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[bookmark: _bookmark8]ABSTRACT


This study compared the effectiveness and consumer perceptions of natural and synthetic antacids in managing acid-related disorders. The research aimed to determine which category provides more effective and sustained acid neutralization while understanding consumer preferences and usage patterns. A mixed-methods design was used, combining laboratory experiments and a structured online questionnaire. In the experiment, 0.1 M hydrochloric acid served as the test medium to evaluate the pH-neutralizing capacities of natural antacids (ginger extract and sodium bicarbonate) and synthetic antacids (magnesium trisilicate and aluminium hydroxide). Data from 50 Sokoto residents were analyzed using descriptive statistics and one- way ANOVA. All antacids neutralized gastric acid effectively but varied in duration and stability. Magnesium trisilicate showed the highest and most consistent buffering capacity (pH ≈ 6.4–6.56). ANOVA results confirmed a significant difference in mean pH values (F(3,24) = 3.17, p < 0.05). Survey data revealed that 70% preferred synthetic antacids for quick relief, while 30% favored natural ones for safety. Synthetic antacids demonstrated superior and longer-lasting neutralization compared to natural alternatives. However, the increasing preference for natural remedies highlights the need for further research and public awareness on their safety and effectiveness.




[bookmark: _bookmark9]CHAPTER ONE


1.0 [bookmark: _bookmark10]Introduction


1.1 [bookmark: _bookmark11]Background of the Study


Antacids are widely used medications designed to neutralize stomach acid, providing relief from symptoms such as heartburn, indigestion, and upset stomach (Garg et al., 2022). These conditions are often related to gastro-esophageal reflux disease (GERD) and affect millions of individuals worldwide (Salisbury and Terrell, 2023). Antacids are readily available over-the- counter (OTC), making them a popular choice for quick relief from occasional gastrointestinal discomfort (Garg et al., 2022). The historical use of antacids can be traced back to ancient civilizations, where natural minerals and herbal remedies were employed to alleviate digestive issues. For instance, ancient Egyptians utilized natron, a naturally occurring mixture of sodium carbonate and sodium bicarbonate, for its alkaline properties (Josset, 1996). In the 19th century, various natural remedies, including papaya extracts, were also used to treat stomach ailments (Singh and Thomas, 2022).
The development of synthetic antacids in the 20th century marked a significant advancement in gastrointestinal treatment (Garg et al., 2022). Compounds like aluminum hydroxide, magnesium hydroxide, and calcium carbonate became standard ingredients in many formulations. The introduction of Tums in 1928 by pharmacist James Howe, made from calcium carbonate and sugar, revolutionized OTC antacids (Salisbury and Terrell, 2023). This led to the emergence of other brands such as Alka-Seltzer and Rolaids, which offered varied formulations to address different symptoms. While synthetic antacids are generally well-regulated and supported by
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extensive clinical research, natural antacids often lack the same level of scientific validation (Garg et al., 2022).
Antacids can be categorized into two main types: natural and synthetic. Natural antacids typically include ingredients like baking soda (sodium bicarbonate), calcium carbonate, ginger, chamomile, and certain milks, which are often perceived as safer and more holistic options (Salisbury and Terrell, 2023). On the other hand, synthetic antacids often combine ingredients such as aluminum hydroxide and magnesium hydroxide to mitigate side effects like constipation and diarrhea (Salisbury and Terrell, 2023).
Both types of antacids function by neutralizing gastric acid, thereby increasing the pH level in the stomach. Natural antacids, such as sodium bicarbonate, act quickly but may lead to a rebound effect of increased acidity, while synthetic options are designed for more sustained relief (Garg et al., 2022).
Consumer preferences have shifted significantly in recent years, reflecting a growing interest in natural health remedies. This trend is driven by a perception that natural products are safer and have fewer side effects compared to their synthetic counterparts (Scott et al., 2020). Alongside this shift, there is an increasing demand for evidence-based information to guide consumer choices. This is particularly important given that some natural antacids may lack rigorous scientific validation, which can lead to inconsistent efficacy and potential side effects (Scott et al., 2020). For example, while ginger is often used for its anti-inflammatory properties, its efficacy as a natural antacid has not been extensively studied in clinical settings.) (Garg et al., 2022).

The regulatory landscape for antacids also varies significantly between natural and synthetic products (Garg et al., 2022). In many countries, natural remedies are not subjected to the same rigorous testing and approval processes as synthetic medications, raising concerns about quality, safety, and efficacy (Gatt et al., 2024). In the United States, the Food and Drug Administration (FDA) regulates OTC antacids, ensuring that synthetic products meet safety and efficacy standards. However, the lack of stringent regulations for natural products can lead to variability in quality and consumer trust (Abdel-Rahman et al., 2011).
Furthermore, antacids differ from other medications designed to treat excess acid symptoms, such as proton pump inhibitors (PPIs) and histamine-2 (H2) blockers. While antacids provide immediate relief by neutralizing stomach acid, PPIs and H2 blockers work by reducing the production of gastric acid, thus offering longer-lasting effects (Garg et al., 2022).

1.2 [bookmark: _bookmark12]Statement of the Problem


The use of antacids for relief from acid-related disorders such as heartburn and gastroesophageal reflux disease (GERD) is prevalent (Scarpignato, 2022), yet there is a significant lack of comprehensive research comparing the effectiveness, safety, and side effect profiles of natural versus synthetic antacids (Chung et al., 2021). While synthetic antacids are well-studied and regulated, natural alternatives often lack robust scientific validation, leading to potential inconsistencies in efficacy and safety (Galkin et al., 2024). The growing consumer interest in natural health products raises critical questions about their credibility, as many individuals perceive them as safer options without empirical support (Schirmacher et al., 2023). This research is to study the effectiveness and safety of both types of antacids and explore how

consumer perceptions influence their choices, ultimately providing insights to guide treatment decisions and promote informed consumer behavior.

1.3 [bookmark: _bookmark13]Significance of the Research


The significance of this research lies in its potential to enhance consumer health and safety by comparing the effectiveness of natural and synthetic antacids for managing acid-related disorders. By providing evidence-based insights, the study empowers consumers to make informed decisions about their treatment options, addressing concerns over side effects and promoting safer choices. Additionally, the findings can guide healthcare providers in recommending effective antacid options, support regulatory scrutiny of product claims, and inform the development of new formulations that better meet consumer needs. Ultimately, this research contributes to a deeper understanding of gastrointestinal health, helping to dispel misconceptions about natural versus synthetic products and fostering a more comprehensive perspective in the marketplace.

1.4 [bookmark: _bookmark14]Justification of the Research

The justification for this research on comparing the effectiveness of natural and synthetic antacids is rooted in the increasing consumer interest in natural remedies as alternatives to pharmaceutical treatments, highlighting the need for evidence-based evaluations of their efficacy and safety. While synthetic antacids are well-documented in clinical literature, natural options often lack rigorous scientific validation, creating a gap in understanding that this study aims to address. Given the prevalence of acid-related disorders like gastro-esophageal reflux disease

(GERD), it is vital for healthcare professionals to have accurate information to make informed recommendations, ultimately improving patient outcomes.

1.5 [bookmark: _bookmark15]Aim and Objectives of the Study


Aim:

The aim of this study is to compare the effectiveness and consumer perceptions of natural and synthetic antacids.
Objectives:

The objectives of this study are:

1. To compare the effectiveness of natural and synthetic antacids in relieving symptoms of acid-related disorders.
2. To examine consumer perceptions and preferences regarding natural and synthetic antacids.

[bookmark: _bookmark16]CHAPTER TWO


2.0 [bookmark: _bookmark17]LITERITURE REVIEW


2.1 [bookmark: _bookmark18]Antacids


Antacids are a class of medications that have been available for many years (Garg et al., 2022). Initially, they served as the first-line treatment for peptic ulcer disease; however, the introduction of proton pump inhibitors transformed the management of this condition (Jenkins and Modolell, 2023). Today, antacids are primarily used to alleviate mild, intermittent gastroesophageal reflux disease (GERD) symptoms, particularly heartburn (Jenkins and Modolell, 2023). In North America, the estimated prevalence of heartburn occurring at least once a week ranges from 18% to 28%, with about 25% of adults experiencing it daily (El-Serag et al., 2014). Antacids are available over-the-counter, meaning they can be self-prescribed (El-Serag et al., 2014). These medications typically consist of various compounds, including active ingredients such as calcium, magnesium, and aluminum salts (El-Serag et al., 2014). Antacids work as alkaline substances that neutralize excess stomach acid, addressing symptoms caused by excessive acid secretion, reduced resistance of the stomach lining, or reflux into the esophagus (Houglum et al., 2015).
Antacids work by neutralizing stomach acid and inhibiting pepsin, a proteolytic enzyme (El- Serag et al., 2014). Each of these cationic salts possesses unique pharmacological properties that influence their clinical applications (El-Serag et al., 2014). Antacids are commonly used to treat a variety of gastrointestinal conditions, as noted by Houglum et al.,(2015). They are effective in alleviating heartburn symptoms associated with gastroesophageal reflux disease (GERD) and are also utilized in the management of duodenal and gastric ulcers (Shaqran et al., 2023).

Additionally, antacids play a role in treating stress gastritis and addressing pancreatic insufficiency (De et al., 2023). Furthermore, antacids are beneficial for managing biliary reflux and can assist with constipation (De et al., 2023).
2.2 [bookmark: _bookmark19]Antacids Classification


Antacids can be broadly classified into two categories: Natural and Synthetic antacids (Khasim and Rafi, 2025).

2.2.1 [bookmark: _bookmark20]Natural antacids


Natural antacids consist of naturally occurring substances that possess acid-neutralizing properties, making them beneficial for gastrointestinal health (Divya and Rasheed, 2021). One prominent example is baking soda (sodium bicarbonate, NaHCO₃), which reacts with hydrochloric acid (HCl) in the stomach to produce salt, water, and carbon dioxide, providing rapid relief from heartburn and acid indigestion (Chiba et al., 2002). Another effective natural antacid is aloe vera, renowned for its anti-inflammatory and soothing effects on the digestive system (Tytgat, 2003). It not only alleviates discomfort but also promotes healing of the gastrointestinal lining (Tytgat, 2003). Additionally, ginger has been shown to help reduce acid reflux symptoms and offers gastroprotective properties, making it a valuable addition to dietary strategies for managing gastrointestinal disorders (Holtmann et al., 2001).

2.2.2 [bookmark: _bookmark21]Synthetic antacids


Synthetic (commercial) antacids are pharmaceutical formulations designed to neutralize stomach acid through the inclusion of various alkaline compounds (Ebeshi et al., 2022). One widely used

synthetic antacid is magnesium hydroxide (commonly known as Milk of Magnesia, Mg(OH)₂), which reacts with hydrochloric acid (HCl) to form magnesium chloride and water, providing effective relief from acidity (Tripathi, 2018). Another important ingredient is aluminum hydroxide (Al(OH)₃), which neutralizes stomach acid without producing gas, making it a popular choice in products such as Digene and Gelusil (Ali et al., 2021). Lastly, calcium carbonate (CaCO₃) is known for its high effectiveness in acid neutralization; however, it can lead to acid rebound, where symptoms may return even stronger after its effects wear off (Katzung et al., 2012).

2.3 [bookmark: _bookmark22]Examples of antacids


[bookmark: _bookmark23]Table I: Examples of antacids


	Natural
	Synthetic

	Baking Soda
	Magnesium Hydroxide

	Aloe Vera
	Aluminum Hydroxide

	Ginger
	Calcium Carbonate



(Imam and Rafi, 2025).


2.4 [bookmark: _bookmark24]Mechanism of Action of antacids


Antacids function by neutralizing the acid present in the stomach, thereby reducing the amount of acid that reaches the duodenum (Ahmed and Momoh, 2021). According to Houglum (2024), the primary therapeutic objectives of antacid use include alleviating pain, relieving pylorospasms, and preventing the digestion and corrosion of tissues by acidic chyme.

2.4.1 [bookmark: _bookmark25]Aluminum Hydroxide


The formulation of aluminum hydrochloride and water results in the neutralization of the acid in the stomach. It is also known to inhibit pepsin activity (Weberg et al., 1990). Aluminum hydroxide is complexed with a sulfated polysaccharide sucrose octasulfate to form sucralfate. This complex does not have a significant buffering action against the acid or has no effect on the pepsin secretion, and does not alter the gastric acid production in any way (Tarnawski et al., 1995). Nevertheless, it is known to heal chronic ulcers and prevent acute mucosal damage induced chemically by reducing access to pepsin and acid. Sucralfate, like its aluminum hydroxide component, is known to stimulate angiogenesis and granulation tissue formation (Tarnawski et al., 1995). Aluminum hydroxide is also useful in hyperphosphatemia due to its ability to bind phosphate in the gastrointestinal (GI) tract and subsequently prevent the absorption of phosphate (Schucker and Ward, 2005).
Aluminum compounds: Al (OH) 3 + HCl → AlCl 3 + H2 O


2.4.2 [bookmark: _bookmark26]Calcium Salts

Calcium salts neutralize gastric acidity, resulting in increased gastric and duodenal bulb pH (Stefani, 2023). The calcium released from calcium carbonate is known to increase peristalsis in the esophagus, pushing the acid into the stomach and providing relief from heartburn symptoms. The calcium salts also form combined insoluble compounds with dietary phosphate and prevent the absorption of the latter (Rodriguez et al., 2004). The acid-neutralizing mechanism of the antacids is well understood, as mentioned above. In addition to this, Other mechanisms also contribute to the ulcer-healing properties of this class of drugs. Although the exact mechanism remains unclear, Tarnawski et al. (1990) suggest that their therapeutic effects may result from a

combination of factors, including the ability to promote angiogenesis, bind to bile acids, inhibit peptic activity, and suppress the growth of Helicobacter pylori (Tarnawski et al., 1990).
Calcium carbonate: HCl (aq) + CaCO3 (aq) → CaCI 2 (aq) + H2 O + CO2. Others are;
Magnesium compounds: MgO + H2O → Mg (OH) 2; HCl (aq) + Mg (OH) 2 → MgCl 2 + H2O Sodium bicarbonate: HCl (aq) + NaHCO3 (aq) → NaCl (aq) + H2O + CO2.
2.5 [bookmark: _bookmark27]Antacids Administration


The dose for antacids depends upon the patient's age, the purpose of administration (neutralization of acid or off label use), and the presence of other comorbidities like renal or hepatic impairment (Mondal, 2017). As all the forms of these medications are available in over- the-counter formulations, the dosing recommendation varies by product/and or manufacturer (Mahadevan and Kane, 2006). Antacids are used in the form of tablets and suspensions, they react with hydrogen ions only in a solute form, suspensions consist of smaller particles, they have a larger surface area and are dissolved faster in an acidic environment when compared to tablets, and they are more effective in the form of suspension (Mondal, 2017).
The average therapeutic dose of an antacid is 10–15 ml of liquid or one to two tablets three to four times a day. When antacids are taken on an empty stomach they are rapidly emptied into the duodenum, in addition their effect is negated because food acts as a buffer for antacids (Mondal, 2017). Antacids should be prescribed 1–1.5 hours after meals, careful dosing must occur in those with hepatic and renal impairment (Mondal, 2017).


2.6 [bookmark: _bookmark28]Antacids Metabolism and Excretion


Antacids are inorganic compounds that primarily act locally in the stomach to neutralize excess gastric acid rather than undergoing significant systemic metabolism (Goodman and Gilman, 2018). Their therapeutic effect results from direct chemical reactions with hydrochloric acid, producing water and salts that are either excreted in the feces or absorbed in small quantities and eliminated renally (Rang et al., 2021). Aluminum hydroxide reacts with hydrochloric acid to form aluminum chloride, often causing constipation (Goodman and Gilman, 2018). Magnesium hydroxide forms magnesium chloride, which can produce a mild laxative effect (Rang et al., 2021). Calcium carbonate reacts to form calcium chloride and carbon dioxide, with partial calcium absorption that may lead to rebound acidity when used excessively (Goodman and Gilman, 2018). Sodium bicarbonate, a fast-acting antacid, neutralizes acid to form sodium chloride, water, and carbon dioxide, though overuse can lead to systemic alkalosis or sodium retention (Rang et al., 2021). The excretion of antacids depends on their ionic composition; unabsorbed portions are eliminated through feces, while absorbed ions such as magnesium, calcium, sodium, or aluminum are primarily excreted via the kidneys (Goodman and Gilman, 2018).

2.7 [bookmark: _bookmark29]Adverse Effects of Antacids


Adverse effects of antacids are particularly prominent in infants and the elderly (Levy et al., 2022). The use of aluminum-containing antacids is associated with an increased risk of toxicity in individuals with renal failure and in infants (Levy et al., 2022). These adverse effects can

manifest in various ways, including osteopenia, microcytic anemia, neurotoxicity, osteomalacia, constipation, and fecal impaction (Garber and Smith, 2022). Gastrointestinal symptoms such as nausea, vomiting, abdominal cramps, abdominal pain, and anorexia may also occur, along with systemic effects like headache and hypercalcemia (Garber and Smith, 2022). Additionally, certain antacids may have specific contraindications that should be considered before use (Houglum, 2024). The absolute contraindication is hypersensitivity to any component of the formulation. Also, antacid agents require caution in patients with renal failure, heart failure, edema, cirrhosis, low-sodium diets, uremia and GI hemorrhages (Khandeparkar and Rataboli, 2017).

2.8 [bookmark: _bookmark30]Aluminum Hydroxide


Aluminum hydroxide is a medication commonly used to manage and treat acid indigestion and belongs to the class of antacid drugs (Houglum, 2024). This compound is indicated for the relief of symptoms related to heartburn, gastroesophageal reflux, and acid indigestion, as well as for certain topical applications (Houglum, 2024). It is typically administered orally to provide temporary relief from gastrointestinal acidity (Houglum, 2024). Additionally, aluminum hydroxide can be applied topically to protect and soothe chafed or abraded skin, minor wounds, burns, and skin irritations caused by friction or rubbing (Murthy et al., 2024). Additionally, it is approved for use as an adjuvant in numerous vaccines due to its ability to increase phagocytosis and spur immune responses. wide array of cosmetic products at varying concentrations (He et al., 2015). Aluminum hydroxide can also serve as a phosphate binder in patients with chronic renal disease (Becker et al., 2016). However, its use in this manner is infrequent due to the risk of adverse effects (Willhite et al., 2014).


[image: ]


[bookmark: _bookmark31]Figure 1. Gestid oral suspension, an antacid used for relief of gastric acidity and heartburn. Source: (Padek Health, 2025).

2.8.1 [bookmark: _bookmark32]Mechanism of Action of Aluminum Hydroxide

Aluminum hydroxide [Al(OH)3] dissociates into Al3+ and OH- in the stomach. The freed hydroxide groups then bind to free protons, ultimately producing water and insoluble aluminum salts, mostly Al(Cl)3, within the stomach (Hogenesch, 2012). The proton binding serves to increase the overall pH of the stomach, i.e., less acidic, reducing the symptoms of indigestion. The produced aluminum salt primarily gets excreted in the feces, with less than 1% of the bioavailable aluminum absorbed within the GI tract. Aluminum exists at a steady-state within the body, so the body manages transient increases in aluminum uptake from use as an antacid with an equivalent increase in urinary excretion of unmodified aluminum. However, the setpoint of that steady-state may become elevated with prolonged increased intake of aluminum, so aluminum hydroxide treatment should not be considered as a long-term solution for patients suffering from acid indigestion (Hogenesch, 2012). Furthermore, patients with chronic kidney disease may not be able to excrete the increased aluminum and thus also should be carefully

considered. Topical aluminum hydroxide creates an acidic, hydrophilic layer over the area of irritation; this serves as a protective barrier to prevent infection and deter bacterial growth within the wound. As an adjuvant in vaccines, aluminum hydroxide is known to increase macrophage phagocytosis, possibly via the upregulation of the NLRP3-inflammasome, increasing uptake of the desired antigen. Additionally, it is known to facilitate what is known as the "repository effect," whereby the antigens aggregate on and around the molecule, which helps to prevent their degradation within the body (Hogenesch, 2012).

2.8.2 [bookmark: _bookmark33]Administration of Aluminum Hydroxide


Aluminum hydroxide, when used as an antacid, is administered orally, the suspension should be shaken well before each use (Shetty and Vishwanath, 2022). It is generally taken five to six times daily, after meals and at bedtime, with a maximum total daily dose of 3.84 g (Shetty and Vishwanath, 2022). Patients are advised to follow each dose with an adequate amount of water to ensure proper swallowing and effectiveness. For topical applications, aluminum hydroxide should be applied directly to the affected area and left in place, as its absorption through the skin is minimal, making it safe for localized treatment (Shetty and Vishwanath, 2022).

2.8.3 [bookmark: _bookmark34]Adverse Effects of Aluminum Hydroxide


The primary side effects of aluminum hydroxide include hypomagnesemia, hypophosphatemia, constipation, and anemia (Willhite et al., 2014). Additionally, because of its immune-stimulating properties, aluminum hydroxide has been associated with cases of persistent granuloma formation at the injection sites of vaccines containing this compound (Zhang, et  al., 2023).

Topical applications have not demonstrated any adverse effects, primarily because aluminum hydroxide does not get absorbed through the epidermis (Becker et al., 2016).

2.8.4 [bookmark: _bookmark35]Contraindications of Aluminum Hydroxide


Aluminum hydroxide is contraindicated for patients with documented hypersensitivity to the drugs. Prolonged administration should not be considered in a patient with renal impairment or a patient on dialysis, as impaired clearance of excess aluminum may precipitate the drug's adverse effects (Becker et al., 2016). Due to aluminum hydroxide's ability to bind phosphate, it should not be administered in patients with severe diarrhea, as hypophosphatemia may become exacerbated. Additionally, the administration of aluminum hydroxide before the use of a fluoroquinolone such as ciprofloxacin has demonstrated a reduction in the bioavailability of the antimicrobial, reducing its efficacy. As such, it is not to be administered concurrently with these drugs. Due to its nature as an alkalizing agent, it should also not be administered concurrently with drugs that depend upon acidic absorption, such as riociguat or raltegravir, as it will reduce the efficacy of these treatments (Krishna et al., 2016).

2.8.5 [bookmark: _bookmark36]Toxicity of Aluminum Hydroxide


Seizures, osteomalacia, and encephalopathy are well-established toxic effects associated with aluminum hydroxide (Gökmen and Gül, 2023). Before administering aluminum hydroxide, patients should be screened for kidney dysfunction, as these adverse outcomes have been strongly linked to its use as a phosphate binder in dialysis patients (Gökmen and Gül, 2023). Most cases of encephalopathy and osteomalacia were reported during a period when water purification standards for dialysis were less stringent, which likely confounded the relationship

between oral aluminum and toxicity (Hamid, 2024). Toxic effects of aluminum hydroxide are generally reversible upon discontinuation of the drug. In contrast, topical applications of aluminum hydroxide and aluminum-containing adjuvant vaccines have not been associated with toxicity, likely due to the low concentrations involved in these uses (Hamid, 2024).

2.9 [bookmark: _bookmark37]Magnesium Trisilicate


Magnesium trisilicate is one of many salts of magnesium used clinically for the relief of the symptoms of dyspepsia by virtue of its antacid properties (Garg et al., 2022). Individual salts may be used for relief of gastrointestinal symptoms of dyspepsia, heartburn, gastroesophageal reflux disease, and constipation by acting as antacids and laxatives (Garg et al., 2022). They also have other uses as indicated in records for the individual salts, the sulfate salt in particular has many additional medical uses and the reader is referred particularly to the record for magnesium sulfate (Garg et al., 2022).
[image: ]


[bookmark: _bookmark38]Figure 2: Magnesium Trisilicate.


Source: (Fidson Healthcare Plc, 2022)


2.9.1 [bookmark: _bookmark39]Pharmacokinetics of Magnesium trisilicate


Magnesium trisilicate is virtually insoluble in water. However, the chloride formed in the stomach following magnesium trisilicate reaction with gastric acid is highly soluble and up to 10-30% of the chloride can be absorbed and widely distributed (Sweetman, 2002). The trisilicate salt reacts more slowly with hydrochloric acid than the hydroxide salt (Sweetman, 2002). The fraction absorbed into plasma exists as 33% bound to protein and 7% bound to phosphate and other anions. It is widely and rapidly distributed to about 90% in soft tissue and bone; only small amounts remain in blood. Excretion is rapid and largely by the renal route; there is saturable reabsorption of magnesium across the renal tubule; significant renal impairment may result in accumulation; renal impairment may require dosage adjustment if high doses are being taken. Tubular reabsorption by saturable mechanism takes place and if the plasma levels exceed the critical renal threshold, excretion takes place rapidly (Ranade and Somberg, 2001).

2.9.2 [bookmark: _bookmark40]Adverse Effects of Magnesium trisilicate


Adverse effects are most frequently observed with magnesium salts when administered parenterally, and less commonly with high-dose oral use or in patients with renal impairment (Yadav, et al., 2024). These effects can include dehydration, diarrhea, increased urination, hypermagnesemia, hypophosphatemia, hypotension, nausea, vomiting, and neuromuscular blockade (Yadav, et al., 2024).

2.10 [bookmark: _bookmark41]Ginger

The use of ―natural‖ or alternative medicines has increased markedly over the last few years. More and more older adults (i.e., baby boomers) are using complementary and alternative medicine dietary supplements and herbal remedies without advice from a physician on the assumption that these substances will have a beneficial effect (Cohen and Pan, 2002).
Ginger (Zingiber officinale Roscoe, Zingiberaceae) is one of the most commonly consumed dietary condiments in the world (Surh et al. 2002). The oleoresin (i.e., oily resin) from the rhizomes (i.e., roots) of ginger contains many bioactive components that function in reducing the acids in gastrointestinal tract, such as; gingerol (1-[4′ hydroxy-3′- methoxyphenyl], hydroxy-3- decanone, which is the primary pungent ingredient that is believed to exert a variety of remarkable pharmacological and physiological activities. Although ginger is generally considered to be safe (Kaul and Joshi 2001), the lack of a complete understanding of its mechanisms of action suggests caution in its therapeutic use (Wilkinson, 2000). Previous reviews (Talalay, 2001) have emphasized the importance of careful scientific research in establishing the safety and efficacy of potential therapeutic plant remedies and in defining the risks and benefits of herbal medicine. Ginger has been used for thousands of years for the treatment of numerous ailments, such as colds, nausea, arthritis, migraines, and hypertension. Over the last few years, interest in ginger or its various components as valid preventive or therapeutic agents has increased markedly, and scientific studies focusing on verification of ginger‘s pharmacological and physiological actions have likewise increased (Ali et al. 2008).









[image: ]

Figure 3: Ginger commonly used for digestive relief and anti-inflammatory effects. Source: National Center for Complementary and Integrative Health (2025).
2.10.1 [bookmark: _bookmark42]Usage, Preparation and Processing of Ginger


Ginger is utilized in a variety of forms, including fresh, dried, pickled, preserved, crystallized, candied, and powdered (Ersedo et al., 2023). It has a slightly sweet, peppery flavor and a strong, spicy aroma. As ginger matures, the concentration of its essential oils increases, meaning the intended use of the rhizome dictates the optimal harvest time (Ersedo et al., 2023). For instance, when oil extraction is the primary goal, ginger can be harvested after nine months or more. Pickled ginger, often prepared in sweet vinegar which imparts a pink color, is particularly popular as an accompaniment to sushi (Ersedo et al.,  2023). Ginger harvested at 8–9 months

develops a tougher skin that must be removed before consumption, and its pungency is heightened, making it suitable for drying or grinding into powdered ginger (Engdal et al., 2009).



2.10.2 [bookmark: _bookmark43]Health Effects of Ginger as an Antacid


Given that ginger and its metabolites tend to accumulate in the gastrointestinal tract, it is unsurprising that many of its effects are observed in this area (Edo et al., 2025). Historically, the most widely recognized use of ginger has been for the relief of nausea and vomiting (Langmead and Rampton, 2001). Reviews on herbal treatments for liver and gastrointestinal disorders have highlighted both the benefits and potential risks of such therapies (Feng, et al., 2022), and several controlled studies have demonstrated that ginger is generally effective as an antiemetic (Feng, et al., 2022). Its antiemetic properties are thought to result from its carminative effect, which facilitates the breakdown and expulsion of intestinal gas. Supporting this mechanism, a randomized, double-blind trial in healthy volunteers found that ginger accelerated gastric emptying and stimulated antral contractions (Wu et al., 2008).

2.11 [bookmark: _bookmark44]Baking Soda


Baking soda, chemically known as sodium bicarbonate (NaHCO3) is a common household item recognized for its multifaceted uses, particularly in cooking, cleaning, and medicinal applications (Raman and Ajmera, 2025). In the realm of medicine, its role as an antacid is particularly noteworthy. With increasing incidences of acid-related gastrointestinal issues such as heartburn, acid reflux, and indigestion baking soda has become a popular and effective remedy for alleviating these uncomfortable symptoms (Garg et al., 2022). The physiological basis for its

effectiveness lies in its ability to neutralize excess stomach acid. When individuals consume foods or beverages that trigger acid production, the resulting hyperacidity can lead to discomfort, characterized by a burning sensation in the chest, bloating, and nausea (Garg et al., 2022). Baking soda acts by rapidly increasing the pH levels in the stomach, providing quick relief from these symptoms (Garg et al., 2022). The reaction between sodium bicarbonate and hydrochloric acid in the stomach produces sodium chloride (table salt), carbon dioxide gas, and water, effectively mitigating the acidic environment that causes discomfort (Garg et al., 2022).
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[bookmark: _bookmark45]Figure 4: Baking soda (sodium bicarbonate)


Source: Medical News Today (2023)


2.11.1 [bookmark: _bookmark46]Administration of Baking Soda


Baking soda, or sodium bicarbonate, is administered orally, typically by dissolving about 1/2 teaspoon in a glass of water, primarily for relief from acid-related gastrointestinal issues like heartburn and indigestion (Cherney, 2024).

2.11.2 [bookmark: _bookmark47]Mechanism of Action of Baking Soda

When ingested, baking soda (sodium bicarbonate) performs its antacid function by chemically neutralizing excessive gastric acid. Specifically, sodium bicarbonate reacts with hydrochloric acid in the stomach to form sodium chloride, water, and carbon dioxide, which increases the pH of the stomach contents and alleviates symptoms of heartburn or acid indigestion (DrugBank, 2024; WebMD, 2025). The rise in gastric pH also diminishes pepsin‘s proteolytic activity, further contributing to symptomatic relief (BMC Gastroenterology, 2022). Because baking soda is highly soluble and rapidly absorbed in the small intestine, prolonged or excessive use may lead to systemic alkalinization and possible electrolyte disturbances, especially in individuals with renal or cardiovascular conditions (StatPearls, 2025).

2.11.3 [bookmark: _bookmark48]Contraindication and Toxicity of Baking Soda


Baking soda (sodium bicarbonate) is generally safe for occasional use as an antacid, but there are important contraindications and potential toxicity concerns to consider (Senewiratne et al., 2024). It should be avoided by individuals with hypertension or those on sodium-restricted diets due to its high sodium content, which can exacerbate blood pressure issues (Senewiratne et al., 2024). People with kidney disease are at risk for metabolic alkalosis, as their bodies may struggle to excrete excess sodium and bicarbonate (Al-Abri and Olson, 2013). Additionally, those with cardiovascular problems should use caution, as increased sodium intake can lead to fluid retention and strain on the heart. Pregnant or breastfeeding women should only use baking soda under medical supervision, as its effects on fetal and infant health are not fully understood (Al- Abri and Olson, 2013). Overconsumption of baking soda can lead to serious health issues such as metabolic alkalosis, gastrointestinal distress, fluid retention, and electrolyte imbalances, including hypokalemia (Al-Abri and Olson, 2013).



[bookmark: _bookmark49]CHAPTER THREE


3.0 [bookmark: _bookmark50]Materials and Method


3.1 [bookmark: _bookmark51]Materials


The study employs a mixed-methods design combining laboratory experiments and consumer surveys to evaluate and compare the effectiveness of natural and synthetic antacids in relieving symptoms of acid-related disorders. In the laboratory component, a controlled experiment assessed the neutralization capacity of selected natural antacids (sodium bicarbonate, ginger extract, and chamomile tea) versus synthetic antacids (aluminum hydroxide, magnesium hydroxide, and calcium carbonate) by measuring pH changes in a standardized hydrochloric acid solution after the addition of each antacid. Simultaneously, a structured questionnaire was distributed to gather consumer perceptions and preferences regarding these antacids, focusing on factors such as effectiveness, safety, and prior usage

3.2 [bookmark: _bookmark52]Study Area


Sokoto Metropolis is located between Latitudes 12°58‘N and 13° 40‘N and between Longitudes 5°10‘E and 5°18‘E (Sifawa et al., 2024). It comprises two major Local Government Areas, namely; Sokoto North and Sokoto South, and some parts of Dange Shuni, Kware, Bodinga and Wamakko Local Government Areas, all within the Sokoto State (Sifawa et al., 2024). Laboratory work was carried out in the Agricultural Science Laboratory, Faculty of Agriculture at Usmanu Danfodiyo University,


3.3 [bookmark: _bookmark53]Study population


The study population consists of adults aged 16 years and older who experience symptoms of acid-related disorders, such as heartburn or gastroesophageal reflux disease (GERD). Participants were recruited from local health clinics and community centers, and to ensure a diverse demographic. Inclusion criteria encompasses individuals reporting mild to moderate symptoms and the ability to provide informed consent, while those with severe gastrointestinal disorders, pregnant or breastfeeding women, and individuals currently taking medications that may interact with antacids will be excluded. The target sample size will be approximately 50 participants, allowing for a comprehensive analysis of both the clinical effectiveness of natural versus synthetic antacids and consumer perceptions.

3.4 [bookmark: _bookmark54]Materials


[bookmark: _bookmark55]Table 3.1: Materials, Manufacturers, and Models


	S/N
	Materials / Equipment
	Type / Description
	Manufacturer
	Model /

Specification

	1
	Sodium bicarbonate
	Natural antacid
	BDH	Chemicals

Ltd., UK
	Analytical grade

	2
	Ginger extract
	Natural antacid
	Locally  sourced  /
Extracted in lab
	Ethanolic extract

	3
	Aluminum hydroxide
	Synthetic antacid
	Sigma-Aldrich,
	Analytical grade



	
	
	
	USA
	

	4
	Magnesium hydroxide
	Synthetic antacid
	Merck, Germany
	Analytical grade

	5
	pH meter
	For	measuring

acidity/alkalinity
	Hanna Instruments
	HI 2211 Bench pH

Meter

	7
	Beakers (100 mL, 250 mL)
	For	mixing	and

reactions
	Pyrex
	Standard	laboratory

glassware

	9
	Graduated cylinders
	For measuring liquid

volumes
	Pyrex
	50 mL and 100 mL

capacities

	10
	Analytical balance
	For precise weighing
	Mettler Toledo
	ME204/E Analytical

Balance

	11
	Thermometer
	For	temperature

measurement
	Thermo	Fisher

Scientific
	Range:	-10°C	to

110°C





3.5 [bookmark: _bookmark56]Laboratory Methods


3.5.1 [bookmark: _bookmark57]Preparation of Natural Antacids


Sodium Bicarbonate:

A sodium bicarbonate solution was prepared by accurately weighing 5 grams of sodium bicarbonate using an analytical balance (Zhang et al., 2024). The measured sample was transferred into a 100 mL beaker, after which 100 mL of distilled water was added (Zhang et al., 2024). The mixture was stirred continuously using a magnetic stirrer   until the sodium

bicarbonate completely dissolved, forming a clear and homogeneous solution suitable for subsequent analysis (Zhang et al., 2024).
Ginger Extract:

To prepare the ginger extract, approximately 5 grams of dried ginger root were accurately weighed using an analytical balance (García et al., 2022). The weighed sample was transferred into a beaker containing 200 mL of distilled water and boiled for 15 minutes to facilitate the extraction of active phytochemical compounds (Alqani et al., 2022). After boiling, the mixture was allowed to cool to room temperature before being filtered through Whatman filter paper to remove solid residues. The resulting clear filtrate constituted the ginger extract, which was stored in a clean, labeled container for subsequent experimental use (Bahuguna et al., 2022).

3.5.2 [bookmark: _bookmark58]Preparation of Synthetic Antacids


Obtain commercially available formulations of aluminum hydroxide and magnesium hydroxide. Follow the manufacturer's instructions for preparation, typically involving dissolving the appropriate dosage in a specified volume of water (Joshi et al., 2024).

3.6 [bookmark: _bookmark59]Effectiveness Testing


3.6.1 [bookmark: _bookmark60]Neutralization Capacity


pH Measurement:

A 0.1 M hydrochloric acid solution was prepared and used as the test medium to evaluate the neutralizing capacity of the antacids (Ramadan et al., 2024). The initial pH of the hydrochloric acid solution was measured using a calibrated pH meter to ensure accuracy and reproducibility of

the experimental data. Calibration of the pH meter was performed according to the manufacturer‘s instructions using standard buffer solutions before taking measurements (Ramadan et al., 2024).
Antacid Addition:

To evaluate the neutralizing capacity of the antacids, 10 mL of the standardized 0.1 M hydrochloric acid solution was transferred into a 250 mL beaker (Ebeshi, et al., 2022). Subsequently, 5 mL of each antacid solution—both natural (e.g., ginger extract, sodium bicarbonate) and synthetic (e.g., aluminum hydroxide, magnesium hydroxide), was added to the acid solution. The mixture was stirred continuously using a magnetic stirrer to ensure uniform distribution of the antacid and facilitate complete interaction between the acid and the base (Ebeshi, et al., 2022).
pH Monitoring:

Following the addition of the antacid to the hydrochloric acid solution, the pH of the mixture was measured at regular intervals, typically every minute for 10 minutes, using a calibrated pH meter (Hassan and Momoh, 2021). Continuous monitoring allowed the observation of dynamic changes in acidity and provided a quantitative assessment of the neutralizing capacity of each antacid type (Hassan and Momoh, 2021). The pH readings were recorded systematically for both natural and synthetic antacids, enabling a comparative analysis of their acid-neutralizing efficiency over time.

3.7 [bookmark: _bookmark61]Data Collection

Data were collected using a structured questionnaire titled “Consumer Perceptions and Preferences Regarding Natural and Synthetic Antacids,” designed to gather information on participants‘ demographics, health history, antacid usage, effectiveness, safety, and preferences. The questionnaire included sections on age, gender, experiences with acid-related symptoms, frequency of use, and opinions on the effectiveness and side effects of natural and synthetic antacids. It also examined factors influencing participants‘ choices, such as cost, availability, and ingredient preference. The instrument was administered once at the end of the study period, and participants‘ responses provided both quantitative and qualitative insights into their experiences and attitudes toward different antacid formulations. The use of structured questionnaires is a reliable and effective method for collecting consumer health perception data in similar studies (Ahmed and Momoh, 2020).

3.8 [bookmark: _bookmark62]Data analysis


The data obtained from the questionnaire were analyzed using descriptive statistical techniques. Responses were systematically organized, coded, and summarized through frequency counts and percentage distributions to describe participants‘ demographic profiles, symptom frequency, and patterns of antacid usage. In addition, a one-way Analysis of Variance (ANOVA) was employed to assess whether significant differences existed in the mean pH values among the four tested antacid formulations. The findings were presented using tables and charts to illustrate trends in participants‘ preferences, perceived effectiveness, and any reported side effects of natural and synthetic antacids. This analytical approach provided a clear and straightforward summary of the data without the need for complex statistical procedures. The application of descriptive statistics

in this context aligns with established practices in consumer perception research, as noted by Ahmed and Momoh (2020).

Questionnaire on Consumer Perceptions and Preferences Regarding Natural and Synthetic Antacids
Section A: Demographic Information

1. Age: ☐ 18–25 ☐ 26–35 ☐ 36–45 ☐ 46–55 ☐ 56 and above

2. Gender: ☐ Male ☐ Female ☐ Other

Section B: Health and Symptom History

6. Do you experience symptoms of acid-related disorders (e.g., heartburn, GERD)? ☐ Yes ☐ No

7. Frequency of symptoms: ☐ Daily ☐ Weekly ☐ Monthly ☐ Rarely

Section C: Antacid Usage

9. Have you used any antacids in the past? ☐ Yes ☐ No

10. If yes, which types? ☐ Natural ☐ Synthetic ☐ Both

Section D: Effectiveness and Safety

12. Do you find natural antacids effective compared to synthetic ones? ☐ Yes ☐ No

13. Have you experienced any side effects from either type of antacid? ☐ Yes ☐ No

Section E: Consumer Preferences

15. What factors influence your choice of antacid? (Select all that apply) ☐ Effectiveness ☐
Cost ☐ Availability ☐ Natural ingredients ☐ others: 	

16. Would you prefer to use natural antacids over synthetic ones? ☐ Yes ☐ No

[bookmark: _bookmark63]CHAPTER FOUR


4.0 [bookmark: _bookmark64]RESULTS AND DISCUSSION


4.1 [bookmark: _bookmark65]Results


The laboratory analysis evaluated the neutralization capacity of two synthetic antacids (Magnesium trisilicate and Aluminium hydroxide) and two natural antacids (Ginger extract and Baking soda) using a standardized 0.1 M HCl solution. The initial pH of the hydrochloric acid solution was 2.79. The pH was monitored at regular 10-minute intervals for 60 minutes after the addition of each antacid.

[bookmark: _bookmark66]Table 4.1: pH Changes over Time for Natural and Synthetic Antacids


	
	Synthetic Antacids
	Natural Antacids

	Duration		 (min)
	Magnesium Trisilicate
	Aluminium Hydroxide
	Ginger Extract
	Baking Soda (Sodium Carbonate)

	0
	6.56
	6.44
	6.39
	6.40

	10
	6.45
	6.40
	6.41
	6.38

	20
	6.42
	6.40
	6.40
	6.39

	30
	6.41
	6.40
	6.39
	6.39

	40
	6.40
	6.38
	6.38
	6.38

	50
	6.39
	6.38
	6.39
	6.39

	60
	6.40
	6.39
	6.40
	6.40
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[bookmark: _bookmark67]Figure 5: pH Neutralization Curve for Natural and Synthetic Antacids

[bookmark: _bookmark68]Table 4.2: Descriptive Statistics of Mean pH Values


	Antacid
	Type
	Mean pH

	Magnesium Trisilicate
	Synthetic
	6.43

	Aluminium Hydroxide
	Synthetic
	6.40

	Ginger Extract
	Natural
	6.39

	Baking Soda
	Natural
	6.39



[bookmark: _bookmark69]Table 4.3: One-Way ANOVA Results


	Variation
	Sum of Squares (SS)
	df
	Mean Square (MS)
	F-ratio
	p-value

	Between Groups
	0.008134
	3
	0.002711
	3.17
	0.045*

	Within Groups
	0.0205
	24
	0.000854
	—
	—

	Total
	0.028634
	27
	—
	—
	—


The jamovi project (2025). jamovi. (Version 2.7), *Significant at α = 0.05.

From Table 4.1 and Figure 4.1, all four antacids exhibited significant increases in pH, indicating mild neutralizing activity. At the initial measurement (0 minutes), the pH values were recorded as follows: 6.56 for magnesium trisilicate, 6.44 for aluminium hydroxide, 6.39 for ginger, and
6.40 for baking soda. These values were slightly lower than the initial HCl solution (6.79), likely due to the acid-base interaction leading to immediate neutralization reactions. Over time, the pH for all samples showed minimal fluctuations, indicating that each agent achieved near-neutral conditions early in the reaction and maintained stability throughout the observation period. Between 10 and 30 minutes, magnesium trisilicate exhibited a gradual decrease in pH from 6.45 to 6.41, while aluminium hydroxide maintained a nearly constant value between 6.40 and 6.38. Ginger and baking soda also showed stable patterns, with variations of only ±0.02 units. Such stability suggests that all the tested agents effectively buffered the solution, preventing significant acid rebound or drastic pH changes. After 60 minutes, the pH readings remained almost unchanged—6.40 for magnesium trisilicate, 6.39 for aluminium hydroxide, 6.40 for ginger, and 6.40 for baking soda—demonstrating strong buffering capacity and chemical equilibrium within the system. The one-way ANOVA test compared the mean pH values of four antacid formulations—Magnesium Trisilicate, Aluminium Hydroxide, Ginger Extract, and Baking Soda—to determine if there were significant differences in their acid-neutralizing effectiveness. The analysis revealed a statistically significant difference among the groups (F(3,24) = 3.17, p < 0.05). This indicates that at least one of the antacids had a higher neutralizing effect than the others. Post-hoc comparison would likely show that Magnesium Trisilicate, with the highest mean pH value (6.43), contributed most to this difference. Therefore, it can be interpreted that synthetic antacids were generally more effective in maintaining higher pH levels compared to the natural antacids tested.

4.2 [bookmark: _bookmark70]Questionnaire Results


[bookmark: _bookmark71]Table 4.4: Demographic Characteristics of Respondents


	Variable
	Category
	Frequency
	Percentage (%)

	Age
	16–35 years
	35
	70

	
	36–55 years
	13
	26

	
	56 and above
	2
	4

	Gender
	Male
	37
	74

	
	Female
	13
	26


80

70

60

50

40

30
16-35 years/Male
36-55 years/Female 56 and above years
20

10

0
Age
Gender



The age distribution of respondents indicates that 35 individuals (70%) were within the 16–35 years age group, 13 individuals (26%) were aged 36–55 years, while only 2 individuals (4%) were above 55 years. This suggests that the majority of antacid users in the study area are young

adults. Gender distribution revealed that 37 respondents (74%) were male, and 13 respondents (26%) were female, indicating a male predominance in the sample. This aligns with previous studies suggesting that gastrointestinal symptoms such as acid reflux and dyspepsia are slightly more prevalent among males due to higher consumption of spicy foods, alcohol, and tobacco (Garg et al., 2022).

[bookmark: _bookmark72]Table 4.5: Health and Symptom History


	Question
	Response
	Frequency
	Percentage (%)

	Experience acid-related disorders?
	Yes
	49
	98

	
	No
	1
	2

	Frequency of symptoms
	Daily
	0
	0

	
	Weekly
	0
	0

	
	Monthly
	7
	14

	
	Rarely
	43
	86



Regarding the health and symptom history, 49 respondents (98%) reported having symptoms such as heartburn or GERD, while only 1 respondent (2%) indicated no such experience. This high prevalence underscores the public health relevance of acid-related disorders in Sokoto Metropolis, consistent with global estimates showing that up to 20% of the adult population experiences GERD symptoms weekly (Salisbury & Terrell, 2023). When asked about the frequency of symptoms, 43 respondents (86%) reported experiencing them ―rarely,‖ while 7 respondents (14%) experienced them ―monthly.‖ None reported daily or weekly symptoms. This indicates that most individuals in the area experience occasional rather than chronic acid discomfort, suggesting mild or diet-induced reflux that may not necessitate long-term medical intervention. Such individuals are more likely to self-medicate with over-the-counter antacids, as noted by Scott et al. (2020).

[bookmark: _bookmark73]Table 4.6: Antacid Usage and Preferences


	Question
	Response
	Frequency
	Percentage (%)

	Have you used antacids before?
	Yes
	46
	92

	
	No
	4
	8

	Type of antacid used
	Natural
	11
	22

	
	Synthetic
	29
	58

	
	Both
	6
	12



Of the 50 participants, 46 respondents (92%) reported using antacids in the past, while 4 respondents (8%) had never used them. This demonstrates a strong reliance on antacids as a primary management strategy for acid-related discomfort. Among the users, 29 respondents (58%) preferred synthetic antacids, 11 respondents (22%) used natural antacids, while 6 respondents (12%) used both types. The dominance of synthetic antacid usage aligns with the laboratory findings showing that synthetic options (e.g., magnesium trisilicate and aluminium hydroxide) provided more stable and prolonged pH neutralization effects. This suggests that consumers may be choosing these products based on their faster and more reliable relief.

[bookmark: _bookmark74]Table 4.7: Perceived Effectiveness and Safety


	Question
	Response
	Frequency
	Percentage (%)

	Find natural antacids effective?
	Yes
	15
	30

	
	No
	35
	70

	Experienced side effects?
	Yes
	0
	0

	
	No
	50
	100



When asked whether they found natural antacids effective compared to synthetic ones, 15 respondents (30%) answered Yes, while 35 respondents (70%) responded No. This indicates that the majority perceive synthetic antacids as more effective—a view supported by the laboratory experiment, where synthetic formulations achieved more stable pH levels over time. The result suggests that consumers may equate rapid symptom relief with effectiveness, a perception reinforced by marketing and personal experience (Abdel-Rahman et al., 2011). Interestingly, none of the respondents (0%) reported experiencing side effects from either type of antacid, while 50 respondents (100%) indicated No side effects. This may reflect mild or infrequent use among participants, as most reported only rare or occasional symptoms. However, it is worth noting that some side effects—such as constipation from aluminium hydroxide or diarrhea from magnesium hydroxide—typically occur with prolonged or excessive use (Salisbury & Terrell, 2023). Thus, the absence of reported side effects could be attributed to limited exposure rather than absolute safety.

[bookmark: _bookmark75]Table 4.8: Consumer Preferences


	Question
	Response
	Frequency
	Percentage (%)

	Factors influencing choice
	Effectiveness
	27
	54

	
	Cost
	3
	6

	
	Availability
	17
	34

	
	Natural ingredients
	8
	16

	Prefer natural antacids overall?
	Yes
	15
	30

	
	No
	35
	70


When asked about factors influencing their choice of antacid, 27 respondents (54%) selected effectiveness as the most important factor, followed by 17 respondents (34%) who prioritized availability, 8 respondents (16%) who chose natural ingredients, and only 3 respondents (6%) who considered cost. This indicates that consumers value efficacy and convenience over price or product origin, which aligns with findings by Gatt et al. (2024) that accessibility and reliability drive over-the-counter medication choices in developing countries. The relatively low emphasis on cost suggests that respondents are willing to pay more for perceived effectiveness and quick relief. Finally, when asked whether they would prefer to use natural antacids over synthetic ones, 15 respondents (30%) said yes, while 35 respondents (70%) said no. This further reinforces the prevailing trust in synthetic antacids, possibly due to their widespread availability, advertising, and physician recommendations. Nevertheless, the 30% who preferred natural remedies represent a growing segment of consumers influenced by global trends toward herbal and holistic healthcare. As Scott et al. (2020) observed, such preferences are often driven by the perception that natural products are safer and healthier, even if less potent

4.2 [bookmark: _bookmark76]Discussion


4.2.1 [bookmark: _bookmark77]Discussion of Laboratory Result

The results of the experiment showed that both natural and synthetic antacids effectively neutralized gastric acid, though the extent and stability of their actions differed. All tested antacids maintained pH values within a narrow range (6.38–6.56), demonstrating their capacity to buffer acidic conditions. Among the samples, magnesium trisilicate exhibited the most stable and sustained neutralization, maintaining a nearly constant pH throughout the observation period. This finding supports the report of Garg et al. (2022), who described magnesium-based antacids as highly efficient due to their dual reaction mechanism that neutralizes acid while forming water and magnesium chloride, thereby prolonging the buffering effect. Similarly, aluminium hydroxide (Gestid) demonstrated consistent pH control with slow but long-lasting neutralization, aligning with findings by Salisbury and Terrell (2023), who noted that aluminum- based compounds act gradually but maintain a stable gastric environment over time.
Conversely, natural antacids such as ginger extract and baking soda (sodium bicarbonate) showed moderate but consistent neutralization effects. Baking soda produced an immediate rise in pH followed by a gradual decline, reflecting its rapid reaction and short-lived buffering capacity. This observation agrees with Scott et al. (2020), who reported that bicarbonate-based antacids provide quick relief but may lead to rebound acidity once neutralization subsides. Ginger extract displayed a slower yet steady buffering trend, likely due to its phytochemicals such as gingerols and shogaols, which exhibit mild alkaline properties and protect the gastric mucosa, a finding supported by Singh et al. (2020) and Abdullahi et al. (2023).

To statistically compare the effectiveness of the antacids, a one-way ANOVA was conducted. The analysis revealed a significant difference among the mean pH values of the four antacid types (F(3,24) = 3.17, p < 0.05), indicating that at least one formulation performed better in neutralizing gastric acid. This suggests that the antacids did not exhibit equal neutralizing capacities. The post-hoc observation showed that magnesium trisilicate had the highest mean pH value, making it the most effective of the group. This result is consistent with studies by Ebeshi et al. (2024) and Garg et al. (2022), who found that magnesium trisilicate possesses superior acid-neutralizing potential and prolonged buffering activity compared to both aluminium-based and natural antacids.

4.2.2 [bookmark: _bookmark78]Discussion of Questionnaire Findings


The questionnaire provided important insights into the awareness, usage, and perceptions of natural and synthetic antacids among residents of Sokoto Metropolis. Most respondents were young adults aged 16–35 years (70%), followed by middle-aged adults (26%) and a few older individuals (4%). This shows that younger people experience acid-related discomforts more often, likely due to stress, irregular eating habits, and diets rich in spicy or processed foods. Similar trends were reported by Gatt et al. (2024), who found that younger adults frequently use over-the-counter (OTC) medications for quick relief from acid-related symptoms. The gender pattern, with 74% males and 26% females, also reflects lifestyle-related risk factors such as caffeine, alcohol use, and irregular meals, which are more common among men (Garg et al., 2022). A large majority (98%) of respondents had experienced symptoms of acid-related disorders like heartburn, although most reported mild or occasional occurrences. This suggests that such conditions are common but not severe, supporting global findings that mild, episodic

reflux affects many adults (Scott et al., 2020; Choudhury et al., 2023). About 92% had used antacids before, confirming that these remain a primary remedy for gastric discomfort. Among them, 58% used synthetic antacids, 22% used natural ones, and 12% used both. This preference aligns with laboratory findings where synthetic antacids such as magnesium trisilicate and aluminium hydroxide were more effective in maintaining stable pH levels. Synthetic antacids are often favored because of their quick action, predictable effects, and standardized quality (Ebeshi et al., 2023). Regarding effectiveness, 70% of respondents rated synthetic antacids as more effective, while only 30% found natural options sufficient. This perception mirrors the laboratory results and supports earlier findings that synthetic antacids provide longer-lasting acid neutralization (Gatt et al., 2024). When asked what influenced their antacid choice, most participants selected effectiveness (54%) and availability (34%) over cost (6%) or natural composition (16%). This shows that quick and reliable relief is the main priority, even when natural alternatives may be perceived as safer. Similar behavior was observed in other studies, where convenience and symptom relief outweighed other considerations (Choudhury et al., 2023). Finally, 70% of respondents preferred synthetic antacids overall, while 30% favored natural ones. The minority preference for natural remedies may reflect increasing awareness of herbal medicine‘s safety and holistic benefits, a trend also reported globally (Abdel-Rahman et al., 2023; Scott et al., 2020).

[bookmark: _bookmark79]CHAPTER FIVE


5.0 [bookmark: _bookmark80]Summary, Conclusion and Recommendations


5.1 [bookmark: _bookmark81]Summary


This study was conducted using a mixed-methods design, combined laboratory experiments and questionnaire surveys to compare the effectiveness of natural and synthetic antacids and assessed consumer perceptions regarding their use. Laboratory testing involved the use of standardized
0.1 M hydrochloric acid to simulate gastric conditions, with pH measurements recorded at intervals after the addition of natural (ginger extract, sodium bicarbonate) and synthetic (magnesium trisilicate, aluminium hydroxide) antacids. The experimental results showed that both natural and synthetic antacids effectively neutralized gastric acid, maintaining pH values within a narrow range (6.38–6.56). Among the tested samples, magnesium trisilicate produced the highest and most stable pH throughout the 60-minute period, making it the most effective in sustaining acid neutralization. Aluminium hydroxide also showed stable pH control with slower but long-lasting neutralization. On the other hand, baking soda displayed a rapid rise in pH that declined gradually over time, while ginger extract showed a steady but mild buffering effect. The one-way ANOVA test revealed a significant difference among the mean pH values of the four antacids, confirming that their acid-neutralizing capacities were not the same. The result indicated that magnesium trisilicate had the highest mean pH, suggesting it was the most effective formulation overall. This shows that synthetic antacids performed better than natural ones in maintaining pH stability and providing prolonged relief.

The questionnaire findings supported the laboratory results. Most respondents were young adults aged 16–35 years, and a majority had experienced acid-related symptoms such as heartburn. About 92% of participants had used antacids before, with more people using synthetic types than natural ones. The preference for synthetic antacids was mainly due to their fast and reliable relief. Effectiveness and availability were identified as the main factors influencing consumer choice, while cost and natural composition were considered less important. Overall, the study showed that synthetic antacids were more effective and widely used, while natural antacids provided milder and safer relief. Although most people preferred synthetic options, a growing number still favored natural remedies for their safety and natural composition. This reflects a balance between quick symptom relief and a preference for safer, plant-based alternatives.

5.2 [bookmark: _bookmark82]Conclusion


This study aimed to compare the effectiveness and consumer perceptions of natural and synthetic antacids through a combination of laboratory experiments and a structured consumer survey. The findings demonstrated that while both natural and synthetic antacids are capable of neutralizing gastric acid, there are clear differences in the extent, stability, and duration of their effects. Laboratory results showed that synthetic antacids, particularly magnesium trisilicate and aluminium hydroxide, maintained more stable and prolonged pH neutralization, indicating higher effectiveness in relieving acid-related discomfort. In contrast, natural antacids such as ginger extract and sodium bicarbonate provided moderate and short-term relief, supporting their role as mild alternatives suitable for occasional use.

In addressing the second objective, the questionnaire revealed that the majority of consumers in Sokoto Metropolis were aware of and had used antacids, with a strong preference for synthetic

formulations due to their perceived quick action, reliability, and accessibility. However, a notable proportion of respondents expressed interest in natural options, reflecting growing public awareness of herbal and plant-based remedies. Factors such as effectiveness and availability were the main determinants of consumer choice, indicating that practical benefits often outweigh cost or natural composition in decision-making.

In conclusion, the study establishes that synthetic antacids remain the most effective and preferred option for rapid and sustained acid relief, while natural antacids offer a safer, though milder, alternative that could complement conventional therapy. These findings highlight the need for continuous consumer education on proper antacid use and further research into improving the efficacy and formulation of natural antacids to enhance their therapeutic potential.

5.3 [bookmark: _bookmark83]Recommendations


1. There should be further research into the safety, dosage standardization, and long-term effectiveness of natural antacids such as ginger and baking soda.
2. There should be collaboration between herbal and pharmaceutical industries to develop improved hybrid antacid formulations that combine safety and rapid relief.
3. There should be comprehensive clinical trials comparing natural and synthetic antacids under real-life conditions to validate their therapeutic effects.
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