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Abstract
Purpose  Analyze the effect of HCl concentration 0.24 mol as a synthesis catalyst on the viscosity of CA-LBG and determine 
the effect of the application of CA-LBG as a disintegrating agent on the physical quality of tablets.
Methods  Citric acid-locust bean gum (CA-LBG) was synthesized from citric acid (CA) and locust bean gum (LBG) using 
hydrochloric acid (HCl) and ultraviolet irradiation (UV 254 nm, 100 min). The CA-LBG was analyzed by Fourier transform 
infrared spectroscopy (FTIR), nuclear magnetic resonance (NMR), scanning electron microscopy (SEM), esterification effi-
ciency, solubility, and viscosity. The tablet formulation used CA-LBG with a concentration variation of 0.5%, 1%, 2%, 4%, 8%, 
and 12%. Preparation of tablets by direct compression uses a spray dray lactose (SDL) as a filler with a tablet weight of 200 mg.
Results  Synthesis conditions using 0.24 mol HCl to produce CA-LBG 9.48 cP. The presence of CA-LBG as a disintegrating 
agent has variation effects to thickness, break force, tensile strength, and friability according to the concentration used. In 
the formulation process, increasing the concentration of CA-LBG in the tablet mass decreased the flow rate and increased 
compressibility.
Conclusion  The increase in the concentration of CA-LBG in tablets accelerated the disintegration of tablets without the 
influence of other tablet parameters. The CA-LBG disintegration activity through repulsion between CA-LBG deformations 
on the tablet when wetted with disintegration medium. The repulsion force occurs due to the character of CA-LBG which 
has low solubility and low viscosity.
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Introduction

Natural polymers are a resource that can be used and devel-
oped as pharmaceutical excipients. One of the natural poly-
mers in pharmaceutical excipients is locust bean gum (LBG) 
which functions as the matrix, binder, disintegrating agent, 
thickening agent, suspending agent, gelling agent, etc. The 
LBG is a polymer that has the potential to be modified to 
produce new materials as excipients in tablet formulations 
[1–4].

Citric acid-locust bean gum (CA-LBG) is a modified pol-
ymer synthesized from citric acid (CA) and locust bean gum 
(LBG). The synthesis was carried out using hydrochloric 
acid (HCl) as a catalyst and ultraviolet (UV) irradiation as an 
energy source to form ester bonds. LBG consists of mannose 
and galactose monomer chains (4:1). [2, 5–9].

The HCl is a strong acid that is effective for creating 
acidic conditions [10, 11]. Variation is of HCl concentra-
tion in the synthesis effect on the character of CA-LBG. The 
concentration of HCl affects the rate of protonation of the 
carbonyl group of CA to form a positive C atom. Increasing 
the concentration of HCl causes an increase in the creation 
of positive C atoms. This condition increases CA binding to 
LBG. The characteristics of CA-LBG are influenced by the 
concentration of CA bound to LBG [6].

The low wavelengths of UV irradiation (200–400 nm) 
are a source of energy strong enough to form chemical 
bonds [12–14]. The UV irradiation for a certain duration 
determines the formation of positive C atoms from the 
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carbonyl group in CA with the O atoms (C-6) of man-
nose and galactose at LBG. The results of previous stud-
ies reported that this esterification produced a carbonyl 
ester group on CA-LBG which was not owned by LBG. In 
addition, the study reported that CA-LBG has a viscosity 
of 7–11 cP [6].

The CA-LBG utilization as material synthesis products 
needs to be studied further. Pharmaceutical formulation is 
one area where CA-LBG can be used as an alternative to 
pharmaceutical excipients. Previous studies have reported 
that CA-LBG has the potential as a disintegrating agent for 
tablet dosage formulations [6].

The purpose of this study was to analyze the effect of HCl 
concentration 0.24 mol as a synthesis catalyst on the viscos-
ity of CA-LBG. The aim of the tablet formulation was to 
determine the effect of the application of CA-LBG as a dis-
integration agent on the physical quality of tablets. The nov-
elty of this study, the synthesis of CA-LBG uses a concen-
tration of HCl 0.24 mol as the catalyst, and UV irradiation 
time (100 min) as an energy source that creates the chemical 
bond. HCl concentrations of 0.18 mol and 0.30 mol were 
experimental control concentrations to determine the suc-
cess of the synthesis and characterization of CA-LBG. The 
CA-LBG experiment as a disintegrating agent was further 
studied with various concentrations. Sodium starch glycolate 
(SSG) and croscarmellose sodium (CS) were comparable 
disintegrating agents to study the disintegration activity 
of CA-LBG. SSG and CS are tablet disintegrating agents 
that are often used in tablet formulations because both able 
to swell in the disintegrating medium in a fast time. The 
rounded shape with the smooth surface of the SSG and the 
shape of the root with the corrugated surface of the CS can 
affect the tablet quality [4, 15]. The experiment was con-
ducted to determine the potential for the disintegration of 
CA-LBG in tablet formulations as an alternative choice of 
disintegrating agent to be developed in the future.

Material and Methods

Raw Materials and Chemicals

Materials needed in this study were locust bean gum (Vis-
cogum, Cargill, France), citric acid monohydrate (Merck 
KgaA, Darmstadt, Germany), hydrochloric acid (Sigma-
Aldrich, GmbH, USA), acetone (Cawan Anugerah Chemika, 
Indonesia), sodium starch glycolate (JRS Pharma, India), 
croscarmellose sodium (FMC Biopolymer, USA), spray-
dried lactose (Foremost Farms, USA), diclofenac sodium 
(Dwilab Mandiri, Indonesia), sterilized water for injection 
(Otsuka, Indonesia), and distilled water (Brataco Chemical, 
Indonesia).

Preparation of CA‑LBG

The swollen LBG was placed in a glass bowl (7.10 
 × 10−6 mol/50 mL concentration at a temperature rate of 
55–60 °C) and CA (0.42 mol) was added with different con-
centrations of HCl (0.18, 0.24, and 0.30 mol). The mixture was 
stirred for 10 min and irradiated with UV light for 100 min 
(254 nm, 8-W shortwave CH-4132 Muttenz, Camag, Switzer-
land). The wet solid was precipitated with acetone and washed 
with acetone-distilled water (1:1, v/v). The solid CA-LBG was 
dried at ambient temperature [7].

Chemical characterization was carried out to confirm the 
success of esterification. The characterization of CA-LBG 
was performed by using FTIR (Fourier transform infrared) 
and NMR (nuclear magnetic resonance) spectroscopic tech-
niques. SEM (scanning electron microscope), esterification 
efficiency, solubility, and viscosity tests were also carried 
out in order to elucidate the structure.

Fourier Transform Infrared Spectroscopy

The structure and the functional group of CA-LBG were 
analyzed by Fourier transform infrared spectroscopy (UATR 
Perkin Elmer Spectrum Version 10.4.3.) in the wavenumber 
range of 4000–450 cm−1 spectra were recorded.

Nuclear Magnetic Resonance

The 1H and 13C NMR of CA-LBG was analyzed by liquid-
state NMR spectroscopy (JEOL RESONANCE ECZ 500R 
Japan). The CA-LBG (5–15 mg) was stirred for 45 min. 
The filtrate was placed in the glass tube, and spectra was 
recorded.

Scanning Electron Microscope

The surface morphology of CA-LBG was analyzed using 
SEM (JSM-6510LA, JEOL, Japan). The CA-LBG was 
mounted on a holder, coated by platinum, and observed 
(distance 10 mm and voltage 10 kV).

Esterification Efficiency

The efficiency of the synthesis was evaluated through 
the yield percentage of CA-LBG to the total raw mate-
rial. The evaluation of esterified CA was determined by 
the degree of esterification. The determination of the 
degree of esterification follows the experimental equation 
that has been done previously [6]. Acetone solution and 
acetone-distilled water to precipitate and wash the acidic 
CA-LBG mass comes from unreacted HCl and CA. The 
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concentrations of both were analyzed potentiometrically 
with NaOH (0.2 N) as the titrant which had been stand-
ardized using oxalic acid. The dissolved acid concentra-
tion (mEq) was analyzed by means of the titrant volume 
needed to reach the endpoint of neutralization and was 
determined according to Eq. 1. The dissolved CA (mEq) 
is converted (gram) (W CA dissolved)), and the reacting 
CA is determined according to Eq. 2. The carboxylate 
group weight of the reacting CA (gram) is determined by 
the mass relative of the carboxylate group compared to 
the mass relative of CA multiplied by the weight of the 
CA reacting. The degree of esterification is determined 
by comparing the  CA reacting (gram) and the initial CA 
(gram) and calculated according to Eq. 3 [6].

Dissolved CA (mEq).

Weight CA reacting (gram)

Degree of esterification

Solubility

Solubility was determined by 0.5 g CA-LBG added 50 mL 
distilled water and allowed to stand for 24 h (Wd). Then, 
the filtrate was separated from the swollen sample. The 
filtrate was dried on a water bath at 70 °C and reweighed 
(Wds) on a microbalance (Mettler Toledo AL204, Swit-
zerland). The solubility of the CA-LBG was analyzed 
according to Eq. 4:

where Wds and Wd are soluble weight and initial weight 
(dry weight, respectively) [16].

(1)
dissolved CA

[

mEq
]

= dissolved acid
[

mEq
]

− dissolved HCl [meq]

(2)W CA reacting = W initial CA −W dissolved CA

(3)

Degree of esterification [%] =
W CA reacting [g]

W initial CA [g]
× 100%

(4)Solubiliy[%] = Wds∕Wd × 100%

Viscosity

The CA-LBG viscosity test is using a viscometer (Brookfield 
LVDV-I Prime, Middleboro, MA, USA). The CA-LBG (3% 
w/v) was swelled in 300 mL of warm distilled water and 
left at ambient temperature. Spindle no. S61 was installed 
on Brookfield. Viscosity was recorded when Brookfield was 
rotated at 100 rpm.

Preparation of Tablets

Preparation of tablets begins with weighing the ingredients 
according to the formula (Table 1). Preparation of tablets by 
direct compress was prepared by mixing homogeneous SDL 
and CA-LBG/SSG/CS using a cubic mixer (2 min, 100 rpm) 
(Erweka). The physical quality of tablet mass was evaluated 
for flowability and compressibility. The mass of the tablets 
was compressed with a weight of 200 mg per tablet using a 
single punch machine (Jenn Chian Machinery, Taiwan). The 
physical quality of the tablets was evaluated for thickness, 
weight, break force, tensile strength, friability, and disinte-
gration time.

Flowability

Tablet mass (100 g) was placed in a funnel hole on a flowa-
bility tester (Erweka, Germany). When the funnel valve is 
opened, tablet mass flows. Flow time can be observed on the 
flowability tester monitor.

Compressibility

Tablet mass was poured into a measuring tube (100 mL, 
angle ± 40°) whose weight was known. The filled measur-
ing tube is weighed, placed on a tapped density volume-
ter apparatus (Erweka, Germany), and tapped (500 taps). 
Weight and volume of tablet mass (before and after tapped) 
were recorded to determine the bulk density and the tapped 
density. Tablet mass versus volume before tapped is bulk 
density. Granule weight/tablet mass versus volume after 
tapped is the tapped density. The compressibility index is 
the difference between tapped density and bulk density ver-
sus tapped density (Eq. 5) [17].

Table 1   Detail synthesis of CA-LBG using the concentration of HCl and irradiated with UV (254 nm, 100 min). Value physical parameters of 
CA-LBG: yield, the degree of esterification, carbonyl ester wavelength, solubility, and viscosity

Batch code LBG 10−6 
[mol]

CA [mol] HCl [mol] Carbonyl ester
[cm−1]

Yield
[%]

Degree of 
esterification
[%]

Solubility
[%]

Viscosity [cP]

A 7.10 0.42 0.18 1739.22 26.62 ± 0.05 8.27 ± 0.19 36.63 ± 1.14 11.20 ± 0.10
B 7.10 0.42 0.24 1736.39 27.13 ± 0.09 9.13 ± 0.13 29.30 ± 1.16 9.48 ± 0.06
C 7.10 0.42 0.30 1735.85 27.66 ± 0.06 9.69 ± 0.23 22.64 ± 1.15 7.76 ± 0.07
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Weight and Thickness

Tablet weight and thickness were determined using 20 ran-
domly selected tablets. Each tablet was weighed using an 
analytical weighing scale (Mettler Toledo, Switzerland), and 
thickness was accurately measured using a thickness gauge 
(Mitutoyo 7301, Japan).

Break Force and Tensile Strength

Tablet break force (BF) was determined using 6 randomly 
selected tablets [18]. The tablet is placed on the break force 
tester plate (Schleuniger, Netherlands). The metal block 
moves towards the tablet and presses until the tablet cracks/
breaks. The tablet break force value is determined from the 
start of cracks/breaks, indicated on the monitor.

The strength of the tablet against mechanical stress is 
determined specifically using the tensile strength parameter 
according to the shape of the convex tablet. Tensile strength 
(σt) is calculated following Eq. 6 [19, 20].

F is the break force, D is the diameter of the tablet, t is 
the total thickness of the tablet, and W is the thickness of the 
center of the tablet without convex.

Friability

Tablet friability was determined using a randomly selected 
number of tablets with a total tablet weight equal to 6500 mg 
[18]. Each tablet was dust-free, and the total weight of all 
tablets was determined (W0). All tablets were put into a 
drum friability tester (Erweka, Germany) and rotated for 
4 min (25 rpm). After being removed from the drum, each 
tablet was dust-free and weighed again (W1). The friability 
of the tablet is the difference in the total weight of the tab-
let before and after rotated compared to the weight before 
rotated (Eq. 7).

Disintegration Time

Tablet disintegration time was determined using 6 tablets 
randomly selected from 18 previously randomly selected 

(5)

compressibility index [%] =
tapped density − bulk density

tapped density
× 100%

(6)�t =
10F

�D
2( 2.84

(

t

D

)

− 0.126

(

t

W

)

+ 3.15

(

W

D

)

+ 0.001)

(7)friability[%] =
W0 −W1

W0
× 100%

tablets [18]. Each tablet was inserted into each tube in the 
chamber disintegration tester apparatus (Erweka Z3, Ger-
many). The chamber is up-down in a distilled water bath 
(37 °C; 900 mL). The disintegration time was determined 
from the longest time required for the tube net to be free of 
tablet fragments.

Dissolution

The experiment was prepared using a tablet mass added with 
diclofenac sodium as a model active ingredient. Each tablet 
contains 50 mg of diclofenac sodium to be compressed to 
a weight of 250 mg [21, 22]. Dissolution using phosphate 
buffer medium pH 6.8 (900 mL; 37 ± 0.5 °C; 50 rpm) for 
60 min using the paddle method (Electrolab TDT-08L, 
India) [23, 24]. The release of ketoprofen was sampled and  
observed at 5, 15, 30, 45, and 60 min. Analysis of dissolved  
diclofenac sodium concentration was done using a UV–VIS is  
spectrophotometer (Hitachi U-1900, Japan) at a wavelength 
of 276 nm [25, 26].

Result and Discussion

Mechanism of the CA‑LBG Synthesis Reaction

In the synthesis of CA-LBG, the acidity of HCl could be 
induced protonation of O atoms from the carbonyl group of 
citric acid and created positive C atoms. The hydroxyl (OH) 
group of C-6 at mannose and galactose atoms reacts with 
the protonated citric acid carbonyl group to create a tetrahe-
dral cation. Protonated OH (+OH2) oxygen groups with H2O 
loss to form CA-LBG. UV irradiation is the energy source 
to create bonds between positive C atoms from carboxylic 
groups and O atoms of C-6 at mannose and galactose [6, 
7]. The schematic and details of the synthesis are shown in 
Fig. 1 and Table 1.

Fourier Transform Infrared Spectroscopy

The results of the CA-LBG and LBG infrared analy-
sis are shown in Fig. 2 and Table 1. The stretching peaks 
appear at 3268.19 cm−1; 3291.84 cm−1: 3304.40 cm−1; and 
3337.34 cm−1 are related to the hydroxyl (OH) groups of 
C atoms at mannose and galactose. Sharp peaks appear 
at 2920.60  cm−1; 2923.35  cm−1, 2923.56  cm−1; and 
2923.35 cm−1 are related to C–H bonds of CA and LBG. 
In CA-LBG, the sharp peak comes from C–H symmetri-
cally of CA [27]. The sharp peak of CA-LBG appeared at 
1739.22 cm−1, 1736.39 cm−1, and 1735.85 cm−1 are related 
to the carbonyl ester group that was produced from the syn-
thesis reaction. The carbonyl ester group is created by the 
bond between the positive C atom of the protonated carbonyl 
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group in CA and the O atom of C-6 at mannose and galac-
tose in LBG. In a previous study, the OH group appeared 
around 3300 cm−1. C–H appears around 2900 cm−1, and 
C = O appears around 1750–1735 cm−1 [6]. This indicates 
the success of the synthesis, and CA-LBG was further con-
firmed by NMR.

Nuclear Magnetic Resonance

The NMR examination was carried out only in one of the 
experimental conditions (batch B) due to the resulting CA-
LBG will be used as a disintegrating agent in the tablet dos-
age forms. NMR examination of the two other conditions has 

Fig. 1   CA-LBG production 
mechanism. Synthesis of CA-
LBG was carried out by adding 
0.42 M CA to 7.10 × 10–6 M 
LBG which had swollen. The 
mixture was added with HCl 
(0.18–0.42 mol) and UV irradi-
ated (100 min)

Fig. 2   FTIR spectrum of LBG and CA-LBG. LBG as a comparison 
is shown in black spectra. CA-LBG was synthesized using a 0.18 mol 
HCl catalyst (batch A) shown in green spectra. CA-LBG was synthe-
sized using a 0.24  mol HCl catalyst (batch B) shown in blue spec-

tra. CA-LBG was synthesized using 0.30 mol HCl catalyst (batch C) 
shown in red spectra. The carbonyl ester group (C = O) is a specific 
group that presents at CA-LBG and is absent at LBG
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been confirmed in previous studies [6, 7]. NMR examination 
using CA-LBG dissolved in deuterium (D2O) (H2O).

The results of the CA-LBG NMR analysis are shown in 
Fig. 3. The 1H NMR spectrum of CA showed two doublet 
peaks at δ = 3.088 ppm and δ = 3.056 ppm, δ = 2.906 and 
ppm, and δ = 2.875 ppm shows the presence of CA at LBG. 
The peak is from C–H2 in CA. The two doublet peaks are 
protons from symmetric C on CA reacting on LBG. The 
position of one adjacent proton due to bond rotation and 
causes the signal to split so that the peak appears splitting. 
Multiplet peaks at δ = 4.148–3.587 ppm from mannose and 
galactose in LBG. Previous studies reported that two doublet 
peaks of CA around δ = 2.7–3.0 ppm. Multiple peaks from 
mannose and galactose appear around δ = 4.5–3.0 ppm [6, 7].

The peaks of the CA-LBG 13C NMR spectra from 
the high to low energy field were at δ = 176.790  ppm; 
δ = 173.459 ppm; δ =  173.363 ppm; δ = 171.069 ppm; 
δ = 100.192  ppm; δ = 100.000  ppm; δ = 75.072  ppm; 
δ  = 73.325  ppm; δ  = 71.453  ppm; 71.338  ppm; 
δ = 69.985  ppm; δ = 61.260  ppm, δ = 61.010  ppm, and 
δ = 60.559; and δ = 43.349. Previous studies reported that 
the C = O group appeared at δ = 180–170 ppm, the central 
C atom appeared at δ = 80–70 ppm, and C–H and C–H2 
appeared at δ = 44–43 ppm. [6, 28–30]. The peak absorption 
of mannose and galactose appears at δ = 105–60 ppm [6, 
31–34]. This shows the success of the synthesis.

Scanning Electron Microscopy

The SEM images of CA-LBG (Batch B) are shown in 
Fig. 4. In magnification 100 ×, particles of CA-LBG appear 
in an irregular shape. In magnification 3500 ×, particles 
CA-LBG have the surface morphology of CA-LBG appear 
coral-corrugated. Based on previous experiments, LBG has 
a corrugated morphology and CA creates coral morphol-
ogy [6]. The LBG particles have a shape coral-corrugated 
that indicates the available interaction of CA with LBG and 
shows successful synthesis.

Esterification Efficiency

The yield percentage and degree of esterification of CA-LBG 
for all batches are shown in Table 1. The high concentration 
of HCl under synthesis conditions increases yield percent-
age and degree of esterification due to the high amount of 
CA bound to LBG. The HCl increases the acidity of the 
synthesis conditions to protonate the O atom from the car-
bonyl group and creates a positive C atom, thereby causing 
CA to bind to LBG. The CA-LBG batch A to batch C shows 
the higher the degree of esterification in proportion to the 
increase in the concentration of HCl because the protonation 
of the O atom from the carbonyl group and the formation of 
a positive C atom is faster. This condition accelerates creates 

Fig. 3   1H NMR and 13C NMR spectrum of CA-LBG representative (batch B). CA-LBG was synthesized using catalyst 0.24 mol HCl
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bonds between positive C atoms from carboxylic groups and 
O atoms of C-6 at mannose and galactose.

Solubility

The solubility of CA-LBG for each synthesis condition is 
shown in Table 1. The CA-LBG of batch A to batch B pre-
sents the solubility decreasing in proportion to the increasing 
degree of esterification. The more CA molecules bound to 
the LBG produce CA-LBG with stable ester bonds. Bonds of 
positive C atoms from carboxylic groups and O atoms of C-6 
at mannose and galactose decrease the ability of CA-LBG 
to interact with distilled water. In this condition, CA-LBG 
particles are difficult to wet so inhibit solubility in distilled 
water.

Viscosity

The viscosity of CA-LBG for each batch is shown in Table 1. 
LBG has a high viscosity, but the presence of excess CA can 
reduce the viscosity. The viscosity of CA-LBG from batch A 
to batch C decreased in proportion to the increasing degree 
of esterification. The carbonyl ester groups formed from the 
bonding of positive C atoms from carboxylate groups with 
O atoms of C-6 in mannose and galactose reduce the ability 
of CA-LBG to trap distilled water so viscosity decreases.

Flowability

The results of the flowability study on all tablet mass for-
mulas containing CA-LBG showed that an increase in the 
concentration of CA-LBG increased the flow time of tablet 
mass (Table 2) because influenced by the irregular shape 

of particles and the surface like coral inhibit the flow of 
mass tablet (Fig. 5). The CL-1 formula has the fastest flow 
time due to the influence of the spherical shape of the SDL 
granules to dominate the flowability although CA-LBG is 
present in the tablet mass [4]. The formula containing SSG 
and CS showed an increase in concentration cause increased 
flow time tablet mass. SSG particles are rounded and have a 
smooth surface and should be able to rate up the flow time, 
but SSG particles are also hygroscopic, thus inhibiting the 
flow time of tablet mass [4]. The CS particles are rod-shaped 
with a corrugated surface, which at high concentrations can 
inhibit the flow of tablets mass [4]. According to the flow 
time requirements, all tablet mass formulas containing a 
variety of disintegrating agents meet the requirements that 
are 100 g tablet mass that can flow in less than 10 s [35].

The effect of the presence of various disintegrating agents 
on the tablet mass is shown in Fig. 5, which is a plot between 
the concentration of the disintegrating agent and the flow 
rate [g s−1]. In general, the tablet profile containing CA-LBG 
had the most slope of the flow rate although the CA-LBG 
concentration was increasing. In addition, the decrease in 
flow rate of tablet mass with a high concentration of CA-
LBG is proportional to the flow rate of tablet mass contain-
ing high concentrations of SSG and CS. This case is because 
the particle surface of CA-LBG like coral can fill each other 
with a porosity of SDL surface [4]. The sharp decrease in 
the profile of tablet mass containing CS at low concentra-
tions (CS-1) indicates that the flow rate is more influenced 
by the spherical shape of the SDL granules so accelerate the 
flow, while at higher concentrations (CS-2), the root shape 
and corrugated surfaces of the CS particles begin to inhibit 
the flow. The flow rate profile of tablet mass containing 
SSG at low concentrations (SSG-1) is more slope than the 

Fig. 4   SEM images of CA-LBG representative, synthesized using catalyst 0.24 mol HCl (batch B)
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tablet mass containing CS at the same concentration (CS-1) 
because the hygroscopicity of SSG particles inhibits the flow 
of tablet mass. The hygroscopic effect of SSG particles at 
higher concentrations (SSG-2 to SSG-6) can be overcome by 
the rounded shape and smooth surface of the SSG particles 
so that the decrease flow rate is more slope.

Compressibility

The tablet mass density evaluation results on all tablet mass 
formulas containing CA-LBG or SSG showed that increas-
ing the concentration of the disintegrating agent increased 
the value of ρtapped–ρbulk (Table 2), due to the influence of 

Table 2   Details of tablet formulations using disintegrating agents. Evaluate the physical quality of the tablet mass and the tablet

Formula code Disintegrating agent Flow time ρtapped–ρbulk Actual Thickness Break force Friability Disintegration
time

CA-LBG SSG CS weight

[%] [%] [%] [sec.] [g.mL−1] [mg] [mm] [kp] [%] [min.]

CL-1 0.5 - - 4.0 ± 0.10 0.041 ± 0.00 201.0 ± 0.25 4.39 ± 0.01 4.0 ± 0.06 0.76 ± 0.02 9.12 ± 0.34
CL-2 1 - - 4.2 ± 0.06 0.041 ± 0.00 201.2 ± 0.47 4.38 ± 0.01 4.2 ± 0.10 0.83 ± 0.01 8.54 ± 0.19
CL-3 2 - - 4.8 ± 0.10 0.044 ± 0.01 201.2 ± 0.12 4.40 ± 0.01 6.4 ± 0.15 0.73 ± 0.02 7.69 ± 0.25
CL-4 4 - - 5.2 ± 0.15 0.053 ± 0.01 201.1 ± 0.21 4.41 ± 0.01 4.7 ± 0.12 0.66 ± 0.01 6.43 ± 0.14
CL-5 8 - - 5.7 ± 0.06 0.059 ± 0.01 200.9 ± 0.26 4.38 ± 0.01 4.4 ± 0.10 0.60 ± 0.01 4.47 ± 0.18
CL-6 12 - - 6.4 ± 0.15 0.061 ± 0.00 201.1 ± 0.36 4.39 ± 0.01 4.4 ± 0.12 0.62 ± 0.01 3.21 ± 0.14
SSG-1 - 0.5 - 2.3 ± 0.06 0.036 ± 0.00 200.8 ± 0.06 4.40 ± 0.01 2.3 ± 0.15 0.85 ± 0.01 3.79 ± 0.25
SSG-2 - 1 - 3.4 ± 0.10 0.042 ± 0.00 201.1 ± 0.44 4.38 ± 0.01 3.0 ± 0.15 0.73 ± 0.02 3.49 ± 0.38
SSG-3 - 2 - 4.0 ± 0.06 0.047 ± 0.01 201.0 ± 0.51 4.35 ± 0.01 6.3 ± 0.12 0.55 ± 0.01 1.73 ± 0.18
SSG-4 - 4 - 4.6 ± 0.10 0.051 ± 0.00 200.7 ± 0.21 4.37 ± 0.01 4.6 ± 0.17 0.60 ± 0.02 0.67 ± 0.09
SSG-5 - 8 - 5.5 ± 0.06 0.057 ± 0.00 201.1 ± 0.32 4.38 ± 0.01 5.0 ± 0.21 0.52 ± 0.02 2.55 ± 0.19
SSG-6 - 12 - 6.2 ± 0.10 0.063 ± 0.00 200.7 ± 0.15 4.38 ± 0.01 4.9 ± 0.12 0.54 ± 0.02 1.90 ± 0.35
CS-1 - - 0.5 3.1 ± 0.10 0.056 ± 0.00 200.8 ± 0.60 4.43 ± 0.01 4.5 ± 0.12 0.74 ± 0.02 4.37 ± 0.33
CS-2 - - 1 3.6 ± 0.06 0.052 ± 0.00 200.8 ± 0.35 4.46 ± 0.01 4.7 ± 0.10 0.57 ± 0.02 3.47 ± 0.15
CS-3 - - 2 4.3 ± 0.06 0.050 ± 0.00 201.0 ± 0.31 4.42 ± 0.01 4.3 ± 0.17 0.69 ± 0.01 2.49 ± 0.12
CS-4 - - 4 4.8 ± 0.10 0.045 ± 0.00 201.1 ± 0.60 4.40 ± 0.01 6.9 ± 0.12 0.62 ± 0.01 1.60 ± 0.13
CS-5 - - 8 5.4 ± 0.10 0.038 ± 0.00 201.2 ± 0.35 4.34 ± 0.01 4.5 ± 0.15 0.55 ± 0.01 0.89 ± 0.20
CS-6 - - 12 5.7 ± 0.06 0.038 ± 0.01 200.9 ± 0.15 4.45 ± 0.01 5.0 ± 0.15 0.56 ± 0.01 0.53 ± 0.30

Fig. 5   The flow rate profile of 
the mass of the tablet contains 
a disintegrating agent. The con-
centration of each disintegrating 
agent 0.5%, 1%, 2%, 4%, 8%, 
and 12%
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the shape and surface of the disintegrating agent particles. 
The initial composition of the tablet mass was SDL granules 
arranged randomly; the porosity between the SDL granules 
was filled with disintegrating agent particles. The CA-LBG 
particles which have an irregular shape and a coral-like sur-
face are randomly arranged on the porosity between the SDL 
granules according to the shape and area of the porosity 
between the initial particles. The volume decrease during the 
tapping was caused by the movement of SDL granules and 
CA-LBG particles. The CA-LBG particle corners fill each 
other surface porosity between particles and SDL granule 
surface porosity. In the CL-1 and CL-2 formulas, the poros-
ity of the mass arrangement of tablets was dominated by the 
effect of the density, and the area of porosity arrangement 
between SDL granules could accommodate all CA-LBG par-
ticles. The volume decrease in the tapping of the formula 
with the higher CA-LBG concentration causes the porosity 
between the SDL granules to be wider because the CA-LBG 
particles surround the SDL granules tightly.

The rounded shape and smooth surface of the SSG parti-
cles give a tablet mass arrangement with more regular poros-
ity than the CA-LBG particles. The smooth surface of SSG 
particles causes movement of SDL granules/SSG particles 
and decreases in volume during tapping so that the porosity 
narrows and SSG particles fill the porosity of the SDL gran-
ule surface. Formulas containing CS have a different value 
of ρtapped-ρbulk from formulas containing other disintegrating 
agents, namely, the increasing the concentration of CS, the 
lowering the value of ρtapped–ρbulk. The rod-shaped and cor-
rugated surface of the CS particles is enveloping according 
to the SDL granule shape in layers and has a narrow poros-
ity. The surface of the CS particles decreases the ability of 

the particles to move and the volume decreases on tapping 
because the surface corrugated of the CS particles will inter-
lock with other CS particles.

The results of the density evaluation are further con-
firmed by the compressibility profile shown in Fig. 6, where 
increasing the concentration of the disintegrating agent 
increases the mass compressibility of tablets containing 
CA-LBG/SSG and decreases the mass compressibility of 
tablets containing CS. The mass compressibility of tablets 
containing CA-LBG was slightly lower than the mass of tab-
lets containing SSG because the angles of CA-LBG particles 
fill each other surface porosity between particles and SDL 
granule surface porosity.

Weight and Thickness

All tablet masses according to each formula were com-
pressed to form tablets weighing about 200 mg (Table 2), 
which shows that all tablet masses are able to flow freely 
from the hopper and fill the dead space in the tablet 
compressing machine. This condition is in accordance 
with the results of the evaluation of f lowability and 
compressibility.

The variation in tablet thickness from the mass of tablets 
containing various disintegrating agents is influenced by the 
arrangement, shape, and surface of the SDL granule or the 
disintegrating agent particle so that compression is applied 
produced deformation of the granule/particle, bond inter-
locking, and narrowing the porosity between deformations. 
The irregular shape and coral-like surface of the CA-LBG 
particles provide an opportunity for the particle corners to 
fill each other with the SDL particle/granule surface porosity 

Fig. 6   The compressibility pro-
file of the tablet mass contains 
a disintegrating agent. The 
concentration of each disinte-
grating agent 0.5%, 1%, 2%, 4%, 
8%, and 12%
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so the tablet mass is compressed to produce a low-porosity 
tablet. The rounded shape and smooth surface of the SSG 
particles produce tablets with a regular form of porosity. 
The root shape and corrugated surface of the CS particles 
provide an opportunity to interlock between the particles and 
the corrugated surface so the tablet mass is compressed to 
produce a low-porosity tablet.

The CL-1 tablet is thicker even though the number of 
CA-LBG particles is less than the CL-2 tablet because the 
CA-LBG particles tend to fill the porosity of the SDL gran-
ules surface. In the CL-2 tablet, CA-LBG particles fill the 
surface porosity of SDL granules and porosity between SDL 
granules. The number of SDL granules of CL-2 tablet mass 
reduces so that produces a thinner tablet. The CL-3 and 
CL-4 tablets are thicker than the other CL tablets because 
the CA-LBG particles surround the SDL granules so that the 
volume is high and when the tablet mass is compressed into 
thick tablets. The CL-4 tablet is thicker than the CL-3 tablet 
due to the increasing number of CA-LBG particles resulting 
in a wider area surrounding the SDL granules. The number 
of CA-LBG particles in the CL-5 and CL-6 formula tablets 
is increasing so the area of the CA-LBG particles surround-
ing the SDL granules is wider, but the porosity between the 
CA-LBG particles is narrow so that the mass of the tablets 
is compressed to produce a thinner tablet. The CL-6 tablet 
is thicker than the CL-5 tablet because the CA-LBG particle 
area surrounding the SDL granules is wider.

The SSG-1 tablet is thicker than other SSG tablets 
because SSG particles fill the porosity of the SDL granules 
surface so, with the highest number of granules, the tablet 
mass is compressed to produce thick tablets. Tablet mass of 
SSG-2 and SSG-3 shows that the number of SSG particles 
is increasing, and the number of SDL granules is decreasing. 
The SSG particles in the SSG-2 tablet mass filled the surface 
porosity of the SDL granules and the dense porosity of the 
SDL granules. The SSG-3 tablet mass shows the number of 
SDL granules was reduced so the mass of the tablets was 
compressed to produce a thinner tablet. The tablet mass of 
SSG-4 to SSG-6 contains more SSG particles and surrounds 
the decreasing SDL granules. The SSG-5 tablet is thicker 
than the SSG-4 tablet because the SSG deformation area 
surrounding the SDL deformation is wider. The SSG-6 tablet 
contained more SSG surrounding the SDL deformation with 
the area is wider. The SSG-6 tablet thickness is similar to 
SSG-5 because the number of SDL deformation in the tablet 
mass is reduced.

The thickness of the CS-1 tablet was dominated by the 
effect filling of CS particles on porosity SDL granules sur-
face, so when compressed, the tablet mass experienced 
deformation with porosity varying of shapes and areas. 
The tablet of CS-2 to CS-4 contain more CS particles and 
fewer SDL granules. The increasing number of CS particles 
formed the interlocking deformation between the particles 

and enveloped the SDL granules so that produce thicker tab-
lets with narrow porosity but in large numbers. The greater 
the number of CS particles, the wider the enveloping and 
interlocking area of the CS particles, resulting in a thicker 
tablet. The thickness of the CS-5 and CS-6 formula tablets 
was dominated by the increase in the number of CS parti-
cles. CS particles are in the CS-5 tablet mass forming long 
interlocking on surrounding SDL granules. The tablet mass 
contains limited SDL granules, so it produces thin tablets 
when compressed. The CS-6 tablet is thicker than the CS-5 
tablet because the interlocking area enveloping the SDL 
granule is wider.

Break Force and Tensile Strength

Evaluation of tablet resistance to mechanical stress is meas-
ured by the BF value and shown in Table 2. The resistance 
of the CL-1 tablet is influenced by the dominance of SDL 
granules interlocking bonds when compressed to result in 
deformation with a wide porosity so that the tablets have 
a low resistance to mechanical stress. The BF value of the 
CL-2 tablet is higher than CL-1 tablet because the number 
of CA-LBG particles is more and fills the dense porosity 
between SDL granules so, when compressed, the interlock-
ing bonds are stronger and the porosity is narrower. The 
CL-3 tablet shows the highest BF value than other CL tablets 
because the deformation of CA-LBG particles around the 
SDL granule when compressed is able to form interlock-
ing bonds with narrow porosity so that the thick tablet is 
resistant to mechanical stress. In addition, the corners of 
the CA-LBG particles fill the surface porosity between the 
CA-LBG particles and the SDL granule surface porosity 
strengthening the interlocking bond. The CL-4 to CL-6 tab-
lets have a similar mechanism as the CL-3 formula tablets, 
but the number of CA-LBG particles is increasing, and SDL 
granules are decreasing so that, when compressed, produce 
tablets with a lot of narrow porosity and a decrease in tablet 
resistance to mechanical stress. The tablet of CL-5 and CL-6 
shows similar BF values due to the CL-6 tablet, although 
the interlocking bonds between particles are more dominant 
with the number of narrow porosity increases.

The SSG particles in the SSG-1 tablet mass fill the surface 
porosity of the SDL granules, so inducing the granules to be 
slightly moist and the interlocking bonds between the SDL 
deformations are weaker. In addition, SDL granules after 
being compressed produce wide porosity deformation. The 
resistance of the SSG-2 tablet is higher than the SSG-1 tablet 
because the narrow porosity between the SDL granules is 
filled with SSG particles so that the mass of the granules is 
compressed resulting in a narrower porosity deformation. 
The SSG-3 tablet shows the strongest resistance than other 
tablets because SSG particles surround SDL granules when 
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compressed which are able to form deformation interlock-
ing bonds with narrow and regular porosity, so tablets are 
resistant to mechanical stress. SSG-4 to SSG-6 tablets have a 
similar mechanism to SSG-3 tablets, but the number of SSG 
particles is increasing, and SDL granules are decreasing, 
so the mass of SSG-5 and SSG 6 when compressed pro-
duces tablets with more narrow porosity and decrease in the 
resistance of the tablet to mechanical stress. In addition, the 
slightly hygroscopic character of SSG particles decreased 
the resistance of tablets shown in the SSG-4 tablet because 
the deformation interlocking bonds of SSG particles around 
the SDL granules were weak.

The little number of CS particles in the CS-1 tablet 
tends to fill the porosity of the SDL granules. When 
compressed, the interlocking bond is dominated by SDL 
deformation with wide porosity so the resistance of the 
tablets to mechanical stress is weak. The CS-2 tablet has 
a similar mechanism to the CS-1 tablet, but the porosity 
between the SDL granules is filled with CS particles, so 
it produces a tablet with narrower porosity and is more 
resistant to mechanical pressure. The CS-3 tablet has a 
similar mechanism to the CS-2 tablet, but the number 
of CS particles is more so the CS particles form inter-
locking between particles and envelop the SDL granules. 
When compressed, the enveloping CS particles form an 
interlocking bond deformation with a narrow and large 
porosity, so the tablet surface resistance is weak. In the 
CS-4 tablet, the interlocking CS particles to envelope the 
SDL granules and a wider area so produce tablets with 
interlocking narrow porosity and strong surface to with-
stand mechanical stress. The CS-5 and CS-6 tablets have 
a similar mechanism to the CS-4 tablets, but the number 
of CS particles is increasing, and the SDL granules are 

decreasing. In CS-5 tablets, reduced SDL granules have 
an impact on tablet resistance because SDL granules serve 
as a foundation to withstand the mechanical stress exerted 
on the tablet surface. In CS-6 tablets, the foundation of 
tablet resistance to mechanical stress is controlled more 
by the interlocking bonds between CS particles after being 
compressed so that the tablets are stronger than the CS-5 
tablet.

The BF value was further confirmed by the tensile 
strength parameter to determine the comparison between 
tablets contain disintegrating agent variation according to 
the concentration in the experiment (Fig. 7). The tensile 
strength profile of CA-LBG tablets is similar to that of SSG 
tablets due to the influence of the particle shape of CA-LBG 
and SSG. The irregular shape and coral surface of the CA-
LBG particles produce tablets with strong deformation inter-
locking bonds. The tensile strength intensity of CA-LBG 
tablets is similar to that of SSG tablets showing a deforma-
tion interlocking bond that can adjust the concentration used 
in the tablets. In the experiment, the peak of tensile strength 
of CA-LBG tablets and SSG tablets was at a concentration 
of 2%, while the peak of tensile strength CS tablets was at 
a concentration of 4%. This concentration is the optimum 
condition for forming tablets with the most stable interlock-
ing deformation bonds against mechanical stress.

Friability

Evaluation of tablet resistance to mechanical movement is 
measured by friability parameters and is shown in Table 2. 
The friability of the CL-1 tablet is influenced by the low BF 
value due to the interlocking bond of SDL deformation with 
wide porosity so that SDL deformation on the tablet surface 

Fig. 7   The tensile strength 
profile of the tablet contains a 
disintegrating agent. The con-
centration of each disintegrating 
agent 0.5%, 1%, 2%, 4%, 8%, 
and 12%
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releases particles when subjected to mechanical movement. 
In addition, the CA-LBG particles on the tablet surface were 
also released. The CL-2 tablet is more friable than the CL-1 
tablet although the BF value is higher because the number 
of CA-LBG particles on the surface of the tablet is more, 
so more particles are released when subject to mechanical 
movement. The CL-3 to CL-6 tablets showed a tendency 
to decrease in friability although the BF value was lower 
because of a strong interlocking bond on the deformation of 
granules and particles, so reducing the release of tablet sur-
face particles when subjected to mechanical movement. The 
CL-6 tablet is more friable than the CL-5 tablet because the 
number of SDL deformation decreases so that the foundation 
to withstand mechanical movements is reduced.

The SSG-1 tablet is the most friable than SSG other tab-
lets because of the low BF value due to SDL deformation 
interlocking bonds with wide porosity so that the tablet 
surface releases lactose and SSG particles when subjected 
to mechanical movement. The decrease in the friability of 
the SSG-2 and SSG-3 tablets proportional to the higher BF 
value indicates a strong interlocking bond from the defor-
mation of granules and particles so resistant to mechani-
cal movement. The friability of the SSG-4 to SSG-6 tablets 
tends to decrease because the strength of the interlocking 
bonding of SSG deformation is able to withstand mechani-
cal movements. The SSG-6 tablet is more friable than the 
SSG-5 tablet because the number of SDL deformation is 
reduced so the foundation to withstand mechanical move-
ments is reduced.

The CS-1 tablet is the most friable than the other CS 
tablets because the SDL deformation interlocking bond 
dominates with a wide porosity, so the lactose and CS parti-
cles on the surface are released when subject to mechanical 

movement. The friability of the CS-2 and CS-3 tablets 
increased proportionally to the BF values of the two tablet 
formulas decreased. The more SSG deformation interlock-
ing bonds, the stronger the tablet withstands mechanical 
movements. The friability of the CS-4 to CS-6 tablets is 
proportional to the BF value and tends to decrease. The CS 
deformation on the tablet surface has a strong interlocking 
bond to withstand mechanical movements. The CS-6 tablet 
is more friable than the CS-5 tablet because of the reduced 
deformation of SDL as a foundation to resist mechanical 
movements.

The comparison of the effect of the presence of the 
disintegrating agent in each tablet formula to friability 
according to the concentration in the experiment is shown 
in Fig.  8. The friability profile of the three CA-LBG 
tablets is similar but different at the peak of each disin-
tegrating agent (CA-LBG 1%; CS 2%; SSG 4%). These 
peaks indicate that the tablet surface has bonds weakly of 
interlocking deformation and is less stable to mechanical 
movements. The friability value before the peak concen-
tration was also influenced by the release of particles from 
the SDL deformation, while after the peak concentration 
was influenced by the quality of the interlocking bond of 
deformation particles on the tablet surface so resistant to 
mechanical motion. CA-LBG tablets are more friable than 
other tablets due to the influence of the coral surface on 
the particles which tend to be friable when the porosity is 
not filled with other particles. The high friability profile 
of CA-LBG tablets appears at low concentrations because 
the surface porosity of the CA-LBG particles is not filled 
due to the limited number of CA-LBG particles. In addi-
tion, the irregularly shaped CA-LBG particles causing the 
porosity of tablets were number and wide.

Fig. 8   The friability profile of 
the tablet contains a disintegrat-
ing agent. The concentration of 
each disintegrating agent 0.5%, 
1%, 2%, 4%, 8%, and 12%
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Disintegration Time

The evaluation of tablet disintegration rates for all formu-
las with various disintegrating agents and concentrations is 
shown in Table 2. The disintegration of tablets containing 
CA-LBG showed a fast disintegration time proportional to 
the increasing concentration of CA-LBG. The values of BF 
and friability do not affect the function of the CA-LBG to 
disintegrate the tablet. The irregular particle shape and the 
corrugated surface of the CA-LBG particles resulted in a 
tablet with porosity for penetration of the disintegrating 
medium (Fig. 4). The deformation porosity of CA-LBG 
formed on the tablet is proportional to the CA-LBG concen-
tration in the tablet formula. The porosity of a large number 
on the tablet cause increases the channel for penetration of 
the disintegrating medium so that the tablet is disintegrating. 
The CA-LBG is an ester excipient that has low viscosity and 
low solubility in water (Table 1). This characteristic causes a 
repulsive force between deformations of CA-LBG on tablets 
when wet by disintegration medium. The repulsion force 
increases in proportion to the CA-LBG concentration in the 
tablet formula. The repulsive force between the CA-LBG 
deformations causes the tablets to disintegrate.

Tablets containing SSG showed that SSG concentration, 
BF value, and friability were influenced the disintegration 
time. The speed of tablet disintegration time is proportional 
to the increasing SSG concentration shown in the SSG-1 
to SSG-4 tablets. Deformation of SSG in tablets attracts 
disintegration medium so SSG deformation swells and 
pushes deformation of other granules and particles to move 
away from each other so that the tablet is disintegrating. 
SSG-5 and SSG-6 tablets show the resistance of the tablets 
to pressure and mechanical movements affect the speed of 

disintegration. Increased BF value and low tablet friabil-
ity caused long tablet disintegration time due to the strong 
interlocking bond between the deformations of granule or 
particle, thus inhibiting tablet disintegration.

Tablets containing CS showed an increase in CS con-
centration causing the disintegration time to rapidly. The 
resistance of tablets indicated by BF value and friability did 
not affect the function of CS as a tablet disintegrating agent. 
Tablets containing CS attracts the disintegrating medium for 
penetration into the tablet so that the CS deformation swell 
and push deformation around. The more the CS deformation 
swell, the faster the tablet integrates.

The comparison of the ability of the disintegrating agent 
in each tablet formula according to the concentration in the 
experiment is shown in Fig. 9. The time profile for the disin-
tegration of CA-LBG tablets is similar to that of CS tablets 
because the two disintegrating agents perform their func-
tion not influenced by the quality of other tablets so that the 
increase in concentration is proportional to the increase in 
disintegration speed. tablet. In contrast to SSG tablets, the 
disintegration time is also influenced by the hardness and 
friability of the tablets, thus inhibiting the disintegration 
process in tablets with SSG concentrations of 8% and 12%. 
The disintegration time profile of CA-LBG tablets is longer 
than CS tablets because low solubility of CA-LBG so that 
the wetting time of CA-LBG tablets is longer and inhibits 
integration.

Dissolution

Experiments to study drug release from the dosage form 
were carried out using tablets of 1%, 2%, and 4% con-
centrations of each disintegrating agent. The effect of the 

Fig. 9   The disintegration time 
profile of the tablet contains a 
disintegrating agent. The con-
centration of each disintegrating 
agent 0.5%, 1%, 2%, 4%, 8%, 
and 12%
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disintegrating agent on the release of diclofenac sodium 
from the tablet is presented in Fig. 10. The dissolution 
profile of the tablets containing CA-LBG showed that the 
release of diclofenac sodium from the tablets appeared to be  
different at 5 and 15 min. The higher the concentration 
of CA-LBG in the formula, the faster the tablet disintegrates 
and releases more diclofenac sodium. All tablets with each 
concentration of CA-LBG meet the requirements for releas-
ing diclofenac sodium [36].

A comparison of the release profile of diclofenac sodium 
from tablets with each of the disintegrating agents was 
shown in the dissolution profile (Fig. 11). Tablets contain-
ing CA-LBG showed a slower release of diclofenac sodium 

than tablets containing SSG and CS because of the gradual 
release at 5 and 15 min. The low solubility of CA-LBG 
inhibits the wetting of the tablets for disintegration thus 
inhibiting the solubility of diclofenac sodium in the disso-
lution medium.

Conclusion

Synthesis conditions using 0.24 mol HCl to produce CA-
LBG 9.48 cP. Increasing the concentration of HCl in the 
synthesis causes a decrease in the viscosity of CA-LBG due 
to an increase in CA molecules bound to LBG. The presence 

Fig. 10   The dissolution profile 
of the tablet contains a disinte-
grating agent. The concentration 
of each disintegrating agent 2%

Fig. 11   The dissolution profile 
of the tablet contains CA-LBG 
1%, 2%, and 4%
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of CA-LBG as a disintegrating agent has variation effects to 
thickness, break force, tensile strength, and friability accord-
ing to the concentration used. In the formulation process, 
increasing the concentration of CA-LBG in the tablet mass 
decreased the flow rate and increased compressibility. The 
increase in the concentration of CA-LBG in tablets accel-
erated the disintegration of tablets without the influence 
of other tablet parameters. The CA-LBG disintegration 
activity through repulsion between CA-LBG deformations 
on the tablet is when wetted with disintegration medium. 
The repulsion force occurs due to the character of CA-LBG 
which has low solubility and low viscosity.
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