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INTRODUCTION

The term ‘quality’ in wine has not been objectively defined. 
The difficulty in obtaining a specific definition resides 
in the fact that the perception of wine quality varies 

among people from different regions of the world, generations, 
wine styles (Grainger 2009) and the level of wine involvement 
and expertise of consumers (Charters and Pettigrew 2007). 
Furthermore, sparkling wine is usually considered harder to 
evaluate than other wines, since its consumption is associated 
with celebration events, which may increase the difficulties 
in assessing this wine style objectively. Drinkers with low 
involvement in wine appreciation find it even harder to evaluate 
sparkling wine when compared with wine connoisseurs (Charters 
2005). 

The quality of sparkling wine is currently assessed, among 
other sensory properties, by its foam and bubble behaviour. 
Therefore, pouring a glass of sparkling wine and looking at the 
foam dynamics of bubble formation and persistence are the first 
sensory metrics commonly performed by consumers and trained 
sensory panels for quality assessment. Bubbles are formed once 
the bottle is opened, as gaseous carbon dioxide escape from 
solution. The bubbles are judged according to their size and the 
collar formation (Liger-Belair 2013). Wine quality is officially 
assessed in wine shows and wine magazines by a trained panel of 
judges. This process is fundamentally subjective, since it is based 
on the variability of the sensory perception among people, which 
makes wine sensory evaluation often dissimilar, even within the 
same panel. 

Formation of foam and stability of bubbles in sparkling wine 
is intimately related to the chemical composition of the wine, 
which is a product of the method used in the sparkling wine 
manufacture. This method is called Method Champenoise or 
Methode Traditionelle and comprises six major steps: i) first 
alcoholic fermentantion; ii) blending; iii) second fermentation 
(also known as prise de mousse); iv) ageing; v) riddling and 
disgorging; and vi) dosage. What essentially differentiates 
sparkling wine from still wines is the effervescence and foam 
formation. Carbon dioxide (CO2) is produced by yeast during 
prise de mousse and maintained inside the bottle up until wine 
consumption. Mannoproteins, which are released from the yeast 
cell wall during winemaking, have been shown to increase the 
body, sweetness, roundness and mouthfeel of sparkling wines, 
retain aroma compounds, reduce astringency and improve the 
foaming properties of sparkling wines (Alexandre and Guilloux-

Benatier 2006). Wine evaluation is commonly performed 
by winemakers at the wine production and blending stages 
(Langstaff and Kilcast 2010).

In this paper, we discuss the development and results from a 
prototype automated procedure to assess sparkling wine foam 
and bubble characteristics using a robotic pourer (FIZZeye-
Robot) coupled with digital cameras and automated image 
analysis techniques. Digital images were analysed using a semi-
automated and automated computational method developed in 
Matlab® (Mathworks Inc., Matick, Massachusetts, USA) to obtain 
morphometric characteristics of the foam formed in the glass, 
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and foam and collar stability in time. Data 
from image analyses were contrasted 
with more established methods, such 
as judging panels and chemical analysis 
in the laboratory, to assess wine quality 
traits. Results have shown that the 
automated pouring and image analysis 
method offers a rapid and cost-effective 
sensor technology to obtain parameters 
of foam and bubble dynamics that can be 
related to quality attributes of sparkling 
wine, specifically to foam stability 
and estimative protein content. This 
methodology was developed within The 
Vineyard of The Future initiative. A video of 
the pourer in action can be seen at www.
vineyardofthefuture.wordpress.com.

MATERIALS AND METHODS

Sparkling wine material
Random selections of 11 wines from 25 

wines sampled using the robotic pourer 
at the 2013 Royal Melbourne Wine Show 
were used for this research. All sparkling 
wines were produced in Australia.

Robotic pourer description 
A robotic pourer (FIZZeye-Robot) was 

designed and constructed to normalise 
the pouring in standard glasses. The 
pourer consisted of a chamber to hold 
the wine bottle, which was lifted by an 
electrically powered motor with a lift 
capacity of five kilograms (Figure 1). The 
lifting mechanism was controlled using an 
Arduino® Uno mini programmable board 
(Arduino Inc., Rome, Italy). This program 
allows controlling the pouring, either 
manually or automatically, by activating 
a switch. The automated pouring can be 
calibrated to the original position for the 
bottle and then allowed to be tilted up 
to a 30o angle from vertical. By pressing 
the controlling button, a first pour of 
50mL of wine is delivered to the glass. 
If pressed again, a second pour of 50mL 
is delivered. The specific bottle size and 
mass can be entered into the Arduino 
program to increase the accuracy of the 
pour. This paper describes the image 
analysis of foam formation and stability 
for only the first pouring per sparkling 
wine bottle.

Glass material and standardisation
The shape of the glass influences the 

losses of dissolved CO2 (Liger-Belair 
et al. 2012). Therefore, to avoid glass 
variations, international standard wine 
tasting glasses (ISO wine glass) were 
used. The glasses used were Luigi 
Bormioli ISO wine tasting glasses. The 
glass dimensions are: rim diameter 
46mm, height 155mm, volume 220mL. 
Moreover, cellulose fibers present in 
glass are the main origin of nucleation 
sites which create bubbles in the glasses, 

presenting natural effervescence (Liger-
Belair et al. 2007). Thus, the glasses 
were etched to provide a continuous flow 
of bubbles and avoid random bubbling 
nucleation. The glasses were washed at 
45oC for 30 minutes and blow-dried in 
a dishwasher (Bosch Group, Stuttgart, 
Germany). The etching and glass washing 
technique was performed in order to 
standardise the effervescence process 
in the experiment. Dimensions and 
volumetric content of the standard glass 
were mathematically standardised and 
incorporated in the customised code to 
assess foam morphometrics and volume 
automatically from image analysis, 
regardless of the camera used or its 
position.

Image capture and analysis
Images from the glass were captured 

at a rate of one per 0.5 seconds using an 
IPEVO View 2 camera (IPEVO, Sunnyvale, 
California, USA). The camera was 
connected directly to a laptop computer 
and images were captured automatically 
using the Image Acquisition Toolbox® 
from Matlab. The main aspects of foam 
that need to be evaluated are its ability 

to form in the glass (foamability) and its 
stability (Prud’homme and Khan 1996). 
Several parameters were evaluated 
automatically in order to assess 
foamability and foam stability. Those 
parameters were evaluated by using 
image analysis algorithms developed 
using Matlab, ver. 2013b (Mathworks, 
Inc, Matick. MA, USA). The images were 
analysed semi-automatically by selecting 
the foam limits (top and bottom) to 
account for foam and wine volumes using 
the normalised algorithm developed for 
the standardised glass: the algorithm 
transforms the set of pixels obtained 
by the line corresponding to the height 
of the foam, for a particular image, into 
volume of foam. For each set of images, 
one picture was captured every half 
a second. The automated procedure 
recognises the boundaries of the foam 
and extracts metrics from this region 
of interest (ROI). The plotted values of 
the volume of foam (mL) versus time 
(seconds) are obtained from the data 
extracted (Figure 2, see page 28). The 
graphs obtained were subsequently 
used to estimate the values for the foam 
parameters automatically (Table 2).

Table 1. Sparkling wines used for the study. Wines were selected based on price, 
vinification method and origin. 

Wine Method Label Tirage time (months)

1 Transfer T2 24+

2 Champenoise C2 24+ 

3 Champenoise C2 24+

4 Champenoise C2 24+

5 Transfer T1 9-22 

6 Champenoise C1 9-22 

7 Champenoise C2 24+

8 Champenoise C2 24+

9 Champenoise C1 9-22 

10 Champenoise C1 9-22 

11 Champenoise C1 9-22 

Figure 1. Schematic illustration of the robotic pourer (FIZZeye-Robot) and the 
image analysis technique using Matlab®.
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Foam parameters obtained
The following is a short description for each parameter 

calculated (Table 2):
•  Foam volume (Vf): represents the maximum volume of foam 

formed, in mL (Figure 2).
•  Average foam lifetime (Lf): (Robillard et al. 1993), represents 

the average lifetime duration of foam, in seconds. It was 
calculated by dividing the area A (Figure 2) by Vf; where Vf is the 
maximum volume reached by the foam; t1 is the time taken to 
reach the maximum volume of foam; Ft is the duration time 
of the foam; A is the area below the curve of the graph foam 
volume versus time (Figure 2).

•  Foam height (Fh): represents the maximum height reached by 
the foam, in mm (Figure 2). 

•  Foam time (Ft): represents the duration of time of the foam, 
before forming the collar, in seconds. 

•  Foam velocity (Fv): represents the velocity of dissipation of 
foam (Cilindre et al. 2010). It was obtained from the derivative 
of the function representing foam height versus time, limited 
by the time t1 to Ft, where t1 is the time corresponding to reach 
the maximum volume of foam and Ft is the duration time of the 
foam (Figure 2).

•  Collar velocity (Cv): represents the velocity of dissipation of the 
collar (Cilindre et al. 2010). It was obtained from a derivative 
of the function representing foam height vs. seconds, limited 
by the period of time Ft to tc, where Ft is the duration time of 
the foam; tc was the time corresponding to reach zero mm of 
collar, or a value of 300 seconds was used when a collar was 
still present (Figure 2). 

•  Drainability (Dr): represents the ability of the liquid present in 
the foam to flow away from the foam (Burapatana et al. 2003). 
The drainability was calculated by the derivative of the function 
representing volume of wine in the foam versus time (Figure 
3), where vw is the volume of wine in the foam; t1 is the time 
corresponding to reach the maximum volume of foam; Ft is the 
duration time of the foam. 

•  Velocity of CO2 escape (CO2v): represents the velocity, which 
CO2 present in the foam escapes after bubble burst. It was 
calculated by the derivative of the function representing volume 
of CO2 in the foam (vco2) versus time (Figure 3). The volume of 
CO2 in the foam is calculated by subtracting the volume of wine 
in the foam (vw), from the volume of foam (vf).

•  Small bubbles (Sb): represents the count of small bubbles 
(diameter of 8-9, in pixels) in the foam. In order to calculate Sb 
a new algorithm was developed in Matlab to quantify bubbles in 
a section of the glass at the maximum foam formation (Figure 
4). Using a derivative of the generalised ‘Hough Transformation’ 
algorithm, it is possible to segment the images to find 
boundaries for each bubble in the ROI selected. All bubbles are 

Table 2. Foam and collar parameters obtained automatically 
from image analysis for different sparkling wines.

Parameters Name Abbreviation

1 Foam volume Vf

2 Foam average lifetime Lf

3 Foam height Fh

4 Foam time Ft

5 Foam velocity Fv

6 Collar velocity Cv

7 Drainability Dr

8 Velocity of CO2 escape CO2v

9 Small bubbles Sb
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quantified according to their diameter (in pixels). A histogram 
shows the number of bubbles according to their diameter. 
After detecting the number of small bubbles (diameter of 8-9, 
in pixels) for the selected section, this number was divided by 
the maximum volume of foam, in order to obtain an index of 
bubbles per volume.

Wine protein content assessment
Samples of 10mL from the 11 sparkling wines selected for this 

study were obtained after the pouring and image analysis. These 
samples were stored in a cooler with ice until the laboratory 
analysis. The protein concentration of different sparkling wines 
was determined by the bicinchoninic acid (BCA) method using 
the Pierce™ BCA Protein Assay Kit (Thermoscientific, Rockford, 
Illinois, USA). Bovine serum albumin (BSA) was provided 
by the manufacturer and used as standard. The samples 
were ultra-filtered previously to remove non-protein, BCA 
interfering compounds, as previously done by Smith et al. 2011. 
Absorbance was determined at 562nm and corrected by sample 
blanks. The wine protein content was the average of three 
independent measurements, expressed in mg L-1 equivalent to 
BSA. 

Statistical analysis
Multivariate analysis using principal component analysis 

(PCA) was used to obtain a hierarchy of variables analysed 

(descriptors). The aim was to find patterns in the data and to 
classify any combination of variables that could explain the links 
between descriptors and any other parameters obtained from 
the automated sensory analysis recognition described above. 
For this purpose, a customised code using Matlab and the 
Statistical Toolbox® was created to analyse the data. Results 
from this code rendered graphs of the projection of variables on 
the factor plane obtained by the PCA (correlation loadings) and 
score plots. 

RESULTS AND DISCUSSIONS

According to the data analysis, there were two main clusters 
of sparkling wines separated at a linkage distance of around 
105 (Figure 5a). The top cluster corresponds to wines with high 
protein content, collar stability, average life of foam, higher 
score and small bubbles. The bottom cluster was characterised 

Figure 3. Volume of wine in the foam versus time; and volume of 
CO2 in the foam versus time from a single pouring. The maximum 
volume of foam is represented by Vf, t1 represents the time 
corresponding to reach the maximum volume of foam, vco2 is the 
volume of CO2 in the foam, vw is the volume of wine in the foam. The 
equation y=ax2+bx+c denotes the relationship between volume of 
both CO2 and wine versus time is a polynomial of second order.

Figure 4. Illustrative process used to quantify the percentage 
of small bubbles present in the foam. First, a section of foam is 
selected at the image corresponding to the peak of foam formation 
(a); subsequently, bubbles are detected from the segmented 
image; finally, a histogram shows the number of bubbles according 
to their diameter in pixels (b).

Figure 5. Principal component analysis of 11 wines (Table 1) showing 
the cluster analysis and linkage between wines (a), score plot 
showing distribution of wines (b), loadings of different factors or 
variables (c) and the percentage of variability explained by different 
PCs. (d) Abbreviations of parameters from FIZZeye-Robot: CO2v = 
fraction of volume of CO2 in the foam; Fv = velocity of dissipation of 
foam; Dr = drainability; CO2v = velocity of CO2 loss from foam; Vf = 
volume of foam; Cv = collar velocity; Lf = average foam lifetime; Sb = 
small bubble fraction in foam. Parameters from chemometrics: pH 
= acidity of wines; TA = titratable acidity of wines; Protein = protein 
content of wines. Parameter from sensory: score = score giving by 
judges with a maximum of 100 points.

Figure 2. Maximum volume reached by the foam was denoted by 
Vf; t1 is the time required to reach the maximum volume of foam 
for a specific wine; Ft corresponds to the duration time of the foam; 
tc is the time corresponding to reach zero mm of collar height (a 
maximum value of 300 seconds was used when a collar was still 
present); A corresponds to the area below the curve.

a b
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by higher drainability, high foam velocity, higher CO2 velocity 
loss, less protein content and less score by judges. From Figure 
5b it can be seen that the winemaking method with higher 
protein content was Champenoise C2 (tirage time of more 
than 24 months), which can be explained by the contribution of 
soluble proteins probably originating from yeast, since these 
wines had more time in contact with lees.

The FIZZeye-Robot descriptors and the judge’s scores, which 
separated two mayor clusters of sparkling wines in the x-axis, 
dominated the PC 1. On the contrary, PC 2 was dominated by 
factors from the chemometric analysis (Figure 5c). This same 
graph shows a correlation between the average life of foam, the 
score given by judges and the collar stability of sparkling wines. 
These factors were inversely correlated to the CO2 velocity. The 
total variability explained by the PCs was 67%, with PC 1 = 47% 
and PC 2 = 20% (Figure 5d).

CONCLUSIONS

The FIZZeye-Robot performance demonstrated that this 
method offers a cost effective, replicable and rapid assessment 
of foam properties and bubble metrics of sparkling wines. The 
total cost of working parts to construct the robotic system is 
equivalent to the cost of a single protein assay kit that is able to 
analyse 250 normal samples (or standards) without replication 
to get one parameter (protein content). The FIZZeye-Robot does 
not require any extra consumables and there are no extra costs 
for replication associated with the system. Results from the 
robotic pourer were comparable to chemometrics and sensory 
panels conformed by professional judges. This technique can 
offer real time repeatable data that can be used by wineries 
to assess, for example, optimum tirage time, which can 
considerably reduce the time to make sparkling wine available 
to consumers, maximising product turnover and profits for 
wineries.
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