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Abstract:

The liquid may be a substance that which is thermodynamically situated in within the middle of the isotropic liquid
and also the crystalline phase. They show flow properties sort of a liquid and at the identical time partly hold the
order of a crystal. The liquid will be deliberated 1 / 4 states of matter following solid, liquid, and gas. Liquid-crystal
phases, as their term suggests, be existing between the expected crystal phase and therefore the liquid phase.
Typically, liquid-crystal molecules keep rod-like structure or disc-like anisotropic structures. The distinctive
characteristic of liquid crystals is that the propensity of the molecules to support them with long-range direction.
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1. INTRODUCTION

1.1 Liquid crystals

Predictable drug delivery system achieves still as
maintains the drug concentration within the
therapeutically effective range requires for treatment
only if taken several times on a daily basis. This leads
to a major changeability in drug levels. Therefore it
led to the event of a brand new sustain drug delivery
system that would revolutionize the tactic of
medication and supply variety of therapeutic benefits.
Sustain delivery of drug molecules to organs or
special sites is one amongst the foremost challenging
research areas in pharmaceutical sciences. Liquid
crystals were been exposed in starting for cholesterol
found in incentives by F. Reinitzer. Over 100 years
after, the examination of biological LC materials
remains interesting. However, the main target has
shifted from the study of common LC features to
more refined subjects like their impact on molecular
organization relevant for biological processes. Living
cells carry liquid crystalline environments. In the
1888 year the finding of a mid-liquid crystalline state
is recognized by Friedrich Reinitzer, throughout the
experiments on a cholesterol-based matter trying to
work out the right formula and relative molecular
mass of cholesterol, he was hit by the actual fact that
this matter appears to own two melting points. Solid
crystal molten into a hazy liquid at 145.5°C which
existed until 178.5°C. Where the muddiness
unexpectedly is gone, giving thanks to a transparent
transparent liquid. The liquid crystals called as
mesophase inter mediate between the crystalline solid
state and therefore the amorphous liquid state.
(Lagerwall, 2012) Liquid Crystals nano carriers are
an intermediary state between the solid and liquid
state. it's mostly named a mesomorphic state. (Imran,
2012) From reverse cubic phase colloidal particles
are interior aqueous zones also afford certain benefits
in technical applications compared by means of
droplets of general oil-in-water emulsions The liquid
could be a substance that which is
thermodynamically situated in within the middle of
the isotropic liquid and therefore the crystalline
phase.

1.2 Classification of Liquid Crystals

The liquid crystals are categorized into two main
categories i.e. thermo tropic and lyotropic. These
classes are further well-known into various phases
reliant on the differences in their orientational or
positional order under the effect of external issues
like per temperature. They’re shows in Figure 1.
(Chandrasekhar, 1993; Jiang, et al., 2016)
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Liquid Crystals (LCs)

Fig-1 Types of liquid crystals (Jiang, 2016)

In appropriate conditions, the molecules of LCs show
orientational way such all the axes line up and form a
supposed hematic liquid. The molecules are still
capable to transfer the globe over within the fluid, but
their orientation remains the identical. it's the smallest
amount well-arranged LC phase. On the conflicting,
smectic (Sm) phase displays the orientational order
but also positional. within the smectic phase, the
molecular cores of mass are organized in layers and
therefore the drive is especially limited inside the
layers. within the cholesteric LC phase, molecules
express intermolecular forces that errand arrangement
between molecules at a minor angle to at least one
another.

1.2.1 Thermo tropic Liquid Crystals-

Thermotropic LCs are those which are extensively
recognized thanks to their applicational influence
within the laptop, flat screen televisions, and tablet
displays, or mobile phones. of these applications
depend upon the purpose that LCs reveal elastic
behavior and might be addressed via electric or
magnetic fields, which alter the orientation of the
axis, and so the birefringence. Thermotropic LCs are
further illustrious by their degree of order, show
further stage of transitions inside the temperature
regime of the liquid crystalline state. The kinds of
Thermotropic LCs are shown in Figure 2. (Hina,
2016)

Discotic Phase
(Columnar Phase)

Fig- 2 Thermotropic Liquid Crystals and its types
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1.2.2 Lyotropic Liquid Crystals (LLCs)

Lyotropic LCs has significance in medication
conveyance application. Numerous amphiphilic
molecules that have particular polar and non-polar
units which might be ionic, non-ionic or cationic
shows lyotropic LCs stage succession.
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Fig-3 Lyotropic Liquid Crystals and its type

At the point when an amphiphile is broken down in
the water, because of the polar head and nonpolar tail,
the particles self-gather framing micelles, a
comparable marvel is watched even to surfactants in
cleanser arrangement. Numerous amphiphilic atoms
show LLC stage successions dependent on the
volume balance, hydrophilic and hydrophobic areas.
At the point when the atoms self-gather, dissolvable
particles fill the space around the mixes to give ease
to the frame work. Structure of the particle relies
upon the substance of the dissolvable. Micelles
framed basically were amphiphilic monolayer in
which totals are conveyed haphazardly in the
dissolvable  making an  isotropic  micellar
arrangement. As the grouping of amphiphile
transforms, it produces distinctive organized LLC.
Molecules are haphazardly dispersed with no
organization at low convergence of amphiphile. At
the point when the fixation is marginally expanded,
they will, in general, organize themselves into
micelles or vesicles. At high fixation, get together
ends up requested, a few structures to the hexagonal
columnar stage, cubic or lamellar. In these paired
frameworks, if the centralization of amphiphile is
expanded past the lamellar stage, they will in general
structure turn around hexagonal, switched cubic and
invert micellar cubic stages. (Yang, 2016) Lyotropic
LCs instead are detected when altering the
concentration of a shape or property anisotropic
dispersant in an isotropic solvent.

1.2.3 Cubic phase
Cubic phase are discrete, sub-micron, nanostructured
particles of the bicontinuous cubic fluid crystalline
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stage. Cubic LCs are nanoparticles which are self-
assembled liquid crystalline particles of specific
surfactants with an appropriate proportion of water
with microstructure. Cubic liquid crystals are
nanoparticles yet rather than the strong particles
normally experienced, cubic LCs are self-amassed
liquid crystalline particles with a solid like rheology
that gives exceptional properties of practical interest.
(Tileka, 2014) Most likely cubosomes are made out
of polymers, lipids and surfactants with polar and
non-polar parts consequently said as amphiphilic.
The amphiphilic molecules are driven by the
hydrophobic impact into polar dissolvable to
imprudently distinguish and assemble into an LCs of
nanometre scale. The cubic crystallographic
symmetry and are optically isotropic, thick and strong
as well. The cubic stage can break and shape
colloidally as well as thermodynamically stable
particulate scatterings. Cubic LCs have incredible
significance in nano-drug. (Grace, 2015) The term
‘cubic phase' is inferred by their structure since they
have cubic crystals lattice, were called as cubic LCs.
One of the main distributed cases of the term is found
in a survey distributed, 'cubic' being a cubic are the
nanoparticles of bicontinuous, lyotropic cubic stages,
involved bent lipid bilayers sorted out into a three-
dimensional honeycomb (huge) like structures
isolating two inside fluid channels and huge
interfacial territory. Cubic stages are optically
isotropic, exceptionally thick, and strong like
(crystalline) with cubic crystallographic symmetry.
(Spicer, 2004)

Hydrophilic

Hydrophobic
drug

Fig-4 Cubic phase and their composition (Achouri,
2013)
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Advantage of liquid crystals

1. Greater drug contents surface area and cubic
crystalline structures because of the high center.

2. The comparatively simple process of preparation.
3. Biodegradability of lipids.

4. The capability of encapsulating amphiphilic,
hydrophilic, hydrophobic substances possible.

5. Controlled release & targeted release of bioactive
agents

6. Although maximum liquid crystalline systems
convert into micelles at advanced levels of dilution.

1.3 Method of preparation of LCs.

(a) Probe Sonication
(b) Spray drying

(c) Bottom-up approach
(d) Heat treatment

(e) Top-down approach
(f) Magnetic Stirrer

(a) Probe Sonication

The higher shear homogenization technique and
ultrasound scattering techniques, which is primarily
use for the production of solid lipid nano dispersion.
However, its superiority is compromised by the
occurrence of microparticles. A pre-emulsion is
found under stirring with an Ultra-Turrax T25 by
adding melted lipid to a mixture of surfactants and
water. A sonication probe is a place in this pre-
emulsion which lead to droplet breaking up and
subsequent formation of oil in water (o/w) at room
temperature nanoemulsion are immediately cool
down to produce liquid crystals. (Hina, 2016)

Advantages

1. Both methods are widespread and easy to handle.
2. Equipment’s whatever use here is very common in
every lab.

3. Reduced shear stress.

Disadvantages

1. Potential metal contamination.

2. Physical instability like particle growth upon
storage (Thadanki 2011; Hina et al., 2016)

(b) Spray drying

To make wider the uses of liquid crystals in the
pharmaceutical industry, by spray drying dry powder
precursors can be fabricating and use for the
preparation of oral solid formulations and inhalants.
This methodology is initially proposed and
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investigated by scientist Spicer. In his investigation,
the powder precursor could be ready by drying a pre-
dispersed aqueous solution that comprises of GMO,
hydrophobically improve starch and water, GMO,
ethanol and water, and then the colloidally steady
dispersions of nano-structured liquid crystals may be
hydration of the precursors. (Collet 2014; Musallam,
2015; Hina, et al., 2016)

Advantages

1) The spray drying method is useful for powder
preparation such as DPI (Dry powder inhaler, dry
syrup).

2) This technique used for the preparation of
microencapsulation.

3) The organic solvent can also use in this method.

Disadvantages:

1) By this method has low amount yield of
formulation as 5-30% out of 100%.

2) The spray drying method is complicated as
compare to other methods. (Dierking, 2017)

(c) Bottom-up approach

In compare to the top-down approach and this
dilution-based approach can create liquid crystals
without any difficulty. In other words, it needs less
energy input. Moreover, this method is more
effective at producing small particles. In other words,
it needs less energy input. The dilution-based method
can consider as a process of smaller particles making
larger particles through accumulation, which is
comparable with the use of precipitation processes to
produce nanoparticles, while the top-down method is
more similar to the attrition of big particles. Liquid
crystals are preparing by dilution show long term
stability, which might be recognized to the homo
disperse stabilizers on top of the surface of liquid
crystals. It should be considering, that this procedure
via dilution is a pathway of charting routes on the
ternary phase diagram (lipid and water hydrotrope),
which requires information of the full phase
behavior; hence, the degree of dilution is difficult to
regulator exactly. Due to the adding of a hydrotrope,
many issues stand up, such as the effects applied by
variable concentrations of hydrotrope on the physic-
chemical assets of LLC nanoparticles and the likely
happening of irritation and allergic response when the
mesophase preparations are administered. Finally,
this bottom-up method cannot effectively escape
creating vesicles.
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Hydrotrope

Stirring, LLCs nano

sonication

particles

Fig-5 Bottom-up Technique (Collet, 2016)

Advantages:

1) Lower energy input.

2) Less time-consuming process.

3) At high concentration prevent the formation of
LLCs.

4) There is no need for any organic solvent.
(Yaghmur, 2009; Hina, et al., 2016)

Disadvantages:

1) Milky white formulation made.

2) Hydrotropic which shows an allergic reaction
when the liquid crystals formulation takes orally.
(Almgren, 2007; Garg, et al., 2007)

(d) Heat treatment

The co-occurrence of cubic liquid crystals with
vesicles is hazarding to deliver multiphase handling
of the sustained release of drugs; hence, to better
examine the release behavior of plain mesophases,
vesicles should be removing as much as possible. In
this case, heat treatment can be regarded as a good
approach. Note that in the strictest sense, heat
treatment is not an integrated process for the
manufacture of cubosomes because it only promotes
the transformation from non-cubic vesicles to well-
ordered cubosomes particles. The dispersed particles,
therefore, can be produce by a simple processing
scheme comprising a homogenization and heat-
treatment step. From the reported studies, heat
treatment could cause a decrease in the small particle
size fraction that corresponds to vesicles and forms
more cubosomes with narrow particle distribution
and good colloidal stability. The reason for transition
could be hazarded as an raised temperature giving
rise to a reduction in solubility and stability. When

the temperature is lower cloud point, the surfactant
had a high solubility and therefore the particles could
exist stably and the phenomenon of fusion are hardly
observe. (Yaghmu, 2009; Hina, 2016; Yang, et al.,
2016)

(e) Top-down approach

The extreme viscous bulk phase is prepare by mixing
structure-forming lipids with stabilizers, and then the
resultant is disperse into the aqueous solution through
the input of high energy such as high-pressure
homogenization (HPH), sonication or shearing to
method LLC nanoparticles. At present, HPH is the
most extensively use technique in the preparation of
LLC. Base on the results observe the concentration of
F127 and temperature during HPH were regarded as
crucially important parameters. Recently, a novel
approach of shearing was propos to fabricate LLC
nanoparticles using a laboratory built- Shearing
apparatus. Compare with the  well-establish
ultrasonication approach, the shearing treatment is
effectively prepare more stable and homogeneous
cubosomes or hexosomes with high content of the
hydrophobic phase (oil + lipophilic additives) within
a short time (less than one minute). It seems that the
preparation procedure is simple enough to be
realizing conveniently. In fact, the operation units in
this procedure require several cycles to achieve the
desire Nanoparticles with appropriate characteristics
and the high-energy input is also regarding as a
barrier to the temperature sensitive ingredients. The
process of top-down technique shows in Figure 6.
(Ola, 2018; Thomas, et al., 2017

Advantages:
1) Lower impact on the overall organization.
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2) Visibility of formulation changes is clear.
3) No need for an organic solvent.

Aqueous Phase added

|

Oil phase (melted lipid)

¥

High energy input (HPH,
Sonication, shearing, etc.

¥

LLC are prepared

Fig- 6 Top Down Technique

(f) Magnetic Stirrer:

In the magnetic stirring method, a pre-emulsion is
obtain under stirring with a magnetic stirrer by
adding liquid lipid to a mixture of surfactants and
water. A magnetic stirring method the pre-emulsion
is obtain which lead to droplet breakage due to the
continuous stirring and subsequent formation of oil in
water (o/w) nanoemulsion which immediately cool
down to room temperature and take a side for two
days at room temperature for making gel-like
appearance and to generate T-LCs. Particles size and
PDI of scattering formulation of liquid crystals are
less according to reported technique. The magnetic
stirring procedure of LCs given in Figure 7.

+ Magnetic Stirring /

Qil phase

Fig-7 Magnetic stirring method
Advantages:
1) Lower energy input.
2) Visibility of formulation changes is clear.
3) No need for an organic solvent.
4) The simple method as compare to another method
such as spray drying.
Disadvantages
1. Potential metal contamination.
2. Physical instability like particle growth upon
storage.
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3. Large scale production is not possible. (Spicer,
2008)

1.4 Applications of Liquid Crystals

1.4.1 Oral drug delivery

Liquid crystals address the different challenges in
oral delivery of several promising compounds
together with large molecular size, poor agueous
solubility & poor absorption. In a different
application, large proteins have been used for local
activity in the gastrointestinal tract. Liquid crystalline
nanoparticles carriers can be combined with targeting
release and controlled release. The particles are
intended to the procedure in situ in a controlled rate,
which permits an effective in vivo distribution of the
drug from the dosage form. Cubosomes carriers can
also be released at various absorption sites, for
example in the upper / lower intestine, which is
important for the drugs that have a narrow absorption
window. (Thomas, 2017)

1.4.2. In topical and mucosal depositions:

Cubosomes are more bio adhesive in nature so that
they can suitably use in topical & mucosal
depositions and delivery of different drugs by dosage
forms. (Berko, 2018)

1.4.3. Controlled-Release Drug Delivery:

Controlled release of solubilized active compounds is
the most widely held application pursued by
cubosomes investigators, and brilliant reviews
happen of attempted delivery applications also
pharmaceutical active compounds that have been
solubilized in bulk cubosomes and liquid crystals.
Cubosomes is attractive for controlled release
because of its lesser aperture size (5-10 nm) its
capability to solubilize hydrophobic, hydrophilic and
amphiphilic particles and its biodegradability to
simple enzyme action. The cubic phase is intensely
bio adhesive and is thought to be a skin permeation
enhancer, suggesting exceptional compatibility with
mucosal deposition and topical and delivery of active
compounds. (Spicer, 2001)

1.4.4. Intravenous drug delivery systems:

Liquid crystals containing internal liquid crystal
structures of curved lipid membranes are used for
solubilizing encapsulate and distribute medicines to
disease zones within the body. While liposomes and
emulsions have found use as intravenous carriers in
drug products, liquid crystal nanoparticle structures
improved payloads of proteins, peptides, and many
insoluble small molecules, and are greatest carriers

Page 350
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for injection or infusion of many actives. (Berko,
2018)

1.4.5. Topical drug delivery systems;

The topical delivery system is the different mode of
liquid crystal application. They are based on the
exploitation of the particular properties of liquid
crystals. Topical delivery systems are exclusive
forming bio adhesive LC formulations used to ease
the controlled and effective drug distribution to
buccal, ophthalmic vaginal, and others. (Berko, 2018)

1.5 Recent application of liquid crystals
1.5.1. Melanoma (Cancer) therapy;

Newly same anticancer compounds have been
successfully incorporating in liquid crystals and
consider physico chemically. The unique structure of
this favorable nano carrier recommends its
application in melanoma treatment. An object for size
does ‘pass by the tight junctions that exist between
the endothelial cell linings of the vessels. Passive
targeting is largely reliant on the capability of a drug
nanocarrier size to exhibit an improved circulation
lifetime resulting in improved accumulation at the
specific targeted site. Circulation time is dictate by
nanoparticle  physic-chemical characters  (size,
solubility, charge, biodegradability, shape, rigidity),
which can be simply manipulated in the majority of
the delivery systems defined. (Spicer, 2008; Collet, et
al., 2014)

1.5.2. Drug delivery vehicle:

The drug delivery vehicle is a general application for
such new materials. The rapid development of the
life-sciences industry is predictable to drive earlier
“exotic” delivery vehicles and excipients into wider
market places, as like personal care and consumer
products. Therefore, self-assembled surfactant phases
have been widely inspected for compatibility with
many medical active ingredients & their applications.
(Collet, 2014)

1.5.3. Sustained release behavior:

Even further recent patent achievement by points to
liquid crystals use in personal care product areas such
as numerous, hair care, skin care, cosmetics, and
antiperspirants. A wide variety of drugs with
different physico-chemical characters have been
added in liquid crystals and their sustained release
performance is also studied. Sustained behavior of
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cubosomes is because of cubosomes residue particles.
Mono glyceride based cubosomes dispersion can be
introduced for topical use, as like for percutaneous or
mucosal applications. (Spicer, 2001)

1.5.4. In the treatment of viral diseases:

Since of the microbicidal stuff of monoglycerides,
can be used to in intravaginal therapy of sexually
transferred diseases caused due to viruses (e.g. HSV,
HIV) or due to bacteria’s (e.g. Neisseria genorrticae
and Chlamydia trachomatis). Because of the
similarity between the structure of the stratum cornea
and the cubic phase structure, it is judicious to
suppose the construction of a mixture of stratum
cornea lipids with cubosomesmandolin. This type of
interaction may lead to the formation of a cubosomes
goods yard in this layer, from which medication can
be release in a controlled manner. (Chandrasekhar,
1993)

1.5.5. In topical and mucosal depositions:

Cubic phases are most bio adhesive by nature so that
they can suitably use for topical and mucosal
depositions and conveyance of different drugs.

1.5.6. Controlled-Release Drug Delivery:

Controlled release of the solubilizing active
compound is the wildly used application followed by
LCs researchers, and outstanding evaluations occur
for delivery applications as well as pharmaceutical
active ingredients that have been solubilized in bulk
cubosomes and LCs. Cubosome is most suitable for
controlled release because of its very small pore size
(5-10 nm); its capability to the solubilize
hydrophobic, hydrophilic & amphiphilic molecules;
in addition its biodegradability by simple enzyme
action. The cubic phase is intensely bio adhesive and
it is a skin penetration enhancer, suggestive of good
compatibility with topical and mucosal admission and
delivery of active ingredients. (Spicer 2011; Lampis
etal., 2018)

1.6 Functional dyspepsia therapy

Functional dyspepsia is treated by two major
categories of drugs: acid inhibitors like H2-receptor
antagonists and proton pump inhibitors (PPIs), and
prokinetic  drugs that accelerate  disturbed
gastrointestinal (GI) motility by modifying altered
visceral sensitivity. In 2016, Rome 1V criteria defined
that the diagnosis of functional dyspepsia required
bothersome clinical symptoms, and therefore the
brain—gut axis was acknowledged as a vital consider
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the etiology of functional Gl disorders Miwa H,
Kusano M, Arisawa T, et al. 2015; 50: 125-139.

1.7 Capsule

Capsule are solid dosage form during which drug or a
combination of medicine is enclosed in hard gelatin
capsule shell, in soft soluble shell, or gelatin or
within the hard or soft shell of the other suitable
material, of varied shapes and capacities. Generally,
capsules having eight sizes as shown in table 1.
(Hansen, 2005)

1.7.1 Types of capsules:
1. Hard gelatin capsules
2. Soft gelatin capsules
3. Modified release capsules
4. Enteric capsules

1.7.2 Capsule Size
Table-1 Empty capsule size and capacities
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Sr.No. Capsule size Capacity of
capsules (mg)

65

130

195

260

335

OR[N WiI~O1

490

00 450

O N[O |WIN|F-

000 975

Capsules size universally designated numbers: 5, 4, 3,
2, 1,0, 00 and 000. The amount 5 has

the capacity of about 65mg of powder like aspirin
and therefore the number 000 capsule contains about
975 mg of the substance. Following the table, no.1
shows the dimensions and capacity of capsules.
(Moursy, 2003; Hasnsen, 2005; Wheeler, 2006;
Tilekar, et al., 2015)

1.7.3 Formulation of Acotiamide Available in
Market
The marketed formulation of Acotiamide, route of
administration and strength of formulation given in
Table 2.

Table- 2 Marketed formulation of Acotiamide

Form Route Strength
Tablet Oral 100 mg
Tablet Oral 300 mg
Tablet, Film- Oral 100 mg
Coated
Tablet, Film- Oral 100 mg
Coated

ISSN 2349-7750

Recently in market oral tablets and film-coated
tablets are available with strength 100-300 mg having
a frequency twice daily so, formulating LCs Capsule
which has a strength 90 mg and also the frequency is
decreases which are produced sustain release action.

2. DRUG PROFILE
2.1 Acotiamide

_.DD
ez
OHHN‘{NjLWrNR“fRNHL“
oA

0 0

HOH 1R pOH H-CI

Fig.8: Chemical Strcture of Acotiamide.

2.2 Pharmacology and Biochemistry

2.2.1 Pharmacology

Acotiamide Hydrochloride is that the hydrochloride
salt variety of acotiamide, a prokinetic agent with
gastrointestinal (GI) motility-enhancing activity.
Although the precise mechanism by which
acotiamide exerts its effect has yet to be fully
elucidated, this agent appears to inhibit
acetylcholinesterase (AchE), an enzyme answerable
for the breakdown of acetylcholine (Ach). Increased
Ach concentrations result in an improvement of
gastric emptying and GI motility and eventually to a
discount of dyspepsia symptoms.

2.2.2 Pharmacodynamics

Acotiamide could be a novel gastroprokinetic drug
that exerts its activity via muscarinic receptor
inhibition, which ends in enhanced acetylcholine
release, and via inhibition of acetylcholinesterase
(AChE) activity within the stomach. Acotiamide
enhances the consequences of ACh release from
nerve terminals of the enteric system presumably via
a mix of reversible inhibition AChE and antagonism
of the inhibitory presynaptic M1 and possibly M2
receptors. Thereby it increases the provision of ACh
on postsynaptic receptors within the enteric system at
the neuromuscular junction.

2.2.3 Pharmacokinetics

After oral intake, maximum plasma levels of
acotiamide are reached 1-1.5 h after ingestion. The
drug contains a plasma half-life of 7-10 h. On
average, 45% of acotiamide is excreted within the
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faeces. Acotiamide has no significant inhibitory
effect on cytochrome P450.

3. CONCLUSION:

The objective of the present work was to formulate,
develop, and evaluate liquid crystals formulation
containing Acotinamide for oral delivery to deliver in
sustain release manner. It sustain release of drug
leading to minimize the peak and valley effect in
plasma and provide patient convenience.

The primary objective of liquid crystals drug delivery
system is to ensure safety and to improve the efficacy
of the drug as well as patient compliance, by lessen
the frequency of dosing. In present study total
numbers of nine formulations are prepared while
applying the central composite factorial design. The
formulation was prepared by magnetic stirrer method
using oleic acid as a base. The formulations were
then optimized on the basis of minimum particle size
and maximum entrapment efficiency. The polaxamer
407 is used as a stabilizer and 2% is used to
formulate the optimized batch because this ratio is
providing the smaller globule size. It helps to reduce
the particle size by the reduction in interfacial tension
between aqueous and lipid phase. (Ola, 2016)
Optimized batch (F2) dried with the help of a spray
dryer.
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