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Molecular fining of wine off-odour compounds using cyclodextrins

Cyclodextrins are a group of cyclic oligosaccharides formed naturally

by enzymatic activities of selected microorganisms using

carbohydrates as substrates. These ring shaped sugars are capable to

encapsulate various hydrophobic compounds in their cavity. In the

recent decades, the functional value of food-grade cyclodextrins in

food, beverage and pharmaceutical industry has been exploited,

including food preservation, removal of odours, modification of taste

and mouth feel, and delivery of undissolvable drugs. Despite the

extremely small amount of literature on cyclodextrins and wine, it is of

interest to the wine industry to explore the functionality of

cyclodextrins in wine production.
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Figure 1. Structure of α- and β-cyclodextrin, with 6 and 7 glucopyranose subunits respectively.
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Chemical compounds involved in two wine off-odours, “Bret” (4-
ethylphenol, 4-ethylguaiacol) and “smoke taint” (guaiacol, creosol),
were tested with three α-, β- and γ-cyclodextrin treatments at
different concentrations.
Static headspace SPME GC-MS and sniffing sensory test were used to
study the change of aroma and off-odour compounds in two wine
samples in the headspace with cyclodextrin treatments. UV-Vis
spectra, Isothermal titration calorimetry and 2D ROESY NMR were
used to study the structure and characters of the complexations.

Results and Discussion
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It was found that when using commercial wine samples, headspace

residual of a number of aroma compounds also decreased significantly

with cyclodextrin addition, with β-cyclodextrin being the most

effective. This indicates that the selectivity of cyclodextrins is low

when forming complexes with hydrophobic off-odour compounds in

wine, and modification of cyclodextrins to improve selectivity and pre-

treatment on wine to isolate target compounds is necessary.
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Residual in headspace after 10 g/L 
β-cyclodextrin addition
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A shift of light absorbance measured by UV-Vis spectroscopy was

observed on both 4-ethylphenol and guaiacol in model wine solution

when titrated with β-cyclodextrin. The structure of 4-ethylphenol/β-

cyclodextrin complex was characterized using 2D ROESY NMR. Cross

peaks between protons(H) on C2, C3 and C6 of 4-ethylphenol and C3,

C5 and C6 of β-cyclodextrin indicated close spatial proximity between

these protons, suggesting the insertion position showed by Figure 3.
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SPME GC-MS showed that the volatility of 4-ethylphenol and guaiacol
dropped by 96% and 21% respectively with 10 g/L addition of β-
cyclodextrin in model wine solution . 

Table 1. Headspace residual of 4-ethylphenol and guaiacol with β-cyclodextrin treatment.

Figure 2. Headspace residual of wine aroma compounds with β-cyclodextrin.

Figure 3. 2D NMR spectra and model of 4-ethylphenol and β-cyclodextrin complex.

Conclusion

Cyclodextrins can form inclusion complexes with various wine aroma

and off-odour compounds. This causes reduction of volatility and

changes of spectra properties on the included compounds. Further

study is required to understand changes in wine sensory properties,

and the technique needs to be refined for wine production purposes.


