
Vol.:(0123456789)1 3

Food and Bioprocess Technology (2022) 15:933–948 
https://doi.org/10.1007/s11947-022-02795-3

ORIGINAL RESEARCH

Membrane‑based Operations for the Fractionation of Polyphenols 
and Polysaccharides From Winery Sludges

Jaime A. Arboleda Mejia1 · Arianna Ricci1,2  · Ana Sofia Figueiredo3,5 · Andrea Versari1,2 · Alfredo Cassano4 · 
Maria Norberta de Pinho5 · Giuseppina Paola Parpinello1,2

Received: 9 September 2021 / Accepted: 8 March 2022 / Published online: 18 March 2022 
© The Author(s) 2022, corrected publication 2022

Abstract
The present work investigated the impact of ultrafiltration (UF) and nanofiltration (NF) membranes on the recovery and 
fractionation of polyphenolic compounds and polysaccharides from Sangiovese and Cabernet Sauvignon wine lees. A 
laboratory-made flat-sheet membrane in cellulose acetate (CA400-38) was used in the UF treatment of Sangiovese wine lees; 
three laboratory-made flat-sheet membranes in cellulose acetate (CA316, CA316-70, CA400-22) and a polyamide commercial 
membrane (NF90) were used in the NF treatment of Cabernet Sauvignon wine lees. All membranes were characterized in 
terms of hydraulic permeability and rejection toward references solutes; the performances of the membranes were measured 
in terms of productivity, fouling index, cleaning efficiency and retention toward target compounds.
Experimental results indicated that all UF and NF membranes were effective in separating target compounds rejecting 
more than 92% of polysaccharides with polyphenols preferentially permeating through the membrane. The UF membrane 
rejected more than 40% of total polyphenols; rejections toward non-flavonoids and flavonoids were less than 25% and 12.5%, 
respectively.
The laboratory-made NF membranes exhibited higher permeate flux values (of the order of 11–12 L/m2h) in comparison 
with the commercial NF membrane, despite the observed differences in the retention of specific solutes. Among the prepared 
membranes the CA316 showed a total rejection toward most part of non-flavonoids and flavonoids.
The experimental results support the use of UF and NF processes in a sequential design to fractionate and refine phenolic 
compounds from winery sludge for the production of concentrated fractions with high antioxidant activities.
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Introduction

Grape cultivation is one of the most extensive crops in the 
world with an annual production of 92 million tons. The 
commercialization of the grape ranges from raw consump-
tion to the production of juices, wines, jams, raising, vin-
egar, jelly, seed extract and seed oil; however, 80% of the 
whole grape production is destined to winemaking (Zhu 
et al., 2015; FAOSTAT-FAO, 2020).

At the primary production level vine shoots from prun-
ing and cuttings are produced; then, stems and white grape 
pomaces are separated at the first stages of vinification, 
followed by red grape pomaces and wine lees follow-
ing the fermentation (Grainger & Tattersall, 2007). The 
amount of waste generated by the winemaking process 
can vary due to different factors such as grape cultivation 
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technique, pressing process and different steps of fermen-
tation (Dwyer et al., 2014).

Solid residues regarding wine production correspond 
to approximately 30% of the grapes used, which is rep-
resented in millions of tons of residues (Toscano et al., 
2013). Wastes generated during the winemaking process 
may have a strong environmental impact; in particular, 
large quantities of wastes are produced in a short period, 
such as during harvesting from August to October, which 
if discharged in landfill can be harmful for the environ-
ment. Indeed, the presence of phenolic compounds in these 
wastes affects germination and decreases the soil pH, thus 
determining an increase of their resistance to biological 
degradation (Inderjit, 1997). Other environmental prob-
lems are bad odors, attraction of undesirable pests, con-
tamination of surface water and depletion of oxygen in 
the ground and groundwater (Arvanitoyannis et al., 2006; 
Chand et al., 2009).

For this reason, the winemaking industry is geared toward 
innovative and sustainable waste management systems, with 
an increasing demand for recycling or valorization strategies 
(Dwyer et al., 2014).

The most recent challenges concern the exploitation of 
wine industry wastes for obtaining bioactive compounds 
(mainly polyphenols) to be used as dietary supplements or 
natural antioxidants for several technological purposes; the 
published studies mainly focus on the recovery of bioactive 
polyphenols from solid wastes (i.e., wine pomaces) and liq-
uid waste streams (Arvanitoyannis et al., 2006; Díaz et al., 
2012; Moro et al., 2021). In this scenario the winemaking 
lees, traditionally exploited for the recovery of organic acids, 
are gaining increasing interest in relation to their polyphe-
nolic content (De Iseppi et al., 2020).

Wine lees are generated following the fermentation pro-
cess and constitute a large fraction of the solid wastes from 
winemaking. Wine lees are defined by the Council Regu-
lation (n. 337/79) as the residue formed at the bottom of 
recipients containing wine, after fermentation, during stor-
age or after authorized treatments, as well as the residue 
obtained following filtration or centrifugation of this product 
(Pérez-Serradilla & Luque de Castro, 2011). Their composi-
tion depends on the agronomic characteristics of grapes and 
their origin; on average, they represent 2 − 6% of the total 
volume of wine produced and consist of ethanol, tartaric 
acid, yeast cells and phenolic compounds (Pérez-Bibbins 
et al., 2015; Dimou et al., 2015; Delgado et al., 2015). It 
follows that wine lees are essentially rich in valuable com-
pounds with nutritional and technological properties, offer-
ing several opportunities for their valorization.

Polyphenolic compounds are recognized for their nutra-
ceutical properties, among others; their recovery from food 
and agricultural wastes is gaining an increasing interest in 

recent times, hypothesizing their re-usage as natural anti-
oxidants in sustainable food processing chains (Troilo et al., 
2021).

Nowadays, phenolic compounds are mainly obtained 
from their vegetal sources by solvent (ethanol, methanol, 
acetonitrile) extraction, which sets several limitations for 
their usage in the food industry, urging the importance of 
studies aimed at finding environmentally and economically 
sustainable alternatives (Amyrgialaki et al., 2014; Singh 
et al., 2014).

Membrane separation technology—and particularly pressure-
driven membrane operations–has a prominent role in the sce-
nario of emerging technologies, due to its versatility and mul-
tiple advantages: absence of phase transition, high separation 
efficiency, mild operating conditions and easy scaling up when 
compared with conventional and alternative extraction meth-
ods (Castro-Muñoz et al., 2017). It is recognized as a standard 
tool in the food industry (Mohammad et al., 2012) with well-
established applications in fruit and beverage (Ambrosi et al., 
2014; Gulec et al., 2017; Mondal et al., 2014), dairy (Pouliot, 
2008), fish (Chabeaud et al., 2009) and poultry (Fatima et al., 
2021) industries. In addition, pressure-driven membrane opera-
tions have gained a great interest in the last years for the recovery 
and purification of phenolic compounds from food by-products 
including those generated in the wine industry (Giacobbo et al., 
2015, 2017; Giacobbo, Bernardes, et al., 2013; Giacobbo, 
Oliveira, et al., 2013; Kontogiannopoulos et al., 2017; Muñoz 
et al., 2021; Tapia-Quirós et al., 2022; Zagklis & Paraskeva, 
2015). In this contest, this work was aimed at evaluating the  
potential of ultrafiltration (UF) and nanofiltration (NF) laboratory-
made flat-sheet membranes in the fractionation of polyphe-
nolic compounds and polysaccharides from Sangiovese and  
Cabernet Sauvignon wine lees. The membrane performance 
was measured in terms of productivity, fouling index, cleaning 
efficiency and retention toward target compounds.

The experimental results support the use of the membrane 
technologies to obtain enriched streams of antioxidant and 
polysaccharide compounds, which can be directed to the eno-
logical employment as adjuvant as well as to the creation of 
innovative products free of chemical additives of interest for 
pharmaceutical, cosmetic and food applications.

Materials and Methods

Feed Solution for the UF and NF Process

The Sangiovese wine lees for the UF process and Cabernet 
Sauvignon wine lees for the NF process were kindly pro-
vided by Cantina di Terre Naldi (Faenza, Emilia-Romagna, 
Italy). The wine lees were obtained by racking after fermen-
tation of the grape musts and stored at -20 °C before use.
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Membranes: Preparation 
and Characterization

UF Membranes

A cellulose acetate laboratory-made membrane, coded as 
CA400-38, was used for the UF experiments with Sangiovese 
wine lees. The UF membranes were prepared according to the 
phase inversion method as reported by Kunst and Sourirajan 
(1974). The casting solution composition and the casting con-
ditions used to prepare the CA400-38 membrane are shown in 
Table 1. The cellulose acetate and the solvent system acetone/
formamide were kept under mechanical stirring for 24 h, to 
obtain a homogeneous solution. This solution was casted on 
a clean glass plate with a casting knife with the gate height 
of 250 μm. The plate, after an evaporation time of 30 s, was 
immersed in an ice/water coagulation bath to allow the mem-
brane formation. The cellulose acetate, acetone and formamide 
were supplied by Merck (Hohenbrunn, Germany).

The membrane was characterized in terms of water per-
meability and apparent rejection coefficients to the reference 
solutes polyethylene glycol of 10, 20 and 35 kDa and Dex-
tran 40 kDa in aqueous solutions with a solute concentration 
of 600 ppm. The water permeability of the membrane was 
obtained by the linear regression of the pure water permea-
tion as a function of transmembrane pressure (TMP) (0.25 
– 2.25 bar).

NF Membranes

Three NF laboratory-made cellulose acetate membranes (CA316, 
CA316-70 and CA400-22) were prepared according to the 
phase inversion method reported by Kunst and Sourirajan  
(1974). Membrane casting solutions and casting conditions are 
reported in Table 2. Although the casting solution composition 
of the CA316 and CA316-70 is different from the CA400-22 and  
CA400-38 due to the introduction of the magnesium per-
chlorate in the substitution of the acetone/formamide solvent  
system, the casting solution preparation details follow the 
same procedure . The CA316-70 membrane is subjected to a 
post-formation annealing treatment in the conditions described  
in Table 2.

A polyamide commercial membrane, NF90 (DowFilmtec, 
USA), in flat-sheet configuration was used for comparison 
purpose in the NF experiments.

All NF membranes were characterized by hydraulic per-
meability and apparent rejection coefficients to the reference 
solutes D-( +)-glucose, raffinose, saccharose, polyethylene 
glycol of 1 kDa, sodium chloride, sodium sulfate and ethanol 
in aqueous solutions with a solute concentration of 600 ppm. 
The water permeability of the membranes was obtained by 
linear regression of the pure water permeation flux as a func-
tion of TMP (5, 10, 15 and 20 bar).

Table 1  Casting solutions composition and casting conditions of the 
UF membrane

Membrane CA400-38

Casting solution (wt %)
Cellulose acetate 17
Acetone 45
Formamide 38
Casting conditions
Temperature of coagulation bath solution 

(°C)
0

Temperature of atmosphere (°C) 20–25
Solvent evaporation time (s) 30
Gelation medium Ice cold water (1–2 h)

Table 2  Casting solutions 
composition and casting 
conditions of NF membranes

Membrane CA316 CA316-70 CA400-22

Casting solution (wt %)
Cellulose acetate 398 17 17 17
Acetone 69.2 69.2 61.0
Formamide 22
Magnesium perchlorate Mg  (ClO4)2 1.45 1.45
Casting conditions
Temperature of coagulation bath solution (°C) 0 0 0
Temperature of atmosphere (°C) 20–25 20–25 20–25
Solvent evaporation time (min) 1.0 0.5 0.5
Gelation medium (ice-cold water) 1–2 h 1–2 h 1–2 h
Annealing conditions
Annealing time (min) 11
Annealing temperature (°C) 70
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Experimental Set‑up and Procedures

NF experiments were performed by using three laboratory-
made cellulose acetate membranes prepared according to the 
phase inversion method reported by Kunst and Sourirajan 
(1974) and one commercial membrane (NF90) supplied by 
DowFilmtec (USA). Membrane-casting solutions and film-
casting conditions are reported in Table 2. Cellulose acetate, 
acetone, formamide and magnesium perchlorate were of ana-
lyte grade (Merck Millipore, Darmstadt, Germany). A poly-
amide commercial membrane in flat-sheet configuration with 
a molecular weight cutoff (MWCO) of 200–400 Da (NF90, 
DowFilmtec, USA) was also used for NF experiments. All 
membranes were characterized by water permeability and 
reference rejection coefficients which include refined ( +)- 
glucose, polyethylene glycol (PEG 1,000 Da), sodium chlo-
ride, sodium sulfate and ethanol as the reference molecules 
using feed solutions with a solute concentration of 600 ppm. 
The water permeability of the membranes was obtained by 
linear regression of the water flux against the TMP.

Ultrafiltration

UF experiments were carried out by using a laboratory-scale 
filtration unit, P18-CELFA, that integrates a cylindrical jack-
eted feed tank with a capacity of 500 mL constructed from 
stainless steel, with a membrane filtration crossflow cell of an 
effective membrane surface area of 26.4  cm2 (Botelho et al., 
2022). The system includes a feed pump, a pressure gauge, 
a thermometer placed inside the feed tank and a pressure-
regulating valve. The adjustment of operating pressure and 
feed flowrate was done by simultaneously pump rotation con-
trol through a frequency inverter and the pressure-regulating 
valve. The operating temperature was controlled by circu-
lating tap water through the tank jacket. Before permeation 
experiments, all membranes were compacted at 3 bar for 2 h 
to avoid pressure effects on membrane structure.

Filtration experiments were performed according to the 
batch concentration configuration in which the permeate is 
continuously collected, while the retentate is recycled back to 
the feed reservoir. The UF unit was operated under a TMP of 
2 bar, at a temperature of 25 ± 1 °C and 0.55 L/min feed flow-
rate. The experiments were conducted to obtain 1.62 of volume 
reduction factor (VRF), which is defined as the ratio between 
the initial feed volume and the volume of the resulting reten-
tate. At the end of each experimental run, the membrane was 
washed with deionized water to restore the filtration capacity.

Nanofiltration

The NF permeation experiments were performed in a crossflow 
filtration set-up consisting of a feed tank, a pump, a flowmeter, 

two manometers, four flat plates cells with a membrane surface 
area of 13.2  cm2 and a pressure control valve. Before permea-
tion experiments, all membranes were compacted at 35 bar for 
2 h, to avoid pressure effects on membrane structure.

The permeation experiments of Cabernet Sauvignon wine 
lees were carried out in total recirculation mode at 20 bar, 
where the permeate and retentate streams were recircu-
lated to the feed tank under selected temperature conditions 
(25 ± 1 °C). The feed tank temperature was controlled using a 
thermostated bath, and for each experiment, a volume of 5 L of 
the feed solution was used and a stabilization time of 30 min.

UF/NF Permeation Characterization

The following membrane parameters were measured in both 
UF and NF processes.

The permeate flux (Jp), expressed as L/m2h, was calculated 
by measuring the collected permeate volume in a fixed time 
using following Eq. (1):

where Vp is the volume of permeate collected during the 
time interval t and A is the membrane surface area.

The fouling index (FI) of the investigated membranes was 
determined by measuring the hydraulic permeability  (Wp) before 
and after the filtration processes, according to following Eq. (2):

where Wp0 and Wp1 are the pure water permeability before 
and after the filtration processes, respectively.

After the treatment of both Sangiovese and Cabernet Sauvignon  
wine lees by means of the UF and NF system, the membranes 
were washed with deionized water for 30 min and their perme-
ability with deionized water was measured. The cleaning effi-
ciency (CE) was evaluated according to following Eq. (3):

where Wp2 is the water permeability after the cleaning pro-
cess and Wp0 is the water permeability before the filtration 
processes with wine lees.

The rejection (R) of UF and NF membranes toward specific 
compounds was calculated according to following Eq. (4):

where  Cp and  Cf are the permeate and feed solute concentra-
tions, respectively.

(1)Jp =
Vp

A ∙ t

(2)FI(%) =

(

1 −
Wp1

Wp0

)

∙ 100

(3)CE(%) =

(

Wp2

Wp0

)

∙ 100

(4)R(%) =

(

1 −
Cp

Cf

)

∙ 100
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Pretreatment of Wine Lees

The lees from Sangiovese and Cabernet Sauvignon wine 
were previously centrifuged at 4000 RPM for 10 min prior 
to filtration experiments with UF and NF membranes.

Analytical Determinations of the Filtration 
Products

Feed (F), permeate (P) and retentate (R) samples obtained 
from UF and NF experiments were analyzed in terms of total 
polyphenols, proanthocyanidins content, antioxidant capacity, 
mannoproteins, sugars (glucose and fructose), pH and turbidity.

Total polyphenols were quantified by means of the Folin-
Ciocalteu method (TP-FC) and expressed as milligrams of gal-
lic acid equivalent per liter of solution, mg GAE/L (Ribéreau-
Gayon et al., 1976). The reaction was performed by mixing a 
0.250 mL sample aliquot, 0.5 mL of Folin-Ciocalteu reagent 
(diluted 1:4) and 1.75 mL of a 15% sodium carbonate solu-
tion. The reaction mixture was incubated at room temperature 
for 1 h; then, the absorbance was read at 725 nm by using a 
UV–Vis spectrophotometer (UV-1700 Shimadzu, Shimadzu 
Scientific Instruments, Kyoto, Japan).

The quantification of proanthocyanidins was carried out 
by means of a spectrophotometric assay with the 4-dimethyl-
amino cinnamaldehyde reagent (DMAC) and expressed as 
( +)-catechin equivalents (mg CE/L) according to the litera-
ture (Wang et al., 2016) and using a UV–Vis spectrophotom-
eter (UV-1700 Shimadzu) at a wavelength of 640 nm.

The sugar content (d-glucose and d-fructose), expressed in 
mg/L, was measured through an enzymatic assay (Megazyme, 
Chicago, USA) by using an Agilent Cary60 UV–Vis spectro-
photometer (Agilent, Santa Clara, CA, USA).

The pH value was measured with a HANNA 209 pH meter 
(Merck, Germany) calibrated with buffer solutions at pH 4.0 
and 7.0.

Turbidity was measured by using a compact Aqualytic® 
infrared turbidity meter (AL250T-IR, Germany) with a meas-
urement range of 0.01 to 1110 nephelometric turbidity units 
(NTU) and a detection limit of 0.01 NTU.

The antioxidant capacity was measured according to the 
2,2’-azino-bis-(-3-ethylbenzothiazoline-6-sulfonic acid) 
radical colorimetric assay  (ABTS•+) as reported by Re et al. 
(1999) using an Agilent Cary60 UV–Vis spectrophotometer 
(Agilent, Santa Clara, CA, USA).

The antioxidant capacity (AC) was calculated as the per-
centage of inhibition of absorbance according to following 
Eq. (5):

(5)AC(%) =

(

Abs
0
− Abs

1

Abs
0

)

∙ 100

where Abs0 is the absorbance value of the reagent blank 
at the beginning of the experiment (time zero) and Abs1 is 
the absorbance following sample addition and incubation. 
Results have been reported as percentage of the radical scav-
enging of the sample.

Total polysaccharides were measured using the colorimetric 
method developed by Segarra et al. (1995), using an Agilent 
Cary60 UV–Vis spectrophotometer (Agilent, Santa Clara, CA, 
USA).

The determination of mannoproteins was carried out iso-
lating the polysaccharides through the HCl-ethanol solu-
tion, and subsequently, they were centrifuged according to 
Guadalupe et al. (2007). Subsequently, mannoproteins were 
separated based on the method described in the Resolution 
OENO 26/2004 (OIV, 2004). Finally, mannoproteins were 
quantified by means of the enzymatic assay (Megazyme, 
Chicago, USA).

HPLC quantitative analyses of phenolic fraction and antho-
cyanins monomers were performed on feed, permeate and 
retentate samples after UF and NF of wine lees, respectively. 
Feed, permeate and retentate samples were previously filtered 
using a capsule nylon filter of 0.45 µm to remove suspends 
particles. HPLC analyses were performed by using an Agilent 
1290 Infinity LC System with ultraviolet–visible (UV–Vis) 
Diode Array Detection (DAD) (Agilent, Palo Alto, CA, USA) 
and according to the methods described by Ivanova-Petropulos 
et al. (2015). Results were expressed by using calibration curves 
of the reference standard polyphenolic compounds. Standard 
polyphenolic monomers and malvidin-3-O-glucosyde used for 
HPLC calibration were purchased from Extrasynthese (Genay, 
France).

Statistical Analysis

Data are presented as the mean values ± standard deviation 
(SD) obtained from three replicates. The one-way analysis of 
variance (ANOVA A; significance p ≤ 0.05) and the Tukey’s 
HSD post hoc test were performed using Minitab® 17.1.0 
(Minitab, Ltd. UK) statistical software.

Results and Discussion

UF of Sangiovese Wine Lees

Membrane Characterization

The rejection of the UF membrane toward references solutes 
(PEG and dextran of different molecular weight) resulted 
higher than 91%. The highest rejection was observed for 
the PEG 35 kDa. The curve fitting of plot log (f/(1-f)) as a 
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function of the solute molecular weight was intersected by 
the 99% rejection line and yielded a molecular weight cutoff 
of 35 kDa (Fig. 1).

The permeate flux of the pure water was measured at differ-
ent transmembrane pressures from 0.25 to 2.25 bar. The perme-
ate flux was plotted as a function of TMP, and the membrane 
hydraulic permeability was obtained as the slope of the straight 
line from that plot (see Figure S1 in supplementary data).

Physicochemical Composition of Sangiovese Red 
Wine Lees

Table 3 shows the physicochemical composition of the Sangiovese  
red wine lees used as feed of the filtration experiments. The pH 
value detected for this sample (pH = 3.7) is at the limit of the 
acidity values normally detected in wine lees (3.8 < pH < 6.8) 
(Bustamante et al., 2008). However, the pH value is strictly cor-
related with the wine production process. It was found that the 
total polyphenols resulted in 655.4 mg GAE/L. Typically, the 
range of polyphenol content in wine lees from different varieties 
is about 400 – 1000 mg GAE/L (Giacobbo et al., 2015; Lužar 
et al., 2016).

The wine lees contained 0.358 of polysaccharides expressed 
in g glucose/L. A different result was obtained by Giacobbo, 
Bernardes, et al. (2013) reporting  0.0498 g glucose/L in the 
second racking from Syrah wine lees. The higher content of 
polysaccharides measured in our sample could be attributed to 
the fact that the racking operation was carried out only once.

The mannoproteins concentration in the Sangiovese wine 
lees was 0.39 g/L. The production and release of mannopro-
teins during wine fermentation depends on the yeast strain 
and will consequently affect the concentration of mannopro-
teins remaining in the wine lees (Vidal et al., 2003).

The Sangiovese wine lees contained 0.712 g/L of total sug-
ars, including glucose and fructose. Galanakis et al. (2013) 
obtained significantly different results reporting total sugar 
concentrations of 1.065 g/L and 3.91 g/L in diluted and con-
centrated hydro-ethanol extracts of wine lees, respectively. 
However, the concentration of total sugars can vary in wine 
lees because it depends on the vinification process adopted 
and, therefore, on the residual unfermented sugars.

Filtration Experiments

Figure 2 shows the time evolution of the permeate flux and 
VRF in the treatment of Sangiovese wine lees with the CA400-
38 membrane in the selected operating conditions. The initial 
permeate flux was approximately 7.82 L/m2h and gradually 
decreased until reaching a steady-state value of approximately 
5.25 L/m2h. In particular, a rapid decrease of the permeate flux 
was observed in the first 245 min of the process with a reduc-
tion of 21.23% with respect to the initial permeate flux. Then 
the permeate flux decreased gradually up to reach a steady-
state value. This behavior can be attributed to different phe-
nomena including membrane fouling, concentration polariza-
tion and an increase in the concentration of retained solutes in 

Fig. 1  MWCO determination 
for the CA400-38 membrane 
 (RPEG10000, 94%;  RPEG20000, 
91.6%;  RPEG35000, 99.5%; 
 Rdextran 40000, 98.8%)
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the feed tank. Indeed, as the feed concentration increases, the 
concentration polarization becomes more severe. Accumula-
tion of solutes occurs toward the membrane surface, leading to 
the formation of a gelatinous-type layer which is responsible 
for an additional resistance to the permeate flux in addition 
to that of the membrane (Cassano, Marchio, et al., 2007). A 
similar behavior was observed by Castro-Muñoz et al. (2017) 
in the UF treatment of xoconostle juice (Opuntia joconostle) 
with polysulfone hollow fiber membranes. Authors observed a 
rapid decrease of the permeate flux in the first step of the pro-
cess followed by a slow decline up to reach a steady-state flux.

According to the final VRF of the process (1.62), 192 mL 
of permeate and 308 mL of retentate were collected, respec-
tively. This means, 38.4% of the initial Sangiovese wine lees 
was recovered as clarified solution.

Fouling Index and Cleaning Efficiency

The hydraulic permeability of the UF membrane was close to 
23.45 L/m2hbar; it decreased up to 9.80 L/m2hbar after the UF 
process (see Figure S1 in supplementary data). According to 
these data, the fouling index and the cleaning efficiency of the 
membrane were of 41.8% and 42.9%, respectively. Similar val-
ues were reported by Cassano, Donato, et al. (2007) in the clar-
ification of kiwifruit juice with polyvinylidenefluoride mem-
branes of 15 kDa in tubular configuration. Membrane fouling 
is influenced by different factors including the physicochemi-
cal composition of the solution, polarization concentration 
phenomena, adsorption effects and electrostatic interactions, 
characteristics of the membrane (MWCO, configuration, mem-
brane material, hydrophobicity, porosity and surface charge) 

Table 3  Physicochemical 
characteristics (mean ± standard 
deviation) of feed, permeate 
and retentate samples obtained 
in the treatment of Sangiovese 
wine lees with the UF 
membrane

Different superscript letters in properties are significantly different according to the Tukey’s HSD test 
(p ≤ 0.05)
n.d. not detected

Parameter Feed Permeate Retentate

Turbidity (NTU) 1000 ± 0.0A 1.5 ± 0.2B 1000 ± 0.0A

pH 3.7 ± 0.0 A 3.6 ± 0.0 AB 3.7 ± 0.0B

Polysaccharides (mg glucose/L) 358.2 ± 87.3C 26.3 ± 4.4B 635.9 ± 24.3A

TP-FC (mg GAE/L) 655.4 ± 13.6A 382.6 ± 25.1B 715.9 ± 44.5A

AC ABTS (% scavenging) 66.4 ± 0.2B 40.7 ± 1.0C 70.2 ± 0.6A

Proanthocyanidins (mg CE/L) 14.8 ± 1.3A 5.8 ± 0.3B 16 ± 0.3A

Mannoproteins (g/L) 0.39 ± 0.1A n.d 0.24 ± 0.1B

Glucose (g/L) 0.67 ± 0.0A 0.60 ± 0.0B 0.65 ± 0.02AB

Fructose (g/L) 0.042 ± 0.002A 0.04 ± 0.001B 0.05 ± 0.002A

Fig. 2  UF of Sangiovese wine 
lees with CA400-38 membrane. 
Time evolution of permeate 
flux and VRF (temperature: 
25 ± 1 °C; TMP: 2 bar; feed 
flowrate: 0.55 L/min)
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and operating conditions (TMP, feed flowrate and temperature) 
(Boussu et al., 2006; Cassano, Donato, et al., 2007).

Analyses of Membrane Selectivity

According to the composition of feed, permeate and reten-
tate samples from the UF treatment of Sangiovese wine 
lees (Table 3) the major effect of the filtration process was 
observed in the optical properties of the permeate solution. 
Indeed, the turbidity of the original wine lees, due to residual 
yeasts, lactic bacteria from alcoholic and malolactic fermen-
tation and residual cells (Vernhet & Moutounet, 2002) was 
reduced by 98.5% (from 1,000 to 1.5 NTU) following the 
UF treatment. On the other hand, the pH was not signifi-
cantly modified along the filtration process with respect to 
the value measured in the feed solution. According to the 
results reported in Table 3, most part of polysaccharides 
were recovered in the retentate stream.

Figure 3 displays the rejection of the UF membrane toward 
the different compounds of the Sangiovese wine lees. In par-
ticular, the rejection of the UF membrane toward polysaccha-
rides resulted of about 92%. A similar value was reported by 
Giacobbo et al. (2015) in the treatment of Merlot wine lees 
with microfiltration membranes (around 95% of rejection). 
In the same work, the authors reported a retention of 74.7% 
toward the polyphenolic content using polyimide hollow fiber 

membrane with 0.4 µm pore size. Similarly, Galanakis et al. 
(2013) reported a rejection of about 90% for polysaccharides 
from wine lees using a polyethersulfone UF membrane with a 
MWCO of 7,600 Da. By referring to the phenolic compounds 
the observed rejection of the UF membrane was of about 
41%. A similar result was reported by Streit et al. (2009) in 
the treatment of leather effluents containing salts and organic 
compounds. The authors used a fluoropolymer composite UF 
membrane with a MWCO of 1,000 Da which exhibited 45% 
rejection toward tannins. Therefore, the set of results indicate 
a preferential permeation of phenolic compounds over poly-
saccharides through the UF membrane.

Table 4 displays the HPLC quantitative analyses of phenolic 
fraction and anthocyanins monomers in the feed, permeate and 
retentate samples of the UF process. The analyses revealed a 
small increase in the concentration of phenolic compounds and 
anthocyanin monomers on the retentate side, even so the com-
positions of the permeate and retentate fractions were similar. 
A similar behavior was observed by Conidi et al. (2011) for fla-
vonoids compounds of bergamot juice treated with polysulfone 
hollow fiber membranes with a nominal MWCO of 1 kDa.

Despite the high fouling index of 41.8%, the retention of some 
phenolic fractions such as ( +)—catechin, (-) – epigallocatechin, 
quercetin aglycone and malvidin-3-O-glucoside was lower than 
5%, while other phenolic compounds like vanillic acid, gallic  
acid, syringic acid, fertaric acid, coutaric acid, chlorogenic acid,  

Fig. 3  Rejection of the ultrafil-
tration membrane toward spe-
cific compounds of Sangiovese 
wine lees
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caffeic acid and other anthocyanin monomers, including cyanidin- 
3-O-glucoside, petunidin-3-O-glucoside and peonidin-3-O- 
glucoside, were rejected in the range from 5 to 10%. This phe-
nomenon can be attributed to the large pore diameter of the UF 
membrane (35000 Da) allowing the diffusion of compounds 
with low molecular weight. It should be noted that these com-
pounds have a molecular weight lower than 1,000 Da (Garcia 
et al., 1999; He et al., 2016). Conidi et al. (2017) reported a 
retention of 6.9% of cyanidin 3-O-glucoside in the clarification 
of pomegranate juice with a composite fluoropolymer flat sheet 
UF membrane having a MWCO of 1,000 Da.

The UF membrane presented a high rejection toward man-
noproteins (rejection coefficient of 100%) and a permeation 
preference toward flavonoids and non-flavonoids, including 
anthocyanin monomers (rejection less than 25% for all ana-
lyzed compounds). In addition, it exhibited a high rejection 
coefficient toward polysaccharides. This behavior makes pos-
sible the fractionation of low molecular weight polyphenols 
and polysaccharides by UF, since polyphenols preferably 
permeate through the membrane, while mannoproteins and 
polysaccharides are mainly retained.

The optimal polysaccharides/polyphenols fractionation 
was achieved with a fouling index of 41.8%. This value can 
be lowered trough the minimization of the concentration 
polarization by the increasing of the feed circulation velocity.

NF of Cabernet Sauvignon Wine Lees

Membrane Characterization

In Table 5 the rejection of both laboratory made and com-
mercial NF membranes toward a set of solutes, salts and 
ethanol is reported. According to the experimental results, 
the NF90 membrane presented the highest rejection for 
all investigated compounds, followed by the CA316-70, 
CA316 and CA400-22 membrane. In particular, the NF90 
and CA316-70 membranes showed rejections of 99% and 
97% toward sodium sulfate, respectively, and 95% and 77% 
toward sodium chloride, respectively. On the other hand, the 
membranes CA400-22 and CA316 presented lower rejec-
tions to sodium sulfate (47% and 86%, respectively) and 

Table 4  HPLC quantitative 
analyses of phenolic fraction 
and anthocyanins monomers 
in feed, permeate and retentate 
samples obtained in the 
treatment of Sangiovese wine 
lees with UF membrane

GAE Gallic acid equivalents, CE (+) – Catechin equivalents, CUE p-Coumaric acid equivalents, CAE: Caf-
feic acid equivalents, MvE Maldivin-3- O-glucoside equivalents

Polyphenols compounds Feed Permeate Retentate Rejection (%)

Non-Flavonoids
Benzoic acids
Protocatechuic acid (mg/L GAE) 10.00 ± 0.2 8.30 ± 0.16 10.40 ± 0.21 17.00 ± 1.5
Vanillic acid (mg/L GAE) 5.90 ± 0.11 5.60 ± 0.11 5.90 ± 0.12 5.08 ± 0.06
Gallic acid (mg/L) 47.10 ± 0.94 42.40 ± 0.84 47.40 ± 0.95 9.97 ± 0.01
Syringic acid (mg/L) 2.40 ± 0.05 2.20 ± 0.04 2.90 ± 0.06 8.33 ± 0.24
Hydroxycinnamic acids
Fertaric acid (mg/L CUE) 3.60 ± 0.07 3.40 ± 0.07 3.90 ± 0.08 5.55 ± 0.10
Coutaric acid (mg/L CUE) 3.50 ± 0.07 3.20 ± 0.06 3.70 ± 0.07 8.57 ± 0.11
rans-Caftaric acid (mg/L CAE) 12.60 ± 0.25 10.5 ± 0.21 13.30 ± 0.26 16.66 ± 0.01
Cis- Caftaric acid (mg/L 3.20 ± 0.06 2.40 ± 0.05 4.10 ± 0.08 25.00 ± 0.15
Chlorogenic acid (mg/L CAE) 2.30 ± 0.04 2.10 ± 0.04 2.40 ± 0.04 8.70 ± 0.15
Caffeic acid (mg/L CAE) 7.10 ± 0.14 6.50 ± 0.13 6.80 ± 0.13 8.45 ± 0.02
Flavonoids
Flavan-3-ols
( +)-Catechin (mg/L) 7.70 ± 0.15 7.40 ± 0.15 7.00 ± 0.14 3.89 ± 0.08
(-)- Epigallocatechin gallate (mg/L CE) 4.90 ± 0.10 4.70 ± 0.09 5.30 ± 0.10 4.08 ± 0.12
(-)- Epicatechin (mg/L) 10.40 ± 0.21 9.10 ± 0.18 11.70 ± 0.23 12.50 ± 0.04
Flavonols
Quercetin aglycone (mg/L) 47.7 ± 0.95 46.7 ± 0.93 47.7 ± 1.13 2.10 ± 0.00
Anthocyanins
Cyanidin-3-O-glucoside (mg/L MvE) 0.75 ± 0.01 0.70 ± 0.01 0.50 ± 0.01 6.66 ± 0.09
Petunidin-3-O-glucoside (mg/L MvE) 1.10 ± 0.02 1.00 ± 0.02 0.90 ± 0.02 9.10 ± 0.16
Peonidin-3-O-glucoside (mg/L MvE) 1.80 ± 0.03 1.70 ± 0.04 1.40 ± 0.03 5.55 ± 0.43
Malvidin-3-O-glucoside (mg/L) 13.70 ± 0.27 13.20 ± 0.26 11.60 ± 0.23 3.65 ± 0.01
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sodium chloride (10% and 27%, respectively) in comparison 
with the other membranes.

The water permeability data (see Figure S2-S5 in supple-
mentary data) agreed with the typical values of NF membranes. 
The highest water permeability was measured for the CA400-
22 membrane (8.34 L/m2bar); on the other hand, the NF90 
membrane showed the lowest value (3.75 L/m2bar).

Physicochemical Composition of Cabernet Sauvignon Wine 
Lees

Table 6 shows the physicochemical composition of the Cab-
ernet Sauvignon wine lees used in the NF experiments. The 
pH value measured for the feed solution was 3.8, resembling 
previous values from the literature (Giacobbo, Oliveira, 
et al., 2013). The total polyphenolic content in the wine lees 
was 384.1 mg GAE/L. Higher values (about 476 mg GAE/L) 
were reported by Galanakis et al. (2013) for the aqueous 
extract of Maratheftiko wine lees.

The wine lees contained 1.67 g/L and 0.05 g/L of glucose and 
fructose, respectively. The glucose content in the wine lees was 
higher than fructose; however, the content of these sugars resulted 
lower than those reported by Arboleda Mejia et al. (2019) for 
mixed red wine lees (0.58 g/L and 0.03 g/L, respectively).

The content of proanthocyanidins in the wine lees was 
12.2 mg CE/L. Arboleda Mejia et al. (2019) reported a proan-
thocyanidin content of 6.9 mg CE/L for mixed red wine lees.

The radical scavenging activity measured by the ABTS assay 
was of 62.2% ± 1.9; it is positively correlated with the concen-
tration of polyphenolic compounds (Floegel et al., 2011).

Membrane Productivity

The average permeate fluxes  (Jp) measured in the treatment of 
the Cabernet Sauvignon red wine lees at an operating pressure 
of 20 bar resulted of about 12.46 L/m2h for the CA316-70 
membrane, 12.28 L/m2h for the CA316 membrane and 11.25 
L/m2h for the CA400-22 membrane. On the other hand, the 
NF90 showed a lower permeate flux with a value of 3.72 L/
m2h. It is worth noting that these membranes presented simi-
lar productivity values despite the observed differences in the 
retention of specific solutes. On the other hand, a strong cor-
relation between the cutoff these membranes and the permeate 
flux measured in the treatment of red grape pomace extract 
was observed in a previous work (Arboleda Mejia et al., 
2020). For the NF90 membrane a good correlation between 
the rejection values of solutes and productivity was observed.

Fouling Index and Cleaning Efficiency

The fouling index for the investigated membranes was calculated 
based on the water permeability measured before and after the 
nanofiltration treatment of the Cabernet Sauvignon wine lees.

According to the results presented in Table 7, the NF90 
membrane showed the highest fouling index with a value of 

Table 5  Rejections of NF 
membranes to specific solutes, 
salts and ethanol (operation 
conditions: feed solute 
concentration, 600 ppm; 
temperature, 25 ± 1 °C; feed 
flowrate, 0.8 L/min; pressure, 
20 bar)

Membrane type Saccharose
(%)

Glucose
(%)

Raffinose
(%)

PEG
(%)

NaCl (%) Na2SO4 (%) Ethanol
(%)

NF90 100 100 100 99 95 99 50
CA316-70 98 95 98 89 77 97 7
CA316 70 50 77 55 27 86 1
CA400-22 16 11 21 20 10 47 2

Table 6  Physicochemical characteristics of feed and permeate samples obtained in the NF of Cabernet Sauvignon wine lees

Different superscript letters in properties are significantly different according to the Tukey’s HSD test (p ≤ 0.05). FC: Folin-Ciocalteu; GAE: gal-
lic acid equivalents; CE: ( +)-catechin equivalents; dw: dry weight pomaces; AC: antioxidant capacity
n.d. not detected

Parameter Feed Permeate
NF90

Permeate
CA316-70

Permeate
CA316

Permeate
CA400-22

Turbidity (NTU) 1000.0 ± 0.0 22.73 ± 5.11 0.58 ± 0.14 0.87 ± 0.04 0.74 ± 0.24
pH 3.81 ± 0.07 3.75 ± 0.02 3.13 ± 0.06 3.84 ± 0.0 4.27 ± 0.06
TP-FC (mg GAE/L) 384.1 ± 5.5A 22.9 ± 2.4D 97.9 ± 4.1C 108.8 ± 4.1C 128.7 ± 7.9B

AC ABTS (% scavenging) 62.9 ± 1.9A 14.5 ± 0.6C 45.8 ± 6.5B 44.1 ± 4.7B 50.75 ± 0.2AB

Proanthocyanidins (mg CE/L) 12.2 ± 0.36A n.d 8.87 ± 0.08B 11.9 ± 0.65A 11.3 ± 0.45A

Mannoproteins (g/L) 0.11 ± 0.0A n.d n.d 0.005 ± 0.001B 0.004 ± 0.002B

Glucose (g/L) 1.67 ± 0.02 n.d 0.12 ± 0.01 0.003 ± 0.001 1.00 ± 0.03
Fructose (g/L) 0.05 ± 0.01 n.d 0.005 ± 0.001 0.001 ± 0.001 0.03 ± 0.002
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42.28%, followed by the CA400-22 membrane (23.84%), 
the CA316-70 membrane (9.57%) and finally the CA316 
membrane (8.63%). The highest fouling index reported for 
the NF90 membrane could be explained due to the adsorp-
tion of organic compounds on the surface of the membrane 
through the formation of hydrogen bonds between the poly-
meric membrane and organic compounds. It is well known 
that the adsorption of polyphenolic compounds on the mem-
brane surface could be promoted by hydrophobic interac-
tions with the membrane material, which plays an important 
role in the retention of solutes, a high fouling index and a 
large decrease in the permeate flux (Arsuaga et al., 2010; 
Jönsson et al., 1995). The three laboratory-made cellulose 
acetate membranes showed a lower fouling index compared 

to the NF90 membrane. In addition, a total recovery of 
the hydraulic permeability was observed for the CA316-
70 membrane after cleaning with distilled water. Cleaning 
efficiencies higher than 80% were measured for the CA316 
and CA400-22 membranes. According to the highest foul-
ing index, which was presented by the NF90 membrane, the 
cleaning efficiency for this membrane was the lowest with 
a recovery of water permeability of 58.02%. Different phe-
nomena can explain the incomplete recovery of the hydraulic 
permeability of the membrane, such as irreversible fouling 
which is governed by the absorption effect of phenolic com-
pounds on the surface of the membranes (Sotto et al., 2013).

Analyses of Membrane Selectivity

According to data reported in Table 6, minimal changes in 
pH values were noted in all permeate fractions in comparison 
with the feed solution. A minimal change in pH value was also 
reported by Giacobbo et al. (2015) in the microfiltration of the 
Merlot wine lees with a polyamide membrane; authors reported 
a change in pH in the permeate solution from 3.78 to 3.92.

Figure 4 shows the rejection of the NF membranes toward 
the analyzed compounds of Cabernet Sauvignon wine lees. 
All the membranes allowed a significant reduction of the 
wine lees turbidity, with rejection values of 97.7% for the 
NF90 membrane and 99.9% for all the laboratory-made 
membranes. Among the investigated membranes, the NF90 

Table 7  Hydraulic permeability in NF/cleaning cycles, fouling index 
and cleaning efficiency of selected membranes

Wp0, water permeability before the NF of Cabernet Sauvignon wine 
lees; Wp1, water permeability after the NF of Cabernet Sauvignon 
wine lees; Wp2, water permeability after cleaning with distilled water

Membrane type

CA316 CA316-70 CA400-22 NF90

Wp0 (L/m2hbar) 3.94 3.24 6.92 3.24
Wp1 (L/m2hbar) 3.60 2.93 5.27 1.87
Wp2 (L/m2hbar) 3.65 3.48 5.77 1.88
Fouling index (%) 8.63 9.57 23.84 42.28
Cleaning efficiency (%) 92.64 100 83.38 58.02

Fig. 4  Rejections of nanofiltration 
membranes toward specific com-
pounds of Cabernet Sauvignon 
wine lees
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presented the highest rejection coefficient for total polyphe-
nolic compounds and antioxidant capacity with values of 94 
and 77%, respectively. This membrane allowed also a total 
removal of proanthocyanidins from the wine lees.

The CA400-22 membrane showed a rejection of proan-
thocyanidins close to 7% and a rejection coefficient of 66.5% 
to total polyphenols. The rejection coefficient for glucose 
and fructose was of about 40%. Rejections for phenolic com-
pounds and sugars higher than 70% and 90%, respectively, 
were detected for the CA316 and CA316-70 membranes. 
Similar results were presented by Galanakis et al. (2013), 
reporting a rejection of 81% for polyphenolic compounds and 
74% for total sugars in the UF treatment of Cypriot wine lees 
with a 100 kDa polysulfone membrane. Rejections higher than 
80% for total phenols associated with low rejections for glu-
cose and fructose have been reported recently by Mondal et al. 
(2021) in the filtration of pomegranate juice with polyamide 
membranes having a MWCO in the range of 1–3.5 kDa.

All the NF membranes presented a rejection higher than 
96% for both polysaccharides and mannoproteins. This result 

is in accordance with the one reported by Giacobbo et al. 
(2017) which achieved a rejection of 99% for polysaccha-
rides of Merlot wine lees using a nanofiltration membrane 
with a MWCO of 200–330 Da.

Table 8 shows the HPLC analyses of phenolic compounds 
and anthocyanins monomers in the feed and permeate streams 
of the NF process; the rejection coefficients for these com-
pounds are reported in Table 9. All NF membranes presented 
a high rejection coefficient (above 70%) for two flavonols: 
myricetin and quercetin aglycone. This behavior can be attrib-
uted to their higher molecular weight (myricetin = 318 Da and 
quercetin aglycone = 302 Da) in comparison with the other 
flavonoids.

The CA316 membrane presented the highest rejection coef-
ficients for all flavonoids (higher than 91%) and non-flavonoids 
(higher than 65%), while the CA400-22 membrane presented 
the lowest ones. Based on experimental results, the CA400-
22 membrane seems to favor the separation of some species 
of hydroxycinnamic acids from anthocyanins having a low 
hydroxycinnamic acid rejection coefficient and a high rejection 

Table 8  HPLC quantitative analyses of phenolic fraction and anthocyanins monomers in feed and permeate samples obtained in the treatment of 
Cabernet Sauvignon wine lees with NF membranes

GAE Gallic acid equivalents, CE (+) – Catechin equivalents, CUE p-Coumaric acid equivalents, QuE Quercetin aglicone equivalents, CAE Caf-
feic acid equivalents
n.d. not detected

Phenolic compounds Feed Permeate CA400-22 Permeate CA316 Permeate CA316-70 Permeate NF90

Non-flavonoids
Benzoic acids
Protocatechuic acid (mg/L GAE) 7.10 ± 0.14 3.70 ± 0.07 1.50 ± 0.03 3.40 ± 0.07 3.80 ± 0.07
Vanillic acid (mg/L GAE) 6.00 ± 0.12 4.60 ± 0.09 1.50 ± 0.03 5.10 ± 0.10 4.90 ± 0.09
Gallic acid (mg/L) 17.90 ± 0.36 4.10 ± 0.08 n.d 1.00 ± 0.02 3.40 ± 0.07
Syringic acid (mg/L) 2.90 ± 0.06 1.40 ± 0.03 n.d 1.10 ± 0.02 1.30 ± 0.02
Hydroxycinnamic acids
p – Coumaric acid 4.10 ± 0.08 4.00 ± 0.08 1.4 ± 0.02 1.5 ± 0.03 1.4 ± 0.03
Fertaric acid (mg/L CUE) 2.20 ± 0.04 1.30 ± 0.02 n.d 1.2 ± 0.02 1.2 ± 0.02
Coutaric acid (mg/L CUE) 1.80 ± 0.03 1.20 ± 0.02 n.d n.d 1.2 ± 0.02
Trans – Caftaric acid (mg/L CAE) 4.60 ± 0.09 1.70 ± 0.03 n.d 1.2 ± 0.02 1.4 ± 0.02
Cis – Caftaric acid (mg/L) 1.40 ± 0.02 1.30 ± 0.02 n.d 1.2 ± 0.02 1.2 ± 0.02
Chlorogenic acid (mg/L CAE) 1.90 ± 0.04 1.30 ± 0.02 n.d 1.3 ± 0.02 1.3 ± 0.02
Caffeic acid (mg/L CAE) 9.60 ± 0.19 7.60 ± 0.15 1.9 ± 0.04 1.9 ± 0.04 8.5 ± 0.17
Flavonoids
Flavan-3-ols
( +) – Catechin (mg/L) 4.60 ± 0.09 3.70 ± 0.07 n.d 3.70 ± 0.07 4.40 ± 0.08
(-) – Epigallocatechin gallate (mg/L CE) 2.10 ± 0.04 1.90 ± 0.04 n.d 2.10 ± 0.04 2.10 ± 0.04
(-) – Epicatechin (mg/L) 22.50 ± 0.45 18.80 ± 0.37 1.9 ± 0.04 18.30 ± 0.36 20.2 ± 0.40
Flavonols
Quercetin aglycone (mg/L) 25.40 ± 0.51 4.00 ± 0.08 n.d n.d 1.70 ± 0.03
Myricetin (mg/L QuE) 22.60 ± 0.45 6.40 ± 0.13 n.d 0.10 ± 0.002 4.50 ± 0.09
Anthocyanins
Malvidin-3-O-glucoside (mg/L) 7.40 ± 0.15 2.30 ± 0.05 n.d n.d 1.10 ± 0.02
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coefficient for anthocyanins. Likewise, a permeate stream rich 
in hydroxycinnamic acids with a low anthocyanin content can 
be obtained with this membrane.

This membrane presented also the largest gap between 
the rejection coefficients for polysaccharides and phenolic 
compounds highlighting his suitability for the fractionation 
of phenolic compounds and polysaccharides. On the other 
hand, the treatment of wine lees with the CA316 membrane 
provides a concentrated stream of polysaccharides and poly-
phenols. In this view a two-step process consisting of a pre-
treatment of the wine lees with the UF membrane followed 
by the concentration of the UF permeate with the CA316 
membrane is another viable approach to fractionate poly-
phenols and polysaccharides from wine lees.

Conclusions

The current study suggests that the fractionation of phenolic 
compounds from polysaccharides in Sangiovese and Cabernet 
Sauvignon wine lees is possible by using UF and NF membranes.

Regarding the UF of Sangiovese wine lees, the results 
showed a high selectivity of a cellulose acetate laboratory-
made membrane (CA400-38) toward polysaccharides (rejec-
tion of about 92%) and mannoproteins (rejection of 100%) 
and a high recovery of phenolic compounds (rejection of 
about 40%) in the permeate stream. In addition, this mem-
brane exhibited low retention values for glucose and fruc-
tose (10.4% and 4.7%, respectively). Therefore, this mem-
brane is a suitable candidate for phenolic/polysaccharides 
fractionation.

Laboratory-made NF membranes in cellulose acetate (CA316- 
70, CA316 and CA400-22) all presented high productivity in 
comparison with a commercial membrane. All these mem-
branes presented a rejection higher than 96% toward polysac-
charides. The permeate fraction obtained from the CA400-22 
membrane presented the highest content of phenolic com-
pounds and resulted depleted in both polysaccharides and man-
noproteins. The CA316 membrane rejected most of polysaccha-
rides and polyphenols: therefore, its combination with the UF 
membrane in a two-step process could be a viable approach to 
produce a concentrated solution with high antioxidant activity.

Table 9  Rejection coefficient of 
NF membranes toward phenolic 
compounds from Cabernet 
Sauvignon wine lees

GAE  Gallic acid equivalents, CE ( +) – Catechin equivalents, CUE  p-Coumaric acid equivalents, 
QuE Quercetin aglicone equivalents, CAE Caffeic acid equivalents

Phenolic compounds Rejection (%)

CA400-22 CA316 CA316-70 NF90

Non-flavonoids
Benzoic acids
Protocatechuic acid 47.88 ± 0.04 78.87 ± 0.04 52.11 ± 0.04 46.48 ± 0.07
Vanillic acid 23.33 ± 0.04 75.00 ± 0.00 15.00 ± 0.03 18.33 ± 0.13
Gallic acid 77.09 ± 0.01 100.00 ± 0.00 94.41 ± 0.001 81.00 ± 0.009
Syringic acid 51.72 ± 0.03 100 ± 0.00 62.07 ± 0.09 55.17 ± 0.24
Hydroxycinnamic acids
p – Coumaric acid 2.44 ± 0.05 65.85 ± 0.18 63.41 ± 0.02 68.85 ± 0.06
Fertaric acid 40.91 ± 0.16 100.00 ± 0.00 45.45 ± 0.08 45.45 ± 0.08
Coutaric acid 33.33 ± 0.00 100.00 ± 0.00 100.00 ± 0.00 33.33 ± 0.00
Trans – Caftaric acid 63.04 ± 0.07 100.00 ± 0.00 73.91 ± 0.07 69.56 ± 0.16
Cis – Caftaric acid 7.14 ± 0.10 100.00 ± 0.00 14.28 ± 0.20 14.28 ± 0.20
Chlorogenic acid 31.57 ± 0.38 100.00 ± 0.00 31.57 ± 0.38 31.57 ± 0.38
Caffeic acid 20.83 ± 0.004 80.21 ± 0.02 80.21 ± 0.02 11.46 ± 0.02
Flavonoids
Flavan-3-ols
( +) – Catechin 19.56 ± 0.05 100.00 ± 0.00 19.56 ± 0.05 4.34 ± 0.13
(-) – Epigallocatechin gallate 9.52 ± 0.18 100.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
(-) – Epicatechin 16.44 ± 0.03 91.55 ± 0.009 18.66 ± 0.02 10.22 ± 0.02
Flavonols
Quercetin aglycone 84.25 ± 0.001 100.00 ± 0.00 100 ± 0.00 93.30 ± 0.01
Myricetin 71.68 ± 0.01 100.00 ± 0.00 99.55 ± 0.00 80.10 ± 0.002
Anthocyanins
Malvidin-3-O-glucoside 68.92 ± 0.04 100.00 ± 0.00 100.00 ± 0.00 85.13 ± 0.03
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