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ABSTRACT 

Objective: This study aims to optimise the formulation of effervescent tablets using ethanolic extract of Kaempferia galanga with citric and tartaric 
acids as sources of acids and to assess the physical properties of the tablet. 

Methods: Effervescent tablets were formulated through dry granulation method and evaluated for organoleptic properties, flowability, angle of 
repose, compressibility index, moisture, hardness, friability, dissolution time, pH, weight uniformity and size uniformity. Data for optimization were 
analysed using Design Expert software, version 13.0. Simplex lattice design optimisation was used, with two independent variables, namely, 
concentrations of citric and tartrate acids. The tablets were then characterised. 

Results: All five effervescent tablet formulas met the requirements in terms of weight uniformity and size uniformity. Only F1, F2, F3 and F4 
satisfied the requirements for friability. Physical evaluation indicated that the hardness and dissolution time of the effervescent tablets also met the 
requirements. The combination of tartaric and citric acids affected the hardness, friability, size uniformity and dissolving time of Kaempferia 
galanga extract effervescent tablets, resulting in positive values for friability and dissolving time response values and negative values for hardness 
and size uniformity. 

Conclusion: The optimal concentrations of citric and tartaric acids in effervescent tablets were 9.5% and 17.5%, respectively, with a desirability 
value of 0.789. Furthermore, the optimum formula can be developed at a later stage for stability tests and in vivo assays. 
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INTRODUCTION 

Kaempferia galanga is a plant that grows in tropical and subtropical 
areas, especially in tropical Asia, among others in China, Indonesia, 
Malaysia, Thailand, Taiwan and India [1]. Kaempferia galanga is 
abundant in flavonoids, alkaloids, glycosides, tannins and essential 
oils [2]. Kaempferia galanga has a chemical called ethyl-p-
methoxycinnamate, which exerts many biological effects, including 
anti-cancer and anti-monoamine oxidase effects [3]. Moreover, ethyl-
p-methoxycinnamate from Kaempferia galanga can reduce 
inflammation considerably [4].  

Oral administration is the most expedient method of administering 
medications and has been effective over the years; it has also been 
associated with high patient compliance. However, oral route has 
severe effects on individuals who have difficulty taking this dosage 
form, such as those who experience nausea and swallowing 
difficulties when taking the drug orally, as well as sluggish 
absorption and prolonged onset of action [5]. Among other oral 
dosage forms, an effervescent tablet is one of the best alternatives to 
overcome this disadvantage because it is immediately dissolved 
and/or dispersed in water before administration, thereby reducing 
the risk of irritation caused by direct contact with the digestive tract 
[6]. CO2 in the composition facilitates the entry of active ingredients 
into paracellular pathways, helps with absorption and provides a 
pleasant taste, which is better than other oral dosage forms [7].  

Citric and tartaric acids are two acid sources most frequently 
employed in the manufacture of effervescent tablets [8]. Basic 
ingredients are derived from sodium bicarbonate and are utilised to 
mask the astringent flavor of Kaempferia galanga extract [9]. 
Utilising citric and tartaric acids helps ensure the success of the 
preparation of effervescent tablets. The use of a single acidic 
substance presents difficulties. The ratio of citric acid to tartaric acid 
significantly affects the physical properties of effervescent tablets 
[8]. The combination of citric and tartaric acids can strengthen the 

bonds between particles in effervescent tablets, thereby increasing 
hardness, shock and friction resistance during compression, 
packaging and distribution. This is accomplished when citric acid 
and tartaric acid are combined [10]. Citric acid has several 
advantages over other acid sources; in particular, citric acid is highly 
soluble in water and can impart a sour flavor to effervescent tablets, 
whereas tartaric acid is also highly soluble in water compared with 
other types of acids. When only citric acid is present, the mixture 
becomes sticky and difficult to granulate, whereas tartaric acid alone 
causes particles to readily agglomerate. The combination of citric 
and tartaric acids can alter the physical properties of the resultant 
granules because of their unique characteristics [11, 12]. Additional 
lubricants may then be required. PEG 6000 is soluble in water and 
was used as a lubricant in this study [11]. 

This work proposes information to optimize the formulation of 
effervescent tablets containing Kaempferia galanga rhizome extract. 

MATERIALS AND METHODS 

Material 

Kaempferia galanga was obtained from Balai Besar Penelitian dan 
Pengembangan Tanaman Obat dan Obat Tradisional (Indonesia) and 
identified by a botanist from the Balai Besar Penelitian dan 
Pengembangan Tanaman Obat dan Obat Tradisional, Kementerian 
Kesehatan Republik Indonesia with specimen voucher number of 
YK.01.03/2/892/2021. Citric acid, tartaric acid, sodium bicarbonate, 
povidone k-30 (PVP), polyethylene glycol 6000 (PEG 6000), lactose 
and aspartame were obtained from Merck (Germany). Flavouring 
and colouring agents were obtained from Suburb Kimia Jaya 
Company (Indonesia). 

Tablet formulation  

Five tablet formulations of Kaempferia galanga extract, namely, F1, 
F2, F3, F4 and F5, were determined with different proportions of 
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citric acid and tartrate acid as well as other ingredients to a total 
weight of 3000 mg (table 1). The formulation study was conducted 

in the Pharmaceutical Laboratory at the Faculty of Pharmacy, 
Universitas Muhammadiyah Surakarta, Indonesia. 

 

Table 1: Formulations of Kaempferia galanga effervescent tablet (% w/w) 

Composition Formula (% w/w) 
I II III IV  V  

Extract 5 5 5 5 5 
Lactose 40 40 40 40 40 
Citric Acid 27 18 13.5 9 0 
Tartaric Acid 0 9 13.5 18 27 
Bicarbonat Natrium 15 15 15 15 15 
Polyvinylpyrrolidone (PVP) 1 1 1 1 1 
PEG 6000 5 5 5 5 5 
Aspartam 5 5 5 5 5 
Flavor 2 2 2 2 2 

 

Tablet preparation 

For each formulation, 200 tablets were prepared using wet 
granulation procedure [13] with slight modifications. An acid-based 
solution was prepared by mixing citric acid, tartaric acid, lactose, 
polyvinylpyrrolidone (PVP) and flavouring and colouring compounds. 
The mixture was ground with a mortar and pestle and mixed with 
96% ethanol added dropwise to form a hard mass. Granules were 
passed though a 60 mesh and dried in a climate chamber (Memmert 
ICH110) at 65 °C with 25% RH (Relative Humidity) for 24 h. An 
alkaline-based solution was prepared by mixing dry extract, sodium 
bicarbonate, aspartame, polyvinylpyrrolidone, flavouring, colouring 
and lactose. The mixture was ground with a mortar and pestle and 
added with 96% ethanol dropwise to form a hard mass. Granules were 
passed through a 60 mesh and then dried. 

Measurement of effervescent granules  

Test of time flow 

About 100 g of granules were placed in a flow ability tester. The 
mass was allowed to circulate, and a digital stopwatch was used to 
record the time. The acceptable discharge rate must not exceed 10 g 
per second [14].  

Test for angle of repose 

About 100 g of the granule mass was placed on the flow ability 
instrument. The mass was allowed to circulate freely. The angle of 
repose and the height and circumference of the powder mound were 
determined. Angle reposes of 30 to 40 indicate adequate flow 
properties [14].  

Test of compressibility 

The sample was poured in a 100 ml measuring cup attached to the 
bulk density tester to record initial volume. The instrument was 
turned on, and a rhythm was played. Final volume was recorded. If 
the compressibility index falls between 11% and 15%, this indicates 
that the material has excellent compression characteristics [14]. 

Moisture test 

Moisture content was measured using moisture balance analyser. 
The optimal moisture content of granules for the production of 
effervescent tablets is between 2% and 4% [7]. 

Measurement of effervescent tablets 

Organoleptic tablet 

Test size, shape, colour, presence or absence of odor, flavor, surface 
shape, consistency and physical defects were observed visually on 
effervescent tablets [15]. 

Test for weight uniformity 

Twenty tablets were weighed individually by using an analytical 
balance. No more than two tablets should weight with 5% deviation 
from the mean, and none of the tablets should weight with 10% 
deviation from the mean [7]. 

Tablet hardness 

Firmness was evaluated using a firmness tester. The optimal 
hardness ranges between 4 and 10 kg/cm2 [11]. 

Tablet friability 

Twenty tablets were tested in a friabilator at 25 rpm for 4 min. 
Tablet specifications that are still acceptable are less than 1% [16]. 

Dissolve time test 

An effervescent tablet was placed in a beaker glass containing 1000 
ml of distilled water. The time required for the tablet to completely 
dissolve was recorded. The optimal dissolution duration is between 
60 and 120 sec [17]. 

Tablet pH test 

The pH of the effervescent solution was determined using a pH meter by 
dissolving one tablet in 200 ml of distilled water in a glass beaker [18]. 

Size uniformity 

Diameter and thickness of a tablet were determined. The diameter 
must not be more than three times its thickness or less than one-
third of it [19]. 

Optimisation formulas 

Optimisation was carried out with Design Expert software version 13 
with Simplex Lattice Design (SLD) by encoding the results of flowability, 
angle of repose, compressibility index, moisture, hardness, friability, 
dissolution time, pH, weight uniformity and size uniformity. The 
optimum formula obtained was tested again for physical properties, and 
the results were compared with the point prediction results of Simplex 
Lattice Design. Results were verified by one sample T-test. 

RESULTS AND DISCUSSION 

Kaempferia galanga is a botanical species that thrives in tropical and 
subtropical areas, particularly in tropical Asia, encompassing China, 
Indonesia, Malaysia, Thailand, Taiwan and India [2, 20, 21]. It has white 
rhizome and a very subtle flavor. Plants, including Kaempferia galanga, 
belonging to the Zingiberaceae family exhibit a range of biological 
activities, including antioxidant, antibacteria, anti-inflammatory, 
analgesic, gastritis relieving, dyspepsia relieving and anticancer [20, 22–
25]. In the present study, we extracted samples through maceration with 
96% ethanol, and the extraction efficiency was 12.21%. Dried 
Kaempferia galanga had no discernible odor and was dark brown, as 
determined by organoleptic analysis. Another study that used 
maceration achieved a yield of 13.12% when employing n-hexane as 
solvent and a yield of 5.52% when employing ethyl acetate as solvent 
[23]. Yield analysis is crucial because it helps determine the efficacy of 
the extraction procedure, where a higher yield value corresponds to a 
greater production of compound components [26]. 

Effervescent granul assessment 

Effervescent tablets are pharmaceutical preparations consisting of 
alkaline and acidic components, which undergo a chemical reaction 



T. B. Julianti et al. 
Int J App Pharm, Vol 16, Special Issue 5, 2024, 133-139 

5th International Current Breakthrough in Pharmacy (ICB-Pharma) 2024, Indonesia                 | 135  

to release carbon dioxide gas. When added to a liquid solution, 
effervescence aids in dissolving the tablets [11]. Acidifying agents, 
namely, citric acid and tartaric acid, were used in various 
combinations in the present study, and their effect on effervescent 
tablets containing Kaempferia galanga extract as the active 
constituent was investigated. Flow rate, angle of repose, 
compressibility and moisture content were determined. 

Flow rate test was conducted to determine the quality of effervescent 
powder because it affects tablet compression; a high flow rate enables 
the powder to flow quickly, resulting in uniform sizes [27]. Flow rate test 
was conducted by observing the duration and velocity of the flow of 
effervescent powder. A decent flow rate has a minimum flow rate of 10 
g/sec. F1, F2, F3, F4 and F5 had a satisfactory flow rate and met the 
requirement of flow rate of less than 10 sec for 100 g of powder (table 2). 

  

Table 2: Tablet effervescent containing Kaempferia galanga extract 

Parameter FI FII FIII FIV FV 
Flowability (g/s)* 06:04:40±00:32:30 05:17:00±00:07:00 05:18:20±00:13:26 05:36:20±00:09:49 06:15:00±00:10:32 
Angle of repose* 30.02±0.75 29.30±0.56 29.01±0.20 28.58±0.19 29.23±0.29 
Compressibility index (ᵒ)* 3.14±1.31 2.34±1.23 2.76±1.81 3.88±1.79 6.09±0.10 
Moisture (%)* 1.54±0.89 1.50±0.87  1.43±0.83 1.46±0.84 1.30±0.75 
Hardness (Kg)* 8.044±1.022 5.821±0.442 5.581±0.812 9.167±0.384 5.369±0.516 
Friability (%)* 0.081±0.077 0.102±0.035 0.201±0.171 0.157±0.245 1.530±0.523 
Dissolving time (sec)* 03:47:49±00:04:53 03:02:04±00:35:38 03:00:38±00:00:32 02:51:17±00:09:18 02:31:17±00:08:18 
pH* 4.45±0.02 4.18±0.01 4.14±0.02 3.87±0.02 3.78±0.03 
Average weight (g)* 3.359±0.008 3.286±0.029 3.294±0.081 3.162±0.112 3.293±0.029 
Average size (mm)* 0.891±0.008 0.914±0.007 0.901±0.005 0.866±0.007 0.908±0.006 

*Result are expressed as a mean±SD, n=3 

 

The effervescent powder had an excellent flow rate due to consistent 
particle size. In the present study, the effervescent powder was 
sieved with a 40-mesh sieve to increase particle size uniformity and 
enhance the resultant flow rate. The incorporation of 1% 
polyvinylpyrrolidone as a binder in the formulation increased the 
particle size, thereby reducing cohesive forces and enhancing 
fluidity [18]. Powder flow rate depends on the degree of repose 
angle and compressibility; a small degree of repose angle indicates a 
high powder flow rate. A high compressibility value indicates a high 
powder flow rate, the lower the compressibility value. In previous 
experiments, acid optimisation was conducted in effervescent 
tablets from extracts with a flow rate of 5 sec for 50 g granules. The 
resulting flow rate falls into the category of ‘good flow rate.’ 

In this study, the angle of repose test was used to characterise the 
flow rate of effervescent powders. Powders with a more significant 
value for the angle 0of repose have a low flow rate capability than 
powders with a smaller value [19]. A suitable angle of repose is 
between 25° to 45°. Table 2 shows the testing results for the angle of 
repose for effervescent powder for each formula, with the angle of 
repose for F1 as 30.02°, F2 being 29.30°, F3 being 29.01°, F4 being 
28.58° and F5 being 29.23°. The maximum value of the silent angle 
was observed at F1, which supported a previous finding [28] that 
optimised the acid combination formula; F1 had the most excellent 
angle of repose in F1, as well as a higher citric acid content than 
other formulations. Citric acid can absorb moisture from the air, 
increase humidity and cause enormous cohesive forces. Non-
cohesive granules will disperse to form low piles and a small angle. 
A combination of citric acid and tartaric acid will decrease the 
cohesiveness of particles, thereby increasing their angle of repose. 

Compressibility test is used to evaluate the properties of effervescent 
powders that are stable and compact when subjected to pressure during 
tablet printing. A compressibility value of 20% indicates good 
compressibility; the lower the powder’s compressibility value is, the 
more excellent its flowability will be [28]. Table 2 shows the 
compressibility data and indicates that each formula satisfies the 
requirements for good compressibility, with values of 3.14% for F1, 
2.34% for F2, 2.76% for F3, 3.88% for F4 and 6.09% for F5. The finest 
formula was F2 because it had the lowest compressibility value of 
2.34%; the lower the compressibility value is, the more excellent the 
powder’s flowability will be. Previous research also produced 
effervescent tablet formulations from extracts with compressibility 
values of 4% to 9%; these results demonstrated that the powder 
possessed excellent compressibility [8]. Angle of repose, shape, density, 
and granular size can affect compressibility value. Powders with smaller 
particle sizes are denser than powders with larger particle sizes [29]. 
Powders with uniform granule shapes and sizes will be simpler to 
compress, allowing for the production of effective effervescent tablets. 

Moisture content test is performed to determine the moisture content 
of effervescent powder following drying. Powders with a high 
moisture content increase the risk of powder adhering to the punch or 
tablet printer. Furthermore, a higher moisture content of the powder 
indicates a greater risk of an early effervescent reaction, resulting in 
less stable tablets. Hence, 5% is an acceptable moisture level for 
effervescent tablets [16]. Table 2 present the moisture content data, 
which indicate that each formula met the requirements, with values of 
1.54% for F1, 1.50% for F2, 1.42% for F3, 1.46% for F4 and 1.29% for 
F5. All formulas met the requirements for moisture content, but F5 
was considered the best because its moisture content was significantly 
lower than the 5% limit. 

Effervescent tablet assessment 

Tablets were prepared through dry granulation, where effervescent 
powder was separated between acidic and alkaline mixtures. A thick 
extract was dried and mixed with maltodextrin at a ratio of 1:3. The 
dry extract was combined with the alkaline portion and placed in a 
particular container, and the acidic mixture was placed in another 
specific container. The mixtures were dried in a climatic chamber at 
60 °C for 48 h. The two parts were combined (acid and alkaline) and 
added with PEG 6000. The sample was sieved through a mesh 40 
until a ready-to-print mixture was produced. Physical tests of 
granule powder and tablets were conducted in triplicate. 
Organoleptic properties, tablet hardness, tablet friability, tablet 
dissolution time test, pH, weight uniformity and size uniformity. 
Evaluation was carried out to ensure that the tablets comply with 
the standard tablet requirements. 

Organoleptic tests involve observing the tablet’s shape, colour, flavor 
and odour [15]. All effervescent tablets of Kaempferia galanga extract 
have identical physical characteristics, including a flat, round shape, 
yellow-white spots and a sour and distinct aroma. The resultant tablet 
has a rounded, flat form because of the round shape of the tablet 
punch. The yellow hue with white patches is derived from the 
Kaempferia galanga extract, while the combination of additional 
ingredients produces colouring and white shade. In the effervescent 
tablet formulation, sour taste is caused by other components, 
particularly lemon flavor, which is used to mask the taste of the extract 
and has a distinct fragrance due to the aroma of the extract. Previous 
research optimised effervescent tablet formulations to produce tablets 
with uniform physical characteristics, namely, brownish and yellowish 
colour due to the colour of the quote and additives used [32]. In this 
regard, we studied the formulation of brown effervescent tablets from 
sections with white granules induced by the quotes and additives in 
the preparation mixture. 

Hardness test aims to characterise the strength or resistance of 
tablets to impact or mechanical stress during production and drug 
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distribution. The required tablet hardness is between 4 and 9 
kg/cm2 based on United States Pharmacopeia (USP) [16]. The 
hardness values of F1, F2, F3, F4 and F5 are 8, 5.8, 5.5, 9 and 5.3 kg 
(table 2), which satisfied the requirement. Binders also affect tablet 
hardness. PVP at 1% was used as the binder in the formulation; in 
general, the concentration of PVP used ranges from 0.5% to 5%. 
When combined with hygroscopic powder or high moisture content, 
PVP will increase the tablet hardness due to increased bonding 
power between particles. During testing, the same concentration of 
polyvinylpyrrolidone was added to each formula and affected the 
hardness of the tablet. Compressive pressure exerted during 
printing also influences tablet hardness; the greater the pressure 
exerted during printing is, the harder the tablet will be. The effect of 
citric acid and tartaric acid concentrations on tablet hardness was 
evaluated. Citric acid is more influential in determining tablet 
hardness than tartaric acid. Citric acid bound to one water molecule 
will be stronger than tartaric acid; therefore, citric acid can be used 
to produce tablets with high hardness. Citric acid and tartaric acid 
affect the hardness of tablets. According to the test results, F1, with 
the highest citric acid content, produces tablets with a hardness of 8 
kg, which falls within the required range. These results are 
consistent with previous research [31] on optimising acids in 
effervescent tablets with a hardness value of 8 kg in F5, which has a 
higher citric acid concentration than the other formulations. 

Friability test determines the resistance of a tablet to mechanical 
disturbances to maintain its shape. The acceptable friability is less 
than 1%. In table 2, F1 has a friability value of 0.08%, F2 has a 
friability value of 0.10%, F3 has a friability value of 0.20%, F4 has a 
friability value of 0.15% and F5 has a friability value of 1.53%. 
Hence, F1, F2, F3 and F4 meet the requirements for tablet friability, 
while F5 does not meet the requirements for tablet friability. F5, 
which had the lowest moisture content (1.29%), produced tablets 
with a higher friability value than the other formulas. The friability 
value of F5 is high at 1.53% (table 2). The tablet's friability will 
increase if it is moist because of the weak bonding power between 
tablet particles. Citric acid and tartaric acid have opposing effects on 
tablet friability, with the latter having a more significant effect than 
the interaction of citric acid and tartaric acid. According to research 
findings, F5 contained more tartaric acid than the other 
formulations. A previous study on the effervescent tablet 
formulation of a combination of citric acid and tartaric acid with the 
lowest moisture content at F1 (1.03%) produced tablets with a high 
friability of 0.98%, which is still within the acceptable range for good 
tablet friability [8]. 

Tablet dissolution time test determines how long a tablet should be 
dissolved in a solution. The optimal dissolution time for effervescent 
tablets is under 5 sec. According to the test results in table 2, the 
dissolution times for F1 to F5 are 3.47, 3.02, 3.00, 2.51 and 2.31 sec, 
respectively. All the test results satisfy the criterion of less than 5 
sec. However, the best formula was F5 because the resulting 
dissolution time was faster than the other formulas at 02.31 sec; the 
quicker an effervescent tablet dissolves, the better its effect will be. 
This finding is due to the acid source; tartaric acid has more 
hygroscopic properties than citric acid, allowing it to absorb water 
more readily and react quicker than the other formulas [33]. The 
disintegrating time of effervescent tablets is also affected by the 
fragility of the tablets; in the present study, F5 had a high friability 

value of 1.53%, thereby accelerating the process of tablet solubility. 
The hydrophilic nature of PVP as a binder facilitates the entrance of 
water into the tablet pores, and the tablet dissolving process begins 
with the entry of water into the tablet pores. The entrance of water 
into the pores of the tablet causes an effervescent reaction between 
the acid and carbonate, which releases carbon dioxide for the 
dissolution of effervescent tablets [31]. According to previous 
research, the formulation of effervescent tablets from extracts on F4 
has the lowest friability value and produces the quickest dissolution 
time than the other formulations. 

The acidity of Kaempferia galanga effervescent tablet solution was 
determined by measuring its pH. If the pH of the effervescent 
solution is too acidic, then it can cause gastric irritation; if it is too 
alkaline, then it can cause a bitter and unpleasant taste. The pH of 
effervescent tablets was determined using a pH meter. F1 to F2 had 
pH values of 4.45, 4.18, 4.14, 3.87 and 3.78, respectively. The pH of 
the solution decreased due to the pH of the effervescent tablet as a 
result of 27% acid content. The addition of acid, specifically citric 
acid and tartaric acid enhances the acidity of the effervescent tablet 
solution, thereby decreasing its pH. The increase in the acid's H+ions 
is responsible for decreased pH (table 2). By contrast, an increase in 
H+ion production results in a decrease in pH value. Previous study 
[33] reported that the addition of 35% acid resulted in a pH of 4, 
which was lower than the addition of 15% acid (pH of 5.91). 
Effervescent has adequate solubility at pH between 5 to 7 because it 
is unstable at pH greater than 8. The required pH for effervescent is 
6. The pH of the effervescent must be acidic because sodium 
bicarbonate necessitates an acidic reagent. In the presence of the 
acid developer’s hydrogen ions, sodium bicarbonate reacts to 
liberate carbon dioxide [16]. 

The Indonesian Pharmacopoeia requires tablets with an average 
weight>300 mg to have 5%–10% weight deviation. Weight 
uniformity indicates the uniformity of the tablet’s active ingredient 
content. All formulations had an acceptable CV (>5%).  

Size uniformity influences the quality and aesthetics of the tablet; 
therefore, the uniformity of tablet size should not exceed three times 
the size nor fall below one-third the size of the tablet. The size 
uniformity of the effervescent tablets satisfies the requirements and 
is directly proportional to the tablet weight uniformity test, as the 
punch heavily influences it and dies moulds on the tablet press, not 
by a mixture of acidic or wet formulations. 

Characterization of an optimized effervescent tablet 

A linear model was developed based on data analysis and processing 
with Design Expert software version 13 to compute the Simplex 
Lattice Design (SLD) equation for each response. 

Determining the optimal formula aims to produce the optimal 
formula based on response data from the preparation parameters. 
The value A represents the proportion of citric acid, while the value 
B represents the proportion of tartaric acid. A positive value for each 
component indicates a synergistic effect, in which the response 
value will increase if the component is increased. The negative value 
indicates an antagonistic or opposing relationship between the 
components and the response. The magnitude of the number or 
value indicates the magnitude of the influence of the components on 
the response [33]. 

 

Table 3: Projected model equations for effervescent tablet responses using the simplex lattice design method 

Chart Parameter Equality Model 

A Hardness Y = 8.23 (A)+5.56 (B)+24.99 (A)(B) linear 
B Friability Y = 0.187 (A)+1.37 (B) – 2.93 (A)(B) linear 
C Dissolving time Y = 3.43 (A)+2.30 (B) linear 

 

According to the equation in table 3, the responses to the tablet 
hardness test are positively correlated; that is, if the components of 
citric acid and tartaric acid are increased, then the hardness value of 
the effervescent tablet increases, meaning that the resulting tablet will 
be hard. Tartaric acid has a greater influence on hardness (+5.56) than 

citric acid (+8.23). The linear graph (fig. 1) shows that the higher the 
composition of tartaric acid added to the formula is, the harder the 
resulting tablet will be. A previous work [8] stated that if tartaric acid 
is used as the sole acid, then the resulting powder easily loses its 
strength and clumps, thereby increasing hardness when printed. 
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Fig. 1: Plot of citric acid and tartrat acid concentration on the (A) Hardness, (B) Friability, and (C) dissolving time 

 

The graph depicts the correlation between the quantity of citric acid 
and tartaric acid and the fragility of effervescent tablets (fig. 1). The 
higher coefficient of citric acid than tartaric acid leads to fragile 
tablets. Based on the response equation for the tablet friability test, 
it has a negative effect; when citric acid and tartaric acid 
components are reduced, the tablet friability value will also 
decrease. The value of tartaric acid (+1.37) had a greater influence 
on tablet friability than citric acid (+0.187). Ref. [11] reported that 
the increase in the proportion of citric acid is due to the influence of 
the high hygroscopicity of citric acid. 

An increase in the concentrations of citric acid and tartaric acid has a 
beneficial effect on the response of the dissolving time test [31], so 
the response value of the tablet dissolution time will also increase 
(table 3). The value of citric acid is greater (+3.43) than tartaric acid 
(+2.30) and is reinforced by the linear graph (fig. 1c). The 
concentration of citric acid is higher than tartaric acid, and the use of 
citric acid leads to increased tablet solubility. 

The one-sample T-test findings (table 4) indicate that, at a 95% 
confidence level, no statistically significant difference was found 
between the anticipated and experimental outcomes (p>0.05). 

 

Table 4: Optimum formula verification 

Parameter Predictions Optimum formulas Sig. 2-tailed Interpretation 
Hardness (Kg)* 8 6.527±0.866 0.000 Significantly different 
Friability (%)* 0.285 0.077±0.105 0.473 Not significantly different 
Dissolving time (s)* 02:69:60 02:36:06±00:06:05 0.180 Not significantly different 

*Result are expressed as a mean±SD, n=3 

 

The optimal formula is a formula whose results fall within the 
parameter limits. It should have a desirability value close to number 
one. According to the simplex lattice design method expert software 

design, the optimal formulas for citric acid and tartaric acid are 9.5% 
and 17.5%, respectively, with a desirability value of 0.789. Fig. 2 
displays the results of the optimal formula prediction. 

 

 

Fig. 2: Contour plot displaying the optimized formula using the simplex lattice design method 
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CONCLUSION 

The presence of both citric acid and tartaric acid affects the physical 
assessment of tablet hardness but has no impact on tablet friability 
or dissolving time. The simplex lattice design approach was utilized 
to determine the most optimum concentrations of citric acid and 
tartaric acid in the effervescent tablets of Kaempferia galanga 
extract. The optimal concentration of citric acid was found to be 
9.5%, while the optimal concentration of tartaric acid was 
determined to be 17.5%. The desirability value associated with 
these concentrations is 0.789. Moreover, the ideal formula can be 
formulated in a subsequent phase for stability tests and in vivo 
experiments. 
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