BioTecHNOLOGY

Novel textile fibres from
biotechnology

Chris Byrne wonders, can we
improve on nature?

‘Natural’ biological breeding and selection
techniques have been used for many
years to improve the yield, length,
strength, lustre, colour and many other
characteristics of natural plant and animal
fibres. Cotton, wool, silk and other natural
fibres still account for well over 50% of all
world textile production and use, and
there remains considerable scope for
conventiona! breeding techniques in
producing improved and even exotic new
varieties of well known fibres.

However, urgent pressures on land
use, growing concern about the environ-
ment and the need to provide today’s
high-speed textile industry with economic
and consistent supplies of raw materials
have thrown up challenges that
conventional methods cannot meet, at
least on a realistic timescale.

The synthetic fibre industry faces
comparable challenges, ranging from its
current dependence on non-renewable oil
resources to the need for improved
performance and recyclability or biode-
gradability of its products.

Biotechnology, using the latest tools of
genetic engineering and biosynthesis, is
increasingly stepping into this gap,
offering not only enhanced routes to
modifying the production and properties
of existing fibres but also creating pos-
sibilities for entirely new ‘biofibres’. Nor
are the possibilities confined to fibres.
Dyestuffs, coating pelymers, laminating
adhesives and active additives such as
biocides and wound-healing promoters
can all be synthesised or their behaviour
introduced into textile materials using
biotechnological methods.

The questions being asked by the
textile industry at present are: how far and
how fast will the new technology make a
noticeable impact upon the properties,
price and availability of its raw materials
and what are the implications, if any, for

the process routes and technologies in
use today? There are also some
important issues to be examined about
who wilt control and benefit from these
advances.

Cotton: the next
generation

Cotton presents the greatest technical
and economic potential for the trans-
formation by biotechnological means of
any textile material. Not only is it still the
commonest fibre overall but its properties
and its ‘naturalness’ are widely copied and
mimicked by a large proportion of man-
made alternatives, especially polyester
and viscose. Althocugh synthetic and
regenerated fibres have many unique and
desirable properties in the their own right,
especially for technical applications, it is
tempting to speculate how much of their
current market share could be won back
by cotton were it able to match the man-
made fibres’ reproducibility of perform-
ance and consistency of supply.

The immediate goals of the bio-
technology industry have been less to do
with changing basic fibre properties than
with tackling problems of disease and
pest resistance, and the tolerance of
cotton plants to modern herbicides such
as Monsanto’s Roundup. Monsanto itself
has marketed a genetically modified
cotton containing a resistant gene.

Another target is to increase the
natural resistance of cotton plants to
aftacks by worms, boll weevils, seedling
rot, drought and high salt levels. Salt
build-up in irrigated land is becoming an
increasingly serious problem in many
parts of the world.

But a more exciting (and necessarily
longer-term) target is the introduction of
genes that modify the processing and
performance of cotton fibres once har-
vested. Some success has aiready been
achieved in improving the strength,
length, appearance and maturity of
certain varieties. Greater strength will

allow higher spinning speeds, improve
residual fabric strength after permanent
press resin treatment (where 50%
strength loss is common) and allow
substitution of polyester in certain end
uses.

Other desirable changes might be to
the thermal characteristics of the cotton
fibres, colour, pectin and wax content,
absorbency and reactivity with certain
chemicals and dyestuffs.

Enhanced chemical reactivity would
allow dyestuffs (particularly reactives) to
be used more efficiently and to cause less
colour discharge. Improved dimensional
stability could result in reduced shrinkage,
better natural crease resistance and
greater resilience. Improved absorbency
wouid facilitate processing and be of
value in several medical and industrial
applications.

Reduced natural colour and protein
content would make for cheaper and less
environmentally damaging scouring and
bleaching while the introduction and
enhancement of new, deeper and faster
colours would facilitate the manufacture of
denim. A gene is already known that can
achieve this last objective.

Perhaps the most fascinating oppor-
tunity of all arises from the development
of transgenic cotton plants capable of
producing a small amount of polyester-
like polyhydroxybutyrate (PHB) within the
hollow centre or lumen of their fibres. So
far, the US company Agracetus has been
able to achieve no more than a 1%
polyester content, but even this been
produced an 8-3% increase in the heat
retention of fabrics woven from these
fibres. There is also no reason why other
biopolymers, including keratin {the basic
material of hair), cannot be introduced in
the same fashion.

Such changes not only have important
implications for the future use of cotton
and its substitution of existing synthetic
fibres but also for the structure and role of
the existing processing industry, from fibre
preparation and spinning through to
dyeing and finishing.
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Other ‘natural’ fibres

Parallel developments can be envisaged
or are already taking place for other fibres.
Genetic research currently being carried
out in Australia and New Zealand is
focusing on issues such as improving the
conversion efficiency of foodstuffs into
wool {especially vital amino acids such as
cysteine), increasing the pest and
disease resistance of sheep, and
modifying the fine structure and build-up
of proteins in wool fibres, with consequent
impact upon their textile processing and
performance.

Considerable interest in the UK and
Northern Europe has been focused on
improving the fineness of wool and animal
hair that can be produced in our climate,
as well as breeding exotic species such
as angora and cashmere goats.

While the breeding of Dolly, the world’s
first cloned sheep, at the Roslin Institute
in Edinburgh was aimed more at
developing the potential for living ‘fac-
tories’ for pharmaceuticals, many of the
technigues evolved and lessons learned
may have implications for improved and
more consistent fibre production.

Flax and other vegetable fibres such
as jute and sisal are the subjects of cur-
rent genetic research that could sub-
stantially alter the economics and
attractiveness of production and use. in
conjunction with other biotechnology
developments, particularly more effective
enzymes for retting and preparation, this
research could see flax in particular re-
established as a major indigenous North
European fibre for both consumer and
technical textile applications.

New biopolymers

Alongside all this effort to improve and
transform existing natural fibres, the
development of completely new sources
of potymers, fibres and auxiliary products
based upon technigues such as bacterial
fermentation, growth of fungal and micro-
bial fibre masses, and production of
fungal pigments has emerged as the ‘holy
grail’ of much current research.

The challenge faced by biotechnology
here is to produce these new materials as
least as effectively as conventional
chemical means of synthesis and fibre
production. In some cases, enhanced
properties such as biodegradability or
promotion of wound healing can help to
justify the additional costs of current

production methods, but none have yet
achieved the necessary economies of
scale in production and use to make a
major impact on the textile industry.

In the UK, Zeneca developed a bio-
degradable biopolymer based on
polyester-like PHB and called Biopol (now
owned by Monsanto), but the material has
so far proven uncompetitive in textile
applications, with production costs
approaching £10 per kg. A US company,
Metabolix, is currently seeking ways to
transfer the relevant genes into field
crops, which could include soya beans,
corn, wheat or oats, and estimates that its
product will cost less than £3 per kg once
full commercial production is under way.

Another biopolymer with potential for
use in textiles has been developed by
Kanebo and the Shimadzu Cerporation in
Japan. Lacty is produced by lactic acid
fermentation and can be based on
common feedstocks such as cormn. Similar
strengths to nylon (4-5 g/dtex) and a
melting point of 185 °C are claimed and
the fibre is easily processed and dyed.
Proposed uses are diapers, hygienic and
medical applications, underwear, stock-
ings, agricultural materials, civil engin-
eering applications and geotextiles.

Meanwhile, organisations such as
BTTG have pioneered technigues for the
growth and use of fungat fibres or of the
fine cellulose filaments produced by
certain bacteria. Although of much more
fimited and specialised potential, these
fibres may have uses in applications
ranging from high-performance non-
wovens and papers to wound dressings
and filters for toxic substances.

Controlling the
technology

The application of biotechnology to fibre
and textile production does not take place
in a moral, environmental or commercial
vacuum. The concern of environ-
mentalists about the wholesale release of
genetically modified organisms (GMOs)
into the environment reflects many
complex issues and has been argued far
more eloquently and in greater detail
elsewhere.

Just as significant is the fierce com-
petitive struggle taking place in the
background for control of the emerging
technology and its products. The risks and
costs of investment are considerable but
so are the potential rewards. A few large
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corporations already control a very
significant slice of the market. Their
strategies for exploiting such develop-
ments are likely to have a crucial impact
upon the availability and pricing of new
fibres, and thus upon the downstream
processing and end-user industries at
which they are aimed.

In 1994, the US company Agracetus,
then part of the giant WR Grace conglom-
erate, obtained a controversial patent
which gave it far-reaching rights to control
and exploit the cotton ‘genome’, i.e. the
entire genetic structure of cotton. Strictly
interpreted, this might have given it
complete control of all other attempts to
modify and develop cotton using
biotechnology tocls. In fact, the patent
was subsequently re-examined and
rescinded as the result of fierce oppo-
sition from other companies in the field.
Nevertheless, the general issue of
patenting knowledge acquired from
biotechnology investigations is far from
resalved and is currently exercising
governments and bodies such as the
European Commission.

Where now?

The initial benefits of biotechnology may
not be immediately perceptible to down-
stream processors and end users. They
are likely be reflected in gradually
improving quality of raw materials.

Some of the more dramatic develop-
ments described above may be five or
more years from market. There are stilf
many unanswered questions. For
example, will the development costs
incurred in some of the advances be too
high? Will the timescales involved be too
long to match the fast moving rhythms
and fashion needs of the consumer textile
market? Technical textile markets, es-
pecially for medical and hygiene products,
may provide more lucrative and readily
definable initial targets for some of the
new biofibres.

As far as dyers and finishers are
concerned, some of the process benefits
outlined above will only be realised if they
have sufficient knowledge of the origin
and nature of the materials with which
they may deal.

Chris Byrne is a principal consultant,
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