
 
 
Development of a nanofiltration process to remove volatile acidity in wines  

Joana V. Temidoa, António C. L. Conceiçãoa,c, Vítor Geraldesa,b, Ana Maria Brites Alvesa,b 

aInstituto Superior Técnico, Universidade de Lisboa; 
bCenter for the Physics and Engineering of Advanced Materials; 
cCentro de Química Estrutural 

 

 

ABSTRACT 

 

Volatile acidity must be carefully controlled in wine during the winemaking process. By law, the wine content in acetic acid must not 

exceed 1.2 g/L. In this work a process to remove the acetic acid from wine has been studied using nanofiltration. Five different membranes 

have been tested: NFX, NF200, NF1, NF3A and NF4. However, membrane NF1 was immediately discarded due to its low performance. 

Experiments were performed with solutions of acetic acid, ethyl acetate, ethanol and some of the most representative organic acids in 

wine such as tartaric, malic and lactic. Membranes NF3A and NF4 showed the highest permeation fluxes. NF3A, showed, in general, the 

lower rejection factors not only for acetic acid, one of the main objectives of this work, but also for all the studied solutes. All the other 

membranes showed similar behaviour for wine, being permeation flux the only parameter that distinguish them. A good separation 

between acetic acid and the other components was achieved but not from ethanol which comes in the permeate, as well. The separation 

between acetic acid and ethanol is thus very difficult. Acetic acid and ethanol separation is more effective at a pH of 3.2. 
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1. Introduction  

The wine’s total acidity is a parameter that determines its 

quality. Total acidity comprises fixed acidity which includes the 

non-volatile acids (as tartaric, malic, succinic, citric acids) and 

volatile acidity, where the volatile acids are present (as acetic, 

formic, propionic acids). The group of organic acids which are part 

of acidity interferes with the wine equilibrium and influences the 

organoleptic characteristic thus making the beverage with a 

mixture of acids, salty and bitter tastes.  

The volatile acidity [1] in wine is due to the set of volatile acids 

such as acetic, formic, propionic, n-butyl and many others, where 

acid acetic represents more than 90% of the volatile acidity. The 

acetic acid may be obtained by three different fermentations, 

alcoholic, malolactic and acetic fermentation. Usually, the 

concentration of acetic acid in wine is about 0.5 g/L but it can also 

get up to 1.2 g/L [2], which is the maximum limit allowed by law. 

When the acetic acid limit in wine is overcome, it becomes unfit 

for human consumption and the producers bring about 

prejudices that hardly are reversible. In this work the process of 

removal of volatile acidity through membranes, nanofiltration, 

was studied in order to remove the volatile acidity of wines and 

to preserve in it the fixed acidity and ethanol. 

As already mentioned, wine is a complex mixture [4] (not only 

of organic acids). This complexity is acquired in several stages. The 

process of winemaking goes from the harvest and crushing the 

grapes to fermentation and maturation.  Although the harvest 

and the crushing of grapes are very important stages, it is on 

fermentation and maturation that resides the interest from a 

chemical engineering viewpoint.  

The wine composition depends on several factors, including 

the region where it is produced, the type of grapes that are used, 

the climate, the age and others.  An average composition of wine 

is given in Table 1. 

Table 1  
Average composition of wine [1].  

Compound % 

Water  80.0-90.0 

Ethanol 8.0-15.0 

Glycerol 0.3-1.4 

Carbohydrates  0.1-0.3 

Organic acids  0.3-1.1 

Tartaric 0.1-0.6 

Malic 0.0-0.6 

Citric 0.0-0.05 

Succinic  0.05-0.15 

Lactic 0.1-0.5 

Acetic 0.03-0.05 

Tannins 0.01-0.3 

Nitrogenous compounds 0.01-0.09 

Mineral compounds 0.15-0.4 
 

 

Regarding the removal of the excess of volatile acidity in wine 

there are two groups of processes: processes using membranes 

and biological processes. In 2012 [5] a biological process was 

published where the yeasts Saccaromyces cerevisiae, are 

immobilized in a double layered matrix of alginate-chitosan for 

deacidification of beverages. Although, the use of immobilized 

yeasts helps its removal from the solution there are some 

inconvenients such as the lack of resistance to high ethanol 

concentrations and to pH and the variation of volatile acidity 
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removal percentage depending on the acetic acid concentration 

(high concentrations have a lower success rate). Another 

inconvenient in the wine is the microbiological activity that exists 

not only in the volatile acidity removal but it can also originate 

undesirable compounds. 

Concerning to deacidification processes using membranes 

most of the published literature are patents. Two groups of 

authors [6, 7] developed a process of separation using 

membranes (one with reverse osmosis membranes (RO) and the 

other one with nanofiltration (NF) membranes) where the 

permeate of RO or NF is treated using a column of ion exchange 

(to remove the undesired compounds and reincorporate the 

treated solution in the retentate of the membrane). The 

advantage of nanofiltration instead of reverse osmosis is the use 

of lower pressures that consequently reflect in lower 

temperatures variations. The main disadvantage of these 

proposals is the ion exchange operation because it retains aroma 

characteristics of wine as well as it is also very difficult to control. 

In fact, ion exchange columns need long and complex 

regeneration cycles, it is difficult to determine the saturation 

point and also to control the volume that goes through it. Besides 

that, the column must be very well chosen and very well washed 

to avoid beverage contamination with the resulting undesirable 

smells and aromas. Another disadvantage is the high operating 

costs.  

The other two consulted patents [8, 9] describe the removal of 

volatile acidity through reverse osmosis or nanofiltration 

performed in two processes. For both of them, the first filtration 

permeate is neutralized by an extremely alkaline solution (for 

example KOH) which is then retained on the second filtration. The 

retentate of the first stage is recombined with the permeate of 

the second stage and together they make the treated wine. The 

disadvantage of these processes is related to chemical 

neutralization of the volatile acidity. The resulting salt is never 

rejected 100 % in the second filtration and it will also be 

incorporated in the wine which can change the wine organoleptic 

characteristics. Furthermore, the salt is part of a set of 

components not allowed by the International Wine Organization 

(OIV) and the deacidification process also results in a decrease of 

the initial solution volume. Adding water to put back the volume 

loss is completely forbidden by the OIV.  

Finally, the most recent publication [10] describes a process 

based on the passage of the wine to a nanofiltration stage, 

reverse osmosis or ultrafiltration. The neutralized permeate 

(containing undesirable compounds) is then subjected to a 

process of electrodialysis (simple or bipolar anionic) after which 

recombined with the retentate from NF, RO or UF. 

It is also important to refer that the scientific interest on acid 

acetic removal is not new. There are many published works about 

the separation between acetic acid and other kind of molecules 

(for example, xylose [11]) or   about the separation of organic 

acids as a group (for example, for water treatment [12]). 

In this work the separation between acetic acid and the 

remaining organic acids, such as malic, lactic and tartaric and 

ethanol will be studied. For that, experiments were performed 

with binary aqueous solutions of tartaric, malic, lactic and acetic 

acid and ethanol and also with a mixture of the same compounds 

simulating the real mixture – wine). It is expected, with this study, 

to acquire some knowledge about the separation capacity and 

mechanics in nanofiltration on the real sample, wine.  

From the bibliography review it stands out the fact that there 

are no published experimental data about the removal, by 

nanofiltration, of the volatile acidity. This work focuses on that 

part of the process of the publication described in [10]. 

 

2. Materials and methods 

2.1. Membranes and chemicals  

Table 2 shows the properties of the flat sheet nanofiltration 

membranes used in this study. Each membrane has an effective 

area of 0.036 m2. 

Table 2  
Characteristics of nanofiltration membranes used in this study [13, 14, 
15].  

Parameter Characteristics 

Membrane type NFX NF200 NF3A NF4 

Manufacturer Snyder Filmtec Ultura Ultura 

pH range 3-9.5 3-10 - - 

NaCl rejections (%) 34.6 55.4 45.0 66.0 

MgSO4 rejection (%) 99.0 99.0 99.0 99.5 

Maximum pressure (bar) 41 41 - - 

Maximum temperature (ºC) 50 45 - - 

 

The chemical reagents used in this study are in Table 3. 

Table 3  
Manufactures and purity of chemical reagents used in this study. 

Name: Manufacters: Purity: 

Acetic acid (glacial) Panreac 99.7% 

DL-Malic acid Merck 99.5% 

Ethyl acetate Panreac 99.5% 

L(+) Lactic acid Panreac 88 to 92% 

Sulfuric acid Panreac 95 to 98 

L(+) Tartaric acid Merck 99.5% 

Ethanol Manuel Vieira & Cª, Lda 96% (v/v) 

Potassium hydroxide Panreac 85% 

Sodium metabisulfite  Absolve - 

Sodium sulfate (anhydrous) Scharlau 99% 

Ultrasil 10 Henkel - 

 

2.2. Nanofiltration set-up 

The module that was used in the laboratory experiments was 

Alfa Laval M20 LabStak, Fig. 1. This installation consisted in two 

pumps, a centrifugal pump which pumped liquid to the system 

and a hydraulic pump that pressurized the module with 

membranes (membranes were pressurized to 430 bar). Besides 

the pumps, the installation has a heat exchanger in the entry of 

module containing the membranes in order to remain the 

temperature within the range permitted by these. 
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Fig.  1. The schematic diagram of Nanofiltration system [16]. 

2.3. Experimental procedure 

Before using membranes, they were washed and compacted.  

Washing was performed with an Ultrasil 10 solution (with a 

concentration of 0.25% (w/w)) for 30 min at an ambient pressure 

and with a tangential velocity of 1 m/s. The membrane 

compaction was done for 2 hours, at 30 bar, room temperature 

and with a velocity of 1 m/s.  

The membranes were characterized according to the 

specifications provided by manufactures. Table 2 shows the 

experimental rejection values of sodium chloride and magnesium 

sulfate are displayed. NF1 membrane was discarded from the 

study. For this membrane the rejections were in agreement with 

the manufacture but, on the contrary, the permeation fluxes 

were 96% lower. Furthermore, in terms of rejections, it was also 

the membrane for which rejection was much different from the 

values displayed by the remaining membranes. 

All experiments were performed in closed circuit to keep 

constant the feed concentration. The temperature is recorded at 

the beginning and end of each experiment after correcting flows 

to 25°C. 

When membranes were out of work for two days or more they 

were preserved in a 0.1% (w / w) sodium metabisulphite solution 

to avoid microbiological growth. 

The washings and the frequency of cleaning cycles were also 

recorded. Before and after each PWP (pure water permeability) 

experiment was measured and compared with previous PWP 

values that were first recorded (after washed and compacted 

membrane and before any test). By doing so one can evaluate if 

the membrane is recovered or required a chemical wash. 

Chemical washing is done with a solution of Ultrasil 10 during 

30 min, with the maximum tangential velocity and at ambient 

pressure. It is performed when the measured PWP is 10% lower 

than the initial PWP or when the membranes are preserved with 

sodium metabisulfite. 

 

2.4. Chemical analyses 

The chemical analyses for this study were performed using 

conductivity, refraction index measurements and HPLC. 

Conductivity and refractive index measurements were 

performed for single or binary solutions as these methods are fast 

and efficient.  

For multi-component solutions, the analyses were performed 

by HPLC (modular chromatograph, Thermo Electron Corporation) 

using UV and IR detectors coupled in series for organic acids and 

ethanol detection, respectively. The column used was a C18 ODS-

AQ. For HPLC [17], optimum operating conditions were found to 

be  40 ° C, 0.5 ml / min and 8 mMol of Na2SO4 / 1 mMol of H2SO4  

(pH 2.8) as mobile phase composition.  

 

3. Results and discussion  

3.1. Hydraulic permeability  

The membranes hydraulic permeability (𝐿𝑝) were measured 

for of 1 m/s and in the pressure range of 5 to 20 bar. Table 4 

shows 𝐿𝑝 for each membrane. 

 
Table 4  
Hydraulic permeability of different NF membranes.  

Membrane: 𝐿𝑝 (
𝐿

𝑚2 h 𝑏𝑎𝑟
) 

NFX 2.95 

NF200 3.67 

NF3A 9.39 

NF4 8.56 

 

3.2. Single – solute solutions 

For this study concentration of aqueous solutions of organic 

acids were chosen according to a typical wine composition.  They 

are 0.5 – 4 g/L, 3.5 g/L, 3.0 g/L and 3.0 g/L for acetic , tartaric, 

malic and lactic acid, respectively and 500 ppm for ethyl acetate. 

A more extensive study on acetic acid was made because its 

contribution to volatile acidity is of major importance (about 

90%). 

For all these solutions a previous evaluation of permeating 

fluxes as function of pressure, in the range of 5 to 20 bar, was 

made. Limiting flux was not observed as for all the membranes 

the variation of flux with pressure is linear following the sequence 

of the respective hydraulic permeability. 

For all membranes and studied pressures, it was observed an 

increase of rejection with the increase of acetic acid 

concentration in feed, Fig. 2. These results are in contradiction 

with the bibliography [18, 19], however it should be noted that 

the experiments were performed at natural solutions pH for 

which acetic acid is all in its molecular form. Due to this fact, it is 

speculated that the membrane charges do not interfere in 

separation.     
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Fig.  2. Rejection of acetic acid versus concentration for all 

membranes and 10 bar.  

For all membranes, the observed rejections for compounds in 

single solute solutions (concentration of 2 g/L of acetic acid, 

3.5 g/L of tartaric acid, 3 g/L of malic and lactic acid and 500 ppm 

of ethyl acetate) were similar, although the NF3A membrane was 

the one with the lowest values of 𝑓𝐴 for all compounds.   

The experiments were performed at the natural pH of 

solutions: 3.1, 2.4, 2.7 and 2.6 for acetic, tartaric, malic and lactic 

acid solutions, respectively.  The pH of ethyl acetate solution has 

no relevance because this compound is a neutral molecule.    

For those pH values the dissociating degree of the species in 

solution is very low. Acetic acid, for example, which is a 

monoprotic acid, is only 1% dissociated in its mononegative form 

while the tartaric acid (diprotic acid) has a dissociation of 0 and 

23% for its double and mononegative form, respectively. 

As to the separation of the compounds studied steric exclusion 

is not, apparently, the only prevailing mechanism. From the 

results Fig. 3. it is observed that, in fact, the acetic acid 

(MW = 60 g/mol) and tartaric acid (MW = 150 g/mol) were the 

ones that showed the lower and the higher values for rejection, 

respectively. On the other hand, when comparing lactic acid 

(MW = 90 g/mol) and ethyl acetate (MW = 88 g/mol) it was 

expected that they had similar rejections values due to the 

proximity of their molecular weights. However that is not the case 

meaning that, although, in a low level electrostatic interactions 

between the membrane and solutes have influence in the single 

solute solutions separation.   
 

 
Fig.  3.  Rejection versus molecular mass for NF4 membrane and 

10 bar. 

The existence or not of concentration polarization was also 

investigated for these experiments. According to the film 

model, the concentration in the wall membrane, 𝐶𝐴𝑚, is given 

by: 

𝐶𝐴𝑚 − 𝐶𝐴𝑝

𝐶𝐴𝑎 − 𝐶𝐴𝑝
= 𝑒

𝑣𝑝

𝑘  

 

where 𝑣𝑝 is the permeation flux, 𝐶𝐴𝑝 𝑒 𝐶𝐴𝑎 is the solute A 

concentration in the permeate and in the feed, respectively, 𝑘 

is the mass transfer coefficient. Thereby, to quantify the 

concentration polarization defines the intrinsic rejection 

factor (𝑓𝐴′): 

𝑓𝐴
′ =

𝐶𝐴𝑚 − 𝐶𝐴𝑝

𝐶𝐴𝑚
 

The Fig.4. shows the difference between the observed 

rejection factors (𝑓𝐴) and the intrinsic rejection factors for  

NF200 membrane and for two extreme concentrations (0.5 

and 4 g/L) of acetic acid. In fact, the concentration at the 

membrane wall depends on the flux, so, when this increases 

𝐶𝐴𝑚  also increases and due to this fact the difference between 

𝑓𝐴 and 𝑓𝐴
′  is most significant. The proximity of observed and 

intrinsic rejection factors corroborates the finding, through 

the absence of limiting flux, that concentration polarization 

exists but it is not significant.  

 

 
Fig.  4. Rejections of acetic acid versus flux for NF200 membrane 

and 10 bar.  

3.3. Multi-component mixture 

To simulate a real mixture – wine, a multi-component mixture 

was prepared according to wine composition. Taking the ranges 

of concentrations shown in Table 1, the composition of the model 

mixture, which  contains the most relevant organic acids in wine, 

is 3.5 g/L, 3.0 g/L, 3.0 g/L  and  2.0 g/L for tartaric, malic, lactic and 

acetic (major compound of volatile acidity) acid, respectively.     

Ethanol (10% (v/v) concentration) was also added to the solution 

due to its importance in wine constitution. The objective of this 

experiments was not only to study the behavior of the 

compounds in the mixture but also the pH influence on 

separation. As the pH of wine varies within a tight characteristic 

range in this study the values of this parameter were limited to 

the typical ones, namely, 2.8, 3.2 and 3.6. The natural pH of the 
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multi-component solution was 2.4, so adjustments were made 

with KOH solution (0.5 M).   

All membranes show a high performance regarding 

permeation fluxes. As these high fluxes are not typical of 

industrial wine operations two pressures were fixed in order to 

achieve fluxes in the range of 10 to 20 L/m2h. The chosen 

pressures were 4 and 8 bar which, however, do not correspond 

to the desired fluxes (fluxes are slightly higher). Those were the 

possible pressures as if they were lower they would lead to major 

experimental errors due to the pressure loss between entrance 

and exit of the module. 

3.3.1. Influence of pH in flux  

As it can be observed in the Fig. 5, the pH did not influence the 

permeation flux. The same was observed for the 4 bar pressure. 

 
Fig.  5. Flux versus pH for all membranes and 8 bar.  

3.3.2. Influence of pH in rejection  

Regarding rejections, two distinct behaviors were observed for 

the different pH. Tartaric acid was the only solute which showed 

a significant linear increase of rejection with pH (Fig.6), for both 

studied pressures. As can be seen in (Fig. 7). the remaining 

studied compounds such as lactic, malic and acetic acids and 

ethanol showed a minimum  at pH 3.2 for three of the 

membranes, NFX, NF200 and NF4. This minimum was observed 

for 4 bar, as well.  

 

 
Fig. 6. Rejection versus pH tartaric acid, all membranes and 4 bar.  

In fact, as pH increases more dissociation of the species occur. 

Tartaric acid is a diprotic acid and is the one having the lower first 

dissociation constant. When the pH reaches the value of 3.6 

rejection is high. At this pH there is no molecular species (only 

12%) and it has 27% in the bi-negative form. Besides that, at this 

pH the quantity of K+ and OH- ions (added for pH adjustment) in 

solution is also higher. So, more mono-ions exist in solution 

resulting in a higher competition for passage through the 

membrane. One can thus conclude that at higher pH electrostatic 

interactions have more influence in separation. 

 

 
Fig. 7. Rejection versus pH acetic acid, all membranes and 8 bar.  

The behavior of the remaining compounds, other than tartaric, 

was very similar. NF3A membrane always showed a linear 

variation of 𝑓𝐴 as function of pH while all the others showed a 

minimum for pH 3.2. So, there is a huge difference between NF3A 

and all the other membranes. At this pH all solutes pass less freely 

through NF3A (for which rejection is much low, also) than through 

the others. This fact can be related with the membranes 

isoelectric points (IP) which could be very near 3.2 for NFX, NF200 

and NF4 and significantly different for NF3A. At their IP 

membranes have zero net electric charge and put no restraints to 

the passage of charged solutes.  

For the multi-component solution the values of rejection of 

individual components decreased when compared with the its 

values for binary solutions. For these solutes the increase of pH 

up to 3.6 is not sufficient to result in an huge increase of 

dissociated species so they pass by size exclusion mechanism due 

to their low molecular weight. For tartaric acid separation, both 

mechanisms size exclusion and electrostatic interactions prevail. 

Although lower, the malic and lactic acids rejections were higher 

than that of acetic acid.  Besides that, very low rejection values 

(including negative values) were also observed for ethanol. This 

means that when removing acetic acid, ethanol is removed too. 

Unfortunately it was also found that all the other organic acids 

pass to permeate along with acetic acid and ethanol.  As it is not 

possible to change the pH of wine, it is concluded that, for the 

membranes tested, 3.2. is the best  pH for the acetic acid 

separation. There are, however, in the literature data that the pH 

from 2.9-3 is preferential pH to permeate acetic acid [22]. 

Like it was observed for binary solutions, the intrinsic and 

observed rejections are very close and the difference between 

them increases with permeation flux. Concentration polarization 

has, thus, little influence on separation.  
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3.4. Real Solutions – White and Red Wine 

Experiments with real solutions- red and white wines were 

performed as well. The wines used in the experiments were 

commercially available thus not supposed to have an excess of 

acetic acid. This was confirmed by analyses. So it was necessary 

to add them acetic acid (2 g/L) in order to assure a real 

representation of the problem in study. Measured pH were 3.2 

and 3.5 for white and red wine, respectively. The experiments 

were performed at pressures of 15 to 40 bar which is a typical 

range for industrial processes. However, due to the high 

performance of the membranes the obtained fluxes were very 

high. 

It was not possible to quantify the tartaric acid in the permeate 

once this only exists in a very small amount, leading to 100% 

rejections. Lactic and malic acids rejection values increased 

significantly in relation to those obtained for the multi 

component mixture but not as much when compared with the 

binary acid-water solution values. For all the membranes, 

variations of rejections are linear and increase with the 

permeation flux for both compounds (Fig. 8. and Fig. 9.). 

Rejections are higher for red wine. 

 
Fig. 8. Rejection versus flux for lactic acid and all membranes in 

white wine.  

 
Fig. 9. Rejection versus flux for lactic acid and all membranes in red 

wine.  

The acetic acid (Fig. 10.and Fig. 11.) and ethanol also increased 

when compared with the obtained for the single-solute solutions 

and multi component mixture, but not so much when compared 

with the remaining organic acids. In both wines the rejection 

factors are very similar to acetic acid and ethanol (rejections until 

35%) and quite different from others compounds promoting 

separation (higher to 50%). 

 

 
Fig. 10. Rejection versus flux for acetic acid and all membranes in 

white wine.  

 
Fig. 11. Rejection versus flux for acetic acid and all membranes in 

red wine.  

4. Conclusion  

In this work it was required to study a nanofiltration process 

to remove volatile acidity in wines but also to the fixed acidity and 

ethanol remain in retentate. The wine experiments are of 

extreme importance because when comparing with the obtained 

flux and rejection factors (mainly) values for the model solutions 

vary widely. It was also observed that, generally, the rejection 

values in red wine are higher than the rejection values in white 

wine. 

In the essays with the two wines it is concluded that it is 

possible to remove acetic acid from the remaining acids in 

solution (although the rejection was not of 100% it was quite 

high) but in return the ethanol is also removed. In fact, ethanol is 

a neutral molecule with low molecular weight (MW=46 g/mol) 

thus its passage through the membrane is not surprising. 

In fact, the real solutions rejections were quite different from 

the ones got to the multi-component mixture, with higher values 

for all the compounds. This difference was more significant for 

the malic and lactic acids, which supports the wanted work. 

Keeping apart ethanol from acetic acid through membranes it was 

the required in ideal conditions but, through the experimental 

analyses results it was concluded that it is not possible. 

A brief note to polarization concentration. For these essays 

were also calculated the intrinsic rejection factors, showing, 
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similarly to model solutions, a more significant difference in 

relation to the rejection factors observed for higher fluxes. Due 

to the absence of limit flux, polarization also has no influence to 

real solutions. 

The experiments with the different membranes lead to 

conclude that the different NaCl rejections is not relevant in wine 

compounds separation. Membranes with different rejection 

values to NaCl showed rejection factors similar to acetic acid and 

ethanol. 

Due to the low performance of NF1 membrane it was 

concluded that it is of extreme importance membranes pre 

characterization in order to evaluate if these are in good 

conditions or should be discarded to the work not be conditioned.  
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