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Due to population growth and competition for arable land, the global cotton production has reached its maximum, which
provides incentives to find alternative fiber sources. About 75% of all man-made fibers is polyester, a non-renewable
material derived from oil, whereas the share of cellulosics, a renewable and biodegradable material, is only 9%. Viscose
rayon, the main commercial product made from regenerated cellulose, is currently produced at an annual rate of 3.7 million
metric tonnes and valued at over 10 billion dollars per year. Viscose fiber yarns however are currently produced by
xanthation of dissolving pulps using carbon disulfide (CS2), a highly toxic chemical banned in North America and Europe.
Other disadvantages related to the use of CS2 include limited dissolving capability, high cost of solvent recovery,
uncontrollable side reactions, and instability during cellulose processing and/or derivatization. In contrast, the Lyocell
process is based on direct dissolution of cellulose in an environmentally friendly polar solvent, N-methylmorpholine-N-
oxide (NMMO). However, the Lyocell production process is more expensive than rayon due to the high cost of NMMO
and the use of high temperatures for dissolving cellulose. Hence, although cellulosic fibers are increasingly used in textile
products, current rayon and Lyocell methods for production of cellulose-based textiles suffer certain economic and/or
environmental drawbacks. We have developed a new, cost-effective and environmentally-friendly (CS2-free) process that
overcomes some of the shortcomings of the existing rayon and Lyocell technologies. The process is based on a modified
method for periodate oxidation of cellulose that is then cross-linked with chitosan and extruded to obtain cellulosic fibers in
the form of textile yarns. The produced yarns have low content of aldehyde groups (~2 mmol/g cellulose) and water
retention values of 1.5-2.0 g/g yarn. The new process makes use of both hardwood and softwood pulps, and offers
significant yield advantages over the use of dissolving pulp as a raw material. The mechanical, water absorbency and
morphological properties of the new cellulosic yarns and their potential applications will be discussed. The techno-
economic and environmental benefits of the process will be reviewed. The new cellulosic fibers have the potential to
compete in textile applications with the established rayon and polyester markets, and create new uses that go beyond the
traditional textile applications.
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Biomass generated from brewery industry constitutes a by-product yearly generated in big amounts with scarcely
economic feasible applications [1]. Brewer’s spent grain (BSG) is formed mainly by the residual components of barley
malt and includes most of the barley grain shells and minor fractions of the pericarp and endosperm fragments [2]. This
agro-industrial residue does not compete with food use and it can serve as a feedstock for second-generation ethanol
production [1].

The aim of this work is to solubilize the hemicellulosic fraction of BSG leaving a cellulose-rich solid to be hydrolysed by
enzymes. This hemicellulosic sugar solution could be later fermented to produce ethanol using unconventional
microorganisms capable of assimilating both pentoses and hexoses. BSG was washed and characterized according to the
NREL (National Renewable Energy Laboratory) methodology. BSG characterization determined 52% carbohydrate and
26% protein. In order to achieve high yields of fermentable sugars recovery, BSG was pretreated with sulfuric acid in an
autoclave at different conditions (temperature, sulfuric acid concentration, and process time). The highest overall sugars
yield was reached at 130 °C, 3% H2SO4 and 15 min pretreatment time. These conditions allowed the fractionation of this
biomass and more than 90% of hemicellulosic sugars were recovered in the prehydrolysate. Thus, a solution with 44 g/L of
hemicellulosic sugars (50% xylose and 25% arabinose) and low level of inhibitory compounds was obtained. Phenolic
compounds were identified in this prehydrolysate and its antioxidant capacity was determined according to different
methods, DPPH and β-carotene. Likewise, a cellulose-enriched solid (38% cellulose content) highly digestible was obtained
after pretreatment. This pretreated solid yielded 89 g glucose/100 g glucose in pretreated BSG by enzymatic
saccharification that corresponds to 75.4 g glucose/100 g glucose in original BSG.
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Biomass generated from brewery industry constitutes a by-product yearly generated in big amounts with scarcely
economic feasible applications [1]. Brewer’s spent grain (BSG) is formed mainly by the residual components of barley
malt and includes most of the barley grain shells and minor fractions of the pericarp and endosperm fragments [2]. This
agro-industrial residue does not compete with food use and it can serve as a feedstock for second-generation ethanol
production [1].

The aim of this work is to solubilize the hemicellulosic fraction of BSG leaving a cellulose-rich solid to be hydrolysed by
enzymes. This hemicellulosic sugar solution could be later fermented to produce ethanol using unconventional
microorganisms capable of assimilating both pentoses and hexoses. BSG was washed and characterized according to the
NREL (National Renewable Energy Laboratory) methodology. BSG characterization determined 52% carbohydrate and
26% protein. In order to achieve high yields of fermentable sugars recovery, BSG was pretreated with sulfuric acid in an
autoclave at different conditions (temperature, sulfuric acid concentration, and process time). The highest overall sugars
yield was reached at 130 °C, 3% H2SO4 and 15 min pretreatment time. These conditions allowed the fractionation of this
biomass and more than 90% of hemicellulosic sugars were recovered in the prehydrolysate. Thus, a solution with 44 g/L of
hemicellulosic sugars (50% xylose and 25% arabinose) and low level of inhibitory compounds was obtained. Phenolic
compounds were identified in this prehydrolysate and its antioxidant capacity was determined according to different
methods, DPPH and β-carotene. Likewise, a cellulose-enriched solid (38% cellulose content) highly digestible was obtained
after pretreatment. This pretreated solid yielded 89 g glucose/100 g glucose in pretreated BSG by enzymatic
saccharification that corresponds to 75.4 g glucose/100 g glucose in original BSG.
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Croton oblongifolius has potential for many applications in pharmaceutical and food industries as a natural additive
(antimicrobial and antioxidant) [1-4]. In this study, micro-cellulose sponges (MCS) from waste cotton are used as the
carrier for bioactive agent to produce a controlled release system. Different solvent types of varying polarity were
examined and compared their capabilities to extract essential active agents from dried herb. Ethanol (95% w/w) was found
to be the best among solvents for extraction.  Ethanol yields 21.3% whereas dichloromethane and hexane can extract only
6.72 % and 4.17% of dried herb, respectively. The ethanoic extract exhibited the highest content of total phenolic
compounds. Compared to all other extracts, the ethanoic extract was found to exhibit the most significant antibacterial
activity against all types of bacterial strains. The phenolic compound loaded micro-cellulose sponges were produced by
acid hydrolysis and a freeze drying method. The microparticles were characterized in terms of size and morphology, total
phenolic compound loading, and physical state of the encapsulated phenolic compounds. Phenolic compound release from
the microparticles was assessed by dissolution tests. The particles had spherical shapes with amorphous form. The
controlled phenolic compound release was tested by using different concentration. The results showed that the structure of
micro-cellulose sponges, the media type and the solubility of the phenolic compound influenced the polyphenol-release
behavior. Since the release of the phenolic compound is controlled by the structure and interactions between the
microparticles and the cellulose matrix, modulation of the matrix formers enable a control of the phenolic compound release
rate. These structures of micro-cellulose sponges can be very useful in many pharmaceutical micro-particle applications.
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Industrial systems for extracting hemicellulose from lignocellulosic biomass, use acids or bases; with the need to purify the
product and eliminate toxic waste. However, hemicellulose can be extracted with water at a temperature above 100 ° C. This
has numerous economic and environmental advantages, as well as that no toxic waste is produced. The main problem is that
the wet biomass swells and compacts in the system, with high difficulties in removing it at the end of the process. Existing
plants using this process are usually stopped once the extraction is completed, opened to remove the biomass and
replenished with fresh biomass. This involves very long downtime.

A pilot plant was built, consisting of 5 reactors, each of which works in series with the others or can be excluded from the
system. Until 97 % of energy is recovered through a heat exchanging system

The system makes the extraction operation possible in a continuous way, without having to stop the plant during the loading
and unloading phases. Different types of biomass can be used, without limitations due to the particle size. The system also
allows to collect entirely the exhausted solid, critical operation in the process.

Experiments at different temperatures (140, 150, 160, 170 ºC) were carried out with using 3 reactors in series; each one filled
with 200g of chips of catalpa wood. Extraction yields and molecular weights of hemicelluloses were studied, analyzing the
decomposition of oligomers in the solution, flowing from one reactor to the others.

It was observed that:

Hemicelluloses with a controlled molecular weight can be produced only by changing the extraction temperature.
Product is not degraded by flowing from one reactor to the other; molecular weight does not change.
The efficiency of extraction is the same in all the reactors.

In conclusion, this plant makes possible the continuous production of hemicellulose with high selectivity in composition and
molecular weight.
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Industrial systems for extracting hemicellulose from lignocellulosic biomass, use acids or bases; with the need to purify the
product and eliminate toxic waste. However, hemicellulose can be extracted with water at a temperature above 100 ° C. This
has numerous economic and environmental advantages, as well as that no toxic waste is produced. The main problem is that
the wet biomass swells and compacts in the system, with high difficulties in removing it at the end of the process. Existing
plants using this process are usually stopped once the extraction is completed, opened to remove the biomass and
replenished with fresh biomass. This involves very long downtime.

A pilot plant was built, consisting of 5 reactors, each of which works in series with the others or can be excluded from the
system. Until 97 % of energy is recovered through a heat exchanging system

The system makes the extraction operation possible in a continuous way, without having to stop the plant during the loading
and unloading phases. Different types of biomass can be used, without limitations due to the particle size. The system also
allows to collect entirely the exhausted solid, critical operation in the process.

Experiments at different temperatures (140, 150, 160, 170 ºC) were carried out with using 3 reactors in series; each one filled
with 200g of chips of catalpa wood. Extraction yields and molecular weights of hemicelluloses were studied, analyzing the
decomposition of oligomers in the solution, flowing from one reactor to the others.

It was observed that:

Hemicelluloses with a controlled molecular weight can be produced only by changing the extraction temperature.
Product is not degraded by flowing from one reactor to the other; molecular weight does not change.
The efficiency of extraction is the same in all the reactors.

In conclusion, this plant makes possible the continuous production of hemicellulose with high selectivity in composition and
molecular weight.
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