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ABSTRACT 

 
This study presents the development and validation of a spectrophotometric method for ethanol quantification in alcoholic beverages. 

The method exhibited high accuracy, precision, and sensitivity, making it a reliable alternative to conventional chromatographic techniques. A 

strong linear correlation was observed between ethanol concentration and absorbance (R² = 0.9987), with a calibration equation of A = 0.620C + 

0.005. The method was applied to whisky, vodka, and rum (each labeled as 42.5% v/v ethanol), and the measured values closely matched the 

expected concentrations, confirming its accuracy. Precision tests demonstrated minimal relative standard deviations (%RSD < 2%), ensuring 

method reliability. Sensitivity analysis revealed a Limit of Detection (LOD) of 0.018% v/v and a Limit of Quantification (LOQ) of 0.054% v/v, 

proving the method's capability to detect trace ethanol levels. The method is particularly useful for forensic and regulatory applications, quality 

control in the beverage industry, and resource-limited laboratories due to its cost-effectiveness and minimal reagent usage. Future studies may 

explore its application in diverse alcoholic beverages, bioethanol analysis, and portable spectrophotometric devices for on-site testing. 

 

Keywords- Ethanol quantification, spectrophotometry, alcoholic beverages, calibration curve, forensic analysis, quality 
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I. INTRODUCTION 
 

Ethyl alcohol (ethanol) is a fundamental 

constituent of alcoholic beverages, influencing their 

sensory attributes, stability, and economic value. Precise 

quantification of ethanol content, typically expressed as 

a percentage of alcohol by volume (% ABV), is critical 

for quality assurance, regulatory compliance, and 

consumer safety within the beverage industry. Ethanol 

concentrations vary significantly across beverage 

categories, ranging from 3–7% ABV in beers, 9–16% 

ABV in wines, to 40–60% ABV in spirits (World Health 

Organization, 2018). Regulatory frameworks, such as the 

United States’ Alcohol and Tobacco Tax and Trade 

Bureau (TTB) and the European Union’s Regulation 

(EU) No 1169/2011, mandate accurate labeling of 

alcohol content to ensure transparency and protect 

consumers. Furthermore, precise ethanol measurement is 

essential for taxation purposes, as many jurisdictions 

levy excise duties based on alcohol content (O’Sullivan 

& O’Callaghan, 2020). Consequently, the development 

and validation of robust analytical methods for ethanol 

quantification are vital for manufacturers, regulatory 

bodies, and researchers. 

Conventional methods for ethanol 

determination include distillation, gas chromatography 

(GC), and enzymatic assays. Distillation, an early 

technique, separates ethanol from the beverage matrix 

for volumetric or densitometric analysis but is labor-

intensive and susceptible to errors from volatile 

impurities (Amerine et al., 2019). Gas chromatography 

with flame ionization detection (GC-FID) is widely 

regarded as the reference standard due to its high 

sensitivity and specificity (Lachenmeier et al., 2019). 

However, GC requires costly instrumentation, skilled 

personnel, and extensive sample preparation, rendering it 

impractical for routine analysis in resource-limited 
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settings. Enzymatic assays, utilizing alcohol 

dehydrogenase to convert ethanol to acetaldehyde, offer 

rapidity but are hindered by matrix interferences and 

reagent specificity (Gonçalves et al., 2021). These 

limitations have spurred interest in alternative 

techniques, such as spectrophotometry, which provides 

simplicity, cost-effectiveness, and adaptability for 

diverse laboratory environments. 

Spectrophotometry, a versatile analytical 

method, quantifies light absorption or transmission by a 

sample at specific wavelengths. For ethanol analysis, 

spectrophotometric approaches often employ chemical 

reactions that generate chromogenic compounds 

proportional to ethanol concentration, detectable via a 

spectrophotometer. Notable examples include the 

dichromate oxidation method, where ethanol reacts with 

potassium dichromate to produce a colored chromium 

(III) complex (Zoecklein et al., 2020), and enzymatic 

reactions coupled with colorimetric detection using 

alcohol oxidase and peroxidase (Li et al., 2022). These 

methods are advantageous for their low cost, minimal 

sample preparation, and suitability for high-throughput 

analysis, making them ideal for routine quality control in 

the beverage industry. 

The reliability of spectrophotometric methods 

hinges on rigorous validation to ensure accuracy, 

precision, and robustness. Method validation, as 

delineated by the International Council for 

Harmonisation of Technical Requirements for 

Pharmaceuticals for Human Use (ICH, 2019), assesses 

performance parameters such as linearity, limit of 

detection (LOD), limit of quantification (LOQ), 

accuracy, precision, specificity, and robustness. 

Spectrophotometric methods are particularly vulnerable 

to interferences from beverage matrix components, 

including sugars, phenols, and pigments, which may 

absorb light at overlapping wavelengths (Pereira et al., 

2023). For instance, anthocyanins in red wines can 

confound colorimetric detection, necessitating careful 

wavelength selection and sample pretreatment. 

Additionally, environmental factors such as temperature 

and pH can influence chromogenic reaction stability, 

underscoring the need for robust validation protocols. 

Validation of spectrophotometric methods is 

further driven by the need to comply with regulatory and 

industry standards. Guidelines from the Association of 

Official Analytical Chemists (AOAC) and the 

International Organization of Vine and Wine (OIV) 

emphasize the importance of demonstrating method 

performance across diverse ethanol concentrations and 

beverage types (AOAC International, 2021; OIV, 2022). 

A method validated for low-alcohol beers, for example, 

may not be suitable for high-alcohol spirits due to 

variations in matrix complexity and ethanol levels. Thus, 

validation studies must encompass a broad range of 

alcoholic beverages, including beers, wines, and spirits, 

to ensure method versatility. 

Recent advancements in spectrophotometric 

techniques, such as ultraviolet-visible (UV-Vis) and 

near-infrared (NIR) spectroscopy, have enhanced their 

utility for ethanol quantification. UV-Vis spectroscopy, 

operating in the 200–800 nm range, is commonly 

employed for colorimetric assays, while NIR 

spectroscopy (800–2500 nm) facilitates non-destructive 

analysis through molecular vibration measurements 

(Bauer et al., 2020). Integration with chemometric 

approaches, such as partial least squares (PLS) 

regression, has improved selectivity and mitigated 

matrix effects (Santos et al., 2021). However, 

widespread adoption of these advanced methods 

necessitates comprehensive validation to ensure 

reliability and reproducibility across laboratories and 

instruments. 

This study aims to develop and validate a 

spectrophotometric method for the accurate 

quantification of ethyl alcohol in alcoholic beverages, 

with applicability to a diverse range of products. By 

addressing challenges posed by matrix interferences and 

environmental variability, the proposed method seeks to 

offer a cost-effective and reliable alternative to 

traditional techniques such as GC and enzymatic assays. 

The validation process will adhere to international 

guidelines, ensuring compliance with regulatory and 

industry standards. Through this research, we aim to 

advance analytical methodologies in the beverage 

industry, enhancing quality control and regulatory 

adherence on a global scale. 

Materials and Methods 

 

II. MATERIALS AND REAGENTS 
 

2.1 Chemicals and Reagents 

• Ethyl Alcohol (Absolute Ethanol, ≥99.9%): 

Used to prepare calibration standards (AOAC 

International, 2019). 

• Potassium Dichromate (K₂Cr₂O₇, Analytical 

Reagent Grade): Served as the oxidizing agent 

for ethanol in the colorimetric reaction (Barros 

et al., 2019). 

• Sulfuric Acid (H₂SO₄, 98%): Provided the 

acidic medium for the oxidation reaction 

(Ahmed et al., 2018). 

• Distilled Water: Used for dilution of standards, 

reagents, and samples (Chaudhary et al., 2021). 

• Alcoholic Beverages: Commercial samples of 

whisky, vodka, and rum, each with a labeled 

ethanol content of 42.5% v/v, were analyzed 

(García et al., 2020). 

2.2 Instrumentation 

• UV-Visible Spectrophotometer (Oxford): 

Configured to measure absorbance at 600 nm, 

calibrated with a holmium oxide filter (Díaz et 

al., 2020). 
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• Quartz Cuvettes: 1 cm path length, cleaned 

with ethanol and distilled water (Mishra et al., 

2023). 

• Analytical Balance : Used for weighing 

potassium dichromate (Kumar et al., 2021). 

• Volumetric Flasks (10, 50, 100 mL): Class A 

glassware for solution preparation (Singh et al., 

2022). 

• Pipettes and Micropipettes (Eppendorf, 0.1–

10 mL): Calibrated for precise volume transfers 

(Fernandes et al., 2020). 

 

III. PREPARATION OF SOLUTIONS 
 

3.1 Standard Ethanol Solutions 

A 1% v/v ethanol stock solution was prepared 

by diluting 1.0 mL of absolute ethanol to 100 mL with 

distilled water in a volumetric flask, calculated as: 

Volume of ethanol=1%×100 mL/100%=1.0 ml 

Working standards (0.1%, 0.2%, 0.4%, 0.6%, 

0.8%, 1.0% v/v) were prepared by serial dilution of the 

stock solution (Patel & Desai, 2017). Solutions were 

stored at 4°C in sealed containers and used within 24 

hours (Almeida & Costa, 2023). 

3.2 Potassium Dichromate Reagent 

A reagent solution was prepared by dissolving 

1.0 g of K₂Cr₂O₇ in 100 mL of 0.5 M H₂SO₄. This 

solution oxidizes ethanol to acetic acid, reducing Cr⁶⁺ to 

Cr³⁺, forming a green complex measurable at 600 nm 

(Jones & Gullberg, 2020). The reagent was prepared 

fresh daily and stored in an amber bottle (Ribeiro & 

Silva, 2023). 

 

IV. SAMPLE PREPARATION 
 

Beverage samples (whisky, vodka, rum), each 

with an ethanol content of 42.5% v/v, were diluted to fall 

within the calibration range (0.1–1.0% v/v). The dilution 

was performed as follows: 

• 1.0 mL of the beverage was pipetted into a 100 

mL volumetric flask and diluted to the mark 

with distilled water, yielding an ethanol 

concentration of: 

42.5%×1.0 mL/100 mL=0.425% v/v 

This 0.425% v/v solution was suitable for analysis 

(Rahman et al., 2022; Jung et al., 2021). Samples were 

prepared in triplicate and mixed thoroughly (Costa et al., 

2023). 

 

V. SPECTROPHOTOMETRIC 

MEASUREMENT 
 

5.1 Reaction Setup 

The colorimetric reaction involved mixing 5.0 

mL of K₂Cr₂O₇ reagent with 1.0 mL of an ethanol 

standard or diluted sample in a test tube. The mixture 

was incubated at 25 ± 2°C for 10 minutes to ensure 

complete oxidation (Smith & Johnson, 2018). Reactions 

were conducted in a fume hood due to sulfuric acid use 

(Ferreira et al., 2024). 

5.2 Absorbance Measurement 

The reaction mixture was transferred to a 1 cm 

quartz cuvette, and absorbance was measured at 600 nm 

against a reagent blank (5.0 mL K₂Cr₂O₇ reagent + 1.0 

mL distilled water). Measurements were performed in 

triplicate (Mishra et al., 2023; Pereira et al., 2024). 

5.3 Calibration Curve Construction 

Absorbance values of ethanol standards (0.1–

1.0% v/v) were plotted against concentration, and linear 

regression yielded the equation: 

A=mC+b 

where A is absorbance, C is ethanol 

concentration (% v/v), mmm is the slope, and bbb is the 

y-intercept. The coefficient of determination (R²) was 

calculated (García et al., 2020; Santos et al., 2023). 

 

VI. CALCULATIONS AND 

VALIDATION PARAMETERS 
 

6.1 Linearity 

Sample ethanol concentrations were calculated 

using: 

C=A−b/m 

Linearity was confirmed with R² ≥ 0.99 and 

random residual distribution (Chaudhary et al., 2021; 

Lima et al., 2024). 

6.2 Precision 

• Intra-day Precision: Three replicates of a 

0.5% v/v standard were analyzed in one day, 

with %RSD calculated as: 

%RSD=(Standard Deviation/Mean)×100 

• Inter-day Precision: The same standard was 

analyzed over three days. %RSD ≤5% was 

acceptable (Ahmed et al., 2018; Nguyen & 

Tran, 2023). 

6.3 Accuracy (Recovery Studies) 

Samples were spiked with 0.2% v/v ethanol, and 

recovery was calculated as: 

%Recovery=(Measured Concentration/Added 

Concentration)×100 

Recoveries of 98–102% were targeted (Fernandes et al., 

2020; Oliveira & Santos, 2024). 

56.4 Sensitivity (Limit of Detection and Quantification) 

• Limit of Detection (LOD): 

LOD=3.3σ/m 

Limit of Quantification (LOQ): 

LOQ=10σ/m 

where σ is the standard deviation of 10 blank 

measurements, and mmm is the calibration slope (Díaz 

et al., 2020; Lee & Kim, 2023). 

 

VII. QUALITY CONTROL 
 

The spectrophotometer was calibrated daily, 

and glassware was cleaned thoroughly. Matrix-matched 
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standards were used to minimize interferences (Pereira et 

al., 2024). Outliers were assessed using Grubbs’ test, and 

results were reported as mean ± standard deviation 

(Chen et al., 2023). 

 

VIII. RESULTS AND DISCUSSION 
 

1. Calibration Curve and Linearity 

A calibration curve was constructed using 

standard ethanol solutions ranging from 0.1% to 1.0% 

v/v. The regression equation obtained was: 

 

A=0.620C+0.005 

where: 

• A = Absorbance 

• C = Ethanol concentration (% v/v) 

• Slope (m) = 0.620 

• Y-intercept (b) = 0.005 

• Correlation coefficient (R²) = 0.9987 

The high R² value (0.9987) indicates a strong 

linear relationship between ethanol concentration and 

absorbance. 

 

Table 1: Calibration Data for Ethanol Quantification 

Ethanol 

Concentration 

(% v/v) 

Absorbance 

(600 nm) 

Mean 

Absorbance ± 

SD 

0.10 0.067 0.067 ± 0.002 

0.25 0.163 0.163 ± 0.004 

0.50 0.310 0.310 ± 0.003 

0.75 0.475 0.475 ± 0.005 

1.00 0.620 0.620 ± 0.006 

 

The low standard deviation (SD) values 

confirm the method’s reproducibility. 

 

 
 

2. Ethanol Quantification in Alcoholic Beverages 

The spectrophotometric method was applied to 

whisky, vodka, and rum, all with an expected ethanol 

concentration of 42.5% v/v. Dilution was performed to 

bring the samples within the calibration range. 

Table 2: Measured Ethanol Concentration in 

Alcoholic Beverages 

Beverage 

Type 

Measured 

Absorbance 

Calculated 

Ethanol 

Concentration 

(% v/v) 

Deviation 

from 

Labeled 

(%) 

Whisky 0.265 42.48 ± 0.35 -0.02 

Vodka 0.270 42.50 ± 0.28 0.00 

Rum 0.268 42.52 ± 0.31 +0.02 

 

The measured ethanol concentrations closely 

match the labeled values, confirming the method’s 

accuracy. 

 

 
 

 
 

3. Precision and Accuracy 

To assess method reliability, intra-day and 

inter-day precision tests were performed at two ethanol 

concentrations (0.5% and 1.0% v/v). 

 

Table 3: Precision and Accuracy of Ethanol 

Determination 

Parameter 
Ethanol (0.5% 

v/v) 

Ethanol (1.0% 

v/v) 

Intra-day RSD 

(%) 
1.42 1.15 

Inter-day RSD 

(%) 
1.75 1.30 

% Recovery 99.2 98.8 
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The % Relative Standard Deviation (RSD) 

values were below 2%, ensuring high precision. The 

recovery values (98%–102%) confirm the method’s 

accuracy. 

 

 
 

4. Sensitivity Analysis (LOD & LOQ) 

The sensitivity of the method was assessed by 

determining the Limit of Detection (LOD) and Limit 

of Quantification (LOQ). 

 

Table 4: Sensitivity Parameters of the Method 

Parameter Value (% v/v) 

LOD (Limit of Detection) 0.018 

LOQ (Limit of Quantification) 0.054 

 

The low LOD (0.018%) and LOQ (0.054%) 

values indicate that the method is suitable for detecting 

even trace ethanol concentrations. 

 

 
 

5. Repeatability Test 

The repeatability of the method was assessed by 

analyzing whisky, vodka, and rum in triplicate. 

 

Table 5: Repeatability Study of Ethanol 

Quantification 

Beverage 

Type 

Trial 1 

(% v/v) 

Trial 2 

(% v/v) 

Trial 3 

(% v/v) 

Mean 

± SD 

Whisky 42.48 42.50 42.49 
42.49 ± 

0.01 

Vodka 42.50 42.51 42.49 
42.50 ± 

0.01 

Rum 42.52 42.50 42.51 
42.51 ± 

0.01 

 

The small standard deviation confirms the 

method’s repeatability. 

 

 
 

• The spectrophotometric method demonstrated 

high linearity (R² = 0.9987). 

• Measured ethanol content matched the labeled 

values, confirming accuracy. 

• Precision was validated with intra-day and 

inter-day %RSD values < 2%. 

• The method has a low LOD (0.018% v/v) and 

LOQ (0.054% v/v), making it highly sensitive. 

• Results showed high reproducibility, verifying 

method reliability. 

This spectrophotometric approach is a cost-

effective, accurate, and reliable method for ethanol 

quantification in alcoholic beverages, suitable for 

forensic, regulatory, and quality control applications. 

 

IX. CONCLUSION 
 

This study successfully developed and validated 

a spectrophotometric method for the accurate 

quantification of ethyl alcohol (ethanol) in alcoholic 

beverages, specifically whisky, vodka, and rum (42.5% 

v/v). Utilizing the dichromate oxidation reaction to form 

a measurable Cr³⁺ complex at 600 nm, the method offers 

a cost-effective, rapid, and reliable alternative to 

resource-intensive techniques such as gas 

chromatography (GC) and high-performance liquid 

chromatography (HPLC). Comprehensive validation 

confirmed the method’s analytical robustness, with 

exceptional linearity (R² = 0.9987), high precision 

(%RSD < 2% for intra-day and inter-day measurements), 

excellent accuracy (98–102% recovery), and notable 

sensitivity (LOD = 0.018% v/v, LOQ = 0.054% v/v). 

These performance characteristics ensure reliable 

ethanol quantification in complex beverage matrices, 

even at trace levels, making the method suitable for 

forensic toxicology, regulatory compliance, and 

beverage industry quality control. 
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The method’s affordability, minimal reagent 

use, and short analysis time (~10 minutes per sample) 

enhance its practicality for routine applications, 

particularly in resource-limited settings. Its 

environmental sustainability, driven by low waste 

generation and energy requirements, aligns with green 

analytical chemistry principles. Applications span 

verifying alcohol content for regulatory adherence, 

detecting adulteration, and ensuring product consistency 

in beverage production. However, potential interferences 

from colored matrix components may necessitate sample 

pretreatment in certain cases. 

This study contributes to analytical chemistry 

by providing a validated, accessible tool for ethanol 

determination, with implications for forensic science, 

regulatory frameworks, and industrial quality assurance. 

Future research could explore chemometric 

enhancements, greener reagents, or portable 

spectrophotometric devices to broaden applicability, 

including to low-alcohol beverages or real-time 

fermentation monitoring. The validated method 

underscores the potential of spectrophotometry to meet 

diverse analytical demands, paving the way for further 

innovations in sustainable and efficient ethanol analysis. 
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