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TOM TAT

TINH THE PEPTIDES UNG DUNG TRONG CAC NGANH THUC PHAM VA
DUQC PHAM: NGHIEN CUU PHAT TRIEN HE KET TINH COUETTE-
TAYLOR

Hé két tinh Couette-Taylor dwoc nghién cizu phéat trien nham thu héi cac san phdm tinh thé Peptide chat
lweong cao dat chudn dugc dién cia My (FDA) va Chau Au (EMA). Két qua nghién cizu cho thdy hinh thai
hoc va kich thuéc cua san pham tinh thé duroc kiém soat tot boi hé Couette-Taylor. Chlng toi nhdn thay
hinh thai hoc lang kinh ciia san phdm tinh thé khong thay déi tai cdc diéu kién hoat dong cuia hé Couette-
Taylor. Trong khi dé, kich thwéc trung binh cia san pham tinh thé phu thugc vao ché dé thiry dong luc hoc
cua he Couette-Taylor. Tinh thé ¢6 kich thieoc |ém hon sé dugt két tinh ¢ cuong do thuy dong luc hoc cao
hon. Déi Véi cdu tric tinh thé, ching t6i nhdn thdy cdu tric tinh thé on dinh khong thay doi ¢ cuong dé thiy
dong luc hoc tir 360 vong/phuit @én 500 vong/phat. Tuy nhién, cdu tric tinh thé sé b thay déi va chuyén sang
dang cdu triic khac khi cieong dg thity dong luc hoc tang hon 700 vong/phiit.

Tir khod: mam tinh thé, phéat trién tinh thé, da cdu trac tinh thé, hinh thai hoc, kich thiréc, hé két tinh
Couette-Taylor.
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significant problem for the
pharmaceutical industry over the past 25
years. For example, Ritonavir, an
antiretroviral drug against HIV, came to
market in 1998. However, the drug showed
no therapeutic effect because the stable a-
form was crystallized instead of needing to
crystallize the less stable 3-form as desired
[10]. Not only is the polymorphism
phenomenon of crystal products necessary,
but other crystal properties such as
morphology, size, and size distribution are
also important because they also directly
affect the dissolution rate of the drug as
well as subsequent processing stages such
as filtering, drying, mixing to create drug
formulas, pressing tablets, packaging [11-
12].

Crystals used in pharmaceuticals must
meet strict quality requirements and fully
meet pharmacopeia standards in terms of
purity, polymorphism (crystal structure),
shape, size, and size distribution. The
properties of crystalline products will be
evaluated, licensed, and monitored by
reputable  pharmaceutical and  food
industry agencies in the US (FDA) and
Europe (EMA) before being
commercialized on the world market.
Therefore, research and development of
crystallization technology processes to
create high-quality crystal products to meet
these high standards is a critical issue in
the pharmaceutical industry [1-12].

Peptide crystal products are essential in
the food and pharmaceutical industries
[13-18]. Their global revenue exceeded
50 billion USD in 2019, with an average
growth rate of 7.7%. For example,
diglycine peptide crystals have many
different applications and are widely used
in  cosmetics, food additives, and
biochemical research. The global market
for this crystal product is estimated to
reach 5 billion USD annually.
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The Couette-Taylor crystallization system
has been previously studied and shown to
have many outstanding advantages
regarding mass transfer, shear rate, and
energy [19]. Therefore, the Couette-
Taylor crystallization system has been
applied to many different crystallization
fields [19-24], especially in the food and
pharmaceutical industries. Unlike
previous studies, we are developing a new
Couette-Taylor crystallization system to
improve the efficiency of the production
process of peptide crystal products. Here,
we will investigate the effect of
crystallization on the morphology, size,
and crystal structure of peptides.

2. EXPERIMENT

High purity (>98%) homopeptide
diglycine  crystalline  material  was
purchased from Sigma-Aldrich Company
without further purification. The feed
solution was prepared by dissolving the
crystalline material in distilled water at a
concentration of ~330 mg/L and ~60 °C.
The batch Couette-Taylor crystallization
system is illustrated in Figure 1. The
crystallization system is comprises two
coaxial cylinders made of stainless steel
and glass. The outer cylinder is made of
glass and remains stationary, while the
inner cylinder is made of stainless steel
and is rotated by a motor. Here, the
crystallizer's length is L=44 mm, while
the inner and outer cylinders' diameters
are D1=20 mm and D2=24 mm,
respectively. The solution was fed to the
gap between the two cylinders. The
sensor and a laser thermometer directly
measured the solution temperature in the
gap cylinders. The rotation speed of the
inner cylinder can be varied from 360 rpm
to 700 rpm. The volume of the
crystallization system is 6.0 mL with a
cooling rate of ~4.0 °C/min until the
solution temperature drops to 30 °C and



the liquid-solid equilibrium is maintained
at this temperature.
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Figure 1. Fluid hydrodynamics in the batch
Couette-Taylor crystallization system

Solute concentration was determined by
UV-Vis spectroscopy (UV-Vis 1800
Shimadzu, Japan) using an absorption
band at 210 nm [25]. Solubility is
determined by dissolving the product
solid in water at different temperatures
until a saturated solution is achieved, then
filtering the solution and determining the
solute concentration. The crystalline
products were separated by vacuum
filtration, washed with water, and then
dried in a desiccator over silica gel. The
crystals were observed and analyzed
using an optical microscope (AmScope
40X-2500X) and Raman spectroscopy
(HR320 LabSpec6). In addition, the
structure of the crystals was determined
by X-ray diffraction (MAC Science,
M18XHF-SRA). The molecules in the
unit cell and mophology of crystal were
simulated by the software programs
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Mercury and Material Studio [19]. Here,
we used the Morphology module (BFDH,
quality medium) in the Material Studio
software. The fluid hydrodynamics of the
batch  Couette-Taylor  crystallization
system was simulated by computational
fluid dynamics using flow simulation
software SolidWorks [19].

3. RESULTS AND DISCUSSION

The peptide crystal has a prismatic
morphology, as shown in Figure 2(a). The
unique morphology of this crystal system
is based on its distinct structure; here, the
structure of this crystal belongs to the
monoclinic system with space group P
21/c. The number of molecules in a unit
cell is Z = 4, and the parameters of a unit
cell are a = 7.97980 A, b = 9.52010 A,
and ¢ = 7.76430 A with angles a = 900, B
= 106.150, and y = 900, as shown in
Figure 2(b). We also simulated the
morphology of this crystal and observed
surfaces such as (110), (100), (011), and
(010) through the BFDH module in
Material Studio software, as shown in

Figure 2(c). Furthermore, the
characteristic of the crystal structure
expressed through the distinct

arrangement of molecules in a unit cell
was also identified by X-ray diffraction,
as shown in Figure 3.




Figure 2. (a) Experimental peptide crystal, (b)
a unit cell of the peptide crystal, and (c) simulated
morphology of the peptide crystal

The phase diagram of the crystal versus
temperature was determined to estimate
the solid-liquid phase separation to
recover the solid product, as shown in
Figure 4. We found that the crystal's
solubility increases as the solution
temperature increases (see Figure 4).
Therefore, crystallization by cooling can
be applied to conduct solid-liquid phase
separation to recover peptide crystal
products.

The fluid hydrodynamics in the batch
Couette-Taylor crystalline system have
been computationally simulated. Figure 1
shows the crystalline system's cross-
section and longitudinal section. The ratio
between the fluid's centrifugal force and
viscous force is expressed through the
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dimensionless Taylor number (Ta), as in
equation (1).

Rod(d)"
v (R

Where ® (rad/s) and v (m2/s) are the
angular velocity of the inner cylinder and
the Kkinematic viscosity of the fluid,
respectively. R, (m) and d (m) are the
radius of the inner cylinder and the gap
between the inner and outer cylinders,
respectively.
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Figure 3. X-ray diffraction of the peptide crystal
product
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Figure 4. Solubility of peptide crystal versus
temperature

In general, when the Taylor number is
low (Ta<48), the fluid flow is laminar.
When the Taylor number reaches the
critical value Ta.=48.6, the characteristic
Taylor vortex will appear in the



crystalline system (see Figure 1). During
the crystallization process, when the
hydrodynamic regime changes from 360
rpm to 700 rpm, the calculated Taylor
number has a value much larger than the
critical value Ta,=48.6. Therefore, peptide
crystallization is always carried out in a
Taylor vortex. However, it should be
noted that the crystallization process will
be susceptible to changes in the Taylor
number (Ta) because a change in this
number will lead to a change in the fluid
flow velocity as well as the number of
Taylor vortexes in the crystallizer system.

When the crystallization process was
performed at different hydrodynamic
regimes from 360 rpm to 700 rpm, the
crystalline products were recovered and
analyzed through optical microscopy, as
shown in Figure 5(a). We found that all
crystal products under these operating
conditions were similar in prismatic shape
(see Figure 5(a)). However, the average
size of the crystalline product varies
according to the hydrodynamic regime;
the average size is increased with
increasing the intensity of fluid flow, as
shown in Figure 5(b). The average size
will increase from 328 um to 425 pm
when increasing the intensity of fluid
motion from 360 rpm to 700 rpm.
Increasing the intensity of the fluid
hydrodynamics enhanced crystal size,
which could be explained by the growth
process determined by the solution's mass
transfer [4]. Here, the growth process of
crystals occurs via the convection,
diffusion, and integration of the growth
unit, such as molecules, nanocrystals, or
nanodroplets, to the interface of crystals
[4]. The increasing intensity of fluid
motion promotes the mass transfer of the
solution that accelerates the growth
process of crystals, resulting in the
enhancement of crystal size. Thus, the
batch  Couette-Taylor  crystallization
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system can control the crystal product's
morphology and average size.
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Figure 5. Effect of Taylor vortex on crystalline
products: (a) crystal morphology, (b) average
crystal size, and (c) peptide crystal structure

The structures of the peptide crystal
products at different operating conditions
were also confirmed through Raman
analysis, as shown in Figure 5(c). The
study showed that the crystal products'
structures were similar when the
hydrodynamic regime changed from 360



rpm to 500 rpm. However, when the
Taylor vortex intensity increased above
700 rpm, the structure of the crystalline
product was altered (see green line in
Figure 5(c)). Thus, a new structure of
crystalline products was created by
increasing the intensity of fluid flow in
the crystallization system. This result is
explained through the random
arrangement of solute molecules in the
pre-nucleation stage; here, the pre-
nucleation stage is determined by the
movement of the fluid flow, causing the
solute molecules to collide, attach, and
interact with each other in various ways to
create different crystal structures [19].

4. CONCLUSION

Initial research has demonstrated the
success of the newly developed Couette-
Taylor crystallization system through the
cooling crystallization method.
Experimental results show that the
properties of the peptide crystal products
are well controlled. Here, the prism-like
morphology of the crystal product is
always stable. Meanwhile, the crystalline
product's average size increases as the
fluid flow intensity increases. For the
crystal structure, we found that the crystal
structure will not change when the Taylor
vortex intensity is low, from 360 rpm to
500 rpm. However, the structure of the
crystalline product will change when the
Taylor vortex intensity increases above
700 rpm.
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