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ABSTRACT 

The objective of this study was to determine the pH values of commercially available non-alcoholic beverages in Nigeria and utilize the information 

to evaluate their potential erosive effects on dental health. One hundred and eighty commercial brands of non-alcoholic beverages comprising soda 

drinks (23%), energy drinks (17%), fruit drinks (25%), malt drinks (5%), teas (13%), and bottled waters (17%) were randomly purchased from 

different sales outlets in Federal Capital Territory, Nigeria. The pH of the beverages was measured in triplicates using a standardised pH meter and 

reported as mean and standard deviation. The potentials for dental erosion were calculated based on the relative erosivity zones of the samples using 

a threshold of pH 4.0. The pH of the soda drinks ranged from 2.35-3.93, energy drinks 2.57-3.71, fruit drinks 2.49-4.27, malt drinks 4.00-4.61, teas 

3.28-6.38, and bottled waters 3.03-7.73. The erosive potentials of the beverages were categorised as extremely erosive (pH <3.0), erosive (pH 3.0-

3.99), and minimally erosive (pH ≥4.0) at 33 %, 33 %, and 34 %, respectively of the total number of samples. The high acidity of non-alcoholic 

beverages can have a significant impact on dental health. 
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Introduction  

The consumption of non-alcoholic beverages is a global 

lifestyle that is enjoyed by all levels of society, particularly carbonated 

soft drinks, which are becoming more popular among young people.1 

The non-alcoholic beverage industry is one of the largest industries in 

the world and it accounts for billions of dollars in gross earnings 

annually. The revenue that accrued from the non-alcoholic beverage 

market worldwide amounted to over a trillion dollars in 2023.2 The 

figures reported by the National Bureau of Statistics (NBS) indicated 

that the Nigerian market is attractive and flourishing, as evidenced by 

the expenditure of  N551.2bn ($1.3bn) by Nigerian households on 

non-alcoholic beverages.3  

The non-alcoholic beverages industry includes all beverages without 

alcohol. It encompasses liquid refreshment beverages (LRB) such as 

bottled water, carbonated soft drinks, energy drinks, fruit beverages, 

ready-to-drink coffee and tea, sports beverages, and value-added 

water.4 Non-alcoholic beverages are interchangeably and popularly 

referred to as ‘soft drinks’, a term also generally considered for any 

non-alcoholic, carbonated or non-carbonated beverage that contains 

water, sweeteners, acidulants, flavourings, colourings, emulsifiers and 

preservatives. Bottled water is the leading consumed non-alcoholic 

beverage, followed by carbonated soft drinks which are produced by 

absorbing carbon dioxide in potable water with or without added 

substances.2, 5  
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The high consumption rate of non-alcoholic beverages can be 

attributed to the taste, dehydration due to hot weather conditions, lack 

of potable water, urbanisation, dietary habits, lifestyle changes, and as 

a source of energy. Consumption of carbonated soft drinks commonly 

known as soda, has become a highly controversial public health and 

public policy issue with countries such as Britain, France, and many 

states in the United States limiting or banning sales.6 For similar 

reasons, the Nigerian government recently imposed an excise tax of 

ten Naira on carbonated and sugar-sweetened beverages increasing the 

costs. However, despite that, the market continues to flourish.7 

The prevalence of dental erosion in the twenty-first century has been 

associated with an increased consumption of acid-containing 

beverages.8 Acids are added to the drinks to impart tartness, reduce the 

growth of bacteria and fungi, improve shelf-life, impart a tangy 

flavour, or function as a preservative.9 Phosphoric and citric acids are 

commonly added to carbonated soft drinks, while malic, ascorbic, and 

tartaric acids are also used but less frequently.4, 10  

Human saliva, a biofluid consisting of more than 99 % water, is 

responsible for maintaining the acid-base balance in the mouth and 

preserving oral health. The pH (concentration of hydrogen ions) of a 

balanced oral environment ranges from 6.2-7.6 and has an average 

value of 6.9.11 The neutrality of the oral milieu, however is usually 

challenged because of the acidic foods and drinks we consume. The 

pH of 5.5 is widely accepted as the critical pH below which 

demineralization of the dental enamel occurs 10, 12-17. The enamel is the 

outer part of the teeth consisting of mineral calcium hydroxyapatite 

(HAP) with the stoichiometric formula Ca10(PO4)6(OH)2).17 Acidic 

beverages when consumed, lower the pH of the oral environment 

below the critical threshold and this causes solubility of the enamel. 

This leads to demineralisation of the tooth surface and the progression 

of tooth damage into the dentin will lead to intense pain caused by 

inflammation of the dental pulp, and eventually tooth loss.18   Enamel 

erosion is usually irreversible because enamel damaged by acid cannot 

be recalcified as there is no suitable matrix for crystal growth.19  

Several studies have reported pH as a principal determinant of dental 

erosion.20-24 Extant literature on the pH of commercially available non-
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alcoholic beverages in Nigeria is few, and the paucity of data 

necessitated the research to bridge the gap.25-28 Our objective in this 

study was to provide data on the pH of commercially available non-

alcoholic beverages in the Federal Capital Territory, Nigeria, rank 

their erosive potentials, and use the information to create awareness 

and advisory on dental health. 

 

Materials and Methods 

Location of the Survey 

The survey was carried out in the Federal Capital Territory, a city 

geographically situated in the central region of Nigeria and comprises 

six area councils (Figure 1). The city lies between latitudes 8.25 and 

9.20 north of the equator and longitudes 6.45 and 7.39 east of 

Greenwich Meridian.29 The Federal Capital Territory encompasses a 

landmass of approximately 7,315 km2, and as a cosmopolitan city, it 

serves as a commercial hub that houses a diverse range of 

consumption commodities, including non-alcoholic beverages that are 

sold in both wholesale and retail outlets.   

 

Sample Collection 

The non-alcoholic beverages were purchased from retail stores and 

supermarkets in different areas of the Federal Capital Territory, 

Nigeria (Figure 1). A total of 180 samples were collected between 

June and September 2022 and categorised into six groups; soda drinks, 

energy drinks, fruit drinks, malt drinks, teas, and bottled waters. The 

samples were checked for relevant label information such as brand 

name, batch number, manufacturer’s name and address, dates of 

manufacture and expiry, and NAFDAC registration number. The code 

or name of the acidulant/s in the beverages if present, was also stated 

on the cans/bottles. All the samples were analysed before their 

expiration dates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: From left to right (a) Map of Nigeria showing the  

Federal Capital Territory (b) Map of Federal Capital Territory 

showing the sampling locations 
 

 

Experimental  

The pH analysis of each sample was carried out on a pH meter and 

probe (Metler-Toledo, SevenCompactTM pH/Ion S220, Switzerland). 

The samples were investigated for their pH values immediately after 

the cans or bottles were opened. Before each daily test, Centipur® 

fresh buffer solutions (pH 2.0, 4.0, 7.0, and 9.0; Merck, Germany) 

were used to calibrate the pH meter, and buffer solution 7.0 was used 

for verification. The measurements were taken at a temperature of 23 

°C. For the tea samples, the home tea preparation method was 

adopted. One tea bag sample was infused in 100 mL of hot table water 

and allowed to cool to room temperature before taking the pH 

readings, as previously described. The pH values obtained were used 

to determine the relative erosivity zones of the samples based on the 

threshold of pH 4.0 derived from apatite solubility studies of Larsen 

and Nyvad.20  

 

Statistical Analysis 

The pH measurements of each sample were taken in triplicates and the 

result was recorded as mean ± standard deviation (SD). Descriptive 

statistical analyses of the sample data were done using Microsoft 

Excel and represented graphically on pie and bar charts.  

 

Results and Discussion 

The pH (mean ± standard deviation) of the samples under the six 

categories of non-alcoholic beverages are presented in Tables 1-6, and 

the percentage distribution of the analysed samples is shown in Figure 

2. The median was our choice of measure of the pH as shown in the 

graphical presentation in Figure 3. The pH of the soda drinks category 

ranged from 2.35 to 3.93 and the median pH was 2.82 for the 41 

products. The cola sub-group of the soda drinks category (A01-A08) 

presented the lowest pH values ranging from 2.35-2.54. The drinks in 

this sub-group all contain phosphoric acid, a weak triprotic inorganic 

acid with a low pK of 2.15, which makes it act like a strong acid.30 

Two of the products added to the soda drinks category, A21 (flavoured 

water) and A36 (tonic water) are considered misnomers as under 

bottled water regulations, water constitutes only water and no 

additives, except carbon dioxide for carbonated bottled waters.12 The 

low pH value of A21 at 3.03 may be attributed to extracts that are high 

in naturally occurring fruit acids, such as citric acid as flavouring 

agents,31 and that of A36 at 2.59 may be due to carbonic acid produced 

by carbon dioxide gas infused into water, and the addition of quinine. 

The majority of soda drinks contain citric acid, a trihydroxycarboxylic 

acid that occurs naturally in citrus fruits. Citric acid is a weaker acid 

compared to phosphoric acid and that may explain the higher pH 

values obtained with the soft drinks containing the acid. Our results 

compared well with similar studies on global brands of soda drinks.4, 9, 

20, 32 The category of energy drinks presented a pH range of 2.57 to 

3.55 with a median pH of 3.10 for the 30 products. The fruit drink 

category had the highest number of samples and presented a pH range 

of 2.49 to 4.39 with a median of 3.04 for the 46 products. The malt 

drinks had the narrowest pH range at 4.00 to 4.61, with a median of 

4.39 for the 9 products. In the tea category, the pH values ranged from 

3.28 to 6.38, and a median value of 5.02 for the 24 products. The 

results of the energy, fruit, tea, and malt beverages were also in 

agreement with similar studies.4, 9, 27, 33 Citric acid is a major 

constituent of most energy and fruit drinks.34 The 30 bottled water 

samples gave pH values that ranged from 4.46 to 7.73, with a median 

of 5.89. From the analysis, 68.97 % of the bottled waters had pH 

values below the standard range of 6.5-8.5.35 The acidity of bottled 

waters can be influenced by various factors, including its source, 

mineral content, and treatment processes. Some sources may naturally 

have a lower pH due to minerals or dissolved gases. Water treatment 

technologies such as reverse osmosis and distillation also allow for the 

absorption of carbon dioxide, causing the pH to drop.36  

The consensus regarding pH as the major determinant of the erosive 

effects of non-alcoholic beverages on dental enamel is well 

documented.9, 13, 20-24, 37-40 Larsen and Nyvad, 20 demonstrated that the 

enamel dissolution increased logarithmically with a drop in pH, and 

was parallel with the solubility of apatite. The authors explained that 

Federal Capital Territory 

Sampling location 
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for each unit decrease in pH, enamel solubility increased by a factor of 

10, resulting in a notable escalation of enamel demineralization 

particularly as the pH approached 2.0 from the initial 4.0.    Building 

on the works of Larsen and Nyvad,20 Reddy et al.,9 employed the 

threshold of pH 4.0 as a key determinant in the dental erosion process, 

and classified the non-alcoholic beverages into 3 groups of relative 

erosivity zones; extremely erosive (pH < 3.0), erosive (pH 3.0‒3.99) 

and minimally erosive (pH ≥ 4.0). We adopted that approach to our 

study and our analyses revealed that 66 % of the beverages (118 out of 

180) were erosive.  This is summarised in Figure 4. All the soda 

drinks, energy drinks, and fruit drinks presented erosive potentials at 

pH ≤ 4.0 while all the bottled waters, malt drinks, and teas (except 

E20, a lemon tea @ pH 3.20) showed minimal erosive potentials at pH 

≥ 4.0. The erosive effect of soft drinks may be attributed to the dietary 

acids present, especially the frequently occurring citric and phosphoric 

acids.  

 

Table 1: pH of soda drinks 

Cola drinks pH ± SD Acidulant 

A01 2.49 ± 0.03 Phosphoric acid 

A02 2.49 ± 0.03 Phosphoric acid 

A03 2.35 ± 0.00 Phosphoric acid 

A04 2.86 ± 0.06 Phosphoric acid 

A05 2.58 ± 0.03 Phosphoric acid 

A06 2.54 ± 0.02 Phosphoric acid 

A07 2.53 ± 0.03 Phosphoric acid 

A08 2.57 ± 0.10 Phosphoric acid 

 pH ± SD Acidulant 

A09 3.25 ± 0.01 Citric acid, malic acid 

A10 2.66 ± 0.03 Citric acid 

A11 2.93 ± 0.01 Citric acid 

A12 2.67 ± 0.02 Citric acid 

A13 3.67 ± 0.01 Citric acid 

A14 2.68 ± 0.02 Citric acid 

A15 2.37 ± 0.00 Citric acid 

A16 2.87 ± 0.01 Citric acid 

A17 2.82 ± 0.02 Citric acid 

A18 2.86 ± 0.01 Citric acid, malic acid 

A19 2.67 ± 0.01 Citric acid 

A20 2.84 ± 0.03 Citric acid 

A21 3.03 ± 0.07 Citric acid 

A22 2.76 ± 0.02 Citric acid, malic acid 

A23 2.94 ± 0.01 Ascorbic acid, malic acid 

A24 2.88 ± 0.05 Citric acid 

A25 3.12 ± 0.02 Citric acid, tartaric acid 

A26 2.71 ± 0.04 Citric acid 

A27 2.91 ± 0.01 Citric acid 

A28 2.88 ± 0.04 Citric acid 

A29 3.04 ± 0.04 Citric acid 

A30 2.61 ± 0.01 Citric acid 

A31 3.11 ± 0.01 Citric acid 

A32 3.00 ± 0.02 Citric acid 

A33 3.13 ± 0.01 Citric acid, malic acid 

A34 2.71 ± 0.08 Citric acid 

A35 3.04 ± 0.00 Citric acid 

A36 2.59 ± 0.04 Citric acid 

A37 2.66 ± 0.00 Citric acid 

A38 3.23 ± 0.06 Citric acid 

A39 2.57 ± 0.06 Citric acid 

A40 3.93 ± 0.04 Citric acid 

A41 2.80 ± 0.10 Citric acid 

Table 2: pH of energy drinks

Sample pH ± SD ACIDULANT 

B01 3.32 ± 0.01 Citric acid 

B02 2.85 ± 0.02 Citric acid 

B03 2.83 ± 0.02 Citric acid 

B04 3.11 ± 0.02 Citric acid 

B05 2.68 ± 0.05 Citric acid 

B06 3.35 ± 0.02 Citric acid 

B07 3.55 ± 0.01 Citric acid 
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B08 3.14 ± 0.02 Citric acid 

B09 2.76 ± 0.01 Citric acid 

B10 2.87 ± 0.03 Citric acid 

B11 3.49 ± 0.01 Citric acid 

B12 2.57 ± 0.03 Citric acid 

B13 2.70 ± 0.04 Citric acid 

B14 3.04 ± 0.05 Citric acid 

B15 3.12 ± 0.02 Citric acid 

B16 3.06 ± 0.06 Citric acid 

B17 2.70 ± 0.02 Citric acid 

B18 3.71 ± 0.03 Citric acid 

B19 3.51 ± 0.04 Citric acid 

B20 3.29 ± 0.03 Citric acid 

B21 3.30 ± 0.01 Citric acid, malic acid 

B22 2.94 ± 0.05 Citric acid 

B23 3.17 ± 0.02 Citric acid, tartaric acid 

B24 3.09 ± 0.00 Citric acid 

B25 3.36 ± 0.07 Citric acid 

B26 3.47 ± 0.10 Citric acid 

B27 3.07 ± 0.02 Citric acid 

B28 2.94 ± 0.01 Citric acid 

B29 3.43 ± 0.03 Citric acid 

B30 2.79 ± 0.03 Citric acid 

 

Table 3: pH of fruit drinks 

Sample pH ± SD Acidulant 

C01 3.04 ± 0.03 Citric acid 

C02 3.02 ± 0.01 Citric acid 

C03 3.59 ± 0.00 Citric acid 

C04 3.38 ± 0.01 Citric acid 

C05 3.52 ± 0.01 Ascorbic acid 

C06 2.87 ± 0.01 Citric acid, ascorbic acid 

C07 3.02 ± 0.04 Citric acid, ascorbic acid 

C08 2.93 ± 0.02 Citric acid 

C09 2.72 ± 0.01 Citric acid 

C10 3.42 ± 0.03 Citric acid 

C11 3.03 ± 0.02 Citric acid 

C12 3.08 ± 0.04 Citric acid 

C13 2.94 ± 0.03 Citric acid 

C14 2.96 ± 0.01 Citric acid 

C15 4.27 ± 0.01 No acidulant 

C16 3.01 ± 0.01 Citric acid 

C17 3.55 ± 0.01 Citric acid 

C18 3.46 ± 0.09 Citric acid 

C19 3.54 ± 0.03 Citric acid 

C20 3.11 ± 0.02 Citric acid, ascorbic acid 

C21 3.05 ± 0.03 Citric acid 

C22 2.89 ± 0.05 Citric acid, tartaric acid 

C23 2.80 ± 0.06 Citric acid 

C24 2.88 ± 0.01 Citric acid 

C25 2.84 ± 0.01 Citric acid, malic acid 

C26 3.00 ± 0.01 Citric acid 
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C27 3.36 ± 0.01 Citric acid, ascorbic acid 

C28 2.83 ± 0.10 Citric acid 

C29 2.49 ± 0.02 Citric acid 

C30 2.90 ± 0.02 Citric acid 

C31 3.84 ± 0.01 Citric acid 

C32 3.34 ± 0.03 Citric acid 

C33 3.58 ± 0.01 Citric acid 

C34 2.62 ± 0.02 Citric acid 

C35 3.65 ± 0.01 Citric acid 

C36 3.81 ± 0.02 Citric acid 

C37 2.84 ± 0.01 Not stated 

C38 2.85 ± 0.02 Not stated 

C39 2.89 ± 0.02 Citric acid 

C40 3.05 ± 0.01 Citric acid 

C41 3.10 ± 0.01 Citric acid 

C42 3.29 ± 0.02 Citric acid 

C43 3.17 ± 0.01 Citric acid 

C44 3.06 ± 0.02 Citric acid 

C45 2.95 ± 0.00 Citric acid 

C46 3.27 ± 0.01 Citric acid 

 

Table 4: pH values of malt drinks 
Sample pH ± SD 

D01 4.36 ± 0.04 

D02 4.42 ± 0.05 

D03 4.39 ± 0.04 

D04 4.39 ± 0.01 

D05 4.61 ± 0.05 

D06 4.50 ± 0.10 

D07 4.25 ± 0.08 

D08 4.00 ± 0.04 

D09 4.10 ± 0.03 

 

Table 5: pH values of teas 

Sample pH ± SD 

E01 4.69 ± 0.02 

E02 5.40 ± 0.00 

E03 5.41 ± 0.02 

E04 4.90 ± 0.01 

E05 4.99 ± 0.03 

E06 4.93 ± 0.01 

E07 5.40 ± 0.01 

E08 5.34 ± 0.05 

E09 4.81 ± 0.01 

E10 5.46 ± 0.03 

E11 5.28 ± 0.02 

E12 6.38 ± 0.01 

E13 5.28 ± 0.01 

E14 6.11 ± 0.02 

E15 5.01 ± 0.02 

E16 5.54 ± 0.01 

E17 4.90 ± 0.01 

E18 3.95 ± 0.01 
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E19 5.03 ± 0.02 

E20 3.28 ± 0.01 

E21 4.85 ± 0.03 

E22 4.94 ± 0.03 

E23 4.91 ± 0.01 

E24 5.57 ± 0.05 

 

Table 6: pH of bottled waters 

Sample pH ± SD 

F01 6.00 ± 0.01 

F02 7.28 ± 0.02 

F03 6.65 ± 0.10 

F04 6.88 ± 0.12 

F05 5.40 ± 0.03 

F06 5.88 ± 0.19 

F07 6.01 ± 0.08 

F08 5.70 ± 0.18 

F09 6.50 ± 0.06 

F10 6.55 ± 0.02 

F11 5.66 ± 0.02 

F12 6.08 ± 0.16 

F13 5.01 ± 0.04 

F14 5.91 ± 0.10 

F15 5.35 ± 0.16 

F16 5.14 ± 0.15 

F17 6.01 ± 0.06 

F18 5.59 ± 0.02 

F19 7.73 ± 0.02 

F20 5.44 ± 0.03 

F21 4.66 ± 0.22 

F22 6.68 ± 0.08 

F23 5.57 ± 0.09 

F24 6.37 ± 0.13 

F25 6.52 ± 0.09 

F26 5.60 ± 0.11 

F27 5.27 ± 0.09 

F28 6.82 ± 0.15 

F29 5.41 ± 0.20 

F30 5.57 ± 0.09 

 
Figure 2: Percentage distribution of non-alcoholic beverages 

 

 
Figure 3: Median pH of categories of non-alcoholic beverages 
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Featherstone and Lussi,41 employed a model  that explained the 

chemistry of enamel erosion. The authors described the enamel as 

being composed of calcium-deficient carbonated hydroxyapatite with 

the chemical formula Ca10-xNax(PO4)6-y(CO3)z(OH)2-uFu, which was 

more soluble than hydroxyapatite (HAP). The erosive potentials of the 

acidic beverages were ascribed to the ability of the acid to dissociate, 

forming hydrogen ions (H+) which react with the carbonate and/or 

phosphate releasing the ions from that region of the crystal surface, 

and leading to direct surface etching. In addition to the effect of the 

hydrogen ions, the higher erosivity of citric acid was due to the 

complexation (chelation) of the citrate anion with calcium ions and, 

removal from the crystal surface and/or from the saliva. The presence 

of three carboxylic groups and, the molecular shape of citric acid were 

responsible for the chelating property.42   Phosphoric acid, on the other 

hand, is arguably less erosive than citric acid because the phosphate 

anions slightly reduce hydroxyapatite dissolution, despite the 

dissociation of this acid molecule which also provides the hydrogen 

ions that attack the mineral surface.42 These chemical processes 

increase the level of undersaturation of the drinks with respect to 

dental minerals, thereby promoting demineralization.13, 30 Other studies 

corroborated the higher erosive potentials of beverages with citric acid 

compared to other dietary acids.13, 20, 30 Most studies that demonstrated 

the demineralizing effects of acidic beverages on tooth enamel were 

done in vitro. The experiments which were done at different time 

intervals, showed that prolonged contact time between acidic 

beverages and enamel increased the chances of enamel erosion.13, 14, 20, 

22, 30, 43 Although saliva was not included, the studies provided 

empirical support to the erosive potentials of acidic beverages, and 

highlighted their effect on dental health. Apart from the acidic 

characteristics, biological and behavioural factors that could also 

affect the erosive potential of beverages include salivary flow rate, 

pellicle formation and drinking habits.20, 23, 43 The scope of our study 

was limited to the study of pH only.  

 

 
Figure 4: Erosive potential of non-alcoholic beverages 

 

Conclusion 

The study provides information on the pH of non-alcoholic beverages 

consumed in Nigeria and underscores the significance of the 

beverages on dental health. Thirty-two per cent (32 %) of the analysed 

beverages had a pH of less than 3. Soda drinks were found to be the 

most acidic and two-thirds of the beverages (66%) were found to be 

erosive. Bottled waters remain the best option among beverages for 

the maintenance of good dental health. The findings of the study 

would serve as a resource for health policy interventions and also as 

an advisory to regulatory agencies, health practitioners, nutritionists 

and the general public to make more informed dietary decisions, 

especially concerning dental health. 
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