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AćĘęėĆĈę

Excipients play an important role in formulating dosage forms. Exertion is
empowered to help manufacture, provide, or collect dosage forms. Although
considered pharmacological, excipients may consider a drug, due to chemi-
cal or physical interactions with the composition of the drug. Excipients have
many functions in pharmaceutical dosage forms, including enhancing active
ingredients in dosage forms, assisting active ingredients, disintegration, lubri-
cants, binders, and suppliers. Each excipient has different characteristics. In
this review, a library of studios is provided relating to the function, and con-
tent of solid excipients in a solid dosage form. Various choices can be used on
different compositions; resulting, this difference is also different. In this exam-
ple, describe the types of excipients that can be used for various components
in solid preparations that can be used in the formulation of solid preparations
and select the right type of excipient according to the character of the desired
solid preparation. In this review also presented a method combining in and
characterizing solid excipients to ϐind out its quality. Themost commonly used
methods for analysis of solid excipients are ϐlow properties, compressibility
index, Hausner index ratios, and angle of repose, while the instrumentation
commonly used is Fourier transform infrared spectroscopy (FTIR), H and C-
Nucleo magnetic resonance (H-CNMR), scanning electron microscopy (SEM),
Particle size analysis (PSA), X-ray diffraction (XRDP) and differential scanning
calorimeter (DSC).
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INTRODUCTION

Excipients in pharmaceuticals are substances other
than the pharmacologically active drug or active
ingredients that are included in the manufacturing
process or are contained in a ϐinished pharmaceu-
tical product dosage form. The excipient has many
functions in the form of a pharmaceutical prepara-
tion, including solubility modulation & API bioavail-
ability, enhancing the stability of active ingredi-
ent in the dosage forms, helping the active ingre-
dient maintains preferred polymorphic forms or
conformations, disintegrant, lubricant, binder, and
ϐiller. In selecting pharmaceutical excipients, dosage
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forms and drug products the excipient must have a
standard to assure the consistent quality and func-
tioning of the excipient. In the solid dosage form,
the drug is in intimate contact with one or more
excipient; the latter may affect the stability of the
drug. Knowledge of drug excipient interaction is
very useful for formulators in choosing the right
excipients. This information may already exist for
known drugs (Patel et al., 2011).

Excipients are not pure. It virtually of minerals,
synthetic, semi-synthetic or natural manufacture
involves the use of starting materials, reagents, and
solvents (Fathima et al., 2011). Excipient similarity
tests permit us to decide excipient interactions that
can be either kept away from or can be adjusted to
use in an effective way, which helps in limiting the
hazard related to the excipients. Excipient deter-
mination must be ϐinished on the premise of quali-
ties an excipient offers. An excipient must be chemi-
cally steady, non-responsive, low hardware and pro-
cess sensitive, inert to the human body, non-toxic,
acceptable as to organoleptic attributes, economi-
cal, and having effectiveness in respects with the
expected utilize (Madhav et al., 2017).

Binding agents (Binder)

The binding agent (Binder) is the material nec-
essary to maintain the strength structure of the
tablet preparations required during the manufac-
turing process until packaging. The binding agent
will increase the tablet’s inter particulate bonding
strength (Shailendra et al., 2012). The binding agent
works by improving the ϐlow qualities for gran-
ule formulation with the desired hardness and size.
Examples of these binding agents are Acacia, Car-
boxymethylcellulose, gelatin, polyvinylpyrrolidone,
povidone, and starch paste (Chaudhari and Patil,
2012).

Historically on the development of new drug prod-
ucts, formulations containing the original corn
starch are widely used as both binding and dis-
integrating agents in paste form. Due to ϐlow
and compressibility problems, it is necessary to
examine alternative excipients and other combined
excipients (Labella and McDougal, 2006). Differ-
ent binding agents can produce various mechani-
cal strengths of tablets and drug release properties,
depending on the intended use. Natural polysac-
charides are also used as excipients widely in the
pharmaceutical industry because they have low tox-
icity, biodegradable, safer, and economical. Starch,
mucilage, gum, and also dried fruits have several
other properties such as disintegrant, ϐiller, and sus-
tained release other than as binding agents, and they
also used to modify drug release so they can affect

the bioavailability of the introduced drug and it’s
absorption, acting as a vehicle transporting the drug
incorporated into the absorption site, as well as to
ensure the accuracy and precision of the dose, the
stability, and to enhance the organoleptic properties
of the drug thus improving patient compliance (Pif-
feri et al., 1999).

Haroon Rahim et al., in his research in 2014, evalu-
ated the potential binder in theNaDiclofenac tablets
formulation by wet granulation method. The binder
used is GumPrunus domestica and PVPK30 as stan-
dard. Evaluation is done in the form of examina-
tion of powder ϐlow properties such as Carr Index,
density, tapped density, Hausner ratio, rest angle as
tablet compression’s physical parameters that are in
the form of hardness, fragility, thickness and time of
disintegration. The characterization performed in
the form of analysis using FTIR spectroscopy shows
that the formulations containing Gum correspond
to other drugs and excipients used in tablet formu-
lations, so it can be concluded that this plant is a
potential binder and is better than PVP K30 (Rahim
et al., 2014).

Synthesis polymers are widely used as bonding
agents. However, its use has several disadvantages,
which can cause difϐiculties in the manufacturing
process, sometimes causing the hardening of the
tablets. Besides, the strong disintegrant addition
is no longer used as it should (Shailendra et al.,
2012). The bonding properties of this binding agent
have various parameters, one of which is the com-
pression parameter of the powder material and its
formulation, which can be explained using Heckel
and Kawakita equations. Bond strength size, ten-
sile strength (T), and fragile index (tablet fragility
level) are the characterization used in addition to
compression properties (Odeku and Itiola, 2002).

In a study conducted by Odeku and Itiola, they char-
acterized the nature of the binding agent Khaya
Gum comparing with the characterization proϐiles
of Polyvinylpyrrolidone (PVP) and Gelatin on PCT
tablets. The result of the test is that Khaya Gum
has better formulation characterization in its use
as a commercial binding agent because it also has
a destructive activity of microorganism contami-
nants (Odeku and Itiola, 2002). Albizia gum is
claimed as one of the binding agents that can
improve the ingredient’s softness, provide higher
plasticity, and has a greater reduction in the viabil-
ity of Bacillus subtilis spores, comparedwith gelatin.
Tablets that contain Albizia gum were also found to
have higher tensile strength than tablets that con-
tain synthetic binding gels, resulting in tablets with
good mechanical strength (Ayorinde et al., 2011).
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Types of characteristics that can be performed on
binding agents in solid preparations are Hardness,
Tensile strength, friability, compressibility, disso-
lution proϐile, disintegration time, and conformity
analysis of the binder agent with the drug or sub-
strate. Compressibility power can be explained by
this equation,

% Index of Carr =
TD −BD

TD
× 100% (1)

The ratio of Hausner =
TD

BD
× 100% (2)

Where, Tapped density (TD) is density after the pro-
cess of tapping as much as 50 times from its ini-
tial mass, whereas Bulk density (BD) is the bulk
mass density (Enauyatifard et al., 2012). Stephen
O. Majekodunmi and Stanley Makper conducted a
study of the content of the binding agent Raphia
hookeri Gum on PCT tablets. The ϐlow index indi-
cates that Raphia hookeri Gum has no better ϐlow
properties than gelatin, but is still within accept-
able limits on Carr’s Index andHausner ratios. How-
ever, in terms of tablet strength, tablets with Raphia
hookeri Gum, when compared to gelatin-containing
tablets as binding agents, have longer disintegration
times, less fragility, and also have better mechanical
properties (Majekodunmi and Makper, 2016).

Jena et al. in a research in 2014 also characterizes
the Gum Odina binder agent, which determines the
percentage of puriϐication results (70%), pH deter-
mination (4.68) using pH meter, Swelling Index (S =
6), and percentage of water solubility (70%). Evalu-
ationswere alsoperformedonGumOdina, including
using FTIR on pre-compression evaluation, micro-
metric studies, and Postnostic evaluation, such as
disintegration time, drug release kinetics, friability,
hardness, in vitro dissolution test, thickness, and
weight variation. Theevaluation result isGumOdina
has better characterization value compared to the
use of Starch so that the required usage is also less
than the use of Starch as the binding agent (Jena
et al., 2014).
Disintegrant
Disintegrator or super disintegrant is one of the
tablet excipients that serves as a tablet-breaking
agent when entering the digestive tract (Table 1).
Examples of disintegrant include starch-based or
cellulose-based excipient (e.g., microcrystalline cel-
lulose), sodium starch glycolate (SSG) tab, crospovi-
done. SSG and crospovidone are examples of super
disintegrant, the disintegrant that has been devel-
oped with structural modiϐication (Desai et al.,
2012).

Good disintegrant characteristics include, not hav-
ing a tendency to form complexes with drugs in
tablet, have good hydration capacity, have good
compressibility and ϐlow ability. For disintegrant
to work properly, the desired concentration of dis-
integrant, type of disintegrant and tablet hardness
should be considered (Varma, 2016).

Potato starch is one of the common excipient used as
a disintegrant and ϐiller agent. Potato starch is com-
monly used as a disintegrant with a concentration
of 3-15%. High compression pressure will cause
the tablets are formed more compact so that when
the tablets enter the digestive tract, the power to
swell the tablet will be higher. Swelling high by
tablet also causes the tablet to have a high dissolu-
tion rate (Szabo-Revesz et al., 2009).

SSG has synonyms include primojel, explotab, or
sodium carboxyl methyl starch.description of SSG is
white to colorless, odorless, tasteless, the powder
easily ϐlowing, and consist of oval or round shape
granules. SSG is stored in sealed containers to avoid
caking. (Edge et al., 2002). SSG is commonly used as
a disintegrant in tablet and capsule formulationwith
a concentration of 2-8% (Varma, 2016).

SSG can be synthesized from potato starch by cross-
linking with starch esteriϐication agent (e.g., sodium
trimethaphosphate or phosphorus oxychloride in
alkaline suspension). A large number of hydrophilic
carboxymethyl group introduction aims to disrupt
the hydrogen bonds in the structure. It is thus
allowing the polymer to absorb more water with-
out forming a gel that can slow the dissolution
rate (Mohanachandran et al., 2011).

To identify the truth of material, it is necessary to
test to see the difference of eachmaterial of the char-
acteristic. The test can be done by checking the
organoleptic materials, characterization of granules
with SEM (scanning Electron Micrograph) (Abe-
gunde et al., 2013), X-ray diffraction and particle
size distribution (Szepes et al., 2014), H and C NMR,
FT-IR Spectroscopy. The following is an example
of characterizing various starch and SSG using SEM
(Figures 1 and 2).

Lubricant

Lubricants are active substances added in the for-
mulation to curb friction occurring in the manufac-
turing process. Lubrication is often used to reduce
friction between manufacturing landing surfaces
andorganic solids in the formulationprocess suchas
mixing, roller compaction, tablet making, and tablet
ϐilling. Lubricants are substances added in pharma-
ceutical preparations such as tablets and capsules in
very small amounts (typically 0.25% -5.0%, w/w)
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Table 1: Disintegration versus super disintegrant
Type of Disintegrant Advantages Disadvantage

Disintegrant (starch) Commonly used
multifunctional excipient
Stable in dry form and will last a
long time

Unstable in high temperature
in high concentration increase
the fragility (Hartesi et al.,
2016) .

Superdisintegrant (SSG) rapid disintegration
does not form agglomerate during
the disintegration
generally compatible with other
excipients (Mohanachandran et al.,
2011).

Tablets are fragile
tablet easily degraded by tem-
perature, humidity (Immadi
et al., 2017).

Figure 1: SEM starch granules from various cultivars show diversity of shapes and sizes. (A) Mi
xuan no.1 (x3500); (B) Xicheng shu 007(x1000); (C) Xushu 28 (x600); (D) Xushu 18 (x3500); (E)
Chuan shu 34 (x3500); (F) Xushu 27 (x1000); (G) Xushu 27 (x600); (H) Shi 5 (x3500)

Figure 2: results of SEM type of SSG: (A) explotab; (B) primioge; (C) vivastar P
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to improve the powder formulation properties of
the powder. Lubricants also serve to reduce shear
stress and reduce internal friction between powder
particles (Li and Wu, 2014).

Lubricants are one type of pharmaceutical excipient
which is useful to improve the quality and efϐiciency
ofmaking solid dosage. This is due to its characteris-
tics that can serve to improve ϐluidity, ϐilling proper-
ties, as well as to prevent powder adhesion. In gen-
eral, the use of hydrophobic lubricants ismore effec-
tive than hydrophilic lubricants. However, the use
of hydrophobic lubricants may also alter the physic-
ochemical properties of tablets, such as tablet hard-
ness, tablet disintegration time, and drug release. It
also has an impact on the lubrication process that
occurs. The lubrication process is a combination of
factors that include the lubricant used, the formula-
tion process and the mechanical process to produce
the ϐinal dosage form (Bastos et al., 2008).

Lubricants are one type of pharmaceutical excipi-
ent, which is Sodium stearyl fumarate is one type
of lubricant that is effectively used regards dosage
tablets. Sodium stearyl fumarate used as much as
0.5 - 1.5% in the formulation can produce good
ϐlow properties. Outside the 1.5% lubricant con-
centration, the powder ϐlow properties in terms
of compressibility index are found to be poor.
Tablets containing sodium stearyl fumarate have
a smaller impact on violent variations. Similarly,
sodium stearyl fumarate tablets have less disin-
tegration time and release the drug faster than
magnesium stearate and talcum. Besides, sodium
stearyl fumarate is inert, hydrophilic lubricant for all
forms of dense oral dosage and plays a very impor-
tant role in all types of immediate-release prepa-
rations, oral disintegrating and mouth dissolving
tablets (Abhishek, 2013).

Magnesium stearate is one of the most commonly
used lubricants in pharmaceutical tablets prepara-
tion formulations. This is due to the hydrophobic
lubricant properties and its ability to reduce friction
between tablets and dead walls during the ejection
process. The usual concentration is 0.25 - 5%. It
appears in the form of different crystals, showing
the size and shape of different particles, and occurs
in some form of hydrate (Kanher et al., 2017).

Magnesium stearate has a form of crystal plates or
often called stacked lamellae. The higher concentra-
tion of Magnesium Stearate used or the longer the
mixing process is done will result in the closer the
particle layer occurs. This is because when the mix-
ing process takes place, the plates continue to cut
and coat adjacent particles. The process will cause
the preparation to have a low coefϐicient of friction

and a high cover potential. The lubricant efϐiciency
depends on the length of mixing the mass of the
tablet with Magnesium Stearate because of its lami-
nar structure (Kanher et al., 2017).
The use of magnesium stearate in a solid dosage
form also has some disadvantages. The more con-
centrations of magnesium stearate used in the for-
mulationwill cause problems inmanufacturing pro-
cesses such as decreased tablet strength, longer dis-
integration time and inhibition of dissolution rate.
To overcome this, some substances such as sodium
stearyl fumarate, sucrose fatty acid ester, hexagonal
boron nitride magnesium lauryl sulfate, hydropho-
bic organic material and inorganic materials are
used as a lubricant in solid dosage form (Bani-Jaber
et al., 2015).
One of the lubricant alternatives evaluated in the
International Journal of Pharmaceutics is the use
of chitosan conjugate with lauric acid (CS-LA). The
use of CS-LA may also increase the pressure trans-
mission ratio in the presence of additional CS-LA
concentrations used. Also, adverse characteristics
such as reduction of tabletmechanical strength, pro-
longed disintegration time, or slow dissolution pro-
ϐiles do not occur in CS-LA use, which increases
its concentration as a lubricant (Bani-Jaber et al.,
2015).

One of the parameters used to assess lubricant qual-
ity is the value of Carr’s Index (CI). The Carr (CI)
index is a parameter used tomeasure the ϐlow prop-
erties of the powder, obtained from bulk and incom-
pressible density. The smaller the CI indicates,
the better the ϐlow properties. Carr’s Index value
is in the range 5% - 23%. If a CI value close to
5% indicates a very good ϐlow, and when a value
approaching 23% indicates a poor ϐlow (Halaçoğlu
and Uğurlu, 2015).

Hexagonal boron nitride was found to be the most
effective lubricant at 0.5% - 1% concentration.
Based on the disintegration time and Heckel anal-
ysis, hexagonal boron nitride is better than mag-
nesium stearate. Hexagonal boron nitride can also
be used as a lubricant indirect or wet granula-
tion (Halaçoğlu and Uğurlu, 2015).

Magnesium stearate showed a rapid decline and had
a minimum cohesion index value with an increase
in lubricant concentration. Hexagonal boron nitride
showed similar cohesion index values but slightly
better than 59.58, 52.48, 33.75 and 50.88 compared
with magnesium stearate. The phenomenon of low
cohesion index for Hexagonal boron nitride and
magnesium stearate causes the lowest compress-
ibility value at lubricant concentration levels 2 and
4% (Ugurlu and Turkoglu, 2008).
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In an era of importance to the quality of for-
mulations, the type of lubricants and the opti-
mal amounts used in tablet formulations should
be made based on systematic evaluations. The
efϐiciency of magnesium stearate lubrication is the
highest. However, magnesium stearate has a deϐi-
ciency of a distant magnesium stearate bond that
causes a decrease in the strength of the result-
ing tablet. Therefore, the slightly elevated sodium
stearyl fumarate concentrations are also equally
effective for magnesium stearate but do not reduce
other important tablet properties, including tablet
strength, hardness, and disintegration (Paul and
Sun, 2018).

Sodium benzoate is used as a water-soluble lubri-
cant. Sodium benzoate is used both as a lubri-
cant and glidant. The granular glidency is facili-
tated well during material ϐlow, removes a binding
to the die andminimizes picking and attaches to sur-
face punch-face compression. Compared with other
lubricants, both disintegration time and efferves-
cent tablet dissolutionwere98.6% for03h inpH6.8.
When a single effervescent tablet is dropped into a
glass of water, it dissolves completely without scam-
ming or agglomeration or sediment and the clear
solution is clear. The color display of the solution is
good and the last drink of this effervescent dosage
form tastes good. The study ϐinally concluded that
the sodium benzoate used in effervescent tablet for-
mulations is the best lubricant among other lubri-
cants used, such as Talc, magnesium stearate, and
PEG (Dinesh and Mutahar, 2009).

Filler

The ϐiller is usually added to dosage tablets that
have a few API (Active Pharmaceutical Ingredient),
so it can be an addition to a mass tablet. More-
over, it can improve compactibility and ϐlow rate,
especially on tablets made by a direct compres-
sion method (Hadisoewignyo et al., 2011). One of
the commonly used ϐillers is microcrystalline cel-
lulose. Microcrystalline cellulose is pure cellulose
that isolated from α-cellulose, which is the purest
quality of cellulose with cellulosic content greater
than 92%. Microcrystalline cellulose is obtained by
removing the amorphousmicroϐibril ϐibers by disso-
lution usingmineral acids, themicroϐibril ϐibers that
can not be isolated to produce quality microcrys-
talline cellulose. Microcrystalline cellulose is hygro-
scopic, insoluble in water, but expands contact with
water (Widia et al., 2017b).

Avicel® became the trade name of microcrystalline
cellulose. In 1964, Avicel® PH was introduced by
FMC Corporation to the pharmaceutical industry as
an ingredient for direct compression tablets (Albers

et al., 2006). Avicel PH 102 as an excellent dry
binder (La et al., 2006). Moreover, Avicel PH
102 has better properties compared to Avicel PH
101 because it has a larger particle size. Avicel
PH 102 has excellent compatibility and can cause
interrelated changes, which is the bonding strength
between particles. So, Avicel PH is good to use in the
direct compression method (Lachman et al., 1986).
Characteristics of micro crystalline cellulose can be
determined by performing some tests (Widia et al.,
2017a):

1. Organoleptic test, good micro crystalline cel-
lulose has organoleptic powder crystal, white,
odorless, tasteless.

2. Qualitative analysis using iodized zinc chloride
will produce blue-violet.

3. Starch test using iodine reagent does not pro-
duce blue color (does not contain starch).

4. Solubility test was performed on four different
solvents, i.e., water, 95% alcohol, 2N HCl, NaOH
1N and ether.

5. Good micro crystalline cellulose solubility is
insoluble in water, not in 95% alcohol, insolu-
ble in 2N HCl, insoluble in 1N NaOH, and insol-
uble in ether. Good micro crystalline cellulose
drying loss is <7%.

6. pH test; Good micro crystalline cellulose has a
pH range of 5-7.5.

7. Test of power ϐlow and angle of silence; A good
micro crystalline cellulose has a resting angle
that belongs to a very easy ϐlowing molecule.

8. Test the compressibility by calculating the com-
pressibility index value. Good micro crystalline
cellulosewill have a true density value of 1.512-
1.668g/ cm3, bulkdensity of 0.337g/ cm3, and
a compressive density of 0.478 g / cm3.

9. FTIR, with a spectrum measured at wavenum-
bers 4000-400 cm-1. Good micro crystalline
cellulose will show the presence of a major
uptake in wavenumbers 3344, 2884, 1426,
1316, and 1024 cm-1 indicating the presence
of OH groups, hydrogen bonds, C-H alkanes, C-O
ether bonds, and alcohols.

10. SEM-EDS, micro crystalline cellulose with 170
times magniϐication of the actual size, the par-
ticle size can be estimated between 2.94-117.6
µm has irregular shapes as well as uneven
surface textures in the form of spiky and dull
angles.
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11. X-ray Diffractometer, the emergence of three
speciϐic strongest peaks at 2Θ, i.e., 14; 116o, 16;
502o, and 22; 359o.

Cellulose has been developed in the form of
nanocrystal, commonly known as nanocrystalline
cellulose, which is a renewable, sustainable, envi-
ronmentally friendly, and extremely wide-ranging
bionanomaterial (Anwar et al., 2016) that has
many uses in applications such as biotechnology,
composites, adsorbents, emulsions and disper-
sions, and biomedicine (Effendi et al., 2015).
Microcrystalline cellulose can be used as a ϐiller,
binder, and disintegrant in the manufacture of
a direct compression tablet because it has good
ϐlow characteristics and properties. Whereas in
nanocrystal, cellulose can be used as a ϐiller and
binder on tablets by giving the release of drugs that
are slowed (Sumaiyah, 2015). Several methods for
the synthesis of nanoselulose, namely mechani-
cal methods (ultrasonication and high pressure),
chemistry (hydrolysis of strong acids, organosolv,
alkaline solvents, oxidation, and ionic liquids), and
biologically (using enzymes) (Effendi et al., 2015).

Based on tests by Sumaiyah with the source of cel-
lulose derived from sugar palm bunches. 10% of
nanocrystal cellulose is formulated into diclofenac
sodium tablets by direct compression method,
and the reference tablet used Voltaren®. The
nanocrystalline cellulose form of sugar palm (Selu-
losa nanokristal tandan aren, SNTA) spherical form
with a diameter of 15-20 nm and a particle size
distribution of 257.2 - 395.8 nm. SNTA has a
crystalline form of cellulose II with a degree of
crystallinity of 97.57%. The SNTA degradation
was performed thermogravimetric analysis (TGA)
occurred at 173◦C with leaving a solid mass residue
of 11.25% at 800◦C. The ϐlow rate and compress-
ibility of SNTA are good enough and can be used
as ϐillers and binders on tablets. Diclofenac sodium
tablet formulated with SNTA (F5) has a disinte-
grating time, lower friability, and higher hardness
when compared to diclofenac sodium tablet formu-
lated with microcrystalline cellulose (SMTA) (F6)
and Avicel PH 102 (F7). The F5 tablet has a slower
release rate than tablets, F6, F7, and Voltaren®.
In a medium with pH 6.8, the drug release kinet-
ics of F5 tablets are order 1 and Higuchi, and in
medium with pH changing is the kinetics of Higuchi
release (Sumaiyah, 2015).

CONCLUSION

Excipients play an important role in the manufac-
ture of pharmaceutical dosage forms; the function

of each excipient depends on the amount. Excipients
of tablet formulations include binder agents, ϐillers,
crushers, lubricants, and lubricants. Each excipi-
ent has its respective advantages and disadvantages,
therefore to cover the deϐiciency, the excipient is fur-
ther developed both chemically and physically. Each
excipient has different characteristics, to test these
characteristics can be tested by using SEM, X-ray
diffraction, etc.
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