
The use of polysaccharides to heat stabilise white wine: 
an alternative to bentonite

Results and Discussion

Polysaccharides fining trials
Eleven (11) out of 22 carrageenans tested were able to heat stabilise white wine. Kappa κ-
carrageenan), a κ/ι- (blended) carrageenan and a κ-/ι-/λ-carrageenan were capable of reducing
haze formation to < 4.9 NTU (Fig 2) comparable to bentonite, at a dosage of 1g/L. The protein
content and corresponding heat haze turbidity (NTU) at each addition level of cold soluble κ-
carrageenan and blended κ- (90%) / ι- (10%) carrageenan are shown in Figs. 3 and 4, respectively.
The κ- and κ-/ι- (blended) carrageenans were the most effective at heat stabilising white wine.
Two types of κ-carrageenans, called ‘pure κ-carrageenan’ and ‘cold-soluble κ-carrageenan’, by the
suppliers were tested (Table 1).

The Pilot-scale Winemaking Trials
Heat unstable Adelaide Hills Sauvignon Blanc juice was used in 40 L winemaking trials at the 
Wine Innovation Cluster (WIC), Adelaide, Australia in 2015 (V15) and 2016 (V16). Cold-soluble 
κ-carrageenan, κ-/ι- (blended) carrageenan and bentonite were tested in both V15 and V16. 
Pure κ-carrageenan was tested in V16 only. An unfined juice was used as a control. Additions 
were made at three stages: juice-addition (JA), fermentation-addition (FA) and wine-addition 
(WA).  All of the carrageenans tested in V15 and V16 heat stabilised the wine to the industry 
standard turbidity of < 2 NTU.

Sensory Analyses
Sensory descriptive analysis has been completed on the carrageenans tested in the V15
winemaking trials. The analysis of variance ANOVA (not shown) showed that eight of the
twenty-nine attributes differed significantly by treatment (p < 0.05). Principal component
analysis (PCA) was then performed on the significantly different sensory attributes for each
treatment (Fig. 9). The bentonite treatment gave a wine with lower intensity of most sensory
attributes compared to the untreated control, while several of the carrageenan treatments gave
wines with higher intensity of tropical fruit related attributes (box hedge, sweaty, passionfruit)
and viscosity.

1H NMR Spectroscopy
NMR allows complete structural assignment and identification of the carrageenans (2,3) (Fig. 7). The 
1H NMR spectra of the κ-carrageenan obtained from two different suppliers were typical of κ-
carrageenan but a low intensity signal at 5.32 ppm was assigned to ι-carrabiose (DA2S-H1) units 
indicating that the commercial κ-carrageenans contain some residual ι-carrageenans. This is not 
unexpected as ‘pure’ carrageenan classes are rare in nature. Interestingly, units typical of the 
biological precursors (mu-:µ-(D6S-H1) and nu: ν-(D2S,6S-H1) carrabiose units) of κ-and ι-
carrageenans, respectively, were not detected. Absence of anomeric signals at 5.59 ppm indicated 
that none of the κ -carrageenan consists of residual lambda- (λ-) carrabiose (D2S,6S-H1) units.

Linkage analysis confirmed that the carrageenans comprised a mixture of 3,4-linked Galp (G units) 
and 4-linked-3,6-anhydro-Galp (AnGalp; DA units) substituted with sulphate residues characteristic 
of both κ-and ι-carrageenans which is consistent with the NMR data (3).

Conclusions
• Kappa- and kappa/iota (blended)-carrageenans are effective in heat stabilising white wine.  
• These wines have higher levels of tropical fruit related attributes compared to bentonite treated wines. 
• The mechanism for heat stabilisation of juice/wine is likely through the formation of an electrostatic complex between the negatively charged sulphate groups of neighbouring double helices in the 
kappa carrageenan and positively charged wine proteins that entrap and precipitate the wine haze proteins through sedimentation.
• NMR is the most effective single-step analytical method for identification of different types of carrageenan.
• Pure iota and pure lambda carrageenans are not effective in heat stabilisation of white wine. 
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Introduction
Grape pathogenesis-related (PR) proteins, thaumatin-like proteins (TLPs) and chitinases are the 
soluble proteins in grape juice likely responsible for haze formation in white wine. The haze forms 
during transportation and storage of wine, most likely due to exposure to elevated levels of heat 
resulting in the formation of insoluble aggregates that form the haze (1).

Bentonite is currently used to stabilise white wines but it has negative aspects, such as volume 
and quality loss, incompatibility with filtration equipment and sustainable waste disposal 
challenges (1). Here we report the use of natural polysaccharides (carrageenans) as an alternative 
to bentonite to heat stabilise white wine.

The ability of 42 commercially-sourced polysaccharides (carrageenans, pectins and carboxy 
methyl celluloses (CMC’s)) to heat stabilise white wine were tested.  Only the kappa (κ), and 
kappa/iota (κ/ι) blended carrageenans were effective. Carrageenans are sulphated 
polysaccharides extracted from red algae, composed of a galactan backbone of alternating α-1,3-
and β-1,4-linked-D-galactopyranosyl (Galp) residues heavily substituted with sulphate ester 
groups that determines their sub-class; kappa (κ-), iota (ι-) and lambda (λ-). 
Nineteen commercial and analytical grade pectic polysaccharides were also screened, and, while 
six of them showed some limited ability to heat stabilise white wine to a final haze value of 15 
NTU (data not shown), they were not considered viable and their use discontinued.  

Figure 9. Scores and loadings bi-plot for PCA of sensory attributes and samples, showing  a) 
PC1 and PC2 and b) PC1 and PC3. 

Structural and Functional Characteristics of Carrageenans Associated with Heat Stabilising Wine
Kappa (κ-) carrageenans have a single negatively charged sulphate ester group (SO3

-) per disaccharide unit which form a strong double helix as there is less repulsion between SO3
- groups compared 

to ι- and λ-carrageenans that consist of two and three SO3
- groups per disaccharide unit, respectively (Fig 6). Thus, the λ-carrageenan do not form helix structures because of repulsion between the 

SO3
- groups and, as a consequence, do not form gels.  Strong interactions between the SO3

- groups of neighbouring helices, mediated by potassium and calcium ions, are responsible for stabilising the 
three-dimensional structures of κ- and ι-carrageenans, respectively. Potassium neutralises the charge between the SO3

- groups in κ-carrageenans because the SO3
- groups are located externally to the 

helix structure.  This promotes either bundling or aggregation of the helix structure forming a three dimensional network (3) (Fig 5).
Cold-soluble κ-carrageenan is a sodium salt of κ-carrageenan which is readily soluble in cold water and delays the aggregation of helix structure forming a hard gel. A possible mechanism responsible 
for the superior performance of κ-/ι-(blended) carrageenan could be that the increased amounts of ι-carrageenans could increase the solubility of the carrageenan and also increase the binding 
capacity with an increased number of active (SO3

- groups) sites.

Sulphate Content (w/w %) of Carrageenan 
The sulphate content of the commercial carrageenans, determined by the barium chloride 
turbidimetric method, was 21.3 - 23.0 % (w/w) which is consistent with sulphate levels typical of 
commercial carrageenans (3).
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Figure 3. Heat stability and protein contents of a Chardonnay 

wine after addition of cold-soluble κ-carrageenan

1g/L

Figure 4. Heat stability and protein contents of a Chardonnay 

wine after addition of blended κ- (90%) and ι- (10%) carrageenan

1g/L

Molecular Size Distribution
Size exclusion chromatography separates molecules by hydrodynamic volume (Vh) not by 
molecular weight (3).  The size distributions for the κ- and κ-/ι- (blended) carrageenans are 
shown (Fig. 8) in terms of hydrodynamic volume w (log Vh) as a function of hydrodynamic radius 
Rh, related to Vh by Vh = 4/3 π Rh

3. There was no significant difference in molecular size 
distribution between the carrageenan samples, irrespective of the supplier or the batch. 

Kappa/iota (blended) carrageenan 

Kappa

Iota

Cold-soluble kappa- carrageenan 

Kappa (κ-)-carrageenan (G4S-DA) Iota (ι-)-carrageenan (G4S-DA2S)

Lambda (λ-)-carrageenan (G2S-D2S6S)

Figure 7. 1H NMR spectra of commercial carrageenans.

Figure 1. Seaweed: Red Algae (Rhodophyta), the
plant-based source for carrageenans.

Table 1. Polysaccharides that are suitable to heat stabilise white wine.

Figure 2. Heat stability of a Riverland Chardonnay wine after addition of carrageenans.

Figure 5. Formation of helix and double helices structures for κ-carrageenans.

Figure 6. Schematic representations of different structures of the three most commercially important carrageenans.
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Figure 8.  Molecular size distribution of commercially available κ- and κ-/ι- (blended) carrageenans. 
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