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Abstract
Background. Sugar substitutes are used by diabetic, obese and calorie-conscious people. As artificial swe-
eteners are harmful to the body, natural sweeteners are more suitable. Sugar substitutes are available on the 
market in tablet forms, which are added to hot or cold drinks. Rapid disintegration and dissolution of sugar 
substitute-loaded tablet is desired. However, the tablets should be hard enough to maintain their integri-
ty during mechanical shocks.

Objectives. The objective of this research was to develop rapidly disintegrating and dissolving stevia-lo-
aded tablets with appropriate wetting, hardness and friability.

Material and methods. Several tablets were prepared using different superdisintegrants using the direct 
compression method. Flowability tests of the powder blends were performed before compression; these 
test took into account such physical parameters as bulk density, tapped density, angle of repose, compres-
sibility index, and Hausner’s ratio. Evaluation of the compressed cores was accomplished with weight varia-
tion, hardness, thickness, friability, disintegration time, wetting time, and dissolution.

Results. The disintegration time and wetting time of  the tablets were in the following order: sodium 
starch glycolate > croscarmellose sodium > crospovidone containing tablets. A powder blend consisting 
of stevia extract, crospovidone, lactose, and magnesium stearate at the optimized ratio of 15/2.5/32/0.5 
(w/w/w/w) showed the best flow, rapid disintegration (38 ±0.894 s), wetting (30 ±1 s), and dissolu-
tion (~ 95% in 1 min). Moreover, this formulation showed more rapid wetting (30 ±1 s vs 91 ±1.9 s), 
disintegration (38 ±0.894 s vs 143 ±1.276 s) and dissolution (~ 95% vs 60% in 1 min) than a commer-
cial product.

Conclusions. The tablet consisting of stevia, crospovidone, lactose, and magnesium stearate at the we-
ight ratio of 15/2.5/32/0.5 showed excellent results with regards to dissolution and disintegration; accor-
dingly, this formulation could be a potential sugar substitute for diabetic, obese and/or calorie-conscious 
individuals.
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Introduction 
Sweetness is a  pleasing sensation produced by the 

presence of  sugars, which are an important substance 
of  daily human life. Sugar beet and sugarcane are the 
main sources of  sugar. However, sugar obtained from 
these sources is not suitable for diabetic patients, obese 
and/or calorie-conscious people, as sugar-sweetened 
food is highly caloric and results in high glycemic  
index.1,2 Consumption of  such meals disturbs glucose 
and insulin levels, alters normal metabolism and hor-
monal balance, and promotes obesity.1 Accordingly, 
different sugar substitutes are extensively consumed by 
individuals who are cautious about their health but want 
to fulfill their craving for sugar. Consumption of diet and 
drinks which have non-nutritive sweeteners has sub-
stantially increased over the past few decades. It  is es-
timated that about 15% of the US population consumes 
non-nutritive sweeteners.3

A sugar substitute is a food additive which has the taste 
of sugar but contains few or no calories.4,5 It may be ob-
tained from a  natural or a  synthetic source. Examples 
of  natural sugar substitutes include mannitol, lactitol, 
xylitol, maltitol, isomalt, sorbitol, etc., while synthetic 
sugar substitutes include aspartame, calcium cyclamate, 
thaumatin, saccharin, neotame, acesulfame potassium, 
sodium cyclamate, sucralose, etc.6 On the basis of caloric 
values, a sugar substitute may be nutritive or non-nutri-
tive. Nutritive sugar substitutes, such as monosaccharides 
(e.g., sorbitol, xylitol, mannitol, erythritol, etc.), disaccha-
rides (e.g., isomalt, maltitol, isomaltulose, trehalose, etc.) 
and polysaccharides (e.g., hydrogenated glucose syrup), 
are caloric sweeteners.7,8 Non-nutritive sugar substitutes, 
such as saccharin, aspartame, neotame, acesulfame-K, 
cyclamate, dulcin, stevia, and sucralose, are usually non-
caloric and produce more intense sweetening sensation 
than the regular sugar.9 Natural sugar substitutes are be-
coming more popular owing to their harmless nature, 
while artificial sweeteners possess some documented 
health hazards.10

Stevia, a non-caloric natural sugar substitute, is extract-
ed from leaves of Stevia rebaudiana (Bertoni). Amongst 
200 species of genus Stevia, only Stevia rebaudiana pos-
sesses property of sweetness.11 Stevia contains alkaloids, 
flavonoids, caffeic acid, chlorogenic acid, oligosaccha-
rides, amino acids, etc.12 The chief active sweetening 
agents in stevia are steviosides, rebaudioside  A, rebau-
dioside C, dulcoside A, and other glycosides of the diter-
pene steviol.13 Steviol (Fig. 1) is the basic structural unit 
of these glycosides. Stevia is very cheap and easily avail-
able; therefore, it has been extensively used for decades to 
sweeten various foods in Brazil, Korea and Japan.14 Stevia 
enhances insulin sensitivity.8 Moreover, it possesses an-
tihypertensive,15,16 antihyperglycemic17,18 and antiviral19 
properties. It also has been used in masking the bitter and 
obnoxious taste of some drugs.20

Tablets of a sugar substitute undergo in vitro disintegra-
tion and dissolution; accordingly, their rapid disintegra-
tion and dissolution is desired as soon as they are added 
to a  beverage, coffee or tea. Superdisintegrants, usually 
hydrophilic polymers, are the excipients which are added 
to solid dosage forms such as tablets, pellets or granules 
to help in breaking up the compact mass as it comes in 
contact with the liquid environment. These are frequently 
employed for immediate release products, where quick 
release is the basic requisite.21 Superdisintegrants, such 
as crospovidone, sodium starch glycolate, croscarmel-
lose sodium, etc., can play a significant role in the rapid 
disintegration and dissolution of such tablets due to their 
swelling and wetting characteristics. Nevertheless, the 
tablets should also be hard enough to maintain their in-
tegrity during handling, mechanical shocks, blistering, 
packaging, and transportation. Inadequately friable tab-
lets may crumble during these processes.

Tablets may contain an active ingredient and a number 
of excipients. In direct compression of  tablet formation, 
all raw constituents are blended well before being subject-
ed to compression under optimized conditions. Adequate 
flow of powder blend from hopper to die of a tablet ma-
chine is necessary for proper formation of tablets. Insuf-
ficient flow of powder blend may result in incomplete or 
very friable tablets.

In the present research, rapidly disintegrating and dis-
solving tablets were formed using stevia, lactose, magne-
sium stearate, and different quantities of selected superdis-
integrants. The superdisintegrants tested in this study were 
croscarmellose sodium, crospovidone and sodium starch 
glycolate. Before direct compression, each powder blend 
was tested for its flowability by measuring bulk density, 
tapped density, angle of repose, Hausner’s ratio, and com-
pressibility index.22 Evaluation of the compressed cores was 
performed by determining their assay, hardness, friability, 

Fig. 1. Structural formula of steviol
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weight variation, disintegration time, wetting time, and dis-
solution rate. Fourier transform infrared (FTIR) spectrum 
of  the selected tablet was compared with that of  its cor-
responding powder blend in order to determine the po-
tential chemical interaction among the constituents upon 
compression. Moreover, wetting time, disintegration time 
and the dissolution rate of  the selected formulation were 
compared with those of a commercial product. 

This research does not involve exploitation of human, 
animals or other living things as experimental subjects.

Material and methods 

Material 

Stevia extract (Rebaudioside A) was obtained from 
Xinghua GL Stevia Co. (Taizhou, China). Sodium starch 
glycolate was acquired from Hangzhou Zhongbao Co. 
(Hangzhou, China). Crospovidone was procured from Eu-
rotrade World Commerce, S.L., (Madrid, Spain). Croscar-
mellose sodium was purchased from Accent Microcell Co.  
(Ahmedabad, India). Magnesium stearate was bought 
from Linghu Xinwang Chemical Co. (Huzhou, China). 
Spray-dried Lactose was purchased from DMV–Fonterra 
GmbH and Co. (Goch, Germany). Nocal tablets, the com-
mercial pro duct, were kindly gifted by NovaMed Pharma-
ceutical Co. (Lahore, Pakistan).

Preparation of powder blends  
for compression 

Each powder blend consisted of  stevia extract, spray-
dried lactose, magnesium stearate, and a superdisintegrant 
(croscarmellose sodium, crospovidone or sodium starch 
glycolate) for a batch of 500 tablets. Each superdisintegrant 
was tested at 2%, 3% and 5% concentrations. The detailed 
composition of each powder blend is given in Table 1. For 
each formulation, all the ingredients were weighed individ-
ually on a calibrated electronic weighing balance. At first, 
lactose was passed through European sieve #600. Subse-
quently, stevia extract was sifted from the same sieve and 
both were thoroughly mixed for 5 min. Then, the select-

ed superdisintegrant, at 2%, 3% or 5% concentration, was 
sieved and added to this binary blend and mixed for 5 min 
again. Finally, magnesium stearate was sieved and poured 
into the ternary blend and mixed for 5 min again to achieve 
a final powder blend for direct compression. 

Pre-compression flowability  
of powder blends 

Prior to direct compression, each powder blend was 
tested for its flow property. Flowability was assessed us-
ing Hausner’s ratio, compressibility index and angle 
of repose.22 Bulk density (DB, g/cm3) and tapped density  
(DT, g/cm3) for each powder blend were determined us-
ing the KYT-4000 instrument (Seishin Co., Tokyo, Japan). 
The compressibility index and Hausner’s ratio were de-
termined using the following formulas: compressibility 
index (IC)  =  (DT − DB) / DT  ×  100 and Hausner’s ratio  
(HR) = DT / DB, respectively. The angle of repose was mea-
sured using an ABD-72 powder peculiarity tester (Tsutsui 
Scientific Instruments, Tokyo, Japan). Each powder blend 
was allowed to flow through the funnel to form a stable 
symmetrical cone. The formula for the angle of repose is 
θ = tan−1 (2h / d), where h – height of the pile and d – mean 
diameter of the periphery of the cone base.

Formation of tablets 

Nine batches, each comprised of 500 tablets, were pre-
pared via the direct compression method using a ZP-17 
rotary tablet press (Shanghai, China). The composition 
of each tablet is listed in Table 1. For each formulation, 
the powder blend was subjected to direct compression. 
The circular tablets of about 5 mm diameter and 2.5 mm 
thickness with both sides plain were obtained for further 
evaluation.

Evaluation of compressed cores 

Assay of tablets 

Twenty tablets were ground thoroughly using a pestle 
and mortar. The resultant powder, equivalent to 15  mg 
stevia extract, was poured into a 50 mL volumetric flask 

Table 1. Composition of powder blends or tablets

Constituents [mg]
Formulations

F1 F2 F3 F4 F5 F6 F7 F8 F9

Stevia extract 15 15 15 15 15 15 15 15 15

Croscarmellose sodium 1.0 1.5 2.5 – – – – – –

Crospovidone – – – 1.0 1.5 2.5 – – –

Sodium starch glycolate – – – – – – 1.0 1.5 2.5

Lactose (spray dried) 33.5 33.0 32.0 33.5 33.0 32.0 33.5 33.0 32.0

Magnesium stearate 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Total weight per tablet 50 50 50 50 50 50 50 50 50
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and completely dissolved in 20 mL diluent with magnet-
ic stirring for 15 min at room temperature. The diluent 
consisted of distilled water and acetonitrile (68/32, v/v). 
Then, the final volume was made up to 50 mL and filtered 
(0.45 µm). The theoretical concentration of the resultant 
solution was 300 µg/mL. The actual concentration in the 
filtrate (20 µL) was measured using an HPLC system (LC 
20-AT; Shimadzu, Kyoto, Japan). The column used in the 
analysis was Capcell Pak C18 column (Shiseido, 4.6 mm 
I.D. × 25 cm, 5 µm) at 40°C. The mobile phase, 0.01 M 
sodium phosphate buffer and acetonitrile (68/32, v/v), 
was eluted at a rate of 1 mL/min. The eluent was analyzed 
at 210  nm for measuring stevia titer. The inter-day and 
intra-day variances in the precision and accuracy of  the 
method were within the acceptable limits (r2 =  0.9999). 
For each formulation, the assay was performed in tripli-
cate. The assay was determined using the following for-
mula: SC = SA/ST × 100, where SC is the assay (%), SA is 
actual concentration (µg/mL), and ST is the theoretical 
concentration (300 µg/mL). 

Weight variation 

Twenty tablets were taken randomly for each formu-
lation. Each tablet (50 mg) was weighed on a calibrated 
weighing balance (ATV 224 Model, Shimadzu, Japan). 
The requirements were met if the average weight of the 
tablets is within ±10% range, with no more than 2 tablets 
differing from the average weight by more than ±10% and 
with no tablet differing in weight by ±20%.23

Hardness test 

Hardness of the tablet is reflected by the minimum force 
required to break the tablet in a  diametric compression. 
The hardness of  10 randomly selected tablets was deter-
mined using a digital PortTAB-01 portable tablet hardness 
tester (TorontechTM, Markham, Canada). Each tablet was 
carefully placed between the 2 jaws. Then, the movable 
jaw was screwed towards the fixed jaw. For each tablet, the 
minimum force at which the tablet broke was recorded and 
the average force of all the tablets was calculated.

Thickness 

Ten tablets were selected randomly from each batch. 
The thickness of each tablet was measured using a Ver-
nier calipers. Then, the average thickness was calculated 
and recorded for each batch.24

Friability test 

The friability test of tablets was carried out using a Phar-
matest PTF3DR 3-drum automated friability testing in-
strument (Pharma Test Apparatebau AG, Hainburg, Ger-
many). For each formulation, 130 randomly taken tablets 

were dedusted and weighed carefully. These tablets were 
placed in the friabilator drum. The friabilator drum was ro-
tated at 25 rpm for 4 min. Then, after the screening of fines, 
tablets were reweighed. Friability (%) was determined by 
the following formula: Friability (f ) = (Wi − Wf) / Wi × 100,  
where Wi is the initial weight of  the tablets before being 
subjected to the friability test and Wi is the final weight 
of the tablets after the test. The weight of the tablets lost 
during the test should not exceed 1%.25 The test was per-
formed in triplicate for each batch.

Wetting time 

An aqueous solution of eosin (a water-soluble dye) was 
prepared using distilled water. Ten milliliters of this solu-
tion was poured into a petri dish and spread evenly. Three 
filter papers, cut in accordance with the inner dimensions 
of the petri dish, were placed over the spread solution in 
layers. The solution rapidly seeped across the filter papers 
due to capillary action. For each formulation, 6 tablets 
were randomly selected for this test. Each tablet was care-
fully placed on the soaked filter papers and observed visu-
ally for the spreading of blue colour across the tablet. The 
minimum time for the tablet to become completely blue 
was noted and regarded as the wetting time of  the cor-
responding tablet.24 The average time of wetting for each 
formulation was calculated.

Disintegration test 

Disintegration test was accomplished using a  disinte-
gration tester (Torontech). For each formulation, 6 tablets 
were randomly taken for this test. One tablet was inserted 
in each tunnel of the basket and a disc was subsequent-
ly introduced. The disintegration was performed using 
900 mL of distilled water as a disintegration medium. The 
basket speed was set at 30 cycles/min. The test was per-
formed 3 times for each batch. The average disintegration 
time was calculated along with standard deviation (SD).

Dissolution test 

Dissolution test was performed using the USP dissolu-
tion apparatus II (Vision® classic 6TM; Hanson Research 
Co., Los Angeles, USA). For each formulation, 6 tablets 
were randomly selected for testing. Each 50 mg tablet, con-
taining 15 mg of stevia extract, was dropped in a dissolu-
tion vessel containing 500 mL of distilled water. The tem-
perature of the dissolution medium was maintained at 37 
±0.5°C by the surrounding water-bath. The paddle rotation 
was set at 50 rpm. From each dissolution vessel, 1 mL of the 
dissolution medium was sampled at each pre-set time in-
tervals (0.5 min, 1.0 min, 3.0 min, and 4.5 min), centrifuged 
at 5000 × g for 5 min (5417-R; Eppendorf AG, Hamburg, 
Germany) and filtered (0.45  µm) separately. Each filtrate 
was analyzed using the HPLC method as described above.
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FTIR spectroscopic analysis 

The Alpha FTIR Spectrometer (Bruker Optik GmbH, 
Ettlingen, Germany) was used for the FTIR spectroscopic 
analyses of the selected formulation and its correspond-
ing powder blend or physical mixture. On the sample disc, 
a minute quantity of the formulation or powder blend was 
placed in the cavity below the scanning lens. The sample 
was scanned over a range of 400–4000 cm−1. The selected 
formulation or the corresponding powder blend consist-
ed of  stevia extract, crospovidone, spray-dried lactose, 
and magnesium stearate (15/2.5/32/0.5, w/w/w/w).

Results and Discussion 
Because tablets containing a sugar substitute are added 

to a drink or food, their immediate disintegration and dis-
solution are desired. However, endeavours to achieve rap-
id disintegration may lead to decreased hardness and in-
creased friability of the tablets. The tablets must be hard 
enough to endure the mechanical shocks connected with 
handling, manufacturing, packaging, and transportation. 
Utilization of  superdisintegrants for enhancing disinte-
gration and dissolution rates of tablets, without substan-
tially disturbing hardness and friability, is a good idea.

Superdisintegrants such as crospovidone, sodium 
starch glycolate and croscarmellose sodium are used as 
excipients in a solid dosage form to help with the quick 
dispersal of bound particles, thereby accelerating the dis-
solution rate; accordingly, they are frequently used as ex-
cipients in immediate release products.21 The aim of our 
study was to develop a stevia-loaded tablet which, when 
added to a drink or food, immediately disintegrates and 
dissolves to make it sweeter as soon as possible. There-
fore, crospovidone, sodium starch glycolate and croscar-
mellose sodium were used as superdisintegrants in the 
present research.

Direct compression is the most convenient method to 
manufacture tablets. It has several advantages includ-
ing cost-effectiveness, stability, quick dissolution, and 

simplified process validation.26,27 Moreover, the active 
ingredient and excipients need to be properly mixed 
before direct compression to enhance content unifor-
mity. Thus, in our research, all the constituents were ap-
propriately blended for each formulation before direct 
compression. The detailed composition of each batch is 
shown in Table 1.

Sufficient flow of powder from hopper to die of a tab-
let machine is essential in the manufacturing of  tablets. 
Otherwise, highly friable tablets are formed, which may 
crumble during handling and mechanical shocks. Thus, 
in the present study, powder flowability was assessed. 
For each powder blend, the values of bulk density, tapped 
density, angle of  repose, Hausner’s ratio, and compress-
ibility index are shown in Table 2. The angle of  repose, 
Hausner’s ratio, and compressibility index of a powdered 
substance with a  flowability from excellent to fair are 
25–36°, 1.00–1.25 and ≤10–20%, respectively.22 All the 
powder blends exhibited good or excellent flowability, as 
the values of these parameters were within the prescribed 
limits.22 Thus, the combinations of  constituents in the 
powder blends were perfect for hinderless flow.

Adequate blending of the constituents and flowabil-
ity of  powder blends result in more apposite content 
uniformity in the tablets. For batch F1, F2, F3, F4, F5, 
F6, F7, F8, and F9, the average assay (n = 3) was 99.21%, 
98.80%, 99.20%, 99.79%, 99.63%, 99.19%, 99.06%, 
98.91%, and 99.76%, respectively. This confirmed that 
the blending of constituents and flow of powder blend 
from hopper to die during tablet manufacturing was 
adequate in our study.

In the weight variation test, the acceptable difference is 
±10% if the average weight of tablets is less than 130 mg, 
±7.5% if the average weight of  tablets is 130–324  mg 
and ±5% if the average weight of  tablets is greater than 
324 mg.25 The values of weight variation (n = 20) for all 
the batches are shown in Table 3. For each formulation, 
the difference in weight of  each tablet from the aver-
age weight was within ±10%. Thus, all our formulations 
passed the weight variation test in accordance with the 
abovementioned criteria.25

Table 2. Pre-compression flowability of powder blend

Formulations Bulk density  
[g/cm3]*

Tapped density  
[g/cm3]*

Angle of repose  
[°]* Hausner’s ratio* Compressibility index  

[%]*

F1 0.526 ±0.003 0.625 ±0.005 25.523 ±0.050 1.180 ±0.005 15.840 ±0.013

F2 0.551 ±0.007 0.588 ±0.002 25.566 ±0.100 1.068 ±0.020 6.290 ±0.063

F3 0.550 ±0.002 0.580 ±0.005 28.053 ±0.050 1.056 ±0.015 5.171 ±0.033

F4 0.550 ±0.003 0.625 ±0.007 25.066 ±0.060 1.130 ±0.001 12.082 ±0.060

F5 0.526 ±0.007 0.555 ±0.006 25.733 ±0.060 1.050 ±0.007 5.229 ±0.005

F6 0.520 ±0.008 0.580 ±0.006 31.290 ±0.150 1.124 ±0.006 10.346 ±0.001

F7 0.555 ±0.013 0.600 ±0.006 25.446 ±0.100 1.080 ±0.005 7.533 ±0.057

F8 0.526 ±0.003 0.580 ±0.005 25.516 ±0.030 1.100 ±0.050 9.324 ±0.078

F9 0.571 ±0.010 0.660 ±0.002 25.076 ±0.130 1.150 ±0.050 13.487 ±0.042

* Each value denotes the mean ±SD (n = 6). 
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Hardness of tablets should be appropriate. Very hard 
tablets may fail to disintegrate, while inadequate hard-
ness may result in enhanced friability. Moreover, inap-
propriate thickness of tablets can create problems dur-
ing packaging. The mean values of  hardness (n  =  10), 
thickness (n = 10) and friability (n = 3) are shown in Ta-
ble 3. In our study, each tablet demonstrated sufficient 
hardness for it to be used as a rapidly dispersible tablet. 
In the friability test, the weight of  the tablets lost was 
<1%; thus, the tablets passed the test.25 Furthermore, 
thickness values should not be outside ±5% variation. 
Thickness values of all the tested tablets were within the 
acceptable limits.

When a tablet comes in contact with an aqueous medium 
in vitro or in vivo, water seeps into the tablet, making the 
superdisintegrants swell in volume, which facilitates dis-
integration. Thus, wetting is a prerequisite for disintegra-
tion and dissolution of a tablet. In our study, all the tablets 
exhibited complete wetting time results within ~1.5 min. 
The result of average wetting time (n = 6) of each formula-
tion is shown in Table 3. At each concentration level (2%, 
3% or 5%), superdisintegrants with respect to their wetting 
time were in the order as follows: sodium starch glycolare 
> croscarmellose sodium > crospovidone. Thus, amongst 
the 3 superdisintegrants, crospovidone furnished quicker 
wetting of  the tablets than sodium starch glycolate and 
croscarmellose sodium at all concentration levels. In ad-
dition, for each disintegrant, wetting time was reduced as 
the concentration was increased from 2% to 5%. In partic-
ular, crospovidone at a concentration of 5% resulted in the 
quickest wetting of the tablets. Furthermore, the average 
wetting time of formulation F6 was 30 ±1 s vs 91 ±1.9 s as 
compared to the commercial product.

The disintegration time results were in accordance with 
the results of  wetting time. The result of  average disin-
tegration time (n  =  6  ×  3  =  18) of  each batch is shown 
in Table 3. All the formulations showed quicker wetting 
than the commercial product. At each concentration lev-
el, superdisintegrants with respect to their disintegration 
time were in the order as follows: sodium starch glycolate 
> croscarmellose sodium > crospovidone. Moreover, for 

each disintegrant, disintegration time was decreased as 
the concentration was increased from 2% to 5%. Among 
the 3 superdisintegrants, crospovidone exhibited quicker 
disintegration of the tablets than sodium starch glycolate 
and croscarmellose sodium at all concentration levels. 
In particular, crospovidone at a concentration of 5% dem-
onstrated the quickest disintegration of  all the tablets. 
Furthermore, the average disintegration time of formula-
tion F6 was 38 ±0.894 s vs 143 ±1.276 s as compared to the 
commercial product.

All the superdisintegrants exerted a positive influence 
on the dissolution rate of  stevia in water. At each con-
centration level, superdisintegrants with respect to their 
positive influence on the dissolution rate of stevia in water 
were in the order as follows: crospovidone > croscarmel-
lose sodium > sodium starch glycolate. Moreover, disso-
lution rate of  stevia was improved as the concentration 
of a  superdisintegrant was increased from 2% to 5%. At 
1 min, the average dissolution rate of formulation F3, F6 
and F9 was 72.64 ±3.95%, 95.26 ±3.70% and 57.53 ±2.87%, 
respectively (Fig. 2). In particular, the dissolution rate 
of  formulation F6 was 95.26 ±3.70% vs 60.54 ±4.38% in 
1 min as compared to the commercial product.

Table 3. Evaluation of compressed cores

Formulation Weight variation  
[mg]*

Hardness  
[kg]*

Thickness  
[mm]*

Friability  
[%]*

Disintegration time  
[s]*

Wetting time  
[s]*

F1 50.136 ±0.457 2.948 ±0.256 2.458 ±0.041 0.404 ±0.045 100 ±0.983 90 ±1.303

F2 50.976 ±0.445 3.019 ±0.267 2.481 ±0.012 0.493 ±0.023 79 ±0.752 67 ±0.836

F3 51.741 ±0.664 2.984 ±0.271 2.481 ±0.019 0.580 ±0.075 59 ±1.264 50 ±1.341

F4 51.356 ±0.571 3.119 ±0.464 2.427 ±0.020 0.660 ±0.052 75 ±0.752 65 ±0.836

F5 50.786 ±0.892 3.087 ±0.214 2.428 ±0.022 0.576 ±0.064 59 ±0.727 57 ±1.516

F6 50.391 ±0.680 3.290 ±0.384 2.475 ±0.023 0.448 ±0.058 38 ±0.894 30 ±1.000

F7 49.690 ±0.808 3.285 ±0.352 2.440 ±0.023 0.430 ±0.112 110 ±0.632 95 ±0.489

F8 50.338 ±0.925 3.315 ±0.307 2.420 ±0.022 0.536 ±0.118 97 ±0.983 86 ±1.643

F9 51.251 ±0.800 3.330 ±0.286 2.460 ±0.034 0.516 ±0.076 80 ±1.048 65 ±1.732

* Each value represents the mean ±SD.

Fig. 2. A comparison of dissolution profiles of selected formulations  
and the commercial product. Each value of dissolution rate represents 
the mean ±SD (n = 6)
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The FTIR spectra of formulation F6 and its correspond-
ing powder blend are shown in Fig. 3 and Fig. 4, respec-
tively. The FTIR spectral analysis revealed that there was 
no appearance, disappearance or shift of major peaks af-
ter compression. Both the spectra overlapped each other. 
This suggested the absence of potential chemical interac-
tions among constituents.

Thus, on the basis of the most accelerated wetting, dis-
integration and dissolution rate, formulation F6 contain-
ing stevia, crospovidone, lactose, and magnesium stea-
rate at the weight ratio of 15/2.5/32/0.5 was selected as 
the final formulation in our studies. Moreover, it exhib-
ited better wetting, disintegration and dissolution rate as 
compared to the commercial product. Thus, it can be an 
effective sugar substitute for diabetics, obese and calorie-
conscious people.

Conclusions 
Powder blends of all the formulations exhibited good-

excellent flow. Assay, weight variation, hardness, thick-
ness, and friability of  all the tablets were within the ac-
ceptable limits. All the superdisintegrants affected the 
wetting, disintegration and dissolution rate of stevia ex-
tract positively. At each concentration level, superdisinte-

grants with respect to their positive effect on the wetting, 
disintegration and dissolution rate of stevia in the aque-
ous medium were in the order as follows: crospovidone > 
croscarmellose sodium > sodium starch glycolate. More-
over, wetting, disintegration and dissolution rate of stevia 
were improved as the concentration of  a  superdisinte-
grant was increased from 2% to 5%. In particular, the for-
mulation F6 containing stevia, crospovidone, lactose and 
magnesium stearate at the weight ratio of  15/2.5/32/0.5 
resulted in the most accelerated wetting, disintegration 
and dissolution rate of  stevia. Also, it exhibited better 
wetting (average wetting time: 30 ±1 s vs 91 ±1.9 s), disin-
tegration (average disintegration time: 38 ±0.894 s vs 143 
±1.276 s) and dissolution rate (average percent dissolved: 
95.26 ±3.70% vs 60.54 ±4.38% in 1 min) as compared to 
the commercial product. Accordingly, this formulation 
can be an effective sugar substitute for diabetics, obese 
and calorie-conscious individuals.
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