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It was found that in model wine solutions, changing the ethanol and glycerol concentration, in the ranges found in wine,
had no effect on the oxygen desorption rate and 𝒌𝑳 𝒂. A strong correlation was shown between superficial gas
velocity, temperature and the oxygen desorption 𝒌𝑳 𝒂. The strength of the correlations are shown in Figure 1.
It was found that one white wine had a similar oxygen desorption rate and 𝒌𝑳 𝒂 to a model wine solution, while
another wine had a significantly lower rate. This does indicate that certain properties and components in some wines
can significantly affect the desorption rate.

Figure 1: Pareto chart showing the
standardised effects of changing the below
variables on the oxygen desorption kla

BACKGROUND:
The removal of excess dissolved oxygen from wine prior to bottling is
commonly done in winemaking. A widely used method involves sparging
nitrogen through the wine in a vessel, in a process known as desorption.
The desorption rate can be modeled on this simplified equation:
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𝑑𝐶𝑂2
= 𝑘𝐿 𝑎 𝐶𝑂2,𝐿𝑖𝑞𝑢𝑖𝑑 − 𝐶𝑂2,𝐺𝑎𝑠
𝑑𝑡
An indicator of the rate of desorption is the oxygen desorption
volumetric mass transfer coefficient (𝑘𝐿 𝑎), which can be determined
experimentally. Factors that affect 𝑘𝐿 𝑎 are the physico-chemical
properties of the solution and gas in the vessel, the operating conditions,
and the vessel and sparger design.
𝑂𝑇𝑅 =

AIMS:
• To examine how temperature and gas velocity, as well as ethanol,
glycerol and sugar levels, effect the oxygen desorption 𝑘𝐿 𝑎 in a
model wine solution.
• To determine the oxygen desorption 𝑘𝐿 𝑎 in wine relative to a model
wine solution and to evaluate whether the above components can
account for any difference in the oxygen desorption rates in
different wines
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It was found that adding sugar to pure water increased the oxygen desorption 𝒌𝑳 𝒂 . Raising the sugar level up to 40
g/L in a 10 % v/v ethanol solution did not affect the oxygen desorption 𝒌𝑳 𝒂 . The results are shown in Figure 4.

Figure 4: Oxygen desorption kla for
different sugar concentrations in pure water
and 10% ethanol solutions

Figure 3: Oxygen desorption kla for
different ethanol solutions
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METHOD:
• The solution was placed into
a 15 L bubble column
• The solution was saturated
with oxygen using air
through a stone sparger
• Once the system was stable,
nitrogen was sparged
through the bubble column,
controlled using a flowmeter
• A polarographic oxygen
probe measured the
response
• The data was captured and
𝑘𝐿 𝑎 determined using the
following equation:
𝐶𝑂2
ln
= 𝑘𝐿 𝑎 . 𝑡
𝐶𝑂2,𝑖
RESULTS:
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It was found that an ethanol concentration of as little as 0.05% increased the oxygen desorption 𝒌𝑳 𝒂 significantly
relative to pure water. Beyond this, the 𝒌𝑳 𝒂 did not change significantly. The results are shown below in Figure 3.
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SELECTED PREVIOUS WORK:
Oxygen desorption:
• Oxygen desorption in a model wine solution increases when the
dissolved CO2 in wine is greater (Devatine et al., 2007)
• Increasing temperature increases both absorption and desorption
rates. A common correlation is 𝑘𝐿 𝑎 𝑇 = 𝑘𝐿 𝑎 (20°𝐶) ∗ 1.024(20−𝑇)
• The rate at which oxygen desorption and absorption improves with
increasing gas velocity depends on vessel dimensions and flow
characteristics (Besagni et al., 2018)
Oxygen absorption in wine:
• The oxygen absorption rates for white wine, pink wine, red wine
and a model wine solution were not significantly different. The
oxygen absorption rate was not affected by SO2 or polyphenols
(Chiciuc et al., 2010)
• Fully saturating wine must with carbon dioxide dropped the oxygen
absorption rate by an order of magnitude (Devatine et al. 2007)
• The oxygen absorption rate dropped significantly when biomass
was introduced into a synthetic wine solution (Moenne, 2013)

P = 0.05 (95 % CI threshold)
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Winemakers have pointed out that under similar conditions, the
desorption of oxygen from different wines sometimes occurs at different
rates. This suggests that differing concentration of certain components in
wine increase or decrease the oxygen desorption rate. There has been
little work evaluating how different concentrations of certain
components in wine directly effect the desorption rate. A few studies
have been done focusing on oxygen absorption during the fermentation
process of winemaking, and some of this information is applicable to
desorption as they are analogous phenomenon.

Figure 2: Oxygen desorption kla for
water, model wine solution and white
wines
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A Deeper Look at Oxygen Desorption
in Wine
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Changing ethanol (9-15% v/v) and glycerol (5-25g/L)
concentrations in an aqueous solution had no significant effect
on the oxygen desorption 𝑘𝐿 𝑎. This was unexpected as the
physico-chemical properties of the solution change in the ranges
tested. Consequently, a study was done on a wider range of
ethanol concentrations. The results are shown in Figure 3.
It was found that raising the ethanol concentration to 0.05%
increased the 𝑘𝐿 𝑎 significantly relative to water. Beyond this
the 𝑘𝐿 𝑎 did not increase significantly.
Experiments were done to look at whether sugar in the
presence of ethanol would affect the oxygen desorption 𝑘𝐿 𝑎.
The results are shown in Figure 3. In the ranges tested, the
addition of sugar to pure water increased the desorption 𝑘𝐿 𝑎,
while the addition of sugar to a 10% ethanol solution did not
affect the desorption 𝑘𝐿 𝑎. It is likely that the presence of
ethanol in an aqueous solution disrupted the effect that sugar
had on the desorption rate.

Non-Cognitive Predictors of Student Success:
A Predictive Validity Comparison Between Domestic and International Students

The desorption rate of a model wine solution (10 % ethanol, 15
g/L glycerol) was compared to two wines. The desorption rate
was slower in wine A, while it was similar in wine B. It may be
that there is a component in wine A at a concentration great
enough to slow the oxygen desorption rate.
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CONCLUSIONS:
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• A model wine solution of ethanol and glycerol may
overestimate the oxygen desorption 𝑘𝐿 𝑎 in wine.
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• It is unlikely that it is the different levels of ethanol, glycerol,
and sugar (below 40g/L) in wines that affect the rate of
oxygen desorption. This indicates that other components
within wine have a significant effect on the desorption 𝑘𝐿 𝑎.
• Oxygen desorption is significantly improved with the
introduction of as little as 0.05 % ethanol. This would result
in big differences in oxygen desorption in grape must vs
wine.
FOLLOW UP:

• Further wines will be tested to determine how oxygen
desorption varies in them relative to the model wine solution.
• The effect that components such as salts, acids and pH have
on oxygen desorption in water and ethanol solutions will be
examined.

