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Abstract 

 In the present thesis were studied four different vinification protocols, 

connected with different fermentation management practices in order to 

evaluate possible alternative process to improve the organoleptic qualities 

of the variety Cabernet Franc from the area DOC Colli Orientali. 

It was found that the type of yeast and lactic acid bacteria which are 

involved or are inoculated, were determine the profile of the aromatic wine 

and the stability of the final product. 

Refer to the results of wine measurements; No differences were found 

among the samples concerning total phenolics, intensity, and the color hue 

of the samples. It was clear that the higher amount of anthocyanins was 

concentrated in two the samples. 

The results of this study show that the use of commercial strains gave the 

best results, concerning both the concentration of color compounds and 

tannins and the intensity of fruity aroma. Differences in color, were 

perceived from the analytical point of view, rather than from the sensory 

one, confirming that also spontaneous fermentation gave good results in 

the experimental conditions tested.  

Finally, it was obviously that the choice of yeast and bacteria inoculums, 

affects wine aroma composition and sensory properties but further 

experiments will be useful to enhance this information between the 

differences in spontaneous and non spontaneous fermentation.  

Key words: spontaneous alcoholic fermentation, spontaneous malolactic 

fermentation , organoleptic qualities, aromas 
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Περίληψη 

Στην παρούσα διατριβή μελετήθηκαν τέσσερα διαφορετικά πρωτόκολλα 

οινοποίησης, που συνδέονται με διαφορετικές πρακτικές διαχείρισης της 

ζύμωσης, προκειμένου να αξιολογηθούν  οι  πιθανές εναλλακτικές διαδικασίες 

για τη βελτίωση των οργανοληπτικών ιδιοτήτων της ποικιλίας Cabernet Franc 

από την περιοχή DOC Colli orientali. 

Διαπιστώθηκε ότι ο τύπος της ζύμης και βακτηρίων γαλακτικού οξέως τα 

οποία εμπλέκονται ή εμβολιάστηκαν είχαν καθοριστικό ρόλο στο αρωματικό 

προφίλ του οίνου και τη σταθερότητα του τελικού προϊόντος. 

Οσον αφορά τα αποτελέσματα των μετρήσεων δεν βρέθηκαν διαφορές μεταξύ 

των δειγμάτων που αφορούν  τα ολικά φαινολικά, την ένταση, το χρώμα και 

την  απόχρωση των δειγμάτων. Ήταν σαφές ότι η μεγαλύτερη ποσότητα 

ανθοκυανινών συγκεντρώθηκε σε δύο δείγματα. 

Τα αποτελέσματα αυτής της μελέτης δείχνουν ότι η χρήση των εμπορικών 

στελεχών έδωσε τα καλύτερα αποτελέσματα, όσον αφορά τόσο τη 

συγκέντρωση του χρώματος , τις  τανίνες και την ένταση του φρουτώδες 

άρωματος. Οι διαφορές στο χρώμα, εντοπίστηκαν από την αναλυτική άποψη, 

και όχι από τον οργανοληπτικό έλεγχο, επιβεβαιώνοντας επίσης ότι η 

αυθόρμητη ζύμωση έδωσε καλά αποτελέσματα στις πειραματικές συνθήκες 

που εξετάστηκαν. 

Τέλος, ήταν προφανές ότι η επιλογή της ζύμης και των βακτηρίων , επηρεάζει 

τη σύνθεση άρωματος του κρασιού, αλλά περαιτέρω πειράματα θα ήταν 

χρήσιμα για την ενίσχυση αυτών των πληροφοριών μεταξύ των διαφορών 

στην αυθόρμητη και μη αυθόρμητη ζύμωση. 

 Λέξεις κλειδιά : αυθόρμητη αλκοολική ζύμωση, ελεγχόμενη αλκοολική 

ζύμωση, αυθόρμητη μηλογαλακτική ζύμωση, αρωματικο προφίλ.  
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UNIT 1: INTRODUCTION 

 

1.1 Red Wine Production  

Red wine is a type of wine made from dark-colored (black) grape varieties. 

The actual color of the wine can range from intense violet, typical of young 

wines, through to brick red for mature wines and brown for older red wines. 

The stylistic differences are based on differences in wine characteristics 

such as grape variety, color, flavor, body, mouth feel, and aging potential. 

The styles range from simple, fruity, fresh, light colored blushes and rosés 

to complex, full-bodied, rich and dark red, with long aging potential. Many 

factors such as a variety, soil, climate, growing conditions, and viticultural 

practices influence the fruit composition, and therefore, the style of wine 

that can be produced. In addition to fruit composition, winemaking 

techniques also play an important role in determining the wine style. 

General speaking, it is easier to produce a low-input red wine than a white 

one. Red wines often have higher alcohol than whites and their tannins 

play a double role of antimicrobial and antioxidant agents. The modern 

consumer is looking for red wines with a smooth palate, low astringency 

and ripe fruit aroma and the presence of off-flavors can drastically reduce 

competitiveness of the wines in the market. These consumer demands are 

pushing wine-makers to look for a full maturity of grape in order to obtain 

intense varietal fruitiness, absence of vegetal notes and softer tannins. A 

side effect of this trend is the general increase of pH in red wines, which 

requires more attention to the management of spoilage micro-organisms. 
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There are many available varieties of red wine production. The wines are 

usually produced as varietals, or as blends containing several varieties. A 

list of commonly used red wine varieties is given in Table 1. 

 

Table 1: Red wine varieties 

Vinifera Group Labrusca French hybrids Others 

  
  

  

Cabernet Concord Baco Noir Northon/Cynthiana 

Sauvingnon         

Merlot Steuben Chambourcin St. Vincent 

Pinot noir          Chancellor Vincent 

Zinfandel   Foch   

Syrah (Shiraz)   Rougeon   

Grenache   Villard noir   

Cabernet Franc   Colobel   

Barbera       

Gamay       

Varieties from the Vinifera group are most widely used for winemaking. In 

regions where Vinifera grapes are not grown, French hybrids, Labrusca, 

and other varieties are often used. Among the Vinifera group, Cabernet 

Sauvignon alone, or in combination with Merlot and/or Cabernet Franc is 

used in premium red wine production. Pinot noir, the famous grape of 

Burgundy, makes excellent red wine. When grown in other parts of the 

world, the wine does not always attain the same level of quality as found in 

Burgundy. 

The juice from most purple grapes is greenish-white; the red color comes 

from anthocyan pigments (also called anthocyanins) present in the skin of 

the grape; exceptions are the relatively uncommon varieties, which 

produce a red colored juice.  
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Much of the red-wine production process therefore involves extraction of 

color and flavor components from the grape skin. 

So anthocyanins are the red pigments found in the skin cells that produce 

the red color in red wines. Tannins are polymerised catechin molecules 

that produce the astringency in wines which gives the wines ‘mouth-feel’ or 

‘structure’. Roughly speaking, the smaller the tannin, the more bitter it is, 

but if they become too large, they stop being dissolved in wine and form a 

precipitate at the bottom of the bottle. 

Also, anthocyanins can react with tannins and form more stable color 

compounds in young wines. Over time (months and years) these 

compounds polymerise (join together) further and precipitate out. 

In fact, red wines contain phenolic compounds, a large number of which 

may act as antioxidants, with mechanisms involving both free radical 

scavenging and metal chelation (Chimi et al., 1991; Iwahashi et al., 1990; 

Frankel, 1993; Nardini et al., 1995). 

Phenolic compounds are also important group of wine constituents, and 

they greatly contribute to the sensory properties by affecting the color and 

taste (Czyzowska & Pogorzelski, 2002). These compounds are natural 

antioxidants, and possessing neuroprotective and potent cancer-

preventive properties, which are considered as beneficial and proved (Lee, 

Hur, Lee, & Lee, 2005; Yoo, Al-Farsi, Lee, Yoon, & Lee, 2010). Wine, in 

comparison with other sources, contains relatively high amounts of highly 

diversified polyphenols. Most of the phenolic compounds pass from berry 

to the wine during extraction and fermentation, and a few are newly 

formed, such as some free phenolic acids and flavonic isomers (Wulf & 

Nagel, 1980). 

As a result, the quality and characteristics of the phenolic compounds in 

the vintage vary according to the grape variety and its maturity. Some 

phenolics may be; highly coloured, stable, soft, full. Others may be; 

herbaceous, bitter, astringent. Much of the art of red winemaking is in 

controlling the extraction and development of grape phenolics. 
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One of the possibilities of the occurrence of new polyphenols in wine may 

be transformation of substances contained in fruit. Enzymes of fruit origin 

and microorganisms responsible for fermentation may lead to oxidation or 

hydrolysis of native components (Nagel & Wulf, 1979), therefore, when 

fermenting the same must, the employment of whatever yeast strains are 

straightly associated with the composition and content of polyphenols in 

the final product. 

Another important key is that, in red wines oxidation is less common 

phenomenon than in whites. Tannins consume significant amounts of 

oxygen which are required in the polymerization which results in more 

stable pigments and soft polyphenols. Dissolution of oxygen also reduces 

the appearance of reduced odors. This oxygen presence must be 

controlled as an excess can cause a loss of color and aroma. In some 

varieties, poor in red pigments, oxygen can cause significant loss of color 

and consequent depreciation of the wine. 

Finally, aroma is one of the most important quality factors of wine and is 

one of the key determinants of consumer acceptance (Lockshin &Corsi, 

2012; Rapp, 1998; Saénz-Navajas, Ballester, Pêcher, Peyron, & Valentin, 

2013). Wine aroma is a complex sensory characteristic that is determined 

by more than 1300 volatile compounds, including alcohols, esters, acids, 

aldehydes, isoprenoids, lactones and ketones, with a wide concentration 

range (Villamor & Ross, 2013).  

In the aroma of wines terpenes play an important role, being a group of 

flavor compounds characteristic for specific grapes used for wine 

production. Terpene compounds in wine are prone to changes during 

winemaking process. Especially monoterpene alcohols can undergo 

several reactions during wine production and storage, induced by the time 

of storage, relatively low pH and a presence of compounds that can 

interact with them. Monoterpene alcohols can easily isomerize and oxidize, 

forming oxides and aldehydes. Monoterpenes occur in grapes and wines in 

a free form, however it is known that majority of them are also bound with 

sugars as glycosides   
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The type and concentration of these volatile compounds are responsible 

for the characteristic aroma of wine. In particular, concentration usually 

explains variation in aroma between certain types of wine which contain 

the same volatile compounds (Boido et al., 2003). Differences in the 

aromatic profile of wines are determined by changes in the type, proportion 

and concentration of these volatile compounds (Atanasova et al., 2005). 

And so, red winemaking (picture 1) can be broken down into 4 main steps: 

-Harvest, Pre-fermentation processing  

-The alcoholic fermentation with skin contact and phenolic extraction 

-Draining and pressing 

-The malo-lactic fermentation (MLF) 

 

 

Figure 1: Process of red wine production 
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1.1.1 Harvest 

The decision to harvest grapes with certain maturity parameters is guided 

by many factors. These include wine style, variety, and maturity criteria. 

Typically during the course of maturation sugars accumulate, titratable 

acidity declines, pH rises, color, and phenolic compounds increase and the 

formation of distinct varietal aroma components occurs. It would be highly 

desirable to have all these parameters in an ideal balance, in practice this 

can be difficult to achieve since these parameters are influenced by many 

factors. 

An important prerequisite for optimal wine quality is the optimal 

physiological maturation of the grapes which is dictated by the grape 

variety, the environmental and climatic conditions as well as the type of 

wine that the wine-maker wants to produce. Thus a perfect knowledge of 

véraison conditions (the optimal relationship between sugar, acid content 

and pH of the juice as well as the color of the berries, the smell and taste 

of the grapes and juice) will al-low the vine-grower to organize the harvest 

according to the various grape maturity periods. 

The fruit is harvested based on sugar (ºBrix), acidity, and pH. It should be 

noted that for making red wine, following only these harvest criteria is not 

sufficient. Skin constituents such as color, tannins, and flavor strongly 

influence red wine character and, therefore, their level should also be 

evaluated when making harvest decisions. Because the skin is fermented 

with the juice, the skin condition and the proportion of skins to juice are 

also important considerations. The grape crop should be harvested by 

hand or mechanically. 

Different methods are adapted of each winery to transport the harvest from 

grapevine to winery. The most common practice of handling harvested 

grapes is to separate the berries from the stems. This is achieved by using 

the machine called a stemmer/crusher. In most vineyards, the harvest is 

transported in shallow trailers or trucks. Whatever the container capacity, 

the grapes should be transported intact without being crushed. 
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Generally, red grapes can be harvested during the higher day 

temperatures. However red grapes are certainly less sensitive to 

maceration and oxidation phenomena than white grapes and microbial 

contamination is likely to occur in a partially crushed harvest, especially in 

the presence of sunlight. These risks must be avoided. 

For this reason, the harvest transport is determined by the organization of 

harvest work (harvesting by hand or mechanical) and the winery’s 

equipment. From the quality and wine-making viewpoint the grapes should 

arrive at the winery immediately. If necessary the grapes and the must 

should be protected from oxygen and microbial infection by using SO2, 

carbon dioxide or dry ice. 
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1.1.2 Alcoholic fermentation 

Alcoholic fermentation is an important step of the wine-making process. 

The process of fermentation in winemaking turns grape juice into 

an alcoholic beverage. During fermentation, yeasts 

 transform sugars present in the juice into ethanol and carbon dioxide (as 

a by-product). 

C6H12O6 →2C2H5OH+2CO2 +Energy 

Sugar → ethanol + carbon dioxide 

The most important sugars in grape juice are the two six-carbon sugars 

glucose and fructose. These are the sugars that make the juice sweet and 

are fermented to alcohol by the yeast. In addition, small quantities of 

pentoses (five carbon sugars) and pectins (galacturonic acid polymers) are 

found. 

The driving-force behind this reaction is the release of energy stored in the 

sugars to make it available to other biological processes. The biochemical 

process of fermentation itself creates a lot of residual heat which can take 

the must out of the ideal temperature range for the wine. In aerobic 

conditions, the reaction can proceed further and convert the ethanol to 

H2O and CO2, releasing all of the energy present in the original sugars 

(Figure 2). 

 

Figure 2: Alcoholic fermentation 

https://en.wikipedia.org/wiki/Fermentation_(biochemistry)
https://en.wikipedia.org/wiki/Winemaking
https://en.wikipedia.org/wiki/Grape_juice
https://en.wikipedia.org/wiki/Alcoholic_beverage
https://en.wikipedia.org/wiki/Yeast
https://en.wikipedia.org/wiki/Sugar
https://en.wikipedia.org/wiki/Ethanol
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/By-product
https://en.wikipedia.org/wiki/Heat
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In winemaking, the temperature and speed of fermentation are important 

considerations as well as the levels of oxygen present in the must at the 

start of the fermentation. The risk of stuck fermentation and the 

development of several wine faults can also occur during this stage. 

During fermentation, there are several factors that winemakers take into 

consideration, with the most influential to ethanol production being sugar 

content in the must, the yeast strain used, and the fermentation 

temperature. 

The promotion of a healthy and fast development of good wine yeasts 

drastically reduces the risks of oxidation and microbial contamination 

without the addition of inputs. A healthy and suitable yeast population at 

the end of alcoholic fermentation offers different options of “on lees” 

practices, with direct favorable effects on wine quality and indirect 

advantages in terms of protection from oxygen. 

Typically, white wine is fermented between 18-20°C (64-68°F) though a 

wine maker may choose to use a higher temperature to bring out some of 

the complexity of the wine. Red wine is typically fermented at higher 

temperatures up to 29°C (85°F). Fermentation at higher temperatures may 

have adverse effect on the wine in stunning the yeast to inactivity and even 

"boiling off" some of the flavors of the wines. Some winemakers may 

ferment their red wines at cooler temperatures, more typical of white 

wines, in order to bring out more fruit flavors. 

Optimizing the control of alcoholic fermentations for winemaking is a 

difficult challenge. Unlike industrial fermentations, such fermentations do 

not aim to maximize the concentration or yield of a defined metabolite, or 

the productivity of the process. In winemaking, the main objective is to 

optimize product quality, which is very difficult to quantify. Wine tasting 

remains the best way to assess the characteristics of wine, but is difficult, 

imprecise and time-consuming (Tominaga & Dubourdieu, 2000). 

The control of technological parameters, such as sugar exhaustion, the 

duration of the fermentation and the amount of energy required to regulate 

https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Must
https://en.wikipedia.org/wiki/Stuck_fermentation
https://en.wikipedia.org/wiki/Wine_fault
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fermentation temperature, is also of interest. Many works have shown that 

fast fermentations may be detrimental to wine quality, especially for white 

wines (Francis & Newton, 2005).. On the contrary, too long a fermentation 

both delays the subsequent processes and increases the risks of wine 

damage. 

Today, most wine is produced using selected commercial strains of 

Saccharomyces sp and even small wineries select yeasts from their own 

environment for use as starter cultures. Saccharomyces cerevisiae is the 

main yeast used in winemaking, due to its high fermentation capacity. In 

spontaneous fermentations, other yeast species may affect the 

fermentation process and wine characteristics, but these effects are 

variable and difficult to predict. More than 200 different S. cerevisiae 

strains are currently available commercially, with highly diverse 

fermentation properties. 

Certain criteria need to be met in order to guarantee the desirable features 

of the yeast strains selected. The most important of these are: tolerance to 

ethanol; exhaustion of sugar potential and high fermentation activity; 

growth at high sugar concentrations; resistance to, and low production of, 

sulfur dioxide; low production of hydrogen sulfide and low volatile acidity; 

resistance to killer toxin; good enzymatic profile (Nikolaou, Soufleros, 

Bouloumpasi, & Tzanetakis, 2006). All these characteristics should go 

together with adequate flavor wines (Lambrechts & Pretorius, 2000). 

Generally, yeast strain impacts on fermentation .Colombie, Malherbe, and 

Sablayrolles (2005) observed only moderate differences in a comparison 

of 20 randomly chosen commercial strains (i.e. without taking their 

fermentative capabilities into account) cultured in an easily fermented 

synthetic medium. Much larger differences were reported by Blateyron and 

Sablayrolles (2001), in a comparison of 13 randomly chosen strains 

cultured in a difficult-to-ferment must (natural must leading to sluggish or 

stuck fermentations). 
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The choice of strain used by the winemaker is increasingly motivated by 

the potential impact of that strain on the wine characteristics. The very 

large number of strains commercially available, and the many complex 

mechanisms of interaction between strain , must and fermentation 

conditions make this choice difficult. The potential of strains to increase the 

geographical typicity of a wine remains a matter of debate, but specific 

strains are now widely recognized to be useful: (i) for increasing the fruity 

character, (ii) for improving some varietal characters in Sauvignon 

(Dubourdieu, Tominaga, Masneuf, Peyrot des Gachons, & Murat, 2006) 

and Chardonnay (Eglinton et al., 2000) wines and, more generally, for 

increasing the expression of varietal characters by the hydrolysis of 

glycoside-bound volatile compounds during fermentation (Ugliano, 

Bartowsky, McCarthy, Moio, & Henshke, 2006), (iii) for limiting the 

production of organic acids or increasing the production of glycerol 

(Scanes, Hohmann, & Prior, 1998) and (iv) for limiting off flavours, 

including those due to sulphur (Rauhut, 1993) and volatile phenols 

(Shinohara, Kubodera, & Yanagida, 2000). Some authors have also 

highlighted the value of specific strains for producing mannoproteins 

(Moine-Ledoux & Dubourdieu 2002), and for improving the color of red 

wines through their interactions with polyphenolic compounds (Medina, 

Boido, Dellacassa, & Carrau, 2005). 

On the other hand, many commentator’ s report that they feel that 

spontaneous fermentation promotes better mouth feel in wines. That is, the 

wines are thought to be softer and creamier than those made using single 

strain starter cultures. This suggestion however has not been conclusively 

demonstrated scientifically. The rational for the suggestion is that the 

natural yeast flora on the grape is genetically heterogeneous, i.e. consists 

of multiple strains and that is the reason of the improved mouth feel. 

Moreover, spontaneous fermentation costs nothing to initiate. It is 

obviously that spontaneous fermentation has some disadvantages like 

long time and higher probability of spoilage. 
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Taking into consideration all these above, each winery choose 

spontaneous or non spontaneous fermentations. But in the last 30 years, 

the wine industry has tended to move away from spontaneous 

fermentations towards controlled fermentations initiated by inoculation, 

which are more reliable (70–80% of fermentations are now initiated by 

inoculation in France, for example). 

 

1.1.3 Phenolic compounds 

Phenolic compounds appear as the grape changes colour, substituting the 

chlorophyll. They are of great oenological importance and play a key role 

in determining the quality of the wine. Along with their nutritional and 

pharmacological properties they also account for characteristics like 

colour, aroma, taste and astringency (Bartolome, Nunez, Monagas, & 

Gomez-Cordoves, 2004; Harborne & Baxter, 1999). Their antioxidant 

properties also have positive effects on a wine’s stability (Waterhouse, 

2002). The total content of polyphenols is also a clue as to whether the 

wine can be aged. 

Grapes of the Vitis type are relatively rich in phenolic compounds 

compared to other fruits. The grape essentially contains non flavonoid 

compounds in the pulp and flavonoid compounds in the skin , seeds and 

stems. It is estimated that seeds contain 65% of the polyphenols of the 

bunch, the stem 22%, the skin 12% and the pulp just 1% (Hidalgo 

Togores, 2003). 

As it is already known, phenolic compounds are crucial components of red 

wines, which strongly affect a series of wine sensorial characteristics 

including color, flavor, palate fullness and body, as well as bitterness and 

astringency (Jaitz et al., 2010; Rastija, Srecnik, & Medic-Šaric, 2009). This 

group of chemicals is mainly composed of non-flavonoids, such as 

phenolic acids, stilbenes, and flavonoids including proanthocyanins, 

flavonols, flavan-3-ols and their condensed proanthocyanidins. As the 
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main pigments having hues from orange to purple, anthocyanins play an 

important role in the color formation of red wines. 

On the one hand, the monomeric anthocyanins are the main contributors 

for the color of young red wines. They are responsible for diverse colors 

such as red, blue and purple, which are dependent on the wine pH values 

that could affect the equilibrium between different chemical forms of 

anthocyanins (Wrolstad, Durst & Lee, 2005). On the other hand, the 

polymeric anthocyanins, which are the major colourants in the aged wines, 

are considered to be more stable that the monomeric anthocyanins 

(Ivanova et al, 2011). It is well known that aldehydes in red wines play a 

significant role in the modification of anthocyanins, participating in the 

formation of pyranoanthocyanins and polymeric anthocyanins. 

Nevertheless, during the fermentation and ageing , many factors , such as 

wine pH, alcohol , SO2, temperature , light and metal ions etc, have been 

found to be able to affect the concentration of anthocyanins (Alcalde-Eon, 

Escribano-Bailon, Santos-Buelga, & Rivas-Gonzalo, 2006; Marquez, 

Serratosa, Lopez-Toledano, & Merida, 2012; Mateus, Pascual-Teresa, 

Rivas-Gonzalo, Santos-Buelga, & Freitas, 2002). 

The phenolic content of red wines depends on many factors such as grape 

variety, growing conditions, canopy and crop management, yearly climatic 

variations, harvest time and winemaking methods (Cliff, King, & Schlosser, 

2007; Mazza, Fukumoto,Delaquis, Girard, & Ewert, 1999). It has been 

reported that a thermal flash release process before fermentation can not 

only result in an increased ratio of tannin to anthocyanin and an increased 

conversion of anthocyanins to tannin-anthocyanin polymers showing the 

same color properties as anthocyanins, but also an increased stability of 

wine during ageing (Morel- Salmi et al. , 2006). 

It is worthwhile to mention that the phenolic compounds are an integral 

part of human diet and are considered to be non nutrient biologically active 

compounds (Subramani, Casimir & Krewer, 2002). Being polyphenolic 

compounds, flavonoids are able to act as antioxidants through a 

mechanism that removes free radicals and by chelation of metal ions 
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(Sellappan, Akoh & Krewer , 2002). The growing evidence for the role of 

radicals and antioxidants in health and ageing ant the importance of wine 

in the Mediterranean diet has aroused much interest to these compounds, 

A wide range of studies has shown that the antioxidant properties of these 

compounds can offset atherosclerosis and coronary heart disease whilst 

showing selective cytotoxicity to breast cancer cells (Obrenovich et al. 

2011; Walter et al.,2008; Xiang et al., 2014). 
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1.1.4 Maceration 

 Maceration is the winemaking process where the phenolic materials of the 

the grape are leached from the grape skins, seed and stems into the must. 

To macerate is to soften by soaking , and maceration is the process by 

which red wine receives its red color. 

The main concern in maceration is to be as selective as possible. In 

addition to positive compounds like anthocyanins, polysaccharides, 

aromas and some minerals, unripe skins can also release harsh tannins, 

herbaceous notes, abnormal acidity and mouldy grapes can be source of 

oxidative enzymes, glucans and unpleasant aromas. 

There are actually several different types of maceration processes. The 

three most common are the extended maceration, cold soak and carbonic 

maceration. 

Maceration may take place either before or during fermentation. The 

process begins as soon as the grapes skins have been ruptured. At this 

time the juice is released from inside the grape and comes in contact with 

the exterior of the grape skins as well as the stems. To end maceration 

simply , the skins , seed and stems are removed from the must. 

1.1.5  The Malolactic fermentation (MLF) 

Malolactic fermentation is a secondary wine fermentation, carried out by 

malolactic bacteria, and is one of the main stages in the elaboration of red 

wines. . The word malolactic come from the conversion of L-malic acid in 

to L-lactic acid, the action occurs naturally or by adding bacteria.  

During this conversion, CO2 is also produced. Thos results in a natural 

decrease in total acidity and bacterial stability. Malolactic bacteria are 

capable of direct decarboxylation of malic acid to lactic acid by the enzyme 

malate carboxylase, which is present in various lactic acid bacteria, but 

particularly in three genera : Lactobacillus, Leuconostoc and Pediococcus. 

(Ugliano and Moio, 2005; du Toit et al., 2011) One of the main species 

identified during spontaneous malolactic fermentation is Oenococcus oeni 
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since it is the most tolerant to adverse wine conditions (Lonvaud-Funel, 

1999). 

So, the reduction in acidity is due to the fact that malic acid has two acid 

radicals (-COOH), while lactic acid only has one:  

 

HOOC – CH2 – CHOH – COOH → CH3 – CHOH – COOH + CO2 ↑ 

 

The main interest of winemakers is in the few species that have high 

tolerance to acidity and ethanol. In some cases it is regarded as a spoilage 

activity, but under proper circumstances, malolactic fermentation (Picture 

3), either naturally or artificially encouraged, can be a normal part of good 

winemaking practice, something to be appreciated and desired. For high-

quality wines, the fermentation brings positive effects, such as 

bacteriological stabilization (Moreno-Arribas, Gomez-Cordoves, & Martín-

Alvarez, 2008). 

 

 

Figure 4 : The conversion of L-malic acid in to L-lactic acid 

 

Although MLF is not technically a mandatory element of wine-making, and 

was historically described as a capricious and harmful phenomenon that 
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was difficult to understand, its contributions are vital to the development of 

the sensory characteristics of wine : except of the reduction of acidity, 

increases pH levels, adds microbiological stability and improves the 

organoleptic profile by producing a wide range of colors , flavors and 

aromas (E. Lerm, L. Engelbrecht, M. du Toit 2010). Thus, little by little this 

process has become practically indispensable to the winemaking industry 

As a result of malolactic fermentation is that, volatile compound are formed 

during this process that enrich the wine’s aromatic quality while also 

modifying color and phenolic composition (Izquierdo-Canas, García 

Gomez, & Palop, 2008; Martínez-Pinilla, Martínez-Lapuente, Guadalupe, & 

Ayestar_an, 2012).There is a number of reports showing changes in the 

volatile aroma profile of wines after MLF, summarised by Sumby, Grbin, 

and Jiranek (Sumby et al., 2010). 

Some authors (Maicas et al., 1999; Bartowsky and Henschke, 2004) have 

studied the biosynthesis of aromatic compounds produced during MLF and 

their organoleptic consequences (Palacios et al., 2003). All agree that the 

resulting modifications are highly complex and often involve the reduction 

of vegetable and herbaceous aromas and the appearance of other fruity, 

floral, nutty or milky aromas. In contrast, Sauvageot and Vivier (1997) 

observed that changes occurring in MLF are not very important and 

reported only slight sensorial differences. 

It is important to highlight the enormous influence of the lactic bacteria 

strains of strain participating in the process (Gambaro et al., 2001; Pozo-

Bayon et al., 2005; Ugliano and Moio, 2005) and the type of elaboration 

process (industrial or laboratory) (Delaquies et al., 2000) on the aromatic 

complexity and composition of wine. In industrial processes, the 

development of malolactic fermentation starts immediately after alcoholic 

fermentation (over yeast lies) and the results can be different to those 

obtained in the laboratory when the MLF is carried out with clean and/or 

filtered wines. 
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Thus, with the regard to the oenological conditions, the success of MLF is 

not always guaranteed and the addition of a starter culture can improve its 

viability. Overall, two possibilities of lactic acid bacteria inoculation exist : 

traditional inoculation after alcoholic fermentation (sequential), or 

simultaneous inoculation in the must with yeast (co-inoculation). 

Co-inoculation has several clear benefits compared to the sequential 

technique. The first advantage is that, by introducing lactic acid bacteria at 

the beginning of AF, it helps tha bacteria to adapt to the medium better. 

Secodly, the contents of some compounds that are known to inhibit lactic 

acid bacteria growth,such as ethanol and SO2, are lower and the medium 

is richer in nutritive elements during the first hours of AF than at the end. 

Moreover, it is now well known that co-inoculation reduces the total 

fermentation time (Rosi et al., 2006; Jussier et al., 2006; Massera et al., 

2009; Abrahamse & Bartowsky, 2012; Knoll et al., 2012; Pan et al., 2011). 

This reduction limits the risk of spoilage by other microorganisms, such as 

the Brettanomyces species, which are mainly responsible for 

40ethylphenol production (Jussier et al ,2006 ; Curtin et al, 2007 ;Gerbaux 

et al. , 2009). 

Currently, Oenococcus oeni is the main species used in MLF as lactic acid 

bacteria starters, but researches have demonstrates that some 

Lactobacillus plantarum species can also grow in wines and display the 

ability to survive the harsh conditions of wine (high ethanol concentration, 

low Ph and temperatures and sulphur dioxide) (G-Alegrıa et al., 2004; 

Lerm et al., 2011; Lee et al., 2012; Bravo-Ferrada et al., 2013), and 

simultaneously, posses many other favourable characteristics (du Toit et 

al., 2011; Lerm et al., 2011). For instance, the introduction of some 

Lb.plantarum strains to the fermenting must could significantly modify the 

wine aroma profile due to a more diverse enzymatic profile Lb.plantarum 

possess than that of O.oeni (Lerm et al., 2011). 

When malolactic fermentation is complete, the wine is subjected to 

different clarification and stabilization treatments and/or is stored in oak 
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barrels for aging for a variable period of time. This practice modifies wine 

composition due to the compounds extracted from the wood and to the 

chemical reactions that take place when oxygen passes through wood 

pores or staves (Gomez García-Carpintero, Gomez Gallego, Sanchez-

Palomo, & Gonzalez Vinas, 2012).  
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1.1.6 Aging, filtration and bottling 

Aging in oak barrels is an oenological process which modifies the 

composition and sensory characteristics of the wine. Wood containers 

have been used for wine during centuries, and its presence has become 

part of the wine identity in many regions. 

Nowadays the use of wood barrels is practiced for different reasons: 

i) Micro-aeration of wine 

ii) Tannin increase 

iii) Aroma contribution 

As the three functions cannot be separated, the practice has to be limited 

to red and white wines of suitable original composition. 

In traditional red wine production, malolactic fermentation is carried out in 

tanks and aging in barrels (Castro-Vazquez et al. 2011; Jarauta, Cacho, & 

Ferreira, 2005). It is widely known that, barrel MLF modifies the aromatic 

sensory profile of wine in varying degrees depending differences in the 

design of the studies performed (De Revel, Bloem, Augustin, Lonvaud-

Funel, & Bertrand, 2005; Gomez García-Carpintero, Sanchez-Palomo, & 

Gonzalez Vinas, 2014), the general consensus showing a preference for 

barrel MLF wines over the tank MLF variety (Vivas, Lonvaud-Funel, & 

Glories, 1995). 

However, the use of barrels involved a major financial commitment and 

entailed risks of microbial contamination, as well as the likelihood of 

communicating organoleptic faults to wine. 

So, alternative use of wood has become popular in the last decades: chips, 

cubes or staves are added to wine for a limited time in order to replace the 

functions ii) and iii) and to add aroma and tannins typical of wood aging 

without oxidation and costs linked to barrel aging. Moreover, if these used 

together with micro-oxygenation, can partially replace even the function of 

the traditional use of wood. 
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Although filtration is not always carried out in red wine making, wines 

which have been aged for a long time in barrels or tanks usually have 

fewer problems of cloudiness and stability once in the bottle. 

More attention in these final steps is focused on microbial contamination. 

This can be a problem in bottled wine even after several months and 

sometimes can occur randomly in some bottles of the same lot. The 

development of yeast and bacteria in bottle can lead to commercial 

problems. 

After the filtration and addition of the preservatives the wines are ready to 

be closed. Once the bottle is filled, it is best to cork it promptly. Some 

wines are fermented in the bottle; others are bottled only after fermentation 

(Johnson & Hugh, 2004).  Though cork has been the only option for 

hundreds of years, other options have recently seen a wide usage and an 

increasing acceptance by consumers. Synthetic closures are constituted 

by plastic polymers, and can have an appearance very similar to natural 

cork. Screw caps have seen a new life after having been used for decades 

on very short shelf-life products. 

It is worth mentioning that wine ages are divided in two ways : aerobically, 

while it is fermenting, being pressed, racked and prepared for bottling , and 

anaerobically after bottling, when the myriad subtle chemical changes 

occur away from the air and produce true bouquet and complexities of 

flavor ( MacNeil, Karen 2001).  
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1.2 Wine Aromas 

Aroma is one of the most important quality factors of wine and is also the 

main determinants of consumer acceptance (Lockshin &Corsi, 2012; 

Rapp, 1998; Saénz-Navajas, Ballester, Pêcher, Peyron, & Valentin, 2013). 

Wine aroma is a complex sensory characteristic that is determined by 

more than 1300 volatile compounds, including alcohols, esters,acids, 

aldehydes, isoprenoids, lactones and ketones, with a wide concentration 

range (Villamor & Ross, 2013). Differences in the aromatic profile of wines 

are determined by changes in the type, proportion and concentration of 

these volatile compounds (Atanasova et al., 2005). 

Wine aroma depends on numerous factors, with special importance being 

given to the variety of grape, vinification, maturation, and aging 

(Schreier,1976; Boulton 1995; Rapp, 1998). It is well-know that the 

secondary metabolites of grapes are responsible for the principal aroma 

compounds in grape must and provide the basis of varietal character 

(Rapp,1991). Fermentation increases the chemical and aroma complexity 

of wine by assisting in the extraction of compounds from solids present in 

the grape must, modifying some grape-derived compounds, and producing 

a substantial amount of yeast metabolites (Lambrecht, 2000). 

Surprisingly, even though 90% of world wine production is from non-

aromatic grape varieties (Jurado, Pinilla, Ballesteros, Pérez-Coello, & 

Cabezudo, 2001), research has tended to concentrate primarily on wine 

produced by aromatic varieties. 

A comparison of aroma compounds in different wines concluded that there 

were concentration differences of some volatiles among the wines. The 

most significant differences are quantitative rather than qualitative (Lopez 

et al., 1999; Ferreira et al., 2000). 

Aroma characterization of wine is usually performed by gas 

chromatography-mass spectroscopy analyses, which enable the 

identification and quantification of volatile and non-volatile components 

(Francis & Newton, 2005). The type and concentration of these volatile 
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compounds are responsible for the characteristic aroma of wine. In 

particular, concentration usually explains variation in aroma between 

certain types of wine which contain the same volatile compounds (Boido et 

al., 2003). 

Moreover, in the aroma of wines terpenes play an important role, being a 

group of flavor compounds characteristic for specific grapes used for the 

wine production. The dominating monoterpene alcohols, particularly from 

Muscat varieties, are linalool, geraniol, nerol, β-citronellol, α-terpineol, 

hotrienol and limonene.  

A number of surveys have been made of monoterpene concentration in 

different grape varieties. However, since the reported quantitative data 

were obtained by different techniques and from samples of fruit from 

diverse areas, direct comparison on the analytical figures from different 

surveys is not feasible. Nevertheless, a general classification of those 

varieties which have been screened is possible allowing division into: 

1) intensely flavoured muscats, in which total free monoterpene 

concentrations can be as high as 6 mg/l  

2) non-muscat but aromatic varieties with total monoterpene concentration 

of 1-4mg/l 

3) more neutral varieties not dependent upon monoterpenes for theil flavor 

(Table 2) 

Table 2: Classification of some grape varieties based on monoterpene 

content 

(1) Muscat 

varieties 

(2) Non-muscat 

aromatic 

varieties 

(3) Neutral 

varieties 

Canada Muscat Traminer Cabernet-Sauvignon 
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Gewurztraminer Riesling Cardigan 

Moscato italiano Schurebe Trebbiano 

Muscat of Alexandria Sylvaner Sauvignon Blanc 

Muscat Hamburg Wurzer Merlot 

Muscat Ottonel Kerner Syrah 

 

1.3 Cabernet Franc 

Cabernet Franc is a black-skinned French wine grape variety grown in 

most wine producing nations. The variety is most famously known as the 

third grape of Bordeaux and can be found in many of the world’s top 

Bordeaux Blend wines. Cabernet Franc most commonly appears in 

blended red wines, where it adds herbaceous accents of tobacco and dark 

spice  

In general, Cabernet Franc is very similar to Cabernet Sauvignon , but 

buds and ripens at least a week earlier. This trait allows the vine to thrive 

in slightly cooler climates than Cabernet Sauvignon, such as the Loire 

Valley. 

Cabernet Franc can adapt to a wide variety of vineyard soil types but 

seems to thrive in sandy, chalk soil, producing heavier, more full bodied 

wines there. In the Loire Valley, terroir based differences can be perceived 

between wines made from grapes grown in gravel terraces versus tuffeau 

slopes. The grape is highly yield sensitive, with over-cropping producing 

wines with more green, vegetal note 
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1.4 Aim of the work 

The present work is aimed to compare four different vinification protocols, 

connected with different fermentation management practices in order to 

evaluate possible alternative process to improve the organoleptic qualities 

of the variety Cabernet Franc from the area DOC Colli Orientali. 

The type of yeast and lactic acid bacteria which are involved or are 

inoculated, were determine the profile of the aromatic wine and the stability 

of the final product. 
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UNIT 2: MATERIALS AND METHODS 
 

2.1 Characteristics of the four samples are compared 

Experiments were conducted on Cabernet Franc grapes (DOC Colli 

Orientali del Friuli, North-East Italy), during harvest 2015. 

Four different vinification trials were compared, considering different 

combinations between spontaneous and piloted alcoholic and malolactic 

fermentation: 

Trial I. Alcoholic fermentation using a commercial yeast starter culture (S. 

cerevisiae Anchor NT202, Oenobrands, Montferrier-sur-Lez, France), plus 

co-inoculation with a self-prepared Oenococcus oeni starter culture at the 

beginning of alcoholic fermentation (PC). 

Trial II. Alcoholic fermentation with the same commercial strain (S. 

cerevisiae Anchor NT202), coupled with spontaneous malolactic 

fermentation (P). 

Trial III. Spontaneous alcoholic fermentation plus co-inoculation, with the 

self-prepared Oenococcus oeni starter culture at the beginning of alcoholic 

fermentation (WC). 

Trial IV. Spontaneous fermentation coupled with spontaneous malolactic 

fermentation (W). 

 

 

2.2 Characteristics of yeasts and bacteria which are used 

as starter 

In table 3 it is possible to observe the characteristics of the commercial 

yeast used for the samples produced with piloted alcoholic fermentation. 



34 
 

 

Technical specifications Anchor NT202 

Species Hybrid of S. cerevisiae 

Fermentation kinetics Fast and normal 

Tolerance of low temperature 18 °C 

Optimum temperature range 20-28 °C 

Brix degrees 26° Brix 

Alcohol 16% vol 

Alcohol tolerance 16% 

Foam production limited 

Production of glycerol 9-12 g/L 

Production of volatile acidity <0.3 g/L 

Production of SO2 limited 

Nitrogen requirements medium 

killer effect positive 
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Activity of cinnamyl decarboxylase negative (POF-) 

Dosage 30 g/hL 

Aromatic flavors red berries, mint, blackberries, 

currants, tobacco 

Notes favorite It promotes malolactic 

fermentation, and indicated for 

high alcoholic musts 

Table 3 : Characteristics of the yeast starter 

 

Concerning the Lactic acid bacteria starter, it was a self-prepared culture 

of five different strains of Oenococcus oeni, previously isolated from the 

same winery where the fermentations were conducted.  These specific 

strains were genetically and physiologically characterized at the 

laboratories of Food Microbiology of the University of Udine (Dipartimento 

di Scienze Agroalimentari, Ambientali ed Animali) and made available by 

kind permission of prof. Lucilla Iacumin. 

The reasons of their selection are summarized in the following points: 

absent ability to produce biogenic amines, good tolerance to ethanol, good 

resistance to SO2, and the presence of different genotypes.  

The multi-strain inoculation option was chosen because it may ensure a 

certain degree of variability during fermentation and avoids possible 

crashes due to fermentative deviations. 
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2.3 Winemaking Protocol 

Grapes were subjected to crushing-destemming and the mash was 

subdivided in four containers of 100 L capacity. 

The inoculation with the commercial preparation of active dry yeast was 

immediately carried out in the piloted fermentation trials, while the 

remaining two samples were not inoculated (spontaneous fermentation). In 

the case of piloted fermentations, the yeasts have been rehydrated with 

water at a temperature of about 37 °C, and mixed to homogenize the 

solution, according to supplier’s instructions. In all the trials, 

fermentation/maceration temperature was set at 18-20 °C.  

After two days from the start of alcoholic fermentation Lactic Acid Bacteria 

(LAB) was coinoculated with the mix of strains previously described, at a 

concentration of 106 CFU / mL. 

Concerning maceration management, the cap was punched down twice 

daily for the entire maceration length. After fifteen days, the samples were 

drained and pressed separately, keeping them in single 54 L glass 

containers for the whole duration of the alcoholic fermentation. 

A few days before the end of the fermentation, the wine was decanted into 

smaller containers to make them all filled by prevent oxidation, eliminating 

the lees produced during fermentation. 

Bottling was carried out approx.. twenty days after the end of alcoholic 

fermentation, and 50 mg/L of sulfur dioxide was also added before closing 

the bottles themselves. 

 

2.4 Analytical determinations 

The bottled wines were characterized for the parameters reported below 
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2.4.1 Determination of color using spectrophotometer  

All the spectrophotometric analyses were carried out by using a UV–vis 

spectrophotometer, model V-530 (Jasco Co. Ltd., Tokyo, Japan). 

To determine the color intensity and the hue of wine samples, 

spectrophotometric measurements were performed at the wavelengths of 

420, 520 and 620 nm. 

The absorbance at 420nm is an index of the yellow – orange pigment 

content. 

The absorbance at 520nm is an index of the red pigment , linked to the 

presence of anthocyanins in flavilium form.  

The absorbance at 620nm is an index of blue pigment , due to the fraction 

of anthocyanins present in the form of the anhydrous basis at the pH of the 

wine  

Color intensity and hue are determined on the basis of the following 

calculations: 

 Color intensity (Glories, 1984): it is given by the sum of the value of 

the three absorbances reported above (420 + 520 + 620 nm). A 

high value of color intensity represents a wine sample with intense 

color. 

 

 Color hue (Sudraud,1958): it is given by the absorbance ratio 420 

nm/520 nm. A high value of this ratio represents wines with an 

orange – yellow hue, whereas red purple colored wine samples 

show a low value of this parameters.  

 

 

Measurements were carried out using 1 mm optical path length glass 

cuvettes (Hellma Analytics, Mülheim, Germany); readings were performed 

against distilled water.   
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2.4.2 Determination of phenolic compounds using Spectrophotometer  

Wine phenolics belong two main groups of compounds: non-flavonoid and 

flavonoid. The former group, also called phenolic acids, notably includes 

hydroxycinnamic acids (e.g., caffeic acid, coumaric acid) and the latter 

group includes anthocyanins, flavonol and flavanol.  

The content of total phenolic compounds was assessed by measuring the 

absorbance of the samples at 280 nm, using 10 mm optical path length 

quartz cuvettes (Hellma Analytics, Mülheim, Germany); readings were 

performed against distiled water. Wine samples were previously diluted 

fifty times and total phenolic index (TPI) was calculated multiplying by 50 

the absorbance measured at 280 nm. 

2.4.3 Determination of anthocyanins  

Anthocyanins are the red pigment of the grape skins. Their concentration 

in the wine is linked to the type of winemaking and in particular to 

maceration, the contact between the must and the skins. 

i) By Spectrophotometer  

A usual method of reference is to Ribérau-Gayon and Stonestreet (1965), 

based on the properties of anthocyanins to discolor in the presence of 

excess SO2. The method provides the measurement of free anthocyanins 

and anthocyanins combined with the tannins and bleached by SO2. 

Reagents 

- 95% v/v ethyl alcohol, acidified with 0.1 % v/v of 37% HCl  

- 37 % hydrochloric acid diluted 1:50 in distilled water  

- 15 % sodium bisulfite solution (NaHSO3) 
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Method 

- In a beaker (solution 1) 0.5 ml of wine, 0.5ml of acidified ethyl 

alcohol and 20 mL of diluted HCl solution were added 

The mixture was then splitted in two test tubes: 

- TEST TUBE A: introducing in it 2.5 ml of solution 1 + 1 ml of water; 

- TEST TUBE B: introducing in it 2.5 ml of solution 1 + 1 ml of sodium 

bisulfite 15%. 

Leave them to react for 30 minutes by placing the tubes in the dark, and 

then read the absorbance at 520 nm against water using cuvettes 1 cm 

thick. Readings were carried out against distilled water. 

Calculations: 

ANTHOCYANINS (mg / l) = [ABSORBANCE A - ABSORBANCE B] x 875 

 

ii) By HPLC 

HPLC analyses were performed on a LC-2010 AHT liquid chromatographic 

system (Shimadzu, Kyoto, Japan), equipped with an integrated 

autosampler and UV-Vis detector. Compounds were separated on a 5 µm 

packed, 150 x 4.6 mm Zorbax Eclipse Plus C18 column (Agilent 

Technologies, Santa Clara, CA, USA) thermostated at 25 °C. The elution 

was performed in gradient mode at a flow rate of 1.2 mL/min. The mobile 

phase was composed of 9 % (v/v) formic acid in Milli Q grade water 

(solvent A) and 9 % (v/v) formic acid in HPLC grade methanol (Solvent B). 

The gradient was set as follows: solvent B was held at 10 % for the first 3 

min, increased to 50 % in the following 15 min and held at the 50 % for 

additional 2 min. Solvent B was then decreased in 1 min to the initial 

conditions (10 %) and equilibrated at 10 % for 2 min. The injection volume 

was 20 μL. Before injection, all samples were filtered on 0.20 μm nylon 

membranes (Albet-Hahnemühle, Barcelona, Spain). Detection was 
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performed at 525 nm. The absolute areas of the detected peaks were used 

in data elaboration. 

Qualitative analysis was based on the order of elution reported in literature 

(Morata et al, 2007).  

2.4.4 Determination of tannins using Spectrophotometer  

Tannins in wine consist largely of condensed tannin polymers that are 

extracted from grapes and structurally altered during winemaking. Wine 

tannin is structurally quite different from preveraison grape tannin due to 

the incorporation of anthocyanins (Kennedy , 2002) and changes resulting 

from the chemical and enzymatic oxidation and rearrangement reaction 

that occur during the grape crushing and fermentation processes. 

The tannins in red wine influence the in-mouth sensory properties including 

mouth feel, particularly with respect to astringency , (Gawel , 1998) and 

therefore the perceived quality of the wine. 

The determination was carried out by the Bate-Smith assay (1954). 

Reagents: acidified butanol solution (500 mL of 37% HCl solution + 150 

mg of Fe2(SO4)3 + 500 mL of n-butanol). 

2 mL of each sample (diluted 1:50 in distilled water), are mixed with 6 mL 

of acidified butanol solution (Tube A). Half of this solution is transferred 

into a second test tube (in PYREX glass) (Tube B), which is placed at 100 

° C for 30 minutes. After cooling of the tube B, the absorbance of both 

tibes is measured at 550 nm, reading against water (10 mm optical path 

length). Total tannins (procyanidins), are calculated by the following 

equation 

  

  

 

Total tannins (g/L)= (DOB- DOA) * 0.01736 * 50 
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2.5 Sensory analysis  

In addition to the chemical analyses a sensory test was also conducted. 

The samples were identified by a three- digit numerical code and were 

referred to a commission of twelve judges who were to bring them in order 

of intensity. The descriptors chosen were as follows:  

- Intensity of color 

- Orange hue 

- Aromatic intensity 

- Vegetal/ herbaceous aromas 

- Body/ Structure 

- Astringency 

- General impressions  

An example of the scorecard used is reported in Figure 2. 

The statistical treatment of results was conducted using the Friedman test 

(Barillere and Benard, 1986), in order to identify the minimum significant 

difference between the ranks (p <0.05). If there were significant differences 

between the sums of the ranks, samples for which a given attribute was 

perceived as more intense, were those with the lowest sum of the ranks. 

  
                  

       
 3n(k+1) 
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Ranking Test  

RED WINES 

 

Campione________________ Judge Code ____________ 

Analyze the wines, put them in order according to the intensity of each attribute 

(Position 1: greater intensity; Position 5: lower intensity) 

It is not permitted to position the code for more samples in the same cell 

Position 1 2 3 4 
 

       
 Visual attributes 

Intensity of color 
      

Orange hue 
      

       
Olfactory attributes 

aromatic intensity 
      

vegetal / herbaceous       

       
 Gustatory attributes 

      
body / structure 

      
Astringency       

       
Other Attributes 

      
General impression 

      
 

Note : 

__________________________________________________________ 

Fig.2 :  Ordinary test 
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UNIT 3: RESULTS AND DISCUSSION 
 

3.1 Chemical analysis of the results of the wines using 

Spectrophotometer 

Three combinations of yeast/bacteria starter cultures were tested on 

Cabernet Franc wine; trials were carried out under winery conditions. The 

results of the chemical analysis from fermentation process (spontaneous 

and non spontaneous) are presented below. 

In Figure 3, the differences between the concentration of total phenolic 

compounds (Abs 280 nm), anthocyanins and tannins in the wines are 

presented. Differences were found among all samples concerning total 

phenolics, while samples P and PC had a slightly higher concentration of 

anthocyanins (673 mg/L) and tannins (608 mg/L), with respect to W and 

WC. Anyway, the use of selected microorganisms led averagely to wines 

more rich in anthocyanins and tannins, probably, for a more rational 

behavior of alcoholic fermentation. The faster beginning of the process, 

could have played a positive role, in protecting color compounds from 

oxidation and promoting a higher extraction of polyphenols during 

maceration (Ribereau-Gayon, 2006). 

. 
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Figure 3 : Concentration of phenolic compounds, anthocyanins and 

tannins(means with the same letter do not differ significantly by Tukey’s 

test, p<0.05). 
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Sample P  (Figure 4) had also higher color intensity, due to the higher 

concentration of anthocyanins found in this sample; intensity, was 

significantly different between samples W,PC,WC and P. Also, according 

to the color hue of the samples, no relevant differences were found 

(Figure 5). 

 

Figure 4 : Results of the chemical analysis of color intensity (means with 

the same letter do not differ significantly by Tukey’s test, p<0.05) 

 

Figure 5 : Results of the chemical analysis of color hue (means with the 

same letter do not differ significantly by Tukey’s test, p<0.05) 
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3.2 Chemical analysis of the results of the wines using 

HPLC 

Figure 6 illustrates the chromatographic separation of anthocyanin 

pigments using reverse-phase HPLC.  

Figure 6 : Reverse-Phase HPLC analysis of anthocyanins, in sample P 

The compounds detected by HPLC analysis are shown in Table 4. 

Table 4 :  Compounds detected by HPLC analysis 

Compound Rt 

Delphinidin-3-monoglucoside 7.774 

Petunidin-3-monoglucoside 10.189 

Peonidin-3-monoglucoside 11.310 

Malvidin-3-monoglucoside 11.767 

Vitisin A 13.377 

Petunidin-3-monoglucoside acetyltated 15.116 

Peonidin-3-monoglucoside acetylated 16.250 

Malvidin-3-monoglucoside acetylated 16.429 

Delphinidin-3-monoglucoside p-coumarylated 16.897 

Malvidin-3-monoglucoside p-coumarylated 18.686 

Malvidin-3-monoglucoside vinylphenol 19.428 

Malvidin-3-monoglucoside vinylphenol acetylated 20.391 
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 In young red wines, free anthocyanins are the principal source of red 

color, though monomeric anthocyanins are not particularly stable. As red 

grapes are the exclusive source of these monomeric anthocyanins, their 

composition determines the composition of the anthocyanin profile of the 

corresponding red wines automatically and significantly. These monomeric 

or free anthocyanins are gradually incorporated into their derived 

pigments, including copigments and polymeric pigments involing other 

phenolic during wine aging, contributing to a progressive shift of the red-

purple color of young red wine towards the more red-orange color of aged 

red wines (Jackson , 2008).  

Normally, in the red wines which are made from V. vinifera grapes, the 

main monomeric anthocyanins are the 3-O-monoglucosides of the six free 

anthocyanidins, including pelargonidin-3-Oglucoside (callistephin), 

cyanidin-3-O-glucoside (kuromanin), delphinidin-3-O-glucoside (myrtillin), 

peonidin-3-O-glucoside (peonin), petunidin-3-O-glucoside (petunin) and 

malvidin-3-O-glucoside(oenin) (Jackson, 2008). Such anthocyanidins differ 

from each other by the number and position of the hydroxyl and methoxyl 

substituent groups in the B ring of the molecule. The hydroxylation pattern 

of the anthocyanins in the B ring can directly affect the hue and color 

stability due to the effect on the delocalized electrons path length in the 

molecule. 

The vitisins are the most studied pyranoannthocyanin family, and they are 

formed in the reaction between the anthocyanins with some metabolites 

released during the yeast fermentation, such as pyruvic acid, or 

acetaldehyde (Bakker et al.,1997;Fulcrand et al.,1998; Hayasaka et al., 

2002), the latter of which can also be found in the wine as a result of the 

oxidation of ethanol. 

In the vitisin group, the most important are the carboxypyranoanthocyanins 

or type A vitisins, formed upon the reaction between the enol form of the 

pyruvic acid and the anthocyanins. Due to the formation of pyruvic acid 

during alcoholic fermentation, it is likely that the formation of these 

derivatives begins at the stage of winemaking. 
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The vitisin formed from malvidin-3-O-glucoside was called vitisin A by 

Bakker et al.,1997. This vitisin has been found in the highest 

concentrations, due to that the malvidin-3-O- glucoside is the prevalent 

anthocyanin in Vitis vinifera (Morata et al.,2006). The vitisin A is the main 

anthocyanin derivative detected by HPLC in Port wines after a year of 

aging, which clearly shows its importance in wine color (Mateus et al, 

2001, Romero et al.,2001).  

However, other studies were found that vitisin A is only a minor contributor 

to the visually perceived color of red wines (color contribution ~ 5%). The 

major contributor is the polymeric fraction (color contribution~ 70-90%) 

(Scharz et al. 2008). 

Also , in this study , vitisin A  seems not to affect the color intensity. It has 

been found that the sample P has the higher amount of vitisin A and the 

lower concentration of vitisin A was in the sample W  (Figure 7), 

confirming the color behavior reported above. 

 

 

Figure 7 : Absolute Area detected by HPLC analysis for vitisin A (means 

with the same letter do not differ significantly by Tukey’s test, p<0.05) 
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In this study, the concentration of malvidin-3-monoglucoside was found to 

be higher in the sample P, and lower in the sample WC while W and PC 

are not significantly different from either one of the aforementioned 

samples (Figure 8), confirming the previous behaviors. Differences were 

detected for delphinidin-3-monoglucoside (Figure 9) between sample W 

and all the remaining samples, as well as in peonidin-3-monoglucoside, 

among samples WC, PC and both W and P (Figure 10). 

 

 

 

Figure 8 : Absolute Area detected by HPLC for malvidin-3-monoglucoside 

(means with the same letter do not differ significantly by Tukey’s test, 

p<0.05) 
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Figure 9 : Absolute Area detected by HPLC analysis for Delphidin-3-

monoglucoside (means with the same letter do not differ significantly by Tukey’s 

test, p<0.05) 

 

 

Figure 10: Absolute Area detected by HPLC for Peonidin-3-monoglucoside 

(means with the same letter do not differ significantly by Tukey’s test, 

p<0.05) 
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3.4 Correlation between the results 
 

Also, the correlation of data has been investigated in order to detect if they 

are related and how properties interact with each other. The significance 

level was set at p <0.05 (Table 5). 

 

Table 5 : Correlation between analyzes (p <0,05), (significant correlations 

are colored red) 

 

 

Early studies of copigmentation with grape pigments noted that tannin 

modified the color of malvidin 3- glucoside solutions. Overall the results 

indicate that tannins have a clear positive effect on the color because as their 

supplementation to a malvidine solution resulted in an increase of color and a 

decrease in lightness (Gombau et al.,2016). 

Previous research in Shiraz wine samples, indicated that the concentration of 

delphinidin-3-monoglucoside is positively correlated to the concentration of 

Vitisin A, as well as that they had higher concentration than other 

anthocyanins  (petunidin, peonidin, malvidin) (Birse, 2007). 

No other significant correlations were observed between the rest of the 

parameters taken into consideration. 
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3.5 Statistical analysis of the wines 

The results reported above, were also evident in a Principal Components 

Analysis (PCA), carried out on the absolute areas detected by HPLC 

analyses. Elaborations were performed by the Software Statistica for 

Windows (Version 8). 

It was well clear that the higher amount of anthocyanins was concentrated 

in the samples PC and P (Figure 11). 

 

Figure 11: Results of PCA carried out on the absolute areas detected for 

anthocyanins in HPLC 
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3.6 Sensory analysis 

Sensory test results are shown in Table 6. 

Contrary with respect to what observed for anthocyanins, no significant 

differences were found concerning color, and the only attribute which seemed 

to be affected by the use of the different fermentation starters was “Fruity 

aromas”. In this case, the PC wine, which was inoculated with the starter 

NT202 and co-inoculated with O. oeni, was the most characterized and 

intense, and this could be due to the fact that commercial yeasts have better 

ability to produce aromas, as well as the presence of a higher percentage of 

O.oeni strains with β- glucosidase activity. This activity is also confirmed by 

the intensity of color in the thesis PC, inoculated with these strains, which is 

lower than in the other samples. Other studies had showed that co-inoculation 

treatments were rated highly for fresh citrus and low in cooked vegetal and 

bruised apple (Molina et al., 2009).  
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Table 6 : Sensory results. The values shown correspond to the sum of the 

calculated ranks. The samples perceived as more intense for a given 

attribute, are those with the lower sum of the ranks (minimum significant 

difference between the ranks 17-p <0.05). 
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W 33 a 32 a 37 a 27  a 30 a 34 a 27 a 

WC 28 a 27 a 32 ab 27 a 28 a 27 a 30 a 

P 24 a 35 a 31 ab 35 a 37 a 29 a 35 a 

PC 35 a 26 a 20 b 31 a 25 a 30 a 28 a 
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UNIT 4: CONCLUSION 

A few years ago there was debate if yeast and bacteria strains used to 

conduct wine fermentation had an effect on wine composition and aroma 

(Thorngate,1999). Many studies have now shown this to be the case. The 

results of this study have demonstrated that the choice of yeast and 

bacteria   affects the wine composition  and sensory properties. The study 

highlights certain differences between spontaneous and non spontaneous 

fermentation. 

The use of commercial strains gave the best results, concerning both the 

concentration of color compounds and tannins and the intensity of fruity 

aroma. Differences in color, were perceived from the analytical point of 

view, rather than from the sensory one, confirming that also spontaneous 

fermentation gave good results in the experimental conditions tested. This 

is an interesting fact, considering that all fermentation trials were carried 

out without sulfur dioxide supplementation, and only 50 mg/L were added 

to the wines at bottling. Further experiments, shall keep into account how 

wines will undergo chemical and sensory modifications during storage and 

ageing. 

To sum up, the use of selected microorganisms led to wines richer in 

anthocyanins and tannins, probably due to more rational behavior by the 

alcoholic fermentation .It was observed that the hue of wines of 

spontaneous alcoholic fermentation  was higher, indicating the oxidation of 

phenolic compounds of wines. In the sample P was observed higher 

concentration in anthocyanins.  VitisinA, maldivin and delphinidin, while the 

W sample had an average of the less anthocyanins absorbance  in HPLC. 

There were positive correlations between malvidin and tannins and 

VitisinA- delphinidin while  the only sensory attribute affected was the 

"fruity" aroma, which was more pronounced in the sample PC 
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