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In 1838, Anselme Payen described a fibrous
component of plant tissues that resisted extraction

with organic and aqueous solvents. The material was
first described as cellulose in 1839

Biosynthesized on a scale of several billion tons annually, cellulose
represents the most abundant biological polymer on Earth



Humans have transformed Europe’s landscapes since the
establishment of the first agricultural societies in the mid-

Holocene. The most important anthropogenic alteration of the
natural environment was the clearing of forests to establish
cropland and pasture, and the exploitation of forests for fuel 

wood and construction materials. Extensive European
deforestation occurred already at 1000 BC….

Indeed, in his History of the World, Andrew Marr points
deforestation as one of the causes of the fall of the Roman Empire

and of Mezoamerican civilizations.



Bacterial NanoCellulose was first reported by Adrian
Brown in 1886; he found a solid mass to unexpectedly

appear at the surface of the fermentation medium; 
usually called the “mother” or “vinegar plant”, is

widely utilized in home-made vinegar production.
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Strain improvement
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Classification of main natural and man-made fibers 
used for textile applications

Growing market, raising
an additional pressure

on the management and 
exploitation of forests. 

Need for new sources of 
sustainable fibres



The lyocell process of 
regenerated cellulose 

production.

Can BC represent a 
valuable source of 
cellulose for lyocel

production?



Outline

 Production of BC – cellulose to cellulose conversion

 Preparation of BC with different degree of polymerization (high, low, mix)

 BC regeneration and characterization

 Life Cycle Assessment



Syrup composition
(HPLC)

(% m/v)

Glucose 6.18
Xylose 0.5

Acetic acid 0.29
Formic acid

Levulinic Acid
Furfural and hidroxymethyl

furfural (HMF)

Residual

A syrup obtained from enzymatic
hydrolysis of eucalyptus residues was

used as a supply of carbon for the
production of BC by fermentation

Cellulose to cellulose conversion

Optimization of BC production using a 
Response Surface Methodology and a 

proprietary strain (isolated from Kombucha)

Combination of culture medium
Factor A* Factor B** Factor C

Run

Eucalyptus
Hydrolysate

%(m/v)

Corn
Steep
Liquor
%(m/v)

Ammonium
sulphate
%(m/v)

1 4.50 0.40 1.00
2 1.50 1.50 1.00
3 1.50 0.40 1.00

4 (CP) 3.00 0.95 0.65
5 4.50 1.50 0.30
6 3.00 0.03 0.65
7 3.00 0.95 1.24
8 5.52 0.95 0.65
9 3.00 0.95 0.06

10 1.50 0.40 0.30
11 4.50 1.50 1.00

12 (CP) 3.00 0.95 0.65
13 3.00 1.87 0.65
14 1.50 1.50 0.30
15 0.48 0.95 0.65

16 (CP) 3.00 0.95 0.65

17 4.50 0.40 0.30

Supplied by INEGI, Lisbon



Cellulose to cellulose conversion

The value of the three factors that maximized BC 
production yield was predicted using the optimization
function (R2=98%) of Design Expert 7.1.5: 

 Eucalyptus Hydrolysate 3.71 (% m/v); 
 Corn Step Liquor 1.47 (%m/v) 
 Ammonium sulphate 0 (% m/v)

that correspond to a predicted BC yield of 7.53 g/L



Both non-depolymerized
(BNCneat), depolymerized

(BNCdep) samples and their
mixture (BNCblend) were

obtained for the production of 
filament using the lyocell

process

BNC depolymerization



Pulps for dope preparation:

 BNCneat - untreated BNC
 BNCdep - depolymerized BNC and 
 BNCblend - blend of untreated

(61%) and depolymerized (39%) 
BNC

BC-NMMO dope preparation 
& characterization



BNC pulps were continuously spun (up to 
360 min), smoothly, with no major losses.

BC with high DP did not raise technical 
difficulties during spinning.

Regenerated Bacterial 
NanoCellulose dry-jet spinning



BC pulp vs RBC DP 

Fibre testing

The BC fibres show interesting mechanical 
performance, especially the RBCblend where higher 

stiffness is observed.

The combination of low and high DP celluloses seems 
to improve the obtained mechanical properties.DP of BC and RBC – the lyocel process

did not affect significantly the DP



Cycle after cycle, the quality of 
the fibres degrades. High DP BC, 
mixed in low amounts (10-20%) 
may be used as to preserve the 

quality of recycled textiles.



Breaking tenacity (CN.tex-1) vs elongation at break (%) of 
BNC fibres, lyocell, viscose, cotton and polyester

Regenerated BNC presents excellent 

properties.  Can it represent a new source of 

cellulose for textiles?



Is BC production sustainable? Life Cycle Assessment 



System boundaries and inventory analysis – the data used to model the BC process chain was
defined using SuperPro Designer (5 ton/year of dry product) divided into 4 stages: culture medium
preparation, inoculum propagation, static culture fermentation and downstream process was used 
to model the BC production process chain, while for the background system data (regarding energy 

resources, extraction, transformation, and transporting materials), the Ecoinvent database from 
Gabi Pro software was used. 





A comparative analysis of the LCA between BNC and other nanocelluloses



Biomedicine Cosmetics

Kusanno Sakko

HAINAN YEGUO FOODS CO.,LTD

Textiles

Food

Global production of “wonder BNC” is in the range of the hundreds of tons 
(dry weight) per year
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Challenges of the large-scale BNC 
production

Low productivity
rates

Innefective
fermentation systems

High capital 
investment

High operating
costs

Is it possible to scale up the fermentation, in a cost-effective way?
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Thank you!
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