Ultrafiltration: a novel approach to managing
phenolics and protein in white wine
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Aims
Cross flow ultrafiltration (UF) can fractionate wine into permeate (comprising wine constituents that pass through the membrane e.g. H2O, ethanol and acids)
and retentate (comprising wine constituents rejected by the membrane, including macromolecules e.g. proteins, polyphenols and polysaccharides) largely
due to size exclusion (Figure 1). In this study, wines were fractionated using commercial-scale UF and the composition of wine, permeate and retentate
determined to evaluate the potential for UF treatment to remediate excessive phenolics associated with bitterness and/or astringency and haze-forming
proteins which can cause cloudiness after bottling.

Methodology
UF treatments were applied to six different wine samples (Wine A-F, Table 1) at commercial scale (5,400 – 71,000 L), each comprising a high proportion of
pressing fractions (enhanced phenolic extraction). UF was performed using industry-scale crossflow filtration systems fitted with membranes with nominal
molecular weight cut-off (NMWCO) specifications of 5 and/or 10 kDa. The fractionation endpoints depended on the initial clarity and composition of each wine
along with the winemaker’s desired sensory target.
Wine samples were collected before UF while permeate (Per) and retentate (Ret) samples were collected on completion of UF treatment. Physico-chemical
analysis of samples included: total phenolics (A280), brown colour (A420, oxidised phenolics), haze-forming protein concentration, heat stability, turbidity,
titratable acidity (TA), reducing sugars, malic acid, conductivity, and alcohol (Figure 2). pH, free and total SO2 were also measured but are not reported.
Figure 2. Physico-chemical composition of untreated wine (Wine), permeate (Per) and retentate (Ret) after
commercial scale UF treatment of wines.
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Figure 1. Simplified schematic of ultrafiltration (UF) treatment of wine
Table 1. Wine and membrane specifications, and fractionation endpoints for ultrafiltration treatments.

Vintage
Grape variety
Membrane
NMWCO
Volume
filtered (L)
Final retentate
volume (L)

Wine A

Wine B

Wine C

Wine D

Wine E

Wine F

2019

2020

2020

2020

2020

2020

Riesling

Pinot Noir/
Chardonnay

Pinot
Gris

Riesling

Pinot Gris

Sangiovese
(Rosé)

10 kDa

5 kDa

5 kDa

5&10 kDa

5&10 kDa

5&10 kDa

45,000

5,400

22,690

35,530

36,920

71,000

300

415

490

3,328

1,077

7,100

92.3%

97.8%

90.6%

97.1%

90%

Final degree of
99.3%
permeation*

* Final degree of permeation expressed as the percentage of permeate volume compared to the initial wine
volume.

Conclusions
• UF treatment successfully mitigated the negative sensory effects of excess
phenolics without the need for exogenous processing aids.
• UF achieved protein stabilisation for all permeate, eliminating the need for
bentonite fining. Permeate volumes (> 90% of wine volume) were similar to
those typically recovered after the removal of lees from fining processes.
• UF may improve production times and profitability by generating clarified,
protein-stable permeate, without the need for subsequent fining processes.
• UF therefore offers an innovative approach to management of
phenolics and protein in white wine.
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Results
•
•
•
•
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•
•

The permeate generated comprised > 90% of the initial wine volume
Permeate composition was more similar to that of the initial wine than retentate
Macromolecules (e.g. proteins and phenolics) were concentrated in retentate
Phenolic compounds were significantly removed from permeate (by up to 99.7%)
Permeate had less intense brown colour (as oxidised phenolics were removed)
UF achieved protein stabilisation for all permeate samples (ΔNTU < 2)
The observed reduction in retentate alcohol concentrations were attributed to the
inherent dilution with water used to ‘flush out’ the retentate

Future research
• Detailed phenolic and sensory profiling of permeate and retentate fractions
generated from UF treatment of different wines
• Investigate the influence of UF on the tartrate (cold) stability of resulting
permeate
• Investigate potential applications for phenolic-enriched retentate (e.g. as
an additive to enhance wine mouthfeel properties)
• Further characterise the physico-chemical consequences of membrane
separation in a wine environment
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