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FILM-FORMING COMPOSITIONS FOR THE
FILM-COATING OF SOLID FORMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation Application of U.S.
patent application Ser. No. 14/780,862, filed Sep. 28, 2015,
which claims priority as a 371 National Filing of Application

No. PCT/FR2014/050737, filed Mar. 28, 2014, which claims
priority from FR Patent Application No. 13 52880, filed on
Mar.29, 2013. The priority of said US, PCT and FR Patent

Applications are claimed. Fach of the prior mentioned
applications 1s hereby incorporated by reference herein 1n 1ts
entirety.

A subject of the present invention 1s a film-forming
composition comprising a fluidized hydroxypropyl starch
and sorbitol, and said invention 1s also directed toward a
film-coating process using such a composition.

A subject of the present invention 1s also film-coated solid
forms comprising a fluidized hydroxypropyl starch and
sorbitol 1n their film-coating.

PRIOR ART

Film-forming compositions are widely used 1n the phar-
maceutical, cosmetics and food-processing industry, in par-
ticular for the film-coating of solid forms.

The film-coating of solid forms, 1n particular of tablets, 1s
an operation which aims to obtain a physical and chemical
protection of the active ingredients. The medicament 1s thus
protected against 1ts environment (moisture, oxygen, light).
The film-coating also makes it possible to mask the taste, the
odor or the color of the active ingredients, and also makes
it possible to modity their rate of release in the organism by
increasing the resistance of the tablet to gastric juices.
Film-coating facilitates the ingestion of tablets, and
improves their appearance and their mechanical integrity.
Most solid forms can be film-coated: tablets, granules, gel
capsules, seeds, confectionary products.

The film-coating consists of the application of a film-
forming liquid composition on to a solid form, this compo-
sition becoming, after drying, a protective film.

The 1deal film-forming agent should make it possible to
obtain an elastic and cohesive film. It 1s preferably water-
soluble, water being the preferred solvent as opposed to
organic solvents because it 1s easy to use and 1s 1noculus.

In order to make the films less brittle, a plasticizer 1s
sometimes 1ntegrated 1nto these film-forming compositions.
The plasticizer lowers the glass transition temperature (1g)
of the film, 1t 1increases 1ts flexibility, 1ts resistance and 1ts
resilience, and facilitates the handling of the film-forming
composition.

Starch 1s very widely used 1n the textile and paper industry
as a film-forming agent. It 1s, on the other hand, used much
less for applications in the film-coating field.

Despite tensile strengths comparable to those of certain
synthetic polymers, starch-based materials 1n fact remain
very fragile. They are 1n addition very sensitive to water: the
amount of water contained 1n the films very considerably
modifies the Tg and therefore the mechanical properties of
the materials obtained. Other factors, such as the molar mass
and the crystallinity, can play a role with regard to the
properties of starch-based films.

Another difliculty 1s that, 1n the particular field of film-
coating, the films are very thin, about a few tens of microm-
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eters, and are subjected to particularly high stresses, which
will promote cracking thereof.

Cracking of the film occurs 1n particular when the latter 1s
too dehydrated, for example during the rapid drying of
tablets at the time of the film-coating, or subsequently, in the
case of tablets which take up the water contained 1n the film.

The film may also break during storage, when the ambient
conditions promote swelling of the tablets, for example
when they are placed in a humid atmosphere, at high
temperature, and 1n particular when they do not have any
packaging. This 1s particularly true for hygroscopic tablets,
the volume of which significantly increases through absorp-
tion of the moisture from the air.

It 1s, moreover, necessary for the film-forming composi-
tion to be able to satisiy the other constraints associated with
the problem of the film-coating, in particular for 1t to be able
to adhere to the solid forms to be film-coated, for i1t to be
non-reactive with respect to the mngredients which make up
the solid forms, and for 1t to have a behavior suitable for
machine operation (for example 1n terms of viscosity or of
Tg).

Another difliculty 1s that solid forms to be film-coated
differ 1n terms of composition and 1n terms of form and can
therefore have extremely varied physicochemical character-
1stics, for example with regard to the hygroscopic nature, the
hardness, the porosity, the surface energy, or else the solu-
bility. It 1s therefore particularly difficult to find film-forming
compositions suitable for the film-coating of all these solids
forms.

There 1s at the current time no amylaceous film-forming
composition which efiectively solves all these problems.
There 1s no “umiversal” film-forming composition for an
application 1n film-coating.

As 1t happens, 1t 1s to the credit of the applicant to have
succeeded 1n developing film-forming compositions that are
particularly suitable for the film-coating of all sorts of solid
forms. The cracking phenomena of the films are greatly
reduced, or even eliminated, this being even for solid forms
of which the volume varies greatly owing to water uptake or
to thermal expansion.

The solution 1s based on the judicious identification of
particular starch/plasticizer pairs which make 1t possible to
obtain exceptional results in terms of plasticization. The
starch selected by the applicant 1s 1n particular a fluidized
hydroxypropyl starch, and the plasticizer used 1s sorbitol.

The results obtained by the applicant by choosing sorbitol
as plasticizer and a fluidized hydroxypropyl starch as film-
forming agent are exceptional, and are opposite to what the
literature teaches.

Firstly, fluidized starches are known for their tendency to
form films that are more brittle than those formed by native
starches, owing to their lower molecular weight.

On the other hand, sorbitol has for more than ten years
been considered to be a poor plasticizer for starch. Com-
pared with glycerol, which 1s conventionally used, the
literature teaches that sorbitol results in the formation of
films that are more rigid and more friable, which has up until
now reinforced those skilled in the art in the choice of
glycerol as plasticizer for amylaceous materials.

Mention may, for example, be made of a study by
Yachuan Zhang et al. (Plasticization” of Pea Starch Films
with Monosaccharides and Polyols. Journal of food science,
10 Vol. 71, No. 6: 253-261 (2006)) on the plasticization of
a pea starch, and a study by Aj1 P. Mathew et al. (Plasticized
waxy maize starch: effect of polyols and relative humidity
on material properties. Biomacromolecules, 3. 1101-1108
(2002)), on the plasticization of a waxy maize starch. These
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studies confirm the superiority of glycerol in the plasticiza-
tion of amylaceous materials.
Other studies have even shown that, when sorbitol 1s used
below certain contents, it exerts an anti-plasticizing eflect.
For example, a study by S. Gaudin et al. (Plasticization
and mobility 1n starch-sorbitol films. Journal of Cereal

Science 29. 173-284 (1999)) describes the anti-plasticizing
ellect of sorbitol on wheat starch when 1t 1s used at a content
below 27% by weight relative to the weight of starch.

A study by Suzana Mali et al. (Antiplasticizing efiect of

glycerol and sorbitol on the properties of cassava starch
films. Braz. J. Food Technol., Vol. 11, No. 3, 194-200
(2008)), describes the anti-plasticizing eflect of sorbitol on

cassava starch at a content below 15% by weight, relative to
the weight of starch.

As 1t happens, the applicant has shown that, by choosing
a fluidized hydroxypropyl starch as film-forming agent,
sorbitol exerts its plasticizing efiect even below these con-
tents, thus demonstrating the particularity of the starch/
plasticizer pair 1dentified by the applicant. Some documents
exist, moreover, which report the use of amylaceous mate-
rials for applications in film-coating.

In i1ts French patent FR 2 862 654 B1 for example, the
applicant describes a film-coating composition using a sta-
bilized legume starch plasticized with glycerol. These com-
positions already had, good properties compared with those
of the prior art. However, the applicant demonstrated prob-
lems of cracking of the films which appear 1n certain cases,
in particular on very hygroscopic tablets.

Sorbitol, moreover, was brietly described for its use 1n
film-coating compositions.

Mention may, for example, be made of application WO
02/00203 regarding compositions using an acetylated waxy
corn starch. It emerges from this application that no test for
film-coating of solid forms 1s given for these compositions,
since the preferential plasticizer was once again glycerol.

Patent application WO 02/092708 also describes amyla-
ceous film-forming compositions comprising sorbitol, using
a high-amylose corn starch as film-forming agent. However,
the sorbitol was always used in combination with glycerol,
and at extremely high contents. Sorbitol and glycerol thus
each represented 50% of the weight of starch, 1.e. these
compositions comprised as much plasticizer as starch.

This further demonstrates the particularity of the starch/
plasticizer combination identified by the applicant, since
very good results were obtained, even using much lower
sorbitol contents.

OBIJECTIVES OF THE INVENTION

An object of the present invention is thus to provide novel
film-forming amylaceous compositions, in particular for the
film-coating of solid forms, which make it possible to
reduce, or even eliminate, the problem of cracking of the
films.

The invention makes it possible to solve the abovemen-
tioned problems by providing film-forming compositions
that are easy to prepare and to use, cost a reasonable amount,
make use of biobased materials, and are safe from the. point
of view of the health of handlers and consumers.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1A shows the tablets film-coated with compositions
A

FIG. 1B shows the tablets film-coated with compositions
B.
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FIG. 1C shows the tablets film-coated with compositions
C.

FIG. 2A shows the tablets film-coated with compositions
A.

FIG. 2B shows the tablets film-coated with compositions
B

FIG. 2C shows the tablets film-coated with compositions
C

FIG. 3A shows the tablets film-coated with compositions
A

FIG. 3B shows the tablets film-coated with compositions
B.

DESCRIPTION

As shown 1n example 1, and contrary to what the prior art
teaches, sorbitol makes it possible to lower the Tg of the
amylaceous film at contents of about 5% by weight relative
to the weight of starch. Contrary to what had therefore
previously been noted, in the particular case of the starch
chosen according to the present invention, not only does
sorbitol exert a plasticizing effect at low contents, but 1t 1s 1n
addition a better plasticizer than glycerol. Indeed, such
performance levels are not observed as soon as the starch or
the plasticizer used 1s modified, thereby demonstrating the
importance of the judicious choice of the starch/plasticizer
pair 1dentified by the applicant.

The relevance of these low contents was confirmed for
applications 1n film-coating. For plasticizer contents of
about 8.6% by weight relative to the weight of starch, the
film-forming compositions according to the 1invention
resulted 1n the formation of a uniform and adherent film-
coating layer when sorbitol was used, whereas cracking of
the film-coating films occurred with glycerol (example 2a)).

In the film-forming compositions according to the inven-
tion, sorbitol can thus be introduced in contents of between
3% and 80% by weight relative to the weight of fluidized
hydroxypropyl starch, in particular between 5% and 40% for
applications 1n film-coating.

The sorbitol and the fluidized hydroxypropyl starch
according to the invention have, moreover, the advantage of
being able to be mixed in pulverulent form. Indeed, the
plasticizers previously used in film-forming compositions,
in particular glycerol, were always 1n liquid form. However,
starch can be mixed with water only at the time of actual use
of the film-forming composition. With the starch and the
plasticizer identified by the applicant, it 1s possible to
provide the film-forming composition according to the
invention in the form of a ready-to-use product, so that a step
ol extemporaneous mixing of the starch and the plasticizer,
during, for example, the film-coating of tablets, 1s no longer
necessary.

Once 1t 15 1n the form of an aqueous composition, 1.€. 1n
the form of a solution or of a suspension, the aqueous
film-forming composition according to the imnvention has in
addition the advantage of a low viscosity. It 1s thus possible
to 1ncrease 1ts solids content and therefore in parallel to
reduce 1ts water content. As a result of this, the films
obtained are easier to dry, and the times and costs required
for the manufacture thereotf are significantly reduced. A first
subject of the present invention 1s thus a film-forming
composition, 1n particular intended for the film-coating of
solid forms, characterized in that i1t comprises a fluidized
hydroxypropyl starch and sorbitol.
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For the purposes of the present invention, the term “film-
forming composition” 1s intended to mean a composition
comprising at least one polymer (film-forming agent),
capable of forming an essentially continuous film i1n the
presence of a solvent, in particular of water. It 1s 1n particular
an amylaceous film-forming composition, 1.e. using a starch
as film-forming agent.

For the purposes of the present invention, the term
“starch” 1s intended to mean the starch extracted, or in other
words 1solated, by any suitable technique known to those
skilled 1n the art, from an amylaceous source, such as
leguminous plants, cereals or tuberous plants. The starch
may, for example, be a pea starch, corn starch or potato
starch, or a starch of a mixture thereof.

For the purposes of the present invention, the term
“hydroxypropyl starch™ 1s intended to mean a starch substi-
tuted with hydroxypropyl groups by any technique known to
those skilled in the art, for example by etherification reaction
with propylene oxide, having 1n particular a hydroxypropyl
group content of between 0.1% and 50% by dry weight
relative to the dry weight of hydroxypropyl starch, prefer-
entially between 1% and 15%, more preferentially between
3% and 9%, and 1n particular close to 7%. This content 1s 1n
particular determined by proton nuclear magnetic resonance
spectrometry, 1n particular according to standard EN ISO
11543:2002 F.

For the purposes of the present mnvention, the term “flu-
1dized starch” 1s intended to mean a starch which has
undergone a hydrolysis operation, 1.e. an operation aimed at
reducing 1ts average molecular weight. Those skilled in the
art know how to obtain such starches, for example by
chemical treatments such as oxidation and acid treatments,
or else by enzymatic treatments. Those skilled in the art will
naturally adjust the level of fluidization of the starch, accord-
ing to the viscosity desired for the film-forming composi-
tion.

Preferentially, the fluidized hydroxypropyl starch accord-

ing to the invention has a weight-average molecular weight
of less than 2 000 000 Da, preferentially greater than 20 000

Da, preferentially between 100 000 and 1 000 000 Da, quite
preferentially between 500 000 and 600 000 Da.

This weight-average molecular weight can be determined
by those skilled 1n the art using size exclusion chromatog-
raphy of the HPSEC-MALLS type (High Performance Size
Exclusion Chromatography coupled on-line with Multiple
Angle Laser Light Scattering).

This weight can be measured by size exclusion chroma-
tography, according to the following protocol:

preparation of a sample by solubilization of the fluidized

hydroxypropyl starch, by heating at 100° C. for 30 min
in a diluting solvent consisting of a DMSO/NaNO,
mixture (0.1M of NaNO; in DMSQ), 1t being possible
for said sample to have a concentration ranging from 2
to 10 mg of starch per ml of diluting solvent;

use of a high performance liquid chromatography (HPLC)

apparatus equipped with a pump, operating in 1socratic
mode, circulating an elution solvent at 0.3 ml/min, with
a refractometer, with an 18-angle multiple angle light
scattering laser detector heated to 35° C., for example
a Dawn Heleos detector from the company Wyatt, and
with an oven for thermostatic control of the columns
heated to 35° C., for example equipped with polyhy-
droxymethacrylate columns of Suprema type and for
which the elution solvent i1s, for example, a 0.1M
aqueous sodium nitrate solution containing 0.02% by
weight of sodium azide;
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injection into the device of a sample volume of approxi-

mately 100 pl.

The weight-average molecular weights can be determined
from the spectra obtained, for example by reprocessing the
spectra 1n 1st order exponential using an analytical software
of Astra v.5 type. The molecular weights are conventionally
distributed according to a Gaussian curve, the weight-
average molecular weight being close to the median.

The film-forming composition according to the invention
1s preferentially characterized 1n that the fluidized hydroxy-
propyl starch i1s a legume starch and/or a corn starch.

More preferentially, the fluidized hydroxypropyl starch
according to the invention 1s a legume starch, preferably a
pea starch, more preferentially a smooth pea starch.

When the starch according to the invention 1s a pea starch,
in particular a smooth pea starch, the starch in particular has
an amylose content of between 25% and 45%, preferably
between 30% and 44%, even more preferentially between
35% and 40%, and even better still between 35% and 38%,
these percentages being expressed by dry weight relative to
the dry weight of pea starch, and determined before fluidi-
zation and hydroxypropylation of said starch.

Preferentially, the film-forming composition according to
the invention 1s characterized 1n that the sorbitol 1s included
in said film-forming composition at a content of between 5%
and 80% by dry weight relative to the dry weight of fluidized
hydroxypropyl starch, preferentially between 5% and 40%,
and more preferentially between 15% and 35%, the limit at
35% being preferentially excluded.

It should be noted that, in the present application, the
contents of the various compounds are expressed as a
function of the total solids content of the film-forming
composition, with the exception of the sorbitol contents,
which, unless otherwise indicated, are expressed as a func-
tion of the dry weight of starch. Indeed, 1t 1s the ratio of the
film-forming agent to the plasticizer which determines 1n
particular the quality of the plasticization and therefore of
the film formed.

Advantageously, the film-forming composition according
to the invention 1s characterized in that the fluidized
hydroxypropyl starch and the sorbitol together represent
between 15% and 100% by dry weight relative to the total
weight of the solids of said film-forming composition,
preferentially between 30% and 95%, and more preferen-
tially between 60% and 95%.

Preferentially, the film-forming composition according to
the invention 1s characterized in that 1t 1s a ready-to-use
product.

For the purposes of the present invention, the term “ready-
to-use product” 1s 1ntended to mean a pulverulent compo-
sition, 1n particular intended for the film-coating of solid
forms. The ready-to-use product can be prepared by any
suitable mixing means known to those skilled in the art, for
example using a powder mixer.

In a second advantageous embodiment, the film-forming
composition according to the invention 1s characterized in
that 1t 1s an aqueous composition. The aqueous film-forming
composition according to the invention 1s preferentially
characterized 1n that 1t has a solids content of between 5%
and 50% by weight, preferentially between 10% and 35%,
more preferentially between 15% and 30%.

It advantageously has a viscosity, measured at 25° C., of
less than or equal to 500 mPa-s, more preferentially of
between 50 and 500 mPa-s, more preferentially between 80
and 300 mPa-s.

This viscosity, in the present invention, 1s a Brookfield
viscosity determined by means of a Brookfield RVEF 100
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viscometer, using the spindle of the apparatus which gives a
reading of between 20% and 80% of the scale of the dial of
the apparatus, at a rotational speed of 100 revolutions per
minute.

Generally, and entirely advantageously, the aqueous film-
forming composition or the ready-to-use product according
to the invention comprise additives conventionally used by
those skilled 1n the art, in particular 1n the film-coating field,
in particular chosen from:

antiaggregants, in particular fatty substances such as

glycerol derivatives, for example glyceryl monostear-
ate, sugar esters, magnesium stearate, kaolin and stearic
acid;

opacifiers, in particular mineral materials, such as tita-

nium dioxide or calcium carbonate;

pigments and dyes, for example soluble dyes or aluminum

lakes, such as E129, E132, E133, E110 or E102,
pigments such as 1ron oxides, dyes of natural origin,
such as carminic acid or a copper-chlorophyll complex;
flavorings or sweeteners, for example mint o1l, aspartame
and acesulfame;
compounds for 1mproving
medium-chain triglycerides.
Preferentially, the film-forming composition according to
the 1invention comprises at least one antiaggregating addi-
tive, preferentially stearic acid.
Preferentially, the film-forming composition according to
the mvention comprises at least one opacifying additive,
preferentially titantum dioxide.
The film-forming composition according to the invention
may, moreover, Comprise:
film-forming agents other than the fluidized hydroxypro-
pyl starch used in accordance with the invention, for
example synthetic polymers, such as hydroxypropylm-
cthylcellulose = (HPMC), hydroxypropylcellulose
(HPC) or polyvinyl alcohol (PVA),

and/or plasticizers other than the sorbitol according to the
invention, for example sorbitol derivatives, in particu-
lar anhydrides of sorbitol, glycerol, polyethylene gly-
col, triethyl citrate, polysorbate, carnauba wax and
hydrogenated castor oil.

Preferentially, the film-forming composition according to
the invention comprises less than 80% of film-forming agent
other than the fluidized hydroxypropyl starch according to
the invention, preferentially less than 70%, preferentially
less than 60%, preferentially less than 50%, preferentially
less than 40%, preferentially less than 30%, preferentially
less than 20%, preferentially less than 10%; these percent-
ages being expressed by dry weight, relative to the total dry
weilght of film-forming agent of the film-forming composi-
tion.

Likewise, since the sorbitol according to the invention 1s
by 1tself an excellent plasticizer for the fluidized hydroxy-
propyl starch according to the invention, the presence of
other plasticizers 1s optional. Thus, preferentially, the film-
forming composition according to the invention comprises
less than 80% of plasticizers other than sorbitol, preferen-
tially less than 70%, preferentially less than 60%, preferen-
tially less than 50%, preferentially less than 40%, preferen-
tially less than 30%, preferentially less than 20%,
preferentially less than 10%; these percentages being
expressed by dry weight, relative to the total dry weight of
plasticizer of the film-forming composition.

For reasons of ease of processing, it 1s preferable to
minimize the amount of raw materials to be handled.

Thus, preterentially, the flmdized hydroxypropyl starch
and the sorbitol represent, 1n the film-forming composition

shininess, for example
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according to the invention, most, and preferentially all, of
the film-forming agents and of the plasticizers, respectively.

The fluidized hydroxypropyl starch of the film-forming
composition according to the invention may also exhibit
other modifications, and may for example have undergone
physical treatments, 1n particular chosen from known pre-
cooking, cooking, extrusion, spray-drying or drying opera-
tions, microwave or ultrasonic treatment operations, plasti-
c1zing operations or granulation operations.

In particular, starch after hydroxypropylation and fluidi-
zation often comprises a portion of starch which has
remained in granular form, 1.e. which does not necessarily
participate in the formation of the film.

It will therefore be preferable to make this portion of
starch soluble 1n water, 1n order for the film-forming com-
position to contain a maximum of starch available for the
formation of the film.

Thus, entirely advantageously, the starch according to the
invention 1s characterized 1n that i1t 1s made soluble. It can be
made soluble by any technique known to those skilled 1n the
art, 1n particular by heat and/or mechanical treatment, for
example by an operation of cooking 1n an aqueous medium,
optionally followed by a drying step when 1t 1s desired to
obtain a pulverulent product. The operation aimed at making
the starch soluble can take place before the introduction of
said starch 1nto the film-forming composition, equally
betore or after the hydroxypropylation and/or the fluidiza-
tion of the starch, or else after the introduction thereotf into
the film-forming composition, for example by cooking the
film-forming composition at the time it 1s used.

Although the sorbitol according to the invention 1s pret-
erentially a pulverulent sorbitol, for example such as those
sold by the applicant under the name Neosorb® P60W, it
may also be a crystallizable or non-crystallizable liquid
sorbitol.

The film-forming composition 1in accordance with the
invention 1s advantageously used for the film-coating of
solid forms.

For the purposes of the present invention, the term “solid
form™ 1s intended to mean any presentation of food, phar-
maceutical, cosmetic, chemical or agrochemical substances
intended to undergo a film-coating operation. Examples of
solid forms are tablets, gel capsules, capsules, pellets, micro-
spheres, granules, seeds, solid food forms such as cookies,
breakfast cereals, confectionary products (chewing gums,
hard boiled candies, jelly confections), or else products in
the form of powders and/or of crystals. When these solid
forms are film-coated, they then include in their structure at
least one film-coating layer, and the initial solid form 1s then
denoted by the term “‘core”.

To carry out the film-coating of solid forms, use may be
made of any technique known to those skilled in the art, such
as spray-drying in a fluidized bed, or 1n a conventional or
perforated turbine.

Thus, a subject of the present imnvention 1s also a film-
coating process, characterized in that 1t comprises:

a step a') of spraying an aqueous film-forming composi-
tion according to the invention on to a moving bed of
solid forms,

a step b) of drying the solid forms thus film-coated,
preferentially concomitant with step a').

A subject of the present invention 1s in particular a

film-coating process, characterized in that 1t comprises:

a step a) of producing an aqueous film-forming compo-
sition according to the mnvention, comprising mixing a
ready-to-use product according to the invention with
water,

a step a') of spraying the aqueous film-forming compo-
sition obtained in step a) on to a moving bed of solid
forms,



