952 3,8 3,7 0,09 30,7

Malv 3-coum gluc872703 10,5 0,0 716210 8,6 759466 9,1 8,9 0,37 15,5 831332 10,0 837146 10,1 10,0 0,05 4,4

sum 188,3 0,0 164,6 163,7 164,2 0,58 12,8 160,8 167,9 164,4 5,01 12,7

Total area 21223158 254,8 0,0 14916204 179,1 14726952 176,8 177,9 1,61 30,2 14218130 170,7 14857370 178,4 174,5 5,43 31,5

Touriga National Gelatine

C1R1 L1 C1R2 L1 C2R1 L1 C2R2 L2

                     Control L1 mean mean SDT mean SDT

area mg/l mg/L area mg/L area mg/L mg/L % area mg/L area mg/L mg/L %

Df 3 -gluc 1631889 19,6 19,6 1511774 18,1 1480295 17,8 18,0 0,27 8,32 1453625 17,5 1437512 17,3 17,4 0,14 11,4

Cy 3- gluc 343974 4,1 4,1 302634 3,6 302536 3,6 3,6 0,00 12,03 302135 3,6 302030 3,6 3,6 0,00 12,2

Pt 3-gluc 2470649 29,7 29,7 2198819 26,4 2138504 25,7 26,0 0,51 12,22 2113847 25,4 2131420 25,6 25,5 0,15 14,1

Pe 3-gluc 3311321 39,8 39,8 3091694 37,1 2962081 35,6 36,3 1,10 8,59 2965237 35,6 2918353 35,0 35,3 0,40 11,2

Mv 3-gluc 12643128 151,8 151,8 12178774 146,2 11703547 140,5 143,4 4,03 5,55 11901783 142,9 11595668 139,2 141,1 2,60 7,1

11? 504629 6,1 6,1 400247 4,8 320487 3,8 4,3 0,68 28,59 332905 4,0 317145 3,8 3,9 0,13 35,6

Malv 3-acet gluc 725516 8,7 8,7 652175 7,8 628397 7,5 7,7 0,20 11,75 669142 8,0 677049 8,1 8,1 0,07 7,2

21? 363247 4,4 4,4 332383 4,0 314070 3,8 3,9 0,16 11,02 328060 3,9 321853 3,9 3,9 0,05 10,5

Malv 3-coum gluc1346830 16,2 16,2 1221208 14,7 1169319 14,0 14,3 0,44 11,25 1204791 14,5 1183656 14,2 14,3 0,18 11,3

sum 280,2 280,2 262,8 252,3 257,6 7,39 8,08 255,4 250,7 253,1 3,28 9,7

Total area 25858942 310,5 310,5 23779266 285,5 22220398 266,8 276,1 13,23 11,06 22532056 270,5 22255874 267,2 268,9 2,34 13,4

C2R2 L2

Trincadeira Gelatine

C1R1 L1 C1R2 L1 C2R1 L1
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               5) HPLC Results treated with Casesol 

 

 

 

 

 

 

mean mean SDT mean SDT

area mg/L mg/L area mg/L area mg/L mg/L % area mg/L area mg/L mg/L %

Df 3 -gluc 601037 7,2 0,0 466339 5,6 515273 6,2 5,9 0,42 18,3 511475 6,1 479814 5,8 6,0 0,27 17,5

Cy 3- gluc 0,0 0,0 0,0 0 0,0 0 0,0 0,0 0,00 0,0 0 0,0 0 0,0 0,0 0,00 0,0

Pt 3-gluc 1077966 12,9 0,0 834017 10,0 893425 10,7 10,4 0,50 19,9 850805 10,2 901738 10,8 10,5 0,43 18,7

Pe 3-gluc 1768073 21,2 0,0 1396505 16,8 1375522 16,5 16,6 0,18 21,6 1288094 15,5 1284060 15,4 15,4 0,03 27,3

Mv 3-gluc 13276020 159,4 0,0 9692378 116,4 9710162 116,6 116,5 0,15 26,9 9220637 110,7 9423352 113,1 111,9 1,72 29,8

11? 582516 7,0 0,0 438290 5,3 495462 5,9 5,6 0,49 19,9 429900 5,2 458550 5,5 5,3 0,24 23,7

Malv 3-acet gluc 2818374 33,8 0,0 2122418 25,5 2175208 26,1 25,8 0,45 23,8 2056927 24,7 2094288 25,1 24,9 0,32 26,4

21? 545381 6,5 0,0 402322 4,8 385343 4,6 4,7 0,14 27,8 390971 4,7 375200 4,5 4,6 0,13 29,8

Malv 3-coum gluc1390705 16,7 0,0 1051610 12,6 1051204 12,6 12,6 0,00 24,4 1019628 12,2 988449 11,9 12,1 0,26 27,8

sum 264,8 0,0 196,9 199,3 198,1 1,68 25,2 189,3 192,2 190,7 2,01 28,0

Total area 23811738 285,9 0,0 17274024 207,4 17137998 205,8 206,6 1,15 27,7 16431362 197,3 16753595 201,1 199,2 2,74 30,3

C2R2 L2Control

Touriga National Casesol

C1R1 L1 C1R2 L1 C2R1 L1

mean mean SDT mean SDT

area mg/L mg/L area mg/L area mg/L mg/L % area mg/L area mg/L mg/L %

Df 3 -gluc 1507493 18,1 0,0 1428018 17,1 1461560 17,5 17,3 0,28 4,2 1370222 16,5 1343681 16,1 16,3 0,23 10,0

Cy 3- gluc 319048 3,8 0,0 318223 3,8 261807 3,1 3,5 0,48 9,1 343059 4,1 263690 3,2 3,6 0,67 4,9

Pt 3-gluc 2255050 27,1 0,0 2153568 25,9 2099841 25,2 25,5 0,46 5,7 2082797 25,0 1949934 23,4 24,2 1,13 10,6

Pe 3-gluc 3656125 43,9 0,0 3594733 43,2 3526079 42,3 42,7 0,58 2,6 3062038 36,8 2935001 35,2 36,0 1,08 18,0

Mv 3-gluc 13677905 164,2 0,0 12418565 149,1 12471300 149,7 149,4 0,45 9,0 12184725 146,3 11677468 140,2 143,2 4,31 12,8

11? 716108 8,6 0,0 611927 7,3 664572 8,0 7,7 0,45 10,9 622781 7,5 547435 6,6 7,0 0,64 18,3

Malv 3-acet gluc 729184 8,8 0,0 744534 8,9 733155 8,8 8,9 0,10 -1,3 666537 8,0 614015 7,4 7,7 0,45 12,2

21? 385509 4,6 0,0 394407 4,7 390090 4,7 4,7 0,04 -1,7 378479 4,5 338928 4,1 4,3 0,34 7,0

Malv 3-coum gluc1364096 16,4 0,0 1366182 16,4 1358471 16,3 16,4 0,07 0,1 1314379 15,8 1204391 14,5 15,1 0,93 7,7

sum 295,5 0,0 276,5 275,7 276,1 0,54 6,6 264,4 250,6 257,5 9,77 12,8

Total area 26367484 316,6 0,0 25135546 301,8 24014676 288,3 295,0 9,52 6,8 23520388 282,4 22260142 267,2 274,8 10,70 13,2

Control

Trincadeira Casesol

C1R1 L1 C1R2 L1 C2R1 L1 C2R2 L2


