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A B S T R A C T

Poly-2-hydroxypropane-1,2,3-tricarboxylic carubin (P-2HTCb) has characteristics as a glidant similar to talc and 
magnesium stearate (MgSt), such as irregular shape, wavy surface, difficulty dissolving in water, and hydro
phobicity. The experiment’s purpose is to determine the effect and potential of P-2HTCb as a glidant in tablet 
dosage form with lactose granules (LG) as a filler model. The application of P-2HTCb as a glidant represents a 
novelty. P-2HTCb was used in each of mixture mass with contents of 0.5 %, 1 %, 2 %, and 4 %. Each mixture 
mass was tested for flow time, angle of repose, and Tap-Bulk, then tableted with a weight of 700 mg. The tablets 
were tested for hardness, friability, and disintegration time. Evaluation of the mixture mass with concentrations 
of 0.5 %, 1 %, 2 %, and 4 % for flow time 5.13–5.47 s; angle of repose 21.54–22.56○; Tap-Bulk 0.070–0.078 g 
mL− 1; tablet weight 699.7–702.0 mg; tablet hardness 7.9–8.4 kp; Tablet friability 0.70–0.86 % and tablet 
disintegration time 0.52–1.63 min. The optimum concentration (2 %) improves the flow time and angle of repose 
of the mixture mass. Increasing the concentration of P-2HTCb causes the Tap-Bulk value of the mixture mass and 
tablet friability to decrease, but increases tablet hardness. The optimum concentration (1 %) provides the fastest 
disintegration time. P-2HTCb produces minimal dust when mixed with LG material. P-2HTCb can be recom
mended as an alternative glidant candidate in environmentally and health-friendly pharmaceutical formulations.

1. Introduction

2-hydroxypropane-1,2,3-tricarboxylic acid (2HT) reacts with car
ubin (Cb) under acidic conditions to form an ester polymer, poly-2- 
hydroxypropane-1,2,3-tricarboxylic carubin (P-2HTCb) [1,2]. The spe
cific characteristics of P-2HTCb align with those of typical esterification 
products, including ester carbonyl groups, low solubility, and low vis
cosity. Characteristics derived from galactomannan that may appear in 
P-2HTCb include amorf, irregular particle shape, and a wavy surface [2,
3].

Glidant is a fine powder that coats particles, smoothing their surfaces 
and improving flow. It also fills the pores of filler granules, resulting in 
smoother surfaces and enhanced flowability [4]. Talc and magnesium 
stearate (MgSt) are commonly used glidants in the pharmaceutical in
dustry due to their availability and low cost. Both have fine particle size, 
are hydrophobic, water-insoluble, and exhibit irregular shapes with 
wavy surfaces [5–7]. P-2HTCb shares similar characteristics with talc 
and MgSt, warranting evaluation of its glidant potential. Talc contains 

inorganic silicates that can slightly absorb humidity [8,9]. MgSt is an 
organic compound derived from saturated fatty acid stearate, func
tioning as a envelop that renders particle surfaces slippery [10–12]. 
P-2HTCb is an ester of mannose-galactose and 2-hydroxypropane-1,2, 
3-tricarboxylic acid. Organoleptic tests indicate that P-2HTCb exhibits 
waxy properties.

This study aims to evaluate the effect and potential of P-2HTCb as a 
glidant in tablet formulations, using lactose granules (LG) as a filler 
model. P-2HTCb was used at concentrations of 0.5 %, 1 %, 2 %, and 4 %, 
similar to those applied for talc and MgSt as controls. These concen
trations reflect typical usage levels of talc (1.00–10.00 %) and MgSt 
(0.25–5.00 %) in solid dosage formulations to facilitate particle flow 
[13,14]. Each formulation was tested for flow time, angle of repose, and 
Tap-Bulk, then compressed into 700 mg tablets. The tablets were eval
uated for hardness, friability, and disintegration time. LG was prepared 
from a lactose monohydrate solution by rapid wetting and spraying to 
form spherical agglomerates. It is commonly used as a filler in direct 
compression. LG characteristics include spherical or granular shape, 
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porosity, water solubility, and hydrophilicity [6].
The application of P-2HTCb as a glidant represents a novelty. This 

study investigates the influence of increasing P-2HTCb concentrations 
on the flowability of the mixture mass and the quality of tablets to 
conventional glidants such as talc and MgSt. Both comparators gener
ated visible dust during mixing due to their low bulk densities, 
approximately 0.56 g cm− 3 for talc and 0.16 g cm− 3 for MgSt [6,15]. In 
contrast, P-2HTCb, synthesized from carubin (Cb) and 2-hydroxypro
pane-1,2,3-tricarboxylic acid (2HT), is estimated to possess a higher 
bulk density, given the densities of its precursors (0.63 g cm− 3 for Cb and 
0.60 g cm− 3 for 2HT) [16–18]. This property suggests a potential 
reduction in dust formation during mixing. P-2HTCb was tested at 
concentrations ranging from 0.5 % to 4.0 % to assess potential as gli
dant. The results provide insight into its potential as an alternative gli
dant for solid dosage formulations.

2. Material and methods

Standard materials, chemicals, and equipment commonly used in 
manufacturing and evaluation in the food and pharmaceutical fields 
were used to obtain quality P-2HTCb, quality tablets, and glidant po
tential determination. Chemical characterization such as UATR and 
NMR to ensure the success of P-2HTCb manufacturing, while physical 
characterization such as viscosity, pH, and solubility to ensure new 
properties that emerge from P-2HTCb. Manufacturing of mixed mass 
and tablets was carried out using research-scale production tools. 
Evaluation of the quality of mixed mass and tablets such as flow time, 
angle of repose, Tap-Bulk, tablet weight, hardness, friability, and 

disintegration time followed standard reference procedures.

2.1. Raw materials and chemicals

The experimental ingredients were carubin (food grade, Viscogum, 
Cargill, France), 2-hydroxypropane-1,2,3-tricarboxylic acid (pro 
analytical, Merk KgaA, Darmstadt, Germany), hydrochloric acid (pro 
analytical, Sigma Aldrich Chemie, GmbH, USA), water for injection 
(sterile grade, PT. Otsuka Indonesia), aquadest (technical grade, Cawan 
Anugerah Chemika, Indonesia), acetone t.g (Cawan Anugerah Chemika, 
Indonesia), lactose granules (pharmaceutical grade, FlowLac 90, Meggle 
GmbH & Co. KG, Germany), talc (food grade, PT. Bratachem, Indonesia) 
and magnesium stearate (food grade, PT. Bratachem, Indonesia).

2.2. Manufacturing of P-2HTCb

P-2HTCb was created by adopting previous research methods [19]. 
Cb (7.10 x 10− 6 mol) was swollen in water for injection (up to 50 mL), 
adding 0.42 mol of 2HT and 0.24 mol of HCl (acid catalyst). The gel 
mixture was heated at 50 ○C in a water bath for 30 min (Fig. 1). The gel 
was precipitated with acetone and repeatedly rinsed with 
acetone-aquadest (1:1). The P-2HTCb slabs were dried and powdered by 
a blender (Maspion, MT1569). P-2HTCb powder was analyzed using 
Fourier Transform Infrared (FTIR), Nuclear Magnetic Resonance (NMR), 
viscosity, and pH.

Fig. 1. P-HTCb manufacturing mechanism. The mechanism begins with the protonation of the O atom in the 2HT carbonyl group. The O atom attacks H+ in HCl to 
create +OH. The C–OH of mannose and galactose attacks the C atom in the 2HT carbonyl group, causing the release of the double bond in the C––O group, thus 
creating (OH)2 and CO + -H groups. Proton transfer occurs from CO+-H to the OH group, creating H2O+ and CO in mannose and galactose. The H+ in the OH group is 
lost, followed by H2O+, which is called H3O+. The mechanism concludes that the C atom in mannose and galactose replaces the H atom from 2HT in the carbox
ylate group.
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2.3. Characterization of P-2HTCb

P-2HTCb powder was infrared analyzed with UATR (PerkinElmer 
Spectrum Version 10.4.3., USA). Analysis was carried out at wave 
numbers 400-4000 cm− 1. P-2HTCb was analyzed with 1H and 13C NMR 
(JEOL RESONANCE ECZ 500R, Japan). The viscosity of P-2HTCb was 
analyzed with a viscometer (Brookfield LVDV-I Prime, AP6510416, 
USA) using an S61 spindle at 60 rpm. The acidity of P-2HTCb was 
analyzed with a pH meter (Metrohm 913, Switzerland), which had been 
calibrated at pH 4, 7, and 10. The 0.5 g of P-2HTCb was dispersed in 50 
mL of distilled water and stirred using a magnetic stirrer for 2× 12 h 
(OHAUS Guardian 3000, USA). The resulting mixture was filtered, and 
the filtrate was dried in a 70 ◦C water bath and then weighed (Mettler 
Toledo AL204, Switzerland). Solubility was calculated as the percentage 
ratio of the dried filtrate weight to the initial sample weight [2].

2.4. Preparation of mixture mass and tablet

P-2HTCb and the two comparators (talc and MgSt) were weighed 
following the research design (Table 1) for concentrations of 0.5 %, 1 %, 
2 %, and 4 %. The LG was weighed up to 100 g of the mixture mass. Each 
mixture mass was mixed until homogeneous on a cubic mixer (50 rpm, 1 
min) (Erweka, Germany). Each mixture mass was compressed into 700 
mg tablets using a single punch tablet press on a scale of 10–12 (max. 
pressure 3.000 kg/cm2) by direct compression (Bio/Pharmatech, R&D 
Press, Taiwan). The tablets were evaluated for hardness, friability, and 
disintegration time.

2.5. Flowability

Each mixture mass (100 g) was poured into the funnel of a flow
ability tester (Erweka, Germany). The start button is pressed to open the 
funnel valve so the mixture mass flows towards the sample plate. The 
flow time for 100 g is displayed on the monitor. The cone-shaped mound 
on the plate is scanned using infrared to determine its dimensions. The 
angle of repose is displayed on the monitor.

2.6. Tap-Bulk

The graduated cylinder (100 mL) was carefully weighed on an digital 
balance (Mettler Toledo, Switzerland), and the weight was recorded. 
The mixture mass was poured slowly into a measuring cup at a slope of 
approximately 45○ until 100 mL was reached. The measuring cup con
taining the powder was weighed again, and the weight was recorded. 
The measuring cup was placed on a tap density volumeter (Erweka, 
Germany). The start button was pressed to tap 500 times. Observe and 
note the volume at the end of the beat. The actual weight of the mixture 
mass was obtained from the difference between the glass containing the 
mixture mass and the empty measuring cup (w). Bulk density was ob
tained from the powder weight and initial volume (100 mL) ratio. Tap 
density was obtained from the powder weight and final tapping volume 
ratio. Tap-Bulk was obtained following Equation (1) [20]. 

Tap − Bulk=
[w
vʹ
]
−
[w

v

]
(1) 

w is the mass weight of the mixture mass, v’ is the volume of the mixture 
mass final tapping, and v is the volume of the mixture mass before 
tapping.

2.7. Tablet weight

Several tablets (20 units) were taken randomly, and the weight was 
determined by weighing them individually (Mettler Toledo, 
Switzerland). The average weight and standard deviation of each batch 
were determined.

2.8. Hardness

Representative tablets of 6 units from each batch were taken 
randomly. Each tablet was pressed by a metal rod until it cracked or 
broke on a hardness testing apparatus (Schleuniger, Netherlands). The 
hardness of each tablet is measured by the pressure in kg pounds (kp) 
displayed on the monitor [21,22].

2.9. Friability

Representative tablets of 10 units from each batch were taken 
randomly. All tablets were dusted free and weighed. They were then 
placed in a drum friability apparatus (Erweka, Germany) and rotated at 
25 rpm for 4 min. All tablets were dusted again and weighed. Friability 
was determined according to Equation (2) [20–22]. 

Friability [%] =

[
initial weight − final weight

initial weight

]

x 100% (2) 

2.10. Disintegration time

Representative tablets of 18 units from each batch were randomly 
selected. Six tablets out of 18 were randomly selected. Each tube in the 
apparatus disintegration vessel (Erweka Z3, Germany) was filled with 
tablets. The vessel was repeatedly raised and lowered to be immersed in 
distilled water (900 mL, 37 ◦C) in the chamber [23]. The longest time for 
the six tablets to leave the tube was the disintegration time [20].

2.11. Statistics

Two-factor ANOVA was used for flow time, angle of repose, Tap- 
Bulk, hardness, friability, and disintegration time tests. Glidant type 
and experimental concentration were factors for ANOVA with alpha (α) 
0.05.

3. Result and discussion

Experimental data are presented systematically to facilitate inter
pretation of the results of P-2HTCb characterization, blended mass 
quality evaluation, and tablet quality evaluation. This process serves as a 
method for determining the glidant potential of P-2HTCb, considering 
the influence and advantages of P-2HTCb on tablet formulation and 
manufacturing technology.

3.1. Manufacturing of P-2HTCb

P-2HTCb manufacturing was tailored to laboratory-scale capacity 
and facilities and followed previous research methods [2] The average 
yield of dry P-2HTCb was 1.20 g ± 0.06. All P-2HTCb was mixed and 
pureed with a blender. P-2HTCb fine powder was characterized before 
being used for P-2HTCb research as a glidant.

3.2. Characterization of P-2HTCb

The infrared spectrum of P-2HTCb is shown in Fig. 2. P-2HTCb 
identified the O–H group as appearing at 3337.44 cm− 1, C–H as 2923.86 
cm− 1 and 2851.60 cm− 1, and C––O ester as 1735.84 cm− 1. The spectrum 
of P-2HTCb is similar to that of Cb, except that the C––O ester group is 
present in P-2HTCb. The C––O ester group is a specific group that 

Table 1 
Experimental formulas with various types and concentrations of glidants.

Material Glidant concentration [%]

P-2HTCb/talc/MgSt 0.5 1 2 4
LG ad [g] 100 100 100 100
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identifies successful esterification. Wave numbers in previous research 
showed the O–H group was around 3300 cm− 1, C–H around 2800 and 
2900 cm− 1, and C––O ester around 1735-1740 cm− 1 [1,3]. The NMR 
spectrum of P-2HTCb is shown in Fig. 3. 1H NMR of P-2HTCb shows two 
doublet peaks at δ = 3.047 ppm and δ = 3.015 ppm (E,F), δ = 2.866 and 
ppm, and δ = 2.834 ppm (E,F) which corresponds to C–H2 (symmetric 
side) from 2HT. Both twin peaks indicate the presence of 2HT in Cb. The 
other protons of mannose and galactose are close, so peaks coincide. 
Multiple peaks at δ = 4.114–3.427 ppm correspond to C–H of C s in 
mannose and galactose. Details of multiple peak mannose and galactose 
peaks include δ = 4.114 ppm (M2), δ = 3.750 ppm (M3), δ = 3.895 ppm 
(M4), δ = 3.551 ppm (M5), δ = 3.736 ppm (M6), δ = 3.803 ppm (G2), δ 
= 3.920 ppm (G3), δ = 3.979 ppm (G4), δ = 3.775 ppm (G5), and δ =
3.728 ppm (G6). Previous experiments showed two doublet peaks from 
2HT at δ = 3.083–2.714 ppm [2,3]. Multiple peaks of mannose and 
galactose appear at δ = 4.418–3.309 ppm [2,3]. 13C NMR of P-2HTCb 
appears to peak at δ = 177,058 ppm and δ = 173,593 ppm corresponds 
to C––O of 2HT (A,B). The peak at δ = 73,383 ppm corresponds to the 
central C of 2HT (C). The peak at δ = 43,358 ppm corresponds to the 
C–H2 symmetric side of 2HT (D). The peaks δ = 100,154 ppm, δ = 76, 
541 ppm, and δ = 75,034 ppm correspond to C in the cyclohexane of 
mannose (M). The peaks at δ = 71,415 ppm, δ = 69,937 ppm, δ = 69, 
303 ppm, δ = 61,240 ppm, δ = 60,981 ppm, and δ = 60,521 ppm 
correspond to C in cyclohexane of mannose and galactose (M & G). The 
peaks do not appear well separated because P-2HTCb swells when 
wetted with deuterium (D2O) as a medium for NMR analysis. Previous 
research reported that the peak at δ = 180–170 ppm indicates the C––O 
group. The peak at δ = 80-70 ppm indicated the central C atom. The 
peak at δ = 44-43 ppm indicated C–H and C–H2 [1,24,25]. The peak at δ 
= 105-60 ppm indicates mannose and galactose [2,26–29]. The viscosity 
of P-2HTCb in this study was 9.53 cP ± 0.15. The viscosity of P-2HTCb 
in previous studies was 7.82–11.37 cP [1–3]. The pH of P-2HTCb in this 
study was 4.83. The pH of 2HT used in this study was 2.05, and the pH of 

Cb was 5.85. The pH of P-2HTCb (4.83) shows the presence of 2HT in 
Cb, so the pH of P-2HTCb is between the pH of 2HT and Cb. The solu
bility of P-2HTCb in this experiment was 0.30 % ± 0.02. The P-2HTCb 
has been characterized and used in P-2HTCb research as a glidant in LG 
fillers.

3.3. Flow time

Table 2 and Fig. 4a show this study’s flow time values. According to 
pharmaceuticals, a good mixture or powder mass flow time is ≤ 10 s for 
100 g of mixture mass or powder [30–33]. The P-2HTCb mixture mass 

Fig. 2. Infrared spectra of P-2HTCb and Cb. The specific group of P-2HTCb is the C––O ester group, which appears at wave number 1735.84 cm− 1.

Fig. 3. 1H and 13C NMR spectra of P-2HTCb. The specific group P-2HTCb (C––O ester) appears at 177.058 ppm (central C atom) and 173.593 ppm (side C atom).

Table 2 
Evaluation values of mixture mass for flow time, angle of repose, and Tap-Bulk.

Glidant Concentration Flow time Angle of repose Tap-Bulk

[%] [sec.] [o] [g.mL− 1]

Talc 0.5 6.40 ± 0.20 22.77 ± 0.21 0.066 ± 0.007
1.0 6.73 ± 0.23 25.22 ± 0.26 0.080 ± 0.008
2.0 6.80 ± 0.20 24.60 ± 0.26 0.072 ± 0.007
4.0 7.00 ± 0.20 23.58 ± 0.31 0.066 ± 0.007

MgSt 0.5 6.20 ± 0.20 22.81 ± 0.25 0.047 ± 0.004
1.0 5.20 ± 0.20 21.91 ± 0.27 0.054 ± 0.004
2.0 5.87 ± 0.12 22.69 ± 0.24 0.076 ± 0.008
4.0 8.67 ± 0.31 24.17 ± 0.24 0.094 ± 0.008

P-2HTCb 0.5 5.40 ± 0.20 22.56 ± 0.22 0.078 ± 0.004
1.0 5.33 ± 0.23 22.00 ± 0.20 0.076 ± 0.004
2.0 5.13 ± 0.31 21.54 ± 0.21 0.072 ± 0.004
4.0 5.47 ± 0.12 22.42 ± 0.21 0.070 ± 0.004

Flow time and angle of repose indicate that the mixture mass containing P- 
2HTCb glidant has slightly faster flow properties than the mixture mass con
taining the other two glidants. Tap-Bulk indicates that the mixture mass con
taining P-2HTCb has greater and/or greater interparticle porosity than the 
mixture mass containing the other two glidants.
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had the fastest flow time profile compared to the talc and MgSt mixture 
mass. The waxy properties of the P-2HTCb particles on the LG surface 
accelerate the LG movement in response to gravity so that the mixture 
mass flows quickly. P-2HTCb particles move freely between the LG 
surfaces along with the movement of the mixture mass, pushing the LG 
to move faster. The presence of talc on the LG surface and the porosity of 
the LG keep the LG in a dry condition because talc prevents humidity 
from penetrating the LG. A dry mixture mass will flow easily when 
exposed to gravity. A low concentration of MgSt particles on the LG 
surface can accelerate the mixture mass flow when exposed to gravity. 
The concentration increase of MgSt slows the mixture mass flow. The 
effect of stearate compounds as saturated fatty acids at low concentra
tions envelops the LG surface. In contrast, stearate compounds from 
MgSt at high concentrations cause cohesion between MgSt particles at 
the between LG’s surface, thus inhibiting the flow of the mixture mass.

The number of P-2HTCb particles is sufficient to fill the porosity of 
the LG so that the particle surface is flat and flows easily. The higher the 
P-2HTCb concentration of 0.5 %–2 %, the faster the flow time. The 4 % 
concentration has a longer flow time than the three initial 

concentrations. P-2HTCb at the three concentrations filling the LG 
particles’ porosity. In the P-2HTCb 4 %, the particles exceed the amount 
of LG porosity. The P-2HTCb particles in the form of fines inhibit the 
flow of the mixture mass.

The mixture mass of the talc shows that the higher the talc concen
tration, the slower the flow time. The number of talc particles exceeds 
the amount of LG porosity, so many talc particles are on the surface of 
the LG particles. The higher the talc concentration, the more cohesive 
layers of talc there are on the surface of the LG particles, thus inhibiting 
the movement of the LG particles.

The mixture mass of MgSt with a concentration of 0.5 % and 1 % 
could fastest the flow time because MgSt particles filled the porosity of 
the LG particles. The mass concentration mixture of 2 % and 4 % slows 
the flow time because more particles are on the surface of the LG, and 
more MgSt cohesive layers are formed. The flow time at both concen
trations is longer than the mixture mass of the talc at the same con
centration because the bulk density of MgSt (0.16 g cm− 3) is lower than 
that of talc (0.56 g cm− 3) [6,15]. Low density causes the powder volume 
to increase.

Fig. 4. Curve profile of glidant for flow time (a), angle of repose (b), Tap-Bulk (c), hardness (d), friability (e), and disintegration time (f). Fcount from ANOVA for the 
effect of glidant type on flow time (65.6111), angle of repose (10.5786), Tap-Bulk (79.0034), hardness (79.0034), friability (1.2014), and disintegration time 
(1640.4846). Fcount from ANOVA for the effect of glidant concentration on flow time (143.3571), angle of repose (177.2467), Tap-Bulk (3.1287), hardness 
(461.7071), friability (57.7262), and disintegration time (84150.9414). The criteria used for ANOVA are the effect of glidant type Fcriteria (3.0088) and the effect of 
glidant concentration Fcriteria (3.4028).
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3.4. Angle of repose

Table 2 and Fig. 4b show the angle of repose values. A good angle of 
repose for a mixed mass or powder is ≤ 40○ [34,35]. The P-2HTCb 
mixture mass has the lowest angle of repose profile compared to the talc 
and MgSt mixture mass. The angle of repose results are in accordance 
with the flow time results. The presence of P-2HTCb particles that have 
waxy properties on the LG surface accelerates the movement of the 
mixture mass. LG at the top of the sharp cone moves freely continuously 
because the P-2HTCb particles also move freely between the LG surfaces, 
thus reducing the angle of repose of the mixture mass. Talc prevents the 
humidity of the mixture mass cone, but the movement of the mixture 
mass slows down because there is no driving force, thus tending to in
crease the angle of repose. The mixture mass cone containing low con
centrations of MgSt accelerates the movement of LG. Rising 
concentrations of MgSt particles slow down the movement of the 
mixture mass. Stearic compounds derived from saturated fatty acids at 
low concentrations envelop the LG surface, thereby accelerating the 
movement of the mixture mass. At high concentrations, the MgSt stea
rate compound causes cohesiveness between MgSt particles on the LG’s 
surface, thus inhibiting LG movement and increasing the angle of repose 
of the mixture mass.

A mixture with the number of P-2HTCb particles at a concentration 
of 0.5 %–2 % shows that the greater the porosity of the LG particles, the 
more they are filled with P-2HTCb particles. The surface of the LG 
particles becomes flatter and smoother as the concentration of P-2HTCb 
increases. The LG particles quickly move and flow above them, so that 
the mixture mass forms a cone that is not high and has a wide diameter. 
A mixture mass like this can easily fill the die space according to the 
designed weight. At a concentration of 4 %, the mixture mass shows that 
the number of P-2HTCb particles exceeds the porosity capacity, so these 
particles are located on the surface of the LG particles. Fine-sized P- 
2HTCb particles are difficult to flow and inhibit the movement of par
ticles above them. In conditions like this, P-2HTCb particles can be ar
ranged into several layers as the P-2HTCb concentration increases.

The angle of repose of the mass of the talc mixture with a concen
tration of 0.5 % did not show glidant activity because the number of 
particles was still too small to fill the porosity of the LG particles. The 
particles are few in the mixture mass with a concentration of 1 % on the 
surface of the LG particles, so the fines of talc particles inhibit the 
movement and flow of the particles above them. At concentrations of 2 
%–4 %, the number of talc particles was able to fill the porosity and was 
on the surface of the LG particles. The surface of the LG particles be
comes flat and smooth, thus facilitating the movement and flow of the 
particles above them.

The mixture mass of the MgSt shows a concentration of 0.5 %–1 %, 
reducing the angle of repose because the number of MgSt particles in
creases, which fills the porosity and the surface of the LG particles. In 
this condition, the surface of the LG particles becomes flat and smooth so 
that the particles above them move quickly and flow downwards to form 
a sloping cone. The number of particles is excessive at a concentration of 
2 %–4 %, creating a layer on the surface of the LG particles. The many 
fines of MgSt particles inhibit the movement and flow of particles above 
them. The cone was sharp and the angle of repose was high.

3.5. Tap-Bulk

The Tap-Bulk values are shown in Table 2 and Fig. 4c. The waxy 
properties of the P-2HTCb particles on the surface of the LG facilitate the 
movement of LG to continuously fill the inter-particle porosity of the 
mixture, allowing the particles to achieve a stable arrangement. The 
higher the concentration of P-2HTCb, the Tap-Bulk value decreases 
because the P-2HTCb particles layer upon layer, allowing LG to achieve 
a stable arrangement quickly. Talc particles on the surface of the LG 
prevent humidity. A concentration of 1 % indicates the optimum free 
movement of LG enveloped by talc particles. Talc concentration 

decreases the Tap-Bulk value because LG moves between the tight talc 
particles. The cohesiveness between MgSt particles at the LG’s surface 
separates when the mixture is subjected to repeated vertical mechanical 
forces, allowing the LG to move freely to fill the porosity of the mixture 
mass continuously. The concentration of MgSt increases, causing the 
Tap-Bulk value to increase. Cohesion between MgSt particles is released 
more, so the mixture of particles moves freely to reach the most stable 
arrangement.

The mixture mass of the P-2HTCb from a concentration of 0.5 %–4 % 
indicates a further decrease in the Tap-Bulk value because the P-2HTCb 
particle arrangement can fill the voids between the LG particles. As the 
concentration increases, the increase in P-2HTCb particles can still load 
the spaces between the LG particles even though the number decreases.

The mixture mass of the talc with a concentration of 0.5 % shows the 
dominance of the LG particle arrangement. At the same time, the talc 
particles have no effect because the number of particles is too small. In 
the talc mixture mass with a concentration of 1 %, the talc particles are 
on the surface of the LG particles. When the mixed mass receives me
chanical movement, the talc particles move and fill the voids between 
the LG particles. The mixture mass of the talc with a concentration of 2 
%–4 %, increasing the number of talc particles, can fill the voids be
tween the LG particles so that the volume decrease is not too significant 
and the Tap-Bulk is small.

The mixture mass of the MgSt with a concentration of 0.5 %–4 % 
shows that increasing the MgSt concentration increases Tap-Bulk 
because MgSt has a low density, so the number of particles in the 
mixture mass is significant. Low density affects the measurement vol
ume and alters the number of LG particles. The large number of MgSt 
fine particles causes a substantial decrease in volume, so the Tap-Bulk 
value becomes high.

3.6. Tablet weight

Table 3 shows the tablet weight for each experiment. This parameter 
was carried out to verify that each mixed mass could consistently flow to 
fill the die cavity of the tablet compression machine. The tablet mass in 
the die cavity is compressed into a tablet weighing around 700 mg with a 
slight deviation.

3.7. Hardness

Table 3 and Fig. 4d show each tablet’s hardness value. The tablet 
hardness value indicates the deformation bond strength of the particles 
that make up the tablet. The type of glidant influences the tablet hard
ness profile with increasing glidant concentration. The tablet mass with 
P-2HTCb produced the highest tablet hardness compared to the other 
two glidants. The compressed mixture mass causes particle deformation. 
Furthermore, the compression pressure generates heat due to friction 
between particles. In addition, friction occurs between the particles and 
the metal punches and dies. P-2HTCb particles at the surface between 
the LG particles experience deformation and bond, thus bonding the 
deformation interlocking of the mixture mass particles and increasing 
tablet hardness. Tablet hardness at a talc concentration of 0.5 % is 
dominated by LG deformation interlocking. A 2 % talc concentration is 
the optimum concentration because it produces the highest tablet 
hardness. The deformation of the talc particles utilizes the absorbed 
humidity to bond the deformation interlocking of the mixture mass 
particles, resulting in high tablet hardness. At lower talc concentrations, 
the absorbed humidity is insufficient to bond the deformation inter
locking of the mixture mass particles. At higher talc concentrations, the 
deformation of the humidity talc particles will stick together, resulting 
in lower tablet hardness. Tablet hardness at a 0.5 % MgSt concentration 
is influenced by the dominance of LG deformation interlocking, result
ing in high hardness. At higher MgSt concentrations, the deformation of 
the MgSt particles containing saturated fat is insufficient to bond the 
deformation interlocking of the mixture mass particles, resulting in 
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lower tablet hardness. At an MgSt concentration of 4 %, tablet hardness 
is influenced by the cohesiveness of the deformation of MgSt particles, so 
the tablet hardness is high.

Increasing the concentration of P-2HTCb increases tablet hardness. 
The P-2HTCb fines can fill particle porosity and porosity between LG 
particles. The arrangement of these particles shows a complementary 
composition so that the interlocking deformation becomes more stable 
when compressed.

The hardness of tablets with talc looks like a wave with peaks at 
concentrations of 0.5 % and 2 %. At a concentration of 0.5 %, tablet 
hardness was dominated by the interlocking of LG particle deformation, 
and talc fines did not affect the interlocking quality. Meanwhile, at a 
concentration of 2 %, the talc fines can fill the particles’ porosity and the 
porosity between the LG particles so that this composition is stable when 
compressed into tablets. In tablets with a talc concentration of 1 %, small 
amounts of talc fines cause the tablet to have a lot of particle defor
mation porosity, so the tablet breaks easily when subjected to me
chanical pressure. In tablets with a talc concentration of 4 %, there is too 
much fine talc, so the interlocking bonds between fine talc of defor
mation particles are not strong and break when mechanical pressure 
occurs.

The hardness of tablets with MgSt has a manger-like profile. In a 
tablet with an MgSt concentration of 0.5 %, tablet hardness influenced 
the dominance of interlocking deformation of LG particles. Deformation 
of MgSt fines does not affect the particle arrangement because the 
amount is small. Fines MgSt plays a more significant role in filling the LG 
particles’ porosity so that the particles’ surface is flat and smooth. When 
compressed, the particles form a compact deformation, strong inter
locking, and hard tablets. This condition causes the hardness of tablets 
with a MgSt concentration of 0.5 % to be higher than that of tablets with 
0.5 % talc. The hardness of tablets with MgSt concentrations of 1 % and 
2 % showed a decrease. Fines MgSt at both concentrations filled the 
porosity of the LG particles, and the remainder filled the porosity be
tween the LG particles. The higher the concentration, the more MgSt 
fines are contained in the porosity between the LG particles. This par
ticle arrangement, when compressed, produces tablets with much 
porosity that easily crack when subjected to mechanical pressure. Tab
lets with a 4 % MgSt concentration have a composition mechanism 
similar to tablets of the other three concentrations. Tablets with a con
centration of 4 % are harder than tablets with a MgSt concentration of 1 
% and 2 % because of the interaction between MgSt fines on the tablet 
surface. This interactive force occurs due to the cohesive force of the 
MgSt fines, thus forming an overlapping, layered deformation structure, 
a hard tablet surface, and a shiny tablet.

3.8. Friability

Friability values for each glidant concentration are shown in Table 3
and Fig. 4e. Pharmaceutically good tablet friability is <1 % [36–39]. The 
friability profile of tablets with P-2HTCb is opposite to that of the other 
two glidants. The deformation of the P-2HTCb particles, which bond 
interlocking between deformation particles of the mixture mass when 
compressed into tablets, can be kept when subjected to repeated me
chanical movements, so the tablets have low friability. The concentra
tion of P-2HTCb increased, showing lower tablet friability. Tablets 
containing talc and MgSt showed that tablet friability increased as the 
concentration of talc or MgSt increased. The humidity of talc deforma
tion particles cannot keep the bond between particle mass on the 
interlocking condition, so tablet friability is high when exposed to 
repeated mechanical movements. Tablet containing MgSt is similar to 
tablets containing talc, where the interlocking deformation of MgSt 
particles cannot be kept due to weakened cohesiveness. This condition 
occurs due to repeated mechanical movements, so the tablet friability is 
high.

Increasing the concentration of P-2HTCb reduces tablet friability. 
Tablet friability is synergistic with tablet hardness. P-2HTCb fines are in 
the porosity of LG and the porosity between LG particles. The higher the 
concentration of P-2HTCb in both porosities, the more compact the 
deformation of the LG particles and the harder the tablet. Friability 
occurs due to the release of LG particle fragments or P-2HTCb fines on 
the tablet’s surface. The P-2HTCb fines on the tablet surface experience 
interlocking, making them more stable when subjected to mechanical 
movement and releasing fewer particles.

The release of talc particles (0.5 %) fragments dominated the fria
bility of tablets because the deformation of LG particles dominated 
interlocking. The friability of tablets with a 1 % talc concentration was 
due to the release of LG particle fragments or talc fines. Particle frag
ments are released due to the large amount of porosity in the tablet, so 
deformation is not resistant to mechanical movement. Tablet friability of 
talc concentrations of 2 % and 4 % was due to the release of talc fines on 
the tablet’s surface and which were not tightly interlocked and released 
when mechanical movement occurred. Increasing the concentration of 
talc causes the number and layer of deformation of talc fines on the 
tablet surface to increase, resulting in more release of talc fines when 
there is mechanical movement.

The friability of tablets with 0.5 % MgSt is due to the release of MgSt 
particle fragments due to the dominance of interlocking deformation of 
LG particles. The friability of tablets with talc concentrations of 1 % and 
2 % is due to the release of LG particle fragments or MgSt fines. Particle 
fragments or fines are released, due to the large amount of porosity 
formed in the tablet, so the deformation becomes friable when me
chanical movement occurs. Tablets with an MgSt concentration of 4 % 

Table 3 
Evaluation values of tablets for weight, hardness, friability, and disintegration time.

Glidant Concentration Weight Hardness Friability Disintegration time

[%] [mg] [kp] [%] [min.]

Talc 0.5 701.30 ± 0.85 6.80 ± 0.80 0.86 ± 0.04 0.26 ± 0.05
1.0 700.10 ± 1.45 5.90 ± 0.49 0.88 ± 0.01 0.14 ± 0.03
2.0 700.90 ± 1.83 6.40 ± 0.36 0.91 ± 0.01 0.34 ± 0.03
4.0 701.40 ± 0.78 5.50 ± 0.69 0.95 ± 0.02 0.46 ± 0.05

MgSt 0.5 701.00 ± 1.30 8.00 ± 0.78 0.85 ± 0.03 10.18 ± 0.05
1.0 700.90 ± 1.64 5.80 ± 0.63 0.87 ± 0.02 9.23 ± 0.08
2.0 701.80 ± 1.96 5.20 ± 0.51 0.93 ± 0.01 12.27 ± 0.09
4.0 701.50 ± 1.76 7.30 ± 0.64 0.99 ± 0.01 14.89 ± 0.07

P-2HTCb 0.5 701.80 ± 1.21 7.90 ± 0.55 0.86 ± 0.06 1.21 ± 0.13
1.0 700.50 ± 1.71 8.00 ± 0.39 0.82 ± 0.05 0.52 ± 0.10
2.0 699.70 ± 1.23 8.10 ± 0.61 0.77 ± 0.03 1.27 ± 0.08
4.0 702.00 ± 1.29 8.40 ± 0.53 0.70 ± 0.04 1.63 ± 0.07

Tablets with P-2HTCb glidant tended to have higher hardness and lower friability than the other two glidant tablets. The disintegration time with P-2HTCb glidant (<2 
min) was slightly longer than that of tablets with talc glidant (<1 min) and significantly faster than that of tablets with MgSt glidant (9.23–14.89 min).
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were friable due to MgSt fines on the tablet surface coming off. Even 
though there is a fine cohesive force of MgSt, the interaction can sepa
rate because the mechanical energy provided is stronger than the energy 
of the cohesive force.

3.9. Disintegration

Disintegration times for various glidants and concentrations are 
shown in Table 3 and Fig. 4f. All tablets in this experiment met the 
pharmaceutically acceptable disintegration time ≤15 min. The profiles 
of the three graphs show that the tablet disintegration time with P- 
2HTCb is close to the tablet disintegration time with talc. Tablets con
taining P-2HTCb disintegrate due to repulsion between P-2HTCb parti
cles when wetted by the disintegration test medium. This repulsion 
occurs due to the waxy properties of P-2HTCb. A 1 % P-2HTCb con
centration shows the fastest disintegration due to the optimum amount 
of P-2HTCb particle deformation, resulting in sufficient tablet porosity 
for penetration of the disintegration test medium. At lower concentra
tions, disintegration is affected by tablet hardness and penetration of the 
disintegration test medium through the LG porosity, requiring a longer 
time. At higher concentrations, the tablet porosity is tight due to many 
deformations of the P-2HTCb particles, resulting in slower penetration 
of the disintegration test medium.

The disintegration process of talc-containing tablets begins with the 
absorption of humidity by the deformation of the talc particles on the 
tablet surface, which results in the release of the talc particles from the 
tablet. This condition allows the disintegration medium to penetrate the 
tablet’s porosity and experience disintegration. A talc concentration of 
1 % demonstrated the fastest tablet disintegration due to the optimal 
amount of talc particle deformation, ensuring sufficient tablet porosity 
for penetration of the disintegration medium. At lower concentrations, 
tablet disintegration is more influenced by tablet hardness. The disin
tegration medium needs longer penetration times to penetrate the LG 
porosity on the tablet. At higher concentrations, tablet porosity is tighter 
due to the deformation of more talc particles, resulting in slower media 
penetration times during disintegration tests.

The hydrophobic properties of MgSt stems from the saturated fatty 
acid stearate. The deformation of MgSt particles on the tablet surface 
shields against the disintegration test medium. The deformed MgSt 
particles attract each other due to their cohesive nature during 
compression. The ability of the disintegration test medium to penetrate 
the porosity between the deformed MgSt particles influences the wetting 
of the tablet surface. Wetting of the tablet surface takes longer because 
MgSt is highly hydrophobic, resulting in a longer tablet disintegration 
time.

The curve profile of tablet disintegration time with P-2HTCb is 
similar to that of tablet disintegration time with talc and MgSt. The three 
graphs show that 1 % concentration is the optimum concentration for 
the fastest disintegration time because, in this condition, the number of 
glidant particles in the tablet is sufficient to provide a way for the 
disintegration medium to wet the surface and enter the tablet’s core. The 
tablet disintegration time at a glidant concentration of 0.5 % is influ
enced by the tablet’s porosity, which is the entry point for the disinte
gration medium. The tablet disintegration time at concentrations of 2 % 
and 4 % is influenced by the speed of wetting or penetration of the 
disintegration medium towards the glidant particles on the tablet 

surface. The higher the glidant concentration, the longer it takes to wet 
or penetrate the glidant particles on the tablet surface.

4. Statistic

The results of the ANOVA statistical test are shown in Table 4. The 
ANOVA test for glidant types indicates that there are significant differ
ences (Fcount > Fcriteria; Pvalue < α0.05) between glidant types in the values 
of flow time, angle of repose, Tap-Bulk, hardness, and disintegration 
time. The particle shape of each glidant influences the particle 
arrangement of each glidant in the mixture mass and the porosity of the 
tablet. The type of glidant does not make a significant difference (Fcount 
< Fcriteria; Pvalue > α0.05) on friability because the three glidants are fines 
and cohesive, which tend to stay on the tablet surface and are easily 
separated when there is mechanical movement.

The ANOVA test for glidant concentration showed significant dif
ferences between concentrations (Fcount > Fcriteria; Pvalue < α0.05) in the 
values of flow time, angle of repose, hardness, friability, and disinte
gration time. Concentration affects the mass volume of the mixture, 
tablet thickness, and tablet porosity. Concentration did not provide a 
significant difference (Fcount < Fcriteria; Pvalue > α0.05) on Tap-Bulk. Even 
though the volume of each concentration is different, the difference 
between Tap and Bulk is similar.

5. Conclusion

The results of experiments with P-2HTCb at a concentration of 
0.5–4.0 % as a glidant against LG show that the optimum concentration 
(2 %) improves the flow time and angle of repose of the mixture mass. 
Increasing the concentration of P-2HTCb causes the Tap-Bulk value of 
the mixture mass and tablet friability to decrease, but increases tablet 
hardness. The optimum concentration (1 %) provides the fastest disin
tegration time. Compared to the other two glidant materials, P-2HTCb 
produces minimal dust when mixed with LG material. The reduction in 
dust is an advantage of P-2HTCb for being more environmentally and 
health-friendly. P-2HTCb comes from natural Cb with a relatively higher 
bulk density than the other two glidant materials. The presence of 2HT 
can increase the bulk density of the combination product (P-2HTCb) to 
reduce dust during mixing. P-2HTCb can be recommended as an alter
native glidant candidate in environmentally and health-friendly phar
maceutical formulations.
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Glidant Flow time Angle of repose Tap-Bulk Hardness Friability Disintegration time Criteria
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P-value 1.00 x 10− 11 1.30 x 10− 4 9.80 x 10− 4 1.41 x 10− 12 0.33 6.86x 10− 28 α (0.05)
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Fcount 143.3571 177.2467 3.1287 461.7071 57.7262 84150.9414 F (3.4028)
P-value 4.50 x 10-14 4.20 x 10− 15 6.20 x 10− 2 6.98 x 10− 20 6.75 x 10-10 7.06 x 10− 47 α (0.05)
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