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ABSTRACT 

Six brands of antacids, including three for tablet and three for liquid samples were analyzed 

for their acid neutralization capacity (ANC) and acid neutralization rate. The acid 

neutralization capacity was determined according to back titration method. Excess amount 

of HCI was reacted with an antacid sample and the HCI remaining after the antacid 

neutralization reaction occurs was titrated by standardized NaOH solution to a 

phenolphthalein endpoint. Results obtained showed the ANC of the tablet and liquid 

samples ranged 0.72 - 1.66 moles/tablet and 0.66 - 1.65 moles/mL, respectively. Results 

obtained for the potentiometric titration showed Povil can neutralize more of HCI acid 

where the magnitude in pH decrease for Povil is less than Maalox-Plus and Actal. For 

liquid antacids, Mixture Magnesium Trisilicate (MMT) can neutralize more of HCI acid 

followed by Alucid and Dhalumag. Maalox-Plus showed the highest neutralization rate 

followed by Actal and Povil, both in the tablet and powder form. For liquid antacids, MMT 

showed the fastest rate followed by Alucid and Dhalumag. Comparatively, antacids in the 

form of liquid showed higher rate of neutralization compared to powder and tablet antacids. 
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KAPASlTl PENEUTRALAN ASlD DAN ClRI-ClRI 

PROD UK ANTASlD 

ABSTRAK 

VI 

Enam jenis antasid, liga dalam bentuk pepejal dan juga tiga da/am bent uk cecair telah 

dianalisis untuk menentukan kapasiti peneutralan asid dan kadar tindak balas 

peneutralan setiap satunya. Teknik yang digunakan adalah titratan berbalik. Asid 

hidroklorik berlebihan yang diketahui isipadunya ditindakbalas dengan suatu antasid 

dan larutan itu dititrat dengan NaOH dan penunjukfenolftalein sehingga mencapai lakat 

akhir. Keputusan diperolehi menunjukkan kapasiti peneutralan untuk antasid pepeja/ 

adalah dalam julat 0.72molltablet hingga 1.66 molltablet manakala bagi antasid cecair 

adalah dalam julat 0.66 mollmL hingga 1.65 mollmL. Keputusan yang diperolehi 

daripada titratan potentiometrik menunjukkan Povil boleh meneutralkan asid yang lebih 

ban yak di mana magnitud penurunan pH bagi Povil adalah lebih rendah berbanding 

Maalox-Plue dan Acta/. Bagi antacid cecair, MMI'mempunyai kapasiti peneutralan asid 

yang paling tingg; diikuti oleh Alueid dan Dhalumag. Maa/ox-Plus menunjukkan kadar 

tindak balas peneutralan paling linggi diikuti oleh Aetal dan Povil, dalam kedua-dua 

bentuk tablet dan juga serbuk. Bagi antasid ceeair, MMT menunjukkan kadar yang 

paling linggi diikuti oleh Alucid dan Dhalumag. Seeara perbandingan, antasid dalam 

bentuk cecair mempunyai kadar peneutralan yang lebih linggi berbanding antasid dalam 

benluk pepejal yang dianalisis. 

UMS 
UNIVERSITI MALAYSIA SABAH 



Vll 

CONTENT 

Page Number 

DECLARA TION ii 

CERTIFICATION iii 

ACKNOWLEDGEMENT iv 

ABSTRACT v 

ABSTRAK vi 

TABLE OF CONTENT VII 

LIST OF TABLES x 

LIST OF FIGURES XI 

UST OF UNITS, SYMBOLS AND ABREVTA TrONS xii 

CHAPTER 1 INTRODUCTION 

1.1 Antacid and its Application 

1.2 Objectives of Study 3 

1.3 Scope of Study 3 

CHAPTER 2 LITERATURE REVIEW 4 

2.1 Antacid 4 

2.1.1 Definition 4 

2.1.2 Active Ingredients in Antacid 4 

2.1.3 Formulation of Antacid Products 7 

2.1.4 Disadvantages of Active Ingredients 7 

2.2 Acid Neutralization Reactions of Antacids 8 

UMS 
UNIVERSITI MALAYSIA SABAH 



viii 

2.3 Acid Neutralization Capacity II 

2.3.1 Effect of Prod uct Type 11 

2.3.2 Effect of Dose 13 

2.3.3 Effect of Formulation 15 

2.3.4 Effect of Time or Rate 16 

2.3.5 Effect of pH 18 

2.4 Determination of Acid Neutralization Capacity of Antacid 19 

2.4.1 Back Titration 19 

2.4.2 pH Stat Method 20 

CHAPTER 3 METHODOLOGY 22 

3.1 Antacid Samples 22 

3.2 Preparation of Solutions 23 

3.2.1 Preparation ofNaOH Solution 23 

3.2.2 Preparation ofHCI solution 23 

3.3 Standardization of Solutions 24 

3.3.1 Standardization ofNaOH Solution 24 

3.3.2 Standardization ofHCI Solution 25 

3.4 Determination of Acid Neutralization Capacity 26 

3.4.1 Powder 26 

3.4.2 Liquid or Suspension 27 

3.4.3 Calculation of Acid Neutralization Capacity 27 

3.5 Potentiometric Titration 28 

3.5.1 Powder 28 

UMS 
UNIVERSITI MALAYSIA SABAH 



ix 

3.5.2 Liquid or Suspension 29 

3.6 Acid Neutralization Rate 29 

3.6.1 Powder 29 

3.6.2 Tablet 30 

3.6.3 Liquid or Suspension 30 

CHAPTER 4 RESULTS AND DISCUSSION 31 

4.1 Preparation and Standardization ofNaOH and HCI Solutions 31 

4.2 Acid Neutralization Capacity 31 

4.2.1 Powder 31 

4.2.2 Liquid 34 

4.3 Potentiometric Titration 37 

4.3.1 Powder 37 

4.3.2 Liquid 42 

4.4 Acid Neutralization Rate 45 

4.4.1 Tablet 45 

4.4.2 Powder 48 

4.4.3 Liquid 50 

CHAPTER 5 CONCLUSION 53 

REFERENCES 55 

APPENDIXES 

UMS 
UNIVERSITI MALAYSIA SABAH 



x 

LIST OF TABLES 

Page 

Table 2.] Active ingredients in common commercial antacids 9 

Table 2.2 Comparison of antacid dosages needed to equal an 80 mEq ANC ] 3 

Table 4.1 Results for Titration Data of Powdered Antacids 31 

Table 4.2 Results for Titration Data of Liquid Antacids 34 

UMS 
UNIVERSITI MALAYSIA SABAH 



Figure 1.1 

Figure 1.2 

Figure 2.1 

Figure 2.2 

Figure 2.3 

Figure 2.4 

Figure 2.5 

Figure 2.6 

Figure 2.7 

Figure 4.1 

Figure 4.2 

Figure 4.3 

Figure 4.4 

Figure 4.5 

Figure 4.6 

Figure 4.7 

Figure 4.8 

Figure 4.9 

Figure 4.10 

Figure 4.11 

Tablet antacid 

Liquid antacid 

LIST OF FIGURES 

Adjusted Acid Neutralization Curves (0.5 ml Antacid at pH 3.0) 

Adjusted Antacid Neutralization Curves (0.5 ml Antacid at pH 3.0) 

Rosset Rice Titration (DiGel) 

Neutralization of Calcium Carbonate (100 mg sample - 2.00 mEq) 

Rate of Acid Consumption (100 mg Calcium Carbonate) 

Acid Neutralization Profile for Maalox (Volume) 

Acid Neutralization Profile for Maalox (pH) 

Acid Neutralization Capacities of Powdered Antacids 

Acid Neutralization Capacities of Liquid Antacids 

Potentiometric Titration ofMaalox-Plus 

Potentiometric Titration of Actal 

Potentiometric Titration of Po vi I 

Potentiometric Titration of Mixture Magnesium Trisilicate (MMT) 

Potentiometric Titration of Dhalumag 

Potentiometric Titration of Alucid 

Acid Neutralization Rates of Tablet Antacids 

Acid Neutralization Rates of Powdered Antacids 

Acid Neutralization Rates of Liquid Antacids 

xi 

Page 

2 

2 

12 

14 

17 

18 

19 

21 

2] 

33 

36 

38 

39 

41 

43 

44 

46 

47 

49 

51 

UMS 
UNIVERSITI MALAYSIA SABAH 



xii 

LIST OF UNITS, SYMBOLS AND ABBREVIATIONS 

ANC Acid Neutralization Capacity 

USP United States Pharmacopeia 

MMT Mixture Magnesium Trisilicate 

M Molarity (molL-I) 

mEq milli-Equivalent 

K sp Solubility Product 

g gram 

mL milli Litre 

mg milli gram 

V volume 

DC degree Celsius 

n number of moles 

NaOH Sodium Hydroxide 

HCl Hydrochloric acid 

MW Molecular Weight 

Wo weight 

% percent 

w/w weight per weight 

RM Ringgit Malaysia 

UMS 
UNIVERSITI MALAYSIA SABAH 



CHAPTER 1 

INTRODUCTION 

1.1 Antacid and its application 

The parietal cells in the stomach secrete hydrochloric acid at a concentration of about 

0.155 M HCI to begin the chemical breakdown of the food that we eat. The flow of HCI 

increases when food enters the stomach. When eat or drink too much, the digestive system 

may generate too much acid. Excessive secretion of this acid can lead to many stomach 

problems such as heartburn or indigestion, gastritis, gastric ulcers and peptic acid disease. 

Antacid is a substance which is used by physicians to treat the excessive 

production of hydrochloric acid by the parietal cells lining the stomach. A little bit of 

NaOH might be as equally effective as antacid, but it is quite rough on the other digestive 

system, so antacids need to be formulated to reduce acidity while avoiding physiological 

side-effects. Many antacids use CaC03 for this purpose (Littman and Pine, 1975). 

Commonly used antacid preparations can contain anyone or combination of the 

following alkaline active ingredients: aluminium hydroxide, calcium carbonate 
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(commonly known as chalk), various magnesium compounds such as magnesium 

hydroxide and sodium bicarbonate. These active ingredients are used because they are 

weak bases since strong bases would lead to the risk of damaging the stomach if too much 

were taken. 

Antacids are over-the-counter medication where anyone can get them readily in 

local pharmacies or medical shops. Antacids are available in two different formulations 

such as tablet form as well as liquid or slurry form. There are many different brands of 

antacid available in market and contain a diverse range of active ingredients. Due to the 

differences in the active ingredients, the effectiveness or the acid neutralization capacity 

of antacid products is variable. An example of tablet antacid and liquid antacid is 

illustrated in Figure 1.1 and Figure 1.2. 

Figure 1.1 Tablet Antacid Figure 1.2 Liquid Antacid 
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1.2 Objectives of Study 

The objectives of this study are: 

a) To determine and compare the acid neutralization capacity of selected commercial 

antacid products. 

b) To determine the rate of acid neutralization of the antacid products 

1.3 Scope of Study 

In this study, different brands and formulations of antacids purchased from the local 

pharmacies will be analyzed to determine their acid neutralization capacity CANC) and 

acid neutralization rate. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Antacid 

2.1.1 Definition 

An antacid is any substance, generally a weak base, which can neutralize the stomach 

acids by reacting with them chemically. Antacids are swallowed to neutralize this excess 

acid and "relieve" but not eliminate the condition (Littman and Pine, 1975). The United 

States Pharmacopeia (USP) defines an antacid in terms of its ability to neutralize acid. To 

be called an antacid, the lowest dose of the substance when added to 10 mL of 0.5 N Hel 

(5 mEq) must produce a pH of 3.5 or greater after 10 minutes of stirring. This is a 

somewhat arbitrary choice that is not related to efficacy, and manufacturers can simply 

increase the minimum dosage to qualify as an antacid (Rockville, 1990). 

2.1.2 Active Ingredients in Antacid 

Antacids contain various kinds and amounts of active ingredients (base) as well as 

inactive binders, flavors, sweeteners, binders, filters, antifoam agents, pain relievers 

(aspirin) and other commercial goodies (Drake and Horlander, 1981). The active 
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ingredients neutralize acid through a variety of reactions while the inactive ingredients 

provide bulk and flavor. To decrease the possibility of the stomach becoming too basic 

from the antacid, buffers are added as part of the formulation of some antacids (Rhodes, 

1982). Some preparations contain substances such as magnesium trisilicate that reduce 

the formation of gas. 

a. Calcium carbonate 

Calcium carbonate is a fast-acting and potent antacid. The base present in this antacid is 

ion carbonate (COl } Compared to other active ingredients, its actions are more 

prolonged and its side effects less severe. Even though calcium carbonate can be used 

safely in small doses (0.5 g) for occasional gastric upset, it should not be used chronically 

for long-term treatments. Calcium carbonate is only very slightly soluble n water 

(Knodel, 1998). 

b. Magnesium salts (hydroxide, oxide, carbonate and trisilicate) 

Magnesium salts have less antacid potency than sodium bicarbonate and calcium 

carbonate. Even so, the magnesium salts are effective acid neutralizers. The actions of 

these salts are somewhat slow to develop, but are long-lasting. Use of the magnesium 

compounds is relatively safe even if continued for long periods of time. These agents do 

not cause the same severe adverse effects associated with sodium bicarbonate or calcium 

carbonate use. Because of these factors, magnesium salts are the most commonly used of 

the antacid ingredients. Magnesium hydroxide is the active ingredient found in most 
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aqueous suspension antacid . Mg(OH)2 is rather insoluble compound (Littman and Pine, 

1975). 

c. Aluminum salts (hydroxide, carbonate, phosphate) 

Aluminium salts possess the least amount of neutralizing capability of the antacid 

ingredients, particularly the aluminum phosphate salt, and are almost always combined 

with a magnesium salt. They are also slower to act than sodium bicarbonate and calcium 

carbonate (Gad ad et aI., 2006). 

d. Sodium Bicarbonate 

[t is the active ingredient found in ordinary baking soda and is a potent, effective, and 

fast-acting antacid. It quickly reacts with the hydrochloric acid of the stomach to form 

water, sodium chloride, and the gas, carbon dioxide. Although occasional, short-term use 

is well tolerated; chronic, continual use of this agent can be dangerous and should be 

avoided. Because of the potential problems with this antacid, its use is rarely 

recommended by physicians (Gadad et ai. , 2006). 

e. Dihydroxyaluminium Sodium Carbonate (NaAI(OHhC03) 

The dihydroxyaluminium compound contains two ions that can serve as bases: carbonate 

and hydroxide. 
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There are other forms of antacid that work in less direct means. There are two types of 

pharmaceutical drugs that act indirectly to reduce the amount of stomach acid. They are 

called histamine H2 antagonists (such as Pepcid, Zantac and Tagamet) and proton pump 

inhibitors (such as Prilosec and Prevacid). Both of these types' drugs act to suppress the 

formation of stomach acids. Essentially, they turn off the biochemical machinery that 

produces the stomach acid. These drugs are slower acting than the bases mentioned 

above, but they provide relief for a much longer time. They are usually taken by people 

with chronic stomach problems (Gaisford et aI., 2004). 

2.1.3 Formulation of Antacid Products 

Antacid products are either in the form of chewable tablets or suspensions. Chewable 

tablets should be masticated and swallowed at once, with a drink of water. According to 

Temple and Nahata (2000), chewable tablets can have unpleasant taste and grittiness 

mouth feel, leading to poor patient compliance. Hence, to circumvent these 

disadvantages, the non-chewable antacid tablets (disintegrating tablets) were formulated. 

2.1.4 Disadvantages of Active Ingredients 

Although the active ingredients in antacids are effective, each one has certain 

disadvantages. For example, sodium bicarbonate loses its effectiveness quickly, and 

many people must limit their intake of sodium. Magnesium compounds can cause 

constipation, aluminium hydroxide can act as a laxative, and calcium carbonate has an 

unpleasant taste (Littman and Pine, 1998). 
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All antacids have side effects, the most serious of which are metabolic. In clinical 

terms, the harmful sustemicside effects of calcium carbonate and sodium bicarbonate 

outweigh their benefit as neutralizing agents; they should rarely be employed in the 

treatment of acid-peptic disease. The more common antacid side effects of diarrhea 

(magnesium hydroxide) and constipation (aluminum hydroxide) are best managed by 

appropriately alternating the agents or by using one of the various antacid mixtures 

(Green et aI., 1975). 

2.2 Acid Neutralization Reactions of Antacids 

Since the active ingredients in antacids are weak bases, the reaction that takes place is an 

acid/base reaction. Bases in antacids neutralize acids by reacting with them to produce a 

salt and water. This chemical reaction of a weak base with stomach acid can be written in 

general form: 

Weak base + hydrochloric acid ---+ salt + water Eq.1 

Example of common neutralization reactions are shown in Table 2.1. It can be 

summarized that the neutralization reactions are dependent on the type of base present in 

the antacids. One mole of base can react with one to four moles of W. For example, one 

mole of AI(OH)3 reacts with three moles W whereas one mole of NaHC03 reacts with 

only one mole of W. Some antacids such as calcium carbonate or sodium bicarbonate are 

inorganic bases that react stoichiometrically with acid; each mole of the base neutralizes 

one mole of acid (MacCara et al., 1985). 
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Table 2.1 Active Ingredients in Common Commercial Antacids 

Compound Chemical Chemical Reaction 

Formula 

Aluminium AI(OH)3 AI(OH)3 (s) + 3HCI (aq) - AICb (aq) + 3H20 (I) 

hydroxide 

Calcium carbonate CaC0 3 CaC03 (s) + 2HCI (aq) - CaCh (aq) + H20 (I) + 

CO2 (g) 

Magnesium MgC03 MgC03 (s) + 2HCI (aq) - MgCh (aq) + H20 (I) + 

carbonate CO2 (g) 

Magnesium Mg(OH)2 Mg(OH)2 (s) + 2HCI (aq) - MgCh (aq) + 2H20 (I) 

hydroxide 

Sodium bicarbonate NaHC03 NaHC03 (s) + HCI (aq) - NaCI (aq) + H20 (I) + 

CO2 (g) 

Dihydroxyalum inurn NaAI(OH)2C03 NaAl(OHhC03 (s) + 4H'" (aq) - Na + (aq) + AI..)' (aq) 

Sod i urn Carbonate + 3H20 (I) + CO2(g) 

The dissociation of calcium carbonate is given by: 

CaC03 (s) ~ Ca2+ (aq) + C032- (aq) (Rxn. 1) 

The concentration of the base, CO?, is present in low concentrations. As predicted by Le 

Chatelier's Principle, as the C032- ion ofRxn. 1 is removed by the formation of HC03- in 

Rxn. 2, the equilibrium of Rxn. 1 will shift to the right, to compensate for the loss of 

CaC03 dissolves. The equations for the removal of the carbonate ion, bicarbonate ion and 

carbonic acid are: 

W (aq) + CO? (aq) ~ HC03- (aq) (Rxn.2) 

(Rxn.3) 

(Rxn.4) 

Rxn.2 shows the carbonate ion acting as a base to neutralize H+. Rxn. 3 and Rxn. 4 show 

that during the neutralization process, there are significant quantities of HC03- and 
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H2C03 present. (Actually, the H2C03 is present largely in the dissociated form of C02 

and H20). Since a mixture of a weak acid and its conjugate base is a buffer, this system 

will contain both of the HC03"/CO{ and H2C03/HC03" buffers during various stages of 

the neutralization (Mihaljovic et ai., 2006). 

If HCI is added to the H2C03IHC03" buffer, the acid is neutralized as HC03" 

(bicarbonate ion) accepts the proton of the acid and converts into H2C03 (carbonic acid). 

The pH will change very little during this process. This is good for stabilizing our 

stomach, but leads to difficulties when we try to determine the strength of an antacid by 

titration using an acid. A distinct indicator "endpoint", or color change, requires a rapid 

change of pH near the equivalence point of the titration, and this does not occur in a 

buffered solution. 

Magnesium hydroxide is insoluble and its dissociation is as seen in Rxn. 5. The 

low concentration of hydroxide ion in solution for a Mg(OH)2 slurry greatly lessens the 

effects of the strong OR" base on tissue. 

Mg(OH)2 (s) +4 M~+ (aq) + 20H" (aq) (Rxn.5) 

Ksp of Mg(OH)2 = 1.2 x 10"\\ (at 18°C) 

The concentration of hydroxide ion is never high enough to damage body tissue. As the 

hydroxide ion in solution reacts with stomach (as given in Rxn. 7), more Mg(OHh 

dissolves, as described in Rxn. 5. This provides additional OH" until the Mg(OH)2 is all 

dissolved. Similar reaction occurs for antacids which have aluminium hydroxide as the 

active ingredient. Since this compound is insoluble, one way to write equation for the 

reaction with acid is: 

(Rxn.6) 
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The hydroxide ions found in dihydroxyaluminium sodium carbonate, magnesium 

hydroxide and aluminium hydroxide compounds neutralize acid by Rxn. 7: 

01-r (aq) + H+ (aq) ---+ H20 (I) (Rxn.7) 

2.3 Acid Neutralization Capacity 

According to Drake and Horlander (1981), acid neutralizing capacity is the capacity to 

neutralize strong acids and is due to any dissolved species (usually weak acid anions) that 

can accept and neutralize protons. In the case of antacid, the acid neutralizing capacity is 

the amount of hydrochloric acid an antacid can neutralize. It is the quantity which is 

referred to in some advertisements when it is stated that the antacid "neutralizes X times 

its weight in stomach acid" (Gilman et al., 1975). 

The potency of antacids is expressed in terms of milli-equivalents (mEq) of Acid-

Neutralizing Capacity (ANC), which means the amount of stomach acid neutralized by 

the antacid per dose over a specified period of time (Miederer et aI., 2003). According to 

Temple and Nahata (2000) the ANC of antacid products vary considerably, depending on 

the product's ingredient(s) amounts, formulation, and manufacturer (brand). 

2.3.1 Effect of Product Type 

The acid neutralization test provides a basis for rational substitution of one antacid for 

another. According to Knodel (1998), most antacid products will effectively relieve mild 

gastroesophageal reflux disease (GERD) symptoms if taken in the appropriate doses. 

However, potency differs between antacid products. This means that one teaspoonful of 
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