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(54) A PROCESS OF PREPARING A DYED FABRIC INCLUDING A BACTERIAL BIOPOLYMER AND 
HAVING UNIQUE APPEARANCE

(57) The present invention relates to a process for
the production of a fabric (100) having a unique appear-
ance, to a fabric obtained with said process and to cloth-
ing articles, i.e. garments, including said fabric. In partic-
ular, the present invention relates to a process for pro-
ducing a woven fabric having a unique, e.g. "used" (i.e.

worn-out) or "multi-shaded" appearance, wherein said
process comprises a step of providing a woven fabric
(10) with a layer (4) of bacterial biopolymer, dye at least
part of the fabric, together with the biopolymer layer, and
then remove at least part of the bacterial biopolymer layer
from the fabric.
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Description

Field of the invention

[0001] The present invention relates to a process for
the production of a fabric having a unique appearance,
to a fabric obtained with said process and to clothing
articles, i.e. garments, including said fabric. In particular,
the present invention relates to a process for producing
a woven fabric having a unique, e.g. "used" (i.e. worn-
out) or "multi-shaded" appearance, wherein said process
comprises the use of a bacterial biopolymer.

Background of the invention

[0002] Worn out fabrics, especially denim, have en-
joyed popularity in fashion industry due in particular to
the finishing processes that can be applied to the fabric
in order to create different appearances and thus different
visible effects on the front side of the fabric, i.e. on the
surface that is visible when the article made by the fabric
is worn. In fact, the success in denim industry largely
depends on creativity coming from a variety of fabric fin-
ishing processes that gives fabrics unique appearances.
[0003] The exterior appearance of a fabric, and thus
of a clothing article made by the fabric, can be modified
by using different finishing techniques.
[0004] A "used" or "vintage" or "worn-out" look of the
fabric can be achieved by treating the fabric with a fin-
ishing process that is generally carried out on the garment
or on the fabric. The known finishing processes may use
specific chemicals, or mechanical abrasion, such as
processes using stone-washing, acid wash, laser treat-
ment and sandblasting. For example, in the stone wash-
ing, the fabric is washed in a cylinder in the presence of
pumice stones. While the wash cylinder rotates, the fabric
is contacted by the stones that will remove part of the
yarn fibers including the dye present on said fibers.
[0005] In this case, when a fabric and, in particular, an
indigo dyed woven fabric is used, wherein the indigo dye
is located on the surface of the yarns leaving the core of
the yarns undyed, a stone wash (or sand blast) finishing
process can be applied to allow varying amounts of the
undyed cores of the indigo yarns to become visible.
[0006] These different finishing treatments result in dif-
ferent visible effects, in particular worn-out appearance,
which make the fabric fashionable in the clothing and
textile industries. However, the visible effects and ap-
pearance that are obtainable by the known finishing treat-
ments, are limited. Therefore, garments made by differ-
ent producers are often similar one to another, thus re-
ducing the commercial desirability of the product and the
possibility to distinguish a product from those of another
producer.
[0007] A further disadvantage of traditional stone
washing is that the stones can damage the fabric.

Summary of the invention

[0008] It is an aim of the present invention to solve the
above mentioned problems and to provide a process for
the production of a fabric having a "unique" appearance;
with "unique appearance" it is here meant an appearance
different from the known ones, i.e. a look that was previ-
ously not attainable with known finishing processes, such
as an improved "used" or "vintage" or "worn-out" appear-
ance, in particular a distinctive worn-out appearance pre-
viously not obtainable with known processes.
[0009] Another aim of the present invention, is to pro-
vide a process for the production of a fabric having a
"unique" appearance which is commercially desirable,
recognizable and readily distinguishable from other prod-
ucts.
[0010] Still another aim of the present invention is to
provide a process wherein damage to the yarns and the
fabric made thereof is substantially avoided or is reduced,
during the manufacturing and finishing processes. A fur-
ther aim of the invention is to provide a finishing process
that avoids or reduce the environmental costs of known
finishing processes and that is less expensive than said
processes.
[0011] These and other aims are achieved by a proc-
ess according to claim 1, which results in the production
of a fabric according to claim 17, i.e. a fabric suitable for
the manufacture of a garment according to claim 19.
[0012] In particular, the present invention refers to a
process for producing a fabric, comprising the following
steps:

a. Providing at least one plurality of warp yarns and
at least one plurality of weft yarns;
b. Weaving said at least one plurality of warp yarns
with said at least one plurality of weft yarns to provide
a woven fabric, having a front side and a back side;
c. Providing at least a layer of at least one bacterial
biopolymer on said yarns or on at least part of at
least one side of said woven fabric to provide a com-
posite fabric;
d. Dyeing at least part of said composite fabric,
whereby at least part of the fabric yarns are dyed
together with said biopolymer layer;
e. Removing at least part of said layer of bacterial
biopolymer from said composite fabric to obtain a
treated fabric.

[0013] Preferred embodiments are recited in the de-
pendent claims.
[0014] In an exemplary embodiment, after step d. and
before step e. the fabric is made, i.e. it is tailored, into a
garment; the finishing processes may be applied to the
fabric or to the garment including the fabric. In the follow-
ing description reference will be made to the "fabric" to
also identify a garment as far as at least the finishing
processes are concerned, without limiting the scope of
protection to treatment of the fabric only. As a matter of
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fact, the process of claim 1 may be carried out on a gar-
ment; claim 1 thus encompasses the treatment of a fabric
in a garment.
[0015] By means of a process according to the inven-
tion, a "treated fabric", i.e. a woven fabric after finishing
processes, with an improved (i.e. a "unique") aesthetical
effect, can be obtained. The obtained fabric, i.e. the
"treated" fabric, presents a "multi-shaded" effect, namely
a "multi-shaded" appearance, previously not available
through known finishing processes. Specifically, the ob-
tained "multi-shaded" effect, is a distinctive appearance,
preferably a "used" or "worn-out" appearance, which
comprises a plurality of shades of color, which are dis-
tributed throughout the fabric (and, thus, throughout a
garment comprising it) according to a non-reproducible
distribution, such that the same distribution of shades
cannot be reproduced from a fabric to another.
[0016] Without being bound to a specific scientific ex-
planation, a possible explanation is that a bacterial bi-
opolymer layer, being produced by living microorgan-
isms, may not be structurally identical to another bacterial
biopolymer layer, even if it has been produced by the
same microorganisms and in the same conditions.
Therefore, it has been observed that two different bac-
terial biopolymer layers provide for two different dyeing-
results of the bacterial biopolymer layers themselves and
of the fabrics (or yarns) coupled therewith, as well.
[0017] As above mentioned, by means of a process
according to the invention a "treated fabric", i.e. a woven
fabric after finishing processes, with a "unique" aesthet-
ical effect, can be obtained; in other words, two woven
fabrics that are "treated" with the process of the invention,
show two different aesthetical results, i.e. the same dis-
tribution of color shades is not reproduced from a fabric
to another. Thus, each "treated fabric", obtained by the
process of the invention, shows an aesthetical appear-
ance that is substantially "unique", i.e. an aesthetical ap-
pearance that is substantially "not reproducible".
[0018] The treated fabric of the invention, as obtained
after the removal of at least part of the bacterial biopol-
ymer layer from the dyed composite fabric, shows a plu-
rality of color shades, according to the amount of dye
which has been absorbed by the bacterial biopolymer
layer and reached the underlying woven fabric.
[0019] This is particularly true when, according to a
preferred embodiment, said at least one bacterial biopol-
ymer layer has a thickness "T" that is non-uniform
throughout the extension of the bacterial biopolymer lay-
er, i.e. that is not the same throughout the whole exten-
sion of the bacterial biopolymer layer.
[0020] In fact, without being bound to a specific scien-
tific explanation, it has been observed that the dye uptake
of the fabric provided with the claimed bacterial biopoly-
mer layer as obtained in step c. of the process of the
invention, is variable in relationship with the variable
thickness of the bacterial biopolymer layer.
[0021] In particular, it has been observed that, the high-
er is the thickness T, the higher is the dye uptake of the

layer of bacterial biopolymer, i.e., the amount of dye
which is absorbed by the bacterial biopolymer layer, and
the less is the amount of dye that arrives to the yarns and
that dyes the yarns provided with the biopolymer layer.
In other words, when, for example, a composite fabric
comprises a bacterial biopolymer layer having non-uni-
form (i.e. "variable") thickness, different amounts of dye
reach the underlying surface (for example, the front side)
of the woven fabric, according to the thickness of the
bacterial biopolymer layer so that the fabric yarns take
on different amounts of dye in different regions.
[0022] It has to be noted that the thickness ("T") of the
bacterial biopolymer layer of a composite fabric accord-
ing to the invention and the amount of the dye which
reaches the woven fabric provided with the biopolymer
layer are inversely proportional. In other words, the high-
er is the thickness of the bacterial biopolymer layer, the
lower is the amount of dye that reaches the woven fabric
provided with the biopolymer layer. For example, if the
thickness of the bacterial biopolymer layer of a composite
fabric according to the invention is high, a high amount
of dye is absorbed by the bacterial biopolymer layer and
only a low amount of dye (or none) reaches the woven
fabric provided with the biopolymer layer. Therefore, after
the removal of the bacterial biopolymer layer, a treated
fabric that is slightly colored (i.e. that is a colored in a
light shade of color) or that is substantially non-colored
is obtained.
[0023] On the contrary, for example, if the thickness
"T" of the bacterial biopolymer layer is low, a low amount
of dye is absorbed by the bacterial biopolymer layer, and
thus a high amount of dye reaches the surface (i.e., for
example, the front side) of the woven fabric provided with
the biopolymer layer. Therefore, after the removal of the
bacterial biopolymer layer, a treated fabric that is intense-
ly colored (i.e. that is colored in a dark shade of color) is
obtained.
[0024] As used herein, the term "thickness", refers to
the distance between the top and bottom or front and
back surfaces of something; e.g., the distance between
the top and bottom surfaces of the bacterial biopolymer
layer. The bottom surface of the bacterial biopolymer lay-
er is the surface of the bacterial biopolymer layer which
contacts the fabric or yarns. The top surface of the bac-
terial biopolymer layer is the surface of the bacterial bi-
opolymer layer, opposite to the bottom surface, which
does not contact the fabric or yarns. As used herein, the
term "uniform thickness", refers to a thickness that is sub-
stantially constant (substantially non-variable); e.g. the
distance between the top and bottom surfaces of the bac-
terial biopolymer layer does not substantially change
along the extension of the bacterial biopolymer layer. On
the contrary, as used herein, the term "non-uniform thick-
ness", refers to a thickness that is variable; e.g. the dis-
tance between the top and bottom surfaces of the bac-
terial biopolymer layer varies (i.e. "changes", i.e. it is not
constant) along the extension of the bacterial biopolymer
layer.
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[0025] According to preferred embodiments, at least
part of said bacterial biopolymer layer is a discontinuous
layer.
[0026] For example, a bacterial biopolymer layer can
be a discontinuous biopolymer layer, i.e. a bacterial bi-
opolymer layer can presents interruptions along its ex-
tension. In this case, for example, a fabric or a yarn that
is provided with a discontinuous biopolymer layer
presents regions on its surface (e.g. the front side of a
woven fabric) that are not "covered" by the bacterial bi-
opolymer layer.
[0027] Advantageously, considering, for example, a
composite fabric (as obtainable in step c. of the process
of the invention) wherein the bacterial biopolymer layer
is discontinuous, i.e. wherein the bacterial biopolymer
layer presents interruptions throughout its extension, re-
gions of the woven fabric provided with bacterial biopol-
ymer layer, result to be "not-covered" by the biopolymer
layer. Therefore, when the composite fabric is dyed ac-
cording to step d. of the process of the invention, regions
of the woven fabric that are "not-covered" by the biopol-
ymer layer are completely and "directly" dyed; in other
words where the woven fabric is not "covered" by the
biopolymer layer, the dye is applied directly on the woven
fabric.
[0028] Advantageously, when a composite fabric com-
prises a discontinuous bacterial biopolymer layer, a treat-
ed fabric having a patterned multi-shaded effect can be
obtained.
[0029] In other words, a discontinuous bacterial biopol-
ymer layer according to the invention can present a pre-
determined "patterned" distribution of "interruptions" in
order to provide a treated fabric with a predetermined
pattern of regions of the woven fabric that are "complete-
ly" and "directly" dyed, as above mentioned. Therefore,
once the bacterial biopolymer layer is removed according
to step e. of the process of the invention, a treated fabric
having a multi-shaded effect further comprising a pat-
terned distribution of "completely dyed" regions can be
obtained. On the contrary, where the woven fabric is pro-
vided with the bacterial biopolymer layer, once the bac-
terial biopolymer layer is removed after the dyeing, re-
gions having multi-shaded effect, as above defined, are
obtained. In other words, the bacterial biopolymer layer
can act as a "stencil" when the composite fabric is dyed.
According to embodiments of the invention, variation
within the weaving pattern of the woven fabric provides
further visual effects. In fact, it has been observed that
the weaving pattern contributes to the final appearance.
According to a preferred embodiment, the bacterial bi-
opolymer layer is a non-uniform discontinuous layer. In
other words, a bacterial biopolymer according to the in-
vention can have a variable thickness and interruptions
throughout its whole extension.
[0030] According to embodiments of the invention, the
woven fabric is provided with at least one bacterial bi-
opolymer layer on at least the front side and/or the back
side.

[0031] As used herein, the term "front side" of the fab-
ric, refers to the side of the fabric which is the external
visible side when a garment comprising the fabric is worn.
[0032] As used herein, the term "back side" of the fab-
ric, refers to the side of the fabric which is the internal
not visible side when a garment comprising the fabric is
worn.
[0033] According to embodiments, the woven fabric is
provided with at least one bacterial biopolymer layer on
both the front side and the back side.
[0034] For example, a woven fabric according to the
invention can be provided with two bacterial biopolymer
layers, namely with a first biopolymer layer on its front
side and with a second biopolymer layer on its back side,
thus providing a composite fabric comprising a woven
fabric and two bacterial biopolymer layers.
[0035] According to exemplary embodiments, the first
biopolymer layer (on the front side) and the second bi-
opolymer layer (on the back side) can comprise the same
or a different bacterial biopolymer.
[0036] As used herein, the terms "bacterial biopolymer
layer", "bacterial polymer layer", "biopolymer layer" and
"polymer layer" refer to a layer comprising at least one
bacterial biopolymer.
[0037] As used herein, the terms "bacterial biopoly-
mer" and "bacterial polymer" refers to all the polymers
the can be produced by a microorganism, where the term
"microorganism" encompasses not genetically modified
(i.e. wild type) microorganisms and genetically modified
microorganism. For example, a microorganism can be
genetically modified in order to produce a bacterial bi-
opolymer which is not produced by the same microor-
ganism when it is not genetically modified (i.e., when it
is a wild type microorganism).
[0038] As used herein, the term "microorganism" refers
to small unicellular or multicellular living organisms that
are too small to be seen with naked eye but are visible
under a microscope, and encompasses bacteria, yeast,
fungi, viruses and algae. As above mentioned, the term
"microorganism" encompasses not genetically modified
(i.e. wild type) microorganisms and genetically modified
microorganism as well.
[0039] In the present description, reference is made to
"bacterial biopolymer" for sake of simplicity, without how-
ever limiting the scope of the invention to polymers pro-
duced by "bacteria" only, but encompassing all the pol-
ymers the can be produced by a microorganism as above
defined.
[0040] According to embodiments of the invention, the
bacterial biopolymer layer comprises a sugar-based bi-
opolymer or an amino acid-based biopolymer or a mix-
ture thereof.
[0041] As used in the present description, the term
"sugar-based biopolymer" encompasses linear and
branched polysaccharides, variants and derivatives
thereof. An exemplary sugar-based biopolymer is bacte-
rial cellulose.
[0042] As used in the present description, the term

5 6 



EP 3 239 373 A1

5

5

10

15

20

25

30

35

40

45

50

55

"amino-acid based biopolymer" encompasses linear and
branched polypeptides, variants and derivatives thereof.
An exemplary amino acid-based biopolymer is bacterial
collagen. According to a preferred embodiment, said bac-
terial biopolymer is selected from bacterial cellulose, bac-
terial collagen or mixtures thereof.
[0043] According to preferred embodiments of the in-
vention, said bacterial biopolymer layer comprises a bac-
terial biopolymer selected from bacterial cellulose, bac-
terial collagen, bacterial cellulose/chitin copolymer, bac-
terial silk, and mixtures thereof. These biopolymers are
known per se in the art. For example, a bacterial biopol-
ymer according to the invention (e.g., the bacterial cel-
lulose) can be produced by culturing bacterial biopoly-
mer-producing microorganisms, preferably selected
from bacteria, algae, yeast, fungi and mixtures thereof.
[0044] For example, a layer of bacterial collagen can
be provided to the front side of the woven fabric and a
layer of bacterial cellulose can be provided to the back
side of the woven fabric.
[0045] According to embodiments of the invention,
bacterial biopolymer-producing bacteria are selected
from Gluconacetobacter, Aerobacter, Acetobacter,
Achromobacter, Agrobacterium, Azotobacter, Salmonel-
la, Alcaligenes, Pseudomonas; Rhizobium, Sarcina,
Streptoccoccus and Bacillus genus, and mixtures there-
of. According to embodiments of the invention, bacterial
biopolymer-producing algae are selected from Phaeo-
phyta, Rhodophyta and Chrysophyta, and mixture there-
of.
[0046] For example, bacterial cellulose can be pro-
duced by culturing strains of Acetobacter bacteria, such
as strains of Acetobacter xylinum, and/or by culturing
strains of Gluconacetobacter, such as strains of Gluco-
nacetobacter hansenii.
[0047] For example, bacterial collagen can be pro-
duced by culturing bacterial strains of Bacillus, Pseu-
domonas, Streptoccoccus or bacterial strains which have
been genetically modified to obtain modified strains that
produce collagen. Advantageously, bacterial collagen
can be produced on the fabric to provide an artificial leath-
er-like material, ("artificial leather" or "artificial skin",
wherein the main structural component of "leather" and
"skin" is type I collagen in the form of strong fibrils). For
example, bacterial cellulose/chitin copolymer can be pro-
duced by culturing strains of Acetobacterxylinum which
have been genetically modified to obtain modified strains
that produce bacterial cellulose/chitin copolymer.
[0048] According to exemplary embodiments of the in-
vention, the bacterial biopolymer producing microorgan-
isms are a mixture of wild type and genetically modified
microorganisms.
[0049] According to a preferred embodiment, step c.
of the process of the invention is carried out by contacting
at least part of at least one plurality of warp yarns and/or
at least part of at least one plurality of weft yarns, or at
least part of a woven fabric with a culture of bacterial
biopolymer-producing microorganisms, and culturing

said bacterial biopolymer-producing microorganisms, to
provide at least part of said at least one plurality of warp
yarns and/or at least part of said at least one plurality of
weft yarns, or at least part of said woven fabric with a
bacterial biopolymer layer.
[0050] In other words, a composite fabric according to
step c. of the present invention can be obtained by pro-
viding a woven fabric with a bacterial biopolymer layer,
that is "grown" (i.e. produced) directly on the fabric.
[0051] For example, a composite fabric according to
the invention, can be advantageously obtained by con-
tacting the front side and/or the back side of a woven
fabric, with a culture of bacterial biopolymer-producing
microorganisms, and culturing said bacterial biopolymer-
producing microorganisms. More in detail, once the wo-
ven fabric is contacted with a culture of bacterial biopol-
ymer-producing microorganisms, bacterial biopolymer-
producing microorganisms are cultured, to produce a lay-
er of bacterial biopolymer directly on the fabric, thus pro-
viding a composite fabric according to step c. of the proc-
ess of the invention.
[0052] According to embodiments, at least part of at
least one plurality of warp yarns and/or at least part of at
least one plurality of weft yarns, as provided in step a. of
the process of the invention, are provided with a bacterial
biopolymer layer before the weaving according to step b.
[0053] For example, a bacterial biopolymer layer (e.g.
a bacterial cellulose layer), preferably a thin bacterial bi-
opolymer layer (e.g. a "film" of bacterial biopolymer) can
be grown directly on cotton yarns.
[0054] Advantageously, a bacterial biopolymer layer,
provided onto yarns (warp and/or weft yarns) before the
weaving, act as sizing agent, thus protecting the yarns
during the weaving process.
[0055] Additionally, the bacterial biopolymer provided
onto the yarns protects the yarns from damages also
after the weaving step.
[0056] Moreover, when the bacterial biopolymer layer
(e.g. a bacterial biopolymer film) is grown (i.e. produced)
directly on the warp and/or weft yarns, it is possible to
skip the step of sizing the yarns before the weaving and
to skip the step of de-sizing after the weaving, thus re-
ducing the costs for the production.
[0057] According to exemplary embodiments, at least
part of at least one plurality of warp yarns and/or at least
part of at least one plurality of weft yarns, as provided in
step a. of the process of the invention, are provided with
a bacterial biopolymer layer and dyed before the weaving
step according to step b.
[0058] For example, a bacterial biopolymer according
to the invention can be produced (i.e. "grown") on the
yarns by contacting said yarns, with a culture of bacterial
biopolymer-producing microorganisms, and culturing
said bacterial biopolymer-producing microorganisms,
before the weaving, thus providing "composite yarns".
[0059] According to embodiments of the invention, the
"composite yarns" may be woven to provide a woven
fabric provided with a biopolymer layer, which may be
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subsequently dyed. Alternatively, or additionally, the
composite yarns may be dyed before the weaving step.
[0060] According to exemplary embodiments, a bac-
terial biopolymer layer may be provided to a woven fabric
according to step c. by growing, i.e. producing, the bi-
opolymer layer on the fabric, or by coupling the woven
fabric with a bacterial biopolymer layer which is sepa-
rately produced.
[0061] For example, a bacterial biopolymer layer sep-
arately produced can be coupled with a woven fabric by
lamination, e.g. the layer of bacterial biopolymer is at-
tached to the woven fabric through a cross-linking proc-
ess; in other exemplary embodiments, the bacterial bi-
opolymer layer is sewn on the front side and/or the back
side of the woven fabric.
[0062] According to embodiments, the bacterial biopol-
ymer layer is produced and dissolved and, subsequently,
the yarns and/or the woven fabric are contacted with the
dissolved biopolymer, to provide a composite fabric ac-
cording to step c. of the invention.
[0063] According to a preferred embodiment, step c.
of the process of the invention is carried out by contacting
at least part of the woven fabric (or at least some of the
yarns before weaving) with a culture of bacterial biopol-
ymer-producing microorganisms, and culturing said bac-
terial biopolymer-producing microorganisms, to provide
the woven fabric with a bacterial biopolymer layer, thus
obtaining a composite fabric.
[0064] Advantageously, by producing (i.e. growing) the
bacterial biopolymer layer on the woven fabric (or on at
least some of the yarns before weaving), a non-uniform
bacterial biopolymer layer, as above discussed, can be
obtained. According to exemplary embodiments, the wo-
ven fabric (or the yarns before the weaving) may be con-
tacted with a culture of bacterial biopolymer-producing
microorganisms, by dipping the fabric (or the yarns) into
the culture of bacterial biopolymer-producing microor-
ganisms.
[0065] In other words, according to exemplary embod-
iments, at least part of the woven fabric, or at least part
of the yarns (e.g. the yarns before the weaving) is con-
tacted with a culture of microorganisms producing a bac-
terial biopolymer, by dipping said at least part of said
woven fabric or at least part of said yarns into said culture
of bacterial biopolymer-producing microorganisms.
[0066] Advantageously, when the woven fabric is
dipped into the culture of bacterial biopolymer-producing
microorganisms, the bacterial biopolymer layer grows on
both the sides (i.e. the front side and the back side of the
woven fabric), thus providing a composite fabric wherein
the woven fabric is provided with two bacterial biopolymer
layers, which comprise the same biopolymer. According
to other exemplary embodiments, the culture of bacterial
biopolymer-producing microorganisms is sprayed on at
least part of said woven fabric (or on at least some of the
yarns before weaving), preferably on at least part of the
front side of said woven fabric.
[0067] According to embodiments, the culture of bac-

terial biopolymer-producing microorganisms is sprayed
on at least part of said woven fabric through a mesh wire.
[0068] Advantageously, by spraying the culture of bac-
terial biopolymer-producing microorganisms on at least
part of said woven fabric through a mesh wire, the bac-
terial biopolymer layer is grown, i.e. produced, on the
woven fabric as a discontinuous and non-uniform bacte-
rial biopolymer layer, as above discussed.
[0069] Preferably, the mesh wire is removed before
dyeing once the bacterial biopolymer is grown on the
woven fabric. Advantageously, when the mesh wire is
removed after the bacterial biopolymer is grown on the
woven fabric, a bacterial biopolymer layer having a de-
fined pattern is obtained.
[0070] According to embodiments, a dissolved biopol-
ymer is sprayed on at least part of said woven fabric,
preferably on at least part of the front side of said woven
fabric, thus providing a composite fabric according to step
c. of the process of the invention. Advantageously, by
spraying the dissolved biopolymer on at least part of said
woven fabric through a mesh wire, a discontinuous (uni-
form or non-uniform) bacterial biopolymer layer, as above
defined, can be obtained.
[0071] According to a preferred embodiment of the in-
vention, the warp yarns and/or weft yarns are hydrophilic
yarns.
[0072] Advantageously, when the warp yarns and/or
the weft yarns are hydrophilic yarns, the culture medium
of the bacterial biopolymer-producing microorganisms is
absorbed by the yarns (before the weaving) or by the
woven fabric, thus providing nutrients to the microorgan-
isms and ingredients for the synthesis of the bacterial
biopolymer layer, directly on the woven fabric.
[0073] According to embodiments of the invention, hy-
drophilic yarns are natural yarns, i.e. yarns that are made
of natural fibers.
[0074] Preferably, natural yarns comprise natural fib-
ers selected from cotton, wool, flax, kenaf, ramie, hemp,
and mixtures thereof.
[0075] According to embodiments of the invention, hy-
drophilic yarns are synthetic yarns, i.e. yarns that are
made of synthetic fibers.
[0076] Preferably, synthetic yarns comprise synthetic
fibers selected from polyester, rayon, nylon, lycra and
mixtures thereof. According to a preferred embodiment,
synthetic yarns and/or synthetic fibers are treated (i.e.
finished) in order to provide synthetic yarns and/or syn-
thetic fiber having hydrophilic properties.
[0077] For example, a synthetic yarns and/or synthetic
fibers, that is not hydrophilic per se, can be treated with
a hydrophilizing agent in order to gain hydrophilic fea-
tures. According to embodiments, hydrophilic yarns are
mixed yarns, i.e. yarns that comprise both natural and
synthetic fibers. In this case, for example, a hydrophilic
mixed yarn can be obtained by mixing hydrophilic natural
fibers and hydrophobic synthetic fibers.
[0078] In embodiments of the invention, the warp yarns
and/or the weft yarns are selected from natural yarns,
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synthetic yarns and mixed yarns. According to a pre-
ferred embodiment, warp yarns and/or weft yarns are
natural yarns. Preferably, natural yarns comprise natural
fibers selected from cotton, wool, flax, kenaf, ramie,
hemp, and mixtures thereof.
[0079] In other embodiments of the invention, the warp
yarns and/or the weft yarns are synthetic yarns, prefer-
ably thermoplastic yarns, more preferably thermoplastic
elastomeric yarns. Preferably, synthetic yarns comprise
synthetic fibers selected from polyester, rayon, nylon,
lycra and mixtures thereof.
[0080] In exemplary embodiments of the invention, the
warp yarns and/or the weft yarns of the woven fabric are
mixed yarns, i.e. yarns comprising both natural fibers and
synthetic fibers. In exemplary embodiments of the inven-
tion, natural fibers and yarns are hard fibers and yarns.
In exemplary embodiments of the invention, synthetic fib-
ers and yarns are elastomeric fibers and yarns.
[0081] Suitable elastomeric yarns are yarns containing
elastomeric fibers. An "elastomeric fiber" is a fiber made
of a continuous filament or a plurality of filaments which
have an elongation at break of at least 100%, independ-
ent of any crimp. Break elongation may be measured e.g.
according to ASTM D2256/D2256M-10(2015). An "elas-
tomeric fiber" is a fiber that after being stretched to twice
its length and held for one minute at said length, will re-
tract to less than 1,5 times its original length within one
minute of being released. According to a preferred em-
bodiment, a woven fabric suitable for use in the invention
comprises warp yarns and weft yarns woven together,
and has a front side and a back side, wherein said warp
yarns and at least one plurality of weft yarns form a base
layer of said woven fabric, and wherein a plurality of warp
yarns and/or at least one plurality of weft yarns forms an
additional layer of loop portions, on at least one of the
sides of said woven fabric. According to exemplary em-
bodiments, fabric structures suitable to be used as "wo-
ven fabric" in a process according to the present invention
are disclosed in patent application US2015/0038042
(see in particular paragraphs [0013], [0019]-[0027],
[0030], [0031], [0033], [0049]-[0051], [0054], [0055],
[0060], [0066], [0068]-[0071], [0075], [0076],
[0078]-[0083], [0086], [0089]-[0117]) and in patent appli-
cation US2013/0048140 (see in particular paragraphs
[0007], [0010], [0013]-[0018], [0041]-[0046],
[0048]-[0050], [0054]-[0059] and Examples 1, 3-8 and
10) whose descriptions are incorporated herein by refer-
ence.
[0082] In a preferred embodiment, at least part of said
additional layer of loop portions is included, e.g. embed-
ded, into the bacterial biopolymer layer. According to ex-
emplary embodiments, the composite fabric of the
present invention, may be a composite fabric as dis-
closed in co-pending application having title "Composite
fabric comprising a bacterial biopolymer layer" in the
name of the present applicant.
[0083] According to preferred embodiments, the wo-
ven fabric is a denim fabric. According to embodiments

of the invention, the step d. of the process of the invention
is carried out by print-dyeing, preferably indigo print-dye-
ing, or by dipping the composite fabric into a dye bath
(preferably, an indigo bath). The best results are obtained
with print-dyeing, dye-coating where the dye is applied
only on the side of the fabric where the bacterial biopol-
ymer (e.g. bacterial cellulose) is grown. That way the
bacterial biopolymer (e.g. bacterial cellulose) behave as
a barrier, hence unique visual effects can be obtained.
However, very good results were also obtained via con-
ventional indigo dyeing methods, where the fabric is
dipped into indigo bath (both sides of the fabric are dyed)
and only during the washing treatments, as the bacterial
biopolymer (e.g. bacterial cellulose) is removed, the
color-shade variation appears. Here again, the thickness
of the bacterial cellulose has an important role. The thick-
er the bacterial biopolymer (e.g. bacterial cellulose) is,
the less of the dye can penetrate to the center of individual
fibers, hence a shallow ring effect is observed and vice
versa when the thickness is less the ring effect is deeper.
This overall, creates visual color variations especially
during washing treatments.
[0084] Preferably, when the composite fabric, as ob-
tained in step c., is dyed by print-dyeing, the print-dyeing
is carried out on the side of the composite fabric where
the bacterial biopolymer layer is placed.
[0085] In this case, advantageously, the bacterial bi-
opolymer layer acts as a barrier during the print-dyeing
process, thus preventing damages to the woven fabric
underlying the bacterial biopolymer layer, and preventing
the penetration of a great amount of dye into the woven
fabric. For example, as above discussed, depending on
the thickness and/or the pattern (i.e. continuity or discon-
tinuity) of the bacterial biopolymer layer, the amount of
dye which reaches and penetrates into the woven fabric
varies.
[0086] According to embodiments, step d. is carried
out by dyeing said composite fabric with a dye selected
from the group of indigo dye, sulphur dye, pigment dye,
reactive dye. The preferred way of application of the se-
lected dye is print-dyeing; when print dyeing is used, any
dye such as vat, direct, reactive can be used.
[0087] According to exemplary embodiments, step e.
of the process of the invention is carried out by finishing
treatments, e.g. rinse wash, enzyme washing, stone
washing, laser treatments etc., as well as laundry wash-
ing, in order to remove at least part of said at least one
bacterial biopolymer layer from said composite fabric,
thus providing a treated fabric according to the invention.
[0088] In other words, a bacterial biopolymer layer can
be removed, at least in part, from the composite fabric
by washing, e.g. laundry washing, the dyed composite
fabric with water, thus substantially avoiding the use of
chemical agents. According to embodiments, the step e.
of the process of the invention is carried out by abrading
at least part of said at least one bacterial biopolymer layer
from said composite fabric.
[0089] In other words, the removal of the bacterial bi-
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opolymer layer from the composite fabric, to obtain a
treated fabric is carried out by abrading (i.e. "rubbing",
"scraping") the bacterial biopolymer layer, damaging the
biopolymer layer, removing substantially all the biopoly-
mer layer, without damaging the fabric.
[0090] According to a preferred embodiment, step e.
is carried out by stone-washing said dyed composite fab-
ric obtained in step d.
[0091] Advantageously, the stone washing of the com-
posite fabric as obtained in step d. of the process of the
invention, i.e. the washing of the composite fabric in the
presence of pumice stones, allows the effective and fast
removal of the bacterial biopolymer layer, without dam-
aging the woven fabric underlying the biopolymer layer,
thus providing a treated fabric having a multi-shaded ef-
fect without affecting (i.e. reducing) the mechanical in-
tegrity and the properties of the fabric, such as the tensile
strength.
[0092] According to a preferred embodiment, step e.
is carried out by bio-stoning said dyed composite fabric
obtained in step d.
[0093] Advantageously, the bio-stoning of the compos-
ite fabric as obtained in step d. of the process of the in-
vention, i.e. the washing of the composite fabric in the
presence of enzymes able to provide the removal of the
bacterial biopolymer layer from the composite fabric, pro-
vides a treated fabric having a multi-shaded effect without
affecting (i.e. reducing) the mechanical integrity and the
properties of the fabric, such as the tensile strength, and
substantially avoiding the use chemical agents and pol-
lutants.
[0094] According to embodiments of the invention,
step e. is carried out by laundry washing and/or stone
washing and/or bio-stoning a garment comprising a com-
posite fabric as obtainable in step d. of the process of
the invention. According to embodiments of the invention,
step e. is carried out by laser treatment.
[0095] Another object of the invention is a treated fabric
as obtainable by a process according to the invention.
[0096] Advantageously, a treated fabric obtained
through the process of the invention presents a "multi-
shaded" effect, namely a "multi-shaded" appearance,
previously not available through known finishing proc-
esses. Specifically, as above discussed, the obtained
"multi-shaded" effect comprises a plurality of shades of
color, which are distributed throughout the fabric (and
throughout a garment comprising it) according to a non-
reproducible pattern, such as the same distribution of
shades cannot be reproduced from a fabric to another.
[0097] According to an aspect of the invention, the
"multi-shaded" effect of the treated fabric, depends on
the thickness and/or the pattern (i.e. the continuity or dis-
continuity) of the bacterial biopolymer layer, which is pro-
vided onto the non-treated woven fabric, according to
point c. of the process of the invention. For example, a
"non-treated" woven fabric is provided with a bacterial
biopolymer layer, thus providing a composite fabric. The
composite fabric is subsequently dyed. At least part of

the bacterial biopolymer layer is then removed from the
dyed composite fabric, thus providing a treated fabric
having a "multi-shaded" effect.
[0098] As above mentioned, the "multi-shaded" effect
of the treated fabric, depends of the thickness and/or the
pattern (i.e. the continuity or discontinuity) of the bacterial
biopolymer layer.
[0099] For example, a bacterial biopolymer layer can
have a thickness T which schematically assumes three
different values, namely T1, T2 and T3, where
T3>T2>T1.
[0100] In this case, the dye uptake of the biopolymer
layer where the thickness is T3 is more than the uptake
where the thickness is T2, which is, in turn, more than
the uptake where the thickness is T1. Therefore, if a cer-
tain amount of dye reaches the woven fabric underlying
the bacterial biopolymer layer where the thickness of the
biopolymer layer is T1, a lower amount of dye reaches
the woven fabric where the thickness of the biopolymer
layer is T2, and an even lower amount of dye reaches
the woven fabric where the thickness is T3. In this case,
a treated fabric having three different shades of color can
be obtained.
[0101] It has to be noted that the above mentioned ex-
ample is merely a schematic description, in fact, the treat-
ed fabric of the invention has a "multi-shaded" appear-
ance, i.e. the treated fabric presents numerous different
color shades, due to the different penetration of the dye
throughout the bacterial biopolymer layer.
[0102] According to embodiments of the invention, a
treated fabric according to the invention comprises dyed
yarns and portions of a dyed biopolymer layer; in other
words, in embodiments of the invention a treated fabric
as obtainable by a process according to the invention
comprises residual bacterial biopolymer regions, i.e. re-
gions wherein the bacterial biopolymer layer has been
not completely removed.
[0103] A further object of the present invention is a gar-
ment comprising a treated fabric as obtainable by the
process of the invention.
[0104] According to a preferred embodiment, in a gar-
ment according to the invention, the front side of the treat-
ed fabric is the external visible side when the garment is
worn, and the back side of the treated fabric is the internal
not visible side when the garment is worn.
[0105] Another object of the present invention is a gar-
ment comprising a composite fabric as obtainable with
the process of the invention. Preferably, the fabric is tai-
lored into a garment after step b. or c. of the process of
the invention. According to embodiments of the invention,
when a garment comprises a composite fabric as obtain-
able in step c. or step d. of the process of the invention,
a "multi-shaded" effect can be advantageously obtained
by removing at least part of the bacterial biopolymer layer
from the garment, i.e. by removing at least part of the
bacterial biopolymer layer from the composite fabric, af-
ter the composite fabric has been used for the production
of a garment.
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Brief description of the drawings

[0106] Further aspects and advantages of the present
invention will be discussed more in detail with reference
to the enclosed drawings, given by way of nonlimiting
example, wherein:

- Figure 1 is a perspective view of a portion of an ex-
emplary woven fabric according to the invention, be-
fore undergoing step c. of the process of the inven-
tion, i.e. a not-treated woven fabric;

- Figure 2 is a perspective view of a portion of a com-
posite woven fabric according to the invention, as
obtainable after step c. of the process of the inven-
tion, i.e. a woven fabric provided with a bacterial pol-
ymer layer;

- Figure 3 is a perspective view of a portion of an ex-
emplary composite fabric according to the invention,
as obtainable after step d. of the process of the in-
vention, i.e. a dyed composite fabric;

- Figures 4, 5, 6 and 7 are perspective views of exem-
plary embodiments of the treated fabric as obtaina-
ble by the process of the invention;

- Figure 8 shows an embodiment of the invention,
wherein a culture of bacterial biopolymer-producing
microorganisms is sprayed on an exemplary woven
fabric through a mesh wire;

- Figure 9 is a perspective view of a portion of an ex-
emplary composite fabric according to the invention,
having a discontinuous bacterial biopolymer layer;

- Figure 10 is a perspective view of a portion of an
exemplary composite fabric according to the inven-
tion, having a discontinuous bacterial biopolymer
layer, after the dyeing process;

- Figure 11 is a perspective view of an exemplary em-
bodiment of the treated fabric as obtainable by the
process of the invention.

Detailed description of the invention

[0107] According to an aspect of the invention, the
structure of the treated fabric is substantially the same
of the non-treated woven fabric (i.e. the woven fabric be-
fore steps c., d. and e. of the process of the invention);
in other words, the process of the invention does not sub-
stantially modify the structure of the woven fabric which
is subjected to the process of the invention.
[0108] Therefore, in this embodiment the "woven fab-
ric" 1 (i.e. the fabric before steps c., d. and e. of the proc-
ess of the invention) and the "treated fabric" 100 (i.e., the
fabric after step e. of the process of the invention) shall
be interpreted to be the same fabric before and after the
process of the invention. In other words, a treated fabric
is the woven fabric after having been treated according
to the invention.
[0109] Figure 1 is a perspective view of a portion of an
exemplary woven fabric 1 according to the invention, be-
fore undergoing step c. of the process of the invention,

i.e. a not-treated woven fabric.
[0110] Figure 1 shows a woven fabric 1, having warp
yarns 2 and weft yarns 3, and having a front side 5 and
a back side 6. Weft yarns 3 and warp yarns 2 are woven
in a pattern wherein weft yarns 3 pass over two warp
yarns 2, on the front side 5 of the fabric, and under one
warp yarn 2 on the back side 6.
[0111] It has to be noted that the weaving pattern illus-
trated in the present figures have to be intended as mere-
ly representative, and not limiting of the scope of the in-
vention; in fact any kind of weaving pattern have to be
considered as included in the scope of the claims. As
above mentioned, the weaving pattern may contribute to
the final appearance.
[0112] The woven fabric 1 represented in Figure 1 is
not dyed.
[0113] Figure 2 is a perspective view of a portion of an
exemplary composite fabric 10, as obtainable after step
c. of the process of the invention. A woven fabric 1 is
provided with a bacterial biopolymer layer 4, on its front
side 5, thus providing a composite fabric 10.
[0114] The back side 6 of the woven fabric 1 is also
indicated in Figure 2. In this case, the back side 6 of the
woven fabric 1 corresponds to the back side of the com-
posite fabric 10.
[0115] In the embodiment of Figure 2, the bacterial bi-
opolymer layer 4 is schematically represented as a con-
tinuous and uniform layer, i.e a layer that covers contin-
uously (i.e. without interruptions) the front side 5 of the
woven fabric 1 and that maintains substantially the same
thickness T over its entire extension.
[0116] According to a preferred embodiment of the in-
vention, the bacterial biopolymer layer 4 is produced di-
rectly on the woven fabric 1, namely by culturing bacterial
biopolymer-producing microorganisms directly on the
woven fabric 1.
[0117] For example, the woven fabric 1 can be con-
tacted with a culture of bacterial biopolymer-producing
microorganisms, which are cultured directly on the woven
fabric 1. By culturing the microorganisms directly on the
woven fabric 1, the growing (i.e. the production) of a bac-
terial biopolymer layer 4 on the woven fabric 1 can be
obtained.
[0118] In embodiments of the invention, the bacterial
biopolymer layer 4 is a non-uniform layer, i.e. it has a
thickness T which is variable throughout the extension
of the bacterial biopolymer layer 4.
[0119] In embodiments of the invention, the bacterial
biopolymer layer 4 is a discontinuous layer, i.e. is an in-
terrupted layer, thus providing areas of the woven fabric
1 which are not provided (i.e. not covered) with the bac-
terial biopolymer layer 4.
[0120] Figure 3 is a perspective view of a portion of an
exemplary composite fabric 10, as obtainable after step
d. of the process of the invention, i.e. a dyed composite
fabric. Figure 3 shows, in particular, the bacterial biopol-
ymer layer 4 after dyeing. Similarly to Figure 2, the bac-
terial biopolymer layer 4 is schematically represented as
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a continuous and uniform layer, i.e a layer that covers
continuously (i.e. without interruptions) the front side 5
of the woven fabric 1 and that maintains substantially the
same thickness T over its entire extension. However, as
above mentioned, in embodiments of the invention the
bacterial biopolymer layer 4 is discontinuous and/or non-
uniform. The back side 6 of the woven fabric 1 is also
indicated in Figure 3. In this case, the back side 6 of the
woven fabric 1 corresponds to the back side of the com-
posite fabric 10.
[0121] Figure 4 shows a perspective view of an exem-
plary embodiment of a treated fabric 100 as obtainable
by the process of the invention, i.e. after that at least part
of the bacterial biopolymer layer 4 is removed from the
composite fabric 10.
[0122] Figure 4 shows a treated fabric 100, having
warp yarns 2 and weft yarns 3, and having a front side 5
and a back side 6. Weft yarns 3 and warp yarns 2 are
woven in a pattern wherein weft yarns 3 pass over two
warp yarns 2, on the front side 5 of the fabric, and under
one warp yarn 2 on the back side.
[0123] Figure 4 shows, schematically, an embodiment
wherein the bacterial biopolymer layer 4 has been com-
pletely removed from the composite fabric 10, e.g. from
the front side 5 of the woven fabric 1.
[0124] The treated fabric 100, in the embodiment rep-
resented in Figure 4, presents, on its front side 5, first
regions 7 that are intensely colored, second regions 8
that are slightly colored (i.e., dyed with a lighter shade of
color than the first regions 7), and third regions 9 that are
substantially not colored, i.e. not dyed. Figure 4 shows
an embodiment if the treated fabric 100 wherein first re-
gions 7 cover the most of the front side 5 of the treated
fabric 100. The treated fabric 100 of Figure 4 presents
second regions 8 which are colored with a lighter shade
of color than the first regions 7, and also presents third
regions 9 which are substantially not dyed.
[0125] Accordingly, a treated fabric 100 as shown in
Figure 4 is substantially intensely dyed, and presents re-
gions in a lighter shade and not-dyed regions, thus pro-
viding a substantially "light on dark" shade effect, namely
a "light on dark" worn out look.
[0126] It has to be noted that Figure 4 is merely a sche-
matic representation of a treated fabric 100 according to
the invention; in fact, the treated fabric 100 of the inven-
tion have a "multi-shaded" appearance, i.e. the treated
fabric 100 presents numerous different color shades, due
to the different penetration of the dye throughout the bac-
terial biopolymer layer 4, namely through the thickness
T of the bacterial biopolymer layer 4.
[0127] This is particularly true in the embodiments of
the invention, where the bacterial biopolymer layer 4 has
a thickness T that is non-uniform, i.e. that is not the same
throughout the extension of the bacterial biopolymer lay-
er 4; in other words, where thickness T assumes different
values in different regions of the bacterial biopolymer lay-
er 4.
[0128] In fact, if the composite fabric 10 presents a

bacterial biopolymer layer 4 having variable thickness T,
the dye uptake of the composite fabric 10 is variable in
relationship with the variable thickness T of the bacterial
biopolymer layer 4.
[0129] In particular, it has been observed that, the high-
er is the thickness T, the higher is the dye uptake of the
bacterial biopolymer layer 4. In other words, when a com-
posite fabric 10 presents a bacterial biopolymer layer 4
having variable thickness T, different amounts of dye
reach the surface (i.e., for example, the front side 5) of
the woven fabric 1, in relationship with the variation of
the thickness T along the extension of the bacterial bi-
opolymer layer 4.
[0130] For example, if the thickness T of the bacterial
biopolymer layer is high, only a little amount (or none)
dye reaches the surface (i.e., for example, the front side
5) of the woven fabric 1, thus providing a treated fabric
100 with second regions 8 that are slightly colored and/or
third regions 9 that are substantially not colored, i.e. not
dyed.
[0131] On the contrary, for example, if the thickness T
of the bacterial biopolymer layer is low, a greater amount
of dye reaches the surface (i.e., for example, the front
side 5) of the woven fabric 1, thus providing a treated
fabric 100 with first regions 7, that are intensely colored.
[0132] According to preferred embodiments of the in-
vention, growing the bacterial biopolymer layer 4 directly
on the woven fabric 1, a bacterial biopolymer layer 4 hav-
ing a variable thickness T can be obtained.
[0133] For example, a treated fabric 100, according to
Figure 4, can be obtained when the bacterial biopolymer
layer 4 (removed according to step e. of the process of
the invention) has a thickness T having value T1 in cor-
respondence of the first regions 7, a thickness T2>T1 in
correspondence of second regions 8, and a thickness
T3>T2>T1 in correspondence of third regions 9. In this
case, according to Figure 4, where the thickness T of the
bacterial biopolymer layer 4 is T3, substantially all the
dye is absorbed by the bacterial biopolymer layer 4; in
other words, the dye does not substantially reach the
surface (e.g. the front side 5) of the woven fabric 1, thus
providing a treated fabric 100 having third regions 9 that
are substantially not colored. Additionally, where the
thickness T of the bacterial biopolymer layer 4 is T2, only
part of the dye reaches the surface (e.g. the front side 5)
of the woven fabric 1, thus providing a treated fabric 100
having second regions 8 that are slightly colored. More-
over, where the thickness T of the bacterial biopolymer
layer 4 is T1, substantially all the dye reaches the surface
(i.e. the front side 5) of the woven fabric 1, thus providing
a treated fabric 100 having first regions 7, that are in-
tensely colored.
[0134] Accordingly, a treated fabric 100 as shown in
Figure 4 is substantially dyed, and presents not-dyed re-
gions (namely third regions 9), and regions colored in a
lighter shade (namely second regions 8), thus providing
a "light on dark" shade effect, namely a "light on dark"
worn out look.
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[0135] Figure 5 shows a perspective view of an exem-
plary embodiment of a treated fabric 100 as obtainable
by the process of the invention, i.e. after that at least part
of the bacterial biopolymer layer 4 is removed from the
composite fabric 10.
[0136] Figure 5 shows a treated fabric 100, having
warp yarns 2 and weft yarns 3, and having a front side 5
and a back side 6. Weft yarns 3 and warp yarns 2 are
woven in a pattern wherein weft yarns 3 pass over two
warp yarns 2, on the front side 5 of the fabric, and under
one warp yarn 2 on the back side 6. Figure 5 shows an
embodiment, wherein the bacterial biopolymer layer 4
has been completely removed the composite fabric 10,
e.g. from the front side 5 of the woven fabric 1, in step e.
of the process of the invention.
[0137] Figure 5 represents a treated fabric 100 having,
in its front side 5, first regions 7 that are intensely colored,
second regions 8 that are slightly colored (i.e., dyed with
a lighter shade of color than the first regions 7), and third
regions 9 that are substantially not colored, i.e. not dyed.
Figure 5 shows an embodiment of the treated fabric 100
wherein third regions 9 cover the most of the front side
5 of the treated fabric 100. Treated fabric 100 presents
first regions 7, which are intensely dyed, and second re-
gions 8 which are colored with a lighter shade of dye than
the first regions 7.
[0138] Therefore, a treated fabric 100 as shown in Fig-
ure 5 is substantially not dyed, and presents intensely
dyed regions (namely first regions 7), and slightly colored
regions (namely second regions 8), thus providing a "dark
on light" shade effect, namely a "dark on light" worn out
look.
[0139] For example, a treated fabric 100 according to
Figure 5 can be obtained, when the bacterial biopolymer
layer 4 (removed with step e. of the process of the inven-
tion) has a thickness T1 in correspondence of the first
regions 7, a thickness T2>T1 in correspondence of sec-
ond regions 8, and a thickness T3>T2>T1 in correspond-
ence of third regions 9.
[0140] For example, a bacterial biopolymer layer 4 hav-
ing variable thickness T can be obtained by growing (i.e.
producing) said biopolymer directly on the surface of the
fabric, namely, on the front side 5 of the woven fabric 1.
[0141] In this case, according to Figure 5, where the
thickness T the bacterial biopolymer layer 4 is T3, sub-
stantially all the dye is absorbed by the bacterial biopol-
ymer layer 4; in other words, the dye does not substan-
tially reach the surface (e.g. the front side 5) of the woven
fabric 1, thus providing a treated fabric 100 having third
regions 9 that are substantially not colored. Additionally,
where the thickness T of the bacterial biopolymer layer
4 is T2, only part of the dye reaches the surface (e.g. the
front side 5) of the woven fabric 1, thus providing a treated
fabric 100 having second regions 8 that are slightly color-
ed. Moreover, where the thickness T of the bacterial bi-
opolymer layer 4 is T1, substantially all the dye reaches
the surface (i.e. the front side 5) of the woven fabric 1,
thus providing a treated fabric 100 having first regions 7,

that are intensely colored.
[0142] As already mentioned, Figure 5, as Figure 4,
has to be intended as a schematic representation of a
treated fabric 100 according to the invention, because,
the treated fabric 100 according to the invention presents
numerous different color shades (i.e. a multi-shaded ef-
fect), due to the different penetration of the dye, through
the thickness T of the bacterial biopolymer layer 4.
[0143] Figure 6, shows a perspective view of an exem-
plary embodiment of a treated fabric 100, having warp
yarns 2 and weft yarns 3, and having a front side 5 and
a back side 6, as obtainable by the process of the inven-
tion, i.e. after that at least part of the bacterial biopolymer
layer 4 is removed from the composite fabric 10.
[0144] Figure 6 shows an embodiment, wherein the
bacterial biopolymer layer 4 has been completely re-
moved from the composite fabric 10, e.g. from the front
side 5 of the woven fabric 1, in step e. of the process of
the invention.
[0145] Figure 6 shows an embodiment of the treated
fabric 100 wherein second regions 8 cover the most of
the front side 5 of the treated fabric 100. Treated fabric
100 presents first regions 7, which are intensely dyed,
and third regions 9 which are substantially not dyed.
[0146] Therefore, a treated fabric 100 as shown in Fig-
ure 6 is substantially "slightly dyed", and presents in-
tensely dyed regions (namely first regions 7), and sub-
stantially not-dyed regions (namely third regions 9), thus
providing a "mixed" shade effect, i.e. a combination of a
"dark on light" shade effect and a "light on dark" shade
effect, e.g. a "mixed" worn out look.
[0147] For example, a treated fabric 100 according to
Figure 6 can be obtained, when the bacterial biopolymer
layer 4 (removed with step e. of the process of the inven-
tion) has a thickness T1 in correspondence of the first
regions 7, a thickness T2>T1 in correspondence of sec-
ond regions 8, and a thickness T3>T2>T1 in correspond-
ence of third regions 9. For example, a bacterial biopol-
ymer layer 4 having variable thickness T can be obtained
by growing (i.e. producing) said biopolymer directly on
the surface of the fabric, namely, on the front side 5 of
the woven fabric 1. In this case, according to Figure 6,
where the thickness is T3, the dye does not substantially
reach the surface (i.e. the front side 5) of the woven fabric
1, thus providing a treated fabric 100 having third regions
9 that are substantially not colored. Where the thickness
of the bacterial biopolymer layer 4 is T1, substantially all
the dye reaches the woven fabric 1, thus providing a treat-
ed fabric 100 having first regions 7, that are intensely
colored.
[0148] Additionally, where the thickness is T2, only part
of the dye reaches the surface (i.e. the front side 5) of
the woven fabric 1, thus providing a treated fabric 100
having second regions 8 that are slightly colored.
[0149] Figure 7, illustrates an exemplary embodiment
of the treated fabric 100, having warp yarns 2 and weft
yarns 3, and having a front side 5 and a back side 6, as
obtainable by the process of the invention, i.e. after that
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at least part of the bacterial biopolymer layer 4 is removed
from the composite fabric 10.
[0150] Figure 7 shows an embodiment, wherein the
bacterial biopolymer layer 4 has been partially removed
(i.e. not completely removed) from the composite fabric
10, e.g. from the front side 5 of the woven fabric 1, in step
e. of the process of the invention.
[0151] Figure 7 shows an embodiment of the treated
fabric 100 wherein residual bacterial biopolymer regions
4a are present on the front side 5 of the treated fabric
100. Said residual bacterial biopolymer regions 4a are
dyed.
[0152] The embodiment of Figure 7 presents third re-
gions 9, which cover the most of the front side 5 of the
treated fabric 100; in other words, the most of the front
surface of the treated fabric 100 is not dyed. Treated
fabric 100 presents first regions 7, which are intensely
dyed, and second regions 8 that are slightly colored (i.e.,
dyed with a lighter shade of color than the first regions 7).
[0153] The presence of the dyed residual bacterial bi-
opolymer regions 4a on the treated fabric 100, provide a
further "visual effect" which combines the peculiar color
shade of the dyed bacterial biopolymer layer 4 with all
the other shades of color on the treated fabric 100. Ad-
ditionally, the presence of the residual bacterial biopoly-
mer regions 4a provides the treated fabric 100 with a
hand feel that is different from the hand feel of a fabric
wherein the bacterial biopolymer layer 4 has been com-
pletely removed. With the varying of the amount of resid-
ual bacterial biopolymer layer 4 on the treated fabric 100
different hand touch effects can be obtained.
[0154] Figure 8 shows an embodiment of the process
of the invention, wherein the culture of bacterial biopol-
ymer-producing microorganisms 200 is sprayed on an
exemplary woven fabric 1 through a mesh wire 300. Wo-
ven fabric 1, has warp yarns 2 and weft yarns 3, and has
a front side 5 and a back side 6. The woven fabric 1
represented in Figure 8 is not dyed. In the embodiment
of the process of the invention illustrated in Figure 8, the
culture of bacterial biopolymer-producing microorgan-
isms 200 is sprayed on an exemplary woven fabric 1
through a mesh wire 300, by spraying means 201. The
mesh wire 300 is placed between the woven fabric 1 and
the spraying means 201, and has a mesh wire structure
301 defining mesh wire windows 302.
[0155] Spraying the culture of bacterial biopolymer-
producing microorganisms 200 through the mesh wire
300, results in a non-homogeneous distribution of the
biopolymer-producing microorganisms on the woven
fabric 1. For example, a patterned distribution of the bi-
opolymer-producing microorganisms can be obtained,
thus providing the woven fabric 1, with regions that are
contacted by the culture of biopolymer-producing micro-
organisms 200 and other regions that are not contacted
by the sprayed culture of bacterial biopolymer-producing
microorganisms 200. The mesh wire 300 may be made
of any material; application of the bacterial culture may
be made by screen-printing. In other words, the mesh

wire 300, that is placed on the front side 5 of the woven
fabric 1, "hides" some regions of the woven fabric 1, i.e.,
the regions of the woven fabric 1 which lie under the mesh
wire structure 301. The regions of the woven fabric 1 that
are "hidden" by the mesh wire structure 301 are substan-
tially not contacted by the culture of bacterial biopolymer-
producing microorganisms 200 which is sprayed from
the spraying means 201.
[0156] On the contrary, the sprayed culture of bacterial
biopolymer-producing microorganisms 200 can reach
the woven fabric 1 by passing through the mesh wire
windows 302 of the mesh wire 300, which do not hide
the woven fabric 1, and leave the portion of the woven
fabric 1 in correspondence of the mesh wire windows
302 free to be contacted by the culture of bacterial bi-
opolymer-producing microorganisms 200, sprayed by
the spraying means 201.
[0157] As above mentioned, by culturing the bacterial
biopolymer-producing microorganisms directly on the
woven fabric 1, it is possible to grow (i.e. to produce) a
bacterial biopolymer layer 4 directly on the woven fabric
1.
[0158] In exemplary embodiments, when the distribu-
tion of the biopolymer-producing microorganisms on the
woven fabric 1 is a non-homogeneous distribution, a dis-
continuous (i.e. interrupted) bacterial biopolymer layer 4
can be obtained.
[0159] For example, as above mentioned, by spraying
the culture of bacterial biopolymer-producing microor-
ganisms 200 through the mesh wire 300 it is possible to
obtain a woven fabric 1 having regions that are contacted
by the culture of biopolymer-producing microorganisms
200 and other regions that are not contacted by the
sprayed culture of bacterial biopolymer-producing micro-
organisms 200. In this case, a discontinuous (i.e. inter-
rupted) bacterial biopolymer layer 4 can be obtained, thus
providing a composite fabric 10 having a discontinuous
(i.e. interrupted) bacterial biopolymer layer 4; in other
words, a woven fabric 1 with regions that are covered by
the bacterial biopolymer layer 4, and other regions which
are not covered by the bacterial biopolymer layer 4 can
be obtained.
[0160] Specifically, the regions of the woven fabric 1
contacted by the culture of biopolymer-producing micro-
organisms 200 are those regions of the woven fabric 1
which are in correspondence of the mesh wire windows
302 when the culture of bacterial biopolymer-producing
microorganisms 200 is sprayed onto the woven fabric 1;
such regions, after the culturing of the microorganism on
the woven fabric 1, result to be regions of the composite
fabric 10 that are provided with the bacterial biopolymer
layer 4.
[0161] On the contrary, where the woven fabric 1 is
hidden by the mesh wire structure 301 when the culture
of bacterial biopolymer-producing microorganisms 200
is sprayed onto the woven fabric 1, the culture of biopol-
ymer-producing microorganisms 200 does not substan-
tially contact the woven fabric 1 and, therefore, the bac-
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terial biopolymer layer 4 is not produced, thus providing
regions of the composite fabric 10 that are not provided
with the bacterial biopolymer layer 4. Preferably, the
mesh wire 300 will be removed before dyeing once the
bacterial cellulose is grown on the fabric, which is about
10 to 23 hours, e.g. 14-18 hours.
[0162] Figure 9 is a perspective view of a portion of an
exemplary composite fabric 10, having a discontinuous
bacterial biopolymer layer 4. The exemplary composite
fabric 10 of Figure 9 is obtained by spraying a culture of
biopolymer-producing microorganisms 200 through a
mesh wire 300 on a woven fabric 1, and subsequently
culturing the biopolymer-producing microorganisms di-
rectly on the woven fabric 1, without removing the mesh
wire 300. The mesh wire 300 is preferably removed after
the "growth" of the bacterial biopolymer layer 4 is com-
pleted to the desired degree, before the bacterial layer
is removed at least in part from the fabric or the yarns.
[0163] The woven fabric 1 is thus coupled to a discon-
tinuous bacterial biopolymer layer 4, providing a com-
posite fabric 10. The exemplary embodiment of the com-
posite fabric 10 of Figure 9, comprises a woven fabric 1
coupled to a discontinuous bacterial biopolymer layer 4,
on its front side 5.
[0164] The back side 6 of the woven fabric 1 is also
indicated in Figure 9. In this case, the back side 6 of the
woven fabric 1 corresponds to the back side of the com-
posite fabric 10.
[0165] In the embodiment of Figure 9, the bacterial bi-
opolymer layer 4 is schematically represented as a dis-
continuous uniform layer. Namely, bacterial biopolymer
layer 4 of Figure 9 is "discontinuous" because it covers
the front side 5 of the woven fabric 1 with "interruptions",
i.e. leaving regions that are not provided with the bacterial
biopolymer layer 4. The bacterial biopolymer layer 4 of
Figure 9 is "uniform", because it maintains the same
thickness T over its entire extension.
[0166] In embodiments of the invention, the bacterial
biopolymer layer 4 is a discontinuous non-uniform layer,
i.e. it is an interrupted layer, and has a thickness T which
is variable throughout the extension of the bacterial bi-
opolymer layer 4.
[0167] Figure 9 shows an exemplary composite fabric
10 which is not dyed, i.e. which has not been subjected
to a process of dyeing. Figure 10 is a perspective view
of a portion of an exemplary composite fabric 10, having
a discontinuous uniform bacterial biopolymer layer 4. In
particular, Figure 10 shows the composite fabric 10 after
dyeing. The exemplary embodiment of the composite
fabric 10 of Figure 10, comprises a woven fabric 1 pro-
vided with a discontinuous uniform bacterial biopolymer
layer 4, having thickness T, on its front side 5.
[0168] The back side 6 of the woven fabric 1 is also
indicated in Figure 10. In this case, the back side 6 of the
woven fabric 1 corresponds to the back side of the com-
posite fabric 10.
[0169] According to the embodiment of Figure 10, the
bacterial biopolymer layer 4 is a discontinuous bacterial

biopolymer layer 4, and the regions of the woven fabric
1 which are not coupled with (namely "not covered by")
the bacterial biopolymer layer 4 are dyed, as well as the
bacterial biopolymer layer 4.
[0170] Figure 11 shows a perspective views of an ex-
emplary embodiment of a treated fabric 100 as obtaina-
ble by the process of the invention, i.e. after that at least
part of the bacterial biopolymer layer 4 is removed from
the composite fabric 10. Figure 11 shows a treated fabric
100, having warp yarns 2 and weft yarns 3 and having a
front side 5 and a back side 6.
[0171] Figure 11 shows an embodiment wherein the
bacterial biopolymer layer 4 has been completely re-
moved from the woven fabric 1, and that is obtainable
when the bacterial biopolymer layer 4 of the composite
fabric 10 is a discontinuous layer, such as, for example,
in the composite fabric 10 illustrated in Figure 10 and
Figure 9.
[0172] The treated fabric 100 of Figure 11 presents,
on its front side 5, first regions 7 that are intensely colored,
second regions 8 that are slightly colored (i.e., dyed with
a lighter shade of color than the first regions 7), and third
regions 9 that are substantially not colored, i.e. not dyed.
[0173] Figure 11 shows an embodiment of the treated
fabric 100 wherein first regions 7 correspond to those
regions that were not coupled with the bacterial biopoly-
mer layer 4, i.e. those regions where the thickness T of
the bacterial biopolymer layer 4 was zero. The treated
fabric 100 of Figure 11 further presents second regions
8 which are colored with a lighter shade of dye than the
first regions 7, and third regions 9 which are substantially
not dyed.
[0174] Third regions 9 are obtained, for example, when
the dye that is applied to the composite fabric 10 is com-
pletely absorbed by the bacterial biopolymer layer 4 and,
therefore, does not reach the woven fabric 1, which re-
mains undyed. Second regions 8 are obtained, for ex-
ample, when part of the dye that is applied to the com-
posite fabric 10 reaches the woven fabric 1, thus provid-
ing the treated fabric 100 with second regions 8 which
are colored with a lighter shade of dye than the first re-
gions 7, when the bacterial biopolymer layer 4 is re-
moved. First regions 7 are obtained, for example, when
the majority of the dye that is applied to the composite
fabric 10 reaches the woven fabric 1.
[0175] Figure 11 is a schematic representation of a
treated fabric 100 according to the invention; in fact, the
treated fabric 100 of the invention have a shaded appear-
ance, i.e. the treated fabric 100 presents numerous dif-
ferent color shades, due to the different penetration of
the dye, throughout the bacterial biopolymer layer 4,
namely through the thickness T of the bacterial biopoly-
mer layer 4.
[0176] As above discussed, this is particularly true in
the embodiments of the invention, where the bacterial
biopolymer layer 4 has a thickness T that is not the same
throughout the extension of the bacterial biopolymer lay-
er 4, i.e. thickness T can assume different values (e.g.
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T1, T2, T3) in different regions of the bacterial biopolymer
layer 4, i.e. the bacterial biopolymer layer 4 is non-uni-
form.
[0177] The number of the shades of color is further
increased in those embodiments wherein the bacterial
biopolymer layer 4 is discontinuous. In fact, the dye up-
take of the composite fabric 10 is substantially deter-
mined by the thickness T of the bacterial biopolymer layer
4. In particular, it has been observed that, the higher is
the thickness T, the higher is the dye uptake. In other
words, when a composite fabric 10 presents a bacterial
biopolymer layer 4 having variable thickness T, different
amounts of dye reach the surface (i.e., for example, the
front side 5) of the woven fabric 1.
[0178] For example, if the thickness T of the bacterial
biopolymer layer 4 is high, a little, or none, dye reaches
the surface (i.e., for example, the front side 5) of the wo-
ven fabric 1, thus providing the treated fabric 100 with
second regions 8 that are slightly colored and/or third
regions 9 that are substantially not colored, i.e. not dyed.
[0179] On the contrary, for example, if the thickness T
of the bacterial biopolymer layer 4 is low, or the bacterial
biopolymer layer 4 is absent (e.g. when the bacterial bi-
opolymer layer 4 is discontinuous) a great amount of dye
reaches the surface (i.e., for example, the front side 5)
of the woven fabric 1, thus providing the treated fabric
100 with first regions 7, that are intensely colored.

Examples

[0180] The following examples will be better illustrate
an exemplary process for the production for the produc-
tion of a treated fabric according to the invention. The
following examples are to be interpreted as merely illus-
trative and they do not limit the scope of the invention.

Example 1

[0181] 25 ml of a culture of Gluconacetobacter hanse-
nii having a concentration of 2x104cells/ml, is sprayed
culture on a the front side of a sample woven fabric ac-
cording to the invention. The culture used is a culture of
Gluconacetobacter hansenii, in in Hestrin-Schramm
(HS) medium containing 2% (w/v) glucose, 0,5 %(w/v)
peptone, 0,5% (w/v) yeast extract, 0,27% (w/v)
Na2HPO4 and 1,15g/L citric acid.
[0182] Illustrative examples of woven fabrics accord-
ing to the invention, which were used according to the
present "Examples" are the following:

1. "Rigid" - 12oz 100% cotton:

[0183] Warp yarns are Ne 7/1 - 10/1
Weft yarns are Ne 8/1 - 10/1
Warp density of the fabric is 25-28 threads/cm
Weft density of the fabric is 17-20 picks/cm
The weight of the woven fabric is 640-670 g/m
The front side of the woven fabric has a surface density

of 407-423 g/m2

Materials that can be used for the woven fabric, in par-
ticular for warp yarns, are cotton, cotton and other staple
fibers blend, or staple fibers apart from cotton (Cot-
ton/Tencel, Cotton/Modal, Cotton/PES, Cotton/Bamboo,
100%PES, 100% Tencel, Modal or Tencel/Modal
blends).

2. "Comfort" - 12oz cotton/elastane (18%-25% elasticity):

[0184] Warp yarns are Ne 7/1 - 10/1
Weft yarns are Ne 10/1 - 12/1
Warp density of the fabric is 27-31 threads/cm
Weft density of the fabric is 17-21 picks/cm
The weight of the woven fabric is 500-550 g/m
The front side of the woven fabric has a surface density
of 407-423 g/m2

Materials that can be used for the woven fabric, in par-
ticular for warp yarns, are cotton, cotton and other staple
fibers blend, or staple fibers apart from cotton (Cot-
ton/Tencel, Cotton/Modal, Cotton/PES, Cotton/Bamboo,
100%PES, 100% Tencel, Modal or Tencel/Modal
blends).

3. "Super stretch" - 12oz cotton/elastane (40%-65% elas-
ticity):

[0185] Warp yarns are Ne 9/1 - 12/1
Weft yarns are Ne 15/1 - 18/1
Warp density of the fabric is 29-32 threads/cm
Weft density of the fabric is 20-24 picks/cm
The weight of the woven fabric is 464-490 g/m
The front side of the woven fabric has a surface density
of 407-423 g/m2 Materials that can be used for the woven
fabric, in particular for warp yarns, are cotton, cotton and
other staple fibers blend, or staple fibers apart from cotton
(Cotton/Tencel, Cotton/Modal, Cotton/PES, Cot-
ton/Bamboo, 100%PES, 100% Tencel, Modal or Ten-
cel/Modal blends).

Example 2

[0186] After the application (spraying) of the bacterial
culture of Example 1 on the woven fabric, the woven fab-
ric is incubated for 16 hours, at temperature 28 °C. After
16 hours, at temperature 28 °C, a layer of bacterial cel-
lulose having a thickness ranging from 0,5mm to 1 mm,
with an average value of 0,75 mm is obtained on the front
side of the woven fabric, i.e. a composite fabric is ob-
tained.

Example 3

[0187] After the bacterial cellulose layer growth is com-
pleted, the composite fabric obtained in Example 2 is
washed with 0,1M NaOH at 80°C temperature to remove
the residual bacteria and all the impurities coming from
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the growth medium including the bacteria, and in NaOCl,
for 20 minutes to remove the residual bacteria from the
composite fabric.
[0188] After the removal of residual bacteria and all the
impurities coming from the growth medium including the
bacteria, the composite fabric is print-dyed, with a dye
selected from indigo, pigments, reactive, sulphur dyes,
preferably with indigo on its front side, i.e. on the side
wherein the bacterial cellulose layer is present.
[0189] Alternatively, the composite fabric may be VAT
dyed with conventional indigo dyeing (i.e. on both sides
of the fabric).

Example 4

[0190] The dyed composite fabric obtained in Example
3 is finished through one or more finishing techniques.
[0191] For example the dyed composite obtained in
Example 3 may be rinsed with water 20 minutes at 40°C.
Additionally or alternatively, the dyed composite fabric
obtained in Example 3 may be or stone washed (i.e.
washed in the presence of pumice stone) 20 minutes at
40°C, followed by enzyme wash for 10 minutes at 50°C
to remove small hair (pilling) created by the stone wash.
[0192] Additionally or alternatively, the dyed composite
obtained in Example 3 may undergo stone bleaching, for
20 minutes at 40°C. Additionally or alternatively, the dyed
composite fabric obtained in Example 3 may undergo
laser treatments. One or more of the above mentioned
techniques are used to remove the bacterial cellulose
layer, thus obtaining a treated fabric according to the in-
vention.

Claims

1. A process for producing a treated fabric (100), com-
prising the following steps:

a. Providing at least one plurality of warp yarns
(2) and at least one plurality of weft yarns (3);
b. Weaving said at least one plurality of warp
yarns (2) with said at least one plurality of weft
yarns (3) to provide a woven fabric (1), having
a front side (5) and a back side (6);
c. Providing at least a layer (4) of at least one
bacterial biopolymer on said yarns (2; 3) or on
at least part of at least one side (5; 6) of said
woven fabric (1) to provide a composite fabric
(10);
d. Dyeing at least part of said composite fabric
(10), whereby at least part of the fabric yarns (2;
3) are dyed together with said biopolymer layer
(4);
e. Removing at least part of said layer (4) of bac-
terial biopolymer from said composite fabric (10)
to obtain a treated fabric (100).

2. A process according to claim 1, wherein the thick-
ness (T) of said at least one layer (4) of bacterial
biopolymer is non-uniform throughout the extension
of said bacterial biopolymer layer (4).

3. A process according to claim 1 or 2, wherein at least
part of said one bacterial biopolymer layer (4) is a
discontinuous layer.

4. A process according to any previous claim, wherein
said layer (4) of bacterial biopolymer is selected from
a sugar-based biopolymer, preferably bacterial cel-
lulose, and an amino acid-based biopolymer, pref-
erably bacterial collagen, or a mixture thereof.

5. A process according to any previous claim, wherein,
said step c. is carried out after step b. by producing
said bacterial biopolymer layer (4) on the woven fab-
ric (1) or before step b. by producing said bacterial
biopolymer layer (4) on said yarns before weaving
said fabric.

6. A process according to any claim 1 to 4, wherein
said woven fabric (1) is coupled with a separately
produced bacterial biopolymer layer (4).

7. A process according to claim 5, comprising the step
of contacting at least part of said woven fabric (1) or
at least part of said yarns (2; 3) with a culture of
microorganisms (200) producing a bacterial biopol-
ymer, and culturing said bacterial biopolymer-pro-
ducing microorganisms, to provide at least part of
said woven fabric (1) or at least part of said yarns
(2; 3) with a bacterial biopolymer layer (4).

8. A process according to claim 7, wherein said culture
of bacterial biopolymer-producing microorganisms
(200) is sprayed on at least part of said woven fabric
(1), preferably on at least part of the front side (5) of
said woven fabric (1).

9. A process according to claim 8, wherein said culture
of bacterial biopolymer-producing microorganisms
(200) is sprayed on at least part of said woven fabric
(1) through a mesh wire (300).

10. A process according to claim 7, at least part of said
woven fabric (1) or at least part of said yarns (2; 3)
is contacted with a culture of microorganisms (200)
producing a bacterial biopolymer by dipping said at
least part of said woven fabric (1) or at least part of
said yarns (2; 3) into said culture of bacterial biopol-
ymer-producing microorganisms.

11. A process according anyone of claims 7 to 10, where-
in said bacterial biopolymer-producing microorgan-
isms are selected from bacterial biopolymer-produc-
ing bacteria, bacterial biopolymer-producing algae,
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and mixture thereof, wherein bacterial biopolymer-
producing bacteria are selected from Gluconaceto-
bacter, Aerobacter, Acetobacter, Achromobacter,
Agrobacterium, Azotobacter, Salmonella, Alcali-
genes, Pseudomonas, Rhizobium, Sarcina and
Streptoccoccus, Bacillus genus, and mixtures there-
of, and wherein bacterial biopolymer-producing al-
gae are selected from Phaeophyta, Rhodophyta and
Chrysophyta, and mixture thereof.

12. A process according to any previous claim, wherein
said woven fabric (1) comprises a plurality of warp
yarns (2) and/or a plurality of weft yarns (3) that forms
an additional layer of said woven fabric (1) in the
form of loop portions on at least one of the sides (5;
6) of said woven fabric (1), wherein at least part of
said additional layer is included into said bacterial
biopolymer layer (4).

13. A process according to any previous claim, wherein,
said warp yarns (2) and/or said weft yarns (3) are
selected from natural yarns, synthetic yarns and
mixed yarns, wherein said natural yarns comprise
natural fibers selected from cotton, wool, flax, kenaf,
ramie, hemp, and mixtures thereof, wherein said
synthetic yarns comprise synthetic fibers selected
from polyester, rayon, nylon, lycra and mixtures
thereof, and wherein mixed yarns comprise both nat-
ural fibers and synthetic fibers.

14. A process according to any previous claim, wherein
said woven fabric (1) is a denim fabric.

15. A process according to any previous claim, wherein
said step d. is selected from print-dyeing, indigo dye-
ing, dipping said composite fabric into a dye bath,
wherein preferably the dye is indigo dye.

16. A process according to any previous claim, wherein
said step e. is carried out by laundry washing and/or
abrading at least part of said at least one bacterial
biopolymer layer (4) from said composite fabric (10).

17. A treated fabric (100) as obtainable by a process
according to any claim 1 to 16.

18. A fabric according to claim 17, comprising dyed
yarns and portions of a dyed biopolymer layer.

19. A garment comprising a treated fabric (100) accord-
ing to claim 17 or 18.

20. A garment according to claim 19, wherein the front
side (5) of said treated fabric (100) is the external
visible side when the garment is worn, and the back
side (6) of said treated fabric (100) is the internal not
visible side when the garment is worn.
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