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Abstract: This study investigates the 

concentrations of selected elements in energy 

drinks and assesses their compliance with 

international safety standards. Energy drinks 

have gained widespread popularity, but 

concerns regarding the presence of heavy 

metals and their potential health risks 

necessitate rigorous scientific evaluation. This 

study aimed to determine the levels of copper 

(Cu), iron (Fe), manganese (Mn), zinc (Zn), 

and chromium (Cr) in commercially available 

energy drinks and evaluate their potential 

health implications. A total of 30 energy drink 

samples were analyzed using atomic 

absorption spectrophotometry (AAS) and 

energy dispersive x-ray fluorescent (EDXRF)   . 

Statistical analyses, including correlation 

analysis, chi-square tests, and multiple 

regression, were performed to identify 

significant relationships between elements and 

deviations from World Health Organization 

(WHO) permissible limits. The results showed 

that Mn had a strong positive correlation with 

Cu (r = 0.686, p < 0.01), while Fe and Zn 

exhibited no significant influence on Mn 

concentrations. The chi-square test revealed 

that some elements exceeded WHO-

recommended limits, with Cu and Mn 

concentrations in certain samples posing 

potential health risks. Multiple regression 

analysis indicated that Cu significantly 

predicted Mn concentration (β = 0.686, p = 

0.001), explaining 48.8% of the variance (R² = 

0.488). In contrast, the regression model for Zn 

showed no significant predictive power (R² = 

0.018, p = 0.936), indicating weak associations 

between Zn and other elements in the energy 

drinks. These findings highlight the need for 

stricter regulatory monitoring and enforcement 

to ensure that elemental concentrations in 

energy drinks remain within safe limits. 

Manufacturers should enhance quality control 

measures to prevent contamination and 

safeguard consumer health. Further research 

is recommended to explore additional factors 

influencing heavy metal accumulation in 

energy drinks, including ingredient sourcing, 

production methods, and storage conditions. 
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1.0 Introduction 
 

Food is an essential component of life, 

providing necessary nutrients for growth, 

development, and overall well-being (Iweala et 

al., 2014). Food sources primarily originate 

from plants, such as fruits, vegetables, cereals, 

and tubers, as well as from animal products 

(Izah et al., 2016). Based on their preparation 

and consumption, foods can be broadly 

classified into two categories: ready-to-eat 

foods, which require minimal or no 

preparation, and foods that need further 

processing before consumption. Ready-to-eat 

foods include fruits, fruit juices, nutritional 

drinks, snacks, and beverages (Orutugu et al., 

2015). 

Beverages, a widely consumed category of 

ready-to-eat food products, are integral to daily 

dietary habits. They are sold in supermarkets, 

restaurants, bars, and convenience stores and 

are frequently served at social gatherings such 

as festivals, weddings, and family events. 

Among various beverage types, energy drinks 

have gained significant popularity due to their 

purported ability to enhance physical and 

mental performance. 

Energy drinks are non-alcoholic beverages 

formulated to provide an instant energy boost 

and enhance cognitive alertness. They typically 

contain caffeine, sugar, amino acids, herbal 

extracts, and B vitamins, all of which are 

believed to contribute to increased endurance, 

improved concentration, and enhanced reaction 

time (Alford et al., 2001). The history of energy 

drinks dates back to 1987 when Red Bull was 

first introduced in Austria, later gaining 

widespread global acceptance in the 1990s 

following its entry into the United States 

market. Since then, the energy drink industry 

has expanded rapidly, with sales increasing by 

80% in 2006 alone (Foran et al., 2012). This 

growth is driven by aggressive marketing 

strategies that position these beverages as 

essential for combating fatigue and enhancing 

physical performance (Van den Eynde et al., 

2008). 

In Nigeria, energy drinks have become 

increasingly popular, particularly among 

young adults and adolescents. The proliferation 

of various brands in the market has been 

accompanied by claims of enhanced energy 

levels and improved mental alertness. 

However, concerns have been raised regarding 

the safety of these products, particularly their 

caffeine content, sugar levels, and the presence 

of potentially harmful substances such as heavy 

metals (Clauson et al., 2008; Kelle et al., 2022; 

Ogoko, 2017). Studies have reported adverse 

health effects associated with excessive energy 

drink consumption, including insomnia, 

nervousness, headaches, and tachycardia 

(Chelben et al., 2008). Additionally, some 

reports have linked excessive consumption to 

more severe health risks, such as seizures and 

hospitalization due to underlying mental health 

conditions (Iyadurai & Chung, 2007). 

Despite the widespread consumption of energy 

drinks in Nigeria, limited studies have been 

conducted to evaluate their physicochemical 

properties, heavy metal contamination, and 

micronutrient composition. Previous research 

on energy drinks has predominantly focused on 

their caffeine content, sugar levels, and short-

term physiological effects. However, the 

potential health implications of prolonged 

exposure to heavy metals, such as lead (Pb), 

cadmium (Cd), chromium (Cr), cobalt (Co), 

and nickel (Ni), remain largely unexplored in 

the Nigerian context. Heavy metals, even at 

trace levels, can accumulate in the human body 

over time, leading to serious health 

complications such as neurotoxicity, organ 

damage, and metabolic disorders (Jomova & 

Valko, 2011). Additionally, micronutrients 

such as iron (Fe), zinc (Zn), copper (Cu), and 

magnesium (Mg) play crucial roles in human 

metabolism, and their imbalance can have 

detrimental effects on health (Prashanth et al., 

2015). 
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Given these concerns, this study aims to assess 

the physicochemical properties, heavy metal 

content, and micronutrient composition of 

selected energy drinks available in Nigeria. 

The findings of this study will provide valuable 

insights into the safety and quality of these 

beverages, informing regulatory authorities 

and consumers about potential health risks. By 

bridging the existing knowledge gap, this 

research will contribute to ongoing discussions 

regarding the formulation, regulation, and 

public health implications of energy drinks in 

Nigeria and beyond. 
 

2.0 Materials and Methods 

2.1 Sample Collection  
 

Thirty (30) brands of energy drinks, including 

twenty-three (23) liquid and seven (7) 

powdered samples, were purchased from local 

markets for analysis. Upon purchase, all 

samples were stored in a refrigerator at 4°C 

prior to analysis to prevent degradation. 

2.2 Sample Preparation and Analysis 

2.2.1 Sample Preparation for Atomic 

Absorption Spectroscopy (AAS)  
 

The liquid energy drink samples were digested 

using a mixture of concentrated nitric acid 

(HNO₃) and hydrochloric acid (HCl) to 

decompose organic matter and release metal 

ions. A 10 mL aliquot of each sample was 

placed in an oven at 105°C to remove moisture 

content. The dried samples were then finely 

ground using a pestle and mortar to increase the 

surface area for digestion. 

A digestion mixture of HCl and HNO₃ in a 3:1 

ratio (aqua regia) was prepared. Precisely 1 g 

of each ground sample was weighed using an 

analytical balance and transferred into a 

digestion flask. Twenty (20) mL of the acid 

mixture was added to each digestion flask 

inside a fume hood. The digestion process was 

carried out on a Kjeldahl heater for 4 to 5 hours 

with continuous addition of acid until complete 

decomposition of organic matter, indicated by 

a pale yellow solution. 

After digestion, the samples were diluted with 

deionized water and filtered to remove 

particulates. The final volume was adjusted to 

100 mL with deionized water. The prepared 

solutions were allowed to settle before analysis 

using a Bulk 205 Atomic Absorption 

Spectrophotometer (AAS). 
 

2.2.2 Sample Preparation for X-Ray 

Fluorescence (XRF)  
 

For the powdered energy drink samples, 3 g of 

each sample was placed into a 25 mm diameter 

pellet mold. A transparent X-ray foil cover 

(polypropylene, 6 μm thick) was used to seal 

the pellet mold. The samples were compressed 

into pellets using an automatic hydraulic press. 

The prepared pellets were loaded into the X-ray 

excitation chamber of the XRF spectrometer 

using an automated sample changer system. A 

time-based irradiation program, controlled by 

dedicated software, was used to analyze both 

real samples and standard reference materials. 

The acquired X-ray spectra were recorded and 

stored for subsequent quantitative elemental 

analysis. 
 

2.3 Analysis of Physical Parameters 
 

pH Determination: The pH of the energy 

drink samples was measured using a digital pH 

meter (JENWAY 3505). Prior to measurement, 

the instrument was calibrated using standard 

buffer solutions (pH 4.0, 7.0, and 10.0). 

Conductivity Determination: Conductivity 

was measured using a digital conductivity 

meter (HACH Sension 5). The meter was 

calibrated using a potassium chloride (KCl) 

standard solution before sample analysis. 

Turbidity Measurement: Turbidity was 

determined using a digital turbidity meter 

(HACH DR/890 Colorimeter). The instrument 

was calibrated using standard turbidity 

solutions before measurement. 

Total Dissolved Solids (TDS) 

Determination: The total dissolved solids 

(TDS) content was measured using a digital 

TDS/conductivity meter (HACH Sension 5). 
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Calibration was performed using a standard 

solution before analysis. 
 

3.0 Results and Discussion 

3.1 Physicochemical Properties of Energy 

Drinks 
 

 

The physicochemical properties of the 

analyzed energy drink samples, including pH, 

turbidity, total dissolved solids (TDS), and 

conductivity, are presented in Table 1. These  

parameters were assessed to evaluate the 

quality and potential health implications of the 

selected energy drinks in comparison with 

WHO standards (2004). 
 

Table 1: Physicochemical Properties of Energy Drinks 
 

S/N Sample 

Code 

Sample 

Type 

pH Turbidity 

(NTU) 

TDS 

(mg/L) 

Conductivity 

(μS/cm) 

1 SY Liquid 4.53 132 492 1036 

2 RB Liquid 4.69 85 974 1983 

3 PH Liquid 4.73 95 786 1587 

4 PW Liquid 3.06 111 293 416 

5 XC Liquid 5.03 87 688 1420 

6 HS Liquid 2.92 110 306 440 

7 3H Liquid 4.52 107 502 718 

8 WB Liquid 4.06 81 386 543 

9 BR Liquid 3.01 68 362 521 

10 HD Liquid 3.97 108 763 1092 

11 BH Liquid 2.96 112 412 582 

12 OR Liquid 4.02 53 546 853 

13 SD Liquid 2.96 96 336 347 

14 BS Liquid 3.68 121 582 536 

15 ME Liquid 4.28 74 460 738 

16 VE Liquid 3.53 58 524 552 

17 FL Liquid 3.25 98 625 721 

18 PR Liquid 4.99 54 354 472 

19 SK Liquid 4.20 72 462 664 

20 IP Liquid 3.87 81 483 735 

21 MP Liquid 3.06 45 825 592 

22 AR Liquid 3.50 55 471 746 

23 CX Liquid 3.42 38 352 425 

24 EJ Powder 4.25 74 620 1648 

25 KR Powder 5.36 82 546 825 

26 KK Powder 4.84 88 538 748 

27 PS Powder 5.28 64 830 2170 

28 PE Powder 5.86 58 1072 2230 

29 AL Powder 4.64 8 420 887 

30 ES Powder 5.53 14 843 1752 

WHO 

Standard 

(2004) 

- - 6.5 - 

8.5 

≤ 5 ≤ 500 ≤ 400 
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The pH of the analyzed energy drinks ranged 

from 2.92 to 5.86, which is significantly below 

the WHO standard (6.5–8.5) for potable water. 

This indicates that all the tested energy drinks 

are acidic, with some samples (HS: 2.92, BH: 

2.96, BR: 3.01) being extremely acidic. The 

low pH values could contribute to dental 

erosion, gastrointestinal irritation, and 

metabolic imbalances when consumed 

excessively. 

Turbidity levels varied widely among the 

samples, ranging from 8 NTU to 132 NTU, far 

exceeding the WHO limit of 5 NTU. The 

highest turbidity was recorded in SY (132 

NTU), while the lowest was in AL (8 NTU). 

High turbidity in liquid samples suggests 

suspended particulates or undissolved 

compounds, which may indicate poor filtration 

or the presence of artificial additives. 

TDS values ranged from 293 mg/L to 1072 

mg/L, with 43% of samples exceeding the 

WHO-recommended limit of 500 mg/L. 

Powdered samples generally had higher TDS 

levels compared to liquid ones, with PE (1072 

mg/L) and PS (830 mg/L) showing 

significantly high values. High TDS can alter 

taste, contribute to mineral buildup in the body, 

and indicate the presence of inorganic 

contaminants. 

Conductivity, which correlates with ionic 

concentration, ranged from 347 μS/cm to 2230 

μS/cm, surpassing the WHO-recommended 

limit (400 μS/cm) in all cases. The highest 

conductivity was recorded in PE (2230 μS/cm) 

and PS (2170 μS/cm), likely due to high 

mineral content. Elevated conductivity in 

beverages suggests a high presence of 

dissolved ions, which could impact electrolyte 

balance in consumers. 

The low pH values observed in the energy 

drink samples indicate potential health risks, 

including tooth enamel erosion and 

gastrointestinal irritation. To mitigate these 

risks, it is recommended that manufacturers 

adjust their formulations to reduce acidity. 

The high turbidity levels detected in some 

samples may suggest the presence of 

suspended particles or inadequate ingredient 

dissolution, which could negatively impact 

consumer perception. Improving filtration 

processes could enhance clarity and help 

ensure compliance with WHO standards. 

The elevated levels of total dissolved solids 

(TDS) and conductivity observed in several 

samples indicate a high concentration of 

dissolved salts and possible contamination with 

inorganic substances. Continuous monitoring 

and reformulation are necessary to maintain an 

appropriate mineral balance and ensure 

consumer safety. 

Overall, the analyzed energy drink samples 

exhibited low pH, high turbidity, excessive 

TDS, and elevated conductivity, all of which 

deviate from WHO standards. These findings 

emphasize the need for improved formulation 

strategies and stricter regulatory controls to 

enhance the safety and quality of energy drinks. 

The concentration of heavy metals in energy 

drinks was analyzed to assess potential 

contamination and associated health risks. 

Table 2 presents the levels of cobalt (Co), 

chromium (Cr), cadmium (Cd), arsenic (As), 

nickel (Ni), and lead (Pb) detected in both 

liquid and powdered energy drink samples. 

These results provide insight into the safety and 

quality of energy drinks concerning heavy 

metal content. 

 

Table 2: Concentration of Heavy Metals in Energy Drinks (mg/L) 
 

S/N Sample 

Code 

Sample 

Type 

Co Cr Cd As Ni Pb 

1 SY Liquid 0.0215 0.0641 ND 0.0023 ND 0.1393 

2 RB Liquid ND 0.0463 0.0127 0.0004 0.0875 0.0451 
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3 PH Liquid 0.0054 ND 0.0055 ND 0.0136 ND 

4 PW Liquid ND 0.0175 0.0131 ND 0.0652 ND 

5 XC Liquid ND ND ND ND ND 0.0545 

6 HS Liquid ND 0.0983 0.0155 0.0002 0.0156 ND 

7 3H Liquid 0.0053 0.0125 0.0125 0.0016 0.0557 0.0825 

8 WB Liquid ND 0.0253 0.0116 ND 0.0982 ND 

9 BR Liquid ND 0.0493 0.0162 ND 0.0365 ND 

10 HD Liquid ND 0.0473 0.0084 0.0037 0.0625 ND 

11 BH Liquid 0.0052 0.2563 0.0182 ND 0.0478 ND 

12 OR Liquid ND 0.0263 0.0198 ND 0.0984 ND 

13 SD Liquid 0.0084 0.0672 0.0282 ND 0.0794 ND 

14 BS Liquid 0.0182 0.0854 0.0145 0.0042 0.0432 0.0615 

15 ME Liquid 0.0029 0.0323 0.0074 0.0028 0.0608 ND 

16 VE Liquid 0.0165 ND ND 0.0011 0.0064 ND 

17 FL Liquid 0.0027 0.0063 ND 0.0021 0.0942 ND 

18 PR Liquid 0.0826 0.0113 0.0106 ND 0.0451 0.0451 

19 SK Liquid ND 0.0046 ND 0.0012 0.0075 ND 

20 IP Liquid 0.0162 0.0296 0.0015 ND 0.0516 ND 

21 MP Liquid 0.0017 0.4159 0.0566 0.0056 0.0062 ND 

22 AR Liquid ND 0.0291 0.0037 0.0014 0.0015 ND 

23 CX Liquid 0.0126 ND ND 0.0036 0.0183 ND 

24 EJ Powder 0.0835 ND 0.0128 0.0451 0.0624 0.2092 

25 KR Powder 0.0534 0.3764 ND 0.0316 0.0046 0.1754 

26 KK Powder 0.0175 0.0265 0.0052 ND 0.0249 0.0154 

27 PS Powder 0.0263 ND 0.0074 ND 0.0573 ND 

28 PE Powder ND 0.0034 ND 0.0012 0.0632 0.1225 

29 AL Powder 0.0041 0.0025 ND 0.0025 0.0432 0.0832 

30 ES Powder ND 0.2501 0.0183 0.0063 0.0473 ND 

WHO 

Limit 

- - 0.05 0.05 0.003 0.01 0.07 0.01 

**Results are expressed as Mean. ND: Not Detected 
 

The presence of heavy metals in energy drinks 

raises concerns regarding consumer safety. 

Cobalt was detected in multiple samples, with 

the highest concentration found in the 

powdered sample EJ (0.0835 mg/L), exceeding 

the WHO limit of 0.05 mg/L. Chromium was 

present in several samples, with particularly 

high levels in MP (0.4159 mg/L) and KR 

(0.3764 mg/L), far exceeding the 

recommended limit of 0.05 mg/L. While 

chromium (III) is essential for human 

metabolism, excessive levels, especially of 

chromium (VI), pose carcinogenic risks. 

Cadmium, which is known for its toxicity and 

bioaccumulation potential, was detected in 

several samples, with the highest level 

recorded in MP (0.0566 mg/L), surpassing the 

permissible limit of 0.003 mg/L. Long-term 

cadmium exposure can cause kidney damage 

and skeletal disorders. Arsenic was found in 

multiple samples, with EJ (0.0451 mg/L) and 

KR (0.0316 mg/L) showing the highest levels, 

close to or exceeding the WHO limit of 0.01 

mg/L. Chronic arsenic exposure is linked to 

cardiovascular diseases and cancer. 

Nickel was detected in most samples, with 

concentrations ranging from 0.0015 mg/L (AR) 



Communication in Physical Sciences, 2025, 12(3) 933-950 939 
 

 

to 0.0942 mg/L (FL). While nickel is an 

essential trace element, excessive intake can 

result in allergic reactions and respiratory 

issues. Lead, a highly toxic heavy metal, was 

detected in several samples, with the highest 

concentration found in EJ (0.2092 mg/L) and 

KR (0.1754 mg/L), far exceeding the WHO 

permissible limit of 0.01 mg/L. Lead exposure, 

particularly in children, is associated with 

neurological impairments, reduced cognitive 

function, and cardiovascular diseases. 

These results indicate significant 

contamination of certain energy drink samples 

with heavy metals, raising concerns about their 

potential health impacts. Similar studies have 

reported varying levels of heavy metals in 

energy drinks, with some exceeding regulatory 

limits. The contamination could arise from raw 

materials, processing equipment, or packaging 

materials. Regulatory agencies must 

implement stricter monitoring and control 

measures to ensure compliance with safety 

standards. 

Overall, these findings emphasize the need for 

manufacturers to adopt better quality control 

practices, including sourcing raw materials 

from safer sources and implementing efficient 

filtration processes. Routine monitoring of  

heavy metal content in energy drinks is 

essentialm to ensure consumer safety and 

prevent long-term health risks associated with 

heavy metal exposure. 
 

3.3 Concentration of Micronutrients in 

Energy Drinks 
 

Table 3 presents the concentration of essential 

micronutrients (Cu, Fe, Mn, and Zn) in various 

energy drinks analyzed. These micronutrients 

play vital roles in human metabolism, 

enzymatic functions, and overall physiological 

well-being. The results are expressed in mg/L, 

and any non-detected (ND) values indicate 

concentrations below the detection limit of the 

analytical method employed. 
 

 

Table 3: Concentration of micronutrients in energy drinks (mg/L) 
 

S/N Sample Code Sample Type Cu Fe Mn Zn 

1 SY Liquid 0.0720 1.9616 ND 13.8875 

2 RB Liquid 0.0845 0.9812 0.0195 0.0527 

3 PH Liquid 0.0175 0.0096 0.0245 0.0117 

4 PW Liquid 0.0613 5.7042 0.0426 0.0785 

5 XC Liquid 0.0027 0.4183 ND 0.0492 

6 HS Liquid 0.0421 1.5666 0.0327 6.5448 

7 3H Liquid 0.0852 1.8725 0.0213 0.0725 

8 WB Liquid 0.1036 1.3252 0.0257 0.4542 

9 BR Liquid 0.0723 2.0897 0.0354 0.0618 

10 HD Liquid 0.0832 1.0625 0.0393 2.7614 

11 BH Liquid 0.0659 2.2791 0.0274 0.0713 

12 OR Liquid 0.1038 3.1862 0.0284 0.4547 

13 SD Liquid 0.0825 4.5159 0.0252 0.2351 

14 BS Liquid 0.0736 1.5756 0.0163 0.0492 

15 ME Liquid 0.7338 0.0622 0.5432 0.0471 

16 VE Liquid 0.0212 0.0176 0.0043 0.0165 

17 FL Liquid 0.0818 0.0155 ND 0.0245 

18 PR Liquid 0.2161 0.3043 0.8442 0.0109 
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19 SK Liquid 0.0818 0.0133 0.0727 0.0104 

20 IP Liquid 0.7931 0.5275 0.2649 0.0933 

21 MP Liquid 0.5013 0.4725 0.6333 0.0726 

22 AR Liquid 0.0174 0.0532 0.0408 0.0186 

23 CX Liquid 0.0045 0.0126 0.0114 0.0329 

24 EJ Powder 0.1027 0.5442 0.0245 0.3523 

25 KR Powder 0.5841 0.3861 0.6218 0.7421 

26 KK Powder 0.3105 0.0671 0.4126 0.0561 

27 PS Powder 0.0514 0.1642 0.4662 0.1754 

28 PE Powder 0.0181 0.3288 0.0157 0.6437 

29 AL Powder 0.0415 0.7991 0.0073 0.1726 

30 ES Powder 0.0652 2.2797 0.0272 0.0718 

The results indicate varying concentrations of 

micronutrients in the energy drinks analyzed. 

Copper (Cu) concentrations range from 0.0027 

to 0.7931 mg/L, with IP showing the highest 

concentration. This is within the permissible 

limit of 2 mg/L set by WHO for drinking water. 

Iron (Fe) levels fluctuate significantly, with 

PW having the highest content (5.7042 mg/L). 

Some values exceed the WHO guideline limit 

of 2 mg/L, indicating a potential concern for 

iron overload in certain samples. 

Manganese (Mn) is present in most samples 

except SY, XC, and FL, with the highest 

concentration in PR (0.8442 mg/L). 

Manganese intake above 0.4 mg/L may pose 

health risks, especially for individuals with 

compromised liver function. Zinc (Zn) 

concentrations are highest in SY (13.8875 

mg/L), surpassing the WHO-recommended 

limit of 5 mg/L for drinking water. The 

elevated Zn levels in certain samples may pose 

health risks, particularly in excessive 

consumption. 

Compared to literature values, similar studies 

on energy drinks report wide variations in 

metal content depending on brand formulation, 

water sources, and fortification strategies. 

Some of the elevated concentrations observed 

in this study may be due to ingredient sourcing, 

contamination from processing equipment, or 

intentional fortification. This study highlights 

the significant variability in micronutrient 

concentrations in energy drinks. While most 

values remain within safe limits, elevated Fe 

and Zn in some samples could have 

implications for long-term consumption. 

Regular monitoring and quality control 

measures are recommended to ensure 

compliance with health and safety standards. 
 

3.4 Statistical analysis 
 

Table 4 presenting the results of the 

independent t-test for the heavy metal and 

micronutrient concentrations in liquid and 

powder energy drink samples. 
 

Table 4: Independent t-test Results for Heavy Metals and Micronutrients in Energy Drinks 
 

Element t-value p-value Interpretation 

Cobalt (Co) -1.42 0.197 No significant difference between liquid 

and powder samples 

Chromium (Cr) -0.59 0.571 No significant difference between liquid 

and powder samples 

Copper (Cu) -0.22 0.832 No significant difference between liquid 

and powder samples 
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Iron (Fe) 1.53 0.140 No significant difference between liquid 

and powder samples 

The statistical analysis reveals that there is no 

significant difference (p > 0.05) in the 

concentrations of cobalt, chromium, copper, 

and iron between liquid and powder energy 

drink samples. This suggests that both 

formulations contain similar levels of these 

elements, potentially due to consistent 

ingredient sourcing and manufacturing 

processes. 

Comparing with literature, heavy metal 

concentrations in beverages have been linked 

to raw material quality, packaging, and 

processing methods. Studies have shown that 

excessive levels of these metals can pose health 

risks, particularly lead and cadmium, which 

were also analyzed in the study. The absence of 

significant differences between the two sample 

types implies that regulatory compliance and 

formulation consistency may be maintained 

across different energy drink types. However, 

continuous monitoring is necessary to ensure 

that all metal concentrations remain within 

permissible limits set by WHO and other 

regulatory bodies. 

 

 

 
Fig. 1: Boxplot of Copper (Cu) Concentration in Energy Drinks 

 
Fig. 2: Bar Chart of Average Iron (Fe) Concentration in Energy Drinks 
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Fig. 3: Bar Chart of Average chromium concentration in Energy Drinks 

 
Fig. 4: Bar Chart of Average manganese Concentration in Energy Drinks 

 
Fig. 5: Bar Chart of Average zinc Concentration in Energy Drinks 
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The boxplot for copper (Cu) concentration in 

energy drinks (Fig. 1) provides an overview of 

the distribution of Cu levels across the 

analyzed samples. The interquartile range 

(IQR) represents the middle 50% of values, 

while the whiskers extend to the minimum and 

maximum detected concentrations. Outliers, if 

present, indicate samples with significantly 

higher or lower Cu levels. The variability in Cu 

content among different samples suggests 

differences in ingredient composition and 

manufacturing processes. Comparing these 

levels with regulatory standards will help 

assess compliance and potential health risks. 

The bar chart of Fe concentration illustrates the 

mean values across different energy drink 

samples (Fig. 2). Iron is an essential 

micronutrient, but excessive levels can pose 

health risks, including oxidative stress. 

Variations in Fe content may be due to the 

source of raw materials or fortification 

practices. The comparison with literature and 

standard values will indicate whether the 

detected levels are within the permissible limits 

set by regulatory bodies. 

Chromium (Cr) is an essential trace element 

that supports glucose metabolism but is toxic in 

high concentrations. The bar chart (Fig. 3) 

shows the average Cr concentration in different 

energy drink samples, revealing variations 

among brands. Some samples exhibit non-

detectable Cr levels, while others have 

measurable amounts. The presence of Cr might 

originate from contamination during 

processing or ingredient sources. The 

comparison with standard values will 

determine if the levels are safe for 

consumption. 

Manganese (Mn) is another vital micronutrient, 

crucial for enzyme function and bone 

development. The bar chart (Fig. 4) illustrates 

the differences in Mn concentrations among 

energy drink samples. While some brands 

contain minimal amounts, others have 

significant levels. Elevated Mn intake can lead 

to neurotoxic effects, making it essential to 

compare detected values with regulatory limits. 

The observed differences might stem from 

variations in ingredient composition or 

production methods. 

Zinc (Zn) is a critical nutrient involved in 

immune function and metabolism. The bar 

chart (Fig. 5) shows the mean Zn levels in 

energy drinks, highlighting the variation in Zn 

content across different samples. Some energy 

drinks appear to be good Zn sources, while 

others contain minimal or negligible amounts. 

The variation could result from differences in 

fortification practices or ingredient 

composition. Assessing the Zn levels against 

standard dietary recommendations will help 

determine if these drinks contribute 

significantly to daily intake. 

The statistical visualizations highlight the 

disparities in heavy metal and micronutrient 

concentrations among energy drinks. Some 

elements are present in trace amounts, while 

others show substantial variations. Comparing 

these findings with literature and standard 

values is essential for evaluating their safety 

and nutritional significance. Further statistical 

tests, such as ANOVA, correlation analysis, or 

regression models, could provide deeper 

insights into the factors influencing these 

variations. 

The correlation matrix presented in Fig. 6 

provides insights into the relationships between 

different heavy metals and micronutrients in 

energy drinks. A strong positive correlation is 

observed between iron (Fe) and manganese 

(Mn), suggesting that these elements may 

originate from similar sources or undergo 

similar processing pathways in the formulation 

of the beverages. Copper (Cu) and zinc (Zn) 

also exhibit a moderate positive correlation, 

which could be linked to their shared roles as 

essential trace elements and common presence 

in dietary supplements. Conversely, a negative 

correlation is noted between lead (Pb) and 

some essential micronutrients, indicating that 
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elevated levels of lead may be associated with 

lower concentrations of beneficial elements. 

This trend could be due to competitive 

absorption mechanisms or differential 

contamination sources. The correlation 

analysis provides valuable insights into the 

compositional patterns of energy drinks, 

supporting the need for regulatory monitoring 

and ensuring that heavy metal levels remain 

within permissible limits. Comparisons with 

literature values further highlight the 

importance of assessing the potential health 

risks associated with excessive exposure to 

toxic metals while maintaining adequate levels 

of essential micronutrients. 

 

Fig. 6: Correlation matrix for the investigated metals 

Chi-square analysis was also performed to 

compare the observed elemental contents with 

WHO expected standard level using the 

following equation 

2  =  
(𝑂−𝐸)2

𝐸
    (1) 

where O is the observed value and E is the 

expected (WHO limit). Table 5 presents the 

chi-square test results comparing the observed 

mean concentrations of copper (Cu), iron (Fe), 

manganese (Mn), and zinc (Zn) in energy 

drinks with the expected values based on WHO 

permissible limits. The chi-square test assesses 

whether the observed values significantly 

deviate from the expected values, providing 

insights into potential risks associated with the 

consumption of these drinks. 
 

Table 5: Chi-Square Test Results for 

Micronutrient Concentrations in Energy 

Drinks 

Element Observed 

Mean (mg/L) 

Expected 

(WHO Limit 

mg/L) 

Cu 0.1422 2.0 

Fe 1.3583 0.3 

Mn 0.1213 0.4 

Zn 1.0037 3.0 
 

The chi-square value obtained from the 

analysis is 6.98, with a corresponding p-value 

of 0.0725. This indicates that the difference 
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between the observed and expected values is 

not statistically significant at the conventional 

0.05 level, though the deviation suggests a 

potential trend at a less stringent confidence 

level of 90%. Iron shows the highest deviation, 

as the observed mean of 1.3583 mg/L is 

considerably higher than the WHO permissible 

limit of 0.3 mg/L. This suggests that some 

energy drinks may contain iron levels that 

exceed recommended safety limits, which 

could have implications for consumers with 

conditions such as hemochromatosis or those 

who already have high dietary iron intake. 

Copper and manganese exhibit concentrations 

well below the WHO threshold, indicating no 

immediate concern for excessive intake. Zinc 

levels are also below the expected limit, but the 

difference is not as pronounced as in the case 

of Cu and Mn. 

The findings suggest that while most 

micronutrient levels in the energy drinks 

analyzed do not pose a significant health risk, 

the elevated iron concentrations warrant further 

investigation. Long-term exposure to excessive 

iron intake through frequent consumption of 

these drinks could lead to potential health 

effects, including oxidative stress and 

gastrointestinal distress. Continuous 

monitoring and regulation of micronutrient 

levels in commercially available energy drinks 

remain essential to ensure consumer safety. 

The multiple regression analysis was 

conducted using Iron (Fe) concentration as the 

dependent variable and Copper (Cu), 

Manganese (Mn), and Zinc (Zn) concentrations 

as independent variables. The model yielded an 

R-squared value of 0.122, indicating that only 

12.2% of the variability in Fe concentration is 

explained by the independent variables. 

The regression equation is: 

𝐹𝑒 = 1.5205 − 0.0921(𝐶𝑢) −
1.9697(𝑀𝑛) + 0.0059(𝑍𝑛)   (2) 

The p-values for Cu (0.957), Mn (0.213), and 

Zn (0.978) suggest that none of the independent 

variables significantly predict Fe concentration 

at a 95% confidence level. The model suggests 

that Cu and Mn have negative relationships 

with Fe concentration, while Zn has a slight 

positive relationship. However, these effects 

are not statistically significant. The low R-

squared value indicates that other factors not 

included in this model may be influencing Fe 

concentration in energy drinks. Future research 

could consider additional predictors or a larger 

dataset for better accuracy. 

Snapshot 1 shows results obtained from 

multiple regression analysis. The multiple 

regression analysis was performed to 

determine the relationship between Manganese 

(Mn) concentration in energy drinks and the 

independent variables Copper (Cu), Iron (Fe), 

and Zinc (Zn) concentrations. The model 

yielded an R-squared value of 0.488, indicating 

that approximately 48.8% of the variability in 

Mn concentration can be explained by the 

combined influence of Cu, Fe, and Zn. The 

adjusted R-squared (0.422) suggests a 

moderate model fit after accounting for the 

number of predictors. 

The F-statistic (7.317) and its associated p-

value (0.00129) indicate that the regression 

model is statistically significant, meaning that 

at least one of the predictors has a significant 

impact on Mn concentration. 

Examining individual coefficients, Cu (β = 

0.6861, p = 0.001) shows a strong, significant 

positive relationship with Mn, suggesting that 

as Cu concentration increases, Mn 

concentration also increases. However, Fe (β = 

-0.0338, p = 0.213) and Zn (β = -0.0088, p = 

0.756) do not show significant relationships 

with Mn, implying that their variations do not 

significantly influence Mn concentration in 

energy drinks. 

The Durbin-Watson statistic (2.273) suggests 

no serious autocorrelation issues in the 

residuals. However, the Jarque-Bera test (p < 

0.0000001) indicates that the residuals deviate 

from normality, which could suggest the need 

for further model improvements, such as 
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transformation of variables or inclusion of 

additional predictors. 

 

 

Snapshot 1 

 

The multiple regression analysis (was 

conducted to examine the relationship between 

Zinc (Zn) concentration in energy drinks and 

the independent variables Copper (Cu), Iron 

(Fe), and Manganese (Mn) concentrations. The 

model yielded an R-squared value of 0.018, 

meaning that only 1.8% of the variability in Zn 

concentration is explained by the combined 

influence of Cu, Fe, and Mn. The adjusted R-

squared (-0.110) suggests that the model does 

not adequately fit the data, indicating that the 

inclusion of these predictors does not 

meaningfully explain variations in Zn 

concentration. 

The F-statistic (0.1392) and its associated p-

value (0.936) indicate that the overall 

regression model is not statistically significant, 

implying that none of the independent variables 

have a strong effect on Zn concentration. 

Examining the individual coefficients, Cu (β = 

-0.3096, p = 0.854), Fe (β = 0.0056, p = 0.978), 

and Mn (β = -0.4878, p = 0.756) all have high 

p-values, indicating that their relationships 

with Zn are not statistically significant. This 

suggests that variations in Cu, Fe, and Mn do 

not significantly predict Zn concentration in 

energy drinks. 

The Durbin-Watson statistic (2.285) indicates 

no significant autocorrelation in the residuals. 

However, the Jarque-Bera test (p < 2.28e-64) 

shows a severe departure from normality, with 

high skewness (3.805) and kurtosis (17.234). 

This suggests that the residuals are not 

normally distributed, which may indicate 

issues with the model, such as outliers or a non-

linear relationship. 

Overall, these results suggest that Zn 

concentration in energy drinks is not 

significantly influenced by Cu, Fe, or Mn. The 

low R-squared value and high p-values indicate 

that the selected predictors do not explain Zn 

variability. This suggests that other factors, 

such as the source of ingredients, production 



Communication in Physical Sciences, 2025, 12(3) 933-950 947 
 

 

processes, or contamination pathways, may 

have a more substantial impact on Zn levels in 

energy drinks. A different set of predictors or a 

non-linear modeling approach may be needed 

for better understanding the factors affecting 

Zn concentration. 

 

 
Snapshot 2 
 

5.0 Conclusion 

The findings from this study reveal that the 

concentrations of various elements in energy 

drinks vary significantly, with certain elements 

showing statistically significant relationships. 

The regression analysis indicates that copper 

has a strong positive effect on manganese 

concentration, while iron and zinc do not 

significantly influence manganese levels. The 

model explains a moderate proportion of the 

variance, suggesting that additional factors 

may contribute to manganese concentration 

beyond the variables considered. The chi-

square analysis comparing observed element 

concentrations with WHO standards shows that 

some elements exceed permissible limits, 

indicating potential health risks associated with 

consumption. Correlation analysis highlights 

significant associations between certain 

elements, suggesting possible interactions in 

the composition of the energy drinks. 

The study concludes that elemental 

concentrations in energy drinks should be 

monitored to ensure consumer safety. The 

presence of elements exceeding WHO 

standards suggests the need for stricter 

regulatory oversight and quality control 

measures in the production and distribution of 

these beverages. The findings also underscore 

the importance of understanding how different 

elements interact within these products, as such 

interactions could influence their overall safety 

and nutritional value. 

Based on the results, it is recommended that 

regulatory agencies enforce stricter monitoring 

of heavy metal concentrations in energy drinks 

to ensure compliance with international safety 

standards. Manufacturers should implement 

improved quality control measures to prevent 

contamination and ensure that element 

concentrations remain within safe limits. 

Further research should explore additional 
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factors influencing element concentrations, 

such as ingredient sources, processing 

methods, and storage conditions, to provide a 

more comprehensive understanding of their 

impact on consumer health. 
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