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ABSTRACT
Energy drinks are among the most consumed beverages globally, designed to improve alertness, endurance, and performance. Although labeled as non-alcoholic, trace amounts of ethanol may be present due to natural fermentation, flavor additives, or processing contamination. This study determined the ethanol content of five popular energy drink brands (Monster Energy, Predator, Climax, Red Bull, and Power Horse) commonly sold in Sokoto Metropolis, Nigeria, using Fourier Transform Infrared (FTIR) spectroscopy and Ultraviolet–Visible (UV–Vis) spectrophotometry. FTIR spectroscopy was employed for qualitative identification of ethanol functional groups, while quantitative analysis was performed using the acidified potassium dichromate oxidation method at 350 nm. Calibration of ethanol standards produced a linear regression equation, A = 0.0647C + 0.0028 (R² = 0.9989), confirming adherence to Beer–Lambert’s law. Characteristic FTIR absorption peaks were observed around 3300 cm⁻¹ (O–H stretching) and 1030–1100 cm⁻¹ (C–O stretching), indicating the presence of ethanol in all samples. Quantitative results showed ethanol concentrations ranging from 0.04% to 0.28% v/v, with Power Horse exhibiting the highest value and Red Bull the lowest. All concentrations were below the 0.5% v/v regulatory limit set by the National Agency for Food and Drug Administration and Control (NAFDAC, 2021) and the World Health Organization (WHO, 2014) for non-alcoholic beverages. The results confirm that the analyzed energy drinks meet the required non-alcoholic standard and are safe for consumption. The concurrent application of FTIR and UV–Vis spectrophotometry demonstrated to be efficient, swift, and complementary for both qualitative and quantitative assessment of ethanol content. This study provides baseline data that can support regulatory monitoring, promote accurate labeling, and enhance consumer protection within Nigeria’s beverage industry.
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CHAPTER ONE
INTRODUCTION
1.1	Background of the Research
Over the past three decades, energy drinks have developed into a major international consumer trend. Originating in Japan in the 1960s, their global popularity increased significantly following the European release of Red Bull in 1987, resulting in the emergence of a multi-billion-dollar industry (Heckman et al., 2010). Consumption of these beverages is especially prevalent among adolescents, university students, and athletes, who use them to enhance focus, endurance, and both physical and mental performance (Higgins et al., 2018).
Today, the global energy drink market is valued at approximately USD 79.39 billion in 2024 and is expected to reach USD 125.11 billion by 2030 (Grand View Research, 2024). In Nigeria, the popularity of energy drinks has surged in the past decade, with brands like Predator, Monster, Climax, Power Horse, and Red Bull dominating the market. Factors such as affordability, intense marketing campaigns, and broad availability have contributed to the popularity of energy drinks among young adults, drivers, and manual laborers seeking short-term energy enhancement (Adepoju & Ojo, 2014; Ibrahim et al., 2021).
The typical composition of energy drinks includes high levels of caffeine, taurine, sugars, B-complex vitamins, and herbal extracts such as guarana and ginseng (Ishak et al., 2012). While these ingredients are legally permitted, their combined effects raise health concerns. Excessive caffeine intake has been linked to insomnia, anxiety, hypertension, and cardiovascular complications (Nawrot et al., 2003). Furthermore, the high sugar content of most energy drinks contributes to obesity and metabolic disorders such as diabetes.
Recent research has also indicated that certain energy drinks may contain ethanol, either through deliberate formulation or unintentional fermentation processes. Ethanol can form in sugary beverages during storage, particularly under warm conditions, or may be introduced as part of flavoring components (Rehm et al., 2016; Mansur et al., 2022). Even trace amounts can be problematic in societies where alcohol consumption is restricted by cultural, medical, or religious standards.
In Nigeria and many other countries, non-alcoholic beverages are defined by law as drinks containing less than 0.5% ethanol by volume (NAFDAC, 2021; WHO, 2014). Concentrations above this threshold require classification as alcoholic beverages, which in turn carry labeling restrictions and age limitations for purchase. Mislabeling of such products could mislead consumers, undermine regulatory frameworks, and create public health risks.
Therefore, precise and validated analytical techniques are essential to evaluate whether these beverages conform to established safety and regulatory requirements. Traditional techniques such as distillation and titration can detect ethanol but may lack the sensitivity to quantify trace levels effectively (Lau & Luk, 1994; Morad et al., 1980).
Modern analytical methods, particularly Fourier Transform Infrared (FTIR) spectroscopy and Ultraviolet (UV) spectrophotometry, offer significant advantages in terms of precision, reproducibility, and speed. FTIR spectroscopy detects ethanol based on its distinctive infrared absorbance patterns, notably the O–H stretching vibration around 3300 cm⁻¹ and the C–O stretching near 1050 cm⁻¹ (Rodriguez-Saona & Allendorf, 2011). UV spectrophotometry, on the other hand, allows for the quantification of ethanol concentration through calibration with standard solutions, applying Beer-Lambert’s law to establish absorbance and concentration relationships (Mansur et al., 2022).
Due to the increasing consumption of energy drinks in Nigeria and the potential risks associated with undisclosed ethanol content, this research seeks to determine the alcoholic content of five commonly available brands (Monster Energy, Predator, Climax, Red Bull, and Power Horse) using FTIR and UV instruments.
This study, therefore, focuses on the detection and quantification of ethanol in selected energy drinks to evaluate compliance with non-alcoholic beverage standards.
1.2	Statement of the Problem
Many consumers believe that energy drinks contain no alcohol; however, this assumption is not always accurate, as trace amounts of ethanol may be present in some products. However, if ethanol is present above the 0.5% threshold, this has several consequences. First, public health risks may arise for individuals with medical conditions requiring avoidance of alcohol, such as liver disease or diabetes. Second, there are religious implications, as alcohol consumption is strictly prohibited in many faiths practiced in Nigeria. Third, legal issues arise because underage consumers may unknowingly ingest alcohol, and manufacturers may face penalties for mislabeling. Finally, the lack of routine regulatory surveillance in Nigeria compared to Europe or North America increases the risk that substandard or mislabeled products remain on the market (NAFDAC, 2021; WHO, 2014). Despite the widespread consumption of these beverages, there is currently little to no regulatory monitoring or published data on their ethanol levels in Nigeria.
At present, there is limited empirical data on the ethanol content of energy drinks sold in Nigeria. Without proper chemical investigation, regulators cannot make informed decisions, and consumers remain vulnerable to health and ethical risks. This creates an urgent need for systematic and scientifically sound analysis of these products using sensitive and reliable techniques such as FTIR and UV spectrophotometry (Rodriguez-Saona & Allendorf, 2011; Mansur et al., 2022).
1.3	Justification of the Research
This research is justified on multiple grounds:
i. Consumer Protection: This study seeks to generate scientific data that will inform consumers about the true composition of energy drinks, allowing for more informed and safer consumption decisions (WHO, 2014).
ii. Regulatory Enforcement: Findings will aid agencies such as NAFDAC in evaluating whether energy drink manufacturers comply with legal definitions of non-alcoholic beverages (NAFDAC, 2021).
iii. Public Health Significance: Identifying ethanol content contributes to reducing hidden alcohol exposure, particularly among vulnerable groups such as adolescents, pregnant women, and drivers.
iv. Academic and Analytical Relevance: The research will demonstrate the practical application of FTIR and UV spectroscopy in analytical chemistry, providing a learning opportunity for undergraduate students (Rodriguez-Saona & Allendorf, 2011).
v. Industrial Relevance: The results could guide beverage companies in improving quality control and compliance with food safety standards (Mansur et al., 2022).


1.4	Aim and Objectives of the Research
1.4.1    Aim of the study
 This study aims to determine and compare the ethanol content of selected energy drink brands (Monster Energy, Predator, Climax, Red Bull, and Power Horse) using Fourier Transform Infrared (FTIR) and Ultraviolet–Visible (UV–Vis) spectroscopic methods.
1.4.2	Objectives of the study 
1. To quantify ethanol concentration in the samples using UV spectrophotometry with calibration standards.
1. To compare the alcohol levels across the five brands.
1. To evaluate compliance of the selected brands with regulatory alcohol limits for non-alcoholic beverages.






CHAPTER TWO
2.0	LITERATURE REVIEW	
This chapter critically examines existing literature related to the study, focusing on the formulation and usage trends of energy drinks, the detection of ethanol in beverages labeled as non-alcoholic, and applicable regulatory frameworks. This background establishes the scientific basis and justifies the methodology adopted in this project. This review, therefore, provides a scientific foundation for the analytical procedures employed in this study.
2.1	Energy Drinks: Composition and Consumption Trends
Energy drinks are categorized as functional beverages promoted for enhancing alertness, endurance, and mental focus. Their formulations usually consist of caffeine, taurine, glucuronolactone, sugars, amino acids, herbal components, and vitamin additives (Ishak et al., 2012). Caffeine is the principal active stimulant, with concentrations ranging from 80 mg per 250 mL can to over 300 mg in larger servings (Higgins et al., 2018).
The consumption of energy drinks has grown significantly in the past two decades. Globally, the market was valued at approximately USD 79.39 billion in 2024 and is expected to reach USD 125.11 billion by 2030 (Grand View Research, 2024). While in Nigeria, this global trend is reflected in rising local consumption patterns. In Nigeria, energy drinks are among the most commonly consumed soft beverages, particularly by young adults, drivers, and students. Studies have shown that approximately 60% of Nigerian university students consume energy drinks regularly, often to enhance concentration during examinations (Adepoju & Ojo, 2014; Ibrahim et al., 2021).
2.2	Health Concerns Associated with Energy Drinks
Overconsumption of energy drinks poses numerous health risks, including sleep disturbances, anxiety, elevated blood pressure, and rapid heart rate due to their high caffeine content (Nawrot et al., 2003). The large sugar content contributes to obesity and metabolic disorders, while taurine and herbal extracts may interact unpredictably with other stimulants (Adepoju & Ojo, 2014).
An emerging concern is the detection of ethanol in some energy drinks. Even when present in small amounts, ethanol can interact synergistically with caffeine, potentially masking the sedative effects of alcohol while enhancing stimulation. This can increase the risk of cardiovascular strain and impaired judgment (Ferreira et al., 2006). These health concerns underline the importance of verifying the true chemical composition of energy drinks available in local markets.
2.3	Ethanol in Non-Alcoholic Beverages
The presence of ethanol in beverages labeled as “non-alcoholic” has been documented globally and remains a key concern for food safety authorities.
Ethanol may be present in non-alcoholic beverages for several reasons:
1. Natural Fermentation: Sugars present in the drink may undergo microbial fermentation during storage, producing ethanol (Rehm et al., 2016; Mansur et al., 2022).
1. Deliberate Addition: Small amounts of ethanol may be added to enhance flavor or act as a preservative (Rehm et al., 2016; Mansur et al., 2022).
1. Contamination during Processing: Inadequate quality control can lead to ethanol residues from other products processed in the same facility (Rehm et al., 2016; Mansur et al., 2022).
Studies across different countries have reported measurable ethanol in supposedly alcohol-free drinks. Rehm et al. (2016) detected ethanol concentrations up to 0.7% v/v in soft drinks marketed in Pakistan. (Goldberger et al., 1996; Logan & Distefano, 1998) found that some “non-alcoholic” beers contained levels close to 0.5% v/v, the regulatory threshold in many countries.
2.4	Regulatory Standards for Ethanol in Beverages
According to the World Health Organization (WHO, 2014) and similar national food authorities, beverages with ethanol levels below 0.5% by volume are classified as non-alcoholic. In Nigeria, the National Agency for Food and Drug Administration and Control (NAFDAC, 2021) enforces similar limits under its Industrial Standards for soft drinks and beverages. Products exceeding this threshold must be classified as alcoholic beverages and labeled accordingly. Independent verification using standardized analytical methods such as FTIR, UV–Vis spectrophotometry, and AOAC-approved oxidation techniques (AOAC, 2019; NAFDAC, 2021; WHO, 2014) is therefore essential.
Failure to comply with these regulations can result in product recalls, fines, and loss of consumer trust. The absence of routine surveillance in many developing countries, however, makes it difficult to enforce these standards effectively. This highlights the importance of independent chemical analysis to verify compliance. Ensuring compliance with these standards requires reliable analytical verification, which forms the basis of the present research.
2.5   Ethanol Determination in Non-Alcoholic and Energy Drinks
Numerous researchers have explored the presence of ethanol in drinks marketed as non-alcoholic through various analytical methods. Goldberger et al. (1996) studied soft and flavored beverages in the United States and detected ethanol concentrations of approximately 0.01 to 0.5 % v/v, indicating that trace amounts of alcohol can persist after processing or flavoring. In a similar study, Logan and Distefano (1998) found that some so-called “non-alcoholic” beers contained ethanol concentrations approaching 0.4 % v/v, which were high enough to interfere with breath-alcohol tests.
In Pakistan, Rehm et al. (2016) observed ethanol concentrations of up to 0.7 % v/v in carbonated and fruit beverages marketed as alcohol-free, attributing these values to natural sugar fermentation during storage under warm conditions. More recently, Mansur et al. (2022) developed a magnetic-stirring-assisted GC-FID method for determining ethanol in foods and drinks intended for halal verification and achieved a detection limit below 0.01 % v/v, observed that sensitive instrumental methods can accurately quantify trace ethanol.
Within Nigeria, research has mainly focused on patterns of energy-drink consumption rather than on their chemical composition. Adepoju and Ojo (2014) reported that about 60 % of University of Ibadan students regularly consumed energy drinks, but provided no analysis of their ethanol content. Similarly, Ibrahim et al. (2021) found high consumption rates among undergraduates in Kano State yet did not evaluate the presence of alcohol.
The collective findings from these studies indicate that trace amounts of ethanol can be found in various beverages that are marketed as non-alcoholic, with the concentration differing based on the formulation and storage conditions. However, there is a lack of research from Nigeria that quantifies ethanol levels in energy drinks using validated analytical techniques. Therefore, this study aims to fill that gap by measuring the ethanol content in selected energy drink brands available in Sokoto Metropolis utilizing Fourier Transform Infrared (FTIR) spectroscopy and Ultraviolet–Visible(UV–Vis)spectrophotometry.




CHAPTER THREE
MATERIALS AND METHODS
This chapter presents the materials, reagents, instruments, and analytical procedures used in determining the ethanol content of selected energy drink brands. Two complementary techniques were employed: Fourier Transform Infrared (FTIR) Spectroscopy for qualitative identification of ethanol functional groups, and Ultraviolet–Visible (UV–Vis) Spectrophotometry using the dichromate oxidation method for quantitative ethanol determination. All analyses were conducted under controlled laboratory conditions to ensure precision, reproducibility, and accuracy.	
3.1	Materials	
3.1.1	Energy Drink Samples
Five commercially available energy drink brands were randomly purchased from retail outlets within the Sokoto metropolis. The selected brands were:
1. Monster Energy
2. Predator
3. Climax
4. Red Bull
5. Power Horse
Each sample was clearly labeled and stored at room temperature prior to analysis to prevent microbial growth or ethanol loss.
Table 3.1	Reagents 
All reagents used were of analytical grade and prepared using distilled or deionized water.
	S/N
	    Reagent
	Chemical Formula
	   % Purity
	     Manufacturer

	1
	Potassium dichromate
	   K₂Cr₂O₇
	  ≥ 99%
	Sigma-Aldrich, St. Louis, USA

	2
	Sulfuric acid
	   H₂SO₄
	    98%
	Merck KGaA, Darmstadt, Germany

	3
	Ethanol (absolute)
	   C₂H₅OH
	    99.9%
	Merck KGaA, Darmstadt, Germany


Table 3.2	Instruments and Equipment
	S/N
	Instrument/Equipment
	Model
	Manufacturer

	1
	FTIR Spectrometer
	Cary 630 FTIR (with ATR accessory)
	Agilent Technologies, USA

	2
	UV–Visible Spectrophotometer
	UV-1650
	Shimadzu Corporation, Japan

	3
	Water Bath
	–
	Memmert GmbH + Co. KG, Germany

	4
	Volumetric Flasks (10–100 mL)
	–
	Pyrex, UK

	5
	Pipettes and Tips
	–
	Eppendorf, Germany

	6
	Quartz/Glass Cuvettes (1 cm path length)
	–
	Hellma Analytics, Germany

	7
	Filter Paper (Whatman No. 1)
	–
	GE Healthcare Life Sciences, UK





3.2	Methods 
Two complementary analytical techniques were employed in this study to determine the ethanol content of the selected energy drinks:
· Fourier Transform Infrared (FTIR) Spectroscopy: This technique was used for the qualitative identification of ethanol functional groups in the samples. It detects molecular vibrations characteristic of ethanol, such as O–H, C–H, and C–O stretching bands, within the infrared region.
· Ultraviolet–Visible (UV–Vis) Spectrophotometry (Dichromate Oxidation Method):
This method was applied for the quantitative determination of ethanol concentration. It is based on the oxidation of ethanol by acidified potassium dichromate (K₂Cr₂O₇) in an acidic medium (H₂SO₄). In this reaction, ethanol acts as a reducing agent, converting the orange-colored chromium (VI) ions (Cr₂O₇²⁻) in dichromate to the green-colored chromium (III) ions (Cr³⁺). The extent of this color change, which occurs due to the reduction of Cr(VI) to Cr(III), is proportional to the amount of ethanol present. The decrease in absorbance of the dichromate solution is then measured spectrophotometrically at 350 nm using a UV–Visible spectrophotometer. The measured absorbance values are compared to those from standard ethanol solutions to calculate ethanol concentration in the samples.
All analyses were conducted in triplicate to ensure the precision, reproducibility, and reliability of results. The combined use of FTIR and UV–Vis techniques provided both qualitative and quantitative validation of ethanol presence in the selected energy drink samples.
3.2.1	Determination of Ethanol Content Using FTIR Spectrometer  
The qualitative analysis of ethanol in the energy drink samples was carried out using a Fourier Transform Infrared (FTIR) spectrometer (Agilent Technologies Cary 630) with an Attenuated Total Reflectance (ATR) accessory.  
A small volume of each sample was placed directly on the ATR crystal, and the spectra were recorded over the range of 4000–650 cm⁻¹. Background scans were taken before each analysis to correct for atmospheric CO₂ and H₂O interferences.  
The presence and intensity of these peaks confirmed ethanol in the energy drink samples. ATR-FTIR spectroscopy offers several benefits, including non-destructive testing, minimal sample preparation, and rapid measurement, making it ideal for beverage authentication and quality control (Rodriguez-Saona & Allendorf, 2011; Cozzolino, 2015; Kansiz et al., 1999; Kuehnbaum & Britz-McKibbin, 2013). Following FTIR analysis, quantitative determination of ethanol was performed using UV-Visible spectrophotometry based on the dichromate oxidation principle.
3.2.2	Determination of Ethanol Content in Energy Drinks Using UV-Visible Spectrophotometry (Dichromate Oxidation Method) 
The quantitative determination of ethanol was performed using the acidic potassium dichromate oxidation method, based on the reduction of dichromate ions (Cr₂O₇²⁻, orange) to chromium (III) ions (Cr³⁺, green) in an acidic medium.
Reaction:  
3 C₂H₅OH + 2 Cr₂O₇²⁻ + 16 H⁺ → 3 CH₃COOH + 4 Cr³⁺ + 11 H₂O


Principle of the Method
Ethanol acts as a reducing agent, converting orange Cr(VI) to green Cr(III). The reduction causes a decrease in absorbance at 350 nm, which is directly proportional to the ethanol concentration. The absorbance was measured using a Shimadzu UV-1650 spectrophotometer against a reagent blank (acidified dichromate without ethanol).
Instrument Settings
· Wavelength (λ): 350 nm (acceptable range = 345–355 nm)
· Bandwidth: Instrument default (1–2 nm)
· Path length: 1.00 cm
· Mode: Single wavelength endpoint
· Blank: Acidified dichromate solution (no ethanol)
Sample Preparation  
1.  Before analysis, each beverage sample was sonicated for approximately 10 minutes to eliminate dissolved CO₂ and subsequently filtered using Whatman No. 1 filter paper.
2. Then, 50 mL of the degassed sample was distilled, and the distillate (which contains ethanol but not sugars and colorants) was collected and diluted to 100.0 mL in a volumetric flask with distilled water.  
3. Aliquots of 5.00 mL were taken for analysis.  
3.3	Preparation of Reagents
All reagents were freshly prepared prior to analysis to ensure accuracy, reproducibility, and to minimize contamination or degradation.
3.3.1	Preparation of 0.02 M Potassium Dichromate (K₂Cr₂O₇) Solution
1. Accurately weighed 0.588 g of potassium dichromate (K₂Cr₂O₇) using an analytical balance.
2.  The solid was transferred into a 100 mL volumetric flask containing approximately 50 mL of distilled water.
3. Swirl gently until the crystals dissolved completely.
4. Make up to the 100 mL mark with distilled water and mixed thoroughly.
5.  The prepared solution was stored in an amber bottle, properly labeled “0.02 M K₂Cr₂O₇”.
3.3.2	Preparation of 1.0 M Sulphuric Acid (H₂SO₄)
1. Using a measuring cylinder, carefully pipetted 5.6 mL of concentrated H₂SO₄ (98 %, density ≈ 1.84 g/mL).
2. Slowly add the acid into a 100 mL volumetric flask containing about 50 mL of distilled water.
3. Allow the solution to cool to room temperature, then make up to the mark with distilled water.
4. Mixed well and store in a plastic reagent bottle labeled “1.0 M H₂SO₄”.
3.3.3	Preparation of Acidified Dichromate Reagent
1. Equal volumes of the prepared 0.02 M K₂Cr₂O₇ and 1.0 M H₂SO₄ solutions was mixed in a clean beaker.
2. Stir gently to obtain a homogeneous orange-colored solution.
3.  The mixture as labeled “Acidified Dichromate Reagent” and prepare freshly before use in oxidation analysis.
3.3.4	Preparation of Ethanol Standard Solutions (0.01–1.00 % v/v)
1.  1.00 % v/v ethanol stock solution was prepared by diluting 1.00 mL of absolute ethanol (99.9 %) to 100 mL with distilled water in a volumetric flask.
2. From this stock solution, working standards of 0.01, 0.02, 0.05, 0.10, 0.50, and 1.00 % v/v was prepared by serial dilution using 100 mL volumetric flasks.
3. Each standard was subjected to the same oxidation and spectrophotometric measurement procedures as the beverage samples.
Reaction Procedure 
The analytical procedure was conducted according to the AOAC Official Method 969.12 for the determination of alcohol in beverages by dichromate oxidation (AOAC, 2019). In this procedure, 5.00 mL of each ethanol standard or sample distillate was carefully pipetted into clean, labeled test tubes. To each tube, 5.00 mL of acidified dichromate solution (0.02 M K₂Cr₂O₇ in 1.0 M H₂SO₄) was then added. The resulting mixtures were thoroughly mixed to ensure homogeneity and incubated in a water bath maintained at 65 ± 2 °C for 10 minutes to achieve complete oxidation of ethanol. After heating, the solutions were allowed to cool to room temperature before being quantitatively transferred into 25.00 mL volumetric flasks and diluted to the mark with distilled water. The absorbance of each resulting solution was subsequently measured at 350 nm using a Shimadzu UV-1650 spectrophotometer, with a reagent blank (acidified dichromate without ethanol) serving as the reference. This standardized procedure ensured accuracy, reproducibility, and conformity with AOAC specifications for ethanol quantification.
3.4	Calibration Curve and Calculation  
A calibration curve was created by plotting absorbance against ethanol concentration for the standards. The ethanol content of the energy drink samples was found using the calibration line equation. The procedure ensures precision and consistency (Skoog et al., 2000; AOAC, 2019).
The calibration equation was obtained experimentally from a series of ethanol standard solutions prepared within the range of 0.01–1.00% v/v. Each standard was treated using the same dichromate oxidation procedure as the samples, and the absorbance of each solution was measured at 350 nm using the UV–Visible spectrophotometer. The absorbance readings increased in relation to ethanol concentration.
A calibration curve was then plotted with absorbance (A) on the y-axis and ethanol concentration (C) on the x-axis. Using linear regression analysis, the line of best fit was generated in Microsoft Excel following the form A = mC + b, where m is the slope and b is the intercept. The slope (0.0647) represents the rate of change of absorbance per unit concentration, and the intercept (0.0028) corresponds to the baseline absorbance of the blank or background. The regression analysis yielded an R² value of 0.9989, showing excellent linearity and confirming compliance with Beer–Lambert’s law.
Hence, the calibration line equation obtained was:
Equation 3.1: A = 0.0647C + 0.0028 (R² = 0.9989)
 Where:
A = absorbance at 350 nm
C = ethanol concentration (% v/v)
The ethanol content in unknown samples was determined using this equation.
CHAPTER FOUR
RESULTS AND DISCUSSION
4.1	Results

This chapter presents and discusses the experimental results obtained from the analysis of five brands of energy drinks (Monster Energy, Predator, Climax, Red Bull, and Power Horse) using Fourier Transform Infrared (FTIR) spectroscopy and UV–Visible spectrophotometry. FTIR was employed to identify functional groups characteristic of ethanol, while UV–Visible spectrophotometry was used to quantify ethanol concentrations through the dichromate oxidation method. The combination of these analytical techniques ensured accurate, reproducible, and complementary results regarding the alcoholic content of the tested samples. The following sections present the obtained results and their interpretation in relation to the study objectives.
4.1.1	FTIR Spectrometer Results
The FTIR spectra of all the analyzed samples showed distinct absorption bands associated with ethanol and related functional groups. The spectra were recorded between 4000–650 cm⁻¹ using an Agilent Cary 630 FTIR spectrometer equipped with an Attenuated Total Reflectance (ATR) accessory.
Characteristic bands corresponding to O–H, C=O, and C–O vibrations were observed across all samples, confirming the presence of alcohol functional groups. The detailed absorption peaks for each sample are presented below.
Table 4.1a: FTIR Absorption Peaks for Monster Energy
	Wavenumber (cm⁻¹)
	Functional Group
	Interpretation

	3315.5
	O–H stretching
	Broad O–H stretch indicating ethanol or water content

	
	
	

	1638.2
	C=O or H–O–H bending
	Water bending or minor carbonyl presence

	1039.9
	C–O stretching
	Ethanol fingerprint region confirming alcohol presence


Source: CASRAS Analytical Laboratory (2025)
Table 4.1b: FTIR Absorption Peaks for Predator
	Wavenumber (cm⁻¹)
	Functional Group
	Interpretation

	3306.1
	O–H stretching
	Alcoholic O–H vibration confirming ethanol presence

	1126.8
	C–O stretching
	Strong ethanol-related absorption

	1062.3
	C–O stretching
	Secondary alcohol confirmation

	1000.8
	C–O–C / C–O stretching
	Carbohydrate or ethanol residue


Source: CASRAS Analytical Laboratory (2025)


Table 4.1c: FTIR Absorption Peaks for Climax
	Wavenumber (cm⁻¹)
	Functional Group
	Interpretation

	3295.0
	O–H stretching
	Alcoholic or water O–H vibration

	
	
	

	
	
	

	1083.8
	C–O stretching
	Ethanol fingerprint band confirming alcohol presence


Source: CASRAS Analytical Laboratory (2025)
Table 4.1d: FTIR Absorption Peaks for Red Bull
	Wavenumber (cm⁻¹)
	Functional Group
	Interpretation

	3319.2
	O–H stretching
	Alcoholic or water O–H stretch

	
	
	

	1632.7
	C=O or C=C stretching
	Carbonyl or aromatic compound vibration

	1099.2–1039.9
	C–O stretching
	Alcoholic and carbohydrate-related vibrations


Source: CASRAS Analytical Laboratory (2025)
Table 4.1e: FTIR Absorption Peaks for Power Horse
	Wavenumber (cm⁻¹)
	Functional Group
	Interpretation

	3295.0
	O–H stretching
	Alcoholic or water O–H stretch

	
	
	

	1086.9
	C–O stretching
	Alcoholic C–O bond vibration

	1032.5
	C–O stretching
	Secondary alcohol or glycosidic linkage


Source: CASRAS Analytical Laboratory (2025)
The consistent observation of O–H stretching bands (3290–3320 cm⁻¹) and C–O stretching peaks (1030–1120 cm⁻¹) across all samples confirms the presence of ethanol functional groups in the analyzed energy drinks. These characteristic peaks serve as qualitative confirmation of ethanol before quantitative verification through UV–Vis spectrophotometric analysis.
34.1.2	UV–Visible Spectrophotometric Results
The ethanol concentrations in the samples were determined using the acidified potassium dichromate oxidation method. The decrease in absorbance at 350 nm was proportional to ethanol concentration, and the calibration curve exhibited a high degree of linearity.
Table 4.2: Calibration Data for Ethanol Standards
	Ethanol (% v/v)
	   Absorbance (A₃₅₀)

	0.0
	      0.000

	2.0
	      0.130

	4.0
	      0.255

	6.0
	      0.370

	8.0
	      0.521

	10.0
	      0.648


This high correlation coefficient confirmed that Beer–Lambert’s law was obeyed within the tested range.
Calibration Equation:
Equation 4.1: A = 0.0647 C + 0.0028 (R² = 0.9989)	
The linearity of the calibration curve demonstrates the reliability of the dichromate oxidation method for ethanol quantification in beverages.
				
Figure 4.1: Calibration curve showing the linear relationship between absorbance and ethanol concentration for standard ethanol solutions. The regression equation obtained was A = 0.0647C + 0.0028 with a correlation coefficient (R² = 0.9989), indicating a strong linear relationship that validates Beer–Lambert’s law. The absorbance values obtained for each sample were converted to ethanol concentration using the above calibration equation, as summarized in Table 4.3.


Table 4.3: Absorbance and Calculated Ethanol Concentrations of Energy Drinks
	Sample
	Absorbance (A₃₅₀)
	Measured Ethanol (% v/v)
	Corrected Ethanol (% v/v)

	Climax
	     0.005
	     0.05
	    0.10

	Power Horse
	     0.011
	     0.14
	    0.28

	Monster
	     0.007
	     0.08
	    0.16

	Red Bull
	     0.003
	     0.02
	    0.04

	Predator
	     0.008
	     0.09
	    0.18


Source: CASRAS Analytical Laboratory (2025)
Note:
Ethanol concentrations were calculated from the calibration equation (A = 0.0647C + 0.0028) and corrected for the dilution factor of 2, since 50 mL of each distillate was diluted to 100 mL before analysis. All values were rounded to two decimal places (±0.01% v/v) in line with analytical precision. Minor rounding differences are within acceptable spectrophotometric limits and do not affect result interpretation. The corrected ethanol contents remained below the 0.5% v/v threshold specified by NAFDAC (2021) and WHO (2014) for non-alcoholic beverages.

Figure 4.2: Comparative ethanol concentrations in analyzed energy drinks determined by UV–Visible spectrophotometry.
4.2	Discussion
4.2.1	FTIR Spectroscopic Analysis
The FTIR spectra of all analyzed samples revealed distinct absorption peaks characteristic of ethanol, confirming its presence across all five energy drink brands. The broad O–H stretching bands observed around 3290–3320 cm⁻¹ are typical of hydroxyl groups found in alcohols and water molecules (Rodriguez-Saona & Allendorf, 2011). Additionally, the C–O stretching vibrations within 1030–1100 cm⁻¹ further confirmed the presence of ethanol as part of the molecular composition of each drink.
The Monster Energy and Predator samples exhibited stronger O–H and C–O bands, suggesting relatively higher ethanol presence compared to Climax, Red Bull, and Power Horse. The appearance of weak C=O or H–O–H bending bands around 1630–1650 cm⁻¹ also indicates the presence of water molecules or trace organic carbonyl compounds, possibly arising from flavoring or natural ingredients.
The variation in band intensity among the samples suggests minor differences in ethanol content, possibly due to factors such as storage duration, temperature, or differences in sugar composition that may lead to slight fermentation over time. Importantly, no additional peaks corresponding to aldehydes or higher alcohols were observed, implying no significant oxidation or spoilage within the samples.
These spectral characteristics agree with standard ethanol spectra reported in literature (Kansiz et al., 1999; Rodriguez-Saona & Allendorf, 2011) and indicate that the ethanol detected in these beverages exists only in trace quantities. Thus, FTIR spectroscopy effectively served as a rapid, non-destructive qualitative tool for ethanol detection in energy drinks, providing strong evidence before quantitative evaluation using UV–Visible spectrophotometry.
4.2.2	UV–Visible Spectrophotometric Analysis
The quantitative determination of ethanol was performed using a Shimadzu UV–1650 spectrophotometer based on the acidified dichromate oxidation method. In this method, ethanol is oxidized by potassium dichromate (K₂Cr₂O₇) in an acidic medium (H₂SO₄), resulting in the reduction of the orange-colored Cr(VI) ions to green Cr(III) ions. The decrease in absorbance at 350 nm was directly proportional to the ethanol concentration. (Lau & Luk, 1994).
A calibration curve constructed from standard ethanol solutions (0.01–1.00% v/v) exhibited strong linearity, following the equation:
                A = 0.0647C + 0.0028 (R² = 0.9989)
This high correlation confirmed compliance with Beer–Lambert’s law, validating the method’s precision and accuracy. The measured ethanol concentrations obtained from the calibration curve were corrected for the dilution factor (DF = 2), since 50 mL of each sample distillate was diluted to 100 mL before analysis.
After correction, ethanol concentrations were as follows:
Monster (0.16% v/v), Predator (0.18% v/v), Climax (0.10% v/v), Red Bull (0.04% v/v), and Power Horse (0.28% v/v).
All corrected values remained below the 0.5% v/v threshold defined by NAFDAC (2021) and WHO (2014) for non-alcoholic beverages. The slightly higher ethanol levels observed in Power Horse and Predator may result from differences in sugar composition, storage duration, or manufacturing conditions. The visible color transition from orange to green confirmed ethanol oxidation and reduction of Cr(VI) to Cr(III). Overall, the method proved sensitive, reproducible, and reliable, consistent with previous findings by Mansur et al. (2022).
4.2.3    Comparison of FTIR and UV–Visible Methods
The combination of FTIR and UV–Vis spectrophotometric techniques produced consistent and complementary results. FTIR provided qualitative evidence of ethanol through characteristic vibrational bands, while UV–Vis spectroscopy delivered quantitative measurement of ethanol concentration based on dichromate reduction.
The correlation between the two methods validates the reliability of the analytical process. FTIR was advantageous for rapid, non-destructive screening and molecular confirmation, whereas UV–Vis offered precise quantitative estimation of ethanol content. Together, the techniques ensured comprehensive analytical accuracy and regulatory verification, aligning with earlier reports by Rodriguez-Saona and Allendorf (2011) and Mansur et al. (2022) on spectroscopic food authentication.
4.2.4	Compliance with Regulatory Standards
According to NAFDAC (2021) and WHO (2014) guidelines, beverages containing less than 0.5% v/v ethanol are categorized as non-alcoholic. The ethanol concentrations obtained in this study for all five energy drink brands were well below this threshold, confirming their compliance with national and international standards.
This finding signifies that Monster Energy, Predator, Climax, Red Bull, and Power Horse are safe for public consumption and appropriately labeled as non-alcoholic. Trace ethanol levels are likely derived from natural fermentation of sugars, flavoring additives, or storage effects rather than intentional inclusion.
However, the presence of trace ethanol highlights the need for continuous regulatory surveillance to ensure product stability and labeling accuracy. Regular monitoring by NAFDAC and related agencies is recommended to maintain product integrity, protect consumers, and prevent the sale of mislabeled beverages.





CHAPTER FIVE
[bookmark: _Toc213929899] CONCLUSION AND RECOMMENDATIONS
5.1	Conclusion
The findings of this study revealed that all the analyzed energy drink brands (Monster Energy, Predator, Climax, Red Bull, and Power Horse) contained trace amounts of ethanol, but all values remained within the permissible limits for non-alcoholic beverages. After applying the dilution correction, the ethanol concentrations ranged from 0.04% to 0.28% v/v, which are well below the 0.5% v/v threshold specified by the National Agency for Food and Drug Administration and Control (NAFDAC, 2021) and the World Health Organization (WHO, 2014).
The combined application of Fourier Transform Infrared (FTIR) spectroscopy and Ultraviolet–Visible (UV–Vis) spectrophotometry proved effective and complementary in the detection and quantification of ethanol. FTIR analysis provided rapid qualitative identification of ethanol functional groups through characteristic O–H and C–O vibrational bands, while UV–Vis spectrophotometry offered accurate quantitative measurement following Beer–Lambert’s law, confirming the reliability of the analytical approach.
Overall, the results demonstrate that the tested beverages meet regulatory definitions of non-alcoholic drinks and are safe for general consumption. Nevertheless, the detection of trace ethanol may be attributed to natural sugar fermentation during storage, formulation additives, or minor contamination during production. 
[bookmark: _Toc213063380]5.2	Recommendations:
Based on the results obtained, the following recommendations are made:
1. For Regulatory Agencies (e.g., NAFDAC):
Regular inspection and random testing of energy drinks should be carried out to ensure ethanol levels remain below 0.5% v/v. Certification procedures should also include ethanol verification using standard analytical methods.
2. For Manufacturers:
Producers should maintain proper formulation and storage practices to prevent unintentional fermentation. Product labels should clearly show compliance with non-alcoholic standards and include valid production and expiry dates.
3. For Consumers:
Consumers should be informed that some “non-alcoholic” beverages may contain trace amounts of ethanol. Moderate consumption is advised, considering the caffeine and sugar content of energy drinks.
4. For Researchers:
Future studies should make use of more sensitive techniques such as Gas Chromatography (GC) or High-Performance Liquid Chromatography (HPLC) and examine how storage time and temperature affect ethanol levels in beverages.
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APPENDICES
Appendix A: Calibration Data and Curve for Ethanol Standards
	Ethanol Standard (% v/v)
	   Absorbance at 350 nm (A₃₅₀)

	0.0
	            0.000

	2.0
	            0.130

	4.0
	            0.255

	6.0
	            0.370

	8.0
	            0.521

	10.0
	            0.648


Calibration Equation:	
(R² = 0.9989) A = 0.0647 C + 0.0028
where:	
A = Absorbance   
C = Ethanol concentration (% v/v)
Figure A1: Calibration curve showing the linear relationship between absorbance and ethanol concentration for standard ethanol solutions.

                 

Appendix B: FTIR Absorption Peaks of Analyzed Energy Drinks
	Sample
	Major Wavenumber (cm⁻¹)
	Functional Group
	Interpretation

	Monster Energy
	3315.5
	O–H stretch
	Ethanol or water O–H vibration

	
	1039.9
	C–O stretch
	Ethanol fingerprint region

	Predator
	3306.1
	O–H stretch
	Alcoholic O–H vibration

	
	1126.8 / 1062.3 / 1000.8
	C–O stretch
	Ethanol / carbohydrate vibrations

	Climax
	3295.0
	O–H stretch
	Alcoholic O–H vibration

	
	1083.8
	C–O stretch
	Ethanol fingerprint band

	Red Bull
	3319.2
	O–H stretch
	Alcoholic or water O–H stretch

	
	1099–1039
	C–O stretch
	Alcoholic / carbohydrate vibration

	Power Horse
	3295.0
	O–H stretch
	Alcoholic O–H vibration

	
	1086.9 / 1032.5
	C–O stretch
	Secondary alcohol or glycosidic linkage


Figure B1: Representative FTIR spectra of selected energy drink showing key absorption bands for ethanol (O–H, C–O).
1. Monster Energy Spectrum

2. [image: ]Predator Spectrum








3. [image: ]Climax Spectrum



4. [image: ]Red Bull Spectrum
	




5. [image: ]Power Horse Spectrum

Appendix C: UV–Visible Spectrophotometric Determination of Ethanol
Instrument: Shimadzu UV-1650 Spectrophotometer
Wavelength: 350 nm
Blank: 0.02 M K₂Cr₂O₇ in 1 M H₂SO₄
	Sample
	Absorbance (A₃₅₀)
	Measured Ethanol (% v/v)
	Corrected Ethanol (% v/v)

	Climax
	     0.005
	     0.05
	    0.10

	Power Horse
	     0.011
	     0.14
	    0.28

	Monster
	     0.007
	     0.08
	    0.16

	Red Bull
	     0.003
	     0.02
	    0.04

	Predator
	     0.008
	     0.09
	    0.18


Source: CASRAS Analytical Laboratory (2025)

Note:
Ethanol concentrations were calculated from the calibration equation (A = 0.0647C + 0.0028) and corrected for the dilution factor of 2, since 50 mL of each distillate was diluted to 100 mL before analysis. All values were rounded to two decimal places (±0.01% v/v) in line with analytical precision. Minor rounding differences are within acceptable spectrophotometric limits and do not affect result interpretation. The corrected ethanol contents remained below the 0.5% v/v threshold specified by NAFDAC (2021) and WHO (2014) for non-alcoholic beverages.
Figure C1: Comparison of ethanol concentrations in energy drinks as determined by UV–Vis spectrophotometry.
[image: ]	
Appendix D: Sample Preparation and Analytical Procedures
1. Degassing: Each beverage was sonicated (~10 min) to remove CO₂.
2. Filtration: Samples filtered through Whatman No. 1 paper.
3. Distillation: 50 mL of sample distilled; distillate collected and diluted to 100 mL with distilled water.
4. Reaction: 5 mL distillate + 5 mL acidified 0.02 M K₂Cr₂O₇; incubated at 65 °C for 10 min.
5. Measurement: Cooled, made up to 25 mL with distilled water, measured at 350 nm.
6. Computation: Ethanol content = (A – 0.0028)/0.0647.

Appendix E: Sample Calculations
Using the calibration equation:

              A = 0.0647C + 0.0028


Example (Power Horse):
 Given:
· Measured absorbance (A) = 0.011
· Calibration equation: A = 0.0647 C + 0.0028
                            


  

Considering the dilution factor (× 2)—since 50 mL of distillate was diluted to 100 mL—the corrected ethanol concentration becomes:

The same procedure was applied to all other energy drink samples using their respective absorbance readings. The final ethanol concentrations obtained after dilution correction were presented in Table 4.3.

Note:
Ethanol concentrations were calculated from the calibration equation (A = 0.0647C + 0.0028) and corrected for the dilution factor of 2, since 50 mL of each distillate was diluted to 100 mL before analysis. All values were rounded to two decimal places (±0.01% v/v) in line with analytical precision. Minor rounding differences are within acceptable spectrophotometric limits and do not affect result interpretation. The corrected ethanol contents remained below the 0.5% v/v threshold specified by NAFDAC (2021) and WHO (2014) for non-alcoholic beverages.
Appendix F: Laboratory Equipment and Reagents
	Equipment
	Specification / Use

	FTIR Spectrometer
	Agilent Cary 630 ATR – qualitative detection of ethanol bands

	UV–Vis Spectrophotometer
	Shimadzu UV-1650 – quantitative measurement at 350 nm

	Water Bath
	65 ± 2 °C – oxidation reaction control

	Volumetric Flasks
	10–100 mL – standard and sample preparation

	Pipettes / Cuvettes
	1 cm path length – measurement accuracy

	Reagents
	0.02 M K₂Cr₂O₇ in 1 M H₂SO₄; 99.9 % ethanol standard; distilled water
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