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S1. Analytical signals obtained from reaction of (I) ethanol and water, and (II) water and ethanol 

where Ti is initial temperature and Tf is final temperature.
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S2. Calibration curve obtained using reference hydroalcoholic solutions (25–60%, v/v). Error bars 

are reported as standard deviation of measurements (n = 24).



S3. GAPI parameters for analytical procedures for determination of ethanol content of distilled 

beverage by TIE-P, TIE-PS and AOAC 942.06.

Category TIE-P TIE-PS AOAC 942.06
Sample Preparation

Collection - - -
Preservation Unnecessary Unnecessary Unnecessary
Transport - - -
Storage Store the sample at 

room temperature and 
without light

Store the sample at 
room temperature and 

without light

Store the sample at 
room temperature 
and without light

Type of method: 
direct or indirect

Unnecessary sample 
preparation and 

determination in the 
same reactor

Unnecessary sample 
preparation and 

determination in the 
same reactor

Requires a 
preliminary stage of 

distillation

Scale of sample 
preparation

- - -

Solvents/reagents used Green 
solvents/reagents 

used

Green 
solvents/reagents used

Green 
solvents/reagents 

used
Additional treatments None None Weighing the 

solution after 
distillation

Reagent and Solvents
Amount 0.05 mL of water

0.05 mL of ethanol 
standard/sample

1.2 mL of water
1.2 mL of ethanol 
standard/sample

100 mL of sample
100 mL of water

Health hazard Green solvents Green solvents Green solvents
Safety hazard Low flammability or 

instability
Low flammability or 

instability
Low flammability or 

instability
Instrumentation

Energy 0.001 0.001 10.67
Occupational hazard - - -
Waste 0.01 mL 2.4 mL 200 mL
Waste treatment Requires degradation Requires passivation Requires passivation
Quantification Yes Yes Yes



S4. Comparison of analytical parameters for selected analytical methods described in literature for the determination of alcoholic content of 

beverages.

Technique Sample LOD R² RSD Reference

Attenuated total reflectance spectroscpy Gin, rum, vodka,  whisky and wine n.i 0.9910 n.i S1

Colorimetry using a Smartphone Beer, wine, vodka and cachaça 0.25% 0.999 0.76-5.97% S2

Colorimetry using a Smartphone Cachaça 0.19% 0.9963 0.1-0.2% S3

Colorimetry using a Smartphone Distilled beverages 2.1% 0.998 1.2% S4

Capillary electrophoresis by photo-oxidation 
assisted ultraviolet detection Vodka 34.9 mg L−1 0.987- 

0.999 n.i S5

Electrochemical paper-based microfl uidic devices
(ePADs) Beer 0.25 mM 0.9898 15% S6

Fluorometric detection Distilled beverages, beer and yogurts 1-1.86% 0.9630-
0.9934 1.33% S7

FIA amperometric Sugar cane spirit, sake, rum and wine 0.4% 0.998 1.83 -7.07% S8

Gas Chromatography (GC) Red wine and whisky 0.5 µg/mL* 0.999 2.1 -3.4% S9



n.i: not informed
* limit of quantification (LOQ) informed
TIE: Thermal infrared enthalpimetry

Gas Chromatography (GC) Wine 1.23% * 0.999 1.02% S10

High performance liquid chromatography (HPLC) White and red wine, sake, shochu, 
brandy, whisky n.i n.i 1.44- 2.36% S11

Instrument-free method based on visible chemical 
waves Beer, colored whisky, and vodka n.i 0.9980 < 3% S12

NIR and Raman spectrometry Whisky, vodka and sugary alcoholic 
drinks n.i n.i 0.5-2.3% S13

Potentiometric microbial biosensor Solution of ethanol n.i 0.9972 >6% S14

Raman spectroscopy Solution of ethanol 1.2 mM 0.998 2.9-5.9% S15

Redox titration,  paper-based analytical devices Whiskey 2.1% 0.992 0.8-9.4% S16

TIE-flow Cachaça, cognac, and vodka 23.41% 0.9961 0.26-2% S17

TIE-P Vodka, cachaça and gym 19.7% 0.9994 0.5-2.9% This work

TIE Vodka, whisky, and cachaça 18.7% 0.99995 0.73 -1.07% S18

TIE Wine 0.58% -
1.05%, 0.9987 0.98 to 1.80% S19
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