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Winery effluents have a high pollution potential, especially those
effluents that are obtained from the second racking. However, these
effluents are rich in phenolic compounds and polysaccharides and can
be potential sources for the recovery of these compounds. Therefore,
a process was developed in this study to reduce the pollution potential
of the winery effluents from the second racking and to recover
the polyphenols and polysaccharides from the effluents by utilizing
ultrafiltration (UF) and sedimentation operations. The sedimen-
tation was optimized by varying the pH from 3.8 to 8.0, while the
UF experiments were optimized by varying the transmembrane
pressure from 0.5 to 4.0 bar and the feed circulation velocity from
0.44 to 0.87ms~'. This process provided a permeate stream with a
reduction in the TOC content by 56.6%, while the polyphenols and
the polysaccharides in the concentrate stream were concentrated
by 6 times and 5 times, respectively.

Keywords membrane; polyphenols; polysaccharides; ultrafiltra-
tion; Winery effluents

INTRODUCTION

The wine industry generates a large volume of effluents.
This industry operates seasonally, and the quality of the efflu-
ents varies widely according to the type of wine that is being
produced, the winemaking technologies used for production,
the dimensions of the installed equipment, and the quantity of
water consumed. Among these effluents, the effluent from the
second racking has a high pollution charge because of its high
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concentration of organic compounds such as polysaccharides,
polyphenols and organic acids. Consequently, the quality
parameters in the effluent, such as the chemical oxygen
demand (COD) and the total suspended solids (TSS), can
be as high as 30gL "' and 20gL"", respectively, as shown
in Table 1 (1). Racking is a process that siphons the wine must
from one container to the next, to separate the wine from the
sediment. The second racking is conducted at the end of fer-
mentation activity, aiding in the clarification of the wine and
inhibiting the production of unwanted off-flavors.

The treatment and the disposal of winery effluents are
critical issues in wine-producing regions, where wine pro-
duction is operated at a large scale, producing large
volumes of effluents during the grape harvest and racking
periods, which span 3-4 months in a year (2).

Therefore, a responsible management of these effluents
requires that their potential environmental impacts should
be minimized to acceptable levels (3). Several research efforts
aiming to develop efficient technologies for the treatment of
these effluents have been reported in recent years, based on
biological treatments (anaerobic and aerobic), land-based
treatments (constructed wetland), and advanced oxidation
processes (ozone, Fenton’s reagent and several others), as well
as various combinations among these technologies (2-11).

The above-mentioned processes are presented only as solu-
tions for the treatment and the discharge of the effluent. How-
ever, winery effluents can be considered as an alternative
source for the recovery of polyphenols because their concen-
tration in the effluent can be as high as 1350-1450mg L' (1,3).

The high commercial value of these polyphenols
requires the development of a process that can treat the
effluent and recover these polyphenols at the same time.
Different membrane technologies such as microfiltration
(MF), ultrafiltration (UF), nanofiltration (NF), and reverse
osmosis (RO) have already been widely used in the
recovery, concentration, and fractionation of value-added
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TABLE 1|
Average characteristics of winery effluents (1)

Parameter Value
COD (mgO,L ") 3000-30000
BOD;s (mgO, L™ 1) 1000-15000
TS (mgL™) 100020000
Sugars (mg L") 1008000
Ethanol (mgL™") 10009000
Phenolic Compounds (mgL™") 2801450

products in other areas (12-14) and hence can be
considered as alternative treatment processes for winery
effluents.

Membrane technology, namely ultrafiltration, is best
suited for the separation of the macromolecules in the
effluent (15,16). Using membrane processes, Meng et al.
(17) recovered anthocyanins from vegetable extracts at
high recovery rates and Garcia-Castello et al. (18) obtained
a concentrated solution enriched in polyphenols from olive
mill wastewater.

The objective of this work is to determine the feasibility of
using an integrated sedimentation and ultrafiltration process
to treat the winery effluent generated in the second racking
for the abatement of the pollution charge while recovering
the polyphenols and polysaccharides at the same time.

MATERIALS AND METHODS
Winery Effluent

The second racking effluent obtained from the red wine
production of the Portuguese cultivar “Tinta Roriz”, Syrah
and ““Alicante Bouchet” was collected at the “Escola
Agraria de Santarém” in Santarém, Portugal. The effluent
was stored at —20°C after collection until it was used, and
it was used at room temperature for the experiments.

The effluent was analyzed for different parameters before
and after treatment. These parameters include the pH,

TABLE 2
Raw winery effluent characterization
Parameter Value
pH 3.64+0.2
Conductivity (mScm™") 5.4540.02
Turbidity (NTU) 6925 + 832
TOC (mgCL™) 7937 + 570
COD (mgO,L™ 1 27645 + 2270
TS (mgL™) 17767 + 887
TSS (mgL ™) 8783 +902
TDS (mgL ") 8983 + 1496
Total Polysaccharides (mgL ™" glucose) 4764 + 82
Total Polyphenols (mgL™" gallic acid) 1171 +59
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the conductivity, the turbidity, the total organic carbon
(TOC), the chemical oxygen demand (COD), the total
solids (TS), the total suspended solids (TSS), the total
dissolved solids (TDS), the total polysaccharides, and the
total polyphenols. The characterization of the raw winery
effluent is shown in Table 2.

Membrane Characterization

The ultrafiltration membrane selected was the GR9SPP
membrane, supplied by Alfa Laval, Denmark. The mem-
brane was first compacted through the circulation of deio-
nized water (with a conductivity of less than 1puScm™")
that was pressurized at 5 bar for 3h. This compaction
avoids the influence of pressure effects on the membrane
structure in subsequent experiments. It was characterized
in terms of its hydraulic permeability (L,) and its molecular
weight cut-off (MWCO).

The membrane MWCO was determined using the per-
meation data obtained by ultrafiltration of 2000 mgL ™"
solutions of neutral polyethylene glycol that had molecular
weights of 2000, 4000 and 6000 Da (supplied by Merck).

The solute rejection f, was defined as:

f= ((CAfeed - CApermeate)/CAfeed) * 100 (1)

where Capeeq represents the solute concentration in the feed
and Capermeate T€presents the solute concentration in the per-
meate. Both concentrations were determined in terms of TOC.

These experiments were conducted at a transmembrane
pressure (AP) of 0.5 bar, a temperature of 25°C, and a feed
flow rate of 9.2Lmin"'. The stabilization time for each
experimental run was 20 minutes. Between each run, mem-
branes were washed with Ultrasil® 0.5% at a temperature of
50°C and a pH of 10.5 until the L, was at least 90% of the
initial value measured after the compaction of the membrane.

Process Development

The effluent was highly loaded, hence requiring pretreat-
ment prior to UF. A sedimentation test was conducted at a
temperature of 25+ 2°C. The pH was varied from 3.6 to
8.0 and the sediment height was measured after 2 hours
to establish the optimal pH for sedimentation. The pH
was adjusted by the addition of 1M NaOH or 1M HCI
solutions. Effluent sedimentation was conducted at natural
pH and at the pH that was determined to be optimal for
sedimentation for a period of 6.5h. The clarified solutions
were characterized in terms of TOC, TS, TSS, TDS, total
polysaccharides, and total polyphenols then concentrated
by UF. After the concentration of the effluent by UF,
the concentrate was again subjected to a sedimentation step
at the optimal pH for sedimentation.
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Schematic illustration of the Lab-Unit M20 UF process.

Ultrafiltration Permeation Experiments

All ultrafiltration experiments were conducted on a
Lab-Unit M20 plate and frame filtration unit obtained
from Alfa Laval (Denmark) with a membrane surface area
of 0.072m?, as shown in Fig. 1.

The winery effluent was treated by UF in total recircula-
tion mode, where the permeate and the concentrate streams
were recirculated to the feed tank to study the variation in
the permeate fluxes and the solute rejection coefficients at
two different pH values. The UF setup was operated at a
temperature of 25°C, with the AP varying from 0.5 to 4.0
bar, and at three different feed circulation velocities, 0.44,
0.60, and 0.87ms™!. The feed circulation velocities were
calculated at 2 bar using deionized water. The initial
volume of the feed solution for all experiments was 3 L.

After the optimization of the UF operating parameters,
three separate runs were conducted in concentration mode
to determine the variation of the permeate flux as a
function of the operation time and of the volumetric con-
centration factor (VCF) and the variation of the solute
rejection coefficients. The VCF was defined as:

VCF = [VolumeFeed / (VOlumeFeed - VOlumepermeate)] (2)

TABLE 3
Feed composition of the three UF experimental runs for
concentrating the effluent

Parameter Run 1 Run 2 Run 3
TOC (mgCL™") 6475 6494 6832
TS (mgL™") 14350 13750 13170
TSS (mgL™1) 8650 7600 7390
TDS (mgL ') 5700 6150 5780
Total Polysaccharides 3141 3458 2625
(mgL~" glucose)
Total Polyphenols 880 1003 830

(mgL~! gallic acid)

A. GIACOBBO ET AL.

Approximately 3.5L of effluent was first treated by sedi-
mentation and chemically analyzed before each individual
UF treatment was run, as shown in Table 3.

Analytical Methods

The different parameters analyzed included the TOC
with a Dohrmann DC-85A carbon analyzer, the pH at
20°C using a Crison 2002 pH meter, the conductivity at
25°C using a Crison 525 conductivity meter, the turbidity
with an LP 2000 turbidity meter (Hanna Instruments),
COD, TS, TDS, and TSS. These analyses were carried
out according to the standard methods for the examination
of water and wastewater, methods 5310B, 4500-H*, 2510B,
2130B, 5220C, 2540B, 2540C, and 2540D, respectively (19).
The total polyphenols content was determined by a colori-
metric method that used a spectrophotometer (UV-1700
Shimadzu) to measure the absorbance at 280 nm (20), while
the total polysaccharides content was determined by the
phenol-sulfuric acid method (21).

RESULTS AND DISCUSSION

Table 2 reports the characterization of the winery efflu-
ents and the very high values of the total suspended solids
(TSS) and turbidity stand up as a need for a pre-treatment
of sedimentation prior to the ultrafiltration.

Sedimentation Optimization

As can be seen in Fig. 2, displaying the influence of pH on
the sedimentation of the suspended solids, the tubes corre-
sponding to pH 4.9 and 5.4 show a better performance with
a higher volume of clarified solution. In Table 4 and for the
pH of 5.4 the removal rates of suspended solids and tur-
bidity are 84.4% and 86.6%, respectively. This table displays
also the removal rates of suspended solids and turbidity for
the natural pH of 3.6 and the values are 28.6% and 16.9%,

pH =2

3.6 4.0

Sediments

FIG. 2. Sedimentation conducted at pH values ranging from 3.6 to 8.0 at
a temperature of 254 2°C. (Color figure available online)
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TABLE 4
Effluent sedimentation at a pH of 3.6 (natural pH) and a pH of 5.4 (optimal pH)
pH 3.6 pH 5.4

Parameter Feed Clarified Removal (%) Feed Clarified Removal (%)
Conductivity (mScm™) 5.45 5.42 0 6.93 7.00 0
Turbidity (NTU) 7431 6178 16.9 6337 847 86.6
TOC (mgCL™) — — — 7567 4812 36.4
COD (mgO,L™) 29250 25792 11.8 26040 16616 36.2
TS (mgL™) 17170 13130 23.5 18590 12430 33.1
TSS (mgL ™) 10300 7350 28.6 7870 1230 84.4
TDS (mgL™") 6870 5780 15.9 10710 11200 0
Total Polysaccharides (mgL ™" glucose) 4788 4069 15.0 4699 852 81.9
Total Polyphenols (mgL~" gallic acid) 1158 1018 12.1 1086 295 72.8

respectively. In association with these results the sedimen-
tation of 3.5L of effluent yielded 0.10 and 0.25L of sedi-
ments for experiments run at pH of 3.6 and 5.4, respectively.

At natural pH (pH 3.6), the sedimentation showed
smaller reductions for all parameters, but the treatment
removed the coarser solids allowing the effluent to be sub-
jected to the UF system, without damaging the equipment.

Ultrafiltration
Membrane Characterization
The pure water permeation flux (PWP) was measured at
transmembrane pressures ranging from 0.5 to 4.0 bar. The
PWP was plotted as a function of AP and the membrane
hydraulic permeability, L, was obtained as the slope of the
straight line from that plot. The L, for the membrane used
in this study was determined to be 6.0kgh™'m >bar .
The curve-fitting of plot log (f/(1—f)) as a function of
the solute molecular weight was intersected by the 91%
rejection line and yielded the molecular weight cut-off of
7600 Da to the GR9SPP membrane, as shown in Fig. 3.

1.2
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e o ©
[ T BN

og(f/(1-f)
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) 2000 4000 6000 8000
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-0.8
Molecular weight (Da)

FIG. 3. MWCO determination for the GR95PP membrane. (Color
figure available online)

Operating Conditions

Total Recirculation Mode. The ultrafiltration of the
effluent after sedimentation at a pH of 5.4 and a pH of
3.6 yielded different permeation patterns, as shown in
Figs. 4 and 5, respectively.

Figure 4 displays the UF permeate flux as a function of
the transmembrane pressure at feed circulation velocities of
0.60 and 0.87 ms ™! after the effluent had been clarified at a
pH of 5.4. At the higher tangential velocity of 0.87ms ™",
the slope of the variation of the fluxes versus the transmem-
brane pressure decreases up to 1.5 bar and then remains
constant up to 4.0 bar. However, in all pressure range,
the limiting flux was never reached. On the other hand,
at the tangential velocity of 0.60ms ™", the flux has a linear
behavior over the all pressure range but considerably lower
than the one relative to the velocity of 0.87ms™ .

Figure 5 displays the UF permeate flux as a function of
the transmembrane pressure at three feed circulation velo-
cities after the effluent had been clarified at a pH of 3.6.
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FIG. 4. Permeate flux as a function of AP when the clarified effluent was
treated with UF after sedimentation at a pH of 5.4 using two different feed
circulation velocities, (A) 0.60 and () 0.87ms . (Color figure available
online)
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FIG. 5. Permeate flux as a function of AP when the clarified effluent was

treated with UF after sedimentation at a pH of 3.6 using three different
feed circulation velocities, ()X) 0.44, (A) 0.60 and () 0.87ms~!. (Color
figure available online)

For all the feed circulation velocities there is a linear
variation of the UF permeation fluxes with the transmem-
brane pressure. The slope of this variation is identical for
the low feed circulation velocities of 0.6 and 0.44ms '
and well below the one corresponding to the velocity of
0.87ms~". In all trials, at the pressure range and velocities
used, the limiting flux was never reached.

The rejection coefficients to polysaccharides and to
polyphenols in the ultrafiltration of the clarified effluents
at pH 3.6 and 5.4 are shown in Table 5. The higher values
relative to the feed solution resulting from the sedimen-
tation at the natural pH of 3.6 can be attributed to the fact
that the suspended solids probably are large colloids
formed from the association of these macromolecules and
have a cleaning effect of the membrane surface. The rejec-
tion coefficients to polysaccharides and to polyphenols are
practically independent of the transmembrane pressure.

TABLE 5
Variation of the polysaccharides and polyphenols
rejection coefficients with the transmembrane
pressure. Ultrafiltration of the clarified effluents at

pH 3.6 and 5.4
Effluent clarified Effluent clarified
at pH of 3.6 at pH of 5.4
Polyphenols Polysacchar. Polysacchar. Polyphenols

Pressure  rejection rejection rejection rejection
(bar) (70) (70) (o) (7o)
0.5 94.7 99.3 95.6 81.3
1.5 93.6 99.2 92.8 66.1
2.5 94.1 99.3 94.0 66.4
4.0 94.6 99.3 97.1 74.9

A. GIACOBBO ET AL.
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FIG. 6. Permeation flux of the post-sedimentation winery effluent over
time. UF was operated at a TMP of 4 bar, a feed circulation velocity of
0.87ms~! and a temperature of 25+2°C. (Color figure available online)

Concentration Mode. The previous results show that
the UF of the effluents clarified at the natural pH of 3.6
yields higher permeation fluxes and these vary linearly with
the transmembrane pressure up to 4 bar. Taking that into
consideration the ultrafiltration in concentration mode is
then run for these effluents clarified at the pH of 3.6 and
at a transmembrane pressure of 4 bar. The temperature is
kept around 25 + 2°C. Figure 6 presents the results of three
runs corresponding to ultrafiltration operating times of
900, 140, and 700 minutes. The corresponding volumetric
concentration factors (VCF) are 2.3, 1.8, and 2.0, respect-
ively. The initial flux decline is associated to a VCF of
1.2 for all three runs.

Cassano et al. (22) have studied the flux decay through
three UF fouling models that relate the variation of the
permeate flux with the filtration time. Table 6 presents
these models and the corresponding mechanisms.

By these results, it is possible to see that the best fitting is
achieved for Model II. The resistance of a cake layer cover-
ing the entire surface of the membrane is then the best

TABLE 6
Common fouling models used in the analysis of UF fouling
Fouling
Models Equations mechanisms
Model 1 1/1=(1/Jp) + Kt (3) Cake formation.
Model I 1/J* = (1/J¢*) + Kt (4) Cake formation/
membrane
surface covered
by a layer
of particles.
Model I11 InJ =1InJo — Kt (5) Pore blocking.
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TABLE 7
Sedimentation of the UF concentrate
Parameter Feed Clarified Sediments
TOC (mgCL™) 9655 5188 26442
Total Polysaccharides 7214 750 23892
(mgL~! glucose)
Total Polyphenols 2029 538 7014

(mgL~" gallic acid)

explanation for the fouling phenomenon in the treatment
of the winery effluent.

In all the three runs, in concentration mode, the poly-
saccharides and the polyphenols rejection coefficients
are practically constant, 99.5+0.2% and 95.74+1.2%,
respectively.

Due to the increase of polyphenols and polysaccharides
content in the concentrate and having in view their recov-
ery a new sedimentation operation is investigated.

Sedimentation of the UF Concentrate

One liter of UF concentrate was subjected to sedimen-
tation at a pH of 54 for 4h at room temperature,
254+2°C. After sedimentation, 0.9L of clarified liquid
and 0.1 L of sediments were obtained.

Table 7 shows that there was a high concentration of
polyphenols and polysaccharides, 7 and 23.9 gL' remain-
ing in the sediments of the ultrafiltration concentrate,
which represent a sixfold and a fivefold increase in
their concentrations, respectively, in comparison with their
concentrations in the raw effluent (Table 2).

CONCLUSIONS

It can be concluded from the present study that the opti-
mal pH for sedimentation is a pH of 5.4. However, the UF
of the effluent that was clarified at a pH of 3.6 yielded
higher permeation fluxes than the UF of the effluent that
was clarified at a pH of 5.4.

The ultrafiltration data when the UF system was oper-
ated in total recirculation mode for the effluent clarified at
a pH of 3.6 show the following: the UF permeation fluxes
increase linearly with the transmembrane pressure over a
pressure range of 0.5-4.0 bar; the slopes of the linear vari-
ation J,, versus AP increase as the feed circulation velocity
increases; the rejection coefficients to polyphenols and poly-
saccharides are independent of the transmembrane pressure
and equal to 94.3 +0.5% and 99.3 +0.1%, respectively.

Runs in concentration mode display a strong time
dependence of the permeate fluxes, presenting great decline
of the initial fluxes. However, when the flux is analyzed as a
function of the VCF, it can be observed that the permeate
flux declines significantly up to a VCF of 1.2 and remains

443

approximately constant thereafter. The rejection coeffi-
cients for the polyphenols and the polysaccharides are
independent of VCF, with rejection values remaining con-
sistently at 95.7+1.2% and 99.5 +0.2%, respectively. The
TOC rejection coefficients experience a slight increase with
an increase in the VCF, ranging from 47 to 65% in
this work.

The results obtained in this work show that the sedimen-
tation and ultrafiltration treatment of winery effluent is an
alternative for these industries, given that there was a
56.6% reduction in the TOC of the permeate stream and that
the polyphenols and the polysaccharides could be concen-
trated in the sediments by sixfold and fivefold, respectively.
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FIG. 7. Fouling models applied to the investigated UF membrane

according to Equations (4), (5) and (6). (a) Model I; (b) Model 1I; (c)
Model I1I. (Color figure available online)
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FIG. 8. Development of a process to treat winery effluents and recover

polyphenols and polysaccharides. (Color figure available online)

A process was developed to treat winery effluent while
recovering polyphenols and polysaccharides at the same
time, as shown in Fig. 8.
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