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Figure S1. Fourier-transform infrared spectroscopy (FT-IR) spectra of betaine, erythritol and mixtures 

thereof in D2O. 

 

Commercially available (as-received) betaine can adsorb water molecules from atmospheric moisture
1
. 

The peaks at 3356 and 3296 cm
-1

 in (a) was derived from asymmetric and symmetric stretching 

vibration of H2O or HDO
2,3

. And the peak at 1612 cm
-1

 in (a) was assigned to asymmetric stretching 

vibration of carboxylate (COO
-
) in betaine

3,4
. O—D bonds were observed in the region between 2200 

and 2600 cm
-1

. In (b), the peak at 3224 cm
-1

 appeared by OH-stretching vibration and intrinsic 

hydrogen bonds in erythritol. When the mixture of betaine and erythritol was dissolved in D2O, a 

conspicuous blue-shift from 1612 to 1620 cm
-1

 was observed as shown in (c). This shift can be 

explained by newly formed intermolecular hydrogen bonds between betaine and erythritol. The IR 

peak due to asymmetric stretching vibration of carboxylate in betaine is actually blue-shifted when the 

carboxylate accepts proton
4
. Thus, when betaine accepts proton by hydrogen bonding with erythritol, 

a blue-shift can occur. O—H bond length of erythritol is usually increased by the formation of 

hydrogen bonds and a red-shift of the peak at 3224 cm
-1

 should be observed
5,6

. However, the red-shift 

of the peak derived from hydroxyl groups of erythritol is not identified in (c). This is presumably 

because the peak shifted to lower wavenumbers is overlapped with the peak derived from O—H 

bonds that did not participate in hydrogen bonding.  

  



 

Figure S2. 2D NOESY spectrum of a mixture consisting of betaine, erythritol and H2O with a molar 

ratio of 2:1:3. The mixture was completely dissolved in DMSO-d6 before analysis. 

 

 

 

Figure S3. Mixtures of betaine, erythritol, and water with a ratio of 2:1:3 at room temperature (a) 

before and (b) after heated. 



 

Figure S4. 
1
H NMR spectra of mixtures composed of betaine, erythritol, and water with a ratio of 

2:1:3. (a) Betaine and erythritol were dissolved in water and DMSO-d6 after heating and cooling 

processes. (b) After betaine, erythritol and water were mixed without heating, the mixture was 

dissolved in DMSO-d6. The molar ratio of betaine, erythritol and water in both samples was equal to 

2:1:3, and the mixtures were diluted with DMSO-d6 to a final concentration of approximately 1% 

(w/w). No notable difference in the position of OH peaks (1 and 2) was observed. 

 

 

 

Figure S5. Effect of heating process on biofilm-removal efficiency during sample preparation. 

Mixtures of betaine and erythritol were heated or not heated prior to dissolution in DW. Both sample 

solutions contained 0.1% (w/w) betaine-erythritol mixture, and the molar ratio between betaine and 

erythritol was 2:1. The heating process did not affect the biofilm-removal efficiency. 
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Figure S6. Zeta potential distribution of water-insoluble polysaccharides isolated from S. mutans 

biofilm. Polysaccharides were suspended in deionized water at a concentration of 0.1% (w/w). The 

result was obtained using Malvern zetasiser (Nano ZS, Malvern Instruments, UK). 

 

 

 

Figure S7. Comparison of biofilm-removal efficiency between betaine-erythritol and ChCl-erythritol 

mixtures. Betaine and erythritol were mixed at a molar ratio of 2:1. ChCl and erythritol were also 

mixed at the same molar ratio. Mixtures were diluted with DW.  

  



 

Figure S8. Viability of human oral keratinocytes after the treatment with betaine and erythritol. The 

betaine-erythritol mixture contained betaine and erythritol in a molar ratio of 2:1.  

 

Human oral keratinocyte cells (#2610, ScienCell Research Laboratories, USA) were cultured in Oral 

Keratinocyte Medium (OKM; ScienCell Research Laboratories). The cells were transferred in 96-well 

plates (5000 cells/well) and incubated at 37°C in 5% CO2 for 24 h. Then, substances were added to 

the wells, and the cells were additionally incubated for 24 h. After the incubation, the culture medium 

was replaced with fresh medium. Cell viability was measured by Cell Counting Kit-8 (CCK-8; 

Dojindo, Japan) according to the manufacturer’s protocol. 
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