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Introduction 

 

The manufacture of sparkling wines by the traditional method (Champenoise) occurs by a 

secondary alcoholic fermentation in the bottle of the base wine, which is previously added with the 

liqueur de tirage containing sucrose and selected yeast. It is well known that a preliminary yeast 

adaptation, mainly to ethanol, is essential for the success of prise de mousse, because it enables 

yeast to acclimatize in the presence of alcohol. After the secondary alcoholic fermentation, the 

obtained wine is aged over yeast lees for several months, in order to enhance the overall quality of 

the final product (Sartor et al., 2018) and the remuage process is carried out. The word remuage 

derives from French (“riddling” in English), and relates to preparing the bottle for removal of wine 

deposits. As described by Beghi et al (2018), the bottles are arranged on special racks (pupitres) 

with the neck lower than the bottom; the bottle is continuously rotated by hand on the support in 

order to cause the lees of dead yeast to deposit onto the cap. The last processing step, called 

dégorgement, is then carried out, wherein the wine contained in the bottle  neck is frozen and the 

cap is removed to let the deposit come out under pressure. Afterwards, the bottle is topped up with 

liqueur d’expedition (a mixture of wine syrup and sugar), corked with the traditional mushroom-

shaped cork and a wire cage.  

 

Manual or mechanical remuage is a very labour-intensive and time consuming process (lasting 3-4 

weeks), which increases the final cost of sparkling wine. This phase and the subsequent 

disgorging procedures may be accelerated and simplified by the use of immobilized yeasts. In the 

last decades, numerous researches have been carried out on the selection and development of 

suitable techniques using support materials appropriate for yeast immobilization (de Lerma et al., 

2018; Wen-Tao, Wei-Ting, Yu-Bing, & Xiaojun, 2005). Among these, capsule entrapment, by the 

physical localization of viable cells into polymer matrix, allowed to preserve desired yeast 

metabolism. 

 

From an industrial point of view, the support materials most commonly used in capsule production 

for their properties (e.g. food-grade, low cost, abundant and suitable for ethanol-water solution) 

are: carrageenans, chitosan, polyvinyl alcohol and alginates. Despite the advantages of 

encapsulated yeasts, their application is still limited. Issues with them include: cell leakage, 

diffusional limitations, rupture of capsules caused by growth cell and gas production (during the 

prise de mousse), and dissolution of three-dimensional gel in acidic media (during the sparkling 

wine ageing). In order to improve chemical and mechanical properties of single alginate layer 

capsules, research has been carried out using chitosan (a natural food-grade polysaccharide 

obtained from chitin) as coating agent (Liouni et al., 2008; Wen-Tao et al., 2005). In the last few 

years, calcium alginate–chitosan microcapsules have received considerable attention due to their 
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biocompatibility, nontoxicity, and biodegradability as drug delivery systems, enzyme and cell 

immobilization supports. Despite the efforts recently made to improve the application of 

immobilized yeasts in the secondary fermentation of sparkling wine, to our knowledge no study 

investigated the use of encapsulated yeast in multilayer biopolymer matrix. Thus, the aim of this 

study was to use a new yeast encapsulation procedure, applying the chitosan-calcium alginate 

double layer microcapsules (Figure 1), for sparkling wine production by traditional method. 

Additionally, a stepwise adaptation to ethanol of yeast before encapsulation was developed for the 

first time. During the prise de mousse, the kinetic of pressure increase in the bottle was monitored. 

After 6 months of aging, volatiles and sensory profiles of sparkling wines produced by 

microencapsulated and free yeast were measured and compared. 

 

 
Figure 1: 3D reproduction of double layer microcapsules (calcium alginate inner core and chitosan outer 

shell). 

 

Materials and methods 

 

The commercial yeast strain S. cerevisiae bayanus Lalvin EC-1118® (EC1118), kindly provided by 

Lallemand (Verona, Italy), was inoculated in the base wine in free or in encapsulated form, 

previously adapted or not adapted to ethanol presence. Microencapsulation of yeast cells was 

carried out using the Encapsulator B-395 Pro (BUCHI, Switzerland). A scheme of the Buchi 

Encapsulator is reported in De Prisco, Maresca, Ongeng, & Mauriello (2015).  

 

Sparkling wines were produced by the traditional method using a monovarietal base wine from 

Vitis vinifera L. cv. Riesling renano white grape. Free cell inoculum was prepared to obtain a final 

concentration in bottle of 2x106 cells/mL of viable yeast cells as reported by other authors 

(Bozdogan  & Canbas 2011). The amount of microcapsules introduced in each bottle was 

calculated in order to achieve an equivalent inoculum (2x106 cells/mL of viable yeast cells).  

Four different sparkling wines were produced by free or encapsulated yeast, both adapted and not 

to ethanol: 

 i. free yeast not adapted to ethanol (Free);  

ii. free yeast adapted to ethanol (Free EtOH-A);  

iii. encapsulated yeast not adapted to ethanol (Encapsulated);  

iv. encapsulated yeast adapted to ethanol (Encapsulated EtOH-A).  
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Secondary fermentation was conducted in the dark at a constant temperature (15 °C). A total of 24 

bottles were produced. Among these, 3 replicates for each samples were closed with bidules and 

crown caps. The other 12 bottles were capped with aphrometers (Oenoitalia Srl, Italy).  

 

The pressure increase, corresponding to the CO2 released during the prise de mousse, was 

determined by aphrometers. The main oenological parameters, volatiles and sensory properties of 

the 4 different sparkling wines produced were determined after 6 months of aging. The OIV 

analytical methods (OIV, International Organization of Vine and Wine, 2012) were employed for the 

determination of pH, total acidity (g/L), volatile acidity (g/L), alcoholic degree (% v/v), residual sugar 

(g/L), total and free sulphur dioxide (mg/L), malic and lactic acid (g/L) and glycerol (g/L). 

 

Solid-phase extraction (SPE) was carried out using ENV+ cartridge (IST, Ystrad Mynach, Wales) 

and the volatile compounds were analysed by GC/MS with a 6980N Network GC System coupled 

with a 5975 XL EI/CI MSD (Agilent Technologies, Santa Clara, CA, USA), equipped with DB-Wax 

Bonded PEG fused silica capillary column (60 m × 320 μm i.d. × 0.25 μm film thickness; Agilent 

Technologies). 

 

The sensory evaluation of sparkling wines was carried out at Tuscia University by a panel of 10 

assessors (4 female and 6 male), ranging in age between 30 and 65 years, all of them were 

experienced in wine tasting and trained in performing sensory analysis of various wine typologies 

(including sparkling wines). The sensory attributes evaluated were: colour, limpidity, aroma quality 

and intensity, taste quality and intensity, acidity, body and overall judgment. The visual evaluation 

of foam quality was also performed, assessing the initial quantity of foam formed, whether the foam 

covered the whole surface of the wine, the presence of a foam collar, the size of the bubbles, and 

the effervescence as reported by Hidalgo et al (2004). 

 

 

Results and discussion 

 

Oenological parameters  

 

No significant differences were observed in the oenological parameters among the 4 sparkling 

wines (Table 1), in alcohol content, total and volatile acidity, pH, free and total sulphite content, and 

residual sugar.  
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   Sparkling wine 

 Base 

wine 

 
Free 

Free 

EtOH-A 
Encapsulated 

Encapsulated 

EtOH-A 

pH 3.0 ± 0.1 a  3.0 ± 0.1a 2.9 ± 0.1 a 3.0 ± 0.1 a 3.0 ± 0.1 a 

Total acidity (g/L) 7.7 ± 0.3 a  7.7 ± 0.3 a 7.8 ± 0.4 a 7.7 ± 0.3 a 7.6 ± 0.3 a 

Volatile acidity (g/L) 0.3 ± 0.1 a  0.3 ± 0.1 a 0.3  ± 0.1 a 0.3  ± 0.1 a 0.3  ± 0.1 a 

Ethanol (% v/v) 10.6±0.1 b  12.1 ± 0.1 a 12.0± 0.1 a 12.0 ± 0.1 a 12.0 ± 0.1 a 

Residual sugar (g/L) < 1 a  < 1 a < 1 a < 1 a 1.1 ± 0.1 a 

Total SO
2
 (mg/L) 54 ± 9 a  54 ± 9 a 61 ± 10 a 45 ± 8 a 54 ± 9 a 

Free SO
2
 (mg/L) 11 ± 1 a  11 ± 1 a 12 ± 3 a 11 ± 2 a 11 ± 2 a 

Malic acid (g/L) 1.9 ± 0.2 a  1.6 ± 0.1 a 1.6 ± 0.1 a 1.6 ± 0.2 a 1.6 ± 0.2 a 

Lactic acid (g/L) 0.3 ± 0.2 a  < 0.1 a < 0.1 a < 0.1 a < 0.1 a 

Glycerol (g/L) 3.2 ± 0.4 b  4.7 ± 0.6 a 4.7 ± 0.6 a 4.5 ± 0.5 a 4.6 ± 0.5 a 

Table 1. Composition of Riesling base wine and sparkling wines produced by EC1118 yeast in Free or 

Encapsulated form, adapted (EtOH-A) or not to ethanol. Reported values are mean ± standard deviation of 3 

replicates. Different upper case letters within a raw denote significant differences among the means (one-

way ANOVA, α = 0.05, Tukey multiple comparisons test). 

 

In addition, data show a significant increase (about 1.5 g/L) in glycerol content in all samples if 

compared to the base wine (3.2 g/L). This increment could be due to the glycerol-pyruvic 

fermentation pathway, during the early phase of prise de musse, when glycerol synthesis makes it 

possible to reoxidize surplus NADH produced by anabolism. No significant differences related to 

yeast-inoculating formats were determined, thus proving that the ethanol adaptation process, 

before secondary fermentation, did not affect this yeast metabolism. 

 

Pressure increase during prise de mousse  

 

The kinetic of prise de mousse (Figure 2) is represented by the pressure increase in bottle 

corresponding to the CO2 released during the secondary fermentation. EC1118 free and 

encapsulated, both adapted and not to ethanol, successfully completed the secondary 

fermentation, reaching the expected pressure (6 bars) due to the amount of sugar in the added 

liquer de tirage. The kinetic behaviour was described by a sigmoid curve, as reported by Martí-

Raga et al (2015) that could be fitted using Gompertz model. The predicted curves fitted well with 

the experimental data and their regression coefficients ranged from 0.93 to 0.98 (Table 2). The 

different yeast-inoculating formats had a significant impact on the kinetic parameters [e.g. pressure 

increase rate (KP) and half-time of pressure increase (MP)], with the highest KP (0.053 bar/day) and 

the lowest MP value (13 1/day) revealed for Free EtOH-A. 
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Figure 2: Time course of pressure increase in the bottle during Prise de mousse carried out by EC1118 

yeast in Free (●, ○) or Encapsulated (■, □) form, adapted (●,■) or not (○,□) to ethanol (EtOH). Reported 

values are mean ± standard deviation of 3 replicates. 

 

The fermentation kinetics appeared more vigorous using free and microencapsulated yeast, 

previously adapted to ethanol (Free EtOH-A and Encapsulated EtOH-A) with significant differences 

with respect to not adapted forms. 

 

Additionally, the secondary fermentation carried out by Encapsulated EC1118 (not adapted) was 

the slowest, with a KP of 0.014 bar/day and a MP value of 49 1/day to reach the 50% of final 

pressure in bottle (Table 2).  

 

As reported in literature, exposing yeast cells to a stepwise increase in the level of ethanol stress is 

effective for obtaining the ethanol-tolerance, probably attributable to the different fatty acid content 

of cell membrane and cell morphology (Stanley et al., 2010).  

 

Moreover, the time request to start the secondary fermentation (days until the starting of pressure 

increase) confirmed the enhanced metabolic efficiency of ethanol-adapted cells, both in 

encapsulated and free forms (lag phase of about 6 days), with respect to the corresponding non-

adapted counterparts (lag phase of about 16 days). 

 

 KP 

(bar/day) 

MP 

(1/day) 
R2 

Free  0.032b (0.004) 21b (3.5) 0.94  

Free EtOH-A  0.053a (0.010)  13c (2.5) 0.93  

Encapsulated  0.014c (0.005) 49a (1.5) 0.94  

Encapsulated EtOH-A  0.038ab (0.004)  18bc (2.0) 0.98  

Table 2 Parameters obtained by fitting the altered Gompertz equation (KP pressure increase rate; MP half-

time of pressure increase) to the experimental data of pressure increase in the bottle during Prise de mousse 

carried out by EC1118 yeast in Free or Encapsulated form, adapted (EtOH-A) or not to ethanol. 
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Volatile aroma compounds  

 

Observing data in Table 3, the secondary fermentation and the following 6 months of aging lead to 

a decrease of total terpenes with respect to the initial content in the base wine, although significant 

differences did not appear among the four sparkling wines. The total amount of norisoprenoids 

remained almost unchanged after the secondary fermentation, whereas an increased amount of 

total aldehydes and ketones was revealed in the four sparkling wines (Free, Free EtOH-A, 

Encapsulated, Encapsulated EtOH-A) in comparison to the base wine. In particular, a significant 

higher level was found in Free and Free EtOH-A sparkling wines with respect to the Encapsulated 

ones. After the secondary fermentation and the subsequent 6 months of aging, the four sparkling 

wine profiles showed a higher content of total esters in comparison to the base wine, with an 

increase ranging from 12% to 24% in Free and Encapsulated samples, respectively (Table 3). 

Comparing the four sparkling wines, the Encapsulated sample was the richest in total esters, due 

to the greatest increase in the amount of diethyl malate, ethyl lactate and diethyl succinate. 

 

Concerning total alcohols, a slight decrease was observed in the four sparkling wines after the 

secondary fermentation and the following 6 months of aging. The amount of total alcohols 

appeared significantly lower in sparkling wines produced by ethanol-adapted yeasts, both in free 

and encapsulated forms (-16% and -8% for Free EtOH-A and Encapsulated EtOH-A, respectively) 

(Table 3). Therefore, data reveal that ethanol adaptation phase has a significant effect on the 

concentration of these volatiles, both for yeast in free and entrapped forms. 

 

  Sparkling wine 

Compounds 
Base wine Free 

Free  

EtOH-A 
Encapsulated 

Encapsulated 

EtOH-A 

Terpenes 209.2±8.0 a 129.9±2.4 b 133.8±2.4 b 128.9±0.6 b 127.6±0.7 b 

C13- Norisoprenoids 40.4±1.4 a 41.9±1.1 a 41.2±0.6 a 39.4±1.4 a 40.5±1.5 a 

Aldehydes, ketones 33.7±1.2 e 100.2±2.8 b 115±2.7 a 71.9±2.2 d 92.2±0.4 c 

Esters 15282±442 d  17147 ±65 c 18167±64 b 19055±268 a 17981±14 b 

Alcohols 19612±692 a 18358±862ab 15455±698 c 18771±480 ab 17346±604 b 

Acids 12502±348 a  10605±325 c 11373±17 b 12251±26 a 12112± 66 a 

Phenols 78±2e 126±1a 114±1b 85±1d 96±3 c 

Lactones 2170±14 a 1797±24 bc 1793±32 bc 1834±34 b 1708±84 c 

Table 3 Concentrations of the quantified volatile compounds (µg/L of 1-heptanol) of Riesling base wine and 

sparkling wines obtained by EC1118 yeast in Free or Encapsulated form, adapted (EtOH-A) or not to 

ethanol. 

 

After the secondary fermentation and the subsequent 6 months of aging, the total amount of 

volatile phenols, even far from the odour perception threshold, was greater in the four sparkling 

wines with respect to the base wine, with the lowest content in Encapsulated and Encapsulated 

EtOH-A samples. In particular, 4-vinylphenol and 4-vinylguaicol were significantly less abundant in 

these two latter sparkling wines. Moreover, total lactones, desirable compounds in wines (floral and 

fruity-like odor), significantly decreased after the secondary fermentation and the following 6 

months of aging. 
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Sensory profile 

 

Sensory analysis of four sparkling wines, produced by free or encapsulated yeast, both adapted 

and not to ethanol was performed by evaluating their global organoleptic quality (Figure 3). The 

analysis of variance of the sensory data highlighted no differences among the sparkling wines 

concerning the visual appearance with the only exception of the Encapsulated sample, which was 

characterized by an higher yellow colour intensity score, a lower limpidity, and an overall worse 

judgment. It is probably ascribable to the delayed and slowest secondary fermentation, carried out 

by the Encapsulated EC1118 not previously adapted to ethanol. In contrast, the application of 

Encapsulated EtOH-A allowed us to produce a sparkling wine having the same scores in terms of 

aroma, taste and body, to those produced by Free yeasts (both adapted and not to ethanol). 

Moreover, during  the visual analysis of the foam characteristic of each sparkling wine, the judges 

described the foam as abundant and covering the full surface in all samples with the only exception 

of sparkling wine produced with yeast not adapted to ethanol. In the last sample, the foam was little 

and only partially covered the surface of the wine. A total foam collar was observed in all samples 

except for the Encapsulated. Nevertheless, the bubbles were small and effervescence was normal 

in all sparkling wines. 

 

 

 
Figure 3: Radar plot of sensory descriptors, obtained by the mean of the scores given by the panellists, of 

the different sparkling wines made with S. cerevisiae strain EC1118 [Free form (Free); Free form adapted to 

ethanol (Free EtOH-A); Encapsulated form (Encapsulated); encapsulated form adapted to ethanol 

(Encapsulated EtOH-A)].  

For each descriptor, different letters indicate significant differences (p < 0.05) 
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Conclusions and future perspectives 

• Chitosan-calcium alginate double layer microcapsules have been successfully used for the 

production of sparkling wine by traditional method; 

• The stepwise adaptation to ethanol of yeast before encapsulation was developed for the 

first time and this phase resulted as crucial to enhance yeast metabolism; 

• The kinetic of pressure increase appeared more vigorous using free and encapsulated 

yeast, previously adapted to ethanol; 

• Sparkling wines produced by encapsulated yeast had similar organoleptic characteristics as 

in fermentation using free yeasts 

 

The application of yeast in chitosan-calcium alginate double layer microcapsules (diameter 110-

150 µm) for the secondary fermentation ensured a much shorter remuage time. In comparison to 

the manual or mechanical remuage which takes 3-4 weeks, the application of microcapsules 

allowed to complete the process in approximately 5 minutes (Figure 4).  

 

Other advantages in the use of yeast in chitosan-calcium alginate double layer microcapsules are: 

 

1. Direct inoculation, microencapsulated yeasts can be directly introduced into the bottle. 

There is no need to build up a culture.  

2. Reduction of production costs and labour time, thanks to the suppression of the riddling 

step. The bottle’s inversion is sufficient to allow the beads to settle in the bottleneck within a 

few minutes (5 minutes) 

3. Better space management in the cellar, as most riddling equipment becomes unnecessary 

4. Riddling agents (bentonites, gallic and ellagic tannins) no more requested 

 

 

 
Figure 4: Remuage after the secondary fermentation carried out by yeast in chitosan-calcium alginate double 

layer microcapsules 
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Abstract 

Despite the efforts recently made to improve the application of encapsulated yeasts in the secondary 

fermentation for the production of sparkling wines by traditional method, no research investigated the use of 

yeast in multilayered biopolymer microcapsules. In this work, the yeast strain S. cerevisiae bayanus Lalvin 

EC-1118 was entrapped, for the first time, into chitosan-calcium alginate double layer microcapsules 

(average diameter of 110 micron), and it was successfully used for the production of Riesling sparkling wine 

by traditional method. A stepwise adaptation to ethanol of yeast before encapsulation was developed and 

this phase resulted crucial to enhance yeast metabolism. EC1118 free and encapsulated, both adapted and 

not to ethanol, successfully completed the secondary fermentation, reaching about 6 bars in bottle, but 

following different kinetic of pressure increase during Prise de mousse. Comparing volatile compounds of the 

obtained sparkling wines, after 6 months of aging, a significant higher level of total aldehydes, ketones, as 

well as a significant lower amount of acids was found in samples produced by free yeast (adapted or not to 

ethanol) with respect to the encapsulated ones. Moreover, it was evident that the ethanol adaptation phase 

had an appreciable effect on the concentration of total alcohols, which was significantly lower in sparkling 

wines obtained by ethanol-adapted yeasts, both in free and encapsulated forms. Finally, sparkling wines 

produced by encapsulated yeast (previously adapted to ethanol) had sensory properties, in terms of aroma, 

taste, body and foam quality similar to those obtained by free yeasts (both adapted and not to ethanol). 


