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Figure S1. (A) Statistical summary (maximum, minimum, median and average) of the binding score calculated 

using ssDNA pentamer, hexamer (Mascini et al. 2019) and heptamer libraries toward the five chemical classes 

tested. The score values were calculated using chemgauss4 scoring function, thus lower values represented higher 

ssDNA–ligand affinity. (B) The binding score trend of the ssDNA heptamer library for the five chemical classes 

tested. The data were sorted in ascending order of score, thus not necessarily a correspondence must exist between 

the positions of the ssDNA in each curve. 



 

Figure S2. The imbedded Error calculated from the “Optimal number of Principal Components” toolbox [23] 

obtained from the matrix of 16384 rows (the ssDNA heptamer library) and 55 columns (the 50 VOCs plus the 

average of the five chemical classes). 



 

Figure S1. The three different chromatograms of beer fermentation for comparison among the aroma profiles. The 

chromatogram at time zero of fermentation (t0; raw beer), the chromatogram after 20 days of fermentation (t1), 

and the chromatogram after 40 days of fermentation (t2). 

Table S1. The 50 volatile organic compounds (VOCs) belonging to five chemical classes (12 alcohols, 13 aldehydes, 

17 esters, 5 hydrocarbons and 3 ketones) used as the targets to calculate the binding score values of the ssDNA 

heptamer library. Name, functional group, label, molecular weight, polar surface area and hydrophobicity (LogP) 

are also reported. 



 

  



Table S1. Inter-day variability for hpDNA based E-Nose. The frequency shift (ΔF in Hz) response of the hpDNA 

gas sensors with heptamer loops was obtained using 15 pure VOCs (5 alcohols, 3 aldehydes, 3 esters, 1 ketone, and 

3 hydrocarbons) tested by using N2 as carrier gas directly in the measuring chamber. The standard deviation was 

calculated using three measurements taken in 3 different days. 

 

  

VOCs

Ethanol 82 ± 9 23 ± 8 91 ± 5 18 ± 4 36 ± 6 11 ± 1

1-pentanol 21 ± 9 9 ± 4 49 ± 6 12 ± 8 19 ± 3 3 ± 1

1-hexanol 23 ± 8 5 ± 2 54 ± 6 7 ± 4 11 ± 1 3 ± 3

α-terpineol 25 ± 2 8 ± 4 62 ± 9 12 ± 12 19 ± 7 3 ± 1

Linalool 16 ± 9 6 ± 5 48 ± 3 7 ± 4 14 ± 8 18 ± 3

Hexanal 21 ± 7 20 ± 6 66 ± 3 14 ± 4 41 ± 2 6 ± 5

Octanal 22 ± 9 27 ± 3 64 ± 4 14 ± 5 47 ± 6 4 ± 2

Nonanal 44 ± 5 20 ± 3 72 ± 4 18 ± 5 47 ± 6 3 ± 2

Ethyl acetate 47 ± 9 40 ± 5 77 ± 8 29 ± 6 86 ± 3 7 ± 4

Ethyl-2-methylbutyrate 45 ± 6 31 ± 8 53 ± 9 29 ± 3 82 ± 4 14 ± 2

Ethyl octanoate 46 ± 8 37 ± 3 77 ± 6 28 ± 4 83 ± 7 7 ± 5

Butane-2,3-dione 36 ± 7 38 ± 3 94 ± 6 25 ± 5 73 ± 8 4 ± 9

β-caryophyllene 6 ± 2 14 ± 3 53 ± 4 14 ± 5 25 ± 2 2 ± 1

O-cymene 9 ± 2 15 ± 8 59 ± 6 15 ± 1 13 ± 7 4 ± 3

Terpinolene 12 ± 6 11 ± 8 60 ± 4 11 ± 9 8 ± 4 2 ± 2

AATCAGC CCCTGTC CCGATTT GCGAAGG GTCCCTA GTCCGTT



Table S2. Relative concentrations of the 23 VOCs identified by SPME/GC-MS analysis in beer samples at time zero 

of fermentation (t0; raw beer), after 20 days of fermentation (t1) and after 40 days of fermentation (t2). Data were 

expressed as percentage of the total GC area. The VOCs were sorted in descending order of the average 

concentration. Av = average and CV = coefficient of variation of the five beer samples at three different fermentation 

times (t0, t1 and t2). 

 

  



Table S3. Statistical significance of single VOCs detected in the beer samples at three fermentation times (t0, t1 and 

t2) by using analysis of variance (ANOVA) with the Tukey HSD (honestly significant difference) multiple 

comparison analysis. The criterion for statistical significance of differences was p-value<0.05 for all comparisons. 

The parameter F was used to sort the VOCs in descending order. 

 

  



Table S4. Frequency shift (ΔF in Hz) response of the hpDNA gas sensors array with pentamer-hexamer loops and 

the hpDNA gas sensors array of with heptamer loops for the 15 beer samples (3 replicates for each sample 

measurement) at the three fermentation times (t0, t1 and t2) and with an intraday RSD in the 15–25% range. 

 

 


