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Abstract: Tablets are the most prescribed dosage form of pharmaceuticals due to their ease of administration, 

transportation, stability and low production cost. Tablets could be fabricated by direct compression which has 

fewer individual steps and thus is faster and less expensive than other granulation-based table fabrication 

processes. However, direct compression for tablets covering high drug dosage is challenging, since adequate 

flow and compressibility properties are difficult to achieve. The aim of this study was to obtain tablets 

containing 750 mg of calcium carbonate by direct compression. Calcium carbonate is used to treat and prevent 

diseases related to calcium deficiency and high quantities are necessary for meeting daily requirements of this 

nutrient. Different blends of excipients were prepared and evaluated in terms of flow and compressibility 

properties. Tablets were characterized by weight, hardness and friability, disintegration, dissolution, and unitary 

dose uniformity measurements. The final tablet formulation was in compliance with the requirements from 

Brazilian, British and the United States pharmacopeias, presenting satisfactory quality for further in vivo 

bioavailability studies and production at industrial scale. 
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Introduction 

Calcium is a primordial electrolyte that 

plays roles in several biochemical-signaling 

pathways. Most of the human body cells have 

a set of calcium signaling tools, with many 

components combined that promote blood 

pressure regulation, blood coagulation, nerve 

impulse transmission, muscle contraction, and 

tissue resistance and integrity [1,2]. The 

recommended daily calcium intake of 

approximately 1000 mg/day prevents calcium 

deficiency in healthy adults with stable bone 

formation and resorption, but it should increase 

to 1200-1300 mg/day for proper bone 

development of adolescents, and for elderly 

due to bone loss and increased calcium 

reabsorption [3–6]. 

Calcium carbonate and calcium citrate 

are the most used salts for daily calcium 

supplementation [7,8]. Despite calcium 

carbonate is less soluble than calcium citrate 

their absorption profiles in humans are similar 

[9]. In addition, calcium carbonate has a higher 

percentage of calcium (40%) in relation to 

calcium citrate (21%), which implies in a 

smaller number of tablets that must be ingested 

to meet the daily calcium intake requirement, 

thus improving acceptability from users [10–

12].  

Supplementing diet with calcium 

tablets has become an important strategy to 

achieve the daily calcium requirements 

worldwide and, therefore, it is included in the 

World Health Organization Model List of 
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Essential Medicines, and adopted at the 

Brazilian version of this list [13,14]. 

Direct compression is among the 

industrial processes used for producing 

pharmaceutical tablets. It is one the most 

simple and advantageous processes since it 

consists of one compression step in which 

active principle and excipients are mixed 

without pre-formation of granules [15,16]. 

Direct compression is essentially affected by 

the properties of the components which should 

display high performance, quality, and 

consistency, but considering the scaled-up 

production of tablets, this method is time-

saving and cheap, as it basically involves 

powder mixing and compression, thereby 

reducing losses and possible errors related to 

successive manipulation steps [17–19]. 

Therefore, the aim of this study was to produce 

750 mg calcium carbonate tablets by direct 

compression. Different adjuvants were tested 

in order to enhance the compression efficiency. 

 

 

Materials and Methods 

 

Materials 

The ingredients used in the tablet 

formulations (Table 1) were of pharmaceutical 

grade. Calcium carbonate (990.8 mg/g purity) 

and magnesium stearate were acquired from 

DEG, Carbosil DC90
®
 (990.4 mg/g purity) 

from Erves Farmacêutica, starch 1500
®
 

(pregelatinized starch) from Colorcon, corn 

starch and 101 microcrystalline cellulose from 

Pharma Nostra, spray-dried lactose from Ciel, 

crospovidone from AISP, Explosol
®
 from 

Embrafarma, Aerosil 200
®
 from Henrifarma, 

and sodium lauryl sulfate from Emfal. All 

reagents and solvents used in the quality 

control analyses were of analytical grade.  

 

       Table 1 – Percentage composition of excipients in calcium carbonate tablets 

Ingredients F1 F2 F3 F4 F5 

Starch 1500
®
 - - 15 - - 

Corn starch 15 15 - 15 - 

101 Microcrystalline cellulose 62 20 20 20 48 

Spray-dried lactose 20 61 61 61 48 

Crospovidone - 3 3 - - 

Explosol
®
 2 - - 3 3 

Magnesium stearate 0.5 - - - - 

Aerosil 200
®
 0.5 - - - - 

Sodium lauryl sulfate - 1 1 1 1 

Tablet weight 1.5 g 1.5 g 1.5 g 1.5 g 1.0 g 

 

 

Formulation Development 

Five formulations of 750 mg calcium 

carbonate tablets were proposed (F1 to F5) to 

be prepared by direct compression at a pilot 

scale (Table 1). All formulations were 

prepared using Carbosil DC90
®
 equivalent to 

750 mg calcium carbonate. 

 

 

 

 

Determination of Flow and Compressibility 

properties 

Micromeritic properties of the raw 

materials (calcium carbonate and Carbosil 

DC90
®
) and powder mixtures (drug + 

excipients) were evaluated by flow, angle of 

repose, compressibility index (CI) and Hausner 

ratio (HR) determinations, as described in the 

British and United States pharmacopeias 

(Table 2) [20,21]. 
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Table 2 – Analysis of the flow and compressibility of raw materials and mixtures of powders 

Raw material/ 

Mixture 

Flow ratio  

(g/s) 

Angle of  

repose 
CI (%) HR 

Calcium carbonate 0.88 34º 37 1.58 

Carbosil DC90
®
 4.60 18º 8 1.09 

F1 1.58 21º 8 1.08 

F2 4.49 21º 15 1.13 

F3 4.05 21º 11 1.11 

F4 4.02 21º 12 1.14 

F4T 1.39 21º 8 0.98 

F5T 3.76 19º 10 1.11 

 

Flow ratio was calculated by the 

weight variation per time unit of the powder 

mixture after passage through a funnel [22]. 

Angle of repose was also used as an indication 

of the powder flow capacity; this was 

determined by allowing an excess quantity of 

powder mixture to drain from a funnel. After 

formation of a powder cone on the base, the 

angle of repose was determined as the ratio 

between the cone height and the radius of the 

base. 

CI and HR were calculated from the 

bulk density and tapped density of powder, 

measuring the volume of the initial unpacked 

powder and again after tapping the powder 

until no further volume changes occur, as 

follows: 

HF = dt/db 

CI (%) = (db – dt) x 100/dt 

 

Production of pilot tablet lots 

Calcium carbonate tablets were 

produced by direct compression. Briefly, all 

ingredients were weighed, sieved, and mixed 

in a twin shell blender (Powdermix, Brazil) in 

this order: Carbosil DC90
®
, 101 

microcrystalline cellulose, spray-dried lactose, 

corn starch or Starch 1500
®
, Explosol

®
 or 

crospovidone. The mixture was homogenized 

at 5.5 rpm for 30 minutes. Finally, Aerosil 

200
®
 and magnesium stearate or sodium lauryl 

sulfate was added to the mixture which was 

further homogenized for 10 minutes. 

The tablets were compressed in an 8-

station rotary compression machine (Stinfer 

STR-mini; São Paulo, Brazil), using a set of 

concave punches Stinfer STR-15 mm.  

The compression pressure was set at 

99,650 kgf and 1,000 tablets were produced in 

each pilot lot. 

 

Characterizations of compressed tablets 

Characterizations and quality analysis 

of the produced tablets were performed in 

accordance with the Brazilian, British and 

United States pharmacopeias [20,21,23]. 

Visual appearance, color, brightness, odor, and 

texture of each table were registered and a 

caliper rule (Digimess-PG2000; São Paulo, 

Brazil) was used to check the diameter and 

height of each tablet.  

The mean table weight was determined 

from 20 individual measurements and a 

variation of ±5.0% was considered to be 

acceptable for the individual tablet units. 

Tablet breaking force, which is the force 

required to fracture a tablet, was determined 

from 10 tablets of each formulation using a 

durometer [20,21,23] (Nova Ética-298.0100; 

Vargem Grande Paulista, Brazil).  

Friability measurements were 

conducted on 20 tablets of each formulation, 

which were weighed before and after being 

submitted to abrasion forces in a friabilator 

(Nova Ética-300; Vargem Grande Paulista, 

Brazil) for 4 min at 25 rpm. The powdered dust 

was removed before the tablets were weighed 

again, and weight loss percentage during 

testing was calculated. Tablets with friability 

less than or equal to 1.0% of their weight are 

considered acceptable [20,21,23]. 
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Tablet disintegration time was measured 

on 6 tablets of each formulation using a 

disintegration apparatus (Nova Ética-301; 

Vargem Grande Paulista, Brazil). 700 mL of 

distilled water at 37 ± 1 ° C was used as a 

solvent and the test was conducted for 30 

minutes. The time was recorded when all 

tablets left no material on the mesh [20,21,23]. 

Dissolution tests were performed on 6 

tablets of each formulation using 900 mL of 

0.1 M HCl solution at 37 ± 0.5 °C in a 

dissolution test apparatus (Nova Ética-299; 

Vargem Grande Paulista, Brazil). The USP 

Type II apparatus (paddle) was used at a 

rotation speed of 75 rpm. Samples were 

collected, filtered and analyzed for drug 

content determination. The tolerance for the 

labeled calcium carbonate amount dissolved 

after 30 minutes is of 75% (Q) [20,21,23]. 

Drug content was determined using the 

method proposed by Santana and colleagues 

[24], which is a variation of the monograph for 

calcium carbonate determination in the United 

States Pharmacopeia [21]. The method consists 

of performing a titration using 0.05 M edetate 

disodium volumetric solution and 150 mg 

hydroxy naphthol blue as an indicator until the 

solution presents a distinct blue color. The 

tablet was considered acceptable if the amount 

of calcium was between 90.0% and 110.0% 

with respect to the expected amount 

[20,21,23]. 

Uniformity of dosage units was 

assessed by the weight variation (WV) test. 

The amount of drug per unit was estimated 

from the results of the drug content test and 

individual weight measurements, assuming a 

homogeneous distribution of the active 

component in the tablet.  

Acceptance value (AV) was calculated 

using the following equation: 

 

AV= |M-X| + kS 

 

where k is 2.4 while testing 10 tablets, S is the 

standard deviation of drug content assay values 

of 10 tablet units, and X is mean of the assay 

values. M =X when X value is between 98.5 -

101.5%. M = 98.5% if X value is below 98.5% 

and M =101.5% if X value is above 101.5%.  

 

Data analysis 

Statistical analyses were carried out 

using one-way analysis of variance 

followed by Tukey’s test. Difference 

among mean values were considered to be 

statistically different for p  0.05. 

 

Results and Discussion 

 

Flow and compressibility properties of active 

ingredients and formulations 

Flow and compressibility properties of 

calcium carbonate and Carbosil DC90
®
 were 

determined in order to select the best 

ingredient for the calcium carbonate tablets. As 

expected, the calcium carbonate powder 

exhibited a weak fluidity with a high CI [25], 

in addition to presenting a very low HR (1.46 

to 1.59). As can be seen in Table 3, it is not 

interesting to use calcium carbonate in tablets 

produced by direct compression [20,21]. 

However, Carbosil DC90
®
 showed high flow 

ratio, with excellent angle of repose, CI and 

HR. The presence of 10% starch in its 

composition with controlled granulometry 

enhanced flow and compressibility properties 

of calcium carbonate. Therefore, Carbosil 

DC90
®
 was selected as the ingredient to be 

used in the tablet formulations. 
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Table 3 – Mean weight and variation of the tablets from the produced pilots 

Pilot formulation Mean weight (g) Range of weight (g) RSD (%) 

F1 1.48 1.45 - 1.54 0.98 

F2 1.53 1.52 - 1.55 0.65 

F3 1.54 1.51 - 1.57 1.01 

F4 1.47 1.45 - 1.54 0.94 

F4T 1.51 1.50 - 1.55 0.54 

F5T 1.00 0.98 - 1.02 0.83 

 

Powder mixtures were evaluated in 

order to identify the formulation comprising 

the best characteristics of flow, density, and 

compaction for the direct compression tablet 

fabrication process. Formulations F1 to F4 

were proposed with different compositions. 

Formulation F1 presented excellent angle of 

repose, CI and HR values, but the flow ratio 

was low (1.58 g/s). 

Formulations F2 to F4 presented an 

excellent angle of repose, all below 30º, but CI 

and HR could not be considered excellent. 

Formulation F4 was further ground in a mortar, 

sieved through a 40 mesh drum sieve, with 420 

µm opening and its properties were determined 

again (FAT). Clearly, F4T presented excellent 

angle of repose, CI and HR values, but again 

the flow ratio was low (1.39 g/s). 

Finally, the concentration of the 

excipients was reduced, so that the tablet had a 

final mean weight of 1 g. This formulation was 

also ground and sieved, named F5T. This 

formulation presented excellent flow and 

compressibility characteristics and higher flow 

ratio (3.76 g/s).  

Altogether, all the other formulations 

can also be considered adequate for tablet 

fabrication by direct compression. 

 

Characterization of calcium carbonate tablets: 

Characteristics and weight variation 

All tablets were homogeneous white, 

with characteristic brightness, smooth texture, 

odorless and with no break-mark. The tablet 

thickness was 4.0 ± 0.2 mm and the mean 

diameter was 15.1 ± 0.2 mm. 

Formulations F1 to F4 had a 

theoretical weight of 1.5 g, while F5 was 1.0 g. 

Thus, weight variation was considered suitable 

if it ranged from 1.425 g to 1.575 g and from 

950 mg to 1.05 g, respectively. As can be seen 

in Table 3, the mean weight was found to be 

near the theoretical value for all produced 

tablet pilots. Also, the minimum and maximum 

weights observed (Table 4) for the tablets in all 

pilots were within the range determined, 

indicating an acceptable weight variation. In 

addition, the relative standard deviation (RSD) 

of weight variation did not exceed 5%, thus the 

variation was also considered low. 

 

Table 4 – Performance of the tablets in the tests of mechanical resistance and disintegration 

Pilot formulation 
Mean breaking force 

(kgf) 
Friability (%) Disintegration time 

F1 6.3 20.7 27 s 

F2 5.7 28.3 1.47 min 

F3 4.7 55.6 1.48 min 

F4 4.9 24.7 1.53 min 

F4T 5.7 4.7 3.2 min 

F5T 11.5 0.5 6 min 
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Mechanical resistance and disintegration  

The results of mechanical resistance, 

tablet breaking force and friability percentage 

are described in Table 4. Tablets F1 to F4 

showed low breaking force (4.9 to 6.3 kgf) and 

high friability (4.7 to 55%), while F5T showed 

the highest hardness (11.5 kgf) and low 

friability (0.5%). It is recommended that 

tablets do not present friability higher than 

1.0% [20,21] then only tables F5T could be 

considered suitable with basis on this 

parameter. 

One main factor determining the 

resistance of tablets to breaking forces is the 

compression pressure applied to the powder, 

which also directly influences the 

disintegration rate. Tablets should not ideally 

exhibit high friability so that they do not 

fragment into smaller pieces by friction during 

transportation.  

 

 

 

Tablets that undergo high pressures 

during production may have adequate friability 

and hardness, but they may last too long times 

for disintegrating [26]. 

All tablet formulations disintegrated 

within a few minutes (Table 5). Considering 

that the general specification for disintegration 

of uncoated tablets is 30 minutes, all 

formulations were considered satisfactory. In 

addition, they presented lower disintegration 

time when compared with a previously 

developed oral calcium carbonate formulation 

[27].  

Disintegration tests are important to 

assess the effect of processing variables on the 

biopharmaceutical properties of 

pharmaceutical tablets, as well as they serve as 

a control procedure for evaluating the quality 

reproducibility of the tablet during production. 

In this sense, These results were already 

expected, once tablets obtained by direct 

compression have better flow and cohesion 

properties, which allow direct compaction of 

drugs without previous granulation [16,28]. 

 

Table 5 – Percentage of calcium carbonate dissolved in the tablets 

Replicate % Dissolved 

01 99.08 

02 99.08 

03 99.08 

04 105.28 

05 99.08 

06 105.28 

Mean 101.1 ± 3.2 % 

 

Previous reports on development of 

calcium carbonate tablets by direct 

compression have focused in instantaneous 

disintegration and thus, oral dispersion tablets 

and effervescent tablets were developed and 

characterized. Although those tablets exhibited 

faster disintegration than the tablets developed 

in this study, the latter still displayed short 

disintegration times (less than six minutes), 

thus fulfilling the requirement stipulated by 

pharmacopoeias [29,30]. 

 

Dissolution, drug content, and uniformity of 

dosage units 

Considering that formulations F1 to F4 

were unsatisfactory in the friability test, only 

formulation F5T in the pilot was tested for 

dissolution, drug content and uniformity.  
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Among the 6 analyzed samples in the 

first stage, mean quantity dissolved was 101.1 

± 3.2 %, and each unit presented dissolution 

greater than Q + 5%, i.e, 80% of the labeled 

amount (Table 6).  

Dissolution is the percentage of active 

compound released and dissolved in a 

determined medium, at a time, in this case, of 

30 minutes. This is an in vitro physicochemical 

test used to estimate the in vivo dissolution 

profile. The use of inappropriate excipients 

entails inconsistent tablet weight, 

unsatisfactory tablet strength, lack of 

uniformity or segregation, and dissolution 

failure. Microcrystalline cellulose is generally 

considered a diluent with good dry-binding and 

self-disintegrating properties [31]. Once 

produced by direct compression, the tablets 

disintegrate into primary particles, rather than 

granules, providing an increase of surface area 

and consequently improving dissolution [19]. 

Assay for drug content in F5T pilot 

reported 102.96 ± 0.62 % of the expected 

amount, which is within the recommended 

range of 90.0 to 110.0% [21]. The uniformity 

of dosage units quantifies the active 

components in individual tablet units of the 

produced batch to verify whether this amount 

is uniform among them. This test was 

performed by the WV method for F5T pilot. 

The AV of the compressed tablet was found to 

be 10.34, below the limit of acceptance L1 = 

15 [20,21,23]. 

 

 

Conclusion 

The comparative analysis regarding the 

evaluation of different formulations for 

producing 750 mg calcium carbonate tablets by 

direct compression was proved to be very 

important for the selection of best adjuvants 

and their concentrations. These components 

resulted in tablet formulations with good flow 

and compression properties, especially F5T 

formulation. The final product developed, F5T, 

with a final tablet weight of 1.0 g, was found to 

meet the requirements from Brazilian, British 

and the United States pharmacopeias. It also 

displayed satisfactory quality for further in 

vivo bioavailability studies and production at 

industrial scale. 
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