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ABSTRACT 

Objective: Javanese chili and red ginger have been recognized as natural ingredients that are potential to act as aphrodisiac agents. The flavonoids 
and alkaloids in these two natural ingredients can help to increase testosterone hormone. The value of novelty in this study is to combine the two 
active ingredients into one effervescent granule dosage form that, to be best of our knowledge, has not been done in previous similar studies. This 
study aims to optimize the concentration of citric acid and sodium bicarbonate in the effervescent granule dosage form of a combination of Javanese 
chili extract and red ginger extract to obtain an acceptable physical properties. 

Methods: The research started from the extraction process of Javanese chili and red ginger until obtaining the dry extract, to the formula 
optimization stage and evaluation of physical properties, including organoleptical evaluation, granule flow speed, pH, and dispersion time of 
effervescent granules. The optimization process was carried out through the D-Optimal method with the help of Design Expert version 13 software. 

Results: The results from the extraction of Javanese chili and the extraction of red ginger obtained 2.23% and 18.85%, respectively. The 
optimization results obtained the optimum formula of sodium bicarbonate: citric acid concentration ratio at 1225.08 and 280.92 mg, respectively. 
Furthermore, the results of statistical analysis using one sample t-test with SPSS software showed granule flowability at 13.78±0.94 g/sec (p value= 
0.280; p>0.05), pH 6.02±0.09 (p value= 0.016; p<0.05), and dispersion time at 76.99±8.37 sec (p value= 0.245; p>0.05). 

Conclusion: These results showed that granule flowability and dispersion time parameters were not significantly different between the predicted and 
verified values; however, for pH it was significantly different although the pH obtained still met the pH requirements of effervescent dosage form. 
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INTRODUCTION 

Erectile dysfunction refers to the persistent inability to achieve and 
maintain an erection sufficient for satisfactory sexual performance 
[1, 2]. The prevalence of erectile dysfunction is assumed to increase 
globally in which a number of previous studies predicted that 
erectile dysfunction will affect 322 million men worldwide by 2025, 
a 111% increase from 1995 [3]. 

Aphrodisiacs, as defined, are organic compounds or medications 
recognized for their capacity to enhance sexual arousal. The natural 
sources containing alkaloids, essential oils, flavonoids, and 
terpenoids, have the capability to stimulate androgen hormones that 
can induce masculinizing effects, stimulate spermatogenesis in the 
testes, enhance aggression, contribute to bone and muscle growth, 
and influence sexual behavior. One type of androgen hormone is 
testosterone [4–7] in which the higher the testosterone level, the 
higher the quality of sperm produced [8].  

Recent studies have explored the potential of red ginger (Zingiber 
officinale) and Javanese chili (Piper retrofractum Vahl) in 
pharmaceutical applications, particularly as aphrodisiacs. The content 
of compounds in Javanese chili that act as aphrodisiacs is piperine 
where this substance has the potential to contain natural testosterone. 
In addition, Javanese chili contains alkaloids, flavonoids, and 
terpenoids, also known to have the potential to increase androgen 
hormone activity [5, 9-11]. Meanwhile, the active compounds 
contained in red ginger that act as aphrodisiacs are flavonoids and 
alkaloids. Flavonoids act to insscrease dehydroepiandrosterone levels, 
which can increase testosterone levels and encourage sexual behavior 
in men. Alkaloids, meanwhile, are known to have a role in inducing 
vasodilation, resulting in erection [5, 12]. 

Effervescent drug delivery systems, including granule form, can enhance 
drug dissolution, bioavailability, and patient compliance, particularly for 
those with swallowing difficulties [18, 19]. The utilization of effervescent 

dosage form for aphrodisiacs has been widely used in previous studies to 
cover the bitter and unpleasant taste of bitter melon and garlic extracts 
with the result of increasing the libido of white mice [11]. In common, 
effervescent granule formulations use a combination of citric acid and 
tartric acid that can affect the dissolution time [20–22]. This study in 
turn aims to optimize the concentration of citric acid and sodium 
bicarbonate in effervescent granule dosage form of a combination of 
Javanese chili extract and red ginger extract. 

MATERIALS AND METHODS 

Materials 

This study used a rotary evaporator, waterbath, oven (Memmert), 
moisturizer balance, funnel flow properties, and pH meter (Ohaus). 
The materials used included fresh Javanese chili fruit, red ginger, 
blueberry, tartric acid, citric acid, sodium bicarbonate, lactose, Stevia 
sweetener, polyvinylpyrrolidone (PVP), and 96% ethanol. 

Sample preparation 

The materials that need to be prepared included Javanese chili 
(Piper retrofractum Vahl.), red ginger (Zingiber officinale), and 
blueberry (Vaccinium corymbosum). The extraction process used 
maceration method with 70% ethanol solvent (chili and red ginger). 
The method used was maceration with the ratio of simplisia and 
solvent at 1: 7.5 and re-maceration for 2 times with the ratio of 
simplisia and solvent at 1: 5 for 3 d. The filtrate obtained was then 
evaporated with a rotary evaporator for 1 h and continued on a 
waterbath for 24 h to obtain a thick extract. Meanwhile, the 
blueberry extraction process used 95% ethanol solvent with 
acidified using 0.3% HCl 0.1N with the ratio of simplisia and solvent 
at 1:10. Furthermore, the drying process of the extract was carried 
out by modifying research result [20] by adding a mixture of aerosil 
and lactose (1:1) for the drying process. The mixture obtained was 
then put into an oven at 60 °C overnight. 
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Design of effervescent granule formula 

Effervescent granules can be formulated via wet granulation 
method. The wet granulation process was carried out using 3% 
polyvinylpyrrolidone (PVP) binder by modifying the method 
from research [21, 22]. A total of 3 g of PVP was dissolved in 100 
ml of 96% ethanol and added to the powder mixture in the acidic 
part. The acidic part of the preparation-a mixture of citric acid, 
tartric acid, the three types of extracts, lactose, and Stevia 

sweetener-was sieved by means of mesh 20 and dried in an oven 
at 60 °C for 2 h. Subsequently, the base part, i. e. sodium 
bicarbonate, was added at a controlled room temperature  at 
20ᵒC and humidity of 45% [23, 24]. Table 1 presents the design 
of the effervescent granule formula. Research result [5] 
mentioned that red ginger extract and Javanese chili extract with 
a dose of 30 mg each produced high aphrodisiac activity, as 
characterized by a high frequency of occurrence of Introduction, 
Climbing, and Coitus in male rats.  

 

Table 1: Design of effervescent granule formula 

 Ingredients Formulas (mg) 
F1 F2 F3 F4 F5 

Red ginger extract 30 30 30 30 30 
Javanese chili extract 30 30 30 30 30 
Blueberry extract 250 250 250 250 250 
Lactose 1000 1000 1000 1000 1000 
Stevia 1000 1000 1000 1000 1000 
Sodium bicarbonate 1036 1100 1164 1228 1292 
Citric acid 470 406 342 278 214 
Tartric acid 684 684 684 684 684 
PVP (3%) q. s q. s q. s q. s q. s 
Total weight 4500 4500 4500 4500 4500 

 

Optimization of effervescent granule dosage form 

Optimization was carried out through the D-Optimal method with the 
help of Design Expert software version 13. This process was carried 
out to find the optimum formula based on variations in citric acid and 

sodium bicarbonate concentrations. The response parameters used 
included granule flowability, pH, and dispersion time. Table 2 presents 
the determination of the lower and upper limits of citric acid and 
sodium bicarbonate based on the results of lab data orientation and 
table 3 depicts the optimization design using 11 runs. 

 

Table 2: Concentration variation of sodium bicarbonate-citric acid 

Ingredients Concentration (mg) 

Low High 
Sodium bicarbonate 1036 1292 
 Citric acid 214 470 

 

Table 3: Optimization design of effervescent granule formula 

Formulas Runs  Concentration (mg) 
Citric acid Sodium bicarbonate 

 4 470 1036 
1 5 470 1036 
 8 470 1036 
2 9 406 1100 
3 1 342 1164 

2 342 1164 
4 11 278 1228 
 3 214 1292 
5 6 214 1292 

7 214 1292 
 10 214 1292 

 

Physical properties evaluation of effervescent granule 
Organoleptical properties 

This test included the observation of the shape, color, odor, and taste 
of the effervescent dosage form after the granule dispersion. Testing 
can be visually done to assess odor, color, and taste using the five 
senses [25, 26].  

Granule flowability 

The granule was slowly poured into a measuring funnel (granule 
flow tester) through the edge of the funnel. The lid of the funnel was 
then opened slowly, and the granule was allowed to flow out. The 
flow rate of the effervescent granule was recorded (direct method). 
Flow time measurement was carried out to determine the flow 
speed of the granule. Here, the requirement for a good flow speed is 
≥10 sec [22, 26, 27]. 

Value of pH evaluation 

The efficacy of the effervescent dosage form is contingent upon the 
acidity level, which should ideally approximate neutral acidity (pH 
6-7). The pH test was carried out by initially dissolving the 
effervescent granule in 200 ml of distilled water until completely 
being dispersed and it was then measured by means of a pH meter 
[28, 29]. 

Dispersion time 

Dispersion time is the time required to disperse the effervescent 
granule in an appropriate medium purposely to make no part of the 
granule left behind or settled. The test method for granule 
dispersion time was by putting 5 g of granules into 200 ml of 
distilled water. The calculation of dispersion time was carried out 
from the moment the granule was immersed in distilled water until 
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all the granules were dissolved and the bubbles around the 
container disappeared. The ideal dispersion time of effervescent 
dosage form is <5 min [30, 31]. 

Data analysis 

Data analysis was carried out by means of Design Expert software 
version 13 and SPSS software to obtain the optimum formula of 
effervescent granule dosage form tested with the response 
parameters of granule flow speed, pH of effervescent solution, and 
dispersion time of effervescent granules. 

RESULTS AND DISCUSSION 

Sample extraction 

Table 4 shows the extraction results where the moisture content for 
the three dried extracts was found below<10%. A good dry extract 

was characterized by a moisture content of <10% [32]. Moisture 
content significantly impacts the stability of pharmaceutical 
formulations, including effervescent granules. High moisture levels 
can lead to degradation, color changes, and loss of active ingredients. 
While, low moisture content contributes to the stability of 
effervescent granules [33–35]. 

Extraction was carried out until dry extract was obtained to facilitate 
the mixing process of the effervescent granule formula. It is 
important that the mixing process of effervescent granules is dry to 
prevent any acid-base reactions. The presence of water particles in 
the system during the mixing process can trigger a reaction. In 
addition, temperature and humidity are other factors that need to be 
considered in which they need to be controlled during the 
manufacturing process. Maceration remains competitive due to its 
energy productivity and easier scale-up; besides, this method can 
yield higher phenolic compound content [36, 37]. 

 

Table 4: Extraction results of the three types of extracts 

Parameters Extracts 
Javanese chili Red ginger Blueberry 

Simplisia weight (g) 900.18 800.07 756.34 
Thick extract weight (g) 94.62 42.91 97.49 
Dry extract weight (g) 155.78 92.66 148.99 
Yield (%) 17.31 11.58 19.7 
Moisture content (%) 3.87 2.69 4.97 

 

Blueberries contain high amounts of flavonoids and polyphenols as 
well as anthocyanins that can inhibit inflammation and act as good 
antioxidant agents. Blueberry extract was carried out under acidic 
condition to keep the anthocyanin glycone chain intact to maintain 
the resulting color. The anthocyanin color in blueberries is used as a 
natural colorant in effervescent granule dosage form [16, 17, 38]. 

Organoleptical testing 

The effervescent granule visually is purple-the color of blueberry. 
Blueberry can act as a natural colorant that can be utilized in the 
pharmaceutical formulation and food dosage form. The effervescent 
granule was then dispersed in 200 ml of distilled water and it could 
produce a clear purple with a very small amount of brown extract 
granules. The resulting taste was sweet and pleasant with blueberry 
aroma and was able to cover the unpleasant taste of Javanese chili and 
red ginger. The odor produced has a typical effervescent aroma with a 
slight blueberry odor [39, 40]. 

Effervescent granule formula optimization 

Research has shown that red ginger extract exhibited an aphrodisiac 
activity in animal models. Similarly, Javanese chili extract has been 
found to significantly increase libido in male mice, with higher doses 
correlating strongly to enhanced sexual behaviors [13–15]. These 
findings suggest that red ginger and Javanese chili are potential as 
natural aphrodisiacs and warrant further investigation for 
pharmaceutical applications.  

D-optimal design is a powerful method for experiment 
optimization minimizing the determinant of the covariance matrix 
of estimated parameter. It outperforms any existing methods in 
accuracy and precision for apparent diffusion coefficient imaging 
[41]. The optimization process was carried out by evaluating the 
values of effervescent granule flowability, pH, and dispersion time 
as response parameters. Table 6 presents the test results on 11 
runs. 

 

Table 6: Granule effervescent optimization data 

Formulas Runs Granule flowability* (g/sec) pH* Dispersion time* (sec) 
F1 4 

5 
8 

13.94±1.14 
9.7±2.13 
11.44±2.31 

6.23±0.52 
6.22±1.28 
5.33±0.14 

65.26±2.33 
70.07±3.12 
80.09±2.41 

F2 9 14.99±1.33 5.98±0.67 117.59±1.12 
F3 1 

2 
17.06±2.17 
13.99±1.62 

6.1±0.06 
6.19±0.19 

102.77±0.45 
118.18±0.77 

F4 11 15.73±2.03 5.78±1.88 58.81±1.67 
 
F5 

3 
6 
7 
10 

9.34±0.81 
10.12±1.08 
10.84±1.24 
11.15±0.35 

6.16±0.69 
5.33±1.17 
4.75±0.11 
4.67±0.93 

85.94±2.13 
92.98±2.49 
100.16±1.22 
80.67±2.67 

*Data are presented as mean±standard deviation (SD); n = 3. 

 

Table 7: Responses model equation 

Responses Equation Model p-value Lack of fit 

Granule flowability Y=(-)0.014A-0.256B+0.0003AB Quadratic 0.004 0.688 
pH Y=0.0033A-0.024B+0.000027AB Quadratic 0.0004 0.631 
Dispersion time Y=0.961A-45.952B+0.055AB-0.000022AB(A-B) Cubic 0.0026 0.1012 
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The response model for the response parameters of granule 
flowability and pH was quadratic, while for disperse time was cubic. 
The p-value for all parameters was found at<0.05, making it 
significant. A significant p-value indicates that the varied variables 
have a real effect on the response. On the other hand, the lack of fit 
value for all responses was found at>0.05, making it insignificant. 
This indicated that the selected model can be used to optimize 
variables on the response and the discrepancy between the value of 
the test results and the predicted value of the software was not 
significantly different. In other words, there was a match between 
the response data and the model. 

As shown in table 7, the granule flowability response equation 
showed that sodium bicarbonate and citric acid basically had a 
negative effect on granule flowability. Here, the negative effect of 
citric acid on granule flowability was more dominant as indicated by 
a larger coefficient value than the sodium bicarbonate coefficient. 
Granulation process, therefore, was needed to improve the flow 
properties of granules. Wet granulation was carried out at a 
temperature of 60ºC so as not to degrade the extract mixed into the 
acidic part in view of the influence of heat and humidity. PVP 
material here was used as a binder to be added to the acid part to 

initially form granules before being mixed with the base part. PVP 
can be used to improve the flow properties of effervescent granules. 
The interaction of sodium bicarbonate and citric acid in the 
preparation was able to increase the flow speed of the granule as 
indicated by the “+” sign in the response equation although with a 
small effect. As illustrated in graph 1(A), the effect of sodium 
bicarbonate and citric acid together could increase the flowability of 
effervescent granules until the optimal point, after which the granule 
flowability would decrease. This could also be due to the smaller 
amount of granulated citric acid affecting the response of the 
granule [42, 43]. This indicates an optimal concentration of sodium 
bicarbonate and citric acid to produce the highest granule 
flowability value. 

Granule flowability is crucial in effervescent formulations, 
determining processability and final product quality. Good flow 
properties ensure uniform dosing and efficient manufacturing. 
Typically, wet granulation yields better flowability compared to 
direct compression. The evaluation of granule characteristics, 
including flowability, is deemed essential to optimize formulations 
and predict tablet properties. Porous particles improve flowability 
and dissolution rates compared to dense particles [43-45]. 

 

 

 

Fig. 1: Equation graphs of (A) granule flowability; (B) pH; (C) dispersion time 

 

Furthermore, as shown in table 7, the optimization results of the pH 
response obtained the equation, indicating that sodium bicarbonate 

increased the pH value, while citric acid decreased the pH of the 
effervescent solution. This has been in accordance with the acid-base 
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principle of both ingredients. Fig. 1(B) shows that the interaction of 
the two ingredients could increase the pH value to the optimal point, 
as characterized by the highest pH value close to neutral pH. This 
was because the proportion of the base part in the effervescent 
system was found greater than the acid part. The commonly used 
acid-base systems in effervescent dosage form is in the the ratio of 
citric acid: tartric acid: sodium bicarbonate with a portion of 1:2:3.4 
in order [46]. 

This acid-base system will affect the solubility of effervescent 
granules when being in contact in water, later on affecting the pH 
formed. The ideal pH value for effervescent solutions is 6-7. Setting 
the pH is critical because, if the pH value is too acidic or alkaline, it 
can cause stomach irritation and a bitter taste. The acid base in this 
effervescent granule dosage form gives a sparkling taste like soda, 
while the base gives the effect of the emergence of air bubbles in 
water due to reacting with acid [46, 47]. 

The evaluation of pH value is crucial in effervescent dosage forms in 
view of its impact on various aspects of formulation and 
performance. The pH affects the effervescence process, which is 
essential for rapid drug dissolution and enhanced bioavailability. It 
determines the reaction between acid and base components, leading 
to carbon dioxide generation and tablet disintegration. pH also plays 
a role in taste masking, which is important for patient acceptability. 
Also, pH evaluation is deemed critical for ensuring stability and 
consistent product performance as effervescent formulations are 
sensitive to environmental conditions. The optimal pH can affect the 
solubility and release the kinetics of the active ingredients. A careful 
pH control therefore is necessary to achieve desired 
physicochemical properties, dissolution time, and overall quality of 
effervescent dosage forms. The stability of anthocyanins, natural 
pigments responsible for vibrant colors in fruits and vegetables, is 
significantly determined by pH levels. Lower pH values can enhance 
anthocyanin stability, while the higher one can lead to degradation 
and color loss. The pH of effervescent products is an important 
parameter assessed during formulation and stability testing [48–52]. 

The optimization results of the dispersion time response showed 
that the effect of increasing sodium bicarbonate concentration could 
shorten the dispersion time though with the more dominant 
influence of citric acid where the increasing concentration of 
effervescent granule dispersion time required became longer. The 
interaction of sodium bicarbonate and citric acid will directly affect 
the required effervescent granule dispersion time-dependent upon 
the proportion of acid and base in the effervescent system. Fig. 1(C) 
illustrates the effect of varying the concentration of these two 
ingredients where the model obtained was cubic. The dispersion 
time can be shorter or longer dependent upon the amount of sodium 
bicarbonate and citric acid [48, 53, 54]. The cubic model showed that 
changes in the amount of sodium bicarbonate-citric acid could cause 
an increase or decrease in dispersion time at a certain concentration. 

The evaluation of dispersion time is crucial for ensuring the optimal 
performance of effervescent formulations. Studies have shown that 
effective formulations should have dispersion times less than 3 min. 
Dispersion time can be determined by a number of factors such as 
the type and quantity of effervescent agents and disintegrants. 
Dispersion time evaluation helps in determining the suitability of 
medications for administration through enteral feeding tubes, 
potentially improving safety and efficacy in clinical settings. 
Typically, commercial effervescent tablets disintegrate within 1-2 
min with expired tablets showing shorter disintegration times than 

unexpired ones [48, 53, 55, 56]. 

Effervescent powder formulations generally use a combination of 
citric acid and tartric acid. If tartric acid is used as a single acid, the 
resulting powder will easily lose its strength and clump. While, citric 
acid alone will produce a sticky mixture and is difficult to become a 
powder. The base component in the effervescent powder has a 
similar function as the acid component that is to facilitate solubility. 
The most widely used base source is sodium bicarbonate that reacts 
by releasing Na+ions, which will then react with water and acidic 
sources to form sodium bicarbonate salts, thereby reducing 
H+activity, causing the solution to be more alkaline. Sodium 
bicarbonate is the largest source of carbonate with a very large 
solubility in water, free flowing, and non-hygroscopic. It will give 
rise to CO2 gas when reacted with acid. To produce the effervescent 
reaction, it takes three molecules of sodium bicarbonate to 
neutralize one molecule of citric acid and two molecules of sodium 
bicarbonate to neutralize one molecule of tartric acid. The more the 
addition of acid and base sources, the faster the dissolution time. 
This is because the more acidic and basic sources used, the more 
carbon dioxide produced [56–59]. 

The optimization of citric acid and sodium bicarbonate is crucial in 
effervescent formulations as these components react to form carbon 
dioxide, facilitating tablet disintegration and drug dissolution. A 
number of studies have explored the mechanistic effect of sodium 
bicarbonate and citric acid in effervescent formulations. These 
compounds generate carbon dioxide when combined, which can 
enhance drug release and permeation. In effervescent buccal discs, this 
reaction can lead to faster drug release and improve bioavailability 
compared to non-effervescent formulations. Similarly, effervescent 
tablets of bilastine showed improved dissolution properties when 
formulated with sodium bicarbonate and citric acid [57–59].  

The optimization of citric acid and sodium bicarbonate ratios is 
crucial for developing effective effervescent formulations. Some 
studies have explored various molar ratios, including 1:3.11, 1:3, and 
1:2.93 for Moringa leaves effervescent granules. For bismuth sub-
citrate effervescent tablets, a 1:3 ratio was found optimal. The 
concentration ratio affects several important parameters such as 
disintegration time, pH, CO2 production, and organoleptic 
properties. These studies demonstrated that optimizing citric acid 
and sodium bicarbonate concentrations is essential for achieving 
desired physicochemical properties and consumer acceptability in 
effervescent formulations [52, 59, 60]. 

Determination of responses criteria 

The response criteria for the flow speed of the effervescent granule 
was chosen maximize so that the granule obtained could be easy to 
flow, making it also easier for both the packaging process and 
consumption. The pH value was chosen maximize to enter the ideal 
range of pH of the effervescent solution, i. e. 6-7 [28, 29]. Whereas, 
the dispersion time response was chosen minimize so that it could 
take a shorter time for the effervescent granule to dissolve in water. 
Setting the goal of each response also adjusts to the range of lower 
and upper limit values obtained from the test results to match the 
ideal value of each response. Importance is needed as an indicator if 
there is a response that is more decisive than other responses in a 
dosage system. In this study, importance was made equal as all 
tested responses had an equally important role to achieve optimal 
granule and effervescent solution conditions. Table 8 attaches the 
determination of response criteria. 

 

Table 8: Responses criteria 

Responses Units Goal Lower limit Upper limit Importance 
Granule flowability g/sec Maximize 9.34 17.06 +++ 
pH - Maximize 4.67 6.88 +++ 
Dispersion time Second Minimize 58.81 118.18 +++ 

 

The optimum formula of effervescent granule dosage form was 
obtained at a concentration of sodium bicarbonate at 1225.08 mg 
and citric acid at 280.92 mg. This combination produced the highest 
desirability value of 0.767. The desirability value indicates the ability 

of the model to optimize the product in accordance to the specified 
criteria; a good desirability value is more than 0.5 [61]. A desirability 
value close to 1 indicates the product produced is close to perfect 
and more likely to become the optimum formula [62, 63]. 
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Fig. 2: The relationship between sodium bicarbonate-citric acid concentration variation and desirability value 

 

Verification of optimum formula 

The optimum formula verification stage needs to be done to test the 
optimum formula prediction from the software. The predicted 
optimum formula was created and tested according to the response 
parameters. Replication was carried out 2 times so that 3 data were 
obtained for each response. The data obtained were then entered 
into the Design Expert version 13 software, and compared with the 
predicted value [60]. The test results (observed mean) showed that 
the response values were within the 95% Prediction Interval (PI) 
range, as listed in table 9. The observed mean data also showed that 
the response values were within the 95% Confidence Interval range, 
except the pH response. The 95% Prediction Interval (PI) describes 
the range of individual predicted values generated by observations 
at the 95% confidence level [64]. Confidence Interval (CI) are the 
essential statistical tools for estimating population parameters from 
sample data. They provide a range likely to include the true 

population value with a specified level of certainty, typically 95% 
[65]. Further, the optimum formula obtained from the Design Expert 
was verified and analyzed with the help of the SPSS software. The 
normality test showed that the data were normally distributed 
enabling it to use the one sample t-test with 95% confidence level to 
compare the verification data with the predicted value [66]. The 
results revealed that for granule flowability and dispersion time 
parameters (p value= 0.280 and 0.245, respectively; p>0.05), 
indicating that the prediction and verification results were not 
significantly different. However, pH (p value= 0.016; p<0.05) 
showed that the prediction and verification results were 
significantly different although it still met the pH requirements of 
effervescent dosage form. Based on the results of the one sample t-
test, the standard error value for the pH parameter was 5.3%. When 
applying Design of Experiments (DOE), like Design Expert software, 
to optimize formulations, the prediction errors of less than 10% are 
considered acceptable in predicting responses [67, 68]. 

 

Table 9: Verification results of optimum formula 

Responses Units Predicted mean Observed mean PI 95% value CI 95% value 
Low High Low High 

Granule flowability g/sec 14.59 13.78 12.02 17.15 12.96 16.21 
pH - 6.45 6.02 5.97 6.93 6.15 6.75 
Dispersion time second 69.11 76.99 44.87 93.36 49.27 88.96 

 

Effervescent Drug Delivery Systems (EDDS) offer advantages such as 
improved bioavailability and patient compliance, but they face 
challenges in scaling up production. Key issues include sticking, high 
hygroscopicity, and compactibility problems during manufacturing. 
Controlling humidity and temperature during manufacturing is 
deemed crucial for maintaining product quality across different 
scales. Herbal aphrodisiacs have gained popularity as perceived 
safer alternatives to synthetic drugs though they may still cause 
adverse effects, particularly when overdosed or combined with 
other medications. The formulation of drugs as effervescent 
granules, such as ibuprofen, has shown a promise in increasing 
dissolution rates and rapid onset of action. This dosage form could 
potentially be applied to aphrodisiacs in effervescent granule form, 
combining the benefits of EDDS with the therapeutic effects of sexual 
enhancers [43, 69–71]. 

CONCLUSION 

The optimum formula of effervescent granule dosage form was 

obtained at a concentration of sodium bicarbonate 1225.08 mg and 
citric acid 280.92 mg with good physical properties including the 
value of granule flowability of 13.78±0.94 g/sec, pH 6.02±0.09, and 
dispersion time of 76.99±8.37 sec, which are in accordance with the 
requirements for the acceptability of effervescent dosage form. 
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