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Abstract 
 

This present work reports on the use of an alternative method for wine filtration, the cross-

flow microfiltration system. In a preliminary set of experiments, the influence of the 

transmembrane pressure (TP) on the filtrate flow and wine quality were studied. The increased 

pressure results in a proportional increase of the permeated flow, but only until 1,0 bar, from this 

value the increase of the permeated flow became progressively slower, tending to a limit value. 

In terms of wine quality, results show that the best TP conditions for wine filtration was 0,5 bar. 

After a new microfiltration experiment, using the optimal conditions (0,5 bar), the obtained wine 

composition was compared to the same wine filtrated by diatomaceous earth. The main 

drawback found for the cross-flow microfiltration system was the loss of color intensity. For the 

other wine quality parameters the cross-flow microfiltration results were quite favorable. With 

this show that the cross-flow microfiltration is a promising process in wine filtration, and that 

under optimum, the filtration can be used satisfactorily.   
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1. Introduction 

 Wines are alcoholic drinks obtained from  

the fermentation of grapes. Their 

composition is determined by the 

composition of the grape, which depends 

on genetic characters, on vine growing 

conditions, on grape ripeness at harvest, 

and on wine-making practices. These latter 

involve a series of successive operations, 

the sequence of which varies considerably 

depending on the wine type. Wines’ 

composition depends also on yeast and 

bacterial strains and their metabolism [1]. 

The average composition of wines is shown 

in Table 1. 

Table 1 - Average composition of wines [1]. 

Compound Concentration (g/L) 

Water 750 - 900 

Ethanol 69 – 121 

Organic acids 3 – 20 

Minerals 0,6 – 2,5 

Nitrogen 0,5 – 5 

Phenolic 1,5 - 6 

Polysaccharides 0,4 – 0,7 

 Ethanol is undisputably the most 

important alcohol in wine. Although small 

quantities are produced in grape cells 

during carbonic maceration, the primary 

source of ethanol in wine is yeast 
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fermentation. Ethanol is the principal 

organic by-product of fermentation [2]. 

 The organic acids have a large 

contribution on the composition, stability 

and organoleptic qualities of wines. Their 

preservative properties also enhance wines 

microbiological and physicochemical 

stability [3]. 

 Phenolic compounds play a major role in 

enology. They are responsible for all the 

differences between red and white wines, 

especially the color and flavor of red wines.  

They have bactericide, antioxidant and 

vitamin properties that apparently protect 

consumers from cardiovascular disease [2, 

4]. 

 The carbohydrates play an essential role 

in winery since they are the source of 

fermentation giving rise to the production of 

alcohol. They also contribute to the taste of 

wines conferring sweetness which varies 

from a background note in dry wines to a 

clear taste in sweet wines; they also 

generate by-products such as glycerol 

which gives body and roundness. Sugars 

also contribute to the aroma, through the 

formation of some volatile compounds [5]. 

 Many nitrogen-containing compounds 

are found in grapes and wine. These 

include inorganic forms such as ammonia 

and nitrates, and diverse organic forms. 

Complex organic nitrogen compounds are 

essential for the growth and metabolism of 

grape and yeast cells, but are seldom 

involved directly in the sensory attributes of 

wine [2]. 

 Suspended particles in wine play a 

major role in winemaking and especially in 

wine clarification. This group includes 

microorganisms (yeast and bacteria 

chains), cell debris, colloidal aggregates 

and tartrate crystals. They are removed by 

filtration but may be found accidentally in 

the final wine [1]. 

 When wine is cloudy, or when a deposit 

remains at the bottom of the bottles, it is 

perceived as a sign of product deterioration. 

Indeed, limpidity of wine is the first visual 

quality a consumer expects from wine. It 

must be a permanent quality during all the 

storage period (even in tank or bottle) 

whatever the storage condition is (aeration, 

lighting, temperature, etc.). The key roles of 

filtration are to provide limpidity and also 

microbiological stabilization of wines.  

 Wine limpidity is assessed by measuring 

turbidity [1]. The mechanisms responsible 

for turbidity in wines, as well as the 

processes for preventing it, are based on 

the properties of colloids: the conditions 

under which particles grow in size, resulting 

in flocculation and sedimentation [3]. 

 The key roles of filtration are to provide 

limpidity and also microbiological 

stabilization of wines [1]. Stabilization could 

be divided into physico-chemical and 

microbiological stabilization. Physico-

chemical stabilization prevents the 

formation of organic and inorganic hazes 

and deposits. Microbiological stabilization 

by microfiltration is guaranteed by 

eliminating yeasts and bacteria that can 

destroy or modify a wine’s taste [1]. 

 These undesirable changes that denote 

wine instability are listed as: browning or 

other color deterioration, haziness or very 

slight cloudiness, cloudiness, deposits and 

undesirable taste or odor [1]. 

 In order to have a limpid wine before 

bottling, the wine makers implement 
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successive solid–liquid separations using 

traditional technologies such as 

centrifugation, filtration on sheets, 

diatomaceous earth filtration and the use of 

exogenic additives [1, 6, 7]. 

 Diatomaceous earth filtration is the most 

used technique to clarify wines. Nowadays, 

diatomaceous earth is classified as 

dangerous substances due to the presence 

of crystalline silica. Massive exposure may 

cause eye and airways irritations. 

Diatomaceous earth has also a negative 

impact on environment. After use, it cannot 

be discharged in the environment and it 

must be transported to waste disposal sites 

to be treated. So, restrictions for 

environment and health force the oenology 

sector to search for alternative techniques 

to traditional filtrations, and cross-flow 

microfiltration (CF-MF) could represent this 

alternative [1, 8]. 

 Microfiltration refers to filtration 

processes that use porous membranes to 

separate suspended particles with 

diameters between 0.1 and 10 μm [9]. 

 In CF-MF, the fluid to be filtered flows 

parallel to the membrane surface and 

permeates through the membrane by mean 

of a pressure differential. The shear exerted 

by the feed solution flowing parallel to the 

membrane surface can sweep the 

deposited particles towards the concentrate 

side so that the cake layer remains 

relatively thin [1, 10]. 

 The liquid that passes through the 

membrane is called permeate while the 

retained molecules and solvent constitute 

the retentate which is concentrated 

progressively during filtration cycles [1].  

 They are many models to describe a 

membrane process but the resistance in 

series model is the simplest and the most 

applied for wine filtration [1, 11], Equation 1. 

 
  

  

    
 Equation 1 

 Where J is the permeate flux, µ is the 

permeate viscosity, ΔP is the 

transmembrane pressure (TP) and Rt is the 

total resistance across the membrane. The 

total resistance is a sum of all resistances: 

intrinsic membrane resistance, 

concentration polarization resistance and 

fouling resistance. 

 In the wine industry, cross-flow 

microfiltration is becoming a promising 

process to achieve simultaneous 

clarification and microbiological stabilization 

of the product. 

 The main advantages of CF-MF in wine 

filtration are [1, 13]: 

 Elimination of labor costs and saving 

time; 

 Reduction of wine loss and energy costs 

by combination of several treatments in 

a single operation; 

 Reduction and elimination of clarifying 

agents. 

This work was developed to study cross-

flow microfiltration viability in wine filtration, 

by studying the influence of operation 

conditions (transmembrane pressure) on 

the permeate fluw and on wine quality.  

 

2. Materials and method 

 

2.1. Wine samples 

 The samples of red wine used in this 

work were from the region of Portalegre, 

Portugal. 
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 The wine was prepared from several 

grapes varieties, including Touriga 

Nacional, Aragonês, Trincadeira, Alicante 

Bouschet. 

 The fermentation was controlled at 20 – 

22 ºC for 5 days, the wine samples were 

used after fermentation without additional 

treatment, only the sample that was used to 

compare wine quality had suffered filtration 

using diatomaceous earth.  

 

2.2. Cross-flow microfiltration system 

 

The filtration was performed in a cross-

flow microfiltration pilot plant using a spiral 

wound PVDF membrane (model number M-

M4040VDF, AMI Membranes TM) with a 

pore size of 0,20 µm, and filtration area of  

7,45 m
2
. The operating conditions were a 

feed flow rate of 22 L/min, a cross-flow 

velocity of 10 cm/s and different 

transmembrane pressures were tested. The 

filtration experiments were carried for 

approximately 20 min, corresponding to a 

volumetric fraction of permeate of 0.75. 

The concentrate was recycled to the 

feed tank, while the permeate was collected 

into another tank. Transmembrane 

pressure and feed flow we adjusted by 

manual valves.  

The transmembrane pressure was 

calculated using Equation 2: 

 
   

     
 

    Equation  2 

where Pi and Po (KPa) are the inlet and 

outlet pressure retentate, respectively, and 

Pp (KPa) is the permeate pressure which 

corresponds, in this experimental set, to the 

atmospheric pressure (corresponding to a 

relative pressure of zero). 

The flux decline was determined using 

the resistance in series model, Equation 1. 

 

2.3. Analytical methods 

 

The following physic-chemical and 

microbial analyses were performed to the 

initial and filtrated samples of wine: 

 pH was measured with a digital pH 

meter (ORION). 

 Electrical conductivity was measured 

with portable conductivity meter (HACH). 

 Dynamic viscosity was measured using 

a digital viscosimeter (Brookfield). 

 Turbidity was measured using a digital 

turbidimeter (HACH). 

 Dry matter was measured by measuring 

the weight of residue obtained when the 

sample of wine is heated to 105 ºC. 

 Ash was measured by measuring the 

weight of residue obtained when the 

sample of wine is heated to 500 ºC. 

 Total suspended solids (TSS) was 

measured by gravimetric method, using 

glass fiber filters with a 0,45 µm of pore 

size. 

 Colour intensity was measured by 

determination of absorbanse at 420 nm, 

520 nm, 620 nm in a spectrophotometer 

(Thermo electron corporation). 

 Folin index was measured according to 

OVI-AS-2-10-INDFOL. 

 Total acidity was determined by titration 

method according to the standard OVI-

AS-313-01-ACITOT. 

 Volatile acidity was measured by 

distillation and titillation following Mathieu 

method [14]. 

 Alcohol grade was determined by the 

Portuguese standard NP-2143. 
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 Total and free sulfur dioxide were 

determined by the standard OVI-AS-323-

04-DIOSU. 

 Sugar content and total polysaccharides 

were determined by spectroscopy using 

the phenol-sulfuric acid method. 

 Anthocyanins content was determined 

by spectroscopy using the pH differential 

method. 

 Total microorganisms measurement was 

performed by microscopy.  

 

3. Results and discussion 

 

3.1. Membrane characterization 

 

The hydraulic permeability, Lp, was 

determined from the slope of the line 

resulting from the graphical representation 

of the permeate flux (Jw) of whit destilated 

water, at different transmembrane 

pressures, using the Equation 3. 

          Equation 3 

 The determined value for Lp was 

6,56×10
-6

 m/kPa.s, and for Rm the value 

was 1,53×10
-6

 m
-1

 (for µ = 1 cp). 

 

Figure 1 - Variation of the permeate flux of destilated 

water, in function of the TP. 

3.2. Influence of transmembrane pressure 

on the permeate flux 

 

 The filtrate flow rate in a cross-flow 

microfiltration system depends on the TP. 

 Figure 2 shows average permeate flux 

(<J>) values for the performed wine 

filtration experiments. 

 

Figure 2 - Behavior of average permeate flux vs TP. 

 In Figure 2, it is observed that the 

average permeate flux varies linearly 

apparently up to 1.0 bar. Afterwards, it 

tends to an asymptotic region, were the 

increase in TP does not cause a significant 

increase in flux.  

 

 

Figure 3 – Resistances vs TP 

 The plot of the calculated resistance 

values versus TP, in Figure 3, 

demonstrates that irreversible (Rirrev) and 

reversible (Rrev) resistances increase with 

TP. These results are explained because 

for higher pressure, the viscosity near the 

membrane surface is higher and thus mass 

transfer is also higher, with increases the 
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reversible resistance. High pressure also 

increases irreversible adsorption of colloids 

and other particles and their inclusion inside 

the membrane pores causing obstruction, 

which justifies the increase in irreversible 

resistance (part of the resistance due to 

fouling). The intrinsic membrane value 

could be restored though cleaning with 

agent P3-ultrasil 11. 

 

3.3. Transmembrane pressure influence on 

the quality of the filtered wine 
  

 The values obtained for wine quality 

parameters, with the different TP conditions 

are shown in Table 2. 

 The parameters with more relevance in 

the assessment of a wine microfiltration 

process are: colour intensity, turbidity, TSS 

and microorganisms.  

 The loss of colour intensity in the wine 

samples is considerable, and increases 

with the increase of TP. So the best TP 

value for filtration in terms of colour 

intensity loss is 0.5 bar, having a loss of 43 

%. 

 In all the TP tested, the values of 

turbidity obtained were good, always under 

2 NTU (desirable quality).  

 All the filtration experiments had also 

good results in the removal of SST and 

microorganisms. In terms of 

macromolecules retention the best TP 

value was again 0.5 bar. 

 Taking into account the experimental 

results, the TP value of 0.5 bar was 

selected for further studies because it 

resulted in the lowest colour intensity loss, 

and the lowest macromolecules retention. 

 

 

 

 

Table 2 – Pysico-chemical properties of initial and filtrated wine samples. 

Parameters 
 

Transmembrane pressure (bar) 

Parameter Unit Initial 0,5 bar 1,0 bar 2,0 bar 3,0 bar 3,5 bar 

pH - 3,51 3,52 3,50 3,52 3,53 3,54 

Electrical conductivity µS/ cm 2050,00 1990,00 1960,00 1920,00 1830,00 1720,00 

Turbidity NTU 75,50 0,78 0,70 0,64 0,59 0,55 

Colour intensity - 1,04 0,59 0,52 0,51 0,47 0,45 

Alcohol grade % volume 13,60 13,40 13,30 13,30 13,30 13,40 

Dry matter g/ L 23,50 19,10 18,20 17,20 16,90 16,80 

Ash g/ L 3,49 2,66 2,66 2,59 2,54 2,53 

TSS mg /L 185,00 30,50 29,00 27,00 18,50 16,00 

Folin index - 52,30 38,10 34,60 31,30 27,90 26,70 

Total acidity g tartaric acid / L 5,21 4,86 4,89 4,88 4,86 4,66 

Volatile acidity g acetic acid/ L 0,48 0,45 0,43 0,41 0,38 0,35 

SO2 free mg/ L 16,00 9,92 9,28 8,96 8,64 7,36 

SO2 total mg/ L 32,00 30,00 30,50 29,60 27,30 26,60 

Anthocyanins mg /L 75,10 72,80 65,50 47,70 46,80 39,50 

Sugar content g/ L 5,90 5,40 4,80 3,90 2,80 2,40 

Total polysaccharides g/ L 4,60 4,00 2,30 1,20 0,80 0,50 

Microorganisms cells/ ml 515 2 1 2 1 1 



3.4. Microfiltration experiment using the 

optimal operation conditions 
 

 The graphical representation of the 

permeate flux behavior along the 

microfiltration operation using a TP of 0.5 

bar is represented in Figure 4. This 

experiment used a new wine batch. 

 

 

Figure 4  - Graphical representation of permeate flux 

versus process time. 

The obtained values for Rrev and Rirrev were 

2,29×10
-12

 m
-1

 and 1,98×10-
12

 m
-1

, 

respectively.   

 

3.5. Comparison of the filtered wine quality 

using cross-flow microfiltration and 

diatomaceous earth filtration 

 

 The obtained values of the analyses 

made to the samples of wine filtrered by 

microfiltration and with diatomaceous earth 

are given in Table 3. 

 The comparative results of colour 

intensity, turbidity, and TSS of the different 

samples are represented in Figure 5. 

 Microfiltration leads to a bigger loss of 

colour intensity (31%) as compared to 

diatomaceous earthfiltration (11%). In terms 

of turbidity and TSS the microfiltration 

presents better results. 

 

Table 3 - Pysico-chemical properties of wine samples filtered by microfiltration and with diatomaceous earth. 

Parameters 
 

Filtration process 

Parameter Unit Initial Microfiltration Diatomaceous earth 

pH - 3,53 3,53 3,51 

Electrical conductivity µS/ cm 2080,00 2058,50 2064,50 

Turbidity NTU 21,75 0,30 0,50 

Colour intensity - 0,86 0,59 0,76 

Alcohol grade % volume 13,46 13,41 13,40 

Dry matter g/ L 24,41 23,21 24,26 

Ash g/ L 3,02 2,71 2,22 

TSS mg /L 24,50 11,50 14,50 

Folin index - 45,90 35,90 45,00 

Total acidity g tartaric acid / L 5,34 5,31 5,72 

Volatile acidity g acetic acid/ L 0,58 0,41 0,43 

SO2 free mg/ L 16,08 15,76 15,76 

SO2 total mg/ L 36,88 36,56 36,48 

Anthocyanins mg /L 69,20 46,80 95,50 

Sugar content g/ L 2,80 2,50 2,30 

Total polysaccharides g/ L 1,20 0,80 0,30 

Microorganisms cells/ ml 673 2 35 
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Figure 5 - Comparative results of colour intensity, turbidity, and TSS analyses on the original and filtered wine samples.

   

 
Figure 6 - Comparative results of colloidal compounds analyses on the original and filtered wine samples.

 

 

 The comparative results of the colloidal 

compound levels in the different wine 

samples are represented in Figure 6. The 

microfiltration system leads to a higher loss 

of phenolic compounds but, on the other 

hand, causes a smaller loss of 

carbohydrates, when compared to 

diatomaceous earth filtration. 

 

 

 

 The retention of microorganisms is also 

a very important parameter and in the 

cross-flow microfiltration this retention is 

higher than in diatomaceous earth filtration. 

 Whit these results it can be verified that 

the cross-flow microfiltration can lead to 

high quality wine. 
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4. Conclusions 

 

 From the initial experiments, were the 

influence of TP was studied, it can be 

concluded that the permeate flow depends 

significantly on the TP applied. It was also 

verified that the reversible and irreversible 

resistance values increase with the 

increase in TP, possibly due to the 

accumulation and compression of the 

retained particles against the membrane 

surface. 

 Analyzing the wine quality, the best 

results were associated to wine filtered 

using a TP of 0,5 bar, because of a smaller 

loss of colour intensity and also a smaller 

retention of colloidal compounds 

(macromolecules). 

 By comparing the quality of the wine 

filtered in the cross-flow microfiltration 

system and using diatomaceous earth, it is 

concluded that the major drawback of the 

microfiltration is the loss in colour intensity, 

which was approximately 31 %, while in the 

filtration by diatomaceous earth the loss 

was only 11%. For the other wine quality 

parameters the cross-flow microfiltration 

results compared well with those of the 

classical filtration. 

 With this work it can be concluded that 

cross-flow microfiltration is a promising 

process in wine filtration, and that under 

optimized operating conditions the filtration 

of wine using this process can be carried 

out effective with technical efficiency.   

 

5. Suggestions for future work 

 

 Below are presented some suggestions 

for future works in the development of a 

cross-flow microfiltration process for wine: 

 Use of different types of membranes, 

targeting low rejection of 

macromolecular components);  

 Study of further operating parameters, 

i.e, cross-flow velocity; 

 Cost assessment of the microfiltration 

process; 

 Comparison of costs between 

microfiltration and other wine filtration 

processes.  
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