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Abstract

Like most European countries, Brazil and Argentina are faced with environmental management 
problems. Biodegradable materials could be a suitable alternative to replace advantageously petroleum 
based products in agriculture. Cottonseed proteins have good film forming properties. Cottonseed 
derivatives such as kernels and cakes, that contain great protein content, should have potential for 
making biodegradable materials.

The main objective of the project was to develop, at pilot or industrial scale, seed coatings, films and 
composites materials, made from raw cotton seed derivatives (kernels and cakes) and plant fibres.

This project focused on two types of processing technologies: wet processes (casting, laminating, 
seed coating, spread coating and fabrication of composites with plant fibres) and low moisture 
technologies (extrusion, thermomoulding). In particular, the following activities were undertaken: 
♦ Physical and chemical characterization of raw cottonseed derivatives;
♦ Fabrication, from cottonseed derivatives, of optimized film-forming solutions that can be used for 

seed coating, spread coating, casting and composite material processing;
♦ Study of the rheological properties and thermo-mechanical behaviour of cottonseed derivatives;
♦ Study of the film-forming and adhesive cottonseed protein properties;
♦ Study of the diffusion of pesticides entraps in a cottonseed protein based film;
♦ Fabrication of materials at industrial or industrial pilot scale;
♦ Characterization of material properties;
♦ Economic study

Results and outcome
The processing parameters to extract cottonseed protein, in order to make a film forming solution, 
were optimized. This film forming solution was characterized and its properties (film-forming, 
stability, viscosity) adjusted to be employed for seed coating, film and composite technologies. The 
nutritional value of the solid by-product of the film-forming solution preparation established the 
possibility to use this by-product for animal feeding.
The technical feasibility of manufacturing biodegradable materials from cotton seeds using low 
moisture and some of wet technologies (spray coating technology, seed coatings) has been 
demonstrated, at pilot industrial scale, for the first time. Concerning low moisture technologies, cotton 
seed processing must combine temperature and pressure to ensure protein conformation changes and 
good homogeneity of films. Within this framework, injection moulding seems to be an adapted 
technique. In the case of extrusion, the cohesion of matter is relatively poor and partners suggest 
mixing plasticized cakes or flours with synthetic biopolymers like PCL.
For seed coating technologies, in spite of promising results concerning the pesticide release from the 
studied films, more industrial development is required to develop an “active seed coating” with 
adjustable release properties. A film coating for the commodity film coating market can be produced 
technically but is not yet competitive.
The cohesion between different sorts of fibers and a cotton protein matrix was deeply studied. The 
best composites obtained are 5 to 10 fold more resistant than films without fibers. More research is 
required to produce these materials at industrial scale.
The most competitive way, today, to produce biodegradable material from cottonseed derivatives is to 
use flours, with low lipid and shell content, processed by thermo moulding or injection to produce 
solid pieces.
Further investigations must be carried out in close collaboration with companies interested in these 
products in order to improve the mechanical properties with regard to applications of materials for a 
targeted market.
The current market for biodegradable polymers for films and bags, in Brazil and Argentina, would 
represent 22 000 t and 50 000 t respectively. The production of cotton in these countries makes it 
possible to answer these markets.
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Summary of final report
1. Introduction

The main objective of the project was to develop industrial fabrication of new biodegradable 
materials for agriculture in Latin America (Brazil and Argentina). The project focused on the 
transformation of cotton seed derivatives (kernels and cakes). Cotton production is increasing sharply 
in Latin America and a large amount of cotton seed will be available to be locally transformed.
The economic and technological feasability of biodegradable films fabrication using cottonseed for 
mulching, packaging and seed coating for agriculture were studied.

The main specific scientific objectives were to gain a better understanding of:
- The interactions between proteins and other non proteic molecules related to the macroscopic 
properties of materials obtained with different processing conditions;
- The protein crosslinking impact on the materials properties and technologies parameters;
- The rheological properties and thermo-mechanical behaviour of cotton seed derivatives in order to 
choose the most appropriate low moisture processing technology to make materials;
- The film-forming and adhesive cotton seed proteins properties in order to make films by casting 
and composite materials with good mechanical properties ;
- The diffusion of active substances introduced in seed coating materials in order to adapt the 
technological process parameters to control the chemical release.

The specific technological objectives were:
- industrial pilot scale cotton seed processing technologies into thermoformed/extruded materials, 
composites and calendared materials for packaging and mulching;
- industrial cotton seed processing technology for seed coating;
- quantifying the economic and technical advantages and drawbacks of cotton-seed based 
biodegradable materials for industrials.

To adapt existing polymer technology processing to make materials, the project focused on two 
types of processing technologies: wet process (calendaring, spread coating, laminating, seed coating 
and fabrication of composites with vegetal fibres) and low - moisture process (extrusion, thermo- 
moulding).

The work plan was composed of 5 work packages (WP): WP1 (coordination), WP2 (calendared 
materials), WP3 (seed coatings), WP4 (composite materials) and WP5 (thermo-moulded and extruded 
materials).

The consortium was composed of 5 institutions:
CIRAD - Centre de coopération internationale en recherche agronomique pour le développement -

In charge of the project coordination (WP1), chemical and economic studies. Cirad was 
involved into all the work packages. Its know-how and its skill on the manufacture of 
biomaterials starting from cotton seeds are at the origin of this project.

FUSP - Foundation for support to the University of São Paulo (Brazil)
In charge of the WP2 research “calendared materials” on the COTPROT process 
optimization and study of the nutritional value of the COTPROT residue.

INCOTEC - Integrated coating and seed technology (Netherlands) -
In charge of the WP3 “seed coatings” and of the industrial test of cottonseed based seed 
coatings

CITIP/INTI - Centro de investigacion y desarrollo tecnologico para la industria plastica del instituto 
national de tecnologia industrial (Argentina)

In charge of the WP4 “composite materials” and the development of composites and films 
ARMINES/EMA - Association pour la recherche et le développement des méthodes et processus 
industriels / Ecole des mines d’Alès (France) -

In charge of the WP5 « extruded and thermomoulded materials »
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2. Work description

2.1 . Work carried out in Work Package N°2 (WP2): Calendared materials
Lead contractor: FUSP (Brazil)

The WP2 was responsible for producing biodegradable materials by calendaring or laminating.

The first task was dedicated to a training of Paolo Sobral (FUSP, task T02.01) and Paul Klemann 
(INCOTEC, task T03.01) to learn, with CIRAD, how to prepare and characterize film forming 
solutions and films made from cottonseed derivatives.

The fabrication of a film-forming solution, called COTPROT, was first optimized by FUSP and 
CIRAD to produce a COTPROT formulation that could be rapidly used by other partners to study seed 
coatings, composite and cast film (Task 02.02). The COTPROT fabrication is based on a water 
dispersion of grounded and sieved cottonseed kernels at alkaline pH. The dispersion is centrifuged to 
separate the film-forming solution (COTPROT basis material) and non-soluble compound (COTPROT 
process by-product). The COTPROT dried matter contains proteins, some lipids, sugars, pigments, 
mineral compounds and poly phenols.

Secondly, the WP2 partners characterized and optimized the COTPOT solution in order to 
enhance the materials properties (Task 02.04). Efficient plasticizers (ethylene glycol, propylene 
glycol, glycerol, diethylene glycol, sorbitol, polyethylene glycol 300 and 400) and protein cross
linkers (transglutaminases, glyoxal, glutaraldehyde) were tested to adjust the properties of the film 
forming solution (viscosity) and improve the mechanical properties of films made from COTPROT. 
Many parameters acting on the protein cross-linking (pH, temperature, mixing conditions, type and 
concentration of cross-linking agent, effect of plasticizing) were deeply studied in order to determine 
the gel formation limits which will condition the control of the process at industrial scale. The 
glutaraldehyde and the glyoxal were found to be respectively the best crosslinking and plasticizer 
agent, with regard to the solution viscosity and the films mechanical properties. Dynamic mechanical 
analyzer measurement showed that, independently of the type of plasticizer and the cross-linking 
agent (glyoxal or glutaraldehyde), the storage modulus was higher than the loss modulus indicating 
that the COTPROT films have a solid viscous-elastic character. By Differential scanning 
calorimeter measurement, independently of the type of plasticizer and the cross-linking agent 
(glyoxal or glutaraldehyde), it was observed two glass transitions temperatures. The first transition 
was observed between -29 and -32.7°C (first scan) and the second transition was observed at a range 
of 5 to 56.1 °C. The melting temperature increases with a concomitant increase of plasticizer molecular 
weight and decreases with a concomitant increase of plasticizer concentration.
CIRAD, FUSP, INCOTEC selected a stabilizer agent and determinate stabilizing conditions to 
store COTPROT solution during 3 to 6 months before processing.

At the same time, some work was carried out to find a nutritional application for the COTPROT 
process by-products (Task 02.03). Three diets containing COTPROT residue were compared to a 
control containing casein, as a reference protein, used instead of the COTPROT residue. The results of 
biological assays (protein efficiency ratio, alimentary efficient ratio and growth) suggested a good 
overall nutritional value. The main problem encountered was a moderate intake for the COTPROT 
residue based diet, probably due to a preference for the casein diet. Biopsy made on the animals did 
not reveal toxicological problem. FUSP recommend using COTPROT residue for ruminant and non 
ruminants as a source of energy and, to improve the diet intake by the animal, to add flavoured 
compound in the food stuff.

Once the COTPROT was developed at lab scale, the FUSP and the CITIP/INTI validated the 
COTPROT fabrication and tested the films processes at pilot industrial scale (Task 02.05). The 
WP2 partners demonstrated, at a pilot industrial scale, that it is possible to make a cottonseed protein 
concentrate, containing at least 50 % of proteins, that can be used as a biodegradable thermoplastic 
resin. Thermo-compression tests showed that films are easily obtained from plasticized COTPROT. 
Pilot industrial tests were carried out to make films by calendaring. Many difficulties were 
encountered to obtain, from a COTPROT solution, a plastic paste presenting the desirable properties to 
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feed directly a calendar. An alternative was then found by using a high viscous COTPROT solution 
and process it as the vinyl plastisol system, using a spread coating process. A prototype machine was 
built and used to determine the main technical characteristics required to make films from COTPROT. 
Then a complete spread coating equipment, working at pilot industrial scale, was built by the 
CITIP/INTI team. A great quantity of films was produced and characterized. The mechanical 
properties (the tensile strength does not exceed 5 Mpa) need to be improved to compete with 
polyethylene, which is the reference for film for mulching at large scale (when the film is applied in 
the fields with machines). However these films could yet satisfy other applications such as for 
packaging or mulching at small scale with manual application, for example.

At the end of the project, an economic study established the potential interest for the new technology 
in comparison with references (Task 02.06). CIRAD studied the relative availability of raw materials 
for COTPROT production, the market and demand prospects in the world, in Brazil, in Argentine and 
an assessment of production costs. The cost production of the COTPROT solution, containing at 
least 26 % of dried matter, was estimated according to many economic situations. It could be 
lowered down to USS 0.89/kg or pushed to USS 2.71/kg. The COTPROT solution seems to be price 
competitive. However, if we consider that we need 3 kg of COTPROT solution to make 1 kg of dried 
COTPROT resin, it is less competitive than PLA which is considered to be the best technical and 
economical compromise among existing biodegradable plastics to compete against PE (price 
forecasted at USS 2.5 - 3.0/kg).

2.2 Work carried out in Work Package N°3 (WP3): Seed coating
Lead contractor: INCOTEC (Netherlands)

INCOTEC studied the most suitable COTPROT formulations for seed coating and evaluated the 
potential competitive advantages over existing seed coating formulations.
The first objective was to create, from COTPROT, a film coating with adjustable release properties 
by means of protein cross-linking. The second one, far less valuable goal, was to formulate a 
COTPROT film coating for the commodity film coating market with added value in the standard 
film coating properties or, preferably, the cost.

INCOTEC tested the phytotoxicity of COTPROT formulations (task T03.01). Even if COTPROT, 
glyoxal, glutaraldehyde, glycerol are seriously to highly phytotoxic, the germination tests revealed 
that, apparently the quantity of phytotoxic materials that enter the seed is too low to cause real 
damage.

Then INCOTEC and CIRAD evaluated the influence of plasticizer type and level and crosslinking on 
film coating properties (tasks T03.02 and T03.03). Glutaraldehyde was confirmed as the more 
reactive agent and may have more potential for inducing slow release. However, it was also 
demonstrated later that it is easier to control the solution viscosity (to prevent gelling during the 
industrial process) with glyoxal and glutaraldehyde was discarded. Glycerol was the most effective 
plasticizer because it gave the most flexible films. The first experiments to test the protein crosslinking 
effect on the pesticide release showed many difficulties to control the protein cross-linking reaction at 
industrial level. The circumstances which influenced the reaction such as temperature, concentration, 
presence of plasticizer or not, mixing time after adding the crosslinker, gelling limit for the respective 
crosslinkers in relation to COTPROT concentration etc. were all unknown. Therefore the project 
coordinator proposed to extend the project one more year (deviation of plan).

In year three CIRAD investigated the cross-linking reaction deeper to find proof that it could slower 
the release and adjustment could indeed be possible. CIRAD study showed that viscosity and therefore 
cross-linking and gel formation were highly dependant on cross-linker and ratio, pH and COTPROT 
concentration. Temperature and glycerol were also demonstrated to be critical on cross-linking with 
glyoxal. CIRAD established the viscosity diagrams of cross-linked solution as a function of pH, 
COTPROT concentration, cross-linker type and ratio (in relation with the reactive lysine content in the 
solution). All the results were then discussed within a mission of CIRAD at INCOTEC in January 
2005. The controlled release properties of COTPROT based coatings were studied during the 
fourth year of the project. The objective was to evaluate if cottonseed proteins could be used for the 
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development of biodegradable delivery systems and active seed-coatings in particular, assuming that 
the protein matrix could play the role of a reservoir and that protein cross-linking and plasticization 
should significantly influence the release. It was demonstrated, with the COTPROT based 
film/imidachloprid systems, that COTPROT based formulations could be used to reduce the 
pesticide release with a great influence of cross-linking treatments (tested with glyoxal) and slight 
effect of plasticizer (glycerol or ethylene glycol). The release kinetics data fitted very well with the 
model of Ritger-Peppas’s . The mechanisms of release were explained from the equation parameters of 
the model. Unfortunately, the release tests realized from the industrial palletized seed were 
unsuccessful. Paertners did not observe a lot of difference between the pesticide release speed of the 
crosslinked and uncrosslinked COTPROT seed coatings and COTPROT systems were less efficient 
than the best commercial reference.
The question remains why the release results on seed are so different from the results obtained 
by CIRAD with films. To make clear these questions, additional experiments would be done at 
laboratory scale in particular on the influence of film thickness and the drying conditions of films. At 
industrial scale, it could be interesting to test other coating processes or to adapt the current one in 
order to take advantage of the release properties of COTPROT-based formulations. Unfortunately 
there was no time left to investigate these options.

Concerning the secondary goal “COTPROT as agronomic commodity binder”, INCOTEC tested in 
first instance raw material compatibility, stability and visual quality as a film on paper in a complete 
film-coating formulation. These film-coatings gave good visual quality films on paper cards. The color 
is a bit darker than of INCOTEC film-coating due to the strong color of the binder.
Formulating an agronomics commodity film coating based on COTPROT as binder is in itself 
technically feasible. No incompatibilities with standard film coating raw materials were found, except 
for one standard biocide. However, the dusty tests indicated that COTPROT has not yet the same 
capacity binding performance that references.

INCOTEC gave us a very interesting study about the economic feasibility of COTPROT film coatings 
based on the INCOTEC skill and from the economic evaluation of the COTPROT production cost 
made by CIRAD. According to the actual commodity agronomic binder market, COTPROT is not yet 
competitive as well as on a technical point of view than on an economic one.

Although it is technically possible to develop seed coatings out of COTPROT at industrial scale, 
INCOTEC highlighted many technical and economic points that need to be improved to expect a 
commercial development of seed coatings made with COTPROT. However, the project partners got 
very promising results concerning the possibility to develop slow or adjustable release system with 
cotton protein films that could be used for other applications than in seed coatings. This research to 
develop protein “active” films with new functionalities must still continue its efforts.

2.3 Work carried out in Work Package N°4 (WP4): Composites materials
Lead contractor: CITIP/INTI (Argentina)

The main objective was the fabrication of composite materials with a matrix of cotton seed proteins 
reinforced with plant fibres and to obtain them as films to be used for mulching or packaging for 
agricultural applications.

Carded fibre sheets, with cotton and flax long fibre, were made by CIRAD which has an industrial 
carding machine (Task T04.01). With carded fibre sheets, it was not easy to obtain a homogeneous 
distribution of fibre in the composite. Then, it was tested also a Paper maker equipment to prepare 
short fibres non-woven fabrics.

Maria Cristina Inocenti (PhD student at CITIP/INTI) received, in December, 9-13, 2002, a specific 
training in FUSP institution (Brazil) to learn about the practical preparation of COTPROT from pellets 
(task T04.02).

Deviation of plan: protein extraction from pellets at pilot scale
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CITIP/INTI collaborated with CEIAL, a pilot plant of CITIP working in food industry field, to make 
the protein matrix of the composite. For equipment reasons, CITIP/INTI could not applied the 
COTPROT process in the pilot. It has been decided to extract cottonseed proteins, from pellets, 
according to a technology used to prepare soy protein isolates. A spray dried powder (SDP) was 
obtained containing 56.7 % (w/w, dried matter) of proteins, a low residual oil (2.5 %) and ash content 
(5.7 %). The SDP has been then called DPCOT to distinguish it from COTPROT. Under these 
conditions the extraction dried matter yield was very low (5 to 10 %).

The DPCOT was used to make composites with different types of fibers (cotton, jute, formie, silk, 
wax, hemp) in order to study the interaction between the protein matrix and fibers (task T04.03). It 
was tested the effect of chemical treatment, used to wash and eliminate pectin and lignin of plant 
fibers on the film properties. The fibers obtained after washing and alkaline treatments were analyzed 
by FT-IR and Scanning electron microscopy. Composite films were prepared by casting, using a non 
woven reinforcement prepared with a paper maker equipment, or by spread coating, in pilot plant 
equipment, using a impregnated fibre non woven. The reinforced films tensile mechanical properties 
(tensile strength, % elongation) were measured according to standard tests ASTM D 638, probes Type 
IV.
For the composite films reinforced with vegetable fibers, the maximum strength increased from 4 to 
28 Mpa as the fiber content increased from 0 to 36,3 %. With regard to the film elongation, all the 
vegetal fibers, mainly composed of cellulose, decrease drastically the film elongation whatever their 
nature. The increase in tensile strength and tensile modulus of the composites indicates a good 
interaction between the fibers and the DP COT matrix. In contrast to composites from synthetic 
polymers, such as polyethylene and polypropylene, no surface modification of the fiber is necessary in 
order to improve tensile properties. The SEM micrographs showed evidence of a good fiber 
interaction. In conclusion, formie probably gave better interaction with cotton protein due to its 
hydrophilic nature. This study leads to the project publication “films from cottonseed cake protein 
reinforced with natural fibers”. This article will be sent for publication at the end of the project. In 
comparison with the mechanical properties of a polyethylene, the composite materials, developed is 
this project, are strong enough. However, the elongation is too low to envisage an application as film 
for mulching. Work still needs to be done in order to develop a better formulation and process for fiber 
impregnation, and composite film fabrication at pilot plant scale, by spread coatings process.

At pilot industrial scale, a design and construction of spread coating equipment, similar to the one 
employed to fabricate PVC laminate, was done. The processing conditions were determined and the 
technical feasibility of a film, with large dimensions, at pilot industrial scale (task T04.04) was 
demonstrated. A film of 40 cm with and 1.5 meter long was obtained, with a film forming solution 
made with DPCOT, by this spread coating process. It presents a good surface quality, no tack, so it can 
be rolled and stored. These results are remarkable because it is the first time that a biodegradable 
film is obtained, by a wet technology, at pilot industrial scale, from cottonseed proteins. Using this 
technology, the mechanical properties of the film are nearly the same that with a lab casting process. 
They may be sufficient for mulching for manual application, and small productions areas. To give one 
idea, films obtained with the industrial pilot plant, from DPCOT, cross-linked by glutaraldehyde, have 
a maximum tensile strength of 4.5 Mpa and a maximum elongation of 84 %. We can expect 
improvement by using COTPROT (richer in proteins and reactive lysine than DP COT) to make 
films by spray coating.

2.4 Work carried out in Work Package N°5 (WP5): Thermomoulded and extruded materials 
Lead contractor : ARMINES/EMA (France)

The objective of the WP5 was to test the technical and economic feasibility of manufacturing 
biodegradable materials using low moisture processing techniques like extrusion and thermo-molding. 
Taking into account the complexity of raw matters, attempts have been made to understand the role of 
the various components of raw matters as well as the impact of processing conditions on the final 
properties of materials.
Three types of cottonseed raw materials (kernels, cakes partially defatted, cakes totally defatted) 
were analysed by CIRAD (task T05.01) to quantify oil, protein, amino acid, gossypol, cellulose and 
ash contents. The results highlight the complex composition of cottonseed kernels and cakes. The 
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presence of great quantities of seed coats and fibres in the initial raw cottonseed material may cause 
processing problems and may be prejudicial for the mechanical properties of thermo-moulded or 
extruded materials. To eliminate a part of seed coats and fibres, which may cause technical problems, 
ARMINES/EMA fractionated cottonseed kernel mixture and cakes, by grinding and sieving, into 
seven fractionated samples. The efficiency of sieving as a method of enrichment in proteins was 
confirmed by FTIR spectra, by image analysis and chemical analysis. The results indicated a 
significant decrease (about 50 %) of the seed coats in the kernel mixture after sieving.

The viscous-elastic behavior of different cotton cake fractionated parts was then studied (task 
T05.02) to highlight the cottonseed component’s influence on thermo-mechanical properties of raw 
materials in order to control the process conditions.
The viscous-elastic properties of all types of materials were analyzed with Dynamic Mechanical 
Thermal Analysis (DMTA) equipment. It was showed that the presence of lipids had a greater effect 
on the rigidity of materials than on the viscous-elastic properties. Preliminary experiments indicated 
that the thermo-mechanical properties of cottonseed flours are not affected by gossypol, although this 
component is able to cross-link proteins. Shells, that could represent up to 15 % of cottonseed cakes, 
do not affect the viscous-elastic behavior of materials but essentially affect the mechanical properties 
at large deformations.
To assess the effect of the plasticization route on the viscous-elastic properties, the plasticizing effect 
of glycerol, polyethyleneglycol and triethanolamine was compared. The viscous-elastic properties of 
compression moulded films plasticized or not were analysed by ARMINES/EMA. Glycerol and TEA 
contribute to strongly decrease the glass transition when they are added at 20% (w/w) whereas PEG 
200 has a limited plasticizing effect at this concentration. Plasticizing effects are related to molecular 
motions facilitated by the presence of intermolecular interactions involving hydroxyl groups. 
According to this argument PEG exhibits the less favourable conditions.

Processing parameters for cottonseed based materials have been studied using an internal mixer 
Haake Rheomix 3000 (task T05.03 and T05.04). Experiments were carried out with cottonseed cakes 
plasticized with glycerol. As a function of time, the viscous-elastic behavior of the materials remains 
the same at the first stage, just before the increase in torque, and at the final stage. The effect of 
rotation speed has for only effect to accelerate the kinetics of phenomena. The introduction of the 
plasticizer into cakes must be carried out at room temperature to prevent phase separation. It is 
preferable to prepare a pre-mix associating cake and a small quantity of water, a few hours before 
being mixed with glycerol. In these conditions, a homogenous plasticized paste is obtained and can be 
easily thermo-molded. To check the protein conformation changes, as a function of processing 
parameters, ARMINES/EMA used FTIR. Temperature seemed to have higher effect than pressure on 
this conformation change.

ARMINES/EMA characterized the film hygroscopicity (by water content determination, Water Vapor 
Permeability (WVP), contact angle measurement) and the mechanical properties of materials in order 
to determine the best processing conditions and potential applications for materials (Task T05.05). 
Water content and WVP depend both on the plasticizer type and content. For the same plasticizer 
content, films containing glycerol are more hygroscopic and are better plasticized (due to higher 
associated water content) than those containing TEA. It was showed also that a 10 % glycerol 
formulation leads to materials with high Young modulus (170 MPa at 56 % RH) and tensile strength 
(5.5 Mpa at 56 % RH) but too much low elongation at break (13 % at 56 % RH). The presence of shell 
more than 5 % (w/w, flour basis) decreases the mechanical properties of materials. The presence of 
lipids slightly reduces the water content intake and, paradoxically, increases the WVP of materials. 
The presence of lipids leads to heterogeneous films that exhibit a low cohesion and a high porosity. 
To improve the mechanical properties of materials, Polycaprolactone (PCL) was added at a small 
percentage in the cottonseed flour. The PCL decreases the hygroscopicity of materials. Water 
absorption is reduced by 50% with 20% of PCL. Considering the mechanical properties of cast films, 
PCL blends and plasticized flour-PCL blends exhibit satisfying behaviour. The Young modulus (22 to 
85 MPa) and the tensile strength (2 to 7.5 MPa) increase as PCL content increases (from 10 to 20 %). 
However, the elongation at break (near 15%) is not affected by the PCL.
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The processing conditions (screw profile, temperature profile and specific mechanical energy) 
are being studied with a twin screw extruder (task T05.06). At the exit of the die, plasticized cakes 
are cut into granules. The screw and heating profiles were studied in order to obtain cohesive 
plasticized cake/flour granules. After many tests, ARMINES/EMA succeeded to obtain granules 
comparable to those obtained with synthetic polymers. These granules, called “EMACOT” in the 
project, can be used to feed cast extrusion or injection molding machines. The higher 
performances, with cast extrusion, were obtained with EMACOT made from cotton flour (obtained 
after a solvent oil extraction). ARMINES/EMA succeeded to obtain, from this EMACOT, a film of 
controlled thickness, using a calendar. When EMACOT is made from cakes, 10 % of polycaprolactone 
are added to facilitate the process. . Films obtained under all these conditions are cohesive and not 
sticky. If performances of cast films containing PCL are not comparable to polyethylene, they could 
be acceptable for film applications such as films for mulching, cups for agriculture, packaging. 
ARMINES/EMA succeeded also in obtaining disks of plasticized EMACOT by injection molding. 
Injection molding is more adapted to cottonseed derivatives processing than extrusion. This is 
confirmed by the fact that plasticized cakes could be processed without adding polycaprolactone, as it 
was necessary in extrusion process.

An opportunity economic study was made by CIRAD (T05.07).The simulation indicated that, 
depending on the factors that could impact on the production cost, the EMACOT cost could be 
lowered down to US$ 0.78/kg or pushed to US$ 2.21/kg. The EMACOT production cost appears to be 
lower than prices applied for existing biodegradable plastics (US$ 4.92-9.84/kk for PLA, Mater-Bi or 
PCL).

The partners ARMINES/EMA and CIRAD demonstrated the technical and economic feasibility of an 
extruded cotton based product, the EMACOT. This product can be processed into films by cast 
extrusion, with PCL, or into mass pieces by injection molding, without PCL. Even if it contains PCL, 
the EMACOT product is competitive in comparison with other commercial biodegradable plastics. 
However, its industrial development will depend on the possibility to adjust its performance to 
expected and particular applications. It is why this promising research would continue, in 
collaboration with industry, to improve the material properties with regard to the market demand.

3.0 Conclusion
The project challenge was to produce competitive biodegradable materials directly from raw 
cottonseed derivatives by usual industrial technologies. Concerning wet technologies, a COTPROT 
(a new cottonseed protein concentrate) technology was optimized. COTPROT could be considered 
as a new biodegradable resin. The COTPROT by-product could also be valorized for animal feeding. 
Another technology was also experimented to produce a protein concentrate called DPCOT. The 
project demonstrated the feasibility, at pilot industrial scale, of films by a spray drying technology, 
This technology is probably the most appropriate to make films from COTPROT by wet technology at 
industrial scale. The technology of manufacturing the composites was specified and the formie and 
cotton fibers were retained for their capacity to increase the mechanical resistance of materials. The 
use of COTPROT to make seed coatings comparable to products already on the market is possible but 
not yet competitive. For a higher growth and more ambitious market, the researchers demonstrated, at 
lab scale, the ability of a film made from COTPROT to reduce the diffusion of insecticides in order to 
develop “active” seed coatings. The technology to transpose lab results to industry is not yet 
available and more knowledge is required. In spite of promising results, more industrial development 
is required to compete in seed coating industry. The researchers assumed that this innovated way 
needs to be pursued to develop “active materials” not only for seed coating industry but also in many 
other fields such as cosmetic or textile.
Concerning the low moisture technologies, technical feasibility of cottonseed delipidated flour 
extrusion was established. A competitive EMACOT (thermoplastic extruded biomaterial) in relation 
with PLA or PCL could be produced for mulching or packaging.
Most of the project objectives are reached. The results were presented at the final project work 
shop organized in October 20th, 21st, 2005, in Brazil. The processing of cottonseed derivatives could 
both call for stakeholders yet involved in agro-industries (ginners or oilseed crushers) and for plastics 
industry players. The current market for biodegradable polymers for films and bags, in Brazil and 
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Argentina, would represent 22 000 t and 50 000 t respectively. The production of cotton in these 
countries makes it possible to answer these markets.
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Consolidated scientific report

1. Introduction

The main objective of the project is to test develop new biodegradable materials for agriculture, at 
pilot or industrial scale, with cottonseed derivatives (cakes and kernels).
The main specific scientific objectives were to gain a better understanding of:

- The interactions between proteins and other non protein molecules related to the macroscopic 
properties of materials obtained with different processing conditions;
- The protein cross-linking impact on the materials properties and technologies parameters;
- The rheological properties and thermo-mechanical behaviour of cotton seed derivatives in order to 
choose the most appropriate low moisture processing technology to make materials;
- The film-forming and adhesive cotton seed proteins properties in order to make films by casting 
and composite materials with good mechanical properties ;
- The diffusion of active substances introduced in seed coating materials in order to adapt the 
technological process parameters to control the chemical release.

The specific technological objectives were:
- industrial pilot scale cotton seed processing technologies into thermoformed/extruded materials, 
composites and calendared materials for packaging and mulching;
- industrial cotton seed processing technology for seed coating;
- quantifying the economic and technical advantages and drawbacks of cotton-seed based 
biodegradable materials for industrials.

On a general point of view, biodegradable materials show considerable great potential as an alternative 
to short-life petroleum-based products. Biodegradability is their principal advantage. However, their 
development is limited by two main problems: their high cost and the weakness of some of their 
properties such as mechanical strength, high water sensibility and hard to control biodegradability.

Generally cottonseed is crushed to extract oil and produce cake. Cottonseed derivatives, such as 
kernels and cakes, show potential to make biodegradable materials because they have high protein 
content, they are produced in a large amount in the world (about 33 million metric tons) and they are 
by-products of the cotton industry with low commercial value. Because the price of cottonseed and 
cottonseed cakes is cheap (around 0.1 $/kg) we could expect to develop competitive biodegradable 
materials in comparison with the products which are yet on the market.
Many studies have explored the film-forming properties of proteins in order to make edible or 
biodegradable materials. Concerning the cottonseed proteins, the possibility of making biodegradable 
materials with cottonseed has been demonstrated at the laboratory scale by the CIRAD and its partners 
(1995-2001). Cottonseed proteins were cross-linked either by formaldehyde, glyoxal, glutaraldehyde 
or gossypol, which is a polyphenolic dialdehyde naturally present in cottonseed to improve the 
mechanical properties of films. The viscous-elastic behavior of cottonseed protein isolate, plasticized 
with glycerol, was also characterized in order to determine the temperature range within which 
cottonseed protein-based materials can be formed by extrusion or thermo-moulding. The total 
biodegradability of cottonseed based materials, obtained by casting after protein cross-linking or not, 
was established by the Sturm test.

The manufacture of biodegradable materials from renewable agricultural sources is a real challenge 
because of the difficulties to control all the process parameters (temperature, pressure, use of solvent, 
plasticizer, chemicals) which modify protein-protein interactions during the fabrication and the film 
properties. The presence of many non-protein compounds, as it is the case in cottonseed derivatives, 
makes it more difficult to understand the raw material process ability. This project explored here 
solutions to future technical and economic challenges. It concentrated on the core skills and experience 
on the consortium to provide a wide range of applications of cottonseed derivatives processing into 
materials of interest for agriculture.
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2. Activities

2.1 Overview of the project

Cottonseed derivatives contain proteins (film-forming agents) but also other compounds that interact 
with processing parameters during film fabrication. To adapt existing polymer processing technologies 
to make materials with suitable properties, we need to understand the chemical and thermo mechanical 
behavior of cottonseed derivatives.

The project focused on two types of industrial processing technologies:
Wet processes: casting, calendaring, spread coating, seed coating and fabrication of composites with 
plant fibres;
Low moisture processes: extrusion, thermo-molding

For wet processes, it was necessary to prepare a film-forming solution containing proteins such as 
film-forming agents. Two types of solutions were developed and called COTPROT and DP COT 
respectively. COTPROT was the starting point of research in 2 work packages:

- Work package 2 to improve the properties of films obtained by casting. The nutritional value of 
the solid residue from COTPROT fabrication was also studied in this work package.
- Work package 3 to test seed coating at industrial scale

The DP COT solution was used in Work package 4 to make calendared films (with WP2) and 
composites.
For low-moisture processes, more knowledge was required to understand relations between the 
proteins properties and their modifications in cottonseed derivatives under dry processing conditions. 
It was the aim of work package 5 to understand the structuring properties of proteins in a complex 
matrix and then to adapt extrusion and thermo-molding parameter technologies for cottonseed 
processing.
Once the research was carried out at laboratory, pilot industrial tests were undertaken to check the 
feasibility of COTPROT/DPCOT fabrication, laminated films, extruded films, composites, seed 
coatings. The physical and mechanical properties of the materials were measured to determine 
potential application. An economic feasibility of cottonseed processing into materials was also made 
to evaluate the market accessibility.
Researchers, economist, manufacturers tried to determine the extra value of the developed materials in 
comparison to those used at present.

The consortium consisted of 5 institutions:
CIRAD - Centre de coopération internationale en recherche agronomique pour le développement -

In charge of the project coordination (WP1), the chemical characterization of products, the 
economic study and the research on the COTPROT solution properties (gelling, crosslinking, 
chemical release, stability).

FUSP - Foundation for support to the University of São Paulo (Brazil) -
In charge of the WP2 research “calendared materials” on the COTPROT process optimization 
and study of the nutritional value of the COTPROT residue.

INCOTEC - Integrated coating and seed technology (Netherlands) -
In charge of the WP3 “seed coatings” and of the industrial test of cottonseed based seed 
coatings

CITIP/INTI - Centro de investigacion y desarrollo tecnologico para la industria plastica del instituto 
national de tecnologia industrial (Argentina) -

In charge of the WP4 “composite materials” and the development of composites and films 
ARMINES/EMA - Association pour la recherché et le développement des méthodes et processus 
industriels / Ecole des mines d’Alès (France) -

In charge of the WP5 « extruded and thermomoulded materials »
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2.2 Description of raw materials

The project partners decided to work with a large range of industrial cottonseed products to test a good 
representation of what is available on the market. The products which contain gossypol are called 
“glanded” due to the fact that all the parts of the cotton plant present gossypol gland. Some cotton 
varieties, called “glandless”, do not have gossypol gland. The glanded varieties are the most harvested 
in the world.
The FUSP (WP2) and ARMINES/EMA(WP5) used industrial raw cottonseed materials provided by 
the Brazilian group MAEDA, an industrial grain and seed cake producer who accepted to donate the 
raw materials free of charge (shipping costs are covered by the project). All these products, listed 
below, contain gossypol :

- Mixture of glanded cotton kernels is in fact made up of kernels and coats with linter (short 
cellulose fibers);
- Glanded cottonseed cake - 1 partially defatted: produced by pressing (initial and final 
temperatures of 90°C and 110°C, respectively, steam pressure 3-4 kgf/cm2 and residence time 
in the press 50-60 min);

       - Glanded cottonseed cake - 2 totally defatted: produced by pressing (under the above 
conditions) and then submitted to hexane extraction (60°C) and desolventization (85-90°C for 
60 min).

CITIP/INTI (WP4) used commercial cotton pellets, containing gossypol, provided by the Argentina 
Vicentin Company. Pellets were produced after cottonseed pressing to extract a part of oil (the 
temperature of expellers reached 90°C), residual oil extraction by hexane at 60°C from expeller cakes, 
desolventization of cakes at 90°C and cake granulation. Pellets were used to make the DP COT 
product.
CIRAD and INCOTEC (WP3) used freeze dried COTPROT made by FUSP.
Cotton protein isolate:
To study the role of interactions between protein and non proteic molecules in the macroscopic 
properties of processed material, it has been necessary to work with protein isolate that did not contain 
gossypol. A glandless cotton crop was sown by CIRAD on 2 ha in Brazil (Fasenda Morão) from 30 kg 
of glandless cottonseed (variety GL 165) in April 2002 in order to produce cottonseed without 
gossypol. One ton of glandless cottonseed was harvested in August 2002. A part of these seeds were 
sent to France to be defatted by CREOL. Defatted flour, kernels and seed coats were then sent back to 
CIRAD to be analysed. The defatted flour was used in the second year of the project, by CIRAD, to 
make cotton protein isolate. For that, the flour was dispersed in a NaOH aqueous solution (pH 10) in 
order to solubilize proteins. After centrifugation, floating products were brought down to pH 4.5 by 
adding chlorhydric acid. The solution was frozen to induce protein precipitation. After centrifugation, 
the bottom was freeze-dried.
Carded fiber sheets :
Fiber sheets are used by CITIP/INTI to make composites. Hemp short fibres of 6 mm length was 
purchased from LCDA (rue Général de Gaulle F10200, Bar sur 1’Aube, France), formie fibres of 5 
mm length were locally provided, carded fiber sheets were prepared, from cotton and cotton- 
cottonised linen mixtures, at the CIRAD lab (28 mm, 10 g of fiber / m2) and jute long fibre were 
provided by CIRAD.

2.3 Characterization of raw cottonseed materials

The characterization of raw cottonseed material was the first step to research of WP2, WP4 and WP5 
(tasks T02.02, T04.03, T05.01). The composition of each raw material used by partners is given in 
table 1.

2.4 WP2 “calendared material” activities

The WP2 was initially responsible for producing materials by calendaring or laminating. To make 
these materials, it is necessary to use a film-forming solution, containing proteins, as film-forming 
agent.
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Table 1: Composition of the raw materials used by each partners

Analysis Flour
Used by 
FUSP 

% (w/w, dry 
matter) 

(2)

Cake 1 
Used by CITIP 

% (w/w, dry 
matter) 

(3)

Cake used by 
ARMINES/ 

EMA 
% (w/w, dry 

matter) 
(4)

COTPROT 
Used by 

INCOTEC 
(5)

DP COT
Used by 

CITIP/INTI 
% (w/w, dry 

matter) 
(3)

Protein 33(1) 40.8 32.9 (0.5) 56.4 (3.9) 56.2
Lipids 35.1 (0.6) 6.6 10.2 and 0.9 5.9 (3.0) 2.5

Raw cellulose 3.1 (0.9) 19.9(1.6)
Ash 4.5 (0.2) 9.2 - 5.7

Free gossypol 1.14(0.15) About 0 0.02 (0.01) 0.04 (0.01) About 0
Total Gossypol 1.50(0.17) 0.3 0.89 (0.18) 2.04 (0.51) 0.6
Total sugar (1) 8.4 (0.3) 6.78 (0.4)

Reactive lysine (2) 1.1 (0.1) 0.85 (0.08) 0.79 (0.06) 1.92 (0.20) 1.35
( 1 ) Glucose, fructose, raffinose, stackyose
(2) Analysis of 6 different cottonseed flours. The flours were produced as follows. The mixture of 
glanded cottonseed kernels and seed coats was quench cooled before grinding using a knife mill and 
sieved at 600 μm..
(3) Analysis of 1 lot of cakes (August 2003) and of DP COT
(4) Analysis of 2 different lots of cakes (one totally defatted and one partially defatted)
(5) Analysis of 8 different COTPROT

Training in CIRAD (France) of FUSP to learn about cottonseed based material processing (Task 
T02.01)

Paulo Sobral, Head of WP2, received in the CIRAD lab in France, from 3 to 14 December 2001, a 
specific training about the elaboration of protein films of cottonseed kernels (Milestone M02.01).

Optimization, by FUSP, CITIP/INTI and CIRAD, of the COTPROT solution fabrication (Task 
02.02)

Optimizing the COTPROT solution fabrication means to find the best conditions to extract proteins 
from raw cottonseed material with a good yield. According to the chemical composition of the raw 
cottonseed flour used by FUSP (table 1) and to the characteristics of cottonseed proteins, the best 
dispersion conditions referred to an aqueous solvent at alkaline pH.
A first work consisted of a statistic study (Placket and Burman) to define the other important factors of 
the protein dispersion and the parameters that could be constant in all the experiments. Eight factors 
(with levels) studied according to this screening methodology were the following: flour/water ratio (20 
and 40%); dispersion pH (8 and 10); dispersion temperature (25 and 60°C); duration of thermal 
treatment (30 and 60min); particle size (<0.3 and 0.42-0.60mm); type of alkaline agent (TEA and 
NH4OH); centrifugal force (500 and 1500g) and centrifugal duration (5 and 15min). The dependent 
variables were related to quantitative aspects, such as dry matter yield; protein extraction yield, dry 
residue yield and COTPROT protein content. After statistical analysis, when all data of each 
dependent variable was available, it could be observed that the COTPROT protein concentration was 
influenced by four factors: the centrifugal duration, the flour/water ratio, pH, and temperature. So, the 
parameters chosen to optimize the COTPROT process were the pH, temperature and flour/water ratio. 
The other parameters were fixed as follows: the particle size <0.425 to avoid a liquid absorption 
problems; TEA as alkaline agent, because ammonium can affect film quality; time of agitation of 30 
minutes; and centrifugal conditions of 1500 g/15 min. Also, the maximum flour/water ratio decreased 
to 25 % was chosen to avoid liquid absorption problems.
Secondly, the response surface methodology was used to optimize COTPROT by studying the 
influence of pH; temperature and flour/water ratio (independent variables) on cottonseed kernel 
dispersion, using a factorial 23 central composite design. The parameters measured were protein 
concentration; protein extraction yield, dry matter yield; dry residue; viscosity and color parameters. 
Statistical analysis was done using software Statistica for Windows (StatSoft Inc.). The results 
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obtained with all essays according to the surface response methodology are in the WP2 report. The 
optimized procedure is summarized in Figure 1 (M02.06, D02.01, see annexes).

Nutritional value of the COTPROT residue (Task 02.03)

The objective was to explore the nutritional potential or the COTPROT residue in order to better 
valorize this product for animal food stuff applications.
A complete analysis of the chemical composition of the COTPROT residue was made by CIRAD and 
FUSP. It revealed that the product contains at least a great protein and lipid content (Figure 1). It is 
very rich in iron and zinc. It contains also an important level of cellulose that can be a drawback to 
feed some species of animals. The nutritional value of the product was studied by FUSP on rats. Three 
diets containing COTPROT residue were compared to a control containing casein, as a reference 
protein, used instead of the COTPROT residue. The results of the biological assays (protein efficiency 
ratio, alimentary efficient ratio and growth) suggested a good overall nutritional value.

Figure 1: Summary of the optimized COTPROT fabrication at laboratory scale 
(M02.06, D02.01, USP, CR2, Brazil)
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The main problem encountered was a moderate intake for the COTPROT residue based diet, probably 
due to a preference for the casein diet. Biopsy made on the animals did not revealed toxicological 
problem. FUSP recommends using COTPROT residue for ruminant and non ruminants as a source of 
energy and, to improve the diet intake by the animal, to add flavoured compound in the food stuff 
(D02.02, see annexes).

Improvements of COTPROT formulations with regard to potential processing (T02.04)

The objective of this task was to improve the properties of materials made from COTPROT in relation 
with its expected uses. The first step was to understand how COTPROT works and to evaluate its 
potential to make seed coating, films by casting and composites material. The second steps was to 
determinate the processing parameters to make materials from COTPROT at pilot industrial scale 
(choice of plasticizers, of crosslinking agent, of physical and microbiological stabilizers). Among the 
main processing parameters to be taken into account, the solution viscosity, the type of plasticizer and 
the microbiological control were very important points of research. All the research results are given 
in details in WP individual reports and deliverable reports (see annexes). We will report here only the 
main results.

The freeze dried COTPROT (FD-COTPROT) solubilization: INCOTEC used FD COTPROT to 
make seed coatings. CIRAD studied the parameters affecting the FD-COTPROT solubilization in 
water with regard to the viscosity of the solution. Whatever the FD-COTPROT concentration 
(between 10 to 22.5 %, dry basis) nearly the totality of freeze dried COTPROT can be solvated in 
water, at pH 9 to 10, after 30 min of mixing at room temperature. The viscosity increased 
exponentially with the FD-COTPROT content at a given pH and is lower at pH 10 than at pH 8 or 9. 
However, the solubilization of FD-COTPROT could lead to different viscosities according to the 
shearing effect of mixer shape or the rotation speed.
The cotton proteins cross-linking, in the film forming solution, by glyoxal or glutaraldehyde, is a 
mean of improving the mechanical properties of films. This reaction involves free reactive lysine 
groups of cottonseed proteins. It leads to the formation of covalent bridges inter and intra molecular 
between the protein chains and causes an increase in the apparent viscosity of the film-forming 
solution. CIRAD and FUSP demonstrated that 100 % of available lysine in the COTPROT solution at 
pH 9 reacted with glutaraldehyde and glyoxal at a respective crosslinking agent/reactive lysine molar 
ratio equal to 3 and 10. However, more investigation made by CIRAD showed that these theoretical 
values have not significance with the real gelling behaviour of the solution.
All the factors having an influence on the reactivity of proteins, their interactions, the kinetics of the 
reaction of cross-linking, will act indirectly on the viscosity of the film forming solution. CIRAD 
studied the effect of pH and glutaraldehyde or glyoxal content on viscosities and gel formation.. 
Times of reaction of 16 and 24 h, in the solution, were respectively fixed in order to be certain that the 
reticulation is finished. The results indicated that the viscosity solution increases exponentially as a 
function of COTPROT % and cross-linking agent/reactive lysine molar ratios until the formation of a 
gel. For each pH and cross-linking agent, it was represented, on a graph, the limit conditions 
(COTPROT %; Cross-linking agent/reactive lysine molar ratio) that lead to the gel formation. We 
called this limit, Gel Formation Limit (GFL). It depends on the COTPROT concentration in film 
forming solution (w/w), the pH, the molar ratio between reactive lysine and cross-linking agent, the 
type of cross-linking agent, the temperature, the time of cross-linking reaction and the plasticization 
conditions. The GFL is a very important parameter by what it determines the conditions from which it 
is not possible any more to process the COTPROT film-forming solution. It decreased with increasing 
COTPROT concentration in a non-linear way and it occured at different cross-linking agent/reactive 
lysine molar ratio according to the pH and to the nature of the protein crosslinking agent (see CIRAD 
reports, third year). Whatever the pH and the COTPROT %, the glutataraldehyde is more efficient 
than glyoxal to increase the film-forming viscosity. With glutaraldehyde, it is easier to carry out the 
reaction at pH 10 than pH 8 to prevent gelling and to have a larger molar ratio to adapt the viscosity. 
Temperature and plasticization were also demonstrated to be critical on cross-linking by glyoxal due 
to their action on the molecular mobility inside the solution. Films cross-linked with glutaraldehyde 
presented a yellow brown colour and opacity significantly higher than the films treated with glyoxal. 
These films can be considered as high barrier to light.
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The use of thickening agents: The polyvinyl alcohol (PVA, 0.5 % / 100 g film forming solution) was 
tested by CITIP/INTI to increase the COTPROT solution viscosity in addition or substitution of any 
cross-linking treatments.
Choice of a protein plasticizer conjugated to the protein cross-linking treatment: Polyols are 
currently used due to their aptitude to interact with protein, through hydrogen bounds, and increase the 
molecular mobility inside the protein network. FUSP compared the plasticizer effect of seven polyols 
(ethylene glycol, propylene glycol, glycerol, diethylene glycol, sorbitol, polyethylene glycol 300 and 
polyethylene glycol 400) on films obtained after a crosslinking treatment by glyoxal or glutaraldehyde. 
The acceptable plasticizer content ranged between 20 to 40 % (w/w, COTPROT dry matter). Films 
prepared with 10 % of plasticizers are too brittle and at a content superior to 40 %, the plasticizer 
exudates. In the domain of plasticizer content studied, the ethylene glycol could be considered as the 
best plasticizer because it produces films with interesting characteristics and with the lower properties 
change as function of its concentration (results not indicated here). However, the glycerol is the more 
efficient agent to decrease the temperature of glass transition (WP2 report, second year report).
Dynamic mechanical analyzer measurement: independently of the type of plasticizer and the cross
linking agent (glyoxal or glutaraldehyde), the storage modulus was higher than the loss modulus 
indicating that the COTPROT films have a solid viscous-elastic character.
Differential scanning calorimeter measurement: Independently of the type of plasticizer and the 
cross-linking agent (glyoxal or glutaraldehyde), it was observed two glass transitions temperature 
indicating a phase separation. Furthermore, for the second scan it was verified that the endothermic 
peak related to the crystalline fraction disappeared. The first transition was observed between -29 and 
-32.7°C (first scan) and the second transition was observed at a range of 5 to 56.1°C. The melting 
temperature increases with a concomitant increase of plasticizer molecular weight and decrease with a 
concomitant increase of plasticizer concentration.
Choice of a stabilizer agent and determination of stabilizing conditions. At industrial scale, it 
could be necessary to store COTPROT solution during a few months before processing. A COTPROT 
solution can show a slight phase separation after 24 h of storage at room temperature but it was shown 
by FUSP that the phase separation does not affect the film forming properties of the solution (after 
mixing). CIRAD observed that without biocide, the uncross-linked COTPROT solutions whose pH is 
near to 7 are rapidly spoiled by microorganisms, only after 1 or 2 days. During the solution 
degradation it was noticed a decreasing of pH, from 7 to 4.5, a gelling with a phase separation and a 
color change from brown to yellow. At higher pH, the microbiological stability is better. These 
results were confirmed later by FUSP. INCOTEC and FUSP tested different biocide to preserve the 
solution without alteration of thm and propyl parabene (0.06 /100g COTPROT ) can be stored up to 
60 days without damage. Methyl and propyl paraben do not interfere with the protein crosslinking. 
Zincpyrithione (0.25%), tested by INCOTEC (see WP3 report), kills quickly all bacteria, fungi or 
yeasts but it can react with reactive lysine. Benzisothiazolone methylisothiazolone (BIT/MIT) is 
efficient to preserve the solution at least during 7 days and does not react with lysine. The use of 
formaldehyde (0.1 %, w/w COTPROT dried matter) is also a mean to preserve the COTPROT 
solution. Under these conditions, a COTPROT solution can be storage during 6 months.

COTPROT process ability at small industrial scale (T02.05)

The feasibility of the COTPROT process at industrial scale was established by an experimentation 
carried out by FUSP and CITIP/INTI. The yields and technical data are presented in the D02.01 
report. Basically, the process is based on mixing 21.0 % of cottonseed flour, 4.0% of triethylene 
amine, (TEA) and 75.0 % of water to obtain a dispersion solution which leads to COTPROT solution 
(26° Brix) with a processing yield of 23% The production capacity is 691.24 kg/hour. This experiment 
served to estimate a cost of the fabrication process (T02.06).

The first studies made at pilot industrial scale by CITIP/INTI and FUSP showed that it is very difficult 
to obtain, from a COTPROT solution, a plastic paste presenting the desirable properties to feed 
directly a calendar. An alternative was found by using a high viscous COTPROT solution and process 
it as the vinyl plastisol system, using a spread coating process. A prototype machine was built and 
used to determine the main technical characteristics required to make films from COTPROT. Then a
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complete spread coating equipment, working at pilot industrial scale, was built by the CITIP/INTI 
team (see WP4 results and reports).
Within this task, the FUSP studied The FUSP studied the COTPROT solution drying conditions 
and the impact on films properties to adapt the COTPROT solution properties to the Spread coating 
technology. Films were produced after crosslinking with glutaraldehyde and plasticized with glycerol 
at three levels according to the usual formulation (D02.01, WP2 second annual report). They were 
dried at 60, 70, 80, 90 and 100 °C and the film puncture force and elongation measured. The drying 
kinetic was followed by weighing the films at constant intervals times. Under the conditions of the 
experiment, the drying of films requires more than 1 hour. The CITIP/INTI and FUSP selected a 
silicon paper, the Desmolgraft (Havir, Brazil) that makes easier the film peeling after the COTPROT 
solution drying. A temperature of drying, ranging between 60 and 80°C, does not affect the 
mechanical properties of films, excepted for the elastic modulus which increased with the drying 
temperature increment. FUSP also demonstrated that films (cross-linked by glutaraldehyde and 
plasticized by glycerol, or ethylene glycol or diethylene glycol) are less resistant and higher 
extensible when produced by spreading techniques than casting. The casting and spreading 
technologies may lead to films with different mechanical performances related to possible 
morphological alterations and different molecular orientation during spreading.
Another way could be to process the COTPROT product under a solid dried form. The Tan delta peak, 
determined by ARMINES/EMA with a Ares rheometer, of a plasticized COTPROT film with 20 % 
of glycerol (w/w, dried matter) is around 95 °C. Thermocompression tests showed that films are 
easily obtained from plasticized COTPROT. The COTPROT dried product could be also considered as 
a thermoplastic resin. However, the limiting factor to develop this technology will be the cost to dry 
the COTPROT solution.

Economic studies (T02.06)|

The cost production of the COTPROT solution (see the CIRAD economical report, DO2.04 in 
annexes) from the process developed by the WP2 partners (D02.01) was estimated. The production 
cost of a COTPROT solution containing at least 26 % of dried matter amounts up to US$ 1.73/kg. If 
we assume that 1 kg of COTPROT solution gives 0.3 kg of film, while 1 kg of polyethylene (PE) resin 
give more or less 1 kg of film, we need to compare the cost of 3 kg of COTPROT solution (around US 
$ 5.2/kg) with the price of 1 kg of PE resin (USS 1.50). In this case, COTPROT is showing the same 
price disadvantage than most of the existing biodegradable plastics and even less competitive than 
Polylacticacid (PLA) which is considered to be the best technical and economic compromise among 
existing biodegradable plastics to compete against PE (price forecasted at USS 2.5 - 3.0/kg). CIRAD 
made a sensitivity analysis, taking into account the factors which impact the most on the production 
costs (exchange rate, ratio of self-financing, costs of the production equipments, of TEA and of the 
technology transfer). The simulation indicates that the production costs could be lowered down to USS 
0.89/kg or pushed to USS 2.71. The lowest production cost is obtained when investment is totally self
financed. Under this situation, production cost could be close to the one of PLA in film production. On 
another side, this cost could be reduced considering the use of by products as animal feed.
On a technical point of view, the industrials tests made by CITIP/INTI showed that the mechanical 
properties of films made by the spread coating technique are probably not yet good enough to compete 
with polyethylene for mulching application at large scale (mechanic application in fields) but can be 
used at small farmer scale. Films can be also used for other applications such as films and bags.

Problems encountered: impossibility to carry out the field tests
WP2 and WP4 partners could not proceed to the fields tests because they spent a lot of time to 
overcome many technical problems before succeeding in the industrial fabrication of the film (control 
of the solution viscosity without gelling, microbiological stability, process ability by usual calendar or 
extrusion). After many experiments it was decided to use a spread coating machine adapted to the 
COTPROT solution. A special spread coating machine was built for the project and only available to 
carry out the film fabrication in May 2005. After that the researchers had to test and adjust the 
process parameters. The duration of the planed field tests was 5 months, so too long to be applied 
before the end of the project.
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Conclusion of the WP2 activities
The FUSP results associated to other partners’ work lead to all the deliverables achievement. An 
optimized COTPROT formulation was developed (D02.01) for testing at industrial pilot scale. Due 
to its nutritional value and the non toxicity, the COTPROT residue can be used into food stuff for 
animals (D02.02). Biodegradable films were produced at pilot industrial scale with a spray drying 
equipment (D02.03). Although it was not possible to test the film mulching application under real 
conditions, we think that it would be suitable to improve some of the mechanical properties of films 
(such as elongation and tensile strength) to facilitate the installation of the film by machines in the 
field. However these films can substitute other biodegradable materials for other applications such as 
plastic bags for agriculture. The price competitiveness of COTPROT depends on a lot of many 
economic factors (D02.04) which were identified. With the best stimulation, the COTPROT solution 
could compete with PLA. On a more academic point of view, the WP2 results contributed to the 
knowledge about the processing by wet technologies of raw cottonseed materials. The main results on 
film plasticizing and cottonseed protein crosslinking were presented to the final workshop of the 
project and will be published in 2006 (D02.05).

2.5 WP3 “seed coatings” activities

The overall objective of this work package was to study the most suitable COTPROT formulations for 
seed coating and evaluate their potential competitive advantages over existing seed coating 
formulations. In this WP there are two goals which could serve a separate function. The first and most 
important one is to create a film coating with adjustable release properties by means of protein 
cross-linking. This would really give value to a film coating and distinguish it from a simple 
commodity agronomics film coating which already exists on the market. To adjust the release 
properties of seed coatings we need to be able to control the protein cross-linking reaction at industrial 
scale. The second far less valuable goal, is to formulate a COTPROT film coating for the 
commodity film coating market with added value in the standard film coating properties or, 
preferably, the cost.

Training of INCOTEC by CIRAD and testing of the phytotoxicity of COTPROT (T03.01)

Paul Klemann, from INCOTEC, made a training at the CIRAD Lab on 4-5 November 2002 to learn 
about the fabrication of the COTPROT solution and protein crosslinking and plasticizing treatments 
(M03.01).
INCOTEC tested the phytotoxicity of COTPROT formulations. According to an INCOTEC standard 
test, COTPROT, glyoxal, glutaraldehyde and glycerol (the main components of the seed coatings) are 
seriously to highly phytotoxic and that Sorbitol and PEG-300 are less phytotoxic than glycerol (as 
plasticizers). However germination tests carried out with coated com seed, brassica and cottonseed 
coated with crosslinked and non crosslinked films revealed that apparently the quantity of phytotoxic 
materials that enters the seed is too low to cause real damage.

Influence of plasticizer type and level and crosslinking on filmcoating properties (T03.02 and
T03.03) 

In this task, INCOTEC wanted to get insight in the effect of plasticizer type and level and crosslinking 
level on the release of insecticide. We chose different commercial pesticides according to their water 
solubility. Gaucho is very low water soluble, Cruiser more water soluble and Orthene very high 
soluble. INCOTEC compared the effect of three plasticizers (sorbitol, glycerol, PEG 300) used at two 
levels (10 and 20% on COTPROT dried matter base), combined with two protein crosslinking 
treatments, with glyoxal (10, 20 and 30 mol/mol reactive lysine) and glutaraldehyde (3, 6 and 9 
mol/mol reactive lysine) on the pesticide release of two products (Marshal and Orthene,). These 
pesticides were used at conventional dose in presence of thiram, a fungicide (see WP3 report).
The result revealed that the release slowering by crosslinked was insufficient, perhaps because the 
reaction was not complete. Not all the reactive lysine groups were consumed in the reaction. 
Glutaraldehyde was confirmed as the more reactive agent and may have more potential for 
inducing slow release. However, it will be demonstrated later that it is easier to control the
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solution viscosity (to prevent gelling during the industrial process) with glyoxal (see CIRAD 
report). Then glutaraldehyde will be discarded because of a number of disadvantages amongst which 
serious toxicity and uncertainty about functionality and reactivity due to self-polymerization.
Glycerol is the most effective plasticizer because it gave the most flexible films.

Crosslinking tests with glutaraldehyde at different levels for Cruiser and Gaucho release. The 
glycerol content was fixed at 20%, the COTPROT concentration raised to 15 % and glutaraldehyde 
was used as cross-linker in 3 and 9 mol/mol reactive lysine. No fungicide was used. Immediately after 
mixing in presence of glutaraldehyde, the mixture came very close to gelling. The release was again 
quick and without differentiation. Cruiser is significantly quicker released than Gaucho.
Unfortunately, another experiment confirmed the difficulty to control the protein cross-linking 
reaction.
The circumstances which influenced the reaction such as temperature, concentration, presence of 
plasticizer or not, mixing time after adding the cross-linker, gelling limit for the respective cross
linkers in relation to COTPROT concentration etc. were all unknown. INCOTEC did not have the 
means and the expertise to investigate all this. Therefore the project coordinator proposed to extend 
the project one more year.

=> Deviation of plan:

In year three CIRAD investigated the crosslinking reaction deeper and found proof that release 
slowering and adjustment is indeed possible. In year 4 INCOTEC should continue the work on release, 
if enough proof was found that the crosslinking was under control and could slower the release.

The CIRAD work focused on two main points:
- The study of the influence of multiple factors on the viscosity of film forming solutions 
subjected to a treatment of crosslinking. The results are given in the paragraph concerning 
the optimization of the film-forming solution (WP2) and in the CIRAD report. It has been 
shown that viscosity and therefore cross-linking and gel formation were highly dependent on 
cross-linker and ratio, pH and COTPROT concentration. Temperature and glycerol were also 
demonstrated to be critical on cross-linking with glyoxal. The cross-linking of COTPROT 
solutions appeared to be the result of various and complex phenomena which are not yet 
characterized. CIRAD established the viscosity diagrams of cross-linked solution as a function 
of pH, COTPROT concentration, crosslinker type and ratio (in relation with the reactive lysine 
content in the solution). The viscosity increased, according to the molar ratio. However, each 
cross-linker (glyoxal or glutaraldehyde) led to a contrasted situation because of their different 
reactivity and structure according to the reaction conditions. These diagrams are very useful to 
show how the viscosity of the film forming solutions is influenced according to the pH, the 
COTPROT and cross-linking agent concentrations, and the presence or not of plasticizer. All 
the results were then discussed within a mission of CIRAD at INCOTEC in January 19 and 
20th 2005. A new work plan for CIRAD was established, after choosing a value for the main 
process factors, in order to test the release properties of COTPROT based films.
- Controlled release properties of COTPROT based coatings. The aim of the work, carried 
out during the fourth year of the project, was to evaluate if cottonseed proteins could be used 
for the development of biodegradable delivery systems and active seed-coatings in particular, 
assuming that the protein matrix could play the role of a reservoir and that protein cross
linking and plasticization should significantly influence the release. The results are given in 
the CIRAD report. In a first step, the evaluation was based on kinetic studies of imidacloprid 
(active substance of the commercial insecticide Gaucho® of Bayer society - content: 
70%/DM) release in water from cottonseed proteins-based films obtained in various 
conditions. In a second step, the best formulation was applied to a standard industrial seed
coating process (WP3 report), and followed by release tests on coated pelletized seeds. Finally 
a comparison between COTPROT-based formulations and industrial film-coatings was made. 
It was demonstrated, with the COTPROT based film/imidachloprid systems, that 
COTPROT based formulations could be used to reduce the pesticide release with a great 
influence of cross-linking treatments (tested with the glyoxal) and slight effect of 
plasticizer (glycerol or ethylene glycol). The release kinetics data fitted very well with the 
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model of Ritger-Peppas’s . The mechanisms of release were explained from the equation 
parameters of the model. Unfortunately, the release tests realized from the industrial 
palletized seed were unsuccessful (see WP3 and CIRAD report). We did not observe a lot of 
difference between the pesticide release speed of the crosslinked and uncrosslinked 
COTPROT seed coatings and COTPROT systems were less efficient than the best commercial 
reference. However CIRAD confirmed that it is not due to a problem of formulation. Films 
with the same pesticide content were made with the COTPROT based film coatings provided 
by INCOTEC and, as expected, a slowest release was obtained with the COTPROT 
crosslinked film coatings.

The question remains why the release results on seed are so different from the results obtained 
by CIRAD with films. CIRAD and INCOTEC formulated several hypotheses and plan to continue 
the investigation. It could be supposed first that the industrial coating and drying process used by 
INCOTEC did not allow a sufficient cross-linking of proteins and secondly, that the low thickness and 
the fast drying of the coating may influence its molecular structure. In making the free films, 
COTPROT based solution were poured in dishes, allowed to dry slowly. The film thickness is 
comprised between 200 and 300 pm. During the slow water evaporation, the protein and crosslinking 
agent content in the solution increase but the molecular mobility in the solution could allow the 
crosslinking reaction, during a long time. On the other hand, the industrial drying process is rapid (2 
hours) and the thickness of the film around the seed is very low.

Secondary goal: COTPROT as agronomics commodity binder (D0301/D0302)

INCOTEC tested in first instance raw material compatibility, stability and visual quality as a film 
on paper in a complete filmcoating formulation. Further, INCOTEC investigated if COTPROT had 
added value in dustiness and visual quality in combination with insecticide on seed compared to 
comparable standard agronomics binders used in our filmcoatings.

Raw material compatibility and stability: Two complete COTPROT filmcoating formulations were 
mixed as analogous INCOTEC standard agronomics filmcoating L203 (see WP3 report). 
Unfortunately INCOTEC met difficulties due to an inexplicitness high viscosity of the COTPROT 
solution. We assume that these difficulties came from a bad batch of COTPROT (too old or damaged). 
Finally INCOTEC reduced the COTPROT concentration from 20% to 15%. In these crosslinked 15% 
COTPROT solutions no problems were encountered when mixing in the several filmcoating raw 
materials. The solution viscosity seems to be decreasing in time. However INCOTEC thinks that a 
formulation optimization may reduce this problem. No microorganism growth was noticed.
These filmcoatings gave good visual quality films on paper cards (Penopac of the Leneta Company). 
The color is a bit darker than of INCOTEC filmcoating L203 due to the strong color of the binder at 
pH 10.

COTPROT film coating tested on added value with insecticide on corn seed: The important 
performance criterion is the solids binding capacity. The better the binding capacity, the less dusty 
insecticide coated seed. INCOTEC compared three film coatings, made with crosslinked or 
uncrosslinked COTPROT, with their respective INCOTEC counterparts L200 and L203 (see WP3 
report). The five film coatings were applied, with the insecticide Gaucho, on com seeds with an 
industrial rotostat and dusty tests were carried out according to industrial procedures. The results 
showed (see WP3 report), that in all samples except one the INCOTEC performs better. This one 
sample is the medium binding uncrosslinked COTPROT film coating with Gaucho compared with 
L203. The three medium binding film coatings (A6.5705, A5.5706 and L203) in general release too 
much dust in this test. Further we can see that crosslinked COTPROT performs worse. This is not 
illogical as we noticed earlier already, that glyoxal crosslinked COTPROT is more brittle than 
uncrosslinked COTPROT.
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Economie study (see D03.04 report and CIRAD economic study):

INCOTEC gave us a very interesting study about the economic feasibility of COTPROT film coatings 
based on the INCOTEC skill and from the economic evaluation of the COTPROT production cost 
made by CIRAD.
The agronomics seed market is a low value high volume. At the moment the raw material price for a 
commodity agronomics binder ranges from about €0.95/kg to €1.20/kg at a solids percentage of 50%. 
Assuming a price of €1.05/kg for the standard commodity binder the lowest COTPROT production 
cost price ($1.07/kg = €0.91/kg) is already 67% higher than of the standard commodity binder price, 
calculated on solids. It would not be a problem if COTPROT had the same or better binder capacity 
those standard binders. The dusty tests indicated that COTPROT has not yet the same capacity binding 
performance that references. A standard binder cannot be replaced with the same value in COTPROT. 
In addition, other production costs should also be considered, bound to transport, handle and mixing 
times (during the preparation of the film coating). The break-even period for the COTPROT producer 
will extend over a very significant number of years, even in the most favorable scenario.

Conclusion on the WP3 activities
The project partners made a great work to understand the influence of many seed coating production 
factors on the COTPROT process ability as binder or as adjustable release system.
Formulating an agronomics commodity film coating based on COTPROT as binder is in itself 
technically feasible. No incompatibilities with standard film coating raw materials were found, except 
for one standard biocide. Also INCOTEC did not see any stability problems during a 6-month test. 
The formulation can technically be optimized on the point of viscosity / thickening agent and 
microbiological stabilization. However, the COTPROT binding capacity performance is below the 
level of comparable standard INCOTEC film coatings at the same raw material price level. According 
to the actual commodity agronomic binder market and to the CIRAD and INCOTEC economic 
studies, COTPROT is not yet competitive as well as on a technical point of view than on an economic 
one.
Standard commodity filmcoating binders and filmcoatings based on those binders perform far better in 
creating slow release than COTPROT or COTPROT based complete filmcoatings. Adjustable 
release seems to be not feasible, as there is already very little release difference between 
uncrosslinked and crosslinked COTPROT filmcoatings made at industrial scale. INCOTEC see no 
options for improvement. The CIRAD opinion is that to make clear these questions, additional 
experiments would be done at laboratory scale in particular on the influence of film thickness and the 
drying conditions of films. Moreover, electron scanning microscopy could be helpful to highlight any 
difference in the structure of films. At industrial scale, it could be interesting to test other coating 
processes or to adapt the current one in order to take advantage of the release properties of 
COTPROT-based formulations. Lastly, new ways could be also intended to improve the controlled 
release of cottonseed proteins-based systems such as, for instance, the use of high molecular weight or 
amphiphilic plasticizers or the hydrophobation of proteins. Unfortunately there was no time left to 
investigate these options.
We assume that if the COTPROT release system for seed coating is not yet available for the industry, 
the research in this field still continue its efforts. The results obtained by the project partners on the 
characterization of COTPROT products with regard to protein crosslinking treatments and release 
incontestably advanced the state of our knowledge. They will lead to scientific publications (D03.04).

2.6 WP4 “Composites materials” activities

The main objective is the fabrication of composites materials with a matrix of cotton seed proteins 
reinforced with plant fibers. To do that, it was planed to impregnate carded fiber sheet with a film 
forming solution.

Preparation of carded fiber sheet (Task T04.01)
Carded fibre sheets, with cotton and flax long fibre, were made by CIRAD which has an industrial 
carding machine. These samples served CITEP/ENTI (CR4) to study the effects of fibres on the protein 
matrix properties.
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With carded sheet, it was not easy to obtain a homogeneous distribution of fibre in the composite. 
Then, it was tested also a paper maker equipment to prepare short fibres non-woven fabrics.

Training with USP about COTPROT preparation (Task T04.02)

Maria Cristina Inocenti (PhD student at CITIP/INTI) received, in December, 9-13, 2002, a specific 
training in FUSP institution (Brazil) to learn about the practical preparation of COTPROT from 
pellets. The pellet/water dispersion was optimized in order to have the best protein extraction yield: 
200 g/1, 57°C, pH 10.

→ Deviation of plan: protein extraction from pellets at pilot scale

CITIP/INTI collaborated with CEIAL, a pilot plant of CITIP working in food industry field, to make 
the protein matrix of the composite. As it has not been possible to use volatile bases (such as TEA) in 
the pilot, CITIP INTI decided to extract cotton protein with NaOH at pH 10 or 9. Then the cotton 
protein are precipitated at their pHi (around 4.5), washed, separated and dried. All the process is 
described in the D04.02 (see annexes). A spray dried powder (SDP) was obtained containing 56.7 
% (w/w, dried matter) of proteins, a low residual oil (2.5 %) and ash content (5.7 %). The SDP has 
been then called DPCOT to distinguish it from COTPROT. Under these conditions the extraction 
dried matter yield was very low (5 to 10 %).

Study of the plant fibre/DPCOT formulation interaction mechanisms (T04.03, D04.01)

DPCOT was used to make composites with different types of fibers in order to study the interaction 
between the protein matrix and fibers. It was tested the effect of chemical treatment, used to wash and 
eliminate pectin and lignin of fibers on the film properties.

Preparation of the film forming solution
Many conditions to make the film forming solution were tested in order to find the right viscosity to 
work. The process, used with DPCOT made from the last batch received from Vicentin, is shown in 
the WP4 D04.02 report (see annexes). Film forming solution was prepared by dispersing DPCOT in 
water (12%, w/w dried base) at 30°C, pH 10 (TEA) for 30 min. After a complete SDP dissolution 
glycerol was added to represent 20 % (w/w, dry matter base). Then, glutaraldehyde or formaldehyde 
was added to have respectively a crosslinking agent/reactive lysine molar ratio of 2.5 and 3 or 6. The 
solution was mixed for 15 min. at 30°C. CITIP identified two critical steps: the degasification that can 
be done in a vacuum oven and the difficulty to adjust the viscosity of the solution. CITIP/INTI showed 
that Polyvinyl alcohol (0.55 %) can be added to the solution and stirred at 60°-70°C, for 20 min, in 
order to increase the solution viscosity.
Composite film fabrication:
The following fibers were studied: Flax 25%/cotton 75 %, flax 50%/cotton and 100 % cotton fiber 
carded sheets, formie of 2 to 5 mm length, hemp short fibers of 6 mm length, silk, jute long fibers, cut 
by hand to have 5-10 mm of length.
Vegetal fibers are composite materials, formed by cellulose fibers containing hemi-cellulose, pectin 
and lignin. Although the lignin builds the fiber bundle, in a composite, it would be a weaker link. 
Hemicellulose is the most moisture and rot sensitive component of the fiber. To remove hemicellulose 
and lignin, the vegetal fibers were pretreated first with H2O2 in acid medium. Then CITIP/INTI chose 
a detergent wash followed by H2O2 in alkaline, (NaOH) as described in the WP4 third and final report. 
The silk was degummed, washed and carded.
Composite films were prepared by:

• casting a DPCOT solution, on a non woven reinforcement prepared with the paper maker 
equipment (Paper maker equipment, TAPI, CICELPA, INTI) (D04.01, annexes), and dried 24 
hs at room temperature and then 12 hs at 60°C.

• spread coating, in pilot plant equipment, using the impregnated fiber non woven, with a 
DPCOT solution of low viscosity (D04.02, annexes). The films were dried at 60°C for 2.5 h 
along the equipment.
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Fibers characterization
The fibers obtained after washing and alkaline treatment were analyzed by FT-IR (Nicolet 5SXC FT- 
IR spectrophotometer) and Scanning electron microscopy (a Philips 505 SEM).
Composite film characterization
The reinforced films tensile mechanical properties (tensile strength, % elongation) were measured 
using an INSTRON Series IX, Automated Materials Testing System. Tests were run as described in 
standards ASTM D 638, probes Type IV. Films for measurements were equilibrated in a 50 % relative 
humidity atmosphere and 23°C, 48 hours.
Composite mechanical properties
For the composite films reinforced with vegetable fibers, the maximum strength increased from 4 to 
28 Mpa as the fiber content increased from 0 to 36,3 %. The formie and silk fibers gave the best 
performance to enhance the film resistance (D04.01). Long fiber such as cotton and line and shorter 
hemp fibers showed similar influence on these properties. With regard to the film elongation, all the 
vegetal fibers, mainly composed of cellulose, decrease drastically the film elongation whatever their 
nature. This is due to the cellulose molecular organization in fibers that leads to a very small fiber 
elongation. In this study, the cotton has the highest elongation percentage (about 7 %) in comparison 
with about 3 % for other tested vegetal fibers. In the opposite, the use of silk fiber, that has a protein 
structure, with more elasticity, leads to an less important elongation decrease. The comparison of the 
modulus in relation with the type and content of fiber shows that formie is the best fiber to obtain a 
high modulus (556 Mpa). All the other fibers, including silk, ranged in the same linear behavior. In 
conclusion, formie probably gave better interaction with cotton protein due to its hydrophilic nature. In 
the opposite, silk fiber, which is hydrophobic, did not interact with hydrophilic cotton proteins. The 
increase in tensile strength and tensile modulus of the composites indicates a good interaction between 
the fibers and the DPCOT matrix. The SEM micrographs showed also evidence of a good fiber 
interaction.
The composite films fabricated with impregnated non woven mat, using the spread coating process at 
pilot plant, showed much lower values than those obtained with fibers non woven reinforcements 
(from paper maker equipment TAPI). Low matrix penetration and high inhomogeneous fibre 
distribution was observed. As the film forming solution for the impregnation process was formulated 
with the crosslinking agent, low fiber interaction with the matrix could be attributed to the formation 
of the crosslinked network on the fiber surface.

Fabrication of films and composites at industrial pilot scale (T04.04, D04.02)

As said before, it has not been possible to make, with DPCOT issued from cotton pellets, a plastic 
paste presenting the desirable properties to feed directly a calendar. Then it has been decided to use a 
high viscous DPCOT solution and use it as the vinyl plastisol system, using a spread coating process. 
The CITIP/INTI contacted NIDALTEX, a PVC laminate Argentine producer to obtain technical 
requirements to make a spread coating prototype and asked DISTEK, which have experience in design 
and construction, to build the equipment. The prototype of spread coating equipment is shown in the 
D04.02 report (annexes).
This prototype served to determine and fix the process parameters and dimension of the pilot plant 
coating equipment to be built during the fourth project year (length, type, design and velocity of 
endless rubber blanket, air velocity, etc.).
The design and construction of the spread coating equipment for industrial pilot plant (see also the 
WP4 annual and D04.02 reports) was made according to the following directives:

• Modularly design with a width of 400 mm and a length of 6 m;
• Four modules : entrance module, endless rubber blanket, oven, exit roll module;
• Checking instruments: electronic temperature controllers, digital manometer for air pressure 

measurement, endless rubber blanket displacement indicator, drying air velocity measurement. 
A film of 40 cm width and 1.5 meter long was obtained, with a film forming solution made with 
DPCOT, by this spread coating process. It presents a good surface quality, no tack, so it can be rolled 
and stored. Films with good mechanical properties can be obtained using a spread coating equipment 
(drying at 42-45°C, for 30 min.). Films obtained with this process, cross-linked by glutaraldehyde as 
described before have a maximum tensile strength of 4.5 Mpa (SD : 0.4) and a maximum elongation 
of 84%(SD: 19).
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Conclusion of the WP4 activities

The main objective for WP4 was the fabrication of composite materials with a matrix of cottonseed 
proteins reinforced with plant fibers.
The WP4 partners developed first an industrial pilot scale technology to produce a cottonseed protein 
concentrate, called DPCOT. Although this technology does not give a good extraction yield, it 
permits to produce a DPCOT for the needs of the project. The WP4 activities were secondly dedicated 
to the fabrication and the characterization of composite materials made with a cottonseed protein 
concentrate (DPCOT) and different types of natural fiber. This study leads to the project 
publication (D0401) “films from cottonseed cake protein reinforced with natural fibers”. This article 
will be sent for publication in 2006. In comparison with the mechanical properties of a polyethylene, 
the composite materials, developed in this project, are strong enough. However, the elongation is too 
low to envisage an application as film for mulching. Work still needs to be done in order to develop a 
better formulation and process for fiber impregnation, and composite film fabrication at pilot plant 
scale, by spread coatings process (D04.02). Because the composite process is not yet available for 
industrial scale, we decided not to make an economic study.
Another important part of the WP4 partners was to find and test a suitable wet technology to produce 
films, at pilot industrial scale, in great quantity. A design and construction of spread coating 
equipment, similar to the one employed to fabricate PVC laminate, was done. The processing 
conditions were determined and the technical feasibility of a film, with large dimensions, at pilot 
industrial scale (D04.02) was demonstrated. These results are remarkable because it is the first time 
that a biodegradable film is obtained, by a wet technology, at pilot industrial scale, from cottonseed 
proteins. Using this technology, the mechanical properties of the film are nearly the same than with a 
lab casting process. We can expect improvement by using COTPROT (richer in proteins and reactive 
lysine than DPCOT) to make films by spray coating. Unfortunately we did not have enough time for 
field tests (see WP2 conclusions).

2.7 WP5 “Thermomoulded and extruded materials” activities

The objective of the WP5 is to test the technical and economical feasibility of the manufacturing of 
biodegradable materials using low moisture processing techniques like extrusion and thermomoulding. 
On a scientific point of view, the main objective is to understand the mechanisms governing the 
structure, the process-ability and the properties of cotton seed based materials. Taking into account 
the complexity of raw matters, attempts have been made to understand the role of the various 
components of raw matters as well as the impact of processing conditions on the final properties of 
materials. The main critical components are the shells and lipids that can disrupt the homogeneity of 
the protein network and decrease the film cohesion and the free gossypol which is able to crosslink the 
protein and to modify the viscous-elastic properties.

Physical characterization of cottonseed derivatives (T0501)

The three glanded cottonseed materials received by ARMINES/EMA were analysed by CIRAD 
to quantify oil, protein, amino acid, gossypol, cellulose and ash contents. The results highlight the 
complex composition of cottonseed kernels and cakes (M05.01, table 1). The main difficulties for 
chemical analyses were to achieve good samplings of the glanded cottonseed kernel mixture because 
this material is very heterogeneous due to the presence of a large amount of seed coats and fibres. To 
go beyond these difficulties, most determinations where carried on selected particle size fractions of 
grounded flour obtained after elimination of aggregates of seed coats and linters. The chemical 
analysis was completed by a Fourier Transform Infra Red (IRTF) analysis of glanded cottonseed 
kernels, cotton protein, cotton oil, cellulose and cotton shell (ARMINESEMA report, year 1).

The presence of great quantities of seed coats and fibres in the initial raw cottonseed material may 
cause processing problems and may be prejudicial for the mechanical properties of thermomoulded or 
extruded materials. To eliminate a part of these components, ARMINES/EMA fractionated 
cottonseed kernel mixture and totally defatted cakes (cake 2) by grinding and sieving
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(ARMINES/EMA first annual report, D05.01). Seven fractionated samples were obtained for 
physicochemical characterizations.
To assess the efficiency of sieving as a method of enrichment in proteins, ARMINES/EMA compared, 
first, FTIR spectra obtained from fractionated parts and from kernel and cake flours. As it was very 
difficult to obtain a representative result of the sample because of its heterogeneity, the FTIR 
methodology was abandoned. Then, ARMINES/EMA used image analysis to check the composition 
changes in flours after grinding and sieving. The results indicated a significant decrease (about 50 %) 
of the seed coats in the kernel mixture after sieving at 400 pm. The image analysis methodology is 
easy to be used for kernel mixtures. However, it is not so easy to analyse cake flours due to their dark 
brown colour that makes difficult the discrimination between coats and protein based materials. Other 
adjustments or confirmation by other techniques are required. Chemical analysis of fractionated parts, 
performed by CIRAD, confirmed the efficiency of sieving resulting from a decrease of cellulose 
content with a concomitant increase of protein and lipid contents in samples.

Study of the viscous-elastic behavior of cotton cake fractionated part (T05.02).

The first part of this work was dedicated to highlight the cottonseed component’s influence on 
thermo-mechanical properties of raw materials in order to control the process conditions. Many types 
of particular raw materials were prepared by ARMINES /EMA and CIRAD from glandless cottonseed 
kernels:

- Ground kernel without shell;
- Ground kernel with different shell contents;
- Partially delipidated ground kernel containing different oil content.

The viscous-elastic properties, of all types of materials, were analyzed with a Dynamic Mechanical 
Thermal Analysis (DMTA) equipment to study the effect of shells and lipids on the tan delta and shear 
moduli G’ and G”. The presence of lipids had a greater effect on the rigidity of materials than on the 
viscoelastic properties. However some results indicated a weak plasticizing effect of lipids that could 
be connected to a partial miscibility between lipids and glycerol. Preliminary experiments indicated 
that the thermo-mechanical properties of cottonseed flours are not affected by gossypol, although this 
component is able to cross-link proteins. This study will continue under severer conditions. Shells that 
could represent up to 15 % of cottonseed cakes do not affect the viscous-elastic behavior of materials 
but essentially affects the mechanical properties at large deformations.

The second part of the work was to assess the effect of the plasticization route on the viscous- 
elastic properties. To do that, the plasticizing effect of glycerol, polyethyleneglycol and 
triethanolamine was compared. The viscous-elastic properties of compression moulded films 
plasticized or not were analysed by ARMINES/EMA. When plasticized with increasing quantity of 
glycerol (0 to 20 %), films made from cottonseed cake flour exhibits a relaxation (peak of tan delta) 
from 190°C to 95 °C. When cottonseed cake flour is plasticized with TEA and PEG, the a relaxations 
decreased respectively from 190°C to 90°C and from 190°C to about 165°C when the TEA and PEG 
contents increased from 0 to 20 % (w/w). Glycerol and TEA contribute to strongly decrease the glass 
transition when they are added at 20% (w/w) whereas PEG 200 has a limited plasticizing effect at this 
concentration. These results must be analyzed considering the size of the molecule. We may assume 
that the smaller the molecule size (glycerol or TEA) the higher the plasticizing effect is. Plasticizing 
effects are related to molecular motions facilitated by the presence of intermolecular interactions 
involving hydroxyl groups. According to this argument PEG exhibits the less favourable conditions.

Processing (T05.03 and T03.04)

Processing parameters for cottonseed based materials have been studied using an internal mixer Haake 
Rheomix 3000. Experiments were carried out with cottonseed cakes plasticized with glycerol (10%, 
w/w).
Effect of time: A typical evolution of the torque and temperature as a function of time was observed 
with a first stage, where the torque and the temperature remain very low, a second stage, where the 
torque strongly increases and the temperature rises values above 100°C and a final stage, where the 
blocks previously formed are destroyed by the rotor and the torque decreases. The viscous-elastic 
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behavior of the materials remains the same at the first stage, just before the increase in torque, and at 
the final stage.
Effect of rotation speed: the only effect is to accelerate the kinetics of phenomena.
Effect of temperature: At 60°C and 80°C the mixing does not take place. The introduction of the 
plasticizer into cakes must be carried out at room temperature to prevent phase separation.
Effect of plasticizer: water can play a positive role during the plasticization process in combination 
with glycerol.
Effect of the processing route: It is preferable to prepare a pre-mix associating cakes and 10 % of 
water, 3 hours before being mixed with glycerol. In these conditions, a homogenous plasticized paste 
is obtained and can be easily thermomoulded.

To be processed by low moisture technologies, proteins must exhibit a thermoplastic behavior. This 
behavior can only be obtained if protein conformation changes from the native state (globular) to an 
unfolding denaturated state. ARMINES/EMA used FTIR to get information about protein 
conformation change as a function of temperature and pressure. Compression moulded films were 
prepared from delipidated glandless flour mainly composed of proteins and plasticized with glycerol 
(20 %, w/w). Films were made at a constant pressure of 3 tons and at different temperatures (90, 105, 
110, 115, 120 and 140 °C) or at a constant temperature of 120°C and various pressures (0.5 t, 1 t, 3t, 
5t). Whatever the starting conditions (at constant pressure or temperature), an increase of temperature 
or pressure leads to the amide I band from 1632 cm-1 to 1624 cm-1. According to literature, this 
phenomenon revealed that the protein secondary structure was modified by temperature and pressure 
probably under a beta-sheet conformation or a mimic antiparallel beta-sheet signal. Temperature 
seemed to have higher effect than pressure on this conformation change.

Characterization of thermo-moulded and extruded films (T05.05)

ARMINES/EMA characterized the film hygroscopicity and the mechanical properties of materials 
in order to determine the best processing conditions and potential applications for materials.
The film hygroscopicity plays an important role, on the mechanical and functional properties, because 
water acts as a plasticizer. ARMINES/EMA tested processing and components impacts on the film 
hygroscopicity by water content determination, after conditioning the film at 75 % of relative 
humidity, Water Vapour Permeability (WVP) and contact angle measurement. The mechanical 
properties were assessed through tensile tests.

Influence of plasticizer: Water content and WVP depend both on the plasticizer type and content. 
ARMINES/EMA and CIRAD studied the hygroscopicity of thermo-moulded films plasticized or not. 
It ranges from 0.18 to 0.44 in the following order: unplasticized cakes < cakes/PEG < 
cakes/triethanolamine < cakes/glycerol (third annual report). For the same plasticizer content, films 
containing glycerol are more hygroscopic and are better plasticized (due to higher associated water 
content) than those containing TEA. ARMINES/EMA showed also that a 10 % glycerol formulation 
leads to materials with high Young modulus (170 MPa at 56 % RH) and tensile strength (5.5 Mpa at 
56 % RH) but too much low elongation at break (13 % at 56 % RH). This formulation presents 
however an interest for injection molding applications. For other low moisture processing, the 20 % 
glycerol formulation is suitable.
Influence of shells: Ground shells were mixed with glandless plasticized flours (between 0 to 5 %, 
w/w, flour basis) before thermo-moulding. The results indicated that, up to 5 %, the shells did not 
strongly affect the water holding capacity and the mechanical properties of films. EMA noted that, up 
to 5 %, shell tends to increase the rigidity and the tensile strength and decrease their elongation at 
break, in a same manner than act mineral fillers in a thermoplastic polymer. This experiment would 
need to be deepened by testing the effect of the particle size on the mechanical properties of films.
Influence of lipids: The presence of lipids slightly reduces the water content intake and, 
paradoxically, increases the WVP of materials. The presence of lipids leads to heterogeneous films 
that exhibit a low cohesion and a high porosity.
Influence of polycaprolactone (PCL): The presence PCL, at a small percentage, decreases the 
hygroscopicity of materials. Water absorption is reduced by 50% with 20% of PCL. Considering the 
mechanical properties of cast films, PCL blends and plasticized flour-PCL blends exhibit satisfying 
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behaviour. The Young modulus (22 to 85 MPa) and the tensile strength (2 to 7.5 MPa) increase as 
PCL content increases (from 10 to 20 %). However, the elongation at break (near 15%) is not affected 
by the PCL. Films from solely plasticized flours exhibit poor mechanical strength that is not 
convenient for industrial applications.

Industrial pilot scale experiments (T05.06)

Plasticizing: Among the polyols tested at laboratory scale, glycerol has been chosen as plasticizer for 
pilot experiment because it permits to process materials in a large range of temperature.
The processing conditions (screw profile, temperature profile and specific mechanical energy) are 
being studied with a twin screw extruder. Flours are introduced in the first zone of the extruder. 
Glycerol and water are introduced in the mid-zone of the extruder. At the exit of the die, plasticized 
cakes are cut into granules. The screw and heating profiles were studied in order to obtain cohesive 
plasticized cake/flour granules. After many tests, EMA succeeded to obtain granules comparable to 
those obtained with synthetic polymers. These granules, called “EMACOT” in the project, can be 
used to feed cast extrusion or injection molding machines (D05.01).
Manufacturing of films by cast extrusion: Taking into account the poor cohesion of cottonseed 
protein in the molten state, blowing extrusion has been turned down and the cast extrusion was 
preferred. In cast extrusion, polymer is extruded through a flat die and then frozen and stretched by 
chill rolls before being wound. ARMINES/EMA succeeded to obtain a film of controlled thickness, 
using a calendar. When cotton flour (obtain after the oil extraction by solvent) is used to make the 
EMACOT granules, the film is cohesive enough to be stretched between rolls and wound. With 
EMATCOT produced directly from plasticized cakes, it is not possible to obtain a film. Attempts have 
been made to avoid such problem by mixing EMACOT (from cakes) with 10 % of PCL. Films 
obtained under these conditions are cohesive and not sticky.
Manufacturing of items by injection molding: Previous results indicated that pressure and 
temperature effects have to be combined to obtain a thermoplastic material. The injection molding 
technique gives this possibility. This technique is particularly adapted to produce mass and high rate 
production. The EMACOT was used to feed the machine. The processing parameters were studied. 
ARMINES/EMA succeeded in obtaining disks of plasticized EMACOT by injection molding 
(D05.01). Injection moulding is more adapted to cottonseed derivatives processing than extrusion. 
This is confirmed by the fact that plasticized cakes could be processed without adding 
polycaprolactone, as it was necessary in extrusion process.

Economic study (T05.07)

An opportunity study is detailed in a specific report given in annexes (CIRAD economic report). The 
simulation made by CIRAD indicated that, depending on the factors that could impact on the 
production cost, the EMACOT cost could be lowered down to US$ 0.78/kg or pushed to US$ 2.21/kg. 
The EMACOT production cost appears to be lower than prices applied for existing biodegradable 
plastics (US$ 4.92-9.84/kk for PLA, Mater-Bi or PCL).
The ARMINES/EMA experiments showed that the cast extrusion gave better performance when PCL 
is mixed. For the same assumptions on investment costs, raw materials and consumables costs as well 
as functioning costs, the production cost of EMACOT containing 10 % of PCL is USS 0.5/kg higher 
than EMACOT alone. EMACOT containing 10 to 20 % of PCL is quite competitive with PCL alone 
(USS 8/kg) and others biodegradable plastics.

Conclusion of the WP5 activities

The ARMINES/EMA and CIRAD partners demonstrated the technical and economic feasibility of 
an extruded cotton based product, the EMACOT. This product can be processed into films by cast 
extrusion, with PCL, or into mass pieces by injection molding, without PCL.
The higher performances were obtained with EMACOT made from cotton flour (obtained after a 
solvent oil extraction). The presence of shell and oil leads to a great heterogeneity in the material with 
concomitant bad properties. The gossypol did not seem to affect a lot the process ability.
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If performances of cast films containing PCL are not comparable to polyethylene, they could be 
acceptable for film applications such as films for mulching, cups for agriculture, packaging.
Even if it contains PCL, the EMACOT product is competitive in comparison with other commercial 
biodegradable plastics. However, its industrial development will depend on the possibility to adjust its 
performance to expected and particular applications. It is why this promising research would continue, 
in collaboration with industry, to improve the material properties with regard to the market demand. 
The project partners made also a very important progress in the characterization of materials and in the 
determination of the influence of non protein components on process ability. Very innovating 
methods, using recent technologies such as FTIR, microscopy, image analysis, were carried out to 
study the impact of some parameters (temperature, pressure, structure and state of some components) 
on the process ability. All these results that will be published (D05.03) are of great interest for the 
research on biodegradable products made from agricultural raw materials.

3.0 Technology implementation plan

The following titles correspond to publications which will be submitted in 2006. Abstracts are given, 
in provisory form, in DO1.01, D02.05, D03.04, D04.04, D05.03 (Annexes).

Jérôme Lecomte, Paul Kleman, Paulo Sobral, Catherine Marquié. Controlled release of imidacloprid 
from cross-linked cottonseed protein-based films, J. Agric. Food Chem.
Jérôme Lecomte, Paulo Sobral, Catherine Marquié. Viscosity and gelling properties of cross
linked cottonseed protein-based film-forming solutions, J. Agric. Food Chem.or Industrial crops and 
products or J. App. Polym. Sci.
Patricia Eisenberg, Cristina Inocenti, Guido De Tito, Catherine Marquié. Films from cottonseed 
oil cake proteins reinforced with natural fibers, J. Agric. Food Chem.
Patricia Eisenberg, Cristina Inocenti, Guido De Tito, Catherine Marquié. Effects of fibre 
chemical treatment on mechanical properties of composite films made from cottonseed protein raw 
material, Agric. Food Chem.
Catherine Marquié , Paulo Sobral, Patricia Eisenberg , Laurent Ferry’ Jérôme Lecomte, Paul 
Klemann. Cottonseed protein extract (CPE), as a new raw material for biodegradable application: 
characterization, process ability and potential, Biomaterial; Industrial Crops and Products J.
Catherine Marquié , Michel Fok, Paulo Sobral, Patricia Eisenberg , Laurent Ferry’ Jérôme 
Lecomte, Paul Klemann. Processing cottonseed into biodegradable materials for agriculture as an 
alternative to synthetic polymers, Industrial Crops and Products; local Journals.
Catherine Marquié , Michel Fok, Paulo Sobral, Patricia Eisenberg , Laurent Ferry’ Jérôme 
Lecomte, Paul Klemann. Cottonseed processing and applications, Chapter: Cottonseed processing 
into biodegradable materials
Laurent Ferry, Joël Grevellec, Catherine Marquié, Jérôme Lecomte, Alain Crespy. Study of 
cottonseed cakes plasticization: influence on the mechanical properties and the permeability of 
thermocompressed films, J. Agric. Food. Chem.
Laurent Ferry, Joël Grevellec, Catherine Marquié, Jérôme Lecomte, Alain Crespy. Study of the 
influence of non proteinic compounds on the mechanical properties and hygroscopicity of films from 
cotton seed proteins, Journal: J. Agric. Food. Chem.
Laurent Ferry, Joël Grevellec, Catherine Marquié, Jérôme Lecomte, Alain Crespy. Extrusion of 
plasticized cotton seed cakes, evolution of protein structure during processing, Industrial crops and 
products.
Paulo Sobral, Patricia Eisenberg, Jérôme Lecomte, Catherine Marquié. Optimization of the 
production of cotton seed protein based solution for film processing, J. Agric. Food Chem.
Paulo Sobral, Jerôme Lecomte, Catherine Marquié. Plasticizer effect on mechanical and physical 
properties of cross-linked cotton seed protein films made by casting technology, J. Agric. Food Chem. 
or J. of Applied Sciences or J. Applied Polymers.
Paulo Sobral, Laurent Ferry, Patricia Eisenberg, Jérôme Lecomte, Catherine Marquié. 
Comparison of mechanical properties of cotton seed protein films produced by casting and low 
moisture technologies, Journal: Polymers or Composite J.
Paulo Sobral, Jérôme Lecomte, Catherine Marquié, Patricia Eisenberg. Effect of glutaraldehyde 
on properties of cottonseed protein film forming solutions and its films, J. Agric. Food Chem. or J. 
Applied Polym. Sciences.
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4.0 Publications and papers
J. Grevellec, L. Ferry, A. Crespy, C. Aymard, J. Lecomte, C. Marquié, 2004. Influence de la 
plastification sur l’hygroscopicité, la perméabilité et sur les propriétés mécaniques de films protéiques 
à base de farines de coton , Colloque national GFP 2004, Toulon (France), 23-25 novembre 2004.
P. Sobral, , P. Eisenberg, L. Ferry, 2005. Technical feasibility of common polymer technologies 
applied to natural polymers, Final workshop of the Cotonbiomat project, October 20th - 21st, 2005, 
Rio de Janeiro, Brazil.
L. Ferry, 2005. Characterization of films obtained by dry technologies, Final workshop of the 
Cotonbiomat project, October 20th - 21st, 2005, Rio de Janeiro, Brazil.
J. Grevellec, 2005. Mise en oeuvre de matériaux biodégradables pour l’agriculture à partir de 
tourteaux de cotton, PhD Thesis from Université de Montpellier 2, delivered the 16th December 2005.
C. Marquié, 2005. Processing cotton seed into biodegradable materials for agriculture as an 
alternative to synthetic polymers in Latin America. Project presentation. Final workshop of the 
Cotonbiomat project, October 20th - 21st, 2005, Rio de Janeiro, Brazil.
J. Lecomte, 2005. Characterization of cottonseed raw materials. Final workshop of the Cotonbiomat 
project, October 20th - 21st, 2005, Rio de Janeiro, Brazil.
P. Sobral, 2005. Characterization of the Cottonseed Protein Concentrate (CSPC) made from 
cottonseed raw materials. Final workshop of the Cotonbiomat project, October 20th - 21st, 2005, Rio 
de Janeiro, Brazil.
R. Carvalho, 2005. How cottonseed protein concentrate can form a film ? Final workshop of the 
Cotonbiomat project, October 20th - 21st, 2005, Rio de Janeiro, Brazil.
P. Sobral, Jérôme Lecomte , 2005. How properties of cast films made with Cottonseed Protein 
concentrate can be influenced? Final workshop of the Cotonbiomat project, October 20th - 21st, 2005, 
Rio de Janeiro, Brazil.
P. Eisenberg, 2005. Composite films from cottonseed oil cake proteins reinforced with natural fibers. 
Final workshop of the Cotonbiomat project, October 20th - 21st, 2005, Rio de Janeiro, Brazil.
J. Lecomte, 2005. Potentialities of cottonseed protein concentrate in the controlled release of 
insecticide. Final workshop of the Cotonbiomat project, October 20th - 21st, 2005, Rio de Janeiro, 
Brazil.
M. Fok, 2005. Opportunity study about the processing of cottonseed proteins into materials for agro
industries in South-America. Final workshop of the Cotonbiomat project, October 20th - 21st, 2005, 
Rio de Janeiro, Brazil.
C. Marquié, 2005. Project conclusion. Final workshop of the Cotonbiomat project, October 20th - 
21st, 2005, Rio de Janeiro, Brazil.

5.0 General conclusion

The project challenge was to produce competitive biodegradable materials directly from raw 
cottonseed derivatives by usual industrial technologies. The partners have had to face scientific 
difficulties such as to control the physical and biological instability of film-forming solution, to 
characterize the protein cross-linking reactions in relation with the film forming solution viscosity and 
the interactions between the cottonseed components during processing. All these points are very 
important to develop industrial applications of the technologies developed in the project. At the end of 
this project, most of the objectives were achieved. The research highlighted many of critical points and 
prepared the passage to pilot scale experiments by a better understanding of interactions between 
cottonseed flour components and protein modifications during processing.

Concerning wet technologies, a COTPROT (a new cottonseed protein concentrate) technology 
was optimized. COTPROT could be considered as a new biodegradable resin that can be used under 
a dried form or in solution. The COTPROT by-product could be also valorized for animal feeding 
according to its nutritional value. The project partners have made a detailed description of COTPROT 
characteristics and properties with regard to its potential uses. Another technology was also 
experimented to produce a protein concentrate called DPCOT. The feasibility of manufacturing 
COTPROT and DPCOT in a pilot plant has been demonstrated although some improvements are 
conceivable. A biocide was identified to preserve the COTPROT or DPCOT solution during 2 or 3 
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months. The project demonstrated the feasibility, at pilot industrial scale, of films by a spray drying 
technology. This technology is probably the more appropriate one to make films from COTPROT by 
wet technology at industrial scale. The technology of manufacturing composites was specified and 
the formie and cotton fibers were retained for their capacity to increase the mechanical resistance of 
materials.

The properties of films and composites obtained by casting and spray dried technologies have been 
studied in depth according to diverse plasticization treatments, to cross-linking or to the type of fiber. 
In comparison with synthetic films which are commonly used for mulching, the films obtained by 
spray drying technology are not enough resistant to compete with the synthetic polymers. However, 
they may be acceptable for mulching at a small farmer scale and packaging. The composite materials 
obtained from DPCOT have good tensile strength but still have the disadvantage of possessing too 
weak a capacity for elongation. This is a major disadvantage if we are to use the material in the same 
conditions as plastic films (the mechanical setting up of mulching films requires a good capacity for 
elongation).

The use of COTPROT to make seed coatings comparable to products already on the market is 
possible but not yet competitive. For a higher growth and more ambitious market, the researchers 
demonstrated, at lab scale, the ability of a film made from COTPROT to reduce the diffusion of 
insecticides in order to develop “active” seed coatings. The technology to transpose lab results to 
industry is not yet available and more knowledge is required. In spite of promising results, more 
industrial development is required to compete in seed coating industry. The partners assumed that this 
innovated way need to be purchased to develop “active materials” not only for seed coating industry 
but also in many other fields such as cosmetic or textile.

Concerning the low moisture technologies, technical feasibility of cottonseed delipidated flour 
extrusion was established. A competitive EMACOT (thermoplastic extruded biomaterial) in relation 
with PLA or PCL could be produced for mulching or packaging. The partners demonstrated that it is 
preferable to process cottonseed flour that does not contain shell and lipids in order to obtain materials 
with better mechanical properties. This type of flour can be obtained after an oil extraction by hexane. 
The properties and the process ability of EMACOT could be improved by mixing with a low content 
of PCL. Although the glycerol plasticizing performance was confirmed with regard to the functional 
properties of thermomoulded films, it may be possible to improve the physical properties of materials 
by using a plasticizer able to interact, in the same time, with hydrophilic and hydrophobic molecules. 
This type of plasticizer would be synthesized and developed in future research.
As planed, all the project results were presented at the final project work shop organized in October 
20th, 21st, 2005, in Brazil.

The processing of cottonseed derivatives, into biodegradable materials, could both call for 
stakeholders yet involved in agro-industries (ginners or oilseed crushers) and for plastics industry 
players. The actual market for biodegradable polymers for films and bags, in Brazil and Argentina, 
would represent 22 000 t and 50 000 t respectively. The production of cotton in these countries makes 
it possible to answer these markets.

According to the world economic situation, the future will not belong exclusively any more to the 
petrochemical products. Research on biodegradable material must still continue its efforts. It must not 
only overcome the difficulties related to the control of polymers and natural matters, but also invent 
new functionalities for the materials. The results of this project, incontestably, advanced the state of 
our knowledge in this field. They will find application with the industry and research which need to 
work together in order to perform the technologies and the materials properties in relation with the 
material targeted application. It means that further investigations must be carried out in close 
collaboration with companies interested in our product.
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Management annual report
Work package 1 (WP 1), CIRAD-CA , France

Organization of the collaboration:

Further to the Commission signing the contract on 29/10/2001, the official commencement date of the 
project was 01/11/2001.

The scientific person in charge of the project, Dr. Catherine Marquié, was affected by CIRAD to 
Brazil ,from September 2001 to August 2004, to assume the scientific coordination of the project. 
After August 2004, she was affected to France.

The project was managed by a Steering Committee (called Scientific and Technological Committee 
in the technical annex of the project) which was in charge of scientific, technological and 
administrative aspects. It was made up of a representative of each WP, other researchers from the 
project and CIRAD administrative personnel involved in the project coordination. It was organized 
and chaired by the CIRAD.
The procedures for managing the scientific activities and informing partners were provided on line 
with the project management software NETBOARD, using internet connections, and through mails, 
missions and meetings.
Each month, all the heads of WP send summary scientific reports to the scientist in charge of the 
project.

Partner relations: The state of mind of the researchers in the teams of research has been excellent all 
during the project. That was concretized by multiple scientific exchanges and a good solidarity.

Missions:

Catherine Marquié, Scientific Coordinator of the project, went on a mission to visit:
- the FUSP team (Brazil) month 6, 32,
- the CITIP/INTI (Argentina) month 17
- INCOTEC (the Netherlands) month 25

Paulo Sobral, Head of WP2, went on a mission to the CITIP/INTI institution (Argentina, month 36) to 
participate in the pilot scale experiment.

Dissemination and exploitation of the project results: The list of the publications was elaborated 
jointly during the fourth meeting of the project. The Technology Implementation Plan is given in the 
consolided scientific report..

CIRAD elaborated a draft of a consortium agreement establishing the rules of intellectual property 
between partners. This contract was signed in June 2004 by all the partners of the project.

Meetings :
First meeting of the Steering Committee (Montpellier, France), 12, 13 and 14 December 2001 : 
The meeting participants were :

- For CIRAD (CR1, France) : Catherine Marquié (Head of WP1), Christian Aymard, 
Jérôme Lecomte, Bénédicte Favreau, Bruno Bachelier, Michel Fok, Benoît Cervello, 
- Hervé Gace, Philippe Ourcival ;
- For FUSP (CR2, Brazil) : Paulo Sobral, Head of WP 2, "Calendared materials" ;
- For INCOTEC (CR3, Netherlands) : Paul Klemann, represented Bob Legro, Head of WP3, 
"Seed coatings" ;
- For CITIP-INTI (CR4, Argentina) : Patricia Eisenberg, Head of WP 4, "Composite 
materials"
- For ARMINES - EMA (CR5, France) : Laurent Ferry, Head of WP 5, "Thermomoulded 
and extruded materials"

The aims of this meeting were :
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- to meet and get acquainted with all the partners ;
- to present the project, and discuss CIRAD-CA’s coordination role and function ;
- to present the research planned within each work package in order to outline the activities that 
each partner undertakes in the first year to ensure that the project objectives will be reached.

The project partners gave a broad range of presentations. The discussions led to a lot of 
questions which will be taken into account in the scientific planning (see Minutes). The activity 
sharing between partners during the first year of the project was planned.

Second meeting of the Steering Committee (Montpellier, France), 28, 29, 30 October 2002 :
The meeting participants were :

- For CIRAD (CR1, France) : Jacques Pagès (Head of the Cotton Program in CIRAD), 
Catherine Marquié (Head of WP1), Christian Aymard, Jérôme Lecomte, Gilles Morel, 
- Bruno Bachelier, Michel Fok, Hervé Gace, Philippe Ourcival ;
- For FUSP (CR2, Brazil) : Paulo Sobral, Head of WP 2, "Calendered materials" ;
- For INCOTEC (CR3, Netherlands) : Paul Klemann, represented Bob Legro, Head of WP3, 
"Seed coatings" ;
- For CITIP-INTI (CR4, Argentina) : Patricia Eisenberg, Head of WP 4, "Composite 
materials"
- For ARMINES - EMA (CR5, France) : Laurent Ferry, Head of WP 5 "Thermomoulded 
and extruded materials", and Joël Grevellec, PhD.

The aims of this meeting were :
to present the research results within each work package in order to evaluate the progress made in 
the completion of each stage with regard to the calendar of the performance of the project ;
to outline the activities that each partner will undertake in the second year to ensure that the 
project’s objectives will be reached;
to propose possible modifications of research orientation and to implement the decision.

The project results were discussed and orientations for the second year were given by the 
participants. A proposal of many research topics to be carried out within all the WPs was made 
by the CIRAD lab. A decision concerning the fabrication of a glandless isolate was taken.

Third meeting of the Steering Committee, Montpellier, France, June 23-27, 2003.

The meeting participants were :
- For CIRAD (CR1, France) : Catherine Marquié (Head of WP1), Jérôme Lecomte, Gilles 
Morel, Nelly Forestier-Chiron, Cybelle Moreira, Bruno Bachelier, Michel Fok,
- For FUSP (CR2, Brazil) : Paulo Sobral, Head of WP 2, "Calendered materials", Resemary 
Carvallo, Ana Monica Habitante;
- For INCOTEC (CR3, Netherlands) : Paul Klemann represented Bob Legro, Head of WP3, 
"Seed coatings" ;
- For CITIP-INTI (CR4, Argentina) : Patricia Eisenberg, Head of WP 4, "Composite 
materials"
- For ARMINES - EMA (CR5, France) : Laurent Ferry, Head of WP 5 "Thermomoulded 
and extruded materials", Xavier Boetha and Joël Grevellec, PhD.

The aims of this meeting were :
- to present the research results within each work package in order to evaluate the progress made in 
the completion of each stage with regard to the calendar of the performance of the project ;
- to outline the pilot scale activities that each partner will undertake in the second and the third year; 
- to organize the partner collaboration for future activities.

Decisions were taken to facilitate the exchange of information between partners and to process 
COTPROT at pilot scale. Indications were given to prepare the economic study and the annual 
report. The project partners had a very interesting presentation of the EMA labs and activities.

Consultative Committee, June 25th 2003, during the Steering Committee.

In the morning, two general presentations were given by :
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- Laurent Ferry, EMA, about the plastic film processing;
- Patricia Eisenberg, CITIP/INTI, about calendaring technologies at industrial scale.

A lunch was offered by CIRAT) Cotton Program to all the Steering Committee participants and the 
invited experts for the Consultative Committee.

In the afternoon, the project partners shared technical information with three specialists in protein 
processing and biodegradable materials :

- Pr. Nathalie Gontard, Directrice du Département “Agro-Ressource et procédé Biologique, 
Université Montpellier II, France
- Pr. Jean Louis Cuq, Vice-Président du Conseil Scientifique, Université Montpellier II, France;

-  Pr. Stéphane Guilbert, ENSA.M, Directeur de l’Unité Mixte de Recherche “Ingénierie des 
Agropolymères et Technologies Emergentes”.

After a rapid presentation of our project, the partners exposed their technical problems and the 
invited experts gave their opinion with regard to their own competence and skill. The 
discussions were very rich and gave us some useful indications to manage our research.

Fourth meeting of the Steering Committee, Montpellier, France, April 6-8, 2005.

The meeting participants were :
- For CIRAD (CR1, France) : Catherine Marquié (Head of WP1), Jérôme Lecomte, Gilles 
Morel, Pascale Guiffrey, Jean-Dominique Gomis, Hervé Gace;
- For FUSP (CR2, Brazil) : Paulo Sobral, Head of WP 2, "Calendared materials",
- For INCOTEC (CR3, Netherlands) : Paul Klemann represented Bob Legro, Head of WP3, 
"Seed coatings" ;
- For CITIP-INTI (CR4, Argentina) : Patricia Eisenberg, Head of WP 4, "Composite 
materials"
- For ARMINES - EMA (CR5, France) : Laurent Ferry, Head of WP 5 "Thermomoulded 
and extruded materials",.

The aims of this meeting were :
- do a rapid presentation of the project results obtained between November 2004 and April 2005; 
- plan the pilot scale experiments;
- make the work plan of technological and scientific result divulgation and exploitation (TIP) 
- plan the organization of the final workshop.

The project partners had very interesting presentations of the activities results. Decisions were 
taken to respond to objectives. A TIP was elaborated and co-ordination between partners to 
write the publications planed.

Final Workshop, Rio de Janeiro, Brazil, October 20th-21st, 2005 (D01.02, annexes).

The workshop was co-organized by CIRAD, FUSP, INCOTEC, CITIP/INTI and EMA/ARMINES, 
under the coordination of CIRAD. It took place at the Hotel Gloria. The opening session was 
presented by the Director of Zootechny Faculty (University of São Paulo) and the Regional Director of 
CIRAD. Fifteen oral communications were done to illustrate the biodegradable material thematic and 
to present the project results. Thirty one participants constituted of project partners, students, 
researchers and industrial people, were present. Documents were edited for participants (programme, 
abstracts of presentation, list of participants) and all the communications edited on a CD and sent to all 
the participants. Many interesting discussions took place between the presentations. All the 
participants enjoyed this meeting and hope to continue a scientific collaboration with the project 
partners in the biomaterial thematic.

Exchanges: no training period/stays of more than three months in other laboratories.
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Problems:

Modification of the FUSP address on the contract :
Referring to a letter dated December 15, 2001, CIRAD transmitted to Reginald SOENEN, an 
administrative officer of the European Commission, a request from FUSP, a partner in Brazil, 
informing that an error in the legal name of his organization occurred when establishing the first page 
of the contract. A contract amendment was made by the Commission, Month 17.

Negotiation of the consortium agreement :
Negotiation with FUSP was difficult because of the complex relations existing between FUSP and 
USP. These institutions asked for the translation of all project and consortium agreement documents 
into Portuguese before starting negotiations. This contract was signed in June 2004 by all the partners 
of the project.

Financial relations between CIRAD and CR4 (CITIP/INTI - CR4 - Argentine) :
Due to the financial difficulties encountered in Argentina, CITIP/INTI asked CIRAD to stop the initial 
advance contractually planned in the contract project. To perform the research activities, and to limit 
financial transactions in Argentina, CITIP/INTI asked CIRAD to unfreeze this advance in successive 
parts and take responsibility for purchasing and shipping equipments to Argentina. After consulting 
European Commission, CIRAD agrees with this proposal.

Modification of the EMA and ARMINES status on the contract : ARMINES asked the European 
Commission for an endorsement to clarify that ARMINES and EMA constituted a Joint Research 
Unit. This modification was notified in Annex III on the contract, Month 17.

Modification of the Cost Basis for INCOTEC : INCOTEC asked the European Commission to change 
its cost status from AC to FC.

CIRAD asked the Commission, by letter of the 16 February 2004 for :
- Modification of one or more financial participation type (AC to FF financial participation type for 
INCOTEC);
- An extension of the duration of the project (from 36 to 48 months);
- Change of the Community contribution (718476 euros to 673408 euros);
- An amendment of the table of breakdown of the costs
- Change of the estimated eligible costs (1229735 euros to 1235741 euros).

The Commission agreed and established the amendment N°2 to the contract.
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Individual partner reports



COTONBIOMAT - Processing cotton seed into biodegradable materials for agriculture 
as an alternative to synthetic polymers in Latin America__________________________
PL ICA4-2001-10061

Individual partner final report- all WPs 
Partner CIRAD (CR1)

1. Introduction
In the COTONBIOMAT project, the action of CIRAD (CR1) was closely connected to other partners’ 
activities in the achievement of their tasks even if it did not constitute a separate work package with its own 
deliverables.
During the project, CIRAD was involved into two types of activities.
First the chemical laboratory carried out the following work:

(1) Chemical analyses for the characterization of raw, processed materials and other products (all WPs 
concerned)

(2) Synthesis and supply of the protein isolate for WP3, WP4 and WP5 and partially defatted flours for 
WP5,

(3) Studying and understanding of the film-forming solution behaviour as a function of various factors 
such as pH, concentration, cross-linker type and amount, plasticizer (WP2 and WP3)

(4) Studying the cottonseed proteins potentialities in the development of seedcoating with controlled 
release properties of pesticides (WP3).

Second, Michel Fok, a CIRAD economist, made an economic analysis associated to the deliverables 
D02.04 (WP2), D03.04 (WP3), D04.03(WP4), D05.02(WP5). The whole economic analysis is grouped in a 
report, given in annexes, so as to provide a global view on the economic issue of processing biodegradable 
plastic materials from cotton seed proteins. The opportunity study presented in this report mainly deals with 
the production of materials before their conversion into plastic goods, in line with the technical achievements 
within each work package (see annexes).

The present report concerns only the CIRAD lab activities that took place during the project in collaboration 
with all partners and work packages, to contribute to scientific and technical objectives.

2. Characterization of materials

The determination of raw materials composition is a decisive step in that it will direct the choice of the right 
technology and process parameters for the achievement of materials with well defined properties. In the 
same way, physical and chemical characterizations of the resulting materials are also indispensable to 
understand what happened during the process and how to control it.

2.1 Activities
Several kinds of samples were analysed: cottonseed meals, cottonseed cakes, cottonseed protein extracts 
(concentrates, isolates) obtained from the previous, films and other products such as COTPROT residue 
alone or blended with standard animal feeds. In all, about 120 samples were processed during the project.

For each sample the following analyses (in g/100g DM) were all or partly realized:
- Moisture or dry matter (AOCS method)

- Fats (Cot. Fib. Trop., 1982, 37, 183-195)
- Crude protein (internal procedure N° PS0931 )
- Crude cellulose (NF V 03-040 oct.93)
- Amino-acids (internal procedure)
- Sugars (Dionex Technical Note N°20, 1989)
- Reactive lysine (J. Agric. Food Chem., 1997, 45, 922-926),
- Free and total gossypol (Cot. Fib. Trop., 1991, 46, 33-55)
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2.2 Results
2.2.1 Chemical composition of raw materials

A high heterogeneity of raw materials was observed, especially with cake samples which contained linters 
and hulls . The highly variable chemical composition was the results of the nature and history of starting raw 
materials, fractionation steps (crushing, sieving) and intermediary processes in case of protein isolate or 
concentrates (Table 1).

* from defatted glandless cottonseed meal
Table 1 : Variability of raw material composition

Raw materials
Content

(g /100 g DM)
Cottonseed 

meal (CSM)
Cottonseed 

cakes (CSC)
Protein Concentrate Protein isolate 

*From CSM From CSC
Fats 28 - 36 4 - 10 2 - 10 4 - 20 None
Crude protein 28 - 35 33 - 46 50 - 60 45 - 56 82 - 84
Reactive lysine 0.9 - 1.4 0.7 - 0.9 1.7 - 2.3 0.8 - 1.4 2.7 - 3.2
Free gossypol 0.4 - 1.3 Negligible Negligible Negligible None
Total gossypol 0.9 - 1.7 0.3 - 1.1 1.9 - 3.2 0.2 - 1.5 None

2.2.2 Improvement of analytical procedures

Two methods were revised in order to improve the analytical results or outputs. In case of gossypol 
determinations, a novel approach based on extraction kinetics and granulometry effects was adopted, while a 
small scale assay was successfully developed for reactive lysine. In both cases modification of the 
chromatographic conditions were also necessary to improve separation and/or detection sensitivity.

3. Production of protein isolate and partially defatted glandless cottonseed flours

To better understand the influence of non-protein component (such as gossypol or fats) on the behaviour and 
properties of processed materials it was necessary to prepare and use pre-treated material with controlled 
content or lack of these components.

3.1 Activities
A freeze-dried protein isolate was prepared from a defatted glandless cottonseed meal (provided by CREOL) 
in accordance with an alkaline extraction/acidic precipitation procedure developed at the laboratory. Because 
of the limited production capacities of the laboratory, six week were necessary to obtained the final freeze- 
dried isolate from eleven batches.
Partially defatted meal samples were made from hull-free glandless cottonseed kernels after crushing, 
sieving (fraction < 400μm) and hexane extraction of various duration at room temperature.

3.2 Results
The processing of 2200g of defatted glandless cottonseed meal yielded 520g of freeze-dried isolate with an 
average protein and reactive lysine content of 83 ± 1 g/l00g DM and 3.0 ± 0.2 g/100g DM respectively. 
Samples were then provided to INCOTEC (CR3) and EMA/ARMINES (CR5) for their studies.
Two defatted samples (200g each) with a fat content of 10.2% and 2.5% respectively were prepared, 
crushed, sieved at 400pm and sent to EMAARMINES (CR5). Six other defatted samples were also obtained 
by Joel Grevellec (PhD student of EMA) during his training at the CIRAD laboratory.

4. Study of the film-forming solution properties

The attainment of films with well defined properties involved the study and the control of both 
environmental conditions (temperature, drying rate) and film forming solution characteristics (viscosity, 
gelling or cross-linking degree), which were closely linked to the nature and concentration of all components 
(proteins, plasticizer, pH controller, cross linking agents and other compounds) and chemical reactions and 
interactions that could occur between them.
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4.1 Activities
A study of the main factors influencing the properties (viscosity and gelling) of the film-forming solution 
was realized in order to defined its domain of processability.
The film forming solution was obtained from a freeze-dried COTPROT (protein concentrate with an average 
protein content of 60%) provided by FUSP/CR2.
In the first step, the condition of COTPROT solubilization were optimized as function of concentration, pH 
and time.
Then, the condition of microbiological stability of the resulting solution was defined without biocides or 
stabilizers.
At last, the viscosity and gelling domains of the film-forming solutions were studied as a function of 
COTPROT concentration, cross-linker type and ratio, pH, temperature and plasticizer effect.

For simplification, the following abbreviations and symbols will be used in the present report :
CL: Cross-Linker, LR: Reactive Lysine, FD: Freeze-Dried, CTP: COTPROT, DMAE: 
Dimethylaminoethanol, OPA: o-phtaldialdehyde, ratio: molar ratio CL / RL, η : viscosity, γ : shear rate, 
[CTP] : CTP concentration.

4.2 Results
4.2.1 Optimization of freeze-dried COTPROT (FD-CTP) solubilization
Water solubilization was studied as a function of time (30 - 120 min), pH (8 - 10, adjusted with DMAE) and 
FD-CTP concentration (10 - 22.5% on dry basis) under low shear mechanical stirring. Solubilization rate 
was spectrometrically monitored after OPA derivatization of the centrifuged aliquots supernatants.
Depending on CTP concentration, a fast solubilization of 77% to 85% was reached after only 30 min at 
initial pH of 8 but slightly increased further. Then, increasing pH to 9-10 led to protein unfolding with a 
near-complete solubilization (95-97%), whatever the CTP concentration.
Finally, a stirring time of 1h before pH adjustment was chosen for CTP solubilization.

4.2.2 Stability of uncross-linked CTP solutions at room temperature
Both physical and microbiological stabilities at room temperature were visually checked for three weeks on 
uncross-linked CTP solution at various pH (initial, 9 and 10).
Microbiological spoilage of fresh solutions occurred rapidly (1-2 days), whatever the CTP concentration, 
leading to a pH decrease from 8 to 4.5, a gelling with phase separation, a gas production and colour change 
as a result of red/ox phenomena of polyphenolic compounds.
With pH9 solutions, alterations occurred more slowly according to CTP concentration and only the highest 
concentrated solution remained intact after 3 weeks. Finally, all the pH10 solutions remained brown, fluid 
and unspoiled, but a more or less important sedimentation was observed despite the pH stability. The same 
conclusion was also obtained after a 6 months storage.

These results clearly demonstrated the positive effect of DMAE and/or high pH on microbiological spoilage 
prevention of CTP solutions which could be a potential alternative to biocide use.

4.2.3 Viscosity and gelling properties of CTP-based film-forming solutions
4.2.3.1 Influence of stirring mode and pH on uncross-linked CTP solutions viscosity
The solubilization of FD-CTP by use of mechanical stirring could lead to contrasted viscosities according to 
the shearing effect of mixer shape (Figure 1), the rotation speed and the presence of compound with 
emulsifying properties. In extreme case, the combination of high shear and high rotation speed could lead to 
the gelling of the solution. In other respect, protein unfolding with pH increase led to a viscosity decrease 
(Figure 2) whatever the CTP concentration. Furthermore, the viscosity increased exponentially with CTP 
concentration at a given pH.
To conclude, the FD-CTP solubilization appeared to be a critical step of the film-forming solution 
processing, in which the viscosity played an essential part.

44



Figure 1 : Viscosity of CTP solutions at pH 10 as 
function of CTP concentration and mixer

Figure 2 : Effect of pH and concentration on viscosity 
of CTP solutions (low shear mixer)

4.2.3.2 Influence of cross-linking on viscosity and gelling properties
Cross-linking of CTP-based solution could be achieved through the reaction of an aldehyde, such as glyoxal 
or glutaraldehyde, with the proteins. Because the lysine, in its reactive form, was often the most involved 
amino-acid, the ratio CL/RL was a key parameter in these studies. The theoretical ratio for a complete cross
linking was found to be 3 and 10 for the glutaraldehyde and the glyoxal respectively.

Figure 3 : Gelling boundaries of cross-linked CTP 
solutions, as function of cross-linker, ratio, pH and CTP 
concentration.

However, gelling of cross-linked CTP solutions (after 
24h reaction under stirring at room temperature) 
appeared at much lower ratio than expected (Figure 
3).Whatever the cross-linker, the ratio of gel 
formation decreased in a non-linear way with 
increasing CTP concentration.

Moreover, the gelling limit was particularly high 
since the pH was high with the glutaraldehyde, while 
the glyoxal led to the opposite situation. In case of the 
glyoxal, gelling was not as much marked as for the 
glutaraldehyde and occurred for a larger ratio range.

At last, we noticed that, the gel formation at the 
highest pH (pH10) occurred at the same ratio with 
the highest CTP concentration (22.5%) solution, 
whatever the cross-linker.

At the same time, the viscosity diagrams of cross-linked solutions were established as a function of pH, 
CTP concentration, CL type and ratio, as shown in figure 4 and figure 5. As expected, the viscosity increase, 
according to the molar ratio, appeared to be ruled by a power law as a consequence of cross-links formation 
and protein molecular weight increase.
However, each cross-linker led to contrasted situation because of their different reactivity and structure 
according to the reaction conditions :

- with glutaraldehyde, the reactive species could be hydrated and non-hydrated monomers at pH<7, 
poly-a,p-unsaturated aldehydes in neutral to basic media and a precipitate at high pH and 
concentration. Consequently, the reactivity of glutaraldehyde solutions steadily increased from pH4 
to pH8-9 and decreased until becoming insignificant at pH11. However, glutaraldehyde was 
selective towards reactive lysine whatever the pH.
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Figure 4 : Cross-linking with glutaraldehyde. Viscosity (given at a shear rate of 350 s-1) as function of ratio and pH for 
COTPROT solutions of  15%, 17.5%, 20% and  22.5%

- On the contrary, if glyoxal didn’t polymerise and remained under acetals or hydrated forms, the 
cross-linking was highly dependant on the amino-acids reactivity (and amount) which was connected 
to the pKa of their reactive group. As a consequence, the cross-linking increased with the pH but 
remained low because the glyoxal could react with other amino-acids than lysine leading to 
numerous reaction products but few cross-links.

Figure 5 : Cross-linking with glyoxal. Viscosity (given at a shear rate of 350 s-1) as function of ratio and pH for 
COTPROT solutions of  15%,  17.5%,  20% and  22.5%.

Finally, except extreme conditions, like high pH and CTP concentration, the glutaraldehyde was found to be 
much more reactive than the glyoxal (figure 6) that could constitute a major drawback at industrial scale 
where the control of cross-linking and solution viscosity are crucial.

Figure 6 : Cross-linking by glutaraldehyde (•) and glyoxal (O) at border pH of 8 and 10. Effect of ratio and pH on 
Viscosity (γ = 350 s-1) of CTP solution of 15% (solid line) and 22.5% (dotted line)
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4.2.3.3 Influence of temperature and glycerol on cross-linking and viscosity
Temperature and plasticization were also demonstrated to be critical on cross-linking by glyoxal (20% CTP 
solution, pH =10, ratio = 0.7, plasticization with 20% glycerol before cross-linking). If low temperature led 
to higher viscosities as expected, the viscosity gap between plasticized and un-plasticized solution appeared 
to be much higher at low temperature (figure 7).

Figure 7 : Viscosity vs time of cross-linked CTP solutions 
at 15°C (♦) and 30°C (O), plasticized with glycerol 
(dotted line) and un-plasticized (full line)

Figure 8 : -NH2 variations vs time of cross-linked CTP 
solutions at 15°C (•) and 30°C (O), plasticized with 
glycerol (dotted line) and un-plasticized (full line)

The monitoring of -NH2 consumption, which was connected to glyoxal reaction with proteins (and therefore 
to cross-linking extent), showed that the cross-linking was higher at 30°C with no significant effect of the 
plasticization. On the contrary, the -NH2 consumption at 15°C was significantly reduced by the 
plasticization. If it was obvious that the temperature, in relation with activation energy, directly acted on the 
cross-linking reaction, the plasticization effect remained unknown. However it could be assumed that the 
disruption of cross-linking reaction by glycerol could be canceled by a high molecular mobility and a low 
viscosity at 30°C while it became significant at 15°C.

5. Controlled release properties of CTP-based coatings
The aim of the work was to evaluate if cottonseed proteins could be used for the development of 
biodegradable delivery systems and active seed-coatings in particular, assuming that the protein matrix could 
play the role of a reservoir and that protein cross-linking and plasticization should significantly influence the 
release.

5.1 Activities
In a first step, the evaluation was based on kinetic studies of imidacloprid (active substance of the 
commercial insecticide Gaucho® of Bayer society - content : 70%/DM) release in water from cottonseed 
proteins-based films obtained in various conditions. In a second step, the best formulation was applied to a 
standard industrial seed-coating process (INCOTEC (CR3/WP3), and followed by release tests on coated 
pelletized seeds. Finally a comparison between CTP-based formulations and industrial film-coatings was 
done.

5.2 Results
5.2.1 Imidacloprid release from films
A cottonseed protein concentrate (Freeze-dried COTPROT - 60% protein content) was used for the 
preparation of doped films. In agreement with INCOTEC (CR3/WP3), the following specifications were 
established for the preparation of film forming solutions and films :

- Cross-linker: glyoxal was chosen for its lower phytotoxicity and its reduced reactivity, 
- Temperature : 20°C and pH : 10
- COTPROT concentration : 15% (dry basis) and Ratio CL/RL : 0 — 5 to ensure sufficient cross
linking, contrasted kinetics, medium viscosities and avoid gelling, 
- Plasticizers : glycerol and ethylene glycol (20% on DM)
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- Gaucho levels in films : 55% and 90% on DM, 
- Drying of films : room temperature under air flow.

The film forming solution was realized according to standard procedures. The aqueous Gaucho® solution 
was added at the end and the resulting formulation was poured into dishes and dried.
Films of 30 mg DM/cm2 and 200-300 μm thickness were finally obtained and sampled (02O-25mm disks, 45 
± 4mg imidacloprid) for release tests (2-4 replicate/film). A device was specially designed for release 
experiments and successfully tested. The monitoring of the imidacloprid release was done by HPLC analysis 
(UV detection at 270 nm) of water samples, withdrawn at regular intervals for 30h. Kinetic results were 
expressed by the following equation :

Fraction released (%) = 100.Mt/M = f(t) [1] 
where :

- Mt : amount released in time t
- M : amount released at infinite time (or theoretical initial amount in the sample) 
- t : elapsed time

From kinetic plots were deduced and compared the t50% values (time at 50% release), taking as reference a 
100% Gaucho® film (figure 9 and figure 10)

Whatever the plasticizer (glycerol or ethylene glycol) the t50% of uncross-linked films (ratio = 0) appeared to 
be higher than that of the 100% Gaucho® film, showing that cottonseed proteins alone could slow down the 
release. Then, as expected, the cross-linking of the protein matrix dramatically increased the retention of 
imidacloprid and therefore the t50% value, which reached a maximum of 8-11 h for a ratio comprised between 
2 and 3.

Figure 9 : Effect of ratio on t50% values of films 
plasticized with glycerol with a Gaucho® content of 
100% (grey line), 90% (■) and 55% (□).

Figure 10 : Effect of ratio on t50% values of films 
plasticized with ethylene glycol with a Gaucho® 
content of 100% (grey line), 90% (■) and 55% (□).

However, the slowest release (highest t50% ) was surprisingly obtained with the highest Gaucho® content 
(90%) when the opposite situation was expected.

If the cross-linking had a great influence on the release, on the contrary, the effect of plasticizer was 
significant but less marked (figure 11 and figure 12). The slowest release was obtained with glycerol, 
whatever the Gaucho® content of films. This could be due to weaker interactions of ethylene glycol with 
water and proteins on account of its structure (two hydroxyle groups compared to three with glycerol) and its 
smaller size.
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Figure 11 : Effect of ratio on t50% values of 90% 
Gaucho® films plasticized with glycerol (•) or 
ethylene glycol (O), taking as reference a 100% 
Gaucho® film (dotted line)

Figure 12 : Effect of ratio on t50% values of 55% 
Gaucho® films plasticized with glycerol (■) or 
ethylene glycol (□), taking as reference a 100% 
Gaucho® film (dotted line)

Finally, it has been clearly shown that cottonseed proteins-based formulations could be used for the 
controlled release of imidacloprid from films with a great influence of cross-linking and slight effect of 
plasticizer. The slowest release was obtained with glycerol plasticized films, cross-linked at a ratio of 2-3 
and containing 90% of Gaucho®. In these conditions the slowing gain was 35 times that of a 100% 
Gaucho® film.

In order to get information about the mechanism of release, kinetics data were modelled according to the 
Ritger-Peppas’s equation in which the fractional release is a power law of time :

Mt/M = k.tn [2] 
where k is a constant incorporating structural and geometric characteristics of the system and n is the release 
exponent which is indicative of the release mechanism.
Whatever the situation the exponent n was comprised between 0.7 and 1.0, that was characteristic of a non- 
Fickian mass transfer due to different phenomena such as swelling and relaxation of the polymer matrix in 
case of cross-linked films (n = 0.7) or dissolution processes in case of uncross-linked ones (n =1, zero order 
kinetic). These results were also confirmed by observation of films behaviour which were similar to 
hydrogels.

5.2.2 Imidacloprid release from pelletized coated seeds
The coating of pelletized lettuce seeds was realized at INCOTEC BV (CR3, WP3), according to one of its 
current coating process. Different film-coatings (FC), containing COTPROT (CTP) or available commercial 
binders and various Gaucho® and additive contents, were used for this purpose. In case of CTP-based FCs 
the best conditions previously defined with films were applied.

The release tests were done on 40 pellets samples after a conditioning at 21°C and 65% RH for 24h. In these 
conditions, each pellet had the following characteristics:

- average size : 3.5 x 4.5 mm
- average weight : 37 ± 3 mg
- theoretical imidacloprid content : 0.8mg

As previously, the release rate of film-coatings were compared on the base of t50% values.

Whatever the cross-linking degree (r = 0 or r = 2), the CTP-based FCs led to a release comparable to that of 
FC1 but much faster than that of FC2 and FC3. In other respects, the release was slightly faster with cross
linked FCs and significantly slower with FCs of low Gaucho® content.
So, these results appeared be opposed to that obtained with films and completely unexpected.

In order to better understand this phenomenon, films of the same Gaucho® content were made with the CTP- 
based FCs provided by INCOTEC. Release tests were then realized as described in § 5.2.1.
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As shown in figure 14, the results obtained with films led to the same conclusions that found in § 5.2.1: the 
slowest release was obtained with the cross-linked FC (r=2) containing the highest Gaucho® content (90%).

Figure 13 : Release tests on pelletized coated seeds. 
Comparison of t50% of commercial FCs (■) and 
CTP-based FCs of Gaucho® content of 55% ( ), 
68% (J) and 90%(■).

Figure 14 : Imidacloprid release from pelletized 
coated seeds (□) and films (■) obtained from the 
same film-coating solutions. Comparison of t50% as a 
function of ratio r and Gaucho® content.

Several hypotheses could be formulated to explain the different behavior of pelletized seeds. It could be 
supposed first that the coating process used by INCOTEC didn’t allow a sufficient cross-linking of proteins 
and secondly, that the low thickness and the fast drying of the coating may influence its molecular structure. 
To make clear these questions, additional experiments should be done at laboratory scale in particular on the 
influence of film thickness and the drying conditions of films. Moreover, electron scanning microscopy 
could be helpful to highlight any difference in the structure of films.

At industrial scale , it could be interesting to test other coating processes or to adapt the current one in order 
to take advantage of the release properties of CTP-based formulations;

Lastly, new ways could be also intended to improve the controlled release of cottonseed proteins-based 
systems such as, for instance, the use of high molecular weight or amphiphilic plasticizers or the 
hydrophobation of proteins.

6. Publications and papers
The following title and abstracts, given in provisory form, correspond to publications which will be 
submitted in 2006

Title : Controlled release of imidacloprid from cross-linked cottonseed protein-based films
Abstract : The aim of this work was to evaluate if cottonseed proteins could be used for the development of 
biodegradable delivery systems and active seed-coatings in particular. A freeze-dried cottonseed protein 
concentrate (FD-CSPC) was used for the preparation of films inside which the commercial insecticide 
Gaucho® was incorporated. The kinetic studies of imidacloprid delivery from films revealed that release 
rates were significantly influenced by protein cross-linking and, in a fewer extent, by the plasticizer type. In 
other respects, observation of film behaviour and modelling of kinetics data according to the Ritger-Peppas’s 
equation indicated that the delivery of imidacloprid always occurred through a complex mechanism in which 
swelling/relaxation phenomena could be involved. However, if the interest of such protein-based material 
has been clearly demonstrated at laboratory scale on a simple system, the first attempts in industrial 
conditions has shown that the formulation and/or the process should be adapted to express all its 
potentialities.
Journal(s): J. Agric. Food Chem. ; Industrial crops and products ; Drug Delivery...

Title : Viscosity and gelling properties of cross-linked cottonseed protein-based film-forming solutions 
Abstract : The aim of this work was to determine, in terms of viscosity and gelling, the workable domains 
of film-forming solutions obtained from a freeze-dried cottonseed protein concentrate (FD-CSPC). Firstly, 
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the optimized conditions for solubilization and microbiological stabilization were defined as a function of 
concentration, pH and time, in lack of biocides or stabilizers. Then, the viscosity and gelling domains of the 
cross-linked solutions by glutaraldehyde or glyoxal were established as a function of FD-CSPC 
concentration, cross-linker ratio, pH and temperature. If the gelling of solutions appeared in ratio ranges 
much lower than that expected, the glutaraldehyde was found to be much more reactive than the glyoxal, 
leading to higher viscosities whatever the cross-linking conditions. However, in perspective of industrial 
application, glyoxal may be preferred for a better control of the cross-linking and the film-forming solution 
viscosity.
Journal(s): J. Agric. Food Chem.; Industrial crops and products ; J. App. Polym. Sci.
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COTONBIOMAT - Processing cotton seed into biodegradable materials for agriculture as 
an alternative to synthetic polymers in Latin America________________________________
Contract Number : ICA 4.CT-2001-10061

Individual Partner final report- WP2 
Partner FUSP (Brazil, CR2)

Overall objectives
The WP2 objectives were first to optimize the COTPROT formulation that will be used to 

make seed coating, composites and cast films and, second, to find nutritional use to COTPROT 
process by-product.

Task 02.01 - Training in CIRAD (France) to learn about cottonseed based material 
processing.

The WP2 coordinator was submitted to a fast and specific training on the elaboration of 
protein films of cottonseed kernels. Proteins were extracted by alkaline solubilization, at moderate 
temperature, and the separation was carried out by centrifugation, to obtain the cottonseed kernel 
protein solution. For filmogenic solution preparation, the protein solution was added of a 
crosslinking agent and a plasticizer. The filmogenic solution was cast on perfectly leveled plates, 
and let to rest on ambient temperature, for 12 hours. After that, the material was dehydrated leading 
to the cottonseed protein films.

This training was very important because Dr. Sobral had no experience on necessary protein 
extraction technique. Thus, the milestone (M02.01) Training in CO1 institution to learn about 
cottonseed processing was accomplished.

Task 02.02 - Optimization of cotton seed kernel dispersion to obtain a COTPROT basis 
material.

For COTPROT preparation, it is necessary first, to extract the proteins from the cottonseed 
kernel. This extraction was allowed by protein solubilization by controlling the pH of cottonseed 
kernel dispersion in water. At high pH and at controlled temperature, the proteins were solubilized 
and diffused from the kernel to the solution. After convenient centrifugation, the protein solution, 
now called COTPROT, was separated from the solids residues. So, in this task, the objective was to 
optimize a COTPROT solution in relation to the extraction process. To attain these objectives, two 
main activities were developed: i) production and characterization of flours from the cottonseed 
kernels to improve proteins extraction; ii) and production and optimization of COTPROT.

The raw material used was glanded cottonseed kernel supplied by a Brazilian industry 
« Maeda S.A. Agroindustrial », localized at the state of « Goiás ». Several samples arrived in 
different periods of this project.

To produce flour, the cottonseed kernel was grounded using a knife mill. The particle size of 
cottonseed kernel flour was then characterized by tamization using the following screens: 1) Tyler 
12, opening 1.40 mm; 2) tyler 16, opening 1.00 mm; 3) tyler 20, opening 0.85 mm; 4) tyler 28, 
opening 0.60 mm; 5) tyler 35, opening 0.425 mm; 6) tyler 48, opening 0.30 mm, for 25 minutes at 
medium vibration level (5 in a 10 full scale) using a laboratory scale screen shaker. The flour 
particles presented a normal distribution. The flour particles with interesting diameters for the next 
studies (<0.6mm) represented 70% of total.

To test the particle size as an independent factor in the next study, we have chosen two 
particle size domains: 1) particles with diameter between 0.425 and 0.60 mm, 2) and particles with 
diameter less then 0.3 mm. As the samples obtained in this domain corresponded only to 10.2%, we 
have grounded again the flour with diameter above 0.60 mm, now using a grain miller.
Milestone (M02.02): Results of chemical composition of cottonseed kernels: several flour 
batches from different lots of cottonseed kernels were produced and analyzed at the Laboratory of 
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Bromatology (FZEA-USP) and CIRAD by classic methods (A.O.A.C, 1995). In a general manner, 
the compositions of different lots of flours (Table 1) were similar, with some differences for the 
FDA, raw cellulose and hemicellulose values. As expected, the cottonseed kernels were rich in 
lipids and proteins. The relatively high content in total fiber, and consequently cellulose, were 
consequence of raw materials used (mixture of kernels and shells).

Table 1 : Cottonseed flours chemical composition (M02.02).
Analyses Aug/200 Sent/200 Oct/200.3 Nov/200.3 Mav/200 Sent/200

Drv matter g/100 g 94 2 + 93 7 + 93 7 + 93 7 + 93 R + 94 9 +
Protein content (2/100 g 34.7 ± 34.2 ± 35.0 ± 33.1 ± 32.8 ± 32.0 ±

Lipids (g/100 g drv 35.9 ± 35.3 ± 34.2 ± 35.5 ± 35.6 ± 34.3 ±
Raw cellulose (g/100 g drv 3.6 + 4.2 ±0.5 3.5 ±0.1 3.6 ±0.1 1.9 ±0.2 1.80 ±

Hemicellulose (g/100 g 5.9 ± 0.2 1.6 ±0.7 3.6 ± 0.2 2.6 ±0.6 5.0 ± 5.0 ± 1.2
Lignin (g/100 g drv 2.9 ±0.7 5.0 ±0.3 7.0 ±0.5 1.4 ± 0.3 1.4 ±0.1 1.6 ± 0.3

Total fiber (g/100 g drv 5.9+ 0.2 5.8 ±0.4 5.7 ±0.2 5.9 ±0.2 5.7 ±0.9 5.7 ±0.2
FDA(g/100 g drv matter) 5.8 ±0.5 4.9 ± 0.3 4.1 ±0.4 5.5 ±0.4 3.2 ± 0.6 4.1 ±0.4
FDN (g/100 g drv matter) 9.0 ±0.5 6.54 ± 7.6 ± 0.2 8.1 ±0.4 8.1 ±0.5 8.5 ±0.9

Minerals(g/100 g drv 4.3 + 0.3 4.7 + 0.2 4 6 + 0.1 4.3 + 0.2 47 + 00 4.5 + 0.0

Regarding the amino acid composition of flours proteins (Table 2), aspartic and glutamic 
acids and its derivates were the most important amino acids (~9%), followed by arginine (~3.5%), 
indicating that these proteins could be more soluble at high basic pH than at acid pH. Also, the total 
content of lysine was relatively high (1.25%), despite of the content of unavailable lysine (0.85%) 
due possibly to reaction with gossypol. This is very important information to chemical modification 
of proteins. The results analysis of proteins by electrophoresis allowed to verify that one half of the 
proteins fractions had molecular weight between 20 and 50 kDa, possibly constituted by subunits of 
congossypin (gossypin), a high molecular weight (127-180 kDa) globular protein. Only 6% 
presented molecular weight of about 111 kDa and some 28% presented molecular weight less then 
20 kDa, that could be constituted of fractions of gossypin (also globular) and albumins, respectively 
(Marquié and Guilbert, 2002).

Moreover, these materials presented sugars in their compositions: raffinose (4.90%), 
saccharose (0.85%); fructose (0.01%) and glucose (<0.01%); and also gossypol: 0.55% free and 
0.63% on total. Considering that sugars are water soluble, these components will be present in films 
acting as plasticizers.

Table 2. Amino acid composition of cottonseed kernel flour (M02.02).
Analyses g/100 g dry matter Analyses g/100 g dry matter
Amino Acids : Content % (SD %) Content % (SD %)

- Aspartic acid-asparagine 2.85 (4.33) - Methionine 0.49 (9.00)
- Glutamic acid-glutamine 6.18 (4.08) - Isoleucine 0.87 (6.39)
- Sérine 1.30 (5.58) - Leucine 1.67 (8.01)
- Thréonine 0.95 (5.12) - Phénylalanine 1.58 (7.32)
- Glycine 1.22 (5.54) - Cystéine 0.47 (4.89)
- Alanine 1.28 (3.97) - Lysine 1.25 (13.14)
- Arginine 3.49 (4.58) - Histidine 0.97 (5.37)
- Proline 1.16(7.28) - Tyrosine 0.97(11.09)
- Valine 1.16(9.11) Total 29.04

Production and optimization of COTPROT solution: Screening - Selection of parameters to be 
studied. The use of a screening methodology is necessary when many parameters may affect a 
process. Eight factors studied with Plackett-Burman screening methodology (Barros et al., 1996) 
were the following: flour/water ratio (20 and 40%); dispersion pH (8 and 10); dispersion 
temperature (25 and 60°C); duration of thermal treatment (30 and 60min); particle size (<0.3 and 
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0.42-0.60mm); type of alkaline agent (TEA and NH4OH); centrifugal force (500 and 1500g) and 
centrifugal duration (5 and 15min). The dependent variables were related to quantitative aspects, 
such as dry matter yield (DMY); protein extraction yield (PEY), dry residue yield (DRY) and 
COTPROT protein content (PC).

The essays and results of the Plackett-Burman design are presented in Table 3. The protein 
concentration (PC) in COTPROT varied from 29.60 % to 48.33 %, while the PEY presented values 
from 5.88 % to 57.66 %. The low PEY values were mostly influenced by the amount of COTPROT 
obtained after centrifugation, which depend on the dispersion conditions (time, temperature, pH, 
and particle size). As could be observed in the Table 3, the higher PEY values were obtained using 
this finely ground flour were the flour/water ratio was of 20%, independent of temperature and pH.

Table 3: Plackett and Burman essays and results.

Essay F/W PH T t1 PS Basis CF t2
DM 
Y

PEY DR PC

1 40 10 25 6 0.42-0.6 NH4O 500 5 16.25 21.73 74.82 39.71
0 H

2 40 8 60 6 0.42-0.6 TEA 500 5 20.72 26.01 72.74 37.28
0

3 20 10 60 6 <0.3 TEA 500 15 43.03 63.48 44.93 47.35
0

4 40 10 60 3 <0.3 TEA 1500 5 4.62 5.88 80.30 40.22
0

5 40 10 25 3 <0.3 NH4O 500 15 44.44 55.67 47.46 39.57
0 H

6 40 8 25 3 0.42-0.6 TEA 1500 15 24.08 30.65 68.94 37.86
0

7 20 8 25 6 <0.3 NH4O 1500 5 43.60 57.66 48.62 41.89
0 H

8 20 8 60 3 0.42-0.6 NH4O 500 5 25.50 41.46 60.88 48.33
0 H

9 20 10 25 6 0.42-0.6 TEA 1500 15 31.10 49.59 62.42 47.38
0

10 40 8 60 6 <0.3 NH4O 1500 15 32.91 41.20 56.22 39.51
0 H

11 20 10 60 3 0.42-0.6 NH4O 1500 5 33.39 50.95 59.97 45.43
0 H

12 20 8 25 3 <0.3 TEA 500 5 43.26 40.52 49.75 29.60
0

F/W=flour/water ratio; T=temperature; t1= extraction duration time; PS = particle size; CF = 
centrifugal force; t2= centrifugal duration time; DMY: Dry matter yield (g dry solids in 
solution/100 g dry solids in flour); PEY: Protein extraction yield (g protein in dry solids of 
solution/100 g protein in dry solids of flour); DR=Dry residue yield (g of residue/100 g of flour); 
4PC=COTPROT protein concentration (g protein/100 g dry solids); FC= Fat content (g lipids/100 
g dry solids).

After statistical analysis (Barros et al., 1996), when all data of each dependent variable was 
available, it could be observed that the COTPROT protein concentration was influenced by four 
factors: the centrifugal duration, the flour/water ratio, pH, and temperature. So, considering these 
results, and based on the bibliographical research, the parameters chosen to optimize the 
COTPROT process were the pH, temperature and flour/water ratio. The other parameters were 
fixed as following: the particle size <0.425mm to avoid a liquid absorption problems; TEA as
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alkaline agent, because ammonium can affect film quality; time of agitation of 30 minutes; and 
centrifugal conditions of 1500 g/15 min. Also, the maximum flour/water ratio decreased to 25 % 
was chosen to avoid liquid absorption problems.

Production and optimization of COTPROT solution: Optimization of COTPROT. On another side, 
the response surface methodology (Barros et al., 1996) was used to optimize the COTPROT by 
studying the influence of pH; temperature and flour/water ratio (independent variables) on 
cottonseed kernel dispersion, using a factorial 23 central composite design (Table 4). The 
parameters measured were protein concentration (PC) determined with the classical Kjeldhal 
methods (AOAC, 1995); protein extraction yield (PEY), dry matter yield (DRY); dry residue (DR) 
calculated both using gravimetric measures; viscosity and color parameters determined with a 
viscosimeter Brookfhield DV-II and with a colorimeter HunterLab Miniscan XE, respectively. 
Statistical analysis was done using software Statistica for Windows (StatSoft Inc.). The results 
obtained with all essays according to the surface response methodology can be observed in the 
Table 4.

Table 4: Responses of the dependent variables to different COTPROT preparation conditions.
F/W PH T PEY DMY PC CV L * a b*8 DRY
X1 X2 X3 Y1 Y2 Y3 Y5 Y6 Y7 Y8

1 17(-1) 8.4(-1) 33(-1) 69.03 39.25 4.3 0.96 48.2 3.32 45.2 44.21
2 23(+l) 8.4(-l) 33Í-1) 58.09 33.30 5.6 1.86 46.9 5.10 46.9 52.26
3 17Í-1) 9.6(41) 33Í-1) 73.17 40.95 4.7 0.86 48.5 7.00 53.0 46.17
4 23(+1) 9.6(41) 33Í-1) 57.27 37.12 5.2 1.35 43.1 8.26 51.7 44.55
5 17Í-1) 8.4Í-1) 57(41) 68.35 39.01 4.5 1.01 37.5 7.61 43.7 43.04
6 23(+l) 8.4(-l) 57(41) 58.05 31.67 6.0 1.61 29.0 8.51 39.0 61.15
7 17Í-1) 9.6(+1) 57(41) 87.32 49.14 5.8 1.11 43.8 9.72 54.6 37.50
8 23(41) 9.6(+1) 57(41) 65.22 37.69 6.5 1.76 33.6 9.10 46.3 24.23
9 15Í- 9(0) 45(0) 76.65 42.52 4.2 0.94 45.6 6.37 49.4 42.85
10 25(1.68) 9(0) 45(0) 67.38 36.50 6.6 1.48 31.3 8.82 41.9 50.03
11 20(0) 8(-1.68) 45(0) 60.49 35.64 5.0 1.46 49.7 5.47 50.0 60.79
12 20(0) 10(1.68) 45(0) 77.85 44.99 5.7 1.01 41.7 10.8 54.8 38.79
13 20(0) 9(0) 25Í- 60.30 37.31 4.9 1.07 49.4 5.13 52.4 53.74
14 20(0) 9(0) 65(1.68) 71.91 41.24 5.8 1.33 37.2 8.10 46.0 51.49
15 20(0) 9(0) 45(0) 70.59 38.27 5.5 1.01 39.6 7.92 47.4 53.80
16 20(0) 9(0) 45(0) 70.12 39.16 5.6 1.07 39.7 7.96 47.8 60.76
17 20(0) 9(0) 45(0) 60.11 36.81 4.7 1.01 37.9 8.34 46.8 57.70
18 20(0) 9(0) 45(0) 66.16 36.54 5.2 1.29 37.2 7.94 46.0 46.01
19 20(0) 9(0) 45(0) 68.84 37.95 5.4 1.09 37.3 8.03 45.0 44.99

(values)=coded values of the F/WR, pH, T; PEY=protein extraction yield (g protein in dry 
solids of COTPROT/100 g protein in dry solids of flour); DMY=dry matter yield (g dry 
solids of COTPROT /100 g dry solids in flour); CP=COTPROT protein concentration (g 
protein/100 g COTPROT); CV=COTPROT viscosity (cP); a*, b*, L*=color parameters; 
DRY=dry residue yield (g of dry solids in residue/100 g dry solids in flour).

The statistical quadratic model (Equation 1) fitted to experimental data had explained 
variability percent over 84.1% for all the responses. Only statistically (P<0.10) significant 
parameters of polynomial models were used to draw surface responses. For the surface-response 
diagrams shown in this report, the third factor, not shown in the graph, was at the central point: 25 
% FWR, pH 9 and 45°C.

Y = b0 + b1X2 + b2X2 + b3X3 + b12X1X2 + b13X1X3 + b23X2X3 + b11X12 + 
b22X22 + b33X32

(1)

The optimal PEY and DMY (Figures 1 and 2) regions were both in the domain of high 
temperature, low FWR and high pH. The higher PEY and DMY values observed at higher pH
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values were probably due to the high solubility of the cotton kernel proteins in this domain. The 
optimal CPC region was located at high temperature and high pH domain, but at high FWR domain. 
The pH also affected CV, but this effect depends on temperature being that the optimal CV was 
situated around low temperature and FWR and high pH. An optimum point of maximum for DRY 
was observed for FWR near 25%. Higher values for the L* parameters were observed for lower 
FWR values, but always presenting a depression around pH 9. All values for the three color 
parameters were positive, and COTPROT could be considered as a dark-yellow solution.

To choose the more convenient pH value, another experiment was made. The pH varied 
between 8 and 9.5, fixing the other parameters, and increasing F/W to 30%, considered the higher 
value of PEY and principally of PC to choose the optimal conditioning and because it is interesting 
to industrial process. The results of this study are presented in the Table 5. A thermal study made 
with a differential scanning calorimeter TA2010 (Ta Instruments) allowed to observe that pH no 
affected the state of these proteins.
Milestone (M02.06): First COTPROT optimized formulation available for WP2, WP3 and 
WP4. The high protein concentration in COTPROT was considered as interesting to improve cross
linking reactions. In this sense, the optimal condition choose was pH= 9.0; T= 57°C and 
FWR/water= 30%. Thus, this condition was used currently in further studies.

Figure 1: Example of surface-response of 
PEY.

Figure 2: Example of surface-response of 
DMY.

Table 5: Results of validation tests of optimization conditions.

Note: letters different represents significant differences between data (p<0.05) 
according to Duncan test.

pH DM (%) Viscosity (cP) PC (%) DMY (%) PEY (%)
8.0 14.59 ± 0.21a 2.88 ± 1.76a 44.44 ± 2.06a 32.85 ± 0.44a 55.03 ± 1.03a
8.5 13.71 ± 0.34a 2.20 ± 0.81a 55.58 ±0.36b 32.19 ± 1.8a.c 60.10 ±2.08b
9.0 14.68 ± 0.14a 4.17±0.81b 58.18 ±0.16b 31.44 ±0.17a.c 61.70 ±0.37b.c
9.5 14.50 ± 0.79a 5.42 ± 0.56b 57.96 ± 0.50b 28.92 ± 0.62b.c 56.48 ± 0.56a.c

T02.03 - Research on nutritional applications of COTPROT by-products.
The objective of this task was to find utilization for the principal by-products of the 

COTPROT process to collaborate for the economical feasibility of the COTPROT process.
Millestone (M02.05): Chemical composition (a) and overall nutritional (b) value of 
COTPROT by-products. Samples of COTPROT residue, from approximately 50 COTPROT 
process batches, were homogenized and analyzed for chemical composition (Laboratory of 
Bromatology- ZAZ-FZEA-USP) and for amino acid contents by classic methods (A.O.A.C, 1995). 
The results (Table 6) indicated that this residue is always good source for protein and lipids. Also, 
its amino acid composition is adequate for use as animal feed. The aspartic acid and arginine are its 
main amino acids. This was expected as they are the most abundant amino acids in the cottonseed 
flour.
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The relatively high protein content of residues in relation to the protein content of the raw 
material can be explained by the relatively low extraction yield and also by the protein loss during 
solution preparation, more precisely in the centrifugation and filtration process. The residue rested 
in the gauze was not negligible, representing about 9% of the total proteins of all products and by
products. The recuperation of the proteins of the gauze is not easy because the fatty nature of this 
residue.

Table 6: Composition of COTPROT residues (M02.05a), and diets formulations (M02.08).
Analyses AA content (%) Diet formulations
DM (g/l00g 93.21 + 0.05 Aspartic 2.41 + Ingredient C 1 2 3
PC (g/100g DM) 25.50 ±0.02 Glutamic 5.91 ± Residue - 333.3 432.7 666.6
Non proteic 14.85 ± 1.01 Serine 1.23 ± Starch 397.4 270.2 290.0 100.0
Lipids (g/100g 30.36 ±0.41 Threonon 0.91 ± Casein 112.5 - - -
Raw cellulose 10.79 ±0.12 Glycine 1.44 ± Protein - 112.5 100.0 225.0
Hemicellulose 14.35±1.36 Alanine 1.12 ± Malto 132.0 132.0 120.0 88.50
Lignin (g/100g 7.11 ±0.08 Arginine 2.94 ± Sugar 166.2 166.3 133.8 100.0
Total fiber 12.03 ±0.29 Proline 1.13 ± Soy oil 88.00 58.67 - 29.33
FDA (g/100g 18.16 ±0.78 Valine 1.29 ± Cotton oil - 29.33 153.2 58.67
FDN (g/100g 32.51 ±2.06 Methioni 0.24 ± Fiber 50.00 50.00 52.06 80.20
Minerals (g/100g 6.25 ± 0.05 Isoleucin 0.84 + Inert mass - 130.5 100.3 261.1
Ca (%) 0.16 ±0.04 Leucine 1.62 + Mineral 35.00 35.00 35.00 49.65
P(%) 0.97 ± 0.04 Phenilani 1.35 ± Vitamin 10.00 10.00 10.00 10.00
K (%) 3.16 ±0.03 Cisteine 0.31 ± L-Cystine 3.00 3.00 3.00 3.00
Mg (%) 0.78 ± 0.04 Lysine 1.36 ± Bitartarate 2.50 2.50 2.50 2.50
Na (ppm) 12.86 ±0.45 Histidine 0.71 l+ hidroquino 0.014 0.014 0.014 0.014
Mn (ppm) 16.76 ±0.19 Tyrosine 0.58 i+

Fe (ppm) 111.06 ±
Zn (ppm) 110.64 ±
Cu (ppm) 3.28 + 0.06

DM:dry matter; C: diet control

Nutritional studies of residues. Biological procedures were used for prediction of protein nutritive 
quality of COTPROT residues. The Protein Efficiency Ratio (PER-weight gain/consumption 
protein) and Alimentary Efficient Coefficient (CEA=diet intake/body wight gain) were evaluated.
Milestone (M02.08): Animal feed formulation. Four diets were prepared (M02.08): three 
experimental diets containing different proportions of COTPROT residue protein (CRP) and one 
diet containing casein (control diet, AING 93). Each diet was fed to six replicate of rats (male, 
Wistar - specific pathogen free, 22±3 days of the age; mean weight= 88.8±5.5g). Feed consumption 
and body weight were individually recorded daily for three weeks. The results of the COTPROT 
residue characterization and compositions of the diets can be observed in the Table 6.

It can be observed in the Figure 2 that the average consumption of control diet was superior 
in all period of essay. However, the consumption of the diet 3 was lower when compared to diets 1 
and 2, possibly as resulted of the pronounced characteristic flavor of the COTPROT residue in the 
diet 3 (Figures 3 and 4). On another side, the values of the linear correlations coefficients (Table 7) 
showed that the formulated diets were ideal for the consumption.
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Figure 2: Average consumption of the diet 
as function of the time.

Figure 3: Variation of consumption of the 
protein as a function of diet.

Table 7: Diet intake versus weight gain: 
values of linear model (y= ax + b) 
parameters and correlation coefficient (R2) 
for different diets.

Diet a b R
Control 2.68 235.28 0.9971

1 4.49 387.29 0.9761

2 4.20 347.84 0.9666

3 3.71 304.42 0.7196

Figure 4: Variation of the CEA (diet 
intake/body wight gain) as a function of diet.

Milestone (M02.10): Results of feeding animals in feedlots. The average weight gain of the rats 
as function of the diet intake were about 5.7g/day for control diet, 2.3g/day for diet 1, 2.0g/day for 
diet 2 and 0.8g/day for diet 3. On another hand, the values obtained for PER were: 2.3 for diet 3,1.9 
for diet 2 and 1.25 for diet 3. The values observed for the diets 1 and 2, can be considered 
acceptable when compared with casein (PER=2.5). Thus, the results of the biological assays 
(growth, PER and CEA) suggested a good overall nutritional (M02.05b) potential for COTPROT 
residue utilization in diets with ranged from 10 (COTPROT residue) at 22.5 % (defatted 
COTPROT) of protein content. Thus, this by-product may be used in the composition of flavored 
feed for ruminants and no-ruminants as source of protein and energy.
Milestone (M02.07): Toxicologic profile of COTPROT by-products. Various rats submitted to 
feed based on COTPROT residue were slaughtered to biopsy. No modifications were observed in 
principal organs of animals, there means that the residue no presented toxicity in used doses. So, 
according to these results a more intensive study on toxicological profile of by products was no 
necessary.

T02.04 - Optimization of the COTPROT formulation
The objectives of this task were to improve the stability of COTPROT solution, which may 

be conserved for a long time before use, and to try different cross-linkers agents and plasticizer to 
make films or composites with suitable mechanical properties.
Milestone (M02.03): Choice of a protein cross-linker (a) and treatment conditions (b) for the 
COTPROT solution. The following steps were used to prepare the film forming solution: cross 
linking agent addition to COTPROT, stirring (1h, 25°C), plasticizer addition, stirring (15min), 
pouring in acrylic plates, drying at room temperature (12h), drying inside ventilated oven (60°C). 
Before characterizations the films were conditioned at 58%UR (NaBr, 25°C). The film thickness 
was controlled by the dry matter content/support surface area ratio. Concerning films 
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characterizations, the water solubility was determined gravimetrically, mechanical properties were 
determined using a texture analyzer TA.XT2i (TA Instruments), and viscoelastics properties using a 
dynamic mechanical analyzer (DMA 298, TA Instruments). Also, thermal analyses were run with a 
differential scanning calorimeter (DSC 20110, TA Instruments), and color and opacity were 
determined using a MiniScan XE colorimeter (Hunter Associates Laboratory). The COTPROT 
viscosity was determined using a Brookfield viscometer DIL

Preliminary essays: thickness and drying control. Applications of 20, 40, 60, 80 and 100 mg dry 
matter COTPROT/cm2 in the support were tested. The film thickness increased linearly with the 
increase of the COTPROT mass applied on the support for both glutaraldehyde/reactive reactive 
lysine molar ratio of 3 (Y=-0.217+0.01 OX, R=0.984) and 6 (Y=-0.033+0.007X, R=0.994), as 
expected. The films which presented better visual and tactile characteristics were those with 60 and 
80 mg dry matter/cm2. However, above 60 mg dry matter/cm2 the thickness control became difficult 
as function of the non-uniform drying. So, the best condition chosen was 60 mg dry matter/cm2 
corresponding to 0.370+0.020 and 0.340±0.010 mm for glutaraldehyde/reactive lysine molar 
ratios of 6 and 3, respectively (M02.03b).

The puncture force (PF) increased and the puncture deformation (PD) decreased (Table 8), 
both linearly with the increase of thickness (x) for glutaraldehyde/relative reactive lysine molar 
ratio of 3 (PF=5.29+26.91x, R=0.993; PD=17.31-5.04x, R=-0.992) and 6 (PF=-0.653+51.82x, 
R=0.989; PD=17.86-5.15x, R=-0.994). The increase of the glutraraldehyde/lysine molar ratio from 
3 to 6 caused an increase of the puncture force and a decrease of the puncture elongation of films 
that became more important with the increasing of the thickness. Thus, for next studies, the 
glutaraldehyde/reactive lysine molar ratio chose was 6 (M02.03a).

The determination of drying kinetics (Figure 5) allowed to verify that 7h of drying at 60°C 
was sufficient to form films with similar workability than compared with films produced at room 
temperature for 24hours. Therefore, the drying step was carried out at 60°C for 7h (M02.03b).

Table 8: Effect of the amount of COTPROT 
poured in the support (mg dry matter/cm2) 
over the film thickness; puncture force (PF) 
and puncture deformation (PD) of 
glutaraldehyde cross-linked cottonseed 
proteins films.

COTPROT
(mg DM/cm2

GLR=3

x(mm 
)

PF
(N)

PD
(%)

20 0.230 13.3± 17.0±
40 0.340 19.5± 14.6±
60 0.560 24.5± 12.4±
80 0.830 37.9± 10.2±

GLR=6
20 0.13± 10.9± 17.2±
40 0.26± 14.5± 15.9±
60 0.37± 21.5± 14.5±
80 0.53± 27.0± 11.5±

Figure 5: Results of drying essays of the 
films with thickness of 0.26 and 0.72 mm. 
glutaraldehyde/reactive lysine molar ratio = 
6. Glutaraldehyde/reactive lysine molar 
ratios of 6 ( ) and 3 (A).

Cross linking agents and plasticizers type. Films were produced using two cross linking agent 
(glutaraldehyde or glyoxal), always considering cross linking agent/reactive lysine molar ratio as 6, 
and seven plasticizers (Table 9) at 20 g of plasticicer/100g of dry matter. The film thickness was 
0.370±0.030 mm.
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Table 9: Characteristics of the plasticizers.
mol plasticizer g Oxygen mol Oxygen in plasticizer

Plasticizer type Formula MW 100g dry matter 100g dry matte 100g dry matter

Ethylene glycol c2h6o2 62 0.32 10.32 0.166
Prolpylene 

glycol c3h8o2 76 0.26 8.42 0.111

Glycerol C3H8O3 92 0.22 10.43 0.113
Diethylene 

glycol C4H10O3 106 0.19 9.06 0.085

Sorbitol C6H14O6 182 0.11 10.55 0.058

PEG 300 H(OCH2 - CH2)6 
OH 300 0.07 7.47 0.025

PEG 400 H(OCH2 - CH2)8 
OH 400 0.05 7.20 0.018

In a general manner (Table 10), the films based on both cross linking agents did not present 
significant difference between their tensile strength, excepted for the films plasticized with 
propylene glycol and PEG400, where the glyoxal and the glutaraldehyde produced films more 
resistant, respectively. The elongation at break (Table 10) nor presented a homogeneous neither 
logical behavior. In the case of the elastic modulus, significant differences (Table 10) were 
observed in films plasticized with sorbitol and glycerol. Regarding the puncture properties, it was 
also observed that in a general manner (Table 10), films based on both cross-linking agent did not 
present significant difference between their puncture force. But, it was also observed that the films 
made with glyoxal presented higher puncture deformation excepted for the films with PEG400.

proteins films plasticized with different plasticizers.

Table 10: Puncture force (PF), puncture deformation (PD), tensile strength (TS), elongation at break 
(E), elastic modulus (EM) and solubility (S) of glyoxal and glutaraldehyde crosslinked cottonseed

TS (MPa) E(%) EM (MPa) PF (N) PD S (%)
Glyoxal
Ethylene glycol 2.84+0.16bcd 85.04+10.62h 0.290+0.002.5e 24.76+1.56b 13.45+0.97ef 39.9+0.7a
Propylene 2.03+0.51e 138.59+24.73de 0.058+0.007h 15.5+2.3f 22 44+2 45a 35.8+0.4d
Glycerol 2.49+0.34cd 127.40+20.17ef 0.069+0.008gh 16.1+1 11ef 1 8.86+1 86b 28.3+1 5g
Diethylene 2.55+O.38cd 152.55+32.73cd 0.068+0.002gh 1 6 38+1 80def 21.98+1.65a 30.0+0.4e
Sorbitol 2.91+0.29bc 167.19+18.71bc 0.080+0.013gb 18.62+1.45d 22.19+2.6a 29.8+0.9g
PEG 300 3.14+0.42b 114.85+24.08fg 0.418+0.090d 23.02+1.37bc 13.89+2.02ef 38.5+1.0b
PEG 400 3.55+0.38a 102.68+13.17h 0.793+0.061a 24.23+1.59bc 11.65+0.68fg 37.2+1.4c
Glutaraldehyde
Ethylene glycol 3.13+0.30b 40.86+7.00 0.571+0 053b 27.86+4.68a 7.23+1 43h 40.8+1 0a
Propylene 2.48+0.31d 147.31+16.08 0.1 31+0.037f 16.33+1 53def 16.19+0.83de 36.7+0.9cd
Glycerol 2.6+0.43cd 1 76.80+16.13 0.061+0.019h 18.15+2.36de 14.46+2.85de 29.7+19fg
Diethylene 2.55+0.28cd 201 1 1+8.67 0.040+0.007h 15.1 5+1 86f 18.74+1.08b 33.6+0.5g
Sorbitol 3.08+0.62b 151.52+28.95 0.1 17+0.032fg 16.46+2.58def 13.89+2.3eb 31.1+0.7f
PEG 300 2.82+0.31bcd 147.31+16.08 0.306+0.027e 22 29+1.37c 10.54+1 07g 37.5+0.8bc
PEG 400 3.12+0.57b 85.86+26.75 0.489+0.050c 27 36+2 45a 10.88+1.15g 37.8+0.8bc

Different letters in the same column show significant differences (p< .05), by DUNCAN test
(software SAS, Version 8.0).

All films presented very high values of color difference (AE*) and opacity (Table 13). Thus, 
these films can be considered as high barrier to light. It was observed that the films cross linked 
with glutaraldehyde presented color difference and opacity significantly (p<0.05) higher than the 
films cross linked with glyoxal, however it was not possible to establish a relationship between the 
type of plasticizer and the color parameters.
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40 1.3+0.3c 141.1+26.0a 0.064+0.023 8.7+0.9c 13.0+2.6° 31.6+4c

Dietvlene
20
30

1 9+0.6e
1.3+0.2c

169 5+29.1a 
1 52.1+17 9c 

0.068+0.007
0.046+0.007

11.8+1.9e
8.8+0.6c 

20.3+3.2b
17.2+1.6d
14 0+7 0cd

33.6+0.8a
34.2+3.7d
35 6+0.5e



The films based on proteins Fross linked with glutaraldehyde have higher solubility in water 
than the films cross-linked with glyoxal. And also, films plasticized with sorbitol, followed by the 
PEG 300, the PEG 400 and the glycerol presented solubility in water significantly (p<0.05) higher 
than the other films despite the cross-linking agent used. It can be supposed that the increase of the 
plasticizer molecular weight caused a reduction in the interactions density in the tri-dimensional 
structure leading to an increase in the solubility in water. 

Also, two enzymes were tested as biotechnological cross linking agents: transglutaminase 
Activa-tgs and transglutaminase Activa-tg Super Curd (Ajinomoto, Japan) . The films produced with 
Activa-TGS were difficulty to peel from the plate. And, the films produced with Activa-tg Super 
Curd were less resistant of all the films made with glutaraldehyde for all mechanical tests. Thus, 
considering that there were no important differences between properties of films made using the 
glutaraldehyde or the glyoxal, the glutaraldehyde was choosing (M02.03a) because it is less 
expensive than the glyoxal. 

Plasticizers concentrations. The plasticizers tested in this study were the glycerol, the ethylene 
glycol and the di ethylene glycol at 10, 20, 30, 40 and 50 g of plasticizer/ I 00 g of dry matter (DM). 
The glutaraldehyde/lysine molar ratio was maintained at 6 and the film forming solution was 
applied on the support by spreading. Films produced with 10 and 50g plasticizer/ I 00 g of dry matter 
could not be characterized by mechanical tests. The films with 1 Og plasticizer/1 OOg of dry matter 
were extremely brittle, and some surface exudation was observed in films with 50g of 
plasticizer/1 OOg of dry matter after conditioning. Thus in function of the film workability, only the 
films plasticized with 20, 30 and 40 g of plasticizer/1 OOg of dry matter were characterized. 

The increase of glycerol and diethylene glycol concentrations caused significant reduction 
(p<0.05) of the puncture force and of the tensile strength of the films (Table 12). Contrarily to the 
expected, the puncture deformation and the elongation at break were not affected by the plasticizer 
concentration. The increment of the plasticizer concentration caused a significant increase (p<0.05) 
of the solubility only for the films plasticized with glycerol. Probably the results are related to the 
higher hydrophilic character of glycerol. 

In the domain of plasticizer concentrations studied, the ethylene glycol could be considered 
as the better plasticizer (M02.03b) because it produces films with interesting characteristics and 
with the lower properties change as function of its concentration. The glycerol also produced films 
with good properties, but in the lower concentration domain. The increasing of this plasticizer 
concentration provokes high change in the properties. The overall results of these studies 
constituted the milestone (M02.11): Second COTPROT optimized formulation available for 
WP2, WP3 and WP4. 

Table 12: Tensile strength (TS), elongation (E), elastic modulus (EM), puncture force (PF), 
puncture deformation (PD) and solubility (S) of glutaraldehyde crosslinked cottonseed proteins 
films plasticized with different plasticizers and different plasticizer concentration (Cp ). 

r.n TS F,{%) RM (MPa) PF (N) PO (%) S (%) 

Glvcernl 
20 
30 
40 

Ethvlene 
20 
30 
40 

Dietvlene 

1.8+0.2ab 
1.4+0.l b 
0 .8+0. l a 

1.7+0.2c 
1.7+0.2b 
1.1+0 l e 

141 .7+21 .9b 
141 .7+11 .2a 
1 s11+22_9a 

Be 
149.1+28 l b 
164.S+2S .1a 
141 .1+26.0a 

0 .080+0.016 11 .1+1 .2a 
0 .048+0.01 S 9 .6+0.7ab 
0 .019+0.002 4 .8+0.7b 

0 .076+0.009 12.S+1 .8c 
0.079+0.020 9 .2+0.9c 
0 .064+0.021 8.7+0.9c 

20 1.9+0.f/ 169S+29.l a 0 .068+0.007 11 .8+1 .9e 
30 1.1+0 2c 1 S2.1 +17 .9c 0.046+0.007 8.8+0.6c 
40 1 Q+Q 2d 141 3+21 gc O 050+0 QQS 6 4+0 5d 

Different letters in the same column show significant differences 
(software SAS, Version 8.0) . 

1S .1 +2.oc 16.1 +0 _8c 
17.7+1 _2c 40.6+1 .0d 
17.S+2 .2a S2 .0+0 Sc 

1 S.0+2. 2b 10.1+1.lb 
11 .9+1 .Scd 10.2+6.0d 
11 .0+2.6b 11 .6+4.9c 

20.1+1.2b 11 .6+0 _8a 
17.2+1 .6d 14.2+1 .7d 
14 Q+2 acd 35 6+0 5c 

(p<.05), by DUNCAN test 
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Milestone (M02.09): Viscoelastic properties of COTPROT films. The dynamic viscoelastic 
properties of films are presented in the Table 13. These properties were determined by uniaxial 
traction tests, in the frequency range of 0.01-200 Hz, at 30°C, using a DMA2980 (TA Instruments). 
Independently of the plasticizers type and the cross-linking agent, the storage modulus was higher 
than the loss modulus indicating that the films have a solid viscoelastic character (M02.09). And, 
because of that, the values of tan were lower than 1 (one), for all the films studied. Moreover, the 
films plasticized with PEG300 (cross-linked with glutaraldehyde and glyoxal) and with PEG 400 
(cross-linked with glyoxal) have higher values for tanδ than that observed for the other plasticizers. 
The phase angle decreased with the plasticizer molar concentration as function of the decrease of 
the molar concentration of oxygen in plasticizer molecule.

Table 13: Storage Modulus (E'), Loss Modulus (E"), phase angle (tanδ), color difference (AE*) and 
opacity of glyoxal and glutaraldehyde crosslinked cottonseed proteins films plasticized with 
different plasticizers._________________________________________________________________

E' (MPa) E" (MPa) tandδ AE* Opacity
Glyoxal
Ethylene 67.4+52.5 21 9+16.6c 0.325+0.018 80.9+2.8d 37.4+8.0e
Propylene 52.3+19.6 17.7+6.5cd 0.339+0.008 82.7+1.8cd 31 4+5.1e
Glycerol 16.2+1.7f 5.0+0.7e 0.311+0.014 81.2+0.5d 48+8.2d
Diethylene 16.8+4 1f 5 9+1.8e 0.343+0.027 83.2+1.6cd 31.5+4.3e
Sorbitol 28.5+14.2e 10.2+5.3de 0.354+0.017 77.9+1.7e 47.5+6.0d
PEG 300 56.6+13.2 22.3+3.1c 0.376+0.009 82.6+1 9cd 35.5+5.5e
PEG 400 61.0+16.2 22.3+5.3c 0 368+0.014 77.1+2.9e 55.9+2.4cd
Glutaraldehyde
Ethylene 125.9+52. 36.1+13.5b 0.294+0.021f 83.1+1.6cds 59.5+7.0c
Propylene 172.3+69

22.9+5.2f
47.0+16.3a 0.280+0.020 84.5+1.7bc 78.7+9.4b

Glycerol 7.1 + 1.9e 0.309+0.016 87.1+0.7a 83+12.3ab
Diethylene 17.9+5.2f 6.2+2.2e 0.341+0.024 86.8+0.9a 82.8+1 1.1ab
Sorbitol 77.0+7.6cd 21.7+2.2c 0.281+0.006 80.8+1 1d 79.3+5.2b
PEG 300 68.9+6.7d 25.0+2.1c 0.363+0.009 86.1+1.2ab 74.4+2.5b
PEG 400 109.0+15 35 7+4 1b 0.329+0.011 84 0+1 6cb 90 7+5 5a

Different letters in the same column show significant differences (p< .05), by DUNCAN test 
(software SAS, Version 8.0).

Thermal analyses were done using a differential scanning calorimeter (DSC 20110, TA 
Instruments). The DSC thermograms of all films showed two glass transitions temperatures (Table 
14), caused by phase separation (Sobral et. al., 2001), and an endothermic peak. Furthermore, for 
the second scan it was also verified that the endothermic peak related to the crystalline fraction 
disappeared, due to heating above the fusion temperature. The first glass transition was observed 
between -32.7 and -29°C (first scan), and is related to the plasticizer-rich-fraction and the second 
one was observed at a range of 5.0 to 60°C (first scan) and is related to the protein-rich-fraction.

For almost all the plasticizers tested it was observed a decrease in the second glass transition 
temperature. And, in relation to the melting temperature, it was observed that it increased with the 
increase of the molecular weight of the plasticizer, and decreased with the increase of the plasticizer 
concentration as expected because of the better motility of the polymer chain.

The plasticizer effect on the mechanical and viscoelastic properties of the films, in general 
manner, may be explained in terms of plasticizer molecular weight (MW). The reduction of the 
MW increases the plasticizer effect of the polyol. This same behavior was observed for the other 
properties.
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crosslinked cottonseed proteins films plasticized with different plasticizers.
Table 14: Moisture content, melting and glass transition temperatures of glyoxal and glutaraldehyde

First Scan Second Scan
X (g/100g) Tg1 (°C) Tg2 (°C) Tm (°C) Onset Tg1 (°C) Tg2(°C)

Glyoxal
Ethylene glycol 7.4+0.6 - 48.3+9.0 * * - 11.5+3.0
Propylene glycol 7.8+0.3 - 54.2+3.7 130.7+6.5 120.7+7.3 - 12.4+1.1
Glycerol 5.3+0.9 - 9.6+23 133.6+1 3 125.3+1.3 - 1 1.0+2.7
Diethylene 11.1+1.5 - 44.3+4.5 * * - 11.3+2.1
Sorbitol 3.3+0.5 - 56.1+1.9 124.4+2.4 104.3+3.1 - 39.8+6.5
PEG 300 5.1+0.6 - - 146.9+0.7 137.2+0.9 - 16.2+8.5
PEG 400 4.8+0.1 - 59.7+2.6 1 59.7+2.2 146.7+2.1 2.1+0.6 5.2+0.4
Glutaraldehyde
Ethylene glycol 7.5+0.3 - 44.9+2.3 1 19.6+2.6 99.6+2.8 - 30.4+5.8
Propylene glycol 5.0+0.5 - 56.1+1.9 124.4+2.4 1 04.3+3.1 - 39.8+6.5
Glycerol 5.2+0.5 - 11.9+1.9 126.5+1.4 107.9+1.2 - 12.6+1.4
Diethylene 12.0+0.8 - 53.0+7.2 116.6+1.7 94.1+5.5 - 26.6+7.2
Sorbitol 3.3+0.5 - 5.0+1.4 144.2+1.8 131.3+2.2 - **
PEG 300 5.1+0.1 - 48.7+3.2 144.0+0.8 131.7+1 6 - 26.9+3.0
PEG 400 4 4+0 2 - 59 2+1 6 164 3+1 0 1 53 4+1 2 3 8+1 7 7.4+1.0

* - melting temperature not observed, ** - Second glass transition temperature not observed

Milestone (M02.04): Choice of a stabilizer and stabilizing conditions for the COTPROT 
solution. The COTPROT application as seed coating could need the storage of liquid COTPROT 
for some months. Thus, this study had been necessary using solutions of methylparabene 
(3.0 g/100ml of hot H2O) and propylparabene (0.45g/100ml of hot H2O) as stabilizers agents. These 
COTPROT solutions were added in sterilized test tubes and the stabilizers agents were added at the 
concentration of 0.06g of stabilizer agent/100g of COTPROT (methylparabene or propylparabene) 
and stored at 25°C. The control, pure COTPROT solution, was also conditioned under the same 
conditions. All the samples were characterized for total microorganisms counting (TMC).

The TMC of solutions practically did not vary as function of the storage time (Table 15). 
However, tubes containing COTPROT without stabilizer presented deterioration after 60 days of 
storage, while for the solutions containing stabilizers none of the tubes presented deterioration after 
60 days (M02.04). Seemingly, the deterioration observed are not related to the development of 
bacteria but might be related to other microorganisms development (mould or yeast) as the pH is 
within a favorable range for their growth.

Table 15: Effect of stabilizing agents and of the storage time on the number of colony forming units
(CFU) of COTPROT solutions.

CFII/ml
Storage time COTPROT COTPROT + COTPROT +

10
21
31
40
60

67 + 15 65 + 7 80+14
63 ±12 57 ±21 53 ±6
40 ±26 53 ± 15 63 ±21
53 ± 12 57 ± 6 110 ± 10

300 ± 113 30+ 14________________________ 85 + 35

Some films were prepared using COTPROT solutions added stabilizers agent and before 
30 days of the storage. Films produced from the solutions containing stabilizers presented puncture 
force and puncture deformation similar to that of the films without stabilizers. However, it must be 
pointed out that the viscosity of the filmogenic solution after the crosslinking reaction did not 
increase as observed previously for solutions without stabilizer and same glutaraldehyde/lysine 
reactive molar ratio.
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T02.05 - Study of COTPROT processibility at small industrial scale to make cast films.
The objective of this task was to study the processability of film forming solutions based on 

chemical modified COTPROT to produce film at pilot scale. In this case, the technique 
hypothesized to be used has been the calendaring or laminating.
Milestone (M02.12): Processability by calendaring (a) or laminating (b) the COTPROT 
formulation. To produce films by calendaring, a very viscous solution may be applied on a 
calendar which is a cylindrical dryer followed by other cylinders to maintain the film under tension 
during the cooling. Unfortunately, the filmogenic solution produced with the optimized COTPROT 
with the glutaraldehyde no attained a convenient viscosity (<140 cP) to calendaring, presenting a 
very low processability on calendaring (M02.12a).
So, another alternative was to produce films by laminating using a belt dryer building by WP4 
partners. In this case, it was necessary to verify the influence of the technique of filmogenic solution 
application on the support, because all studies in laboratory scale were made by free flow casting. In 
the laminating technique, the solution could be applied by spreading.
COTPROT based film forming solution on the support by spreading or free flow casting. Some data 
on mechanical properties, determined with methodology as described previously, of glutaraldehyde 
crosslinked proteins films with 20g of plasticizer (glycerol, ethylene glycol or diethylene 
glycol)/100g of DM produced using the free flow casting and the spreading techniques are 
presented in the Table 16. The thickness of these films was always similar.

Table 16: Mechanical properties of glutaraldehyde crosslinked proteins films produced by free flow 
casting or spreading techniques with plasticizer concentration of 20g/100g of dry matter.

Properties Ethylene glycol Glycerol Diethylene glycol
Casting Spreading Casting Spreading Casting Spreading

PF (N) 18.1 ± 2.4a 12.5 ± 1.8b 16.3 ± 1.5a 13.3 ± 1.2b 15.1 ± 1.9a 11.8 ± 1.9b
PD (%) 14.5 ± 2.8a 15.0 ± 2.2a 16.2 ± 0.8a 15.1 ± 2.0a 18.7 ± 1.1a 20.3 ± 3.2a

TS (MPa) 2.6 ± 0.4a 1.7±0.2b 2.5 ± 0.3a 1.8±0.2b 2.5 ± 0.3a 1.9±0.3b
E (%) 176.8 ± 16.1a 149.1 ±28.lb 147.3 ± 16.1a 143.7 ± 23.9a 201.1 ± 8.7a 169.5 ±29.1b

EM (MPa) 0.061 ± 0.076 ± 0.131 ± 0.080 ± 0.040 ± 0.068 ±
Different letters, same line and plasticizer type, represent significant differences (p>0.05) between 

averages obtained through the Duncan test.

In a general manner, films produced using the spreading technique presented lower (p<0.05) 
resistance (puncture force and tensile strength) and higher extensibility (puncture deformation and 
elongation at break) than the films produced by casting for all plasticizers used. In relation to the 
elastic modulus, the films plasticized with glycerol and diethylene glycol produced by free flow 
casting presented lower elastic modulus than the films made with the ethylene glycol. These results 
may be related to possible morphological alterations on the molecular orientation degree during the 
spreading. Thus, it can be considered that the spreading is a possible alternative although can 
provokes a loss in quality of films. In this case, the processability of COTPROT based film forming 
solution can be considered as good (M02.12b).

New drying conditions. It was also necessary to study the drying process at relative high 
temperatures, considering that the production of films at pilot scale will be done in more severe 
conditions. For this, COTPROT solutions were prepared with the glutaraldehyde/reactive lysine 
molar ratio as 1.5 to avoid the formation of viscous solutions and inadequate film formation through 
the casting technique.

Films were produced with 20, 30 and 40g glycerol/100g of dry matter and were dried at 60, 
70, 80, 90 and 100°C inside a ventilated oven. An example of films drying kinetics as affected by 
the drying temperature can be observed in Figure 6. In general, as expected, the drying rate (-
ΔX/Δt) during the first period of drying increased with the increase of the temperature (Figure 7). 
The temperature affects the drying kinetics by reducing the relative humidity of air and by
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increasing the heat and mass transfer coefficients, favoring the drying process, especially during the 
constant rate drying period. Besides, the augmentation from 20 to 30 g glycerol/100 g DM did not 
affect the drying rate. However, the increment to 40 g glycerol/100 g DM increased the drying rate 
in spite of the hygroscopicity of this plasticizer.

Figure 6: Examples of air drying kinetics of 
films with 40 g of glycerol/100g of dry 
matter as affected by air temperature.

Figure 7: Effect of the air temperature on the 
drying rate (-AX/At) of glutaraldehyde cross
linked cottonseed protein films (D).

In general, the drying temperature did not affect significantly the puncture force and 
puncture deformation of the films until 80°C (M02.12b). Films dried at 90 and 100°C have no good 
workability and didn’t can be characterized. In a general manner, films resistance was more 
importantly affected by the plasticizer concentration than by the drying temperature.

Also, some tests were realized using silicon paper as support to simulate the drying 
conditions to be used in the equipment developed by the WP4 team. There were evaluated 
mechanical properties of the films resulting from drying tests at 60°C, 70°C, 80°C and 90°C and 
plasticizer concentration of 20g of glycerol/100g of dry matter.

Samples of silicone paper commercially found in Brazil were sent to the INTI team. They 
stated that among the samples sent the Papermax 110 (Havir) could be the best fitted for using in 
the pilot equipment. The preliminary tests showed that this paper was not good due to surface 
absorption and structural decay caused by the high water content of the filmogenic solution leading 
to non homogeneous films. Among the samples, the Desmolgraft (Havir, Brazil), showed to be the 
best fitted as it does not absorb the filmogenic solution and the resulting films are homogeneous 
after drying. Therefore, the drying tests were conducted using this paper.

All films showed homogeneity, workability and easy detaching from the paper, 
independently of the drying temperature. Moreover, the temperature increment did not provoke 
significant variation (p<0.05) on the puncture force, on the tensile strength, and on the puncture 
deformation. Only the elongation at break of films dried at 60°C was significantly higher in relation 
to the other films. Concerning the elastic modulus it was observed a significant increase with the 
drying temperature increment. Thus, in this case, a good processability was observed (M02.12b).

T02.06 - Field tests of films for mulching in comparison with references and economic studies.
The objective of this task was to test COTPROT based films for mulching a convenient 

vegetal culture in field scale.
These field tests could not be made, i, e. the milestone (M02.13): Results of field tests was 

not accomplished. In fact, the WP2 team did not have time to develop the field tests because we 
encountered important technical difficulties not necessarily expected at the beginning of this 
project. The problems with the COTPROT stability and principally, the relative low viscosity of 
COTPROT based film-forming solutions are some examples of these difficulties to improve the 
field tests at time. However, it is necessary to remark that films were produced in pilot scale by 
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WP4 team using the necessary background from WP2 team. To do that, it was necessary to design 
and building an equipment (laminating dryer) to produce films in pilot scale.

Final Remarks
Difficulties: Beyond the difficulties explained previously, the principal difficulty to attain the 
expected results was the high variability in the raw material. For example, different values for the 
reactive lysine (g/ 100 g of dry flour) were found: 1.09 (August/2003), 0.91 (September/2003), 1.12 
(October/2003), 1.02 (November/2003) and 1.35 (in the first year). And, this parameter is very 
important to control the crosslinking of COTPROT proteins.

Conclusions: Practically, all initially expected results were attained as following:
- The expected result #1, Optimization of COTPROT basis material formulation, was attained 
completely because there is a optimized formulation presented in this rapport.
- The expected result #2, Animal food stuff formulation with COTPROT process by-product, was 
also attained but partially. Although this product has a good nutritional value, it has low palatability 
because of off flavors.
- The expected result #3, Stabilized COTPROT formulation, also has been attained partially 
because the stability of COTPROT solution may be guaranteed only for 3 months.
- The expected result #4, Understanding of relations between protein cross-linking, plasticizing and 
film properties, was completely attained. According all explanations presented in this rapport, all 
that relations are considered.
- The expected result #5, Factors of extrapolation between laboratory observations and industrial 
applications, also has been attained completely, although the field test couldn’t be realized, because 
the films were produced in pilot scale with good properties.
- The expected result #6, Biodegradable films for mulching, has been attained because this is a fact, 
although not necessarily commercially available.
- The expected result #7, Technical and economical feasibility of biodegradable film for mulching 
by casting at industrial scale, has been attained partially. The cost of COTPROT production in pilot 
scale has been established considering the costs of consumables (ex.: the raw material, chemicals, 
water, steam, electricity) and equipments (ex.: mills, screens, mixers, reactor, solids separator, 
centrifuge, evaporator), and has been acceptable for an industry from the cotton domain.
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COTONBIOMAT - Processing cotton seed into biodegradable materials for agriculture 
as an alternative to synthetic polymers in Latin America
Contract Number : ICA 4.CT-2001-10061

Individual partner final report - WP3 - Filmcoating research 
Partner Incotec International B.V. (The Netherlands) (CR3)

1. Introduction
Incotec started the research in the beginning of the second projects year. The first year was used by 
Cirad and USP to optimize the cottonseed extraction process to provide the raw material to serve as 
binder for filmcoatings for seeds and to do preliminary research on filmforming. The extraction 
process resulted in a cotton protein solution of around 30% solids content, which was freeze-dried 
to provide a dry material called Cotprot in the rest of this report. This material, with a protein 
content of around 60%, could (after solving) serve as a binder in thin-layer seedcoatings (generally 
called filmcoatings in the seed industry). Seeds are often coated with fungicide and or insecticide to 
improve the plant yield and to protect seedlings in their first stage of development. With regard to 
insecticides it usually concerns systemic insecticides, which should be absorbed through the roots 
by the plant. The interesting thing about Cotprot is that the lysine component of the protein can be 
crosslinked with di-aldehydes. When this crosslinked Cotprot is used as binder in filmcoatings it 
reduces the solubility and increases the hygrophobicity of the film and thus it may delay more or 
less the release of insecticide from the coating. (In the past this has been tested in thick free films 
with high Cotprot/insecticide ratio.) This may be interesting for filmcoatings, as it is an advantage if 
the insecticide is not released before germination, but only later, preferably after the seedling has 
developed its roots to some degree. This facilitates better uptake of the insecticide by the plant 
through the roots. Adjustable release delay by crosslinking variation is even more attractive, as this 
in addition may allow for adjustment to climatic differences (wetter or dryer climate) to a certain 
degree. The research objective of WP3 is directly derived from this.

2. Objectives
The original purpose of this investigation was, to formulate one or more slow release/adjustable 
release filmcoatings of this crosslinked Cotprot which should perform better in this respect than 
current filmcoatings in the Incotec product program. Further it should comply with all standard 
filmcoating requirements like stability, compatibility with standard raw materials and pesticides, 
good application behavior on standard seed coating equipment and good visual quality on seed. 
Economic feasibility as a sellable product is required.
During the work problems arose (described later on in this report) which necessitated adjustment of 
this objective. The objective was split in a primary and secondary objective.
Primary objective: to formulate, after additional research by Cirad on the crosslinking reaction, a 
slow release filmcoating with release distinctly slower than with current filmcoatings and 
complying with all standard filmcoating requirements as mentioned above. A product like this is 
useful for the high-value vegetable seed market. As such economic feasibility will be easier.
Secondary objective: to develop a commodity agronomics filmcoating based on Cotprot in either 
crosslinked or uncrosslinked form, with technically or economically added value above the current 
agronomic commodity filmcoatings in the Incotec product program. Again, all standard filmcoating 
requirements must be met.
The primary objective is by far the most important as this gives Cotprot filmcoatings a real reason 
for existence in a market where good profit margins are possible. The agronomics market is a low 
value, low profit market. The secondary goal was added in order to give a second chance to Cotprot 
filmcoating if the slow/adjustable release filmcoating failed due to the reactivity problems.
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3. Task 03.01 Part 1: “Hands on” training in processing Cotprot at Cirad.
The first task comprised a training at Cirad to learn about cottonseed processing and Cotprot 
crosslinking. 200g/l solutions were made at 57°C a pH 9. During crosslinking with glyoxal the 
viscosity increase was measured. The observed increase was very small. Films were made in Petri 
dishes. We received 1 kg of Cotprot with composition as shown in table 1. This Cotprot was 
generously made for us by USP and they continued to do so until the end of the investigation.

Table 1: Composition of lyophilized Cotprot (Cirad lab analyses)

COMPOSITION Cotprot
Moisture (%) 5.57
Fats (g/l00 g DM) 9.2
Free gossypol (g/l00g DM) 0.01
Total gossypol (g/100g DM) 1.87
Reactive lysine (g/100g DM) 1.93
Total nitrogen (g/100 g DM) 10.20
Proteins (Total N x 5.3) (g/100g 
DM) 54.1

4. Task 03.01 Part 2: Phytotoxicity of Cotprot, crosslinkers and plasticizers.
Two tests were being done to evaluate phytotoxicity. The first test consists of a standard Incotec 
phytotoxicity test. The second test is a germination test of com seed, brassica seed and cottonseed 
coated with crosslinked and uncrosslinked Cotprot solutions. Later on in this investigation more 
germination tests are done.

4.1. Standard phytotoxicity test
This test gives an indication of potential phytotoxic effects if these materials are used in 
seedcoatings. Bad results do not necessarily mean that the use of materials which score bad in this 
test leads automatically to bad germination and/or bad seedlings.
Materials and methods: Three solutions with different concentrations were made of each of the 
following materials: Cotprot, glyoxal, glutaraldehyde, glycerol, sorbitol and PEG-300. See table 2 
below for tested solutions. The chosen concentrations were based on the expected concentrations in 
a filmcoating.

Table 2: Concentration of solutions in material phytotoxicity test

Material Low concentration 
(w/w)

Medium 
concentration 
(w/w)

High concentration 
(w/w)

Cotprot (lyophilized) 5% 10% 15%
Glyoxal 0.16% 0.33% 0.49%
Glutaraldehyde 0.45% 0.90% 1.35%
Glycerol 1.8% 3.5% 5.3%
Sorbitol 2.1% 4.3% 6.4%
PEG 300 1.5% 3.0% 4.5%

These solutions were poured on blue filter paper in a Petri dish. Specially prepared sensitive seeds 
are placed in the Petri dish. The germination and state of the resulting seedlings were observed.
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Problems may show in small or malformed seedlings, black root tips and reduced germination 
percentage, and that use on seeds means a risk.
Results and discussion: The results showed, that Cotprot, glyoxal, glutaraldehyde and glycerol are 
seriously to highly phytotoxic. Sorbitol and PEG-300 were less phytotoxic.
Conclusion: All raw materials for the Cotprot films are basically phytotoxic, some of which 
including Cotprot itself seriously so. This means, that problems may occur in germination tests. If 
so, we know which materials are most likely responsible.

4.2. Germination test on brassica, corn and cotton seed
This test is a standard test in the seed industry and is a stronger indicator for phytotoxicity than a 
germination test in soil.
Materials and methods: A 10% Cotprot solution was made out of lyophilized Cotprot and water at 
70-75°C. The resulting solution was brought at pH 9. The solution was split and crosslinked with 
glyoxal or glutaraldehyde at 0.0, 0.0125, 0.0250, 0.0375 and 0.05 mole/100g protein. Gossypol was 
used at only one level of 0.0375 mol/100 g protein. No plasticizer was added. This resulted in 11
solutions (filmcoatings) with which cotton, com and brassica seed were coated. The filmcoatings 
were applied to the seed with a Satec 30 cm rotostat. Filmcoating doses on the seed were 4g/kg 
(cotton and com) or 25g/kg (brassica). The coated seeds were germinated in folded filter paper in a 
box with 60 cc and 90 cc water. 100 seeds per test were used. Conditions were 16 hrs. light at 30°C 
and 8 hrs dark at 20°C. The germination speed, the total number of germinated seeds and the 
number of good plants and malformed plants at the end of the test were determined. The original 
seed and seed coated with standard filmcoatings of Incotec ere used as reference.
Results and discussion: Even with fungicide the cottonseeds were overgrown with fungus, 
rendering this test useless. With brassica and com seed the differences in germination speed and 
number of good plants were rather small and not statistically significant. See table 2 below for the 
number of good plants at the end of the germination test.

Table 3: Germination results of cotton and corn in folded filter paper test with 60 cc water

Brassica Corn
Final 

germination
Good 
plants

Final 
germination

Good 
plants

Raw seed 97 92 100 96
Cotprot not crosslinked 100 98 98 93
Cotprot + 125 μMol glyoxal / g prot. 99 97 99 91
Cotprot + 250 μMol glyoxal / g prot. 99 98 98 90
Cotprot + 375 μMol glyoxal / g prot. 100 99 100 93
Cotprot + 500 μMol glyoxal / g prot. 99 96 99 92
Cotprot + 125 μMol glutaraldehyde / g 
prot.

98 96 98 90

Cotprot + 250 μMol glutaraldehyde/ g 
prot.

100 96 100 98

Cotprot + 375 μMol glutaraldehyde / g 
prot.

98 95 97 88

Cotprot + 500 μMol glutaraldehyde / g 
prot.

98 94 97 94

Cotprot + 375 μMol gossypol / g prot. 100 96 98 97
Standard filmcoating L036 100 97 97 95
Standard filmcoating L230 99 96 99 95
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Conclusion: Despite the basic phytotoxicity the germination and plant development does not suffer. 
Apparently the quantity of phytotoxic materials that actually enters the seed is too low to cause real 
damage.

5. Sidestep: Microbiological stabilization of Cotprot solutions
During storage of the solutions that were used for the germination test we noticed that these 
solutions spoiled very quickly through bacterial activity (within 2 weeks) despite the addition of 
0.2% of a standard coating preservative biocide. Storage stability is required for this investigation. 
From Cirad we received information that isothiazolones (the active materials in the biocide) could 
react with amino groups, which are abundant in Cotprot, especially in the form of lysine, the main 
reactive crosslinking component in Cotprot. This could interfere with the efficacy of the biocide, 
explaining the spoilage. Also the used dose (pretty standard for water reducible coatings) may have 
been too low for the degree of microbial contamination. We therefore tested a number of biocides, 
isothiazolone based and others (less likely to react with one of the Cotprot components), pure and a 
few combinations, on agar substrates selective for bacteria, fungi and yeasts.
Materials and methods: N 20% Cotprot solution was made at 55°C. The pH was not adjusted to 9 
as most biocides raise the pH themselves and the samples were too small to measure. This solution 
was mixed with each of the biocides in two concentrations within the recommended concentration 
range of the manufacturer. These solutions were brought on the agar substrates. In addition films 
were made in Petri dishes for a reactive lysine determination by Cirad, in order to trace a reaction of 
the biocide with lysine. The tested biocides and concentrations can be found in table 4.

Table 4: Tested biocides and quantities

Sample Active ingredients
Concentration of 

a.i. in supplied 
state

Quantity in Cotprot 
solution (supplied 

state, w/w)
1 None
2 2.2-dibromo-3-nitrilopropionamide 

(DBNPA)
20% 0.02 %

3 DBNPA 0.03%
4 Potassium orthophenylphenol (Ka-OPP) 50%? 0.25%
5 Ka-OPP 0.50%
6 Zincpyrithione 35% 0.25%
7 Zincpyrithione 0.50%
8 Sodium orthophenylphenol (Na -OPP) 25% 0.50%
9 Na-OPP 1.00%
10 DBNPA + Ka-OPP 0.02% + 0.25%
11 DBNPA + Zincpyrithione 0.02% + 0.25%
12 DBNPA + Na-OPP 0.02% + 0.50%
13 Chloromethylisothiazolone + 

methylisothiazolone (CIT/MIT)
1.5% total 0.2%

14 CIT/MIT 0.4%

15 Benzisothiazolone + methylisothiazolone 
(BIT/MIT)

2.5% + 2.5% 0.2%

16 BIT/MIT 0.4%

The CFU count per gram was determined 1 day after making the solutions and after one week 
storage of the solutions.
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Results and discussion: The results are expressed in C(olony) F(orming) U(nits) as is common with 
this type of test. No fungus or yeasts were found, only bacteria. Only zincpyrithione was so active 
that it killed all microorganisms already in the lowest dose and immediately, without the need to 
combine with other biocides. With a number of biocides the bacteria kept growing, with other we 
see that they killed all bacteria, but not fast (nr 14 -16 in the figures). See fig 1 below for the results 
of the microorganism growth test.

Figure 1 Bacteria, fungi and yeasts in Cotprot solution

- A: 16 hours after solving - - B: after 1 week storage at RT -

The figures on the X-axis represent several biocides in the Cotprot solution and are explained in 
table 4.

After the reactive lysine content test with the films there was no certainty about the reactions of the 
respective biocides with lysine. The lower concentration of zincpyrithione seemed to show some 
reaction with lysine while the high percentage hardly did. This is not likely. The low percentage of 
zincpyrithione kept its efficacy.
Conclusion: zincpyrithione in a percentage of 0.25% was the biocide of choice for the time being. 
This enabled us to continue the work and store solutions for some time. A more extensive search for 
compatible biocides can be done later if necessary.

6. Task 03.02 and 03.03: Influence of plasticizer type and level and crosslinking on 
filmcoating properties
In this task we want to get insight in the effect of plasticizer type and level and crosslinking level on 
the most important filmcoating properties, and especially the release of insecticide. Plasticizer is 
needed because dry Cotprot films as such are very brittle. The type and approximate level had 
already been established in earlier work and by other partners. This is undesirable for filmcoatings 
as this leads to dustiness and bad adhesion of the filmcoating to the seed due to the low impact 
resistance. A preliminary crosslinking test was done with a 10% Cotprot solution to determine the 
amount of crosslinker needed to obtain full crosslinking. Most later used crosslinking levels are 
derived from this.

6.1. Plasticizer tests at several crosslinking levels with insecticides Marshal and Orthene 
Materials and methods: A 10% Cotprot solution at pH 9 and stabilized with 0.25% zincpyrithione 
were made with sorbitol, glycerol or PEG 300 in 10% and 20% on Cotprot (solid on solid). These 
solutions were crosslinked with glyoxal (10, 20 and 30 mol/mol lysine) and glutaraldehyde (3, 6 
and 9 mol/mol lysine), resulting in a bare (no color, filler etc) crosslinked Cotprot filmcoating. With 
these filmcoatings cottonseed was coated with the insecticides Marshal (active ingredient 
carbosulfan, extremely low water solubility) and Orthene (active ingredient acephate, very high 
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water solubility) at a dose of 3.5 g active / kg seed. The fungicide thiram (2 g/kg seed) was included 
to protect the seed during germination tests. Filmcoating dose was 3 g/kg seed. All these materials 
were applied as one mixture in a 30 cm rotostat with batchsize 1 kg seed. Release tests in water 
without agitation and germination test were done with the seed. The highest and lowest crosslinking 
levels with both crosslinkers were tested with the 20% PEG 300 plasticization. For the release test 
the insecticide concentration was measured by HPLC at several time intervals. Films were poured 
in Petri dishes for reactive lysine (RL) determination at Cirad. Only the uncrosslinked film without 
insecticide and the highest crosslinked films with pesticide were measured as this test is extremely 
time consuming.
Results and discussion: Release differences between crosslinking levels were very small, with 
acephate even non-existent. Also the release was rather quick, instead of slow as we had hoped. The 
RL measurements at Cirad indicated that a crosslinking reaction had occurred but not complete. The 
insecticide did not interfere with the reaction. So despite crosslinking significant release slowing did 
not occur. For Orthene the extreme solubility might play a role, and for Marshal the somewhat 
open, porous films due to Marshal being very coarse material and the rather low binder quantity 
used (10% Cotprot in the filmcoating solutions). Glutaraldehyde was significantly more reactive 
than glyoxal according to the RL determination. Also, during mixing the crosslinker the samples 
with glutaraldehyde came close to gelling despite the low Cotprot concentration.
In the germination tests all filmcoated seeds performed at the same level as the uncoated standard. 
The Petri dish films showed, that glycerol in 20% on solid Cotprot gave the most flexible films. 
Glyoxal gives more brittle film than glutaraldehyde.
Conclusion: release slowing by crosslinking is insufficient, perhaps because the reaction was not 
complete. Not all lysine is consumed in the reaction. Glutaraldehyde is more reactive and may have 
more potential for inducing slow release and release variation. Glycerol is the most effective 
plasticizer and will be used from now on.

6.2. Crosslinking tests with glutaraldehyde at different levels for Cruiser and Gaucho 
release
Gaucho and Cruiser are the leading systemic insecticides for seed treatment in agriculture at the 
moment. Although not representing the extremes of the solubility “spectrum”, Gaucho can be 
considered a low soluble insecticide while Cruiser is in the more soluble range.
Materials and methods: The Cotprot concentration in the solution was raised to 15%. Only glycerol 
(20% on Cotprot) was used as plasticizer. Glutaraldehyde was used as crosslinker in 3 and 9 
mol/mol RL, and an uncrosslinked solution was used. With these solutions we coated Gaucho and 
Cruiser on cottonseed in one mixture based on the following doses: insecticide 5 g/kg seed and 
filmcoating solution 3 g/kg seed. No thiram was used. All materials were applied in one mixture 
with enough water to keep the mixture flowable. In the case of Cruiser Incotec filmcoating L230 (a 
rather quick releasing filmcoating) was used as reference. Apart from insecticide release 
determination a germination test was carried out and films were sent to Cirad for RL determination. 
Results and discussion: Unfortunately something went wrong with the RL determination. Therefore 
we had no crosslinking level results to relate the release results to.
Immediately after mixing in the glutaraldehyde the mixture came very close to gelling. This 
indicates that a 15% Cotprot solution is too concentrated for a crosslinked Cotprot filmcoating. The 
release was again quick and without differentiation. The slope should have a much smaller 
inclination angle to be called “slow release”. Only the amount of released insecticide seems 
different, but these figures are based on the theoretically applied quantity, not on the actual quantity. 
Cruiser is significantly quicker released than Gaucho is. See figure 2 below.
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Figure 2 Release of Gaucho (a) and Cruiser (b) from Cotprot filmcoated cottonseeds in 
water.

A B
In the germination test all seed samples showed good germination with no differences between 
samples.

63. Third release test on cotton seed with Gaucho from crosslinked Cotprot filmcoatings
Our until results were so much below expectation (release as well as the RL determination results of 
crosslinked films; usually higher than expected quantities were found), that it was decided to do one 
more release test together with the project coordinator who is very experienced in Cotprot 
crosslinking. This time glyoxal was used as crosslinker in three ratios. Uncrosslinked Cotprot was 
used as reference. Gaucho release and RL residue in films (complete mixture with insecticide) were 
determined.
Result: all release curves fell exactly on top of one another. The RL residues were again higher than 
expected. Less than half of the RL had reacted. No significant differences between different 
crosslinker ratios were found.

6.4. Overall conclusion of task 03.02 and 03.03
The best crosslinker is glycerol in a percentage of 20% on Cotprot (solid/solid). The crosslinking 
reaction did not seem under control. RL residues after the reaction were too high and no release 
delay is found. The cause of this was unknown. The circumstances which influenced the reaction 
such as temperature, concentration, presence of plasticizer or not, mixing time after adding the 
crosslinker, gelling limit for the respective crosslinkers in relation to Cotprot concentration etc. 
were all unknown. Incotec did not have the means and the expertise to investigate all this. Therefore 
the project coordinator proposed to extend the project with one year. In year three Cirad could 
investigate the crosslinking reaction deeper and find proof that release slowing and adjustment is 
indeed possible. The project goals were adjusted as described in section 2. In year 4 Incotec were to 
continue the work on release, if enough proof was found that the crosslinking was under control and 
had the potential to result in slow release. In year 3 Incotec would spend a limited amount of work 
on the secondary goal: to test the suitability of Cotprot as a low cost agronomic commodity binder 
with added value.

7. Secondary goal: Cotprot as agronomics commodity binder
The agronomics seed market is a low value seed market. Treatment must be cheap, if any treatment 
can be afforded at all. The price of an agronomics filmcoating should therefore also be as low as 
possible. Price levels do not vary much around the world, as raw material prices are more or less 
equal in most geographical areas. Apparently labor cost plays only a minor role in prices of 
chemicals. The price of an agronomics commodity binder lies somewhere in the range from €0.95 - 
€1.20 / kg at a solids percentage of around 50%. Given the enormous assortment of binders already 
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available on the raw material market new products must have added value (technically, logistically 
etc.) over existing products, or else there is no right of existence. Examples of an often-used type of 
binder are the emulsion binders used worldwide for wall coatings, glues, wood coatings etc. More 
expensive binders should have even extra added value over cheap binders to such a degree, that the 
market is either willing to pay the higher price, or the binder concentration can be reduced to obtain 
significantly better technical quality at the same raw material cost. We tested in first instance raw 
material compatibility, stability and visual quality as a film on paper in a complete filmcoating 
formulation. Further, we investigated if Cotprot had added value in dustiness and visual quality in 
combination with insecticide on seed compared to comparable standard agronomics binders used in 
our filmcoatings. Having a Cotprot raw material price by now we did this on the basis of 
comparable binder price level.

7.1. Raw material compatibility and stability
Materials and methods: Two complete Cotprot filmcoating formulations were mixed analogous 
Incotec standard agronomics filmcoating L203. This is a medium binding filmcoating. Apart from 
binder this formulation contains colored pigment, filler (mineral), defoamer, preservative and 
thickener. In the Cotprot filmcoatings we left out the preservative and relied on the pH of 10 to 
prevent microorganism growth (according to Cirad results of Cotprot crosslinking investigation). 
During mixing we observed if any signs of incompatibility were visible. The solutions were mixed 
according to the following method. After solving the Cotprot in the required amount of water the 
pH is adjusted to 10. The required amount of glyoxal was added after which we stirred for 8 hrs. 
Then glycerol (20% on Cotprot) was added and we stirred again for 1 hr. before adding the rest of 
the filmcoating raw materials. We first started with 20.0% and 17.5% Cotprot solutions, crosslinked 
with glyoxal at molar ratio glyoxal/RL (r) of 1.2 (for 20% solution) and 3 (for 17.5% solution), 
conform the results of the Cirad investigation on crosslinking. But due to too high viscosities we 
had to fall back to 15% solutions at r=2 and r=5 (after consulting with Cirad). The final 
formulations roughly had the following composition:
Solid Cotprot - 12%; glycerol 2.4%; glyoxal (40%) 0.4% - 1.0%; color paste - 5%; filler 10%; 
additives 0.5%; the rest is water. The formulations were stored at 20°C and tested on viscosity 
stability.

Results and discussion:
During the mixing process of the 17.5% and 20.0% Cotprot solutions we noticed an unexpectedly 
high viscosity. We measured the viscosities of the solutions before adding the rest of the 
filmcoating raw materials. These viscosities are given in table 5. The viscosities were measured 
with the Brookfield DV II + with spindles according to the viscosity area.

Table 5 Viscosities of Cotprot solutions as basis for complete filmcoating

Cotprot 
Concentration 

(%)

r Remark Visc. (cP)
2.5 rpm 60 rpm

20 1

2

Measured after addition glycerol. Spindle LV- 
4.

30700 3680

17.5 3 Measured after addition glycerol. Spindle LV- 
4.

30000 3970

15 2 Measured before crosslinking. Spindle SC4- 
31.

120 49

15 2 Measured after addition glycerol. Spindle 
SC4-31.

60 40
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15 5 Measured before crosslinking. Spindle SC4- 
31.

150 57

15 5 Measured after addition glycerol. Spindle 
SC4-31.

80 62

The 2.5 rpm viscosities represent the viscosity at low stress and the 60 rpm viscosities represent the 
viscosity at high stress (during mixing, pumping etc.) The high viscosity of the 17.5% and 20.0% 
solutions is striking. Although these viscosities were measured after crosslinking, the viscosities 
were already very high before crosslinking. At 2.5 rpm the solutions are practically a gel. Part of the 
high viscosity is caused by internal foam (air from mixing in the Cotprot) but the viscosity 
remained too high to release the air. At Cirad, during the crosslinking investigation, no problems 
were met with these concentrations. See their results in the third annual report. We used a different 
batch of Cotprot, which may be the cause. But this raises questions with regard to consistency of 
Cotprot properties of different batches, cotton cultivars, harvest years etc. No investigation has been 
done into this as yet. Finally we had to reduce the Cotprot concentration to 15%, as these viscosities 
were way too high for a filmcoating. Adding the rest of the filmcoating raw materials would have 
increased the viscosity even more.
In these crosslinked 15% Cotprot solutions we mixed the rest of the filmcoating raw materials, 
which resulted in two filmcoatings coded as A5.5402 and A5.5403, both crosslinked. No problems 
whatsoever were encountered when mixing in the several filmcoating raw materials. The viscosities 
of the several Cotprot solutions are given in table 5. The viscosity stability results are given in table 
6.

Table 6 Viscosity stability at 20°C of crosslinked Cotprot filmcoatings

Formulation Concentration
(%)

R Viscosity at 60 rpm (cP)
Start 8 weeks 26 weeks

A5.5402 15 2 230 215 179
A5.5403 15 5 315 274 192

The starting viscosity was a bit on the low side. Somewhat more thickener can be used when 
optimizing the formulation. The viscosity seems to be decreasing in time. This may cause sinking of 
the filler to the bottom of the container, and finally settling in a “crust”. This effect is less serious 
when the starting viscosity is a bit higher, so formulation optimization may reduce this problem. No 
microorganism growth was noticed (can be detected easily by the smell).
These filmcoatings gave good visual quality films on paper cards (Penopac of the Leneta 
Company). The color is a bit darker than of Incotec filmcoating L203 due to the strong color of the 
binder at pH 10.

7.2. Cotprot filmcoatings tested on added value with insecticide on corn seed
When we started this part of the investigation we had just received from Cirad a production cost 
estimation for Cotprot according to a number of scenario’s, optimistic (leading to the lower prices) 
as well as pessimistic (leading to higher prices). These Cotprot prices were given for a 26% solution 
and ranged from US$ 1.07 to US$ 2.44. This is excluding freeze-drying (perhaps not necessary) and 
profit margin! We assume for Incotecs important agronomics binder a price of about €1.05 at 50% 
solids. To determine if Cotprot has added value over Incotecs primary agronomics commodity 
binder we exchanged the binder of a medium a high binding agronomic filmcoating (L203 and 
L200) for Cotprot on the basis of binder cost price on solids. We used the most optimistic 
calculation scenario result, so the lowest Cotprot price for this calculation, resulting in the most 
favorable situation thinkable for Cotprot. The exchange rate on solids was 0.61 (solid Cotprot for 
solid standard binder). Added value should translate into better performance of the Cotprot 
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filmcoatings than the Incotec filmcoatings at the same cost level. The important performance 
criterion is solids binding capacity. The better the binding capacity, the less dusty insecticide coated 
seed.
Materials and methods: We made a crosslinked and uncrosslinked versions of the medium binding 
quality (not for the high binding quality as the high Cotprot concentration would lead to too high 
viscosity/gelling) according to the mixing procedure described in section 6. This resulted in three 
filmcoatings. We compared these filmcoatings with their respective Incotec counterparts L200 and 
L203. The composition of the Cotprot filmcoatings is shown in table 7.

Table 7 Composition of Cotprot filmcoatings

A6.5705 A6.5706 A6.5707
Cotprot (solid) 7.5 7.5 18.1
Glyoxal (40%) - 0.26 -
Glycerol (85%) 1.8 1.8 4.3
Color paste 5.0 5.0 5.0
Filler 10.0 10.0 10.0
Additives 0.5 0.5 0.5
Counterpart for L203 L203 L200

With these five filmcoatings we coated the insecticide Gaucho 70 WS on com seed with a 30 cm 
rotostat. Also we coated seed with just filmcoating, without Gaucho. Insecticide dose was 4 g/kg 
seed and filmcoating dose was 3 g/kg seed; the material was applied with enough water in one 
mixture. The batchsize was 2 kg seed. After drying and conditioning we did a dust test at 15°C and 
RH 30%. These conditions are not optimal as it is below the Tg of the L200/L203 binder, but the 
only constant conditions available to us. In this test 900g filmcoated seed is dropped from a height 
of 60 cm into a closed container while the released dust is sucked into an absolute filter. The test is 
done in duplo. The amount of dust is determined by weighing. Lower dust figures indicate better 
performance. Binder content, binding capacity and impact resistance of the coating play a role, the 
reason why binders in conditions below their Tg are at a disadvantage. The low humidity of 30% 
RH also increases brittleness of the coatings.

Results and discussion: The results show (see table 8), that in all samples except one the Incotec 
performs better. This one sample is the medium binding uncrosslinked Cotprot filmcoating with 
Gaucho comparison with L203. The below Tg testing condition for L203 combined with the low 
binder quantity may have something to do with this. This system is not commonly used in practice, 
as with Gaucho the high-binding L200 is usually preferred. The three medium binding filmcoatings 
(A6.5705, A5.5706 and L203) in general release too much (insecticide containing!) dust in this test. 
Further we can see that crosslinked Cotprot performs worse. This is not illogical as we noticed 
earlier already, that glyoxal crosslinked Cotprot is more brittle than uncrosslinked Cotprot.

Table 8 Dust release of filmcoated corn seed with and without Gaucho

Filmcoating 
code

Cotprot 
content

Gaucho Mg released 
dust/kg coated 

seed

Variation 
coefficient

A5.5705 7.5% n 3.6 23.9
A5.5706 7.5% n 3.9 8.1

L203 - n 2.6 27.1
A5.5707 18.1% n 3.5 6.7

L200 - n 3.7 2.9
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Overall the variation coefficient was acceptable for a duplo test. The highest variation coefficients 
are seen where dust levels are low, because test “noise” starts to dominate.

A5.5705 7.5% y 22.0 7.9
A5.5706 7.5% y 33.2 16.6

L203 - y 26.8 6.7
A5.5707 18.1% y 20.7 11.8

L200 - y 12.7 8.0

7.3. Conclusion of results on Cotprot as commodity agronomic binder
Formulating an agronomics commodity filmcoating based on Cotprot as binder is in itself 
technically feasible. No incompatibilities with standard filmcoating raw materials were found, 
except for the standard biocide, see section 5. Also we did not see any stability problems during a 6- 
month test. The formulation can technically be optimized on the point of viscosity / thickening 
agent and microbiological stabilization.
However, problems arise with formulating high binding Cotprot filmcoating formulations due to the 
too high viscosity. High binding filmcoatings are essential for coating insecticide to seed.
Further, the binding capacity performance is below the level of comparable standard Incotec 
filmcoatings at the same raw material price level. Or, in other words, at the same binding 
performance level Cotprot filmcoatings are too expensive compared to their comparable Incotec 
counterparts, if the same performance can be reached at all. And this is only using the most 
optimistic Cotprot cost price prediction, and without freeze-drying and a profit margin for a Cotprot 
manufacturer. So in reality the situation will be far worse for Cotprot.
All in all our final conclusion must be that Cotprot-based agronomic commodity filmcoatings have 
no future as commercial product.

8. Primary goal: the potential of Cotprot for slow / adjustable release filmcoatings
The primary goal is to obtain a Cotprot filmcoating with slow and if possible adjustable (by means 
of crosslink density variation) release, primarily for the high value vegetable seed market. In such a 
filmcoating economics are a less confining issue, as higher prices for seed treatment can be afforded 
for added value. Earlier in the investigation we did not succeed in creating slow insecticide release 
with crosslinked Cotprot filmcoatings for unclear reasons; doubts about the crosslinking itself arose. 
Cirad spent a lot of work on the reaction kinetics; see their report for details. Cirad succeeded in 
showing Gaucho release delaying potential in free films. Crosslinked Cotprot gave slower release 
than uncrosslinked Cotprot. The crosslinker (glyoxal) ratio on reactive lysine (r) did not have much 
influence, although r=5 tended to lead quicker to quicker release than r=2 or r=3. A strange result 
was, that a low Cotprot content in the film (porous film) resulted in slower release than with high 
Cotprot content in the film (well encapsulated insecticide). Usually, in filmcoatings it is the other 
way around. We decided to start testing release again based on the Cirad results.

8.1. The release of Gaucho from Gaucho/Cotprot filmcoated seed pellets
Materials and methods: Because of the viscosity problems described in section 7.1 we started 
working with a crosslinking reaction in 15% Cotprot solutions. Glyoxal was used as crosslinker. 
The pH was kept at 10, for Cotprot solutions as well as filmcoatings. Glutaraldehyde was discarded 
because of a number of disadvantages amongst which serious toxicity and uncertainty about 
functionality and reactivity due to self-polymerization. To reduce testing error we used dry seed 
pellets instead of naked seed because due to the nature of the pelleting coating process higher 
filmcoating/Gaucho doses can be applied, with higher insecticide yield and more even distribution, 
than with naked seed. This is a method which is used frequently in the vegetable crop growing 
industry, not a fictive process designed for this test. In our case each pellet consisted of one dead 
lettuce seed with a standard commercial pelleting coating around it, which consists mainly of 
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mineral materials like clay. Pure Cotprot films/Gaucho films (crosslinked and uncrosslinked) were 
compared with two Incotec binders (used commercially as filmcoatings) and a “complete” 
pigmented crosslinked Cotprot filmcoating was compared with three Incotec filmcoatings (two 
commercial and one experimental). In the binder investigation the Gaucho/binder ratios were kept 
fixed at 55%/45% and 90%/l 0%. To achieve this the filmcoating dose is varied, as binder solids are 
not equal in all binder solutions. In the case of the complete filmcoatings the filmcoatings dose is 
fixed at 20g/l0.000 pellets. Here the Cotprot filmcoating is at a disadvantage as the binder content 
in the filmcoating is relatively low (around 12% solids because of the earlier mentioned viscosity 
problems). The Gaucho dose is fixed on 114g Gaucho 70 WS (=80g active)/l00.000 seeds/pellets. 
This is the standard commercial dose. The applied materials are brought on the seed in one mixture. 
Some water is used to keep the mixture flowable. Drying was done during 2 hrs. on a seed/pellet 
dryer with forced air current and air temperature of around 30°C - 35 °C. The application method 
cannot be revealed, as this is an Incotec trade secret. The release is done in tap water with gentle 
agitation (to avoid saturation layers around the seed) with 25 pellets/100 ml water at 20°C. The 
composition of the Gaucho films on the pellets is given in table 9 and 10.

Table 9 Composition of binder/Gaucho films on seed pellets

FC Binder r

FC dose 
(g/100.00 

seeds)

Gaucho dose 
(g/100.000 

seeds)

Gaucho 
% in 
film

Solid binder 
% in film(*)

A5.556
7 Cotprot 0 74

114
90.0% 10.0%

A5.556
7 Cotprot 0 545

114
55.0% 45.0%

A5.556
8 Cotprot 2 74

114
90.0% 10.0%

A5.556
8 Cotprot 2 545

114
55.0% 45.0%

L036 Binder A - 127 114 90.0% 10.0%
L158 Binder C - 233 114 55.0% 45.0%

(*) = In case of Cotprot solid binder includes glycerol and glyoxal
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Table 10 Composition of filmcoating/Gaucho films on seed pellets

FC Binder r

FC dose 
(g/100.0 
0 seeds)

Gaucho dose 
(g/100.000 

seeds)
Gaucho 

% in film

Solid 
binder % 
in film(*)

% rest 
(filler, 

pigm. etc.)
A5.5402 Cotprot 2 200 114 68.1% 17.5% 14.4%

L083 Binder A - 200 114 59.4% 3.1% 37.5%
L200 Binder B - 200 114 57.6% 30.3% 12.1%

A5.5566 Binder C - 200 114 57.6% 30.3% 12.1%
(*) = In case of Cotprot solid binder includes glycerol and glyoxal

Results and discussion: With the pure binders we see in the left graph in figure 3, that L036, a 
soluble binder, releases Gaucho quickest. Quite a bit slower are the four Cotprot binders, of which 
the curves are close together. Surprisingly, there is relatively little difference between crosslinked 
and uncrosslinked. Further, 45% binder concentration and 10% binder concentration are also close 
in release speed. Apparently the Gaucho/binder ratio in the film is of relatively little influence on 
release speed. Still even with small differences, crosslinked Cotprot releases slower than 
uncrosslinked and 45% binder concentration in the film releases slower than 10% binder does. Way 
slower again is the release from L158, which is a water-insoluble binder.

Fig. 3 Release of Gaucho from different films on seed pellets

In the legenda’s CP = Cotprot, G = Gaucho

In the right filmcoatings release graph in figure 3 we see again quick release for the water-soluble 
binder based filmcoating (L083). Slower in release is the crosslinked Cotprot filmcoating. But even 
far slower are the two Incotec filmcoatings L200 and A5.5566. Of these L200 is a standard 
commodity agronomics filmcoating which is during its development not designed for and tested on 
slow release. In the Cotprot film the Gaucho concentration is lower than in the other L200 and 
A5.5566, but the pure binder results suggest, that this is of relatively little influence. The Cotprot 
filmcoating dose increase would have to be very extreme to get a further slowing effect (if any 
effect can be obtained at all!), resulting in serious difficulties in the coating process. There is 
already very little room left for filmcoating dose increase in this process, meaning we would have to 
switch to a slow, expensive process in a pancoater. The cost price of the coated seed product would 
rise enormously due to higher material use and way higher process costs. If no alternative were 
available this would be an option, but low-cost alternatives which perform better are available.
Part of the coated seed samples has been sent to Cirad to do also a release test. They obtained 
grossly the same results, with the same differences between the samples.
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The question remains why the release results on seed are so different from the results obtained by 
Cirad with free films (more difference between crosslinked/uncrosslinked and between different 
Gaucho/Cotprot ratio’s in the film). We can only assume that the film thickness plays a role, 
perhaps also together with the fact that release from seed is from a one-sided surface. Another 
reason could be, that the extreme drying speed and film fixation which occurs during seed coating 
prevents continuation of the crosslinking reaction. In making the free films for the release test 
solutions were poured in Petri dishes, and allowed to dry slow. During this drying process the slow 
concentration increase of Cotprot and crosslinker may result in a continuation of the crosslinking 
reaction. On the other hand it is known in the coatings industry, that reactions of two-component 
coatings continue in dry films, especially as long as the film is below its Tg. Unfortunately there 
was no time left to investigate these options. On the other hand this would not have helped us to 
come closer to a commercial product, as both facts, the quick drying and film fixation, and the thin 
layer and one-sided release surface, are an unalterable fact of life in seed coating.

8.2. Conclusion on primary goal Cotprot release test
Standard commodity filmcoating binders and filmcoatings based on those binders perform far better 
in creating slow release than Cotprot or Cotprot based complete filmcoatings. Little room for 
improvement of the Cotprot performance is available as Gaucho concentration decrease in the film 
has little effect and increasing the crosslinker quantity is also not effective (Cirad work year 4 on 
free Gaucho containing films). Adjustable release is also not feasible, as there is already very little 
release difference between uncrosslinked and crosslinked Cotprot filmcoatings. Here too we see no 
options for improvement.

9. Overall conclusion of the investigation
Purely technically speaking it is possible to develop seedcoatings out of Cotprot. Slow or adjustable 
release however is not obtained with these filmcoatings in comparison with standard commercial 
Incotec filmcoatings. We see no options for improvement. In test with Cotprot as binder for 
commodity agronomic filmcoatings we must conclude, that Cotprot has no added value over 
standard binders for commodity filmcoatings, while the cost price will be way higher according to 
the production cost estimation by the Cirad economist. Therefore we conclude, that no filmcoatings 
with a commercial right of existence can be made out of Cotprot.
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COTONBIOMAT - Processing cotton seed into biodegradable materials for agriculture as an 
alternative to synthetic polymers in Latin America__________________________________________
PL ICA4-2000-10248

Individual partner final report - WP4 - Composite materials
Partner CITIP/INTI (Argentina, CR4)

COMPOSITE MATERIALS MADE FROM COTTONSEED PROTEIN CONCENTRATE 
AND NATURAL FIBRES

Objectives: Composite films fabrication from cottonseed protein extracted from cottonseed 
pellets (after oil extraction process).

1. Introduction

The use of non biodegradable and non renewable materials for packaging and agriculture uses 
and the problem associated with their disposal, increases the urgent need for new biodegradable 
materials. Biopolymers could be used to formulate biodegradable materials, that will reduce the 
environmental impact, specially in plastics applied to agriculture uses. Polymer chains 
associations, like intermolecular, intramolecular interactions and crosslinkings between different 
polymer chains, are responsible for the film formation capability of the material. The degree of 
cohesion of the material depends on the biopolymer structure, film preparation procedure 
(temperature, pressure, solvent type and dilution), drying procedure, and application technique. In 
order to improve mechanical properties, films formulated with proteins can be reinforced with 
natural fibres, then a composite material is obtained, in which the protein matrix and the fiber are 
combined to make a single structure with better properties. The fibers, are bound tightly into a 
solid matrix, where the matrix material, having its own strength and structural characteristics, 
serves primarily to hold the fibers or reinforcing structures in place. Studies of different natural 
fibers compounded into different matrix have been reported (Paetau et al , 1994; Oever ad Bos, 
1998). Natural fibers can be subdivided based on their origins: plant fibers, animal fibers and 
mineral fibers. Plant fibers can be also subdivided by their origin as:

• Bast fibers: flax, jute, ramie, kenaf, hemp
• Seed fibers: cotton, coir (coconut)
• Leaf fibers: sisal, abaca (banana), palm, henequen

The successful of natural fibers as reinforcements is due to their large quantities availability and 
well defined mechanical properties. Table I shows the mechanical properties of natural fibres as 
compared to conventional reinforcing fibres (A.K. Bledzki, J. Gassan, Prog. Polym. Sci, 24 
(1999) 221).
The natural fibres components, with regard to the physical properties are: cellulose, 
hemicellulose, lignin, pectin and waxes.
Celulose: Is the major component of plant fibers. It is a linear condensation polymer, in which the 
repeating units is D- anhydroglucopyranose, and present a degree of polymerization of 
approximately 10,000. The mechanical properties of natural fibres depends on its cellulose 
type. Each type of cellulose has its own cell geometry and the geometrical conditions 
determine the fibre mechanical properties.

CIRAD-DIST
Unité bibliothèque 
Lavalette
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Table I: mechanical properties of natural fibers as compared to conventional reinforcing 
fibers

Fibre Density (g em) Elongation (  Pensile strength (MPal) Young’s modulus • GPa)

Cotton 1.5 1.6 7.0 8.0 2X7 597 5.5 12.6
Jute 13 1.5 l.8 393 773 26.5
Flax 1.5 27 3.2 .145 1035 27.6
Hemp 1.6 (»90
Ramie 3.6 3.X 400 938 61.4 128
Sisal 1.5 2.0 2 5 511 6.15 " 4 22.0
Coir 1.2 30.0 175 4.0 6.0
Viscose icordi 11.4 593 11.0
Soft wood kraft 1.5 1000 40.0

E-glass 2.5 2.5 2000 3500 70.0
S-glass 2.x 45*0 86.0
Aramide 1.4 3.3 3.7 3000 3150 63.0 67.11
inormal
Carbon 1.4 1.4 1.8 4000 23o.il 240 0
(standard)

Hemi cellulose: Compromise a group of polysaccharides (excluding pectin) that remains 
associated with cellulose, after lignin has been removed (Figure 1 ). It is hydrophilic and soluble 
in alkali.

Figure 1: Vegetable fibre representation
It is composed of several sugar units (5-6 ring carbon ring sugars) (Figure 2), it exhibits 
considerable degree of chain branching and its degree of polymerization (dp) is approximately 
50-300. In contrast to cellulose that is crystalline, strong, and resistant to hydrolysis, 
hemicelluloses have a random, amorphous structure with little strength. It is easily hydrolyzed by 
dilute acid or base. ___________________________________

Figure 2: Hemicelluloses
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Lignin is formed by monomer units, various ring-substituted phenyl-propane linked together. 
Having a very high molecular weight (Figure 3), its function is to give rigidity to the plant, hetero 
polysaccharides essentially polygalacturonic acid. It is soluble in alkali.
Waxes: Includes different types of alcohols, acids (palmitic acid, oleaginous acid, stearic acid).

Figure 3: Lignin structure
The physical structure of vegetable fibers is shown in Figure 4. Single fiber is formed out of 
crystalline micro fibrils based on cellulose, connected by amorphous lignin and hemicelluloses. 
Multiple cellulose-lignin/hemicelluloses layer in one primary cell and three secondary cell walls 
stick together to a multiple-layer-composite:

Figure 4: Vegetable fibre cell
(M.Z. Rong et al, Composite Sci.& Techn. 61, 2001, 1437)

The performance of composite materials depends on the properties of the individual components 
and their interfacial compatibility. For technical oriented applications fibers have to be specially 
modified in order to achieve fiber homogenization properties, to increase the degree of 
elementarization and degumming, to control the degree of polymerization and crystallization, to 
promote good adhesion between fiber and matrix and to control moisture (Natural Fibers, 
Biopolymer and Biocomposites, Ed. Mohanty, Misra &Drzal, 2005). In order to assure the 
compatibility of plant fibers to surronding polymer matrix, several non-cellulose components 
have to be removed. Alkaline treatment (washing or boiling fibers in a 2% sodium, or potassium 
hydroxide solution) for example, removes unwanted fiber components to increase fiber separation 
ability.
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2. WP4 Activities
2.1 Protein Extraction from cottonseed pellets at Pilot Plant Scale

Cotton pellets were obtained from an oil producer company (Vicentín company) (cottonseeds 
Gossipium). The pellets shape was cylindrical and their dimensions were diameter 1.5 cm, length 
between 1 and 7 cm. Table II shows the pellet characterization.

Table II: Cotton Pellets characterization
Protein Content Fat Content Total gossypol Ash Content Reactive Lysine

(40.8g/100 g DM) (6.6 g/100 g DM) Content 
(0.3g/100 g DM)

(9.2 g/100 g DM) Content 
(0.85g/100 g DM)

Protein was extracted in alkali from industrial cottonseed oil pellets according to a protocol 
developed in CIRAD laboratory and improved in the pilot plant in CEIAL-INTI and reported 
previously.
The pellet quality varies with each batch received from Vicentin. So a milling process was 
necessary in order to assure some homogeneity in the material to be extracted.
Milling process: Using a hammer mill, with a metallic screen with 2mm holes. The sample after 
screening has a protein content of 33.4 g/100 g (wet base), humidity 11 %. This sample was then 
passed by a screen of 0.5 mm, in order to separate the cellulose components from the pellets. 
After this procedure the milling pellets had protein content of 43.3 g/100 g (wet base), humidity 
10.5 %. The total nitrogen soluble at pH = 8 was 20,9% and at a pH =9 increased to : 23,2 %. 
This sample was the one used in the protein extraction process.
The sample fraction that passes the screen of 0.5 mm, has a protein content of 28.5 g/100 g (wet 
base). So still certain amount of protein is lost in the residue after the milling and screening 
process.
The product obtained after the spry dried procedure named DPCOT was characterized (Table III).

Table III: DPCOT characterization
Protein Content Fat Content Total gossypol Ash Content Reactive Lysine

(56.2 g/100 g (2.5g/100 g DM) Content (5.7g/100 g DM) Content
DM) (0.6g/100 g DM) (1.35g/100 g DM)

The reactive lysine content between different raw materials was evaluated (Figure 5). A decrease 
in the reactive lysine content was observed for pellets 2004 batch compared with flour 2004, and 
a lower quality raw material V 2005, in relation with raw material IV 2004.

Figure 5: Reactive lysine content of the different raw material used in protein extraction 
process
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Figure 5: Reactive lysine content of the different raw material used in protein extraction 
process

After protein extraction, the reactive lysine was measured. A slight variation was observed after 
the material was extracted in alkaline conditions.

Reactive Lysine

FD904: Laboratory extraction process with TEA, freeze dried
Figure 6: Reactive lysine content after protein extraction process

2.2 Film forming solution preparation:

A representation of the process involved in the film forming solution preparation is shown in 
Figure 7.

Figure 7: Film forming solution preparation
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PROBLEMS ENCOUNTERED
The critical step in the procedure used to prepare the film forming solution was the solution 
degasification. It needs to be done in a vacuum oven, at room temperature, very slowly. It is a 
time consumed step.
The other critical point was to adjust the solution pH and the solution viscosity, due to variations 
in raw material quality.

2.3 Composite films
Reinforcement Fiber
Fiber incorporation: One of the major challenges in composite fabrication from DPCOT film 
forming solution was the fiber incorporation. The first attempt was to blend the fiber into the 
filmogenic solution, but this procedure leaded to fiber decantation in the film forming solution, 
very difficult solution degasification and unhomogeneous fibre distribution (clusters) in the film 
obtained
So a different way to incorporated the fibre was chosen. An equipment normally used in paper 
sheets characterization ((Paper maker equipment, TAPI, CICELPA, INTI, Figure 8) was 
employed, and short fibres non-woven fabrication (using hemp and formie fiber) were prepared 
and used as reinforcement for DPCOT formulation (Figure 9).
Fiber chemical treatment: In order to achieve goof cohesion between fibers for optimum 
non-woven fabrication, fibers were submitted to chemical treatment followed procedure showed

Figure 8: Short fibres Non-woven fabrication Figure 9: Hemp and formie fibers non woven
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Figure 10: Fiber chemical treatment

Non woven fiber reinforcement for pilot plant composite film fabrication: to prepare fiber 
non woven with dimension adequate to be used as reinforcement in composites films processed in 
the pilot plant spread coating equipment designed in INTI-Plasticos, a procedure similar to the 
one used to obtained recycle paper was used (Figure 11). Work was done in order to optimise the 
mass area, to obtain the optimum ratio to be used as a reinforcement for the films.

Figure 11: 30x30 cm fiber non woven adequate to be used as reinforcement in composites 
films processed in the pilot plant spread coating equipment.
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Fibre Impregnation: A better combination of fibre and polymer could be achieved by fiber 
chemical treatment and fiber impregnation, employing a film forming solution of lower viscosity 
(Figure 12).

Figure 12: Fibre impregnation procedure
Composite film preparation: Composite films were prepared:

• 1. by casting , using the non woven reinforcement prepared with the paper maker 
equipment (Figure 8 and 9), and dried 24 hs at room temperature and then 12 hs at 60°C.

• 2. by spread coating, in pilot plant equipment, using the impregnated fiber non woven 
(Figure 12). The films were process at 60°C for 2.5 hs along the equipment.

Composites films properties evaluation:
1. Composite films reinforced with non woven reinforcement prepared with the paper maker 

equipment. Fabricated by casting.
Figure 13 shows the maximum tensile strength for films reinforced with veils fabricated at 
CIRAD Cotton Lab.

Figure 13: Maximum tensile strength for composites films reinforced with cotton, cotton-line veils.
FN: non reinforced film .
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Higher maximum tensile strength was obtained as the fibre reinforcement content 
increases, in the range studied.

Figure 14: Mechanical properties (MTS and EB) for formie composite films

Figure 14 shows the maximum tensile strength (MTS) and % elongation at break 
(%EB) for films reinforced with formie fibres . Composites films reinforced with a 18 % 
fiber content produce an increase of 460% in MTS and 93% in % elongation at break, while a 
36% fiber content produce an approximately 750 % increases in MTS and 96% in % elongation 
at break.

Figure 15 shows the MTS and %EB for composite films reinforced with hemp fibres.

Figure 15: Hemp Composite films mechanical properties

For hemp reinforcement a 7% fiber content produce an increase of 240% in MTS and 90% in % 
elongation lost, a 22% fiber content produce ~ 320% increase in MTS and 91% in % elongation 
lost and finally, a 45% fiber content produce 621% increase in MTS and 95% in % elongation 
lost.
A remarkable increase in tensile strength and small lost in elongation at break was observed as 
the fiber content increase for composite films reinforced with formie and hemp non woven mat.
2. Composite films fabricated with impregnated non woven mat, using the sread coating process 
at pilot plant:
Mechanical properties measured for this films showed much lower values than those obtained 
with fibers non woven reinforcements (from paper maker equipment TAPI). Low matrix 
penetration and high inhomogeneous fiber distribution was observed. As the filmogenic solution 
for the impregnation process was formulated with the crosslinking agent, low fiber prepreg 
interaction with the matrix could be attributed to the formation of the crosslinked network on the 
fiber surface.

89



3. Remarkable results
Raw Materials considerations:
Proteins extracted from cottonseed pellets (DPCOT) have good film forming properties.

The films obtained from DPCOT showed similar mechanical properties to films obtained 
from proteins extracted from cottonseed flour.

Composites films :
Natural fibres, used as reinforcement for DPCOT, were chemical treated in order to allow better 
non woven mat preparation and fibre impregnation.
An improvement in composite films mechanical properties was observed, in most of the studied 
fibres (formie, cotton, line-cotton, hemp).
Veils of line/cotton and cotton used as film reinforcement showed the best mechanical properties. 
An increase in the tensile strength was observed as the fibre content increase, at the studied range 
SEM Microscopy showed good matrix-fibre interaction for short fibres non woven 
reinforcements studied.

4 .To Improve and develop
•An improvement in the procedure and evaluation of the chemical and enzymatic fibbers 
treatment and their influence in composite performance needs to be done.
•Better formulation and process development for fibres impregnation
•Composite films fabrication, at the pilot plant spread coating equipment was not successful yet.

90



COTONBIOMAT - Processing cotton seed into biodegradable materials for agriculture 
as an alternative to synthetic polymers in Latin America____________________________
Contract Number : ICA 4.CT-2001-10061

Individual partner final report - WP5 - extruded and thermomoulded materials 
Partner EMA/ARMINES. (France) (CR5)

1. Objectives
The objective of WP5 was the manufacturing of biodegradable materials from 

cottonseed derivatives using dry technologies like extrusion and thermomoulding. 
Agricultural items, like mulching films, silage films, bags and plant pots were the 
expected applications for the final product. At the present time, these items are made from 
synthetic polymers and manufactured using dry technologies. These techniques, 
characterized by low operational cost and high production rates, should be adapted to the 
processing of biodegradable materials.

In the literature, most the studies investigating the processing of protein based 
materials deal with wet technologies like casting, only few works investigated dry 
processes. Dry technologies imply that proteins exhibit a thermoplastic behaviour i.e. a 
viscous flow at high temperature. In many cases, the glass transition of proteins occurs 
very close to the temperature of thermal degradation [ ]. To enlarge the processing range, 
proteins must be mixed with small molecules likely to depress their glass transition by 
plasticization. Due to the hydrophilic feature of many amino acids, polyols (glycerol, 
sorbitol...) are commonly used to plasticize proteins.

Many of the papers deal with relatively simple systems constituted by protein isolates 
or concentrates but only few works investigate the use of raw products like cakes [ ]. In 
this project, it was proposed to use cottonseed derivatives, by-products of cotton oil 
industry, as raw matter for the manufacturing of biodegradable materials. These 
derivatives are either cakes or flours.

The chosen methodology consists in:
- characterizing raw matters
- studying the plasticization of cotton proteins using different polyols as plasticizers, 
- investigating cotton seed derivatives processing at laboratory scale, 
- studying the functional properties of materials obtained by dry processes, 
- transposing the results at pilot scale to define an optimized industrial process.

On a scientific point of view, the main objective is to understand the molecular 
mechanisms governing the structure, the processibility and the properties of cotton seed 
based materials. Taking into account the complexity of raw matters, attempts have been 
made to understand the role of the various components of raw matters (shells, lipids, 
gossypol...) as well as the impact of processing conditions on the final properties of 
materials.

2. Activities
In order to bring to a successful conclusion the above-described objectives the following 
tasks have been conducted:
Task 5.01: Physicochemical characterisation of cottonseed derivatives
Task 5.02: Study of the viscoelastic properties of cottonseed cakes and flours
Task 5.03: Study of cottonseed derivatives processing by mixing and thermocompression
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Task 5.04: Study of extrusion of cottonseed cakes and flours
Task 5.05: Characterisation of functional properties of thermomoulded and extruded 
materials
Task 5.06: Pilot scale experiments
Task 5.07: Field tests and economic study

3. Results

3.1. Preparation and physicochemical characterisation of raw matters and

fractionated parts (Task 5.01)
Chemical analyses have been performed in order to determine the compositions of raw 

matters (cottonseed cakes and flours). Protein, lipid, cellulose, sugar and water contents 
have been measured using adapted techniques. The results highlight the complex 
composition of cottonseed kernels and cakes. Kernels contain only 25% of protein, 
whereas lipids represent about 36% of the weight. Cakes are richer in protein than kernels 
(34%) because of oil extraction. Thus, lipids represent only 1% of weight after 
delipidation. It should be remarked than sugars are present in both raw matters. They are 
likely to react by Maillard reactions and confer a brown colour to materials. It must be 
also noticed that cellulose represents an important part of cakes and put in evidence the 
presence of shells.

Specific analyses have been carried out to determine gossypol and lysine contents. 
Gossypol is a polyphenolic compound naturally present in glanded variety of cotton. In 
previous studies, gossypol has been shown to react with lysine amino acid inducing 
crosslinking of proteins. The measurements reveal that free gossypol and reactive lysine 
are present in larger amount in kernels than in cakes. It is assumed that a part of gossypol 
has been extracted during delipidation in hexane. Moreover, a part of gossypol and lysine 
has already reacted due to thermal treatment undergone during oil extraction.

Chemical analyses highlight the pressing necessity to prepare fractionated parts from 
raw matters in order to obtain satisfying composition for processing operation. 
Considering cakes, grinding and sieving operations have been carried out in order to 
physically eliminate a great part of shells and linter present in raw matters. Chemical 
analyses as well as image analyses revealed the efficiency of these methods for protein 
enrichment. Regarding kernels, oil extraction in hexane has been carried out in order to 
decrease the lipid content. In both cases (cakes and kernel flour), a fine powder is finally 
prepared before further plasticization operations.

3.2. Study of plasticization through viscoelastic properties (task 5.02)
Dry processes like extrusion or thermomoulding use the thermoplastic behaviour of 

polymers to give a shape to a material. In thermoplastics, a viscous flow is obtained when 
materials are submitted to a temperature higher than the melting point Tm or glass 
transition Tg (depending on the crystalline nature of polymers). In the case of proteins 
(and especially cotton proteins) the glass transition temperature is high (about 180°C) and 
very close to the degradation temperature (about 210°C). In order to enlarge the 
processing window, small molecules called plasticizers are classically added to proteins. 
Therefore, the depression of Tg, also called plasticization, is a key point in controlling the 
processing of proteinic materials by dry technologies. In this study, plasticization has been 
assessed by dynamic mechanical thermal analysis (DMTA). The influence of various 
parameters on plasticization has been studied.
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Influence of plasticizers
Three different polyols, well-known for their plasticizing effect on proteins, have been 

tested: glycerol, triethanolamine (TEA) and polyethylene glycol (PEG). The results show 
that, at equivalent weight content, glycerol generates the higher depression of Tg, 
highlighting the stronger plasticizing effect. On a fundamental point of view, 
plasticization is related to molecular mobility induced by specific interactions between 
plasticizers and proteins. Taking into account the hydrophilic nature of cotton proteins, 
plasticizer-protein interactions imply hydroxyl groups of plasticizers. When reconsidering 
plasticization through these interactions, we have shown that Tg depression follows a 
single curve whatever the plasticizer. Therefore plasticization is directly connected to the 
number of hydroxyl groups supplied by the plasticizer (Figure ).

Figure : Tg depression as a function of number OH moles supplied by 100g of dry 
matter

Influence of humidity
It has been put in evidence that water content strongly affect plasticization. Water is a 

natural plasticizer of protein due to its high polarity. Therefore water vapour contained in 
the atmosphere is likely to modify Tg of our materials. The effect of water is all the 
greater that plasticizer content is high. Thus, plasticizers being hydrophilic molecules, 
they tend to trap more water inside the material. If water can help plasticization of 
cottonseed protein, it can not be used a single plasticizer because it vaporizes during 
thermal processing

Influence of lipids
Experiments carried out on delipidated and non delipidated matters have revealed that 

the presence of lipids does not strongly affect plasticization. Tg depression is almost the 
same whatever the lipid content. Tg depression is slightly is increased lipids and 
plasticizer (glycerol) are combined probably due to a slight miscibility between lipid and 
glycerol. The most remarkable effect of lipids observed by DMTA experiments is a strong 
decrease of storage modulus which indicates a poor cohesion of matter.

The influence of other parameters like shells or gossypol on plasticization has been 
investigated. However, no strong effect of these parameters has been put in evidence.
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From the study of plasticization, a formulation based on cakes (or flours) plasticized 
by 20% w/w of glycerol has been chosen to investigate in details processing parameters. 
This formulation has been also used to carry out pilot scale experiments.

3.3. Study of material processing at laboratory scale (task 5.03 and 5.04)
Cottonseed based material processing has been carried out in 2 steps : (1) Cakes are 

plasticized using an internal mixer, (2) films from plasticized cakes are obtained by 
thermocompression.

3.3.1. Plasticization by internal mixer
Processing of cottonseed based materials has been studied using an internal mixer Haake 

Rheomix 3000, with a mixing chamber of 300 cm3. Polylab 2.0 software permits to monitor 
various processing parameters : temperature, rotation speed, torque.

The evolution of torque as a function of time reveals that mixing includes several steps. In 
a first step glycerol diffuses slowly into cakes and the torque remains low, then plasticized 
cake particles agregation occurs leading to an increase of torque and to a self-heating

due to self-heating and aphenomenon. Finally water included in cakes is vaporized 
plasticized powder is obtained.

Time (min)

Figure : Variation of torque and temperature during mixing of cakes and glycerol, ( ) 
low screw rotation speed, ( ) high screw rotation speed

We observed that glycerol must be incorporated into cakes at room temperature otherwise 
a phase separation occurs probably due to the decrease of glycerol viscosity when temperature 
increases. To enhance glycerol diffusion into cakes, temperature must be increased after the 
first step of mixing at room temperature. To facilitate glycerol diffusion, water can be added 
to cakes as a help to plasticization. In this case, final temperature must be controlled and kept 
below 90°C in order to prevent vaporization.

We noticed that mixing time can be reduced by increasing screw rotation speed. However, 
it shoud be remarked than inputing more energy of mixing results in increasing self-heating 
phenomenon and therefore protein degradation processes can be initiated.

From this study, we conclude that the more interesting procedure to plasticize cakes 
consists in 2 steps: (1) cakes are mixed with glycerol and water (10 g/ 100g dry matter) at 
room temperature and low rotation speed, (2) temperature is increased up to 90°C and 
rotation speed is also increased.
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3.3.2. Thermocompression
In order to obtain films, plasticized cakes (or flours) have been pressured using a parallel 

plateaux heating press. It has been observed that homogeneity and cohesion of films depend 
on operating parameters. Aiming at evaluate the conditions that should be used during the 
processing of cottonseed films, the influence of temperature and pressure on protein 
conformation has been investigated by Fourier Transform InfraRed spectroscopy (FTIR). To 
be processed by dry technologies, proteins must exhibit a thermoplastic behaviour. This 
behaviour can only be obtained if protein conformation changes from the native state to a 
denaturated state. This change, also called the globule-coil transition, has been extensively 
studied in the literature and it has been shown that pressure and temperature are two important 
parameters affecting the transition. This influence can be seen on the below-presented phase 
diagram. In the literature, some papers mentionned that FTIR technique represents a useful 
tool to study the globule-coil transtion. Indeed the position of the amide I band (1600-1700 
cm-1) is notably affected by the conformation adopted by the proteins (alpha helix, beta sheet, 
beta turn, random coil). With the aim to understand the role of pressure and temperature 
during processing, films have been characterized by Fourier Transform InfraRed spectroscopy 
(FTIR). A qualitative deconvolution of amide I band suggests that beta-sheets could be the 
main secondary structure encountered in cottonseed protein under native conditions. 
However it is obvious that a second band corresponding to α-helix and unordered structures is 
also present in the spectrum.

Influence of temperature
To observe the effect of temperature, films have been prepared by applying a constant 

pressure on the paste (52 MPa). We can note on Figure 5 that there is a displacement of the 
maximum of the amide I band towards the low wavenumbers when the temperature increases. 
This displacement occurs between 110 and 115°C. The band is shifted from 1632 cm-1 to 
1624 cm-1. This shift is undoubtful indeed the results are very reproducible.

This result suggests that the protein secondary structure has been modified by thermal 
effect. In the denaturated state, the beta-sheet component seems predominant. At constant 
pressure, temperature induces changes that seem to favour the beta-sheet conformation or 
induces intermolecular interactions that mimick the antiparallel beta-sheet signal.

Figure : Amide I band for films of plasticized flours pressured under 52 Mpa 
at various temperatures.
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Influence of pressure
To study the effect of pressure, films have been prepared at 120°C by applying various 

pressures ranging from 0 to 260 MPa. The results show that the plasticized paste heated at 
120°C without applying pressure exhibits a spectrum similar those of kernels, delipidated 
flours and the plasticized paste with a maximum located around 1632 cm-1. When a pressure 
is applied, we observed a shift of the amide band from 1632 to 1624 cm-1. The same 
conclusions than those proposed for the effect of temperature can be drawn for the effect or 
pressure

3.4. Characterisation of functional properties (Task 5.05)
Characterized properties have been chosen according to potential applications of our 

cottonseed based materials (i. e. especially mulching films). In this kind of applications, 
mechanical strength and water sensitivity are of primary importance. That’s why we 
focused our study on mechanical properties, hygroscopicity and water vapour 
permeability.

3.4.1. Hygroscopicity
On a general point of view, the study reveals that cottonseed based materials are 

hygroscopic. This hygroscopicity is related to the inherent hydrophilic feature of cotton 
proteins but also to the incorporation of hydrophilic plasticizer into the materials. 
Similarly to Tg, it has been highlighted that hygroscipicity is directly connected to the 
number of hydroxyl groups supplied by the plasticizer, whatever the chosen polyol 
(Figure). These results imply that enlarging the processing window induces inevitably an 
increase of hygroscopicity. Therefore a compromise should be found between both 
properties. A solution to escape from this trap could be to use another family of 
plasticizers like amphiphilic molecules.

Figure: Water absorption of films as a function of number OH moles supplied by 100g 
of dry matter

Studying the effect of non proteinic compound, we have shown that the presence of 
lipids slightly reduces hygroscopicity of materials.
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3.4.2. Water Vapour Permeability (WVP)
According to results from literature, it is obvious that proteinic films exhibit high 

WVP. This behaviour is very often considered as an asset for applications where sweating 
is required.

In this work, it has been shown that WVP of cottonseed based films is high (1 to 5 10-5 
g.m-1.s-1.Pa-1). WVP is all the higher that plasticizer content is high. Moreover WVP 
increases in the sense PEG, TEA, and glycerol. Similarly to hygroscopicity, these results 
indicate that WVP is related to the number of hydroxyl groups supplied by plasticizers.

Contrary to hygroscopicity, it was remarked that the presence of lipids induces an 
increase of WVP. This unexpected behaviour has been attributed to the presence of holes 
in the films. These holes results from a phase separation between lipids and proteins 
during processing.

3.4.3. Mechanical properties
Mechanical properties have been assessed through tensile tests. The influence of 

several parameters has been investigated: plasticizer nature and content, storage 
conditions, presence of shells, presence of lipids, processing conditions.

On a general point of view, the results highlighted that the presence of plasticizers 
tends to decrease the rigidity (Young modulus) and the tensile strength and to increase the 
elongation at break. These tendencies are correlated to the plasticizing effect of molecules. 
They are emphasized when plasticizer content increases and also when number of 
hydroxyl groups supplied by plasticizer increases (glycerol>TEA>PEG).

Storage conditions have a major influence on mechanical properties. As already 
mentioned water is a good plasticizer of proteins, therefore storage in humid conditions 
results in a decrease of mechanical strength and an increase of elongation at break. These 
effects are emphasized by the presence of external plasticizers since they are themselves 
hygroscopic.

It has been shown that the presence of shells tends to reduce mechanical performance 
of films. At very low content (<2%), shells can promote a positive effect by increasing the 
tensile strength and the rigidity. Above a 2% content, shells decrease the mechanical 
strength because they act as crack initiator due to their morphology and their poor 
adhesion to the protein matrix.

The impact of lipids on mechanical properties has been also investigated. It has been 
remarked that the presence of lipids decreases the rigidity of materials. A poor cohesion is 
obtained that has been attributed to a phase separation between lipids and proteins 
(Figure). These results are in good agreement with those obtained for WVP.

Finally, the influence of processing conditions on mechanical properties has been 
assessed. The best results are obtained when films are pressured at 120°C. At lower 
temperature, cohesion of films is poor (low Young modulus). At higher temperature, 
elongation at break decreases due to possible crosslinking reactions or degradation 
reactions.

To compare the influence of the different parameters, it is convenient to plot the 
tensile strength as a function of elongation at break (Figure). We can see that the best 
results are obtained when films are plasticized with glycerol, processed at 120°C and 
contained a low amount of shells.
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Figure : tensile strength as a function of elongation at break for various films prepared 
in different conditions, ♦ plasticized by glycerol and processed at 120°C, • plasticized by 
glycerol and processed at 140°C, • plasticized by glycerol and processed at 90°C, ▲ 
plasticized by glycerol and processed at 120°C, containing shells, ■ plasticized by TEA 
and processed at 120°C

3.5. Pilot scale experiments (Task 5.06)
A detailed review of pilot scale experiments is available in the report dedicated to 

deliverable D5.01. The following conclusions have been drawn :
Pilot scale experiments have shown the feasibility to process cottonseed derivatives 

(cakes or flours) into biodegradable materials using dry technologies.
Using cakes as raw matter requires controlling the composition of matter by grinding 

and sieving. Lipids should be extracted and the presence of shells and linter must be 
limited. Considering protein degradation induced by oil extraction, the cohesion of 
plasticized cakes is relatively poor. This disables the manufacturing of films by cast 
extrusion. To obtain cohesive films, we suggest mixing plasticized cakes with a small 
amount of PCL, a synthetic biopolymer. Injection-moulding seems to be a technique more 
appropriate to plasticized cakes processing because it combines pressure and temperature.

Using flours as raw matter allows avoiding some problems encountered with cakes 
like for example: presence of shells and linter or degradation of protein by thermal 
treatments. Cast film extrusion is possible with plasticized flours, however mechanical 
performance remain low. Once again, addition of a small amount of PCL enables 
improving both processibility and functional properties.

3.6. Economic study (Task 5.07)
The opportunity study is detailed in a specific report referring to deliverable D5.02.
This study concludes that, due to growing concerns about sustainable development, the 

demand for performing bioplastics is increasing. However, in order to really penetrate the 
general plastics market, specific objectives, part of a well-defined strategy, should be 

98



reached: identifying market segments, making products available in the targeted market 
segments, making the proposed products being different and being felt different with 
existing ones, determining the development rhythm and retaining a sound investment plan. 
Marketing strategy must also takes into account critical criteria of price competitiveness 
and functionalities of the product.

The analysis of cotton production, particularly in Brazil, reveals that cotton seeds and 
cotton seed cakes are available as raw matter for biodegradable materials. Even though a 
large part of cakes is used for animal feeding, the remaining part is sufficient to ensure the 
production of large quantity of biodegradable materials. Considering the actual plastic 
consumption in Brazil, it is obvious that Brazilian market can not be the unique outlet for 
cottonseed based materials. Exportation to Europe and America must be considered.

The use of dry technologies to process cotton seed cakes into biodegradable materials 
is attractive because these technologies have low operational costs. Moreover economies 
of scale by using extruder of higher capacity should further lower production cost and lead 
to higher production volume. Estimated cost, detailed in the opportunity study report, 
amounts up to 1.5 $/kg for plasticized cakes. This price is competitive compared to actual 
commercial bioplastics (PLA, PCL, Mater-Bi) whose prices ranges between 5 and 10$/kg. 
Achieving real economies of scale should make the dry processing of cotton seed based 
materials further attractive to the existing cotton oil industry.

Price competitiveness is nevertheless not sufficient to ensure market penetration. 
Products derived from using biodegradable plastics materials must comply with the 
expected technical requirements. This compliance must be assessed on the product-by
product basis, after identification of the products to be manufactured.

4. Publications and papers

- Influence de la plastification sur l’hygroscopicité, la perméabilité et sur les 
propriétés mécaniques de films protéiques à base de farines de cotton », Joël 
Grevellec, Laurent Ferry, Alain Crespy, Christian Aymard, Jérôme Lecomte, 
Catherine Marquié, Colloque national GFP 2004, Toulon (France), 23-25 
novembre 2004.
- Technical feasibility of common polymer technologies applied to natural 
polymers, P. Sobral,, P. Eisenberg, L. Ferry, Final workshop of the Cotonbiomat 
project, October 20th - 21st, 2005, Rio de Janeiro, Brazil
- Characterization of films obtained by dry technologies, L. Ferry, Final workshop 
of the Cotonbiomat project, October 20th - 21st, 2005, Rio de Janeiro, Brazil 
- Mise en oeuvre de matériaux biodégradables pour l’agriculture à partir de 
tourteaux de cotton, Joël Grevellec, PhD Thesis from Université de Montpellier 2, 
delivered the 16th december 2005
- Study of cottonseed cakes plasticization: influence on the mechanical properties 

and the permeability of thermocompressed films, Laurent Ferry, Joël Grevellec, 
Catherine Marquié, Jérôme Lecomte, Alain Crespy, J. Agric. Food. Chem., (to be 
submitted)
- Study of the influence of non proteinic compounds on the mechanical properties 
and hygroscopicity of films from cotton seed proteins, Laurent Ferry, Joël 
Grevellec, Catherine Marquié, Jérôme Lecomte, Alain Crespy, J. Agric. Food. 
Chem., (to be submitted)
- Extrusion of plasticized cotton seed cakes, evolution of protein structure during 
processing, Laurent Ferry, Joël Grevellec, Catherine Marquié, Jérôme Lecomte, 
Alain Crespy, Industrial crops and products, (to be submitted)
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5. Conclusion

To sum up, it can be concluded that the main objectives of WP5 have been reached. 
The technical feasibility of manufacturing biodegradable materials from cotton seeds 
using dry technologies has been demonstrated for the first time. This objective was really 
a great challenge due to the complexity of raw matters. The success of pilot scale 
experiments rests on a good knowledge of mechanisms influencing processability and 
functional properties.

The study at laboratory scale enables us to determine the effect of non proteinic 
component (lipids, shells, gossypol) on plasticization and functional properties (especially 
mechanical properties). It has been shown that presence of lipids, shells and linter induces 
a decrease of the mechanical strength of films and should be avoided. This can be 
achieved by monitoring raw materials composition. In particular, we highlighted that 
fractionation of cakes or cotton seeds by grinding and sieving leads to protein enrichment 
and cellulose elimination.

Glycerol has been chosen as plasticizer because it offers the larger processing window 
for plasticized cakes or flours. However a compromise should be found between 
processability and functional properties because plasticizers tend to increase the 
hygroscopicity of materials. These effects have been directly connected to the presence of 
hydroxyl groups in plasticizers.

We have shown that cotton seed processing must combine temperature and pressure to 
ensure protein conformation changes and good homogeneity of films. Within this 
framework, injection moulding seems to be an adapted technique. In the case of extrusion, 
the cohesion of matter is relatively poor and we suggest mixing plasticized cakes or flours 
with synthetic biopolymers like PCL.

On the economic point of view, the opportunity study reveals that our material 
(EMACOT) seems to be competitive with other biopolymers. However this 
competitiveness is not sufficient. A very good adequation between product specifications 
and material properties should be found in order to penetrate the market. It means that 
further investigations must be carried out in close collaboration with companies interested 
by our product. It may be assumed that EMACOT could be an attractive diversification 
for existing oil producers.
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Like most European countries, Brazil and Argentina are faced with environmental management 
problems. Biodegradable materials, made from renewable products, could be a suitable alternative to 
replace petroleum based ^products advantageously in agriculture.

Cotton seed proteins slow potential for making biodegradable materials. But more knowledge was 
required to process raw cotton seed derivatives (kernels and cakes) at industrial scale.

The aim of the project is to study, for the first time, the cottonseed derivatives process ability into 
biodegradable materials for mulching, seed coating and packaging for agriculture.

Research focuses on the thermo-mechanical behavior of cotton seed derivatives, film-forming and 
cotton protein adhesive properties to adapt existing polymer technology processing to make materials.

The achieved results of the project demonstrated the technical feasibility of biodegradable materials 
from cottonseed cakes and kernels at pilot and industrial scale.
Concerning wet technologies, A COTPROT (a new cottonseed protein concentrate) technology was 
optimized. The COTPROT by-product could be valorized for animal feeding according to its 
nutritional value. Another technology was also experimented to produce a protein concentrate called 
DPCOT. COTPROT and DPCOT formulation were used as film forming solution. A spray drying 
technology was adapted to produce films with COTPROT and DPCOT solutions. Formie and cotton 
fibers were retained for their capacity to increase the mechanical resistance of composite materials 
made with DPCOT. COTPROT can be used to make seed coatings comparable to products already on 
the market but is not yet competitive. Improvements are necessary to transpose lab results to industry 
to develop “active” seed coatings.
Concerning the low moisture technologies, technical feasibility of cottonseed defatted flour extrusion 
was established. A competitive EMACOT (thermoplastic extruded biomaterial) in relation with poly 
lactic acid or poly caprolactone could be produced for mulching or packaging. An economic study 
established the potential interest and the actual limits for the new technologies in comparison with 
references. All the results were presented at the final project work shop organized in October 20th, 21st, 
2005, in Brazil and will be published in scientific Journals in 2006 and 2007.
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Contract number : ICA4-CT- 2001-10061 Year : 2005

Data sheet for final report
(to be completed by the co-ordinator for the whole project)

1. Dissemination activities Published To be 
Submitted 

in 2006

Number of communications in conferences 11

Number of communications in other media (internet, video, ...) 0

Number of publications in refereed journals 13

Number of articles/books 1

Number of other publications 0

2. Training

Number of PhDs 1

Number of MScs 2

Number of visiting scientists 0

Number of exchanges of scientists (stay longer than 3 months) 0

3. Achieved results

Number of patent applications 0

Number of patents granted 0

Number of companies created 0

Number of new prototypes/products developed 4

Number of new tests/methods developed 4

Number of new norms/standards developed 0

Number of new softwares/codes developed 0

Number of production processes 5

Number of new services 0

Number of licenses issued 0

4. Industrial aspects

Industrial contacts yes no

Financial contribution by industry yes no

Industrial partners : - Large yes no

-SME1 yes no

5. Comments
Other achievements (use separate page if necessary)

1 Less than 500 employees. 104
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ANNEX 1

Deliverable report : 
All Work packages

D01.01 - D02.05 - D03.04
D04.04 - D05.03

Publications drafts



COTONBIOMAT - Processing cotton seed into biodegradable materials for agriculture as 
an alternative to synthetic polymers in Latin America

PL ICA4-2001-10061

Deliverable report- all Work packages 
D01.01 - D02.05 - D03.04 - D04.04 - D05.03

Partners CIRAD - FUSP - INCOTEC - CITIP/INTI - ARMINES/EMA

At the beginning of the project, a consortium agreement established the rules of intellectual 
properties between partners involved in the research.

At the fourth meeting of the steering committee, all the partners decided to publish the project 
result only after the end of the project to be sure that no technology will be patented.

The following title and abstracts, given in provisory form, correspond to publications which will 
be submitted in 2006 and classified by priority.

Priority 1 :
Authors: Jérôme Lecomte, Paul Klernan, Paulo Sobral, Catherine Marquié
Title : Controlled release of imidacloprid from cross-linked cottonseed protein-based films
Abstract : The aim of this work was to evaluate if cottonseed proteins could be used for the 
development of biodegradable delivery systems and active seed-coatings in particular. A freeze- 
dried cottonseed protein concentrate (FD-CSPC) was used for the preparation of films inside 
which the commercial insecticide Gaucho® was incorporated. The kinetic studies of imidacloprid 
delivery from films revealed that release rates were significantly influenced by protein cross
linking and, in a fewer extent, by the plasticizer type. In other respects, observation of film 
behaviour and modelling of kinetics data according to the Ritger-Peppas’s equation indicated that 
the delivery of imidacloprid always occurred through a complex mechanism in which 
swelling/relaxation phenomena could be involved. However, if the interest of such protein-based 
material has been clearly demonstrated at laboratory scale on a simple system, the first attempts 
in industrial conditions has shown that the formulation and/or the process should be adapted to 
express all its potentialities.
Journal(s): J. Agric. Food Chem.; Industrial crops and products; Drug Delivery...

Authors: Jérôme Lecomte, Paulo Sobral, Catherine Marquié
Title : Viscosity and gelling properties of cross-linked cottonseed protein-based film- 
forining solutions
Abstract : The aim of this work was to determine, in terms of viscosity and gelling, the 
workable domains of film-forming solutions obtained from a freeze-dried cottonseed protein 
concentrate (FD-CSPC). Firstly, the optimized conditions for solubilization and microbiological 
stabilization were defined as a function of concentration, pH and time, in lack of biocides or 
stabilizers. Then, the viscosity and gelling domains of the cross-linked solutions by 
glutaraldehyde or glyoxal were established as a function of FD-CSPC concentration, cross-linker 
ratio, pH and temperature. If the gelling of solutions appeared in ratio ranges much lower than 
that expected, the glutaraldehyde was found to be much more reactive than the glyoxal, leading to 
higher viscosities whatever the cross-linking conditions. However, in perspective of industrial 
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application, glyoxal may be preferred for a better control of the cross-linking and the film- 
forming solution viscosity.
Journal(s): J. Agric. Food Chem.; Industrial crops and products ; J. App. Polym. Sci.

Authors: Patricia Eisenberg, Cristina Inocenti, Guido De Tito, Catherine Marquié
Title: Films from cottonseed oil cake proteins reinforced with natural fibers
Abstract: The mechanical properties and SEM micrographs of formulated films, obtained from 
cottonseed protein extracted from cottonseed cake, were studied. The films were formulated with 
glycerol as plasticizer and formaldehyde as crosslinking agent. Natural fibers like line/cotton, 
hemp, formie and silk from cocoon worm were used as reinforced. Vegetable fibers used to 
produce composite films, resulted in a four-fold increased in maximum tensile strength and six - 
fold average increase in tensile modulus, for carded Iine25/cotton75, formie and hemp non woven 
mat fibers. For composites films reinforced with silk fiber from cocoon worm good tensile 
strength and modulus were obtained and better percentage of maximum elongation was observed. 
Cottonseed oil cake can be used as raw material to produce biodegradable films.

Journal: J. Agric. Food Chem

Authors: Catherine Marquié , Paulo Sobral, Patricia Eisenberg , Laurent Ferry’ Jérôme Lecomte, 
Paul Klemann.
Title: Cottonseed protein extract (CPE), as a new raw material for biodegradable application: 
characterization, process ability and potential.
Abstract: Like other plant proteins, cottonseed proteins alone, show good film-forming 
properties and can be classified as thermoplastic even if their rheological behaviour is very 
complex. These properties give possibility to process protein by current industrial technologies. 
This paper describes the main results of the experiences undertaken from 2001 to 2005, in the 
project, “Processing cottonseed biodegradable materials for agriculture as an alternative to 
synthetic polymers in Latin America”, supported by the European community, related to wet 
technologies (calendaring, laminating, seed coating, spread coating). Some of the objectives of 
this project were to tests industrial technologies to make films, composites and seed coatings, 
from cottonseed derivatives such as kernels, flours and pellets. The extraction of protein from the 
cottonseed derivatives was optimized to produce a cottonseed protein extract (CPE) that is used to 
prepare film-forming solution. Many parameters acting on the physical and chemical 
characteristics of the film forming solution were studied in order to check the process. The 
performances of the cottonseed film-forming solutions to make materials are compared to 
references and potential uses of CPE to make industrial biodegradable products discussed in 
comparison with references.
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This paper presents recent results obtained in the project, “Processing cottonseed biodegradable 
materials for agriculture as an alternative to synthetic polymers in Latin America”, supported by 
the European community and coordinated by the Cirad.
The main objective of the project was to test, at pilot industrial scale, the technical and 
economical feasibility of biodegradable materials, made from cotton seed derivatives (kernels and 
cakes).
The project focused on two types of processing technologies: wet processes (casting, laminating, 
seed-coating, composites materials) and low moisture technologies (extrusion, thermo-moulding) 
to produce film and seed coatings for agriculture.
New technologies were developed. The properties of materials obtained are compared with those 
of marketed materials of reference. An economic survey evaluated the competitiveness of new 
materials. The conclusions given by the researchers highlight the technical and economic limits 
related on the nature of the raw material and the difficulties of transformation. Industrial 
development prospects are also proposed.
Journal: Industrial Crops and Products; local Journals.

Authors: Patricia Eisenberg, Cristina Inocenti, Guido De Tito, Catherine Marquié
Title: Effects of fibre chemical treatment on mechanical properties of composite films made from 
cottonseed protein raw material

Authors: Laurent Ferry, Joël Grevellec, Catherine Marquié, Jérôme Lecomte, Alain Crespy 
Title: Study of cottonseed cakes plasticization: influence on the mechanical properties and the 
permeability of thermocompressed films,
Abstract: Cottonseed cakes were used as raw matter to prepare biodegradable films for 
agricultural applications. Plasticized materials were obtained by mixing cakes with polar 
plasticizers (glycerol, triethanolamine and PEG) using an internal mixer. The glass transition 
temperature (Tg) of the blends was measured by dynamic mechanical thermal analysis (DMTA) 
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was found to be directly connected to the molar content of hydroxyl groups in plasticizers. 
Therefore a unique Couchman-Karazs equation enables to describe cottonseed cakes 
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of films obtained from plasticized cakes by thermocompression were determined. It was shown 
that water sensitivity of films was also directly related to the molar content of hydroxyl groups 
supplied by plasticizers. Tensile strength and young modulus of films decrease when plasticizer 
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Foreword

Economic analysis is associated to the following deliverables:

• D02.04 in the Work Package Calendered Materials

• D03.04 in the Work Package Seed Coating

• D04.03 in the Work Package Composite Materials

• D05.02 in the Work Package Thermoulded and extruded Materials

The whole economic analysis is grouped in this report so as to provide a global view on the economic issue 
of processing biodegradable plastic materials from cotton seed proteins. The opportunity study presented 
hereby mainly deals with the production of materials before their conversion into plastic goods, in line with 
the technical achievements within each work package. The production of calendered film being 
experimented could hardly be scaled up; the calculation of the related production costs (D02.04) would be of 
very limited interest. The same feeling applies also to the composite materials (D04.03) although pilot 
production somewhat took place. It seems that there is still room for technical optimization before embarking 
the evaluation of production of composite materials (D04.03).
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Abstract
The prospect of the demand for biodegradable plastics is undoubtly bright. This demand is clearly taking off 
these recent years in various parts of the world. The price increase of conventional plastics (resulting from 
crude oil price increase and unfavorable taxing policy) should contribute to sustain the demand for 
biodegradable plastics. Consequently, the anticipation of 10% for the world market share of biodegradable 
plastics could make sense in the next future.

It is unlikely that such a market share could be encountered in Brazil and Argentina where the level of 
plastics consumption is far lower than in economically developed countries. National markets can hardly be 
the unique outlets for the enhanced production of biodegradable plastics. Exportation must be contemplated; 
this is yet considered to be the pathway through which Brazil could improve its penetration of European and 
American markets.

The increasing production of cotton, particularly in Brazil, ensures high production levels of cottonseeds and 
cotton seed cakes. Level of availability should be modest for additional processing. Cottonseeds are yet used 
as raw materials in oil industry. Resulting cotton seed meals are yet largely used as animal feeds. 
Nevertheless, there should remain enough cottonseeds and seed cakes to be used as raw materials for further 
processing. According to realistic assumptions, there should be enough raw materials for nearly twenty units 
producing annually 2600 tons of material solution made from cottonseed proteins (COTPROT solution).

The production of COTPROT solution from cottonseeds seems to be price competitive. Fix cost is 
reasonable since the production derives from an activity extension within existing ginning plants or large 
cotton farming compounds. Various scenarios of investment plans have been considered, high level of self
financing contributes particularly to lower production costs. This price competitiveness allows considering 
using COTPROT solution as a substitute in manufacturing biodegradable plastics goods, like films and bags. 
It is nevertheless not yet sufficient to compete against conventional binding material in seed industry.

The production of plasticized materials through extrusion of cotton seed cakes is an opportunity to extend 
industrial activities within existing oilseeds crushing plants. Its price competitiveness largely depends on the 
price of glycerol.

Price competitiveness is not sufficient to ensure market penetration. Products derived from using 
biodegradable plastics materials must comply with the expected technical requirements. This compliance 
must be assessed on the product-by-product basis, after identification of the products to be manufactured, but 
this could not be addressed in the framework of an opportunity study.
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1. Introduction

Comprehensive analysis is desirable...but not yet feasible
Implementing a comprehensive comparative economic assessment of the production of biodegradable 
plastics is not an easy issue. Limitations in terms of available data, of connection with the concerned 
industries and of time prevent us from claiming to implement a global competitiveness assessment in 
producing biodegradable materials from cottonseeds.

Generally speaking, environmental cost is not reflected in the price we pay for products; this is of particular 
truth in the plastics case. Conventional plastic material is relatively cheap to manufacture and this is reflected 
in its inexpensive price. But the costs of disposing plastic goods and of its impact on wildlife are high. This 
is typical example of negative externality whose cost is not at all internalized in the price we pay for goods 
we used. In the opposite, biodegradable plastics are assumed to be more environment-friendly, the cost 
related to disposing goods made from biodegradable plastics is assumed to be lower, and this is a difference 
which could compensate the higher production cost of these plastics.

Comparative assessment calls for addressing all costs linked to the whole chain of production up to the 
disposal of conventional and biodegradable plastics. With regard to the costs resulting from collection and 
recycling as well as the externalities of a plastic-polluted environment, a few scholars argue that 
conventional plastics should cost as much as biodegradable ones.

Nevertheless, biodegradable plastics do not have only advantages. Although most people mainly take 
consideration of the positive effect of pollution reduction resulting from degradation, the global effect on 
environment is more mitigated. Production of biodegradable plastics has negative effect on environment in 
terms of consumption on non-renewable energy and in terms of CO2 emission. It is hard to claim that 
biodegradable plastics production would necessarily be far more advantageous than conventional ones. There 
are various types of biodegradable plastics and their efficiencies fluctuate a lot in terms of non-renewable 
energy consumption and CO2 emission (annex 1). PHA and PHB are good in terms of energy efficiency as 
compared to petrochemical polymers. Starch-based polymers come out to offer energy and CO2 emission 
savings. Biodegradable synthetics, e.g. mixture of thermoplastic starch and polyvinyl alcohol or 
polycaprolacton are becoming common but their fossil CO2 emission could be high or comparable to petrol 
plastic. In short, the fact that plastics materials are biodegradable does not imply necessarily that the whole 
environmental balance will be far much better. The case of bio-fuels reveals that one liter of crude oil is 
necessary to produce 1.5 liter of bio-fuel. These figures are indications that our attention should not be only 
attracted by the positive side of a process we favour while overlooking less positive ones.

However, positive impacts on environment while using biodegradable plastics could be more important and 
diverse than the biodegradation in itself. Some indirect effect accounts. In the case of using biodegradable 
plastic for mulching, it is stated that soil can be enriched with carbon inducing positive effects on soil 
structure and soil water retention. These impacts are favorable to crop production and reduce its risk 
compensating hence the higher cost of biodegradable mulching film.

Life cycle analysis seeks to identify the true environmental impact of a product by considering its 
environmental effect at every stage of its "life cycle". This includes the impact of extracting the raw 
materials, processing it into a product, transporting that product, using it and then disposing and/or recycling 
it. Such an analysis attempts to quantify all of the material and energy inputs and all of the outputs of a 
product or process. Although desirable, we are not in the position of implementing this kind of analysis for 
the processing of cottonseed proteins into biodegradable plastics materials.

Limited scope of detailed opportunity study
In the area of assessing the validity of applying new technologies in production, a comprehensive feasibility 
study is needed to help potential investors make decision. Feasibility study must be very specific to the 
location contemplated for the production site; it must consider who the investors are, what their financing 
plan is, along with their commercial strategies. It is clear that it was out of the scope of the INCO Project to 
achieve this identification of industrial application.

The research works implemented during the INCO Project enabled us to obtain clear ideas on the industrial 
process and on the input/output flows; we hence can propose a detailed opportunity study to appraise to what 
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extent it could make industrial sense to process cottonseed proteins into biodegradable plastics materials. 
With reference to the approach advocated by the United Nations Industry Development Organization 
(UNIDO), this study pertains to introducing an opportunity study to better use an existing resource, namely 
cottonseeds, a renewable and abundant byproduct of the cotton production. Through this study, we target at 
estimating the range of the production cost and assess how competitive this cost might be. Of course, this 
study could not suffice by itself to induce investment decision which requires more detailed feasibility study. 
We do expect that the results we achieved can help potential investors decide moving for further exploring 
the feasibility of producing biodegradable plastic from cottonseeds.

The INCO project is dealing with using proteins of cottonseeds through various processes to produce 
biodegradable plastics materials. The proteins of cottonseeds are either extracted from seed kernels, or from 
cotton seed meal after the crushing process. Its comes out immediately that the processing into plastics 
materials could be an extension of the industries activities either within a ginning factory or within an oilseed 
crushing industry. Two main processes have been considered during the implementation of the INCO Project. 
Roughly speaking, wet processing leading to a plastics material solution or a dry processing through 
extrusion leading to granules of plastics materials. Plastics material solution is suitable in particular for film 
manufacturing, but its use was considered as well as a binding material in the seed coating industry. Granules 
can fit various manufacturing processes of plastics, in particular through calendaring and injection.

The manufacturing of final plastic goods from cottonseed biodegradable plastics materials were somewhat 
tested during the implementation of the INCO Project. Simple or composite films were manufactured. Seed 
coating was adjusted. Plastics calendaring was experimented. The research works were however focused 
mainly on the production of biodegradable plastics materials as raw materials for plastics industries. This 
report is hence focusing on the opportunity study of producing cottonseed plastics materials as a new 
biodegradable material. The use of this new kind of material at the level of plastics industries could give rise 
to many adjustments to improve efficiency, and that we can hardly figure out at this stage. It seems then a 
little bit premature to extent the economic analysis to the stage of manufacturing final plastic goods.

In compliance with the UNIDO manual on industrial opportunity/feasibility studies, the first part is devoted 
to a brief assessment of the resources, cottonseeds or related by-products, in Brazil and Argentina. The 
second and third parts are focused on the assessment of the market demands respectively in the world and in 
South America. The fourth part elaborates the estimation of the production costs in producing plastics 
material solution and granules. We will conclude on the prospects of producing biodegradable plastics from 
using cottonseeds.

2. Relative availability of raw materials for COTPROT production
2.1. Positive trend in cotton production in Brazil and Argentina

During the last decade, Argentina and Brazil have experienced opposed trends in their cotton production. In 
Argentina, cotton production fell down dramatically and has been divided by four (Figure 1); its share in the 
world cotton market has become marginal. In the opposite, Brazil succeeded to inverse totally the decreasing 
trend it faced before 1997 and is setting new production record year after year (Figure 1). This change 
enables Brazil to export again cotton lint while its production was insufficient to cover the demand of its 
textile industry. This is essentially the consequence of a remarkable geographic shift of the cotton production, 
along with modifications of the production techniques. This production has become greatly modernized and 
highly capitalistic; the management of the production has turned to be very sophisticated in many farms. In 
this sense, it was like a revolution took place.

Geographic displacement is materialized through the concentration of the cotton production in the Central- 
West States, representing 70% of the national total (Annex 9), at the expense of traditional cotton producing 
areas in the Northeast and in the South. New farms were set up on virgin lands, of large sizes and whose 
cultivation mobilizes advanced technologies just like in USA and Australia. There, farmers are rural 
entrepreneurs and achieved high yields. The State of Mato Grosso accounts now for more than 45% of the 
whole Brazilian production. Average yield is high, up to 1200 kg/ha of cotton lint, which is 85% higher than 
the yield achieved in other Brazilian regions.
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Evolution of cotton lint production

Figure 1. Evolution of cotton lint production in Argentina

Evolution of cotton lint production

Figure 2. Evolution of cotton lint production in Brazil

2.2. Differentiated cotton production with large cotton estates

In Brazil, farming differentiation is clearly taking place, opposing family farms and farming estates. These 
latter could cover thousands of hectares. Maeda is among the largest cotton grower and is reported to 
cultivate more than 40 000 hectares of cotton. We have not succeeded to accede to statistics about the 
farming differentiation. It seems that there is no public data on the number of the farming estates, on their 

117



average size and their relative share in the whole Brazilian production. What is worth noting at this stage is 
that there are a few farming estates which grow individually thousands of hectares of cotton. They possess 
their own mills to gin their cotton and which produce large amounts of cottonseeds suitable for value-adding 
processing. These fanning estates should have potential interest in producing biodegradable plastics from 
cottonseeds, along with ginning companies which gin through seedcotton collected along numerous cotton 
producers.

In Argentina, production is concentrated in two major cotton provinces, Chaco and Santiago del Estero, 
which account for close to 90% of the total cotton area. Cotton farms can be distinguished according to their 
sizes: the size of "minifundios" is less than 20 ha, the size of small farms between 20 and 90 ha, while large 
farms are over 90 ha. These groups account respectively for 60%, 25% and 15% of the whole production. 
These figures mean that large farms in Argentina remain tiny ones as compared to Brazil and that there are 
seldom cotton producing estates large enough to contemplate the processing of cottonseeds into plastics raw 
material. This kind of processing should likely take place at the level of ginneries.

2.3. Estimation of potential cotton raw materials for plastics industry

Cottonseeds account for 10% of the world production of oilseeds, largely dominated by soybeans. 
Cottonseeds are crushed to obtain cotton oil and cotton seed cakes (or seed meals) for animal feeding. For 
various reasons, cottonseeds are seldom totally crushed. Those which are not crushed could be exported, 
directly used as animal feed, or used as manures, or simply disposed and burned. At the world level, we can 
observe that less than 75% of cottonseeds are crushed (Table 1). However, the distribution of the various 
usages for the remaining share varies a lot between countries and can hardly be assessed. The exportation 
share of cottonseeds is very limited at the world level, around 3%, but only a few countries are actually 
exporting.

Crushing of cottonseeds gives about 45% of seed cakes which are destined nearly exclusively to national 
markets. World exportations concern less than 5% of total cotton seed cakes production.

Table 1. Cottonseeds production and processing in the world
Cottonseeds Seed cakes obtained

Production Crushed  exported  % crushed % exported Production  Processing ratio % export
2000 32,96 24,95 1,28 75,7% 3,9% 11,41 45,7% 5,3%
2001 33,48 24,34 1,26 72,7% 3,8% 11,25 46,2% 4,9%
2002 36,62 26,44 1,26 72,2% 3,4% 12,09 45,7% 5,5%
2003 32,84 24,43 1,02 74,4% 3,1% 11,17 45,7% 4,4%

We do not succeed to capture official data on cottonseeds and seed cakes in Brazil and in Argentina, but we 
can estimate these data from the cotton lint production and the cotton industry processing ratios observed at 
the world level. Of course, Brazil is producing far more than Argentina. Total cottonseed production is 
estimated to be around 2 millions tons in Brazil and Argentina (Table 2).

The amount which is not crushed and hence available for various usages, including for potential processing 
into plastics raw material through the COTPROT technology, is close to 730 000 tons. A substantial share 
should be kept for animal feeding. If 10% could be diverted from the animal feed market, there should be 
about 73 000 tons available for alternative usage like plastics industry.

The amount crushed leads to about 600 000 tons of cakes of which at most 5% (or 30 000 tons), 
corresponding to the exportation share, could be diverted from the animal feed market and be used as raw 
material for COTPROT production.
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Table 2. Estimation of available cottonseeds and cakes in Brazil and Argentina
Brazil Argentina

lint 
production

Cottonseeds * Seedcakes 
available *

lint 
production

Cottonseeds * Seedcakes 
available *Productio  Crushed Available Production  Crushed Available

1995 537 806 524 282 236 351 527 342 184 154
1996 410 615 400 215 180 437 656 426 229 192
1997 306 459 298 161 134 338 507 330 177 148
1998 412 618 402 216 181 311 467 303 163 136
1999 521 782 508 274 229 200 300 195 105 88
2000 700 1050 683 368 307 134 201 131 70 59
2001 939 1409 916 493 412 167 251 163 88 73
2002 766 1149 747 402 336 65 98 63 34 29
2003 848 1272 827 445 372 65 98 63 34 29
2004 1273 1910 1241 668 559 115 173 112 60 50

NB. Assumptions of 65% of cottonseeds being crushed with a processing ratio of 45% 
* Estimations deduced from the cotton lint production and the retained ratios

3. Market and demand prospects in the world
3.1. A world of plastic addiction

Our world has become a world of plastic. World consumption was assessed to be five millions metric tons in 
1950; it reached 180 millions tons in 2003. To have an idea of how invasive plastic is, it is worthwhile 
mentioning that one ton of plastic corresponds to 20 000 of 2 liter drink bottles or 120 000 carrier bags of 
supermarket type.

There are many kinds of plastics. Around fifty groups of plastics and hundreds of varieties are registered. 
Plastics are grouped into several categories:

• PE accounting for 37% of the whole plastics market in 2000 (LDPE, 21% and HDPE 16%),

• PP for 19% of market share,

• PVC for 17%

• PS/EPS for 9%

• ABS for 3%

• PET for 5%

• and others for 10%

Production estimation for 2005 is 200 millions tons and it is forecasted to be 258 millions tons in 2010. The 
growth of the consumption has been continuously high and this trend should keep on. The USA has a world 
production share of 26% in 2000. At the same period, Western Europe reached a market share of 25% and 
Japan 8% (similar to Germany).

The annual growth is evaluated at 4% in the world, if not 5%. A far higher figure is encountered in emerging 
countries like China, India and Brazil. As a matter of indication, this growth is five times higher than the one 
in recycling plastic.

Per capita annual consumption is around 24,5 kg/capita and is forecasted at 37 kg in 2010. There is of course 
great disparities between countries. Per capita consumption is only 3 kg in India. Indeed, consumption is 
mainly concentrated in the USA, Europe and Japan. Per capita consumption in Belgium, USA, Italy and 
Germany is higher than 100 kg/year.

However, owing to the economic development in South-East Asia, this region should account for 40% of the 
world consumption by 2010. China is yet producing 7% of the world total and this should increase rapidly. 
We can yet observed that packaging modes in China has become quite similar to the one in Western Europe, 
with exclusive recourse to plastic and adaptation to smaller portions.

Plastic goods are destined to various economic branches, namely agriculture, furniture, transport, building, 
material handling, electrical, packaging and other. Packaging accounts the most in the use of plastics while 
agriculture accounts the less. In terms of consumption growth, the agricultural branch is also showing the 
smallest figure.
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Plastic is also big business. In USA, sales of plastics resins and materials, including basic shapes, amounted 
to $ 182 billions in 1999 and $ 230 billions in 2004.

3.2. World invaded by plastic bags

Plastic bag is easy and quick to manufacture. There is no wondering why it invades so much our daily life. It 
is estimated that the world population is using 500- 1 000 billions of plastic bag per year. Supermarkets are 
distributing billions of bags yearly: 15 billions in France, 17.5 billions in UK, 6 billions in Australia. And 
also 1.2 billions in Ireland, but it was before the implementation of a specific tax on plastic bag to discourage 
its use.

It is clear that there is more concern about the invasion of plastic bags whose impact on environment is 
negative. Petrol plastics need several hundreds of years to be decomposed, a few statements claim that 
Polyethylene plastics decompose in one thousand years. This concern leads to more attraction for using 
biodegradable plastic, an issue we will elaborate below. Recycling can mitigate "white pollution", but when 
recycling method consists in burning wastes for power, power efficiency remains limited (10% for PE, PET 
and PS).

It is yet assumed that biodegradable plastics would not be the only answer. Only a small part of plastics go to 
landfills where decomposition could take place. The amount of plastics our societies consume is an issue to 
be addressed and it calls for changes in the distribution and in the use of plastics in general and in particular 
of plastic bags.

Few changes are yet taking place. More and more supermarkets, in particular in France, are no longer 
distributing plastic bags for unique usage and are encouraging re-usable carrier bags. There is a sound 
advocacy to turn the back to the use-and-throw consumption mode. Some environment-oriented groups are 
no longer fighting against using plastic but are concentrating their critics against unique-usage bags. It is 
beyond the scope of this study to discuss whether this trend will become dominant or not. Nevertheless, if 
this trend gains ground, it will mean that biodegradable plastic bags will also have to adapt to multi-usage, 
implying satisfactory strength for that.

3.3. Biodegradable plastics slowly gaining ground

3.3.1. Great Diversity of biodegradable plastics
Biodegradable plastics refer to plastics which comply to quick decomposition criteria: under standard 
decomposition environment, 60-80 of decomposition is required within 60-180 days.

First production of biodegradable plastics yet dates back to 1907 with the production of cellophane from 
plant-derived cellulose. Production based upon starch was initiated in 1970s. In the 1980-1990s, production 
has become more elaborated through grafting two polymeric components which are chemically and 
physically joined.

Nine approaches in the production of bioplastics are now being identified:

• Direct use of renewable plant material (starch, cellulose, fibre, lignin etc.). In this case, many 
plant crops have been used: hemp, elephant grass, various natural fibres, wheat, soybean, 
cassava, potato, various oilseeds, sorghum, sugar cane, switch grass, woody trees. Annex 2 
provides a summary of the material sources used and the properties achieved.

• Direct use of renewable animal proteins (milk protein, collagen and gelatine, albumins)

• Genetic engineering to improve plant traits that enhance the efficiency in bioplastics 
production, in particular to produce more starch.

• Genetic engineering of plants to directly produce biodegradable plastics such as PHA & 
PHB. Plants involved are alfafa, canola, maize, palm oil, potato, soybean, sugarcane...

• Genetic engineering of animals to directly produce biopolymers such as spider silk

• Microbial conversion (fermentation) of renewable plant material (starch, cellulose, oil, etc.) 
to biodegradable plastics such as PHA, PHB and PLA

• Fermentation of wastes, to produce biodegradable plastics

• Biodegradable blends, combining in particular natural and synthetic polymers:
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* Starch-protein
* Starch with polyvinyl alcohol and ethylene vinyl alcohol
* Starch with degradable PHBV
* Starch with polycaprolactone blends
* Starch-PLA blends
* PLA and PCL blends
* Aliphatic polyester and poly (vinyl acetate) blends
* Cottonseed and cornstarch blend
* Blend of starch-protein-fibre-lipid
* PHAV and ethyl cellulose blends
* Cornstarch and plastic resin blend
* Soy protein-aliphatic polyesters blend

It is worth noting that there is yet a great diversity of biodegradable materials. It is also worth mentioning 
that cottonseed has been used so far, through blending with cornstarch. It was Biocorp Inc. which developed 
a line of disposable cutlery and bags which can decompose through composting within 180 days. These 
products were used during the Sydney Olympic Games in 2000.

3.3.2. Biodegradable plastics: not yet functionally and economically optimal
While considering the biodegradability, most of the identified bioplastics are yet satisfactory, but this feature 
is not the only one to be considered for a sustainable production. Materials achieved must be suitable to the 
properties sought by converting industries. Processing options must be technically feasible. Production and 
processing must be viable. Life cycle analysis should be satisfactory to convince about the environmental 
gain provided by biodegradable plastics.

Annex 3 summarizes the attributes and constraints associated to biopolymers obtained through various 
processing options. It comes out that there is not yet a biopolymer which is functionally ideal and cost- 
effective enough. PLA seems to be closest by now and could be regarded as the competing reference in the 
assessment of any new biopolymer. Nevertheless polymer science is entering a very active period and it is 
reasonable to expect further approaching the functional and economic ideal in the next future.

3.4. Market share is still small

It is not easy to have access to statistics related to the consumption of biodegradable plastics since there are 
no official statistics available. Insight could only be based upon data provided by professional associations of 
industries involved in these plastics production.

Clearly, consumption is small. World Demand was estimated to be 20 000 tons in 2000. It is evaluated at 
around 90 000 tons in 2003 and production capacities are forecasted to reach 136 000 tons. The current 
consumption is still very small, less than 0.05% of the world plastics market. Even in countries most 
sensitive to the alternative of using biodegradable plastics, market share remains less than 1%. However, 
figures we report here yet demonstrate a dramatic increase during the recent years which should indicate a 
real take-off.

Consumption of biodegradable plastics mainly is a feature of economically developed countries. The USA 
account roughly for 50% of the whole consumption, Europe ranks second with 40% and Japan for the 
remaining 10%. The rapid growth rhythm is experienced in most countries. Europe's consumption reached 
40 000 tons in 2003, doubling its record of 2001. Australia showed itself very supportive in using 
biodegradable plastics; this was one of the arguments which enabled it to win the organization of the 
Olympic Games in 2000. Prospects are bright in this country where it is contemplated that biodegradable 
plastics could range for 10-30% of PE used for packaging and agriculture.

Along with the consumption increase, the number of countries involved is also augmenting. First-comers like 
USA, Europe, Japan and Australia are now being joined by India, China, Brazil, Taiwan and South Korea. 
Chinese production of biodegradable raw materials is reported to be around 40 000 tons, of which 40% are 
exported. The number of companies involved increased up to around thirty (not including Chinese 
companies), and most of them were present at the recent International Exhibition on Plastics (Interpack 2005 
Dusseldorf, Germany, April 2005).
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3.5. Comparative advantages and current usages
Biodegradable plastics have been acknowledged of comparative advantages as far as environmental 
preoccupations are concerned.

• They are felt suitable to natural environments, through goods like agricultural and fishery 
materials, mulching film, pots for transplanting, fishing lines and nets, civil engineering and 
construction materials, retaining walls or bags, protective sheets...

• They fit to leisure goods, like golf tees, disposal goods used in fishing, marine sport and 
mountain climbing,

• They are adapted to cases where recovery and reuse are difficult and where composting of 
organic waste is effective, like in food packaging, hygienic products,...

• They are also suitable to various products which have to be disposed rather frequently, like 
pen cases, disposal razors, tooth brushes, cups, trash-bags and cushions.

Biodegradable plastics could also prevail for specific features:

• In cases where slow release is requested, like for materials for drugs, fertilizers, 
agrochemicals,

• In cases where water retention is sought, like material for tree plantation in deserts,

• In medical use, like suture threads, bone fixation, films, non-woven fabrics,

• When low oxygen permeability is a requirement, like in food packaging and inner coating of 
cartons for liquids,

• When melting temperature is low, like adhesives for packaging and book-binding and bags

In spite of the potential usages of biodegradable plastics, 50% of these are used for bags. Non-recycled goods 
account for 25%, coated paper for 15%, food-packaging for 8%, and the remaining for various types of 
goods.

It appears that biodegradable plastics are still little used in mulching in spite of their suitability. Mulching 
plastics are a typical example of unsuitability for recycling and for reuse. Recycling is costly because volume 
to be transported by each user is small while he is far from recycling plant or landfills. It is furthermore 
costly because of the soil contamination (up to 30-40% by weight) of the plastics which need to be 
previously cleaned. It is also reported that mulching film has been refused for recycling because of pesticide 
residues. Reuse can hardly occur because of the deterioration of the plastics even after one season. 
Incineration is not desirable because of emission of toxic gases while spaces are limited in landfills.

Using conventional mulching plastics might nevertheless remain preferable for farmers who are dealing with 
great amount of plastics and who do not have constraints in disposing them. Besides, technical constraints 
are still limiting sufficient degradation which must be both satisfactory in two different microclimates (on 
and under the soil) within which microbial, light and moisture conditions are distinct. Likely, the expansion 
of the use of biodegradable plastics in mulching will depend upon administrative or regulatory conditions in 
disposing plastics and improvement in the degradability of the proposed plastics.

3.6. Expansion impeded by perception of high cost

Various studies on the prospect of the expansion of biodegradable plastics pointed out the cost factor as the 
main impediment. These plastics are viewed as substantially more expensive than conventional plastics. In 
the technical area, brittleness and/or lack of flexibility are also discouraging from using the existing 
biodegradable plastics.

With regard to price comparison, it could be considered either at the level of raw materials (resins) or final 
goods. It is nevertheless not easy to have access to information in particular with regard to raw materials 
(resins). In the case of plastics, it is neither easy to deal with prices when they are available. Mean prices are 
indicated for a plastic resin category while there are so many variations which are adapted to specific usages 
or which give the desired properties. Within the same plastic category, prices could be very different. For 
example, the price of PS can double when it shows flame retardant properties.
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A prospective analysis implemented in 1993 showed clearly that resin prices of most biodegradable plastics 
were roughly 3 times higher than conventional ones (Annex 4). The information we collected from various 
sources show that the price gap has remained more or less the same till 2003. If we consider that PLA 
presents so far the best functionality and economic compromise, its price is 2.5 to 4 times the one of PE.

Table 3. Price comparison of plastics materials
Price/kg Year estimation Source

Conventional plastics
Petrol plastic $1 1999 BBC News

Polyethylene $ 0.7-0.8 2001 Rangaprasad & Vasudeo
Polypropylene $0.50 2001 Rangaprasad & Vasudeo
Polyvinyl chloride $0.45 2001 Rangaprasad & Vasudeo
Polystyrene $ 0.55-0.59 2001 Rangaprasad & Vasudeo
Polystyrene £0.60 2002 Benbrahim
Polyethylene £ 0.50-0.60 2002 Benbrahim
Recycled HDPE $0.45 2002 Holdings
HDPE $1.18 2002 Holdings
PP $0.82-0.89 2000 Holdings

Biodegradable plastics
Lactic acid based biopolymer $ 3.3-6.6 2001 Rangaprasad & Vasudeo
PHB based biopolymers $8.8 2001 Rangaprasad & Vasudeo
Starch based biopolymers $ 5.0-6.3 2001 Rangaprasad & Vasudeo
PLA £2.30-4.50 2002 Benbrahim
PHB/PHBV (Biopol) £ 6.0-9.60 2002 Benbrahim
Starch-PCL/PVA blends (Mater-Bi) £ 3.4-4.4 2002 Benbrahim
Starch-Synthetic polymer (Novon) £ 2.4-2.6 2002 Benbrahim
Starch -based materials € 1.25-4.00 2003 Bénézet & Ferry
PLA € 2.5-4.0 2003 Bénézet & Ferry
PLA $3.00-4.00 2000 Holdings
TPS $2.00-4.00 2000 Holdings
Biodegradable polyesters $3.50-5.00 2000 Holdings
Lignin-based polymers $4.55-10.22 2000 Holdings
Cellulose acetate $6.20 2000 Holdings
Vegemat (maize) $1.00 2000 Holdings
plant plastic $3-5 1999 BBC News
biomass plastic $ 1.3 2005 Vegemat

Price comparison should nevertheless be more rigorous. The manufacturing of various goods require using 
distinct resins offering the needed properties. Comparison should then be made by taking into account the 
final goods to manufacture and the properties sought. This is a comparison which is not easy to implement.

As material solution made from cottonseed protein (COTPROT) could be contemplated for the conversion 
into mulching film, it makes sense to have an idea on the current price competitiveness between conventional 
films and biodegradable plastics films. Mulching film is mainly LDPE film of 30 micron thick, the cost of 
mulching on hectare is estimated at US$ 250-370. Given that film removal and disposal cost around USS 
250/ha, this means that biodegradable plastics should cost less than 500-620/ha to be price competitive. 
Since 200 kg of mulching film are needed to cover one hectare, this implies a price range of biodegradable 
plastics film at USS 2.00-3.10/kg against USS 1.32-1.43 for LDPE mulching film or USS 1.65 for HDPE 
film.

In the case of carrier bags, it seems that the prices of biodegradable bags made from starch-based polymers 
are still around five times higher than conventional plastic bags. When considering using fragmentable 
materials for plastics bags, which can not claim for real biodegradation, prices are claimed to be 1.3 times 
higher. Food boxes are representing an important market, particularly in South Asia countries: conventional 
boxes are made from PS, but the price of biodegradable ones is around 80% higher.
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Corning back to the price of bioplastics materials, most analysts show themselves to be optimistic about the 
reduction of the price gap. They observed that biodegradable plastics tend to be less expensive to 
manufacture while structural increase of crude oil leads to increase the production cost of petrol plastics. 
This aspect is dealt more in detail below. We anticipate that PLA price should be comprised at US$ 2.5- 
3.0/kg while PE price should prevail at the US$ 1.3-1.5/kg range.

3.7. Future should be bright
While assessing the prospects for biodegradable plastics, factors which are identified can be categorized into 
several groups:

• Whole Economic environment
* Relative prices of raw materials in producing plastics
* Government regulations

• Research
* R&D to improve productivity
* Economies of scale to reduce costs

• Investment
* Investors commitment
* Supply chain coordination
* Reliable supply and ability to accommodate market growth

We limit ourselves in dealing here with the global economic environment which looks favorable. This is the 
view of many observers who predict that biodegradable plastics could represent 10% of the whole plastics 
market, or 15 millions of metric tons, by 2010.

3.7.1. Favorable price trend
Conventional plastics are made from using petrol. It is estimated that 4% of the total consumption of crude 
oil are destined to be raw material in producing plastics resins during processes which consume additional 3- 
4% of the total world oil consumption. In short, plastics industry is representing around 8% of the total world 
consumption of petrol.

Price prospect is favorable for biodegradable plastics because the prices of raw materials they require are 
expected to be relatively cheaper and more stable than crude oil for conventional plastics.

The price ratio between crop and crude oil was about 50 in the 1970s, it means that average price of crop 
product was around 50 times than of crude oil. The oil chocks which took place later on modified this 
situation dramatically. This ratio has turned to around 10 in the 1980s and around 5 in 2000. At the inception 
of the new century, it was forecasted that this ratio would increase up to the figure of ten, but what happened 
recently yet infirmed this anticipation.

The crude oil price doubled between 2003 and mid-2005. The world has got accustomed with the idea that 
crude oil price of USS 70 a barrel is possible and it is yet prepared that this price could reach US$ 85 in the 
next future. It is clear that the price ratio will not increase again and will keep on diminishing to the benefit 
of processors using crop products, in particular bioplastics industries. This price trend of crude oil impacts 
directly on prices of conventional plastics resins. Short price adjustments being reported recently indicate 
that the price of PE increased from 25% to 80%. Clearly, PE resin at US$ 1.00/kg belongs to the past and a 
price range of USS 1.30-1.50 appears to be more realistic in the next future.

The viability of bioplastics production does not depend only upon lower price level of crop raw materials. 
Little price fluctuations with crop products as compared to crude oil will be an advantage. Whatever the 
achievements of the current Doha Round will be, there will be little change with the relative downward 
stability of agricultural commodities. Prices of bioplastics will be little affected by the raw material cost and 
will not fluctuate so much. This should be a positive commercial argument for the bioplastics industry.
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3.7.2. Favorable policy backstopping
The policy environment is becoming more favorable to using biodegradable plastics through increasing 
directly or indirectly the price of conventional plastics. This trend is clear in economically developed 
countries and also in emerging countries and even in a few developing countries.

In Europe, the EU Directive on Packaging and Packaging waste 94/62/EC (the packaging directive) has 
entered in force. It aims to establish the producer responsibility in dealing with the cost of packaging wastes. 
In 2005, the new European environmental legislation is implemented aiming to reduce plastics waste 
disposal. In short, the cost of waste disposal tends to be internalized and reduction of wastes is finally 
addressed.

This kind of legislation is not specific to western countries. Since 2000, Shanghai municipality (China) 
passed the rule banning the use of using disposable chopsticks and styrofoam boxes in the downtown 
restaurant. This concern of plastic pollution is being shared by more and more big cities in China. In France, 
it was decided that distribution of plastic bags in supermarkets will be totally banned in 2010. This 
distribution has yet diminished by 20% from 2004 to 2005.

Several governments implement specific taxing policies to discourage the use of conventional plastics bags. 
In 2001, Ireland implemented a 15 cent tax on each plastic bag. This led to 95% reduction in the bags 
distributed by supermarkets. The UK government planned also to implement a 9p tax on all shopping bags. 
Market immediately reacted to the announcement of this tax plan: the anticipation of increasing demand for 
biodegradable plastics bags led immediately to the price of this latter jump by 3.5p to 42 p.

Recently, Taiwan and Singapore were considering banning plastic bags as well, which Bangladesh yet did in 
2002 after it was discovered that plastics bags blocked drainage systems and increased the devastating effects 
of floods.

In a nutshell, the global environment appears to be favorable to using biodegradable plastics. The 
anticipation of a market share of 10% in the world by 2010 is not unrealistic. Even a market share of 5% will 
represent a demand of 13 millions tons, around ten times of the current one. It will be somewhat challenging 
to adjust the offer accordingly.

With regard to specific products for which cottonseed proteins plastics materials could contribute, mulching 
film must be considered along with shopping bags. Mulching film is representing a market of 200 000 tons in 
USA in 2000 and around 0.65-1.20 millions tons in the world. It could be assessed to be around 1 million ton 
in the world which represents the minimum market bioplastics could capture in the future. It is mainly the PE 
market which should be the most contested by bioplastics and by the type like COTPROT. If 10% of the PE 
market could be captured by bioplastics, it would lead to a total amount of around 18 millions tons. Globally 
speaking, the market for COTPROT-alike bioplastics could be assumed to range from 1 to 18 millions tons 
in the next decade.

4. Market and demand prospects in Brazil and Argentine
4.1. Significant plastics industries

Plastics industries are becoming important in the two main countries in South America. Turn-over in Brazil 
reached more than USS 13 billions in 2004, contributing to 2.26% of the Brazilian GDP. GDP share in 
Argentine is lower, at most 1% (Table 4). Clearly Brazil is the Plastics giant in the Mercosur Area.

There are more than 8 000 plastics enterprises in Brazil which is almost four times the figure encountered in 
Argentine. Labor intensity is however distinct between these countries. Workers involved in the plastics 
industry in Brazil amounted to 236 000 employees in 2004 while they were less than 30 000 in Argentina, 
almost ten times less. On average, Brazilian plastics plants employ 27 workers, against 12 in Argentine 
(Table 5). This difference should reflect salaries disparities and should guide the set up of investment plans 
to address biodegradable plastics.
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Table 4. Contribution of plastics industries to GDP
GDP share Industry Share 

ArgentinaArgentina Brazil
1990 1,10% 4,30%
1993 0,80% 3,10%
1997 1,20% 5,00%
2000 1,66%
2001 1,00% 1,31% 5,00%
2002 1,76%
2003 0,80% 1,90% 4,90%
2004 2,26%

Table 5. Number of Plastics enterprises and workers
Plastics industries Nber employees

Argentina Brazil Argentina Brazil
1986 3 000 36 800
1990 3 500 38 000
1996 2 600 30 000
2000 2 385 6 879 29 000 192 747
2001 7 438 201 682
2002 7 898 218 140
2003 2 253 8213 27 200 224 941
2004 236 626

4.2. Production for national and Mercosur markets

Production in Brazil and Argentine are mainly destined to satisfy national consumptions. In 2003, national 
consumption of plastic goods reached 3.8 millions tons in 2003 in Brazil, as compared to 1.1 millions tons in 
Argentine for the same year (Table 6). International exchanges corresponded to a limited share of national 
consumptions. Exportation of plastic goods is about 200 000-250 000 tons in Brazil and less than 100 000 
tons in Argentine. Importations fluctuates a lot in Argentine during the recent years, in connection with the 
macroeconomic turmoil this country still faces, they should be stabilized around 100 000 tons. In Brazil, 
importations are around 250 000 tons during the last five years. Both countries are facing a small deficit in 
the exchanges of plastics goods, around 50 000 tons in Brazil, and twice less in Argentine.

Mercosur is still the main outlets for plastic goods manufactured in Argentine, for more than 41% of its 
exportations in 2003, far less than the figure of 62.5% in 2000. In the opposite, Mercosur does not appear to 
be the main supplier of imported plastic goods in Argentina. Although we do not have the needed data to 
sustain our feeling, but owing to the recent analysis of the Brazilian plastics industry, we can assume that 
Mercosur is also the main outlet for Brazilian plastics exportations. A recent study showed that Brazilian 
plastics represent less than 1% of the total imports in USA and Europe.

Although the sizes of the plastics industries are quite distinct between Argentine and Brazil, the levels of the 
exchanges of plastics raw materials or resins are rather close. Both countries are importing around 5-600 000 
tons of resins. Brazil exports an amount of 8-900 000 tons of resins, which is a little bit higher than the figure 
of 650 000 tons of Argentine. Both countries have reached the position of net exporters of plastics resins, 
although at a limited extent, at most 10% of national productions. In Brazil, only 128 plastics firms are 
registered as exporting plastic products (materials and goods) which represent 1.5% of the total number of 
firms of the whole plastics industry in the country.
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Table 6. Production and exchanges of plastics resins and final goods in Brazil and 
Argentine

2000 2001 2002 2003 2004
Arqentine Production of resins(raw material), tons 885 642 1 132 380 1 145 939 1 201 566

Importations of resins, tons 598 488 507 050 324 084 509 570
Exportation of resins, tons 346 792 573 845 666 309 646 838
Resins exchanges balance, tons -251 696 66 795 342 225 137 268
Apparent consump. Resins, tons 1 137 338 1 065 585 803 714 1 064 298
Importation of plastic goods, tons 176 373 167 666 68 996 117 442
Mercosur share in import. Plastic goods 22,1% 26,0% 30,3% 33,0%
Brazil share in import. Plastic goods 18,6% 20,6% 26,4% 27,4%
Exportation of plastic goods, tons 62 077 71 170 81 457 91 597
Mercosur share in export. Plastic goods 62,5% 56,1% 43,6% 41,2%
Brazil share in export. Plastic goods 35,7% 31,9% 26,3% 25,1%
Plastic goods exchange balance, tons -114 296 -96 496 12 461 -25 845
Apparent consump. of plastic goods, tons 1 251 634 1 162 081 791 253 1 090 143

Brazil Production of resins/raw material, tons 3 923 326 3 704 592 3 914 996 4 141 223 4 410 411
Importations of resins, tons 651 763 691 352 681 761 576 886 635 917
Exportation of resins, tons 687 390 573 620 681 210 901 188 825 849
Resins exchanges balance, tons 35 627 -117 732 -551 324 302 189 932
Apparent consump. Resins, tons 3 887 699 3 822 324 3 915 547 3 816 921 4 220 479
Importation of plastic goods, tons 252 090 233 832 221 398 230 080 299 982
Exportation of plastic goods, tons 141 901 155 814 141 688 199 820 247 505
Plastic goods exchange balance, tons -110189 -78 018 -79 710 -30 260 -52 477
Apparent consump. of plastic goods, tons 3 997 888 3 900 342 3 995 257 3 847 181 4 272 956

4.3. Significant recycling activity in Brazil

Brazil is particular in its somewhat well developed industry in recycling plastics. There are 300 industrial 
facilities registered in this recycling activity, providing 20 000 direct employees for a turn-over of RS 250 
million/year.

Recycling is addressing mainly rigid plastics. It is estimated that about 15% of rigid plastics are recycled 
yearly. Rigid plastics account for 60% of plastic packages in Brazil, the amount recycled corresponds to 200 
000 tons per year coming from industry (60%) and urban wastes (40%).

4.4. Reasonable consumption levels

Per capita consumption seems to show some stability, at 30Kg in Argentina and 22kg in Brazil. These 
figures are quite close to the world average and far lower than those of developed countries (Belgium, USA, 
Germany, France, Italy...). Probably this consumption level is linked to the economic development levels of 
these countries or to their distinct consumption modes. An implication is that concern about plastic pollution 
and willingness to shift to biodegradable plastics should be lower than in western countries. It would not be 
reasonable to expect biodegradable plastics gaining substantial ground in the short run. Production of 
biodegradable plastics should target mainly at exportations while national outlet will represent marginal 
market share. This is in line with recent recommendations acknowledging that only diversification of plastics 
products, with emphasis on biodegradable ones, will help Brazil to achieve higher exportation volumes to 
western countries, namely Europe.

Table?. Per capita consumption
Argentina Brazil

2000 30,7 24,4
2001 28,4 21,7
2002 21,2 22,17
2003 30,2 21,75
2004 23,61
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4.5. Estimation of bioplastics demand from market segmentation
Like in any country, plastics industries in Argentine and Brazil rely mainly on PE (around 40%) and PP (17- 
25%). Both countries show higher reliance on PE (Table 8) than the world average (35%), Brazil in addition 
demonstrate also higher recourse to PP. This situation is favorable for bioplastics material like COTPROT, 
potential competitors of PE and as well of PP to some extent. PE resin consumption amounts to about 2 200 
000 tons (1 700 000 tons in Brazil and 500 000 tons in Argentine). If we consider that biodegradable plastics 
could capture 1% of this market, this would represent an outlet for 22 000 tons.

Table 8. Distribution of resins used in plastics industries
2000 2003

Argentine Brazil Argentine Brazil
LDPE 24,0% 23,2% 24,0% 22,7%
HDPE 18,3% 18,4% 15,2% 17,1%
Total PE 42,3% 41,6% 39,2% 39,8%
PVC 10,1% 18,7% 9,9% 16,1%
PP 16,5% 20,1% 17,0% 24,6%
PS 4,1% 7,5% 5,1% 6,9%
PET 12,5% 10,8% 15,0% 11,3%
Others 14,5% 1,3% 12,9% 1,3%

Like in most countries in the world, packaging is the main consumption sector for plastics. In Brazil, sectors 
for which biodegradable plastics are expected to have comparative advantage account for almost 20% (11% 
for disposables, including bags, and 8% for agriculture). These sectors represent a total consumption of 750 
000 tons in Brazil. We have not succeeded to obtain similar data in Argentine. Roughly, we can assume the 
same distribution profile between destination sectors in Argentine. In this case, the sectors of disposables and 
agriculture would represent 200 000 tons there. In the two countries, the two sectors represent roughly 1 000 
000 tons. If we assume a market penetration of 5% in these sectors, this will represent 50 000 tons. This is a 
second proxy for the estimation of the national market prospects for biodegradable plastics like COTPROT.

Data available in Brazil provide an insight on the market segmentation according to the processes used 
(Table 9). It is not easy to deduce an estimation of the prospective market for biodegradable plastics like 
COTPROT. Figures on extrusion and injection provide directly an idea for the use of cottonseed cake or 
flour through these processes. Plastics goods obtained from extrusion account for 730 000 tons, and 650 000 
tons from injection. A market share of 1% would represent a Brazilian outlet of 13 000 tons for plastics 
obtained from extrusion of cottonseed cake or flour.

Table 9. Market segmentation according to economic sectors and processes
Market segmentation per destination Market segmentation per processes

Technical components 10% Rafia 3,0%
Agriculture 8% Lamination 1,0%
Household appliances 5% Coating 1,0%
Footwear 3% Expanding 0,8%
Laminated goods 1% Rotomolding 0,4%
Toys 1% Films 31,0%
Packaging 41% Extrusion 19,0%
Civil construction 12% Blowing 17,0%
Disposables 11% Injection 16,0%
Others 8% Thermoforming 6,0%

Others 4,0%

4.6. Bioplastics production yet en gaged

According to our cautious assumptions based either from the consumption level or from the market 
segmentation, the national markets for biodegradable films and bags should be comprised between 22000 
and 50 000 tons. The market for extruded materials is estimated at 13 000 tons.
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Biodegradable plastics production is yet engaged, at least in Brazil. We did not succeed to capture the whole 
picture of this production. A big company is yet running, called A PHB Industrial S.A. and owner of the 
trade name Biocycle. It is an ambitious industry destined to produce PHB from sugarcane and which claims 
the objective of becoming the biggest PHB producer in the world. Although little information is available 
through its web site, this company seems to produce mainly for external markets.

5. Assessment of production costs
In this part, production costs are estimated for the production of biodegradable plastics materials made from 
proteins of cottonseeds. The cost of producing granules of plastics materials from the extrusion of cotton 
seed cakes will be appraised separately. It will not be addressed the production cost in producing film or 
other final plastic goods, because the associated processes are not yet optimal or they not yet formatted for a 
real industrial production.

All cost estimations are made in the Brazilian case. In Brazil, the potential of technology adoption appears to 
be higher in terms of availability of raw materials and of the number of entrepreneurs yet involved in the 
agro-industries. As the reader will notice, the processing of cottonseed proteins could both call for 
stakeholders yet involved in agro-industries, namely ginners or oilseeds crushers, and for plastics industry 
players. Of course, the calculations we conducted could be easily adapted to the Argentinean case.

5.7. Production cost of COTPROT solution front cottonseeds

5.1.1. Production: extension of activities within farm compounds or ginneries
In Brasil, cotton production results, but not exclusively, from large farms ("Fazendas" in Brazil), covering 
thousands of hectares leading to thousands of cotton bales. Most of these farms possess their own factories to 
gin seedcotton into cotton lint and cottonseeds. This organization is actually common to commercial farming 
in many cotton producing countries, except in small scale family farming. The resulting feature to retain is 
that there is yet extension of agricultural activities towards industrial activities. This characteristic means that 
there is rationale to extent the industrial activities within "Fazendas", furthermore when this extension 
enables to add value to the cottonseed byproduct which is readily and steadily available along the ginning 
season. This is also valid at the level of ginneries which process the seedcotton production from many farms.

Production of COTPROT solution will then be considered in the framework of extending the industrial 
activities within cotton producing large compounds like "Fazendas". Positive economic implications are 
manifold. The cost associated with the supply and handling of cottonseeds will be reduced at minimum. 
Existing infrastructures will allow limiting investment to specific production equipments. Labor cost should 
be limited as well since the extension of production activities to cover the whole year instead of only 
cropping season. These features are items of comparative advantage with reference to specific production 
facilities of biodegradable plastics.

5.1.2. Process inputs/outputs ratio
The implementation of the INCO project enabled to proceed to COTPROT production at the laboratory level 
in order to clarify the processing yields at every production stage. The outcomes of the research works 
conducted by Dr Paulo Sobral's team are summarized in the following flow chart (Figure 3). Basically, the 
process is based on mixing 21.0% of cottonseed flour, 4.0% of TEA (Triethylen Amine) and 75.0% of water 
to obtain a dispersion solution which leads to COTPROT solution (26° Brix) with a processing yield of 23% 
at the laboratory level. The production capacity is 691.24 kg/hour, which corresponds to 967 tons per year, 
considering a production season of 1400 hours. This processing capacity is achieved without the target of 
optimizing the use of the equipment capacities.

A better capacity, implying economies of scale to reduce unit cost, could be expected from an optimizing 
approach provided that realistic information could be obtained on the needed equipments in terms of 
investment cost, capacities, energy consumption. This is what we succeeded to obtain thanks again to the 
contribution of Dr Paulo Sobral and his connection in the industrial world.

It is worth noting that the laboratory processing could start from using cottonseed flour while at the cotton 
producing compounds, the raw material available is cottonseed. The implication is the need to integrate a de
husking stage, a grinding stage and a sieving stage to obtain flour at the desirable fineness.
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Table 10. Individual equipment capacities and costs
- —------------------------- Investment cost Currency Capacity Energy consump. KWh/hour
Dehusking machine 1 500 000 US$ min. 8000 tons cottonseeds 15
Grinder, JF5 2 600 R$ 1200 kg/h 5 to 11
Vibrating Sieving machines 20 000 R$ 1000 kg/h 1 to 2
Dispersion tanks with mixers 22 000 R$ 750 kg/h of solution 2
Solids separator 350 000 US$ 10000 kg/h 22
Bowl centrifuge 100 000 R$ 2200l/h 1,1
Evaporator 650 000 R$ 2200 kg/h 20

Figure 3. COTPROT production, laboratory scale
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5.1.3. Optimization of production equipment
The information obtained on the needed equipment is summarized in Table 10. Optimization follows the 
criteria of using at most the specific equipment whose impact on unit cost appears to be the highest. 
According to the information we collected, this is the case of the solid separator whose capacity is very large. 
This leads us to consider an equipment set which should be closer to optimality (Table 11). This equipment 
is the one we consider in the calculation to estimate production costs. Of course, more information on the 
capacities and costs of the needed equipment by prospecting further along equipment suppliers could lead to 
another set of production equipment. This should be considered at the stage of feasibility study.

Table 11. Retained equipment set for CORPROT production
Equipment Unit input capacity 

(kg/hour)
Number of 

units
De-husker 6 000 1
Kernel grinder 1 200 3
Vibrating sieve 1 000 2
Disersion tank 157 12
Solid separator 10 000 1
Bowl centrifuge 2 200 2
Evaporator 2 200 2

The break down of the flow movements at each production stage is shown in Annex 5 and is summarized in 
Table 12. The retained production equipment corresponds to an annual production capacity of 2602 tons of 
COTPROT 26° Brix, from using 7406 tons of cottonseeds.

Table 12. Synthesis on inputs/outputs balance per year
Inputs Outputs

Products Total amount, tons, KWh, unit Products Amount, tons/year
Cottonseed 7 406 COTPROT 26° Brix 2 602
TEA 414 Solid residues 4 449
Cans 14 000 Foam 986
water 8 509 water 3 275
steam 2 685
electricity 238 857

Assuming a ginning outturn of 40% fibre, 56% of seeds and 4% of wastes, the total amount of 7406 tons of 
cottonseeds correspond to 13225 tons of seedcotton. Referring to an average of 3000 kg/ha to 4500 kg/ha of 
seedcotton, the total amount of cottonseeds could be obtained from the cultivation of 2900-4400 ha of cotton. 
As far as we know, this size of cotton production is not uncommon within some existing commercial farming 
compounds in Brazil. In other words, the production scheme of COTPROT solution could apply to several 
existing cotton industries or ginning companies. The size of national demand we estimated gives prospect for 
8 to 19 production units of the one we are assessing. Of course, there is room for far more units of this kind 
when external markets are being considered.

5.1.4. Equipment plan retained for cost estimation
In the area of specific production equipment, in addition to the machines yet mentioned, wastes management 
is contemplated through aerobic or anaerobic basins. Workers are associated to each production stage so that 
the investment in conveyers to move products from one stage to another is of limited scale.

In the area of infrastructures, investment should be also minimal within an existing plant. Several 
infrastructures yet exist or are yet set up:

• Land for the extension of the industrial activities

• Roads and lorries for the transportation of inputs and outputs
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• Storage facilities of cottonseeds and outputs

• Administration offices and facilities

• Energy supply at the needed amount

• water supply at the needed amount

• vapour supply amount (this assumption is more debatable)
The only additional infrastructure pertains to the set up of a production workshop.

Since the production implements a new technology, we integrate technology transfer cost along with the 
provision of technical assistance. We retained the formula of having these costs being paid once for all at the 
launching of the production. The value we retain is only indicative.

The whole investment scheme is summarized in Annex 6. Part of the investment can be provided locally, 
notably in terms of infrastructures and of a few non-specific production equipments. Local investments are 
less sensitive to fluctuation of exchange rates. The main exchange rate is against US$ we consider at the 
level of 2.4 (2.4 R$ for one US$). Imported investment accounts for more than 85% of the total (Table 13). 
Depreciation period is ten years, this is common assumption with regard to production equipment in Brazil. 
Although there are some investments in infrastructures (buildings) for which depreciation should be longer, 
but whose share in the total investment is small, we adopt a global 10-year period for depreciation for matter 
of simplicity.

Table 13. Investment split-down
Infrastructures invest. In R$ 400 000
Local Production equipment in R$ 1 111 800
Local investment in R$ 1 511 800
Local investment in US$ 629 917
Imported Prod, equipment in $ 2 600 000
Technology transfer 1 200 000
Imported investment in US$ 3 800 000
Total investment in US$ 4 429 917
Depreciation in US$ 442 992

We assume that self-financing covers 50% of the whole investment costs of US$ 4.4 millions. The remaining 
investment is financed through a 5-year credit. Credit is expensive in Brazil, we consider a credit rate of 2% 
per month which corresponds to 26.8% per year.

Material and labor costs (Table 14) are obtained along people involved in cotton and chemical industries and 
can be assumed to be very close to reality.

Table 14. Material and labor Unit costs
Unit cost in R$

Cottonseed ton 280
TEA ton 9960
Cans for Cotprot (200kg) Unit 40
water ton 1,3
steam ton 100
electricity Kwh 0,23
Workers man-month 1200
Supervisor man-month 3000

5.1.5. Production cost insufficiently attractive
Details of the cost estimation are summarized in Annex 7. Total unit cost amounts up to USS 1.73/kg. It is 
not easy to compare this cost to unit price of competing plastics resins since we must integrate the final 
products to manufacture and the associated processing yields. If we roughly assume that 1 kg of COTPROT
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solution gives 0.3 kg of film (through the process of film casting), while 1 kg of PE resin give more or less 1 
kg of film, we need to compare the cost of 3 kg of COTPROT solution (around US $ 5.2/kg) with the price 
of 1 kg of PE resin (US$ 1.30-1,50/kg). In this case, COTPROT is showing the same price disadvantage than 
most of the existing biodegradable plastics and even less competitive than PLA which is considered to be the 
best technical and economic compromise among existing biodegradable plastics to compete against PE (price 
forecasted at USS 2.5-3.0/kg in a next future).

It is noteworthy that raw material accounts for a rather small share of the production cost while TEA 
represents a big share of the total unit cost. It seems that this is a factor to take into consideration in the 
sensibility calculations.

Table 15. Production cost of COTPROT solution
COTPROT Prod. Tons 2602 Total cost, US$ Unit cost US$/kg Unit cost, %
Fix cost Direct fixed capital 1 436 138 0,55 32%

Labor 55 500 0,02 1%
admin. & Overhead 50 000 0,02 1%
Total 1 541 638 0,59 34%

Variable cost Raw materials 864 033 0,33 19%
Other consumables 1 951 676 0,75 43%
Utilities 139 386 0,05 3%
Total 2 955 095 1,14 66%

Total cost 4 496 733 1,73 100%

We do not succeed to obtain information on PLA production at industrial level, but the one we obtained for 
the production of PHB is helpful to underline the potential specific advantages of COTPROT production. 
PHB is obtained from fermentation process for which various bacteria can be used. Alcaligenes eutrophus 
appears so far to be the most effective. Fermentation leads to PHB which has to be recovered from the 
solution. Two recovery modes are generally considered, either by using surfactant -hydrochlorite or by 
dispersion treatment with chloroform. The production costs (Table 16) refers to an annual production of 
2850 tons which is quite similar to the one we consider for COTPROT here.

Table 16. Production cost of PHB, 2850 tons/year
Product Recovery mode 1 Product Recovery mode 2

Unit cost $US/kg Cost share, % Unit cost $US/kg Cost share, %
Direct fixed capital 1,51 27% 2,12 23%
Labor 0,49 9% 0,61 7%
admin. & Overhead 0,23 4% 0,29 3%
Raw materials 2,33 42% 3,58 39%
Other consumables 0,00 0% 0,65 7%
Utilities 0,47 8% 1,66 18%
Waste treatment/disposal 0,56 10% 0,25 3%
Total 5,58 100% 9,16 100%
Product recovery mode 1 : by surfactant-hydrochlorite
Product recovery mode 2 : by dispersion treatment of chloroform

Source: Holdings, 2004

Source: Holdings, 2004. Quoting the costs extrapolated from the data obtained and extrapolated in a Korean laboratory 
Production cost clearly is high in this case (and higher than tne one obtained by the recent Brazilian company 
A PHB Industrial S.A.). In the PHB case, bacteria efficiency and recovery mode can impact greatly on 
production cost. This is an indication of efficiency gain in the next future in this kind of production. In PHB 
production, raw material accounts a lot while other consumables are negligible. The share of utilities (energy, 
water...) is higher; this implies that COTPROT production is more efficient with regard to the use of natural 
resources.

5.1.6. Sensitivity analysis
Factors which impact the most on the production cost are:

• Exchange rate. We assume that the exchange rate of 2.40 represents the highest appreciation 
level of Brazil Real and we consider a lower appreciation at 3.41.
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• Ratio of self-financing. We test ratio from zero (investment totally funded on credit) to one 
(total self-financing), this hypothesis of total self-financing is realistic owing to the relative 
low investment cost and the high credit rate in Brazil.

• Costs of the production equipments. We consider that the costs of production equipments 
could fluctuate from 80% to 125% of what we determined.

• Cost of TEA. We assume that the unit cost we retain is the maximum and that it could be 
decreased by 30% through better identification of suppliers and better bargaining.

• Technology transfer cost. We assume that this cost could be double of the one we retained. 
We think that the cost of cottonseed we obtain from a cotton producing compound is appropriate and is 
actually the level they want to value their product. We assume also that the unit costs of utilities are captured 
properly since they were provided by people yet running industrial activities.

The results of the simulations we computerized are summarized in Annex 8. Production cost could be 
lowered down to US$ 0.89/kg or pushed to US$ 2.71/kg. These results lead to the following important 
remarks:

• Less recourse to credit through self-financing is favourable to decrease production cost, this 
is a direct consequence of the high credit level in Brazil.

• Hence, credit rate impacts a lot. The current credit rate at 27%, if not more, while the 
inflation rate seems to be stable at around 7%, seems to be abusively high. Anticipation of 
its decrease is not unrealistic and could enhance competitiveness.

• The imprecision on the investment cost of course impacts but it comes out that its effect 
could be offset by the other factors, notably the credit rate or the exchange rate. An increase 
in the cost of the production equipment could be compensated by a depreciation of the 
Brazilian Real or by a decrease of the credit rate.

• Clearly, the lowest production cost (US$ 0.89/kg) is obtained when investment is totally self
financed, benefiting from a less appreciated Real (at the level experienced two years ago) 
and a reduction of the equipment costs. Under this situation, production cost could be close 
to the one of PLA in film production. This would be very attractive to potential investors to 
exploit the new opportunity of producing a new kind of biodegradable plastics.

• The least favourable situation pertains to conditions which are quite opposite. Under these 
unfavourable conditions, production cost reaches US$ 2.71 which remains somewhat 
competitive with regard to existing biodegradable plastics.

5.1.7. Limited competitiveness in the seed coating industry
During the implementation of the INCO Project, a 26% COTPROT solution was successfully used as raw 
material for filmcoating in seed industry in the Nederlands, although not full technical satisfaction was 
achieved. It comes out that the prospect of using COTPROT in seed coating is still impeded by no real price 
competitiveness and by technical limitations.

A typical commodity binder for filmcoating in the seed industry costs between €1.00 and €1.50 / kg in the 
Netherlands. Assuming an average price of €1.25, this is about USD 1.50. This price level pertains to the 
optimistic side of the production cost we estimated for COTPROT solution. In other words, we can hardly 
expect real price-competitiveness for COTPROT in the seed industry.

Limitations mainly come from the technical aspect. Binders used in the seed industry have a typical solids 
content of 50%, twice as high as the Cotprot solution. In filmcoating development the binder content is 
chosen on solid binder, to guarantee a certain binding capacity. The binding capacity per solids is for Cotprot 
definitely not higher than for a conventional commodity binder (rather somewhat lower). To achieve the 
required binding capacity when using COTPROT, as much as twice the amount of a conventional is needed. 
This naturally leads to diminish the price attractiveness of COTPROT. Even with the most favorable 
production cost we achieve (US$ 0.89/kg), COTPROT still turns out to be 20% more expensive than a 
conventional binder.
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Of course additional advantages of COTPROT could help to offset its lack of price competitiveness. These 
advantages have yet to be elaborated.

5.2. Production cost of plastic material from extrusion of cotton seed cakes

5.2.1. Production: extension of activities within oilseed crushing plant
In the framework of the INCO Project implementation, extrusion of cottonseed proteins was experimented 
both through using cottonseeds and cotton seed cakes. When cottonseeds were used, kernels were ground 
and have to be delipidated so that the least possible of oil remained. With cotton seeds cakes, the process was 
simpler since the raw material is yet poor in oil content. This means that it is quite natural to consider 
preferably using cotton seed cakes as raw materials instead of cottonseeds. In this regard, proceeding towards 
extrusion from using cotton seed cakes appears to be an activity extension within a cottonseed oil plant. Of 
course, an existing plastics industry can also consider committing itself to prepare its own materials before 
further processing. For a matter of simplicity, this latter case is not being considered here although we can 
presume that production cost should be a little bit higher as a consequence of transportation, handling and 
storage of cotton seed cakes.

In Brasil and in Argentine, there are yet many oilseed crushing plants which are using cottonseeds and 
producing cotton seed cakes. They are potential clients for the extrusion technology whose production cost is 
assessed here.

5.2.2. Process inputs/outputs ratio
The implementation of the INCO project enabled to proceed to extrusion of cotton seed cakes at the 
laboratory level in order to clarify the processing yields at every production stage leading to the final product 
we call EMACOT. The outcomes of the research works conducted by Dr Laurent Ferry's team are 
summarized as follows:

• Grinding yield: 96% of flour from seed cakes

• Sieving yield: 45% sieved flour out of ground seed cakes

• Extrusion input/output ratio: Extruded material from cotton seed cake (EMCOT) is obtained 
from 73,5% of sieved flour, 18,3% of glycerol and 8,2% of water.

It is worth noting that the last experiments indicated the interest of adding PCL to replace partly seed cakes, 
as well as the better quality of the EMACOT by using delipidated seed kernel instead of seed cakes. Likely 
production costs will be a higher but not necessarily changing dramatically the positive competitiveness of 
the production costs we estimate here.

Extrusion was implemented through a twin-screw extruder of 100 kg/hour of capacity. We obtained 
information on device whose capacity is double but which remains limited from the industrial perspective. 
We retained optimized equipment combining four extruders which can be fed by just one grinder and one 
sieve. This equipment combination is the one we consider in the calculation of production costs. Of course, 
more information on the capacities and costs of the needed equipment by further prospecting along 
equipment suppliers could lead to another set of production equipment. In particular, extruder of far higher 
capacity should lead to economies of scale and reduce substantially production cost. This should be 
considered at the stage of feasibility study.

The break down of the flow movements at each production stage is shown in Annex 10 and is summarized in 
Table 17. The retained production equipment corresponds to an annual production capacity of 1834 tons of 
EMACOT, from using 3120 tons of cotton seed cakes.

Table 17. Inputs and output in producing EMACOT
Inputs Outputs

Products Total amount, tons, KWh, unit Products Amount, tons/year
Cottonseed cakes 
Glycerol 
Cans 
water 
electricity

3 120
336

9 169
150

355 964

EMACOT 1 834
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5.2.3. Equipment plan retained for cost estimation
There is no specific production equipment additional to those yet mentioned. No waste management is 
needed, the disposal of the solid refuses at the grinding and sieving stages should not be troublesome. 
Workers are associated to each production stage so that the investment in conveyers to move products from 
one stage to another is of limited scale.

In the area of infrastructures, investment should be limited to setting up a workshop for the processing 
operations since all other needed infrastructures yet exist within the oilseed crushing plant.

Since the production implements a new technology, we integrate technology transfer cost along with the 
provision of technical assistance. We retained the formula of having these costs being paid once for all at the 
launching of the production. The value we retain is only indicative.

The whole investment scheme is summarized in Annex 11. Part of the investment can be provided locally, 
notably in terms of infrastructures. Local investments are less sensitive to fluctuation of exchange rates. The 
exchange rate against US$ remains at 2.4; Imported investment accounts for more than 85% of the total 
(Table 18). Although there are some investments in infrastructures (buildings) but whose share in the total 
investment is small, we adopt a global 10-year period for depreciation as a matter of simplicity.

Table 18. Investment split-down for EMACOT
Infrastructures invest. In R$ 400 000
Local Production equipment in R$ 222 600
Local investment in R$ 622 600
Local investment in US$ 259 417
Imported Prod. equipment in $ 1 160 000
Technology transfer, US$ 480 000
Imported investment in US$ 1 640 000
Total investment in US$ 1 899 417
Depreciation in US$ 189 942

We assume that self-financing covers 50% of the whole investment costs of US$ 1.9 millions. The remaining 
investment is financed through a 5-year credit. Credit is expensive in Brazil, we consider a credit rate of 2% 
per month which corresponds to 26.8% per year.

Material and labor costs (Table 19) are obtained along people involved in cotton and chemical industries and 
can be assumed to be very close to reality.

Table 19. Material and labor cost for EMACOT production
Unit cost in R$

Cotton seed cakes ton 280
Glycerol ton 10 600
Cans for Cotprot (200kg) Unit 40
water ton 1,30
electricity Kwh 0,23
Workers man-month 1 200
Supervisor man-month 3 000

5.2.4. Competitive production
Details of the cost estimation are summarized in Annex 12. Total unit cost amounts up to US$ 1.50/kg. This 
cost can be compared to current unit prices of competing plastics: US$ 4.92-9.84/kg for PLA, Mater-Bi or 
PCL. The price ot these competing materials should increase owing to the price increase of crude oil.

It is noteworthy that raw material accounts for a rather small share of the production cost while glycerol 
represents a very big share (Table 20). This is a factor to take into consideration in the sensibility 
calculations. Because of the limited extruder capacity, the fix cost share is rather high. It is reasonable to 
expect substantial economies of scale with extruders of greater capacities.
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Table 20. Production cost of EMACOT
EMACOT production (ton) 1 834 Total cost, US$ Unit cost US$/kg Unit cost, %
Fix cost Direct fixed capital 622 486 0,34 23%

Labor 51 000 0,03 2%
admin. & Overhead 50 000 0,03 2%
Total 723 486 0,39 26%

Variable cost Raw materials 364 000 0,20 13%
Other consumables 1 634 982 0,89 59%
Utilities 34 195 0,02 1%
Total 2 033 177 1,11 74%

Total cost 2 756 662 1,50 100%

The production cost we determined appears to be lower than prices applied for existing biodegradable 
plastics. EMACOT production could then be profitable; the extent of this profitability depends on the pricing 
policy, related to commercial strategies, which goes out the scope of this analysis. Higher is the selling price, 
of course higher is the profit and lower is the sensitivity to constraints linked to selling the new product. This 
means that production capacities might be only partially used without endangering the business (concept of 
profitability threshold in Table 21). In other words, the risk related to the selling of a new product is 
reasonably low when production cost is low enough.

Table 21. Selling prices and profitability thresholds of EMACOT production
At selling price of (US $/kg)

3,00 2,80 2,60 2,40 2,20 2,00
Profitability threshold (tons) 383 428 485 560 663 812
Ratio of capacity use 15% 16% 19% 22% 25% 31%

5.2.5. Sensitivity analysis
Factors which impact the most on the production cost are similar to the ones we identified for COTPROT 
production: exchange rate, ratio of self-financing, costs of the production equipments, cost of glycerol and 
technology transfer cost.

We think that the cost of cotton seed cake is realistic as well as the unit costs of utilities.

The results of the simulations we computerized are summarized in Annex 13. Production cost could be 
lowered down to US$ 0.78/kg or pushed to US$ 2.21/kg. These results lead to the same remarks underlined 
in the COTPROT case:

• Less recourse to credit through self-financing is favourable

• Hence, credit rate impacts a lot.

• Clearly, the lowest production cost is obtained when investment is totally self-financed, 
benefiting from a less appreciated Real (at the level experienced two years ago) and a 
reduction of the equipment costs.

• Production cost could be further lower in case higher capacity extruder can give rise to 
economies of scale.

5.2.6. Competitive production of PCL-EMACOT
The last experiments implemented showed that the material extrusion from cotton seed cakes gave better 
performance when PCL is mixed. The mixing ratio of 9/1 yet gave satisfactory results. The extrusion 
operation was easier to manage and the quality of the material obtained, we call PCL-EMACOT, was 
obviously better. The same equipment with exactly the same investment leads to a higher production of PCL- 
EMACOT (Table 22), from the same amount of cotton seed cakes, since more glycerol and water are needed 
in addition to PCL inclusion.

for the same assumptions on investment costs, raw material and consumables costs as well as functioning 
costs, the unit production cost of PCL-EMACOT is US$ 0.5/kg higher as compared to EMACOT (Table 23), 
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but it is quite competitive with regard to existing biodegradable plastics materials (US$ 2.03/Kg). The same 
sensitivity analysis, by variation of the assumptions of the investment costs and unit costs of raw materials 
and consumables, but keeping the PCL cost constant, leads to unit production cost ranging from US$ 1.33 to 
2.67. This variation confirms the great potential interest of PCL-EMACO1 which combines cost 
competitiveness to rather easy technical feasibility of a technically performing material.

Table 22. Inputs and output in producing PCL-EMACOT
Inputs Outputs

Products Total amount, tons, KWh, unit Products Amount, tons/year

Cottonseed cakes 3 120 EMACOT 2 036

Glycerol 373
PCL 149
Cans 10 181
water 167
electricity 355 964

Table 23. Split-down of the production cost of PCL-EMACOT
EMACOT production (ton) 2 036 Total cost, US$ Unit cost US$/kg Unit cost, %
Fix cost Direct fixed capital 622 486 0,31 15%

Labor 51 000 0,03 1%
admin. & Overhead 50 000 0,02 1%
Total 723 486 0,36 18%

Variable cost Raw materials 364 000 0,18 9%
Other consumables 3 005 882 1,48 73%
Utilities 34 204 0,02 1%
Total 3 404 086 1,67 82%

Total cost 4 127 571 2,03 100%

6. Conclusion
The success of new initiatives in the area of bioplastics industry asks for sustainable marketing strategy. It is 
reported that several failures in penetrating the general plastics market which mainly resulted from a lack of 
real determination of marketing strategies. Analysts observe that factors which matter in these strategies 
pertain to

• identifying market segments

• making products available in the targeted market segments

• making the proposed products being different and being felt different with existing ones

• determining the development rhythm

• and retaining a sound investment plan.

Market penetration will depend on critical criteria of price competitiveness, functionality and environmental 
effects. All these factors indeed must be addressed in a comprehensive feasibility study and which cannot be 
discussed in this opportunity study. The assessment of the real prospects in processing cottonseed proteins 
into biodegradable plastics materials still requires additional analyses.

The prospect of the demand for biodegradable plastics is nevertheless bright. This demand is clearly taking 
off these recent years in various parts of the world. The price increase of conventional plastics (resulting 
from crude oil price increase and unfavorable taxing policy) should contribute to sustain the demand for 
biodegradable plastics. Consequently, the anticipation of 10% for the world market share of biodegradable 
plastics could make sense in the next future.

It is unlikely that such a market share could be encountered in Brazil and Argentina where the level of 
plastics consumption is far lower than in economically developed countries. National markets can hardly be 
the unique outlets for the enhanced production of biodegradable plastics. Exportation must be considered; 
this is yet considered to be the pathway through which Brazil could improve its penetration of European and 
American markets.
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The increasing production of cotton, particularly in Brazil, ensures high levels of availability for cottonseeds 
and cotton seed cakes. Cottonseeds are yet used as raw materials in oil industry. Resulting cotton seed meals 
are yet largely used as animal feeds. Nevertheless, there should remain enough cottonseeds and seed cakes to 
be used as raw materials for further processing. According to our assumptions which are, we believe, rather 
realistic if not pessimistic, there should be enough raw materials for nearly twenty units producing 2600 tons 
of COTPROT solution and far more for the production of plastics material from cotton seed cakes.

The production of COTPROT solution from cottonseeds seems to be price competitive. Fix cost is 
reasonable since the production derives from an activity extension within existing ginning plant. Various 
scenarios of investment plans have been considered, lowest price is obtained through self-financing, low 
price of TEA and favorable exchange rate. This price competitiveness allows considering using COTPROT 
solution as a substitute in manufacturing biodegradable plastics goods, like films and bags. It is nevertheless 
not yet sufficient to compete against conventional binding material in seed industry.

The production of plastics materials from extruding cotton seed cakes lead to a final product called 
EMACOT whose production cost is lower than existing biodegradable materials. Economies of scale by 
using extruder of higher capacity should further lower production cost and lead to higher production volume. 
With the extruding capacity we retain on the cost estimation, annual production by combining four extruders 
is inferior to 2000 tons, which is far below the amount of seed cakes available in oilseed crushing plant. 
Achieving real economies of scale should make the EMACOT processing further attractive to the existing 
cotton oil industry.

The extrusion of cotton seed proteins but mixing PCL at a 9/1 ratio leads to a material called PCL-EMACOT 
whose technical properties are better, whose processing is easier and with additional cost which does not 
alter its cost competitiveness as compared to existing biodegradable materials. The prospects of PCL- 
EMACOT appears quite exciting since its production was mastered at the end of the INCO Project and there 
still is large room for optimization.

With regard to biodegradable plastics in general, price competitiveness is nevertheless not sufficient to 
ensure market penetration. Products derived from using biodegradable plastics materials must comply with 
the expected technical requirements. This compliance must be assessed on the product-by-product basis, 
after identification of the products to be manufactured. It could not be addressed in the framework of this 
opportunity study.
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PROCESSING COTTONSEED INTO BIODEGRADABLE MATERIALS 
FOR AGRICULTURE AS AN ALTERNATIVE TO SYNTHETIC POLYMERS 

IN LATIN AMERICA

FINAL WORKSHOP OF THE COTONBIOMAT PROJECT 
October 20th - 21st, 2005

Hotel Gloria 
Rio de Janeiro, Brazil

PROGRAMME

Thursday, October 20, 2005

9h00 : Official Welcome Session (Philippe Petithuguenin, Regional Director of CIRAD, in Brazil)

9hl5 : Processing cotton seed into biodegradable materials for agriculture as an alternative to 
synthetic polymers in Latin America. Project presentation (Catherine Marquié, Project Co
ordinator, CIRAD, France)

10h00 : Biopolymers and biomaterials: a survey of actual market, commercial applications and future 
prospects (Stéphane Guilbert, Head of Joint Research Unit "Agropolymers Engineering and 
Emerging Technologies", France)

10h45 : Coffee Break

11hl 5 : Technical feasibility of common polymer technologies applied to natural polymers 
(Paulo Sobral, USP Brazil, Patricia Eisenberg CITIP/INTI Argentina and Laurent Ferry, 
EMA, France)

12h00 : Lunch

14h00 : Cottonseed processing into oil and cakes (Roque Silva, Maeda Group, Brazil)

14h20 : Characterization of cottonseed raw materials (Jérôme Lecomte, CIRAD, France)

14h50 : Characterization of the Cottonseed Protein Concentrate (CSPC) made from cottonseed 
raw materials (Paulo Sobral, USP, Brazil)

15h20 : Coffee Break

15h50 : How cottonseed protein concentrate can form a film ? (Rosemary Carvalho, USP, Brazil)

16h20 : Conclusion of the first session and general discussion

CIRAD-DIST
Unité bibliothèque 
Lavalette
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Friday, October 21, 2005

9h00 : How properties of cast films made with Cottonseed Protein concentrate can be influenced ? 
(Paulo Sobral, USP Brazil and Jérôme Lecomte, CIRAD France)

9h40 : Characterization of films obtained by dry technologies (Laurent Ferry, EMA, France)

10h20 : Coffee break

10h50 : Composite films from cottonseed oil cake proteins reinforced with natural fibers
(Patricia Eisenberg, CITIP/INTI Argentina)

11h30 : Potentialities of cottonseed protein concentrate in the controlled release of insecticide 
(Jérôme Lecomte, CIRAD France)

12hl0 : Lunch

14h00 : Opportunity study about the processing of cottonseed proteins into materials for agro
industries in South-America (Michel Fok, CIRAD France)

14h40 : Conclusion and discussion (Catherine Marquié, CIRAD France)

16h00 : Cocktail
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Processing cotton seed into biodegradable materials for agriculture as an 
alternative to synthetic polymers in Latin America 

Project presentation

Catherine MARQUIE

CIRAD, Annual Crops Department, TA 70/16, 73 rue J.F. Breton, 
34398 Montpellier Cedex 5, France, e-mail : catherine.marquie@cirad.fr

ABSTRACT

The main objective was to develop industrial fabrication of new biodegradable materials for 
agriculture in Latin America. We focused on the transformation of cottonseed derivatives: 
these renewable agricultural materials are produced in large amounts in this region and need 
to be better utilized.
The scientific objectives were to gain a better understanding of:

Rheological properties and thermo mechanical behaviour of cottonseed derivatives to make 
materials using a low-moisture processing technology (extrusion, thermo moulding);

=> Film-forming and adhesive cottonseed protein properties to make films by calendaring and 
composite materials;

=> Diffusion of active substances added in seed coating films.

The technological objectives were:
=> Industrial pilot scale processing technologies to make biodegradable films for mulching, 

seed coating and packaging;
=> Quantification of the economic and technical advantages and drawbacks of cottonseed

based materials.

To adapt existing polymer technology processing to make materials, the project focused on 
two types of processing technologies:
* Wet-process : calendaring, laminating, seed coating and fabrication of composites with 

vegetal fibres;
* Low-moisture process: extrusion, thermo moulding.
For the wet process it was necessary to prepare a film-forming solution containing proteins as 
film-former agent. This solution was the starting point of research.
For low-moisture we tried to understand the properties of proteins in a complex matrix and 
then to adapt extrusion and thermo moulding parameter technologies for cotton seed 
derivative processing.
Once the process was optimized, pilot industrial tests have been carried out to check the 
feasibility. The physical and mechanical properties of the materials were measured to 
determine the material applications. Economic studies defined the extra value of the materials 
in comparison to the materials used at present (economical and environmental aspects, 
specific added value, etc...).

This project should provide a wide range of applications of cottonseed derivatives processing 
into novel materials of interest for agriculture. The use of locally produced biodegradable 
material made with cottonseed derivatives would both improve systems of renewable natural 
resources used in rural areas and environment management.
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Biopolymers and biomaterials: 
a survey of actual market, commercial applications 

and future prospects

Stéphane GUILBERT

Head of Joint Research Unit "Agropolymers Engineering and Emerging Technologies" 
ENSAM, INRA, UM II, 2 Place Viala, 34060 Montpellier, France 

e-mail: guilbert@ensam.inra.fr 
http://www.montpellier.inra.fr/umr-iate

ABSTRACT

The conjunction of elements such as the reduction in the fossil resources, the difficulties of 
recycling encountered for many plastic materials, the pollution generated by the conventional 
plastics (plastic in nature; air, water or soil pollutions during waste disposal processing; 
greenhouse gas emissions, etc.) led to an awakening of the institutional and the consumers. 
Simultaneously numerous companies or investment mutual founds are in request for materials 
and integrated solutions more respectful for the environment. In addition, the search for new 
uses for the products of agriculture or the will to develop new employment for the rural zones 
combined with the fact that the polymers of natural origin often have specific and original 
properties led to the marketing of new bio or agro-materials. Many industrial sources of 
agricultural products can be used either as a direct source of polymer (polysaccharides, 
polyesters or proteins) or as raw materials for the bioproduction of polymers such as 
biopolyesters ( PLA, PHB, ...). These biopolymers can be used to produce biodegradable 
materials (coatings, films, molded materials and various hollow items) with highly interesting 
properties that differ markedly from those of standard synthetic plastic materials. According 
on manufacturing process (solvent or thermoplastic processing), operating conditions and 
conditions of use (relative humidity, temperature), these properties can be modulated, on a 
broad range what makes it possible to consider new original gas-, vapor- and solute
permeability properties.
The general characteristics of bio-materials as well as the corresponding markets will be 
developed during this presentation. Emphasis will be made on actual market with actualised 
data on commercial products.
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Technical feasibility of common polymer technologies 
applied to natural polymers

Laurent FERRY
Ecole des Mines d’Alès, Centre des Matériaux de Grande Diffusion (CMGD), 

6 Avenue de Clavières, 30319 Alès, France, e-mail : laurent.ferry@ema.fr

Paulo J.A. SOBRAL
Food Engineering Department, FZEA, University of São Paulo, Av. Duque de Caxias Norte, 

225 - 13635-900 Pirassununga (SP) Brazil, e-mail: pjsobral@usp.br

Patricia EISENBERG
Center of Investigation and Technology for the Plastic Industry (INTI-Plasticos) 

Av. Gra. Paz 5445, 1650- San Martin, Buenos Aires, Argentina, e-mail: patsy@inti.gov.ar

ABSTRACT

Polymer processing technologies can be roughly divided into two categories : (1) melt 
processing techniques (or dry technologies) where the shape is given under the combined 
action of temperature and mechanical forces and (2) solution, suspensions and cast processes 
(or moist technologies) where polymer is carried by a liquid phase that must be later 
eliminated. Both categories are likely to be used for natural polymers processing, but each one 
has to overcome its own difficulties: flowability and thermal stability in the case of dry 
processes, dispersion and coacervation conditions, viscosity, in the case of moist processes. In 
the Cotonbiomat project, both roots have been assessed to manufacture cottonseed based 
biodegradable materials.

Dry processing technologies like extrusion, calendaring or injection moulding are well- 
adapted to the manufacturing of mass market materials according to their high level 
production rates, their adaptability and their low operational cost. These techniques have been 
already used for the processing of natural polymers and particularly protein based materials, 
especially in the case of zein and gluten. The generally used method consists in mixing 
plasticizers with proteins in order to lower the glass transition temperature and thus to 
increase the range of processability of these materials. In order to assess the plasticizing effect 
of a molecule, the classically adopted approach consists in studying the evolution of Tg as a 
function of plasticizer content and nature.

Most of the works in the literature study simple systems constituted by protein isolates. In this 
project, the ambition was to use glanded cottonseed cakes, a by-product of the cotton industry, 
as raw matter. Plasticization of cottonseed cakes has been studied at laboratory scale, using 
glycerol, triethanolamine and polyethylene glycol as plasticizers. Since cakes are complex 
systems, the influence of non-proteic components (such as lipids, cellulose, gossypol...) on 
plasticization has been investigated. Study of plasticization enabled to determine the best 
system to be used for pilot scale experiments as well as the frontiers of the processing zone.

Pilot scale processing tests have been carried out using extrusion, calendaring and injection 
moulding. We propose a scheme allowing the manufacture of biodegradable materials using 
these techniques. The first step consists in grinding and sieving cakes in order to obtain a fine 
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powder where shell and linter contents have been reduced. In a second step a plasticized 
cottonseed cakes compound is prepared using a twin screw extruder. This compound is likely 
to be used, in a third step, as raw materials for cast film extrusion or injection moulding.

On another hand, the most used moist technology, in terms of proteins based films, is the 
casting technique. This technique consists in preparing and drying a colloidal solution in a 
convenient support. Thus, to prepare a film using this technique, it is necessary to have a 
biopolymer as the raw material.

Some biopolymers, such as starch, cellulose, soy proteins, among others, are industrially 
produced by casting around the world. Some others are not found as purified macromolecule, 
but are abundant in some crops product, such as the proteins of cottonseed. Thus, in this case, 
the first steep for the preparation of films by casting, is the extraction of these proteins from 
the raw material, i.e., cottonseeds. Proteins extractions process is normally based on the 
dependence of proteins solubility on some parameters of this process. After that, the extracted 
proteins are used as the basis of a colloidal solution to make films. Because of that, this 
solution is called a film forming solution.

Thus, the aims of this presentation concerning the moist technique are to discuss the 
composition of the film forming solutions, the process parameters control to prepare these 
solutions and how these factors may affect the quality of films.

Application of moist technology at pilot plant scale was done by a process similar to the one 
used to process vinyl plastisol polymeric system, named spread coating process. The colloidal 
solution of the extracted protein was formulated, to obtain a viscosity adequate to obtain 
films, and adequate parameters for the process were studied. Mechanical properties of films 
fabricated by casting and by spread coating process are shown.
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A DESCRIÇÃO ESTÁ CONFORME O FLUXOGRAMA DE 
PROCESSO.

Recebimento matéria prima: nesta etapa é realizada a operação de pesagem 
em balança rodoviária, classificação da semente e descarga do produto caroço 
de algodão por plataforma hidraulica.

Armazenagem de semente: nesta etapa é realizada a operação de controle 
das condições de armazenagem da semente por termometria e cabos providos 
de sensores de temperatura nas extremidades e retirada do produto para 
alimentação na industria através de fitas transportadoras e elevadores de 
canecas.

Deslintamento: nesta etapa é realizada a operação de limpeza da semente por 
peneiras vibratórias e sucção de materiais leves e caroços chochos e a retirada 
de lã (linter) da semente é realizada por deslintadeiras com corte da fibra 
através de serras circulares dentada, a lã é removida por sistemas de sucção de 
ar.

Decorticação/Separação de semente: nesta etapa é realizada a operação de 
corte da semente deslintada por decorticadores e separação de polpa e casca é 
realizada com regulagens do sistema de sucção de ar e peneiras perfuradas.

Desfibradeira de casca: nesta etapa é realizada a operação de separação de 
fibras curtas e casca através de desfbradeiras providas de facas retangulares 
que efetua o corte da fibra (linter) e a separação de casca efetuada por peneiras 
perfuradas com controle de sucção de ar.

Batedores/Limpadores de linter: nesta etapa é realizada a operação de 
limpeza da lã (linter) por tubo cilíndrico de telas perfuradas para remoção de 
impurezas.

Prensagem de fardos: nesta etapa é realizada a operação de prensagem da lã 
(linter) por prensa hidráulica de pistão e embalagem do produto para vendas.

Laminação de polpa: nesta etapa é realizada a operação de laminação da 
polpa em forma flocos com espessura reduzida por moinhos de rolos de aço 
em movimentos de sentidos contrários um do outro.
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Cozimento de polpa: nesta etapa é realizada a operação de cozimento da 
polpa por cozinhadores verticais com estágios e controle de temperatura e 
injeção de vapor direto e tempos de residencias.

Extração de óleo por prensa: nesta etapa é realizada a operação de 
prensagem da polpa cozida por prensa expeller para extração de óleo bruto e 
preparação de flocos de polpa em forma de torta e transportado para o 
extrator.

Extração de óleo por solvente: nesta etapa é realizada a operação de lavagem 
de torta com hexano para extração do óleo, destilação de hexano e 
desolventização de farelo, todas estas operações são realizadas em planta de 
extração química contínua método De Smet, o farelo é transportado para o 
setor de moagem e óleo bruto é bombeado para o setor de refino.

Filtragem de óleo: nesta etapa é realizada a operação de retirada de 
impurezas do óleo bruto por centrífuga provida de um eixo helicoidal e 
bombeado para o setor de refino.

Refino de óleo em fase miscela/Refino de óleo método convencional: nesta 
etapa é realizada a operação de neutralização dos ácidos graxos livres do óleo 
bruto e separação de impurezas, pigmentos e agentes químicos, a geração de 
resíduos “borra” é comercializada para Industrias saboeiras e o óleo de 
algodão semi-refinado é enviado para Fábrica de Gordura Hidrogenada e 
transformado em gorduras vegetais hidrogenadas ou venda do óleo semi- 
refinado de algodão para mercado interno ou externo.

Moinho de farelo: nesta etapa é realizada a operação de moagem do farelo 
por moinhos de martelos e providos de telas para controle de granulometria do 
produto, a embalagem é feita saco polipropileno de 50 kgs e pesagem 
automática no final da ensacadeira e disponibilizado para vendas.

Roque Edson
Gerente de Planejamento e Coordenação 
MAEDA S/A AGROINDUSTRIAL.
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Characterization of cottonseed raw materials

Jérôme LECOMTE

CIRAD, TA 70/16, 73 rue J.-F. Breton, 34398 Montpellier cedex 5, France 
Email : jerome.lecomte@cirad.fr

ABSTRACT

The processing of cottonseed into biodegradable materials could be achieved by wet (casting) 
or low moisture (extrusion, thermomoulding) technologies according to the starting raw 
materials at disposal.

In this project, three type of raw material were used: cottonseed meals, cottonseed cakes and 
cottonseed protein extracts obtained from the previous.

The determination of their chemical composition is a decisive step in that it will direct the 
choice of the right technology and process parameters for the attainment of materials of well 
defined properties.
In the same way, physical and chemical characterizations of the resulting materials are also 
indispensable to understand and then control transformation processes.

An overview of the main chemical fractions (moisture, proteins, oil, sugars etc...) is presented 
as well as their role, content, and joint analytical procedures. It reveals the great heterogeneity 
of the raw materials as a consequence of their inherent nature, their past and previous 
transformation steps.
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Characterization of the Cottonseed Protein Concentrate 
(CSPC) made from cottonseed raw material

Paulo J.A. SOBRAL*, Rosemary A. de CARVALHO, Ednelí S. MONTERREY- 
QUINTERO, Ana Mônica B.Q. HABITANTE, Fernanda M. VANIN, Gisele L. da 

APARECIDA, Gustavo P. COSTA, Guilherme C. MORETTO

Food Engineering Department, FZEA, University of São Paulo. Av. Duque de Caxias 
Norte, 225 - 13635-900 Pirassununga (SP) Brazil, *email : pjsobral@usp.br

ABSTRACT

Usually, a resin is required to produce plastics films. Similarly, to produce 
biodegradable films based on biopolymers, it is also necessary to have a macromolecule 
capable of forming a continuous matrix. If the biopolymer is a protein, the raw material 
can be found commercially such as protein concentrate or isolate, depending on the 
protein concentration on this material.
In some cases, there are some crops very rich in proteins, like the cottonseed, but 
lacking of industrial production of its proteins isolates nor concentrates. Thus, the use of 
these proteins as raw material for biodegradable films implies initially in the extraction 
of the proteins from the cottonseed kernel.
Proteins are extracted by alkaline solubilization, at moderate temperature, and the 
separation is carried through centrifugation, to obtain the cottonseed kernel protein 
solution. For film forming solution preparation, the protein solution is added of a cross 
linking agent and a plasticizer. The film forming solution is thus cast on perfectly 
leveled plates, and let to rest at room temperature, for an initially mild drying. After 
that, the material is dehydrated leading to the cottonseed protein films.
However, the extraction process requires the understanding of the composition of the 
cottonseed kernel, including gossypol and lysine contents. The lysine is a reactant that 
may modify these proteins by crosslinking, for example, and the gossypol is a 
component with potential of avoiding that. Also, the knowledge of the fractions of 
proteins as well their composition in amino acids is very important to explain the quality 
of the proteins.
Considering the high number of parameter which may affect the extraction process, it is 
necessary to use an experimental design to reduce the essays number. The surface
response methodology is a very powerful technique to do that.
After the optimization of the extraction process, the final protein content allowed to 
consider this material as a protein concentrate. Also, it was verified that these proteins 
were in their native state, i.e., no considerable denaturation occurred in consequence of 
the extraction process.
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How cottonseed protein concentrate can form a film?

Rosemary A. de CARVALHO, Paulo J.A. SOBRAL*, Ednelí S. MONTERREY- 
QUINTERO, Ana Mônica B.Q. HABITANTE, Fernanda M. VANIN, Gisele L. da 
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Norte, 225 - 13635-900 Pirassununga (SP) Brazil. * email : pjsobral@usp.br

ABSTRACT

When compared to other more conventional protein sources, cottonseed flour can be 
considered as a rich source of proteins. These proteins can be partially extracted by 
solubilization. Thus, cottonseed protein-based films can be formed from aqueous 
solution by the casting process.
Proteins are an interesting biomaterial because they have a specific polyelectrolytic 
structure based on their amino acids content and sequence, which confers a wide range 
of functional properties. The film-forming ability of proteins has long been noted. Film 
formation involves intermolecular, intramolecular and cross-linking interactions of 
polymer chains to form a semi rigid three-dimensional matrix.
The protein based film production by casting consists in dehydration of a colloidal 
dispersion. However, the drying of protein dispersions normally produces a brittle 
material. Thus, the production of flexible films requires the addition of plasticizers in 
order to reduce inter-chain interactions during the dehydration, improving film 
flexibility and handling. This phenomenon is called plasticization. Plasticizer efficiency 
is mostly ruled by the molecular weight and polarity of the plasticizer, normally polyols, 
which are often cited as good plasticizer for proteins.
On the other hand, protein chains have reactive side groups, which can be potentially 
modified via chemical, physical and enzymatic cross-linking reactions. Therefore, 
cross-linking agents such as glutaraldehyde, glyoxal and transglutaminase, for example, 
can be used to improve the cohesion of the polymeric matrix. The amelioration of the 
cohesion among the protein chains is thought to be effective toward the improvement of 
the films properties.
Different cross-linking agents and plasticizers were studied in terms of the 
characteristics of the films. It was verified that the plasticizer effect on the properties of 
the films may be explained in terms of plasticizer molecular weight (MW) and 
consequently in terms of plasticizer molar concentration. But, in a general manner, the 
properties of the films based on different cross-linking agents did not present significant 
differences.
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How properties of cast films made with Cottonseed Protein 
concentrate can be influenced ?

Paulo J.A. SOBRAL
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225 - 13635-900 Pirassununga (SP) Brazil, email : pjsobral@usp.br

Jérôme LECOMTE
CIRAD, TA 70/16, 73 rue J.-F. Breton, 34398 Montpellier cedex 5, France, 

email : jerome.lecomte@cirad.fr

ABSTRACT

In a general manner, the properties of films produced by casting can be affected by intrinsic 
and extrinsic factors.

Among all extrinsic factors, environmental conditions such as temperature and relative 
humidity during casting (the application of films) or drying conditions during films 
production, are determinant.

On another hand, intrinsic factors are related to the composition of the film forming solution. 
Its characteristics, including color, greatly depend on the nature and concentration of its 
constitutive elements (proteins, plasticizer, pH controller, cross linking agent types and other 
compounds) and the various interactions that could be established between them. Thus, 
viscosity and gelling which are closely linked to protein-protein interactions and molecular 
weight can be modified by pH increment (protein unfolding), temperature, cross-linking 
(molecular weight increase) or plasticization (modification of hydrogen bonds) for instance.

Generally, most factors have several effects and act conjointly so that it is sometimes difficult 
to determine the specific influence of one in particular. For example, most of usual 
plasticizers are very hygroscopic and contribute, in addition to their plasticizing effect, to the 
sensibility of films towards air humidity. Another typical example is that of pH which acts on 
protein solubility, microorganisms development and protein reactivity towards cross-linkers 
with obvious consequences on physical properties of films.

However, if some behaviors of films can be controlled, if not expected - it is well known for 
instance that water vapor permeability of films is connected to plasticizer content - many 
other remain misunderstood such the influence of films thickness on some physical properties 
of films.

A description of the main factors influencing the film forming solution characteristics and 
films properties is presented here, with a particular attention to cross-linking and 
plasticization steps and the critical role of pH. Lastly, as the storage of the film forming 
solution should be considered, the interest of additives such as stabilizers or biocides, for the 
improvement of the physico-chemical and microbiological stability of the film forming 
solution is also discussed.
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Characterization of films obtained by dry technologies
Laurent FERRY

Ecole des Mines d’Alès, Centre des Matériaux de Grande Diffusion (CMGD), 
6 Avenue de Clavières, 30319 Alès, France, e-mail : laurent.ferry@ema.fr

ABSTRACT

The objective of Cotonbiomat project was to develop biodegradable materials, as an 
alternative to synthetic polymers, for agriculture in South America. Polyolefin, such as 
polyethylene, are extensively used in agricultural films. Removal and disposal are costly 
convenient. Recycling of LDPE films is limited by film deterioration and soil contamination. 
Therefore agricultural mulches represent a very attractive market for biodegradable 
cottonseed based materials. To hypothetically take a part of polyethylene market, cottonseed 
based materials must fulfil specifications enabling their use in such applications, especially in 
terms of mechanical properties and water sensitivity. These film properties have been 
investigated.

Films have prepared at laboratory scale. Delipidated cakes and glandless flours have 
been plasticized by glycerol, polyethylene glycol 200, and triethanolamine at contents of 10% 
and 20% w/w using an internal mixer (Haake). Compression molded films have been 
prepared for each formulation using an hydraulic press. Temperature and time of compression 
have been varied. Before the tests, the films have been conditioned 1 week at 23°C under 
various relative humidity using saturated salt solutions.

Mechanical tests have been performed on the various films. The effect of plasticizer 
type and content, processing conditions, conditioning as well as the presence of shells has 
been investigated. Results highlight that the best performance are obtained using glycerol as 
plasticizer with a content of 20 g/g DM. The films are water sensitive, plasticization being 
very prononced in humid atmosphere. It has been remarked that the presence of shells is very 
detrimental to mechanical strength. It should be noted that, whatever the formulation, the 
elongation at break remains very low (much lower than LDPE). This results is connected to 
the fact that crosslinking of proteins can not be achieved using dry technologies.

Water sensitivity of films has been assessed by determining hygroscopicity and water 
vapor permeability. The influence plasticizer type and content as well as the presence of lipids 
and shells has been investigated. The results show that films are hygroscopic. This 
hygroscopicity is generally increased by the presence of plasticizers which are themselves 
hydropillic. The presence of lipids is likely to reduce water sensitivity, however, lipids imply 
films with high permeability to water due to the poor cohesion of the matter.

Better performance can be obtained by mixing plasticized cakes with a biopolymer 
like polycaprolactone (PCL).
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Composites films from cottonseed oil cake proteins 
reinforced with natural fibers

Patricia EISENBERG, Matias SEGAL, Guido DE TITO, Marianela SPERAGGI

INTI, P.O. BOX 157, Av. Gral Paz, Edifício 16, 1650 San Martin, Buenos Aires
Email : patsy@inti.gov.ar

ABSTRACT

The use of non biodegradable and non renewable materials for packaging and agriculture 
uses and the problem associated with their disposal, increases the urgent need for new 
biodegradable materials. Biopolymers could be used to formulate biodegradable materials, 
that will reduce the environmental impact, specially in plastics applied to agriculture uses. 
Polymer chains associations, like intermolecular, intramolecular interactions and 
crosslinkings between different polymer chains, are responsible for the film formation 
capability of the material. The degree of cohesion of the material depends on the 
biopolymer structure, film preparation procedure (temperature, solvent type and dilution), 
drying procedure, and application technique. The film properties strongly depend on the 
type and amount of plasticizer and cross-linking additives. The large number of reactive 
groups present on the protein chains has led to many studies on the film forming 
characteristic of different proteins
The study of cottonseed proteins for film formulation was reported by Wu aand Bates 
(1973) as edible films due to their mechanical properties. Better mechanical properties and 
water solubility can be achieved by chemical treatment with bifunctional reagents, capable 
of chemical crosslinking (Marquie,1996). In order to improve mechanical properties, films 
formulated with proteins can be reinforced with natural fibres. Studies of different natural 
fibers compounded into different matrix have been reported.
In this study, cottonseed oil cake was used as a protein source.
Cottonseed (Gossypium) oil cake (pellets) were obtained from an oil producer company 
(Vicentin, Santa Fe, Argentine). Protein was extracted in alkali solution, and acid 
precipitation, from industrial cottonseed oil cake according to a protocol developed in 
CIRAD laboratory (Marquie, 1996) and modified and adapted to the pilot plant in CEIAL- 
INTI. A spray dried powder (SDP) was obtained and employed as raw material for film 
and composite production.
Natural fibres used included hemp, formie, jute, line 25/cotton 75 and cotton non woven. 
Chemical treatment was performed on the fibers, in order to obtained better matrix - fiber 
interaction.
Composite films were prepared and mechanical performance was evaluated.
Films from spray dried powder were produced by casting, and by spread coating process, 
formulated with plasticizer and crosslinker agent. The SDP formulated showed good film 
forming properties. Natural fibers were used to produce composite films, resulting in a 
two to four fold increased in maximum tensile strength.
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insecticide controlled release
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CIRAD, TA 70/16, 73 rue J.-F. Breton, 34398 Montpellier cedex 5, France 
Email : jerome.lecomte@cirad.fr

ABSTRACT

The controlled/sustained delivery of active substance has received a great attention since the 
middle of the last century with the first concepts and accomplishments of active seed coatings 
or adapted forms of pesticides in agriculture. The objectives, that still remain topical, were to 
find the keys of the release modulation and have at one’s disposal adaptable formulations to 
each situation.

The controlled delivery, which could occur trough different mechanisms, implies a judicious 
combination of the active ingredient with a synthetic or natural polymer, such as proteins or 
polysaccharides.

The aim of the work was to evaluate if cottonseed proteins could be used for the development 
of biodegradable delivery systems and active seed-coatings in particular. A cottonseed protein 
concentrate (COTPROT) was used for the preparation of films inside which the commercial 
insecticide Gaucho® (Bayer society / imidacloprid content of 70%) was incorporated. The 
kinetic studies of imidacloprid delivery from films revealed that release rates were 
significantly influenced by protein cross-linking and, in a fewer extent, by the plasticizer type. 
In other respects, observation of film behaviour and modelling of kinetics data according to 
the Ritger-Peppas’s equation indicated that the delivery of imidacloprid always occurred 
through a complex mechanism where swelling/relaxation phenomena could be involved.

However, if the interest of such protein-based material has been clearly demonstrated at 
laboratory on a simple model, the first attempts at industrial scale has shown that the 
formulation and/or the process should be adapted to express all its potentialities.

In the future, complementary studies should be done to improve the current industrial process 
or to test others. Lastly, the use of pure or functionalised cottonseed proteins instead of 
concentrates could help to improve release properties and better understand the mechanism by 
which it proceeds.
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Some biopolymers, such as starch, cellulose, soy proteins, among others, are industrially 
produced around the world. Some others are not found as purified macromolecule, but are 
abundant in some crops product, such as the proteins of cottonseed. Thus, in this case, the first 
steep for the preparation of films by casting, is the extraction of these proteins from the raw 
material, i.e., cottonseeds. Proteins extractions process is normally based on the dependence 
of proteins solubility on some parameters of this process. After that, the extracted proteins is 
used as the base of a colloidal solution to make films. Because that, this solution is called as 
film forming solution.

Thus, the aims of this presentation concerning the moist technique are to discuss the 
composition of the film forming solutions, the process parameters control to prepare these 
solutions and how these factors may affect the quality of films.

Application of moist technology at pilot plant scale was done by a process similar to the one 
used to process vinyl plastisol polymeric system, named spread coating process. The colloidal 
solution of the extracted protein was formulated, to obtain a viscosity adequate to obtain 
films, and adequate parameters for the process were study. Mechanical properties of films 
fabricated by casting and by spread coating process are shown.
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Opportunity study about the processing of cottonseed proteins 
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ABSTRACT

The prospect of the demand for biodegradable plastics is undoubtly bright. This demand is 
clearly taking off these recent years in various parts of the world. The price increase of 
conventional plastics (resulting from crude oil price increase and unfavorable taxing 
policy) should contribute to sustain the demand for biodegradable plastics. Consequently, 
the anticipation of 10% for the world market share of biodegradable plastics could make 
sense in the next future.
It is unlikely that such a market share could be encountered in Brazil and Argentina where 
the level of plastics consumption is far lower than in economically developed countries. 
National markets can hardly be the unique outlets for the enhanced production of 
biodegradable plastics. Exportation must be contemplated; this is yet considered to be the 
pathway through which Brazil could improve its penetration of European and American 
markets.
The increasing production of cotton, particularly in Brazil, ensures high production levels 
of cottonseeds and cotton seed cakes. Level of availability should be modest for additional 
processing. Cottonseeds are yet used as raw materials in oil industry. Resulting cotton 
seed meals are yet largely used as animal feeds. Nevertheless, there should remain enough 
cottonseeds and seed cakes to be used as raw materials for further processing. According 
to realistic assumptions, there should be enough raw materials for nearly twenty units 
producing annually 2600 tons of material solution made from cottonseed proteins 
(COTPROT solution).
The production of COTPROT solution from cottonseeds seems to be price competitive. 
Fix cost is reasonable since the production derives from an activity extension within 
existing ginning plants or large cotton farming compounds. Various scenarios of 
investment plans have been considered, high level of self-financing contributes 
particularly to lower production costs. This price competitiveness allows considering 
using COTPROT solution as a substitute in manufacturing biodegradable plastics goods, 
like films and bags. It is nevertheless not yet sufficient to compete against conventional 
binding material in seed industry.
The production of plastified materials through extrusion of cotton seed cakes is an 
opportunity to extend industrial activities within existing oilseeds crushing plants. Its price 
competitiveness largely depends on the price of glycerol.
Price competitiveness is not sufficient to ensure market penetration. Products derived 
from using biodegradable plastics materials must comply with the expected technical 
requirements. This compliance must be assessed on the product-by-product basis, after 
identification of the products to be manufactured, but this could not be addressed in the 
framework of an opportunity study.
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COTONBIOMAT - Processing cotton seed into biodegradable materials for agriculture as 
an alternative to synthetic polymers in Latin America________________________________
Contract Number : ICA 4.CT-2001-10061

Work package N° 2: Calendared materials 
Deliverable D02.01 : COTPROT formulation

Introduction
The Deliverable D02.01, COTPROT formulation, is in reality, an optimized filmogenic solution 
based on the COTPROT also optimized in the first year of this project. To do that, the main 
factors studied were: the type and content of plasticizers, cross linkers, and stabilizers. The 
response factors studied were of two types: on COTPROT solution - extent of cross linking in 
proteins and viscosity; and on its films - water solubility, color, mechanical and visco-elastic 
properties. Also, other products or process parameters were studied in preliminaries essays to 
allow the elaboration of films, such as thickness and drying conditions.

Elaboration process and formulation
To make films, it is necessary firstly to prepare the COTPROT solution, afterward to prepare the 
filmogenic solution and drying it to form a film.
- 1st step: preparation of the COTPROT solution, according to the previously optimization 
conditions extraction: - Flour / water ratio (F/W) = 30%. - Thermal treatment (T) = 57°C/30 
minutes. - pH = 9.0, using triethylamine or TMAH. - Foam and solids separation by 
centrifugation twice, 1500 g.
- 2nd step: preparation of the filmogenic solution: - COTPROT (pH = 9.0 with TEA). - Addition 
of protein COTPROT cross linking agent: glutaraldehyde, using the glutaraldehyde/reactive 
lysine molar ratio = 6. - Stirring (1h). - Plasticizer addition: 20 g (glycerol or ethylene glycol or 
diethylene glycol)/100 g dry matter. - Stirring (15min).
- 3rd step: film formation / drying: - Pouring on support: 60 mg dry matter of filmogenic 
solution/cm2 corresponding to films of 0.370±0.02 mm. - Drying at room temperature: 25°C/12h. 
- Drying in a ventilated oven: 60°C/7h.

COTPROT solution characteristics
The principal characteristics of COTPROT solutions prepared according to optimized conditions 
are about 14 g dry mater/100 g COTPROT; 8.6 g protein/100 g dry mater; and pH = 9. Its 
viscosity is very low, 5 cP. But, the addition of glutaraldehyde increase the COTPROT viscosity 
to 68 cP that can attain values of order of 294 cP if COTPROT is previously concentrated by 
addition of only 1.6% of dry mater.
These results are very important because the production of films by calendering needs an 
important viscosity of filmogenic solutions, and in industrial scale the more used process to 
concentrate solutions is the use of evaporator under vacuum.

Films characteristics
Films characterizations were made always under controlled conditions: 58% of relative humidity 
at 25°C. The water solubility was determined gravimetrically, mechanical properties were 
determined using a texture analyzer TA.XT2i (TA Instruments), and viscoelastics properties 
using a dynamic mechanical analyzer (DMA 298, TA Instruments). Also, thermal analyses were 
run with a differential scanning calorimeter (DSC 20110, TA Instruments), and color and opacity 
were determined using a MiniScan XE colorimeter (Hunter Associates Laboratory).

The table 1 gives the film characteristics plasticized with glycerol, ethylene glycol or diethylene 
glycol and crosslinked with glutaraldehyde.
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Table 1. Characteristics of optimized cottonseed protein based films.
Characteristics of films obtained using: Glycerol Ethylene glycol Diethylene glycol
Tensile strength (MPa) 2.0 2.5 2.5
Puncture Force (N) 16.3 18.1 15.1
Elastic modulus (MPa) 0.058 0.069 0.068
Deformation at break (%) 139 127 153
Puncture deformation (%) 16.2 14.5 18.7
Storage modulus (MPa) 22.9 125.9 17.9
Loss modulus (MPa) 7.1 36.1 6.2
Tanδ (MPa) 0.31 0.29 0.34
Solubility (%) 35.8 28.3 31.5
Color difference 82.7 81.2 83.2
Opacity (%) 31.4 48.0 31.5
Tg(°C)* -29.4 -30.8 -30.3
Tm (°C)** 127 120 117
* Glass transition temperature obtained at the second scan. ** Melting temperature.

COTPROT production and film elaboration under pilot scale condition
The COTPROT solution has been optimized in laboratory scale, using the TEA like basis. 
Moreover, to produce the COTPROT in pilot scale it was necessary to choose another organic 
basis because the TEA is high volatile and could not be used in the pilot plant of INTI. This plant 
does not dispose of air filtration system. Thus, after some weeks, the TMAH was choose and 
imported from USA.
So, it was possible to study the feasibility of COTPROT production in pilot scale by WP2 and 
WP4 teams, at the pilot plant of the INTI, Buenos Aires, Argentina. These experiments allowed 
to consider the feasibility of the production of COTPROT in pilot scale, in terms of technical 
aspects (Annex 1): the protein extraction realized in parallel reactors; the solids separation by a 
horizontal centrifuge (like a finish); the more thin solids and foam separation by a bowl 
centrifuge; and also the concentration of the solution by a falling film evaporator are unit 
operations perfectly possible.
Considering only the first extraction process (Annex 1), the yield in terms of dry mater was 
32.4%. This value agrees with that obtained in the laboratory scale study. Also, considering the 
second extraction process (Annex 2), made with the residue of the first one, the total dry mater 
yield was 42%, that be considered highly satisfactory. We wait for the results of analysis of 
proteins content of several samples to determine the proteins yield.
Unfortunately, the study of the feasibility of films production in pilot scale was not possible 
because the pilot calender was not constructed. The prevision to develop this equipment by WP4 
team is to March 2004. But, about this study on the feasibility of COTPROT production in pilot 
scale, the WP2 and WP4 teams are very optimist and propose a preliminary lay-out of the film 
production and also of the concentrated COTPROT solution needed to the seed coating process, 
both in industrial scale (see Annex 3).

COTPROT solutions stabilization
The COTPROT solution is a colloidal dispersion that have tendency to present phases separation 
during very low time of storage. It was determined that after the first 24 hours of storage at 25°C, 
there are formation of a supernatant, composed of soluble proteins and lipids, and of a decantate, 
composed by less soluble proteins and other insoluble compounds. Unfortunately, various xantan 
based stabilizers did not avoid this phase separation.
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This phases separation is a problem to the use of COTPROT solution in the seed coating process 
because it needs the storage of COTPROT solutions. But, this is not a problem to the production 
of biodegradable films based on COTPROT proteins that can be made in continue. So, in this 
process, it is only necessary to storage the raw material (cotton seeds cakes) and the final product 
(films).

Final remarks: this deliverable implies in two films formulations, i.e., in films made using three 
different plasticizers; and also in a concentrated COTPROT solution produced at pilot scale 
which can be used to produce films in large scale or to make seed coating. However, to produce 
films in industrial scale it will be necessary to study another production process like calendering. 
Also, to do the seed coating process in industrial scale, it will be necessary to improve the 
COTPROT solution stability during storage. Thus, it is necessary to continue studying these two 
subjects to allow the industrial scale process for films and seed coating products.
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ANNEX 1 : Schema of COTONSEED production process at pilot scale - First Extraction 
Process
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ANNEX 2: Schema of COTONSEED production process at pilot scale - Second Extraction 
Process
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ANNEX 3: Schema of the proposition of the COTONSEED production process at industrial 
scale
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COTONBIOMAT - Processing cotton seed into biodegradable materials for agriculture as 
an alternative to synthetic polymers in Latin America________________________________
Contract Number : ICA 4.CT-2001-10061

Individual partner deliverable report - WP2 - calendared materials 
Deliverable D02.02: Food stuff formulation made with COTPROT by-products 

Partner FUSP (Brazil, CR2)

Introduction
These COTPROT solid residues have been studied to determine the effects of COTPROT residue 
in the animal feed. Biological procedures were used for prediction of protein nutritive quality of 
the COTPROT residue. Protein nutritional quality evaluation by animal (rat) assay was conducted 
in the UNICAMP (Campinas, SP, Brazil). The Protein Efficiency Ratio (PER=weight 
gain/consumption protein) and Alimentary Efficient Coefficient (CEA=diet intake/body weight 
gain) was determinate.

Characteristics of residues
Samples of COTPROT residue, from approximately 50 extraction process batches were 
homogenized and analyzed for chemical composition (Laboratory of Bromatology- ZAZ-FZEA- 
USP) and for amino acid contents by classic methods (A.O.A.C, 1995). The results (Table 1) 
indicated that this residue was always a good source for protein and lipids. Also, its amino acid 
composition was adequate for use as animal feed.
The aspartic acid and arginine are its main amino acids. This was expected as they are the most 
abundant amino acids in the cottonseed flour. The relatively high protein content of residues in 
relation to the protein content of the raw material can be explained by the relatively low 
extraction yield and also by the protein loss during solution preparation, more precisely in the 
centrifugation and filtration process. The residue rested in the gauze was not negligible, 
representing about 9% of the total proteins of all products and by-products. The recuperation of 
the proteins of the gauze is not easy because the fatty nature of this residue.

Table 1 : Results of chemical analysis of COTPROT residue (in dry basis).
Components Content Amino acids content

Dry matter g/100 g COTPROT) matter 93.21 ±0.05 Aspartic acid 2.41 ±0.15
Protein content (g/100 g dry matter) 25.50 ±0.02 Glutamic acid 5.91 ±0.21
Lipids (g/100 g dry matter) 30.36 ±0.41 Serin 1.23 ±0.06
Raw cellulose (g/100 g dry matter) 10.79 ±0.12 Threonin 0.91 ±0.04
Hemicellulose (g/100 g dry matter) 14.35±1.36 Glycin 1.44 ±0.25
Lignin (g/100 g dry matter) 7.11 ±0.08 Alanin 1.12 ±0.06
Total fiber (g/100 g dry matter) 12.03 ±0.29 Arginine 2.94 ±0.19
FDA(g/100 g dry matter) 18.16 ± 0.78 Proline 1.13 ±0.08
FDN (g/100 g dry matter) 32.51 ±2.06 Valin 1.29 ±0.09
Minerals(g/100 g dry matter) 6.25 ±0.05 Methionin 0.24 ±0.01
Ca (%) 0.16 ±0.04 Isoleucin 0.84 ± 0.04
P(%) 0.97 ± 0.04 Leucin 1.62 ±0.004
K (%) 3.16 ±0.03 Phenilanin 1.35 ±0.08
Mg (%) 0.78 ±0.04 Cistein 0.31 ±0.02
Na (ppm) 12.86 ±0.45 Lysin 1.36 ± 0.15
Mn (ppm) 16.76 ±0.19 Histidin 0.71 ±0.04
Fe (ppm) 111.06±0.082 Tyrosin 0.58 ±0.03
Zn (ppm) 110.64±l1.54
Cu (ppm) 3.28 ±0.06
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The residue was analyzed by CIRAD team to determine sugars, free gossypol, total gossypol 
content and the reactive lysine content. The results of those analyses can be observed in the 
Table 2. These results indicated that some reactions between the lysine and the free gossypol 
occurred during the COTPROT process elaboration.
The FDA from USA limited the free gossypol content in food at 450ppm (0.045%). Thus, the 
free gossypol content in this residue can be considered as acceptable, principally for animal feed.

Table 2: Results of gossypol, sugars and lysine of COTPROT residue.
Components Content

Free gossypol g/100 g dry matter) <0.04
Total gossypol (g/100 g dry matter) 1.51
Glucose (g/100 g dry matter) 0.16 ±0.03
Fructose (g/100 g dry matter) 0.23 ±0.01
Saccharose (g/100 g dry matter) 1.01 ±0.04
Stachyose (g/100 g dry matter) 0.88 ±0.05
Raffinose (g/100 g dry matter) 3.24 ±0.06
Reactive lysine (g/100 g dry matter) 0.58 ± 0.04

Animal feed formulation
Four diets were prepared (Table 3): three experimental diets containing different proportions of 
COTPROT residue protein (CRP) and one diet containing casein (control diet, AING 93). Before 
the diets composition, the bulk residue was submitted to an aeration process to reduce the residual 
organic basis flavor.
Each diet was used as feed to six rats (male, Wistar - specific pathogen free, 22±3 days of the 
age; mean weight= 88.8±5.5g) as replicates. At the beginning of this study, a commercial animal 
feed formulation was offered to animals for 4 days. After that, the experimental diets were 
offered to animals and feed consumption and body weight were individually recorded daily for 
three weeks (the installation and animals used in this assay can be observed in Annex 1).

Table 3: Diets formulations: control and diets with different COTPROT residue protein.
Ingredients Diet Diet 1 Diet 2 Diet 3
Residue - 333.33 432.71 666.66
Starch 397.49 270.20 290.02 100.00
Casein 112.53 - - -
Protein - 112.53 100.00 225.00
Malto dextrin 132.00 132.00 120.00 88.50
Sugar 166.27 166.30 133.80 100.00
Soy oil 88.00 58.67 - 29.33
Cotton oil - 29.33 153.23 58.67
Fiber 50.00 50.00 52.06 80.20
Inert mass - 130.54 100.38 261.12
Mineral mix 35.00 35.00 35.00 49.65
Vitamin mix 10.00 10.00 10.00 10.00
L-Cystine 3.00 3.00 3.00 3.00
Bitartarate coline 2.50 2.50 2.50 2.50
Ter-butilhidroquinone 0.014 0.014 0.014 0.014

The variation of the averaged weight of the animals as a function of the experimental time can be 
observed in the Figure 1. In general manner, all diets provoked a weight gain in rats. The average 
weight gain of the rats were about 5.7g/day for control diet, 2.3g/day for diet 1, 2.0g/day for diet
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2 and 0.8g/day for diet 3. The increasing on the residue in diets provoked a reduction on weight 
gain.

Figure 1: Average weight of the animals as function of the time 
of the experiments for different diets.

Probably, these results were a consequence of the low consumption of diets containing increasing 
levels of residues (Figure 2). These behaviors resulted of the pronounced characteristic flavor of 
the COTPROT. This means that the COTPROT residue had a low palatability characteristic 
probably due to the proteins extraction process.

Figure 2: Average consumption of the diets as a function of the time of the experiment.

Thus, as the consequence of those characteristics of residues, an important fluctuation in the 
consumption of the diet 3 was observed (Figures 3 and 4).
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Figure 3: Variation of consumption of the protein as a function of diet.

Figure 4: Variation of the CEA (diet intake/body wight gain) as a function of diet.

The results of animal weight versus diet intake for different diets can be observed in the Figure 5. 
It can be observed that for all the diets studied the Alimentary Efficient Coefficient (CEA=diet 
intake/body weight gain) presented linear behavior (Table 4 and Figure 5). On another side, the 
values of the linear correlations coefficients (Table 4) showed that the formulated diets were ideal 
for the consumption.

Table 4: Animal weight versus diet intake: values of linear model (y= ax + b) parameters 
and correlation coefficient (R2) for different diets.

Diet a B R

Control 2.68 235.28 0.9971

1 4.49 387.29 0.9761
2 4.20 347.84 0.9666
3 3.71 304.42 0.7196
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Figure 5: Animal weight versus diet intake: values for different diets.

The values obtained for PER can be observed in Figure 6. The values obtained for PER were: 2.3 
for diet 1, 1.9 for diet 2 and 1.25 for diet 3. The values observed for the diets 1 and 2, can be 
considered acceptable when compared with casein (PER=3.2). Thus, the results of the biological 
assays (growth, PER and CEA) suggested a good nutritional potential for COTPROT residue 
utilization in diets with ranged from 10 (COTPROT residue) to 22.5 % (deffated COTPROT) of 
protein content.

Figure 6: Values of the PER for animal individuality.

Toxicity: Various rats submitted to feed based on COTPROT residue were slaughtered to biopsy. 
No modifications were observed in principal organs of animals. This means that the residue no 
presented toxicity in used doses. So, according to these results a more intensive study on 
toxicological profile of by products was no necessary.
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Installation and animals used in the nutritional study
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COTONBIOMAT - Processing cotton seed into biodegradable materials for agriculture as 
an alternative to synthetic polymers in Latin America________________________________
Contract Number : ICA 4.CT-2001-10061

Individual partner deliverable report WP2 - calendared materials 
Deliverable D02.03: Biodegradable films for mulching 

Partner FUSP (Brazil) (CR2)

Introduction
Several films were developed based on extracted cottonseed protein. The Deliverable D02.03 
reports the characteristics of a film chosen as the best for mulching, even there are other films 
with similar characteristics.

Film production
Before to produce films, it was necessary to produce a standardized flour from decorticated 
cottonseed pulp (from Maeda S. A. Agroindustrial, Itumbiara-GO). After that, the proteins were 
extracted from this flour using the technique of protein solubilization by controlling the pH of 
cottonseed kernel dispersion in water. Thus, the supernatant containing the solubilized proteins 
was separated from the insoluble materials by centrifugation. This colloidal suspension rich in 
cottonseed protein, now called COTPROT, was always the base for the production of 
biodegradable films. This process is summarized on the Figure 1.

Figure 1 : COTPROT solution production diagram.
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Also, for the production of our biodegradable films for mulching, it was necessary the utilize a 
cross linking agent to improve the mechanical properties of films, and to add plasticizers to allow 
the films flexibility, according to the diagram presented in the Figure 2. Different types and 
concentrations of the cross linking agents and plasticizers were evaluated in terms of physical 
characteristics of films

Figure 2: Film production diagram.

The conditions for films productions, as presented in the Figure 2, were optimized after several 
studies. These conditions are the following: for the COTPROT extraction, F/W= 30%, T= 57°C, 
pH= 9.0; plasticizer agent and content, 20 g glycerin/100 g dry mater; cross linking agent and 
concentration, glutaraldehyde/relative reactive lysine molar ratio of 6.
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In order to obtain films, the film forming solution was applied on the support and maintained at 
room temperature (25±2°C) for 12h, before drying at 60°C for 24h, in a ventilated oven 
(MARCONI MA037). Example of obtained films can be seen in the Figure 3.

Figure 3: Glutaraldehyde crosslinked proteins films obtained.

The physical characteristics of these films, determined with films conditioned at 58%UR (NaBr, 
25°C) for 48h, are presented in the Table 1.

TABLE 1: Properties of of glutaraldehyde crosslinked proteins films.
Properties

Thickness (mm) 0.370 ±0.030

Puncture force (N) 18.1 ±2.4

Puncture deformation (%) 14.5 ±2.8

Tensile strength (MPa) 2.6 ± 0.4

Elongation (%) 176.8 ±20.2

Elastic modulus (MPa) 6.1 ±0.2

Storage modulus (MPa) 22.9 ± 5.2

Loss modulus (MPa) 7.1 ± 1.9

Phase angle 0.31 ±0.02

Solubility in water (g/100g of dry matter) 29.7 ± 1.9

Tm (°C) 126.5 ± 1.4

Tgl (°C) -29.4 ± 0.8

Tg2 (°C) 12.6 ± 1.4

AE* 81.7 ±0.7

Opacity 83.0 ± 12.3
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* Glass transition temperature obtained at the second scan. ** Melting temperature.

The mechanical properties were determined by puncture and tensile tests using a texture analyzer 
TA.XT2i (TA Instruments) and the solubility in water according to Cuq et al. (1997). The thermal 
properties, viscoelastic properties and color parameter were determined according to Sobral et al. 
(2001).

Final considerations

Several studies were realized for the production of the cottonseed protein film. Initially, 
films were produced with and without cross linking agent (glyoxal and glutaraldehyde). 
The films without cross-linking agent were difficult to handle (extremely difficult to peel 
them from the support because they were strongly attached). On the other hand, the cross
linked films showed superior workability.
It must be pointed out that film production at the plasticizer concentrations of 10 and 
50g/100 g of dry matter was not possible. For the plasticizer content of 10g/100g of dry 
matter the films were extremely brittle, on the other hand, there was observed surface 
exudation after conditioning.

- The film thickness increased linearly with the increase of the COTPROT mass applied on 
the support, as expected. Above 60 mg dry matter/cm2 the control of thickness became 
difficult as function of the non-uniform drying. The films which presented better visual 
and tactile characteristics were those with 60 mg dry matter/cm2. So, the better SFF 
application condition chosen was 60 mg dry matter/cm2 that corresponds to 
0.370±0.020 mm for glutaraldehyde/reactive lysine molar ratio of 6.
Our films are very nice and resistant, but they are very sensitive to environmental 
conditions such as temperature and relative humidity.
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COTONBIOMAT - Processing cotton seed into biodegradable materials for agriculture 
as an alternative to synthetic polymers in Latin America____________________________
Contract Number : ICA 4.CT-2001-10061

Individual partner Deliverable report- WP3 - Filmcoating research 
D03.01/D03.02: COTPROT formulation for cottonseed and other seeds

Partner Incotec International B.V. (The Netherlands) (CR3)

2. Introduction
The objective of the Incotec Work Package was to develop a seedcoating (from now on to be 
called filmcoating) based on COTPROT as binder with slow/adjustable pesticide release. Seeds 
are often coated with fungicide and/or insecticide to improve the plant yield and to protect 
seedlings in their first stage of development. With regard to insecticides it usually concerns 
systemic insecticides, which should be absorbed through the roots by the plant. The interesting 
thing about COTPROT is that the lysine component of the protein can be crosslinked with di
aldehydes. Crosslinking reduces the solubility and increases the hygrophobicity of the film and 
thus it may delay more or less the release of insecticide from the coating. This may be interesting 
for filmcoatings, as it is an advantage if the insecticide is not released before germination, but 
only later, preferably after the seedling has developed its roots to some degree. This facilitates 
better uptake of the insecticide by the plant through the roots. Adjustable release delay by 
crosslinking variation is even more attractive, as this in addition may allow for adjustment to 
climatic differences (wetter or dryer climate) to a certain degree.
During the work problems arose (described later on in this report) which necessitated adjustment 
of this objective. The objective was split in a primary and secondary objective. See section 2 for 
the reasons and details. The deliverables, a filmcoating for cottonseed and a filmcoating for 
several kinds of seed are derived from this objective.
This report deals with both deliverable 1 and deliverable 2, as there is no real difference between 
a filmcoating for cottonseed and one for other agronomic or even horticultural (vegetable) crops.

2. Objectives clarified
The original purpose of this investigation was, to formulate a slow release/adjustable release 
filmcoating of this crosslinked COTPROT which should perform better in this respect than 
current filmcoatings in the Incotec product program. Further it should comply with all standard 
filmcoating requirements like stability, compatibility with standard raw materials and pesticides, 
good application behavior on standard seed coating equipment and good visual quality on seed. 
Economic feasibility as a sellable product is required.
During the work problems arose (described later on in this report) which necessitated adjustment 
of this objective. The objective was split in a primary and secondary objective.
Primary objective: to formulate, after additional research by Cirad on the crosslinking reaction, a 
slow release filmcoating with insecticide release distinctly slower than with current filmcoatings 
and complying with all standard filmcoating requirements as mentioned above. A product like 
this is useful for the high-value vegetable seed market. As such economic feasibility will be 
easier.
Secondary objective: to develop a commodity agronomics filmcoating based on COTPROT in 
either crosslinked or uncrosslinked form as binder, with technically or economically added value 
above the current agronomic commodity filmcoatings in the Incotec product program. As Incotec 
has already a satisfactory agronomics product program only new products with added value can 
be added. There is no point in making costs for developing and marketing a new product (line) 
without that added value. Again, all standard filmcoating requirements must be met.
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The primary objective is by far the most important as this gives COTPROT filmcoatings a real 
reason for existence in a market where good profit margins are possible. The agronomics market 
is a low value, low profit market. The secondary goal was added in order to give a second chance 
to COTPROT filmcoating if the slow/adjustable release filmcoating failed due to the reactivity 
problems.

3. Seed industry
To clarify the above a short explanation about the seed industry is given. In the seed industry we 
can distinguish two different types of industry of interest in relation to this project. The vegetable 
seed industry produces high value seed in rather low volumes. Because of the high value of the 
seed there is financial space for relatively costly seed treatments. The yield in good plants of this 
expensive seed must be as high as possible for the plant grower. In this market an expensive seed 
treatment is justifiable when it has clear and proven added value. A slow/adjustable release 
COTPROT filmcoating may be such a seed treatment which can be justified.
In the agronomics seed industry with relatively low value seed in high volumes prices and 
margins are much lower. Seed treatments must be low-cost. As the active materials are rather 
expensive filmcoatings must be very cheap by necessity. Competition is strong. In this market 
Incotec is constantly searching for possibilities to lower the raw material cost price. A COTPROT 
agronomics filmcoating may be of interest if the same technical performance can be obtained at 
lower costs than with standard commodity filmcoating binders.

4. The primary objective: development of slow/adjustable release filmcoating
This development consists of phytotoxicity tests and release tests. The results of compatibility 
tests with standard filmcoating raw materials and the stability test are described in the section on 
the agronomic commodity filmcoating.

4.1. Phytotoxicity
Phytotoxicity is the phenomenon that seed germination is being slowed or reduced and/or plants 
are malformed or growth retarded because of the presence of some toxic (for the plant) material. 
Two tests were being done to evaluate phytotoxicity. The first test consists of a standard Incotec 
single material phytotoxicity test. The second test is a germination test of com seed, brassica seed 
and cottonseed coated with crosslinked and uncrosslinked COTPROT solutions. Later on in this 
investigation more germination tests are done.

4.1.1. Standard single material phytotoxicity test
This test gives an indication of potential phytotoxic effects if these materials are used in 
seedcoatings. Bad results do not necessarily mean that the use of materials which score bad in 
this test leads automatically to bad germination and/or bad seedlings. Rather, this test gives an 
indication where to look if decline of germination occurs after coating seed with these materials. 
Special sensitive seeds are germinated on blue filter paper saturated with solutions of the material 
on test. Their germination and development are compared with a pure water standard. 
COTPROT, the crosslinkers and plasticizers to be used in the course of this investigation are 
being tested. The tested concentrations are selected on the basis of the expected concentrations in 
the filmcoatings. See the table below.
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Table 1 - Tested concentrations COTPROT and related raw materials

Material Low concentration 
(w/w)

Medium 
concentration 
(w/w)

High concentration 
(w/w)

COTPROT 
(lyophilized)

5% 10% 15%

Glyoxal 0.16% 0.33% 0.49%
Glutaraldehyde 0.45% 0.90% 1.35%
Glycerol 1.8% 3.5% 5.3%
Sorbitol 2.1% 4.3% 6.4%
PEG 300 1.5% 3.0% 4.5%

Results: The results show that all materials are phytotoxic, from moderate to extreme, even 
COTPROT itself. Below are some pictures of the results. These materials are the most used in the 
course of this investigation.

Figure 1 - Phytotoxicity results of COTPROT and related raw materials.

COTPROT 5.0% Glycerol 3.5%

Glyoxal 0.33% Pure water

These phytotoxicity results do not necessarily mean that the germination of seeds coated with 
filmcoatings containing these materials is bad. It depends on how much of this material solves 
from the filmcoating layer and enters the seed during the water uptake process of the seed. But if 
bad germination occurs we know which materials are suspect.
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4.1.2. Germination tests
The first germination test was a so-called folded filter paper germination test, a standard test in 
the seed industry. This test says more about phytotoxicity than a germination test in soil. A 10% 
COTPROT solution was made, brought at pH and crosslinked with glyoxal and glutaraldehyde at 
several levels. Of this solution a dose of 5 g/kg seed was applied by rotostat on brassica seed and 
com seed. Regular Incotec filmcoatings were used as standard. The coated seeds are placed in the 
folds of the wetted filter paper and germination is counted after several intervals. Later on 
germination test with coated cottonseed were done including plasticizer and in soil.
Results: the folded filter paper test results show no germination or plant development decline due 
to phytotoxicity. Found differences were not statistically significant. See the table below for 
results.

Table 2 - Folded filter paper germination results of COTPROT coated corn and brassica 
seed.

Brassica Corn
Final 

germinatio
n 

(%)

Good 
plants (%)

Final 
germinatio

n 
(%)

Good 
plants 
(%)

Raw seed 97 92 100 96
COTPROT not crosslinked 100 98 98 93
COTPROT + 125 μMol glyoxal / g prot. 99 97 99 91
COTPROT + 250 μMol glyoxal / g prot. 99 98 98 90
COTPROT + 375 μMol glyoxal / g prot. 100 99 100 93
COTPROT + 500 μMol glyoxal / g prot. 99 96 99 92
COTPROT +125 μMol glutaraldehyde / 
g prot.

98 96 98 90

COTPROT + 250 μMol glutaraldehyde/ 
g prot.

100 96 100 98

COTPROT + 375 μMol glutaraldehyde / 
g prot.

98 95 97 88

COTPROT + 500 μMol glutaraldehyde / 
g prot.

98 94 97 94

COTPROT + 375 μMol gossypol / g 
prot.

100 96 98 97

Standard filmcoating L036 100 97 97 95
Standard filmcoating L230 99 96 99 95

Later on, with the seed samples made for the release tests, more germination tests were done. 
Below a picture is shown of cotton plants resulting from a germination test in soil. Of this seed 
sample the seeds were filmcoated with glutaraldehyde crosslinked and glycerol plasticized 
COTPROT, combined with the insecticide Cruiser. No deterioration in germination for coated 
seed samples in comparison with the uncoated seed was found.
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Figure 2 — Cotton plants from Cruiser and crosslinked COTPROT coated cottonseed

Conclusion: our conclusion is that filmcoating with COTPROT does not deteriorate germination 
and plant stand.

4.2. Choice of plasticizer
In a large test with the plasticizers glycerol, sorbitol and PEG 300 at several crosslinking ratios 
with both glutaraldehyde and glyoxal we inspected free films subjectively on flexibility. The 
glycerol films were the most flexible. Glycerol was selected for the rest of the investigation in a 
quantity of 20% on solid COTPROT. The use of glyoxal as crosslinker resulted in more brittle 
films than the use of glutaraldehyde.

43. Effect of crosslinking on insecticide release
Three crosslinker tests were done in the first part of the investigation. In a first test the effect of 
crosslinking with the insecticides Marshal (extremely insoluble in water) and Orthene (extremely 
water-soluble) is investigated wit both glyoxal and glutaraldehyde as crosslinker. In a second test 
the crosslinking effect is further investigated with the two most important insecticides on the 
market: Gaucho and Cruiser (low and high resp. in the medium soluble range). Finally a repeat 
test is done because of disappointing results.

43.1. Release test with Marshal and Orthene
The release of Marshal and Orthene was investigated with 10% COTPROT filmcoatings in low 
and high crosslinking. We used 3mol/mol glutaraldehyde on (R)eactive (L)ysine (long molecule) 
for low crosslinking and 30 mol/mol glyoxal (short molecule) on RL for high crosslinking. 
Plasticizer was PEG 300 20% on COTPROT. Insecticide doses were 3.5g active material/kg seed 
for both. COTPROT filmcoating dose was 3 g/kg. No uncrosslinked COTPROT was used yet at 
this point. The material was applied in one mixture with some extra water with a rotostat on 
cottonseed. The release was determined by placing seeds in water and monitoring the increase of 
the insecticide in the water in time by means of HPLC. Free films were made for measuring the 
remainder of the reactive lysine in the film as indication for the extent to which reaction has taken 
place. The release results are shown in figure 3.
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Figure 3 - Release results of Marshal and Orthene from crosslinked COTPROT 
filmcoatings

The release of low and high crosslinked COTPROT is not far apart. The release of Orthene is 
extremely quick. The RL residues in films as determined at Cirad indicate that glutaraldehyde is 
more reactive. But the crosslinking goes less far than expected, as a significant part of the RL 
(20% - 50%) is found back unreacted.

4.3.2. Release test with Gaucho and Cruiser
A second release test was done with only glutaraldehyde as crosslinker. Plasticizer was glycerol 
(20% on COTPROT). COTPROT concentration was raised to 15% to obtain better encapsulation 
of the insecticide. Crosslinker was glutaraldehyde at 3 and 9 mol/mol RL. The filmcoating dose 
was 3 g/kg seed and the insecticide dose was 5 g/kg seed. Uncrosslinked COTPROT and regular 
agronomics filmcoating L230 (only in case of Cruiser) were used as reference. All materials were 
applied in one mixture with some extra water. Free films were made for RL residue 
determination. The results are shown below in figure 4.

Figure 4 - Release of Gaucho and Cruiser from crosslinked COTPROT filmcoatings

The fact that the maximum release is not always equal and is below 100% is caused by the fact 
that the actual applied quantity is usually lower than the theoretically applied quantity (= the 
100% level in the figure) and varies among samples. The figures show, that there is little 
difference in release between uncrosslinked, low crosslinked and high crosslinked COTPROT 
filmcoatings. The slope angle is almost equal in all cases and rather steep. The difference in 
solubility between Gaucho and Cruiser can clearly be seen. As something went wrong with the 
RL residue determination of the films no relation can be established between actual crosslinking 
and release.
The glutaraldehyde crosslinked 15% COTPROT solutions are very close to gelling. This means it 
is practically impossible to formulate a complete filmcoating on this basis, as the viscosity would 
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rise even more by addition of the rest of the raw materials. This is a serious restriction with 
regard to the maximum binder level to be used in crosslinked COTPROT filmcoatings.

433. Third release test with Gaucho
Our until results were so much below expectation (release as well as the RL determination results 
of crosslinked films; usually higher than expected residues were found), that it was decided to do 
one more release test together with the project coordinator who is very experienced in COTPROT 
crosslinking. This time glyoxal was used as crosslinker in three ratios. Uncrosslinked COTPROT 
was used as reference. Gaucho release and RL residue in films (complete mixture with 
insecticide) were determined.
Result: all release curves fell exactly on top of one another, including the uncrosslinked 
COTPROT. See figure 5 below. The RL residues of crosslinked films were again higher than 
expected. Less than half of the RL had reacted. No significant differences between different 
crosslinker ratios were found. See table 3.

Release of Gaucho from crosslinked Cotprot
filmcoating

Figure 5 - Release of Gaucho from glyoxal crosslinked filmcoating

Table 3 - RL residues of COTPROT/Gaucho films
Filmcoating R* COTPROT 

(% in sol.) Glycerol 
(% on 

COTPROT)

RL residue 
on 

COTPROT

0 15 0 1.36
0 15 20 1.39

1.72 15 20 0.92
3.45 15 20 0.75
6.90 15 20 0.87
10.30 15 20 0.79

* R = ratio of mol crosslinker / mol lysine in COTPROT (crosslinker is glyoxal)

4.4. Conclusion after the first three release tests
The crosslinking reaction did not seem under control. RL residues after the reaction were too high 
and no release delay is found. The cause of this was unknown. We concluded that the influence 
of circumstances such as temperature, concentration, presence of plasticizer or not, mixing time 
after adding the crosslinker, gelling limit for the respective crosslinkers in relation to COTPROT 
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concentration etc. is in fact unknown. Incotec did not have the means and the expertise to 
investigate all this. Therefore the project coordinator proposed to extend the project with one 
year. In year three Cirad could investigate the crosslinking reaction deeper and find proof that 
release slowing and adjustment is indeed possible. The project goals were adjusted as described 
in section 2. In year 4 Incotec were to continue the work on release, if enough proof was found 
that the crosslinking was under control and had the potential to result in slow release. In year 3 
and 4 Incotec would spend a limited amount of work on the secondary goal: to test the suitability 
of COTPROT as a low cost agronomic commodity binder with added value.

4.5. Continuation of release investigation in year 4
Cirad spent a lot of work on the reaction kinetics in year 3; see their report for details. Cirad 
succeeded in showing Gaucho release delaying potential in thick (compared to filmcoatings) free 
films. Crosslinked COTPROT gave slower release than uncrosslinked COTPROT. The 
crosslinker (glyoxal) ratio on reactive lysine (r) did not have much influence, although r=5 tended 
to lead quicker to quicker release than r=2 or r=3. A strange result was, that a low COTPROT 
content in the film (porous film) resulted in slower release than with high COTPROT content in 
the film (well-encapsulated insecticide). Usually, in filmcoatings it is the other way around. We 
decided to start testing release again based on the Cirad results, so with glyoxal as crosslinker. 
Glutaraldehyde, although more reactive, was discarded as crosslinker because of its very high 
toxicity (risks for workers at industrial scale filmcoating production) and inclination to self
polymerization, which results in unpredictable functionality, crosslinking and eventually release 
behavior.
We started with a release test on pelleted seed.

4.6. The release of Gaucho from Gaucho/COTPROT filmcoated seed pellets
The decision to use pelleted dead seed instead of untreated seed was taken, as these pellets are 
almost perfectly round and very uniform in size (3.0 - 3.5 mm). The coating process we can use 
for these pellets is quick, allows high doses and ensures very even distribution because of the 
uniform size, with high recovery (= actually applied amount of insecticide as percentage of the 
theoretical amount). The coating process cannot be disclosed, as this is an Incotec trade secret. 
Gaucho 70 WS was used as insecticide at industry dose. This Gaucho coated pelleted seed is 
actually a commercial Incotec product for the vegetable seed market. Pure (almost) binders 
including COTPROT were used as well as complete filmcoatings with color and fillers. The 
COTPROT concentration was 15% at the moment of crosslinking and later during the mixing 
process reduced as more raw materials were added. (A higher COTPROT concentration (17.5% 
or even 20%) was advised by Cirad but this lead to too high viscosity with our COTPROT batch. 
Point of concern!) A high and a low binder concentration in the film were used. These 
concentrations were kept equal for the binders coated pellets. For the “complete” 
filmcoating/Gaucho coated pellets the filmcoating dose was kept equal, leading to different 
binder concentrations in the film. The composition of the Gaucho films on the pellets is given in 
tables 4 and 5. For an example of the coated pellets see figure 6.
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Table 4 - Composition of binder/Gaucho films on seed pellets

FC Binder r

FC dose 
(g/100.00 

seeds)

Gaucho dose 
(g/100.000 

seeds)

Gaucho 
% in 
film

Solid binder 
% in film(*)

A5.556 
7 COTPROT 0 74

114
90.0% 10.0%

A5.556 
7 COTPROT 0 545

114
55.0% 45.0%

A5.556 
8 COTPROT 2 74

114
90.0% 10.0%

A5.556 
8 COTPROT 2 545

114
55.0% 45.0%

L036 Binder A - 127 114 90.0% 10.0%
L158 Binder C - 233 114 55.0% 45.0%

(*) = In case of COTPROT solid binder includes glycerol and glyoxal

Table 5 - Composition of filmcoating/Gaucho films on seed pellets

FC Binder r

FC dose 
(g/100.0 
0 seeds)

Gaucho dose 
(g/100.000 

seeds)
Gaucho 

% in film

Solid 
binder % 
in film(*)

% rest 
(filler, 

pigm. etc.)
A5.5402 COTPROT 2 200 114 68.1% 17.5% 14.4%

L083 Binder A - 200 114 59.4% 3.1% 37.5%
L200 Binder B - 200 114 57.6% 30.3% 12.1%

A5.5566 Binder C - 200 114 57.6% 30.3% 12.1%
(*) = In case of COTPROT solid binder includes glycerol and glyoxal 
The L-numbers represent commercial Incotec filmcoatings.

Figure 6 - COTPROT/Gaucho coated pellets

Cotprot binder/Gaucho coated pellets
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Results:
The results show, that the release differences between the COTPROT solutions are small. The 
release from a water-soluble binder (filmcoating L036) is quick. From a water insoluble binder 
(Incotec filmcoating LI58) the release is far slower. In the graph for the complete filmcoatings 
we see, that two of the three Incotec filmcoatings release far slower than the COTPROT 
filmcoating. Of these two the slowest L200) is the most sold commodity agronomics filmcoating 
based on a common low cost emulsion binder. This filmcoating is not designed for and tested on 
release during its development. Cirad has tested the same seed samples on release and obtained 
the same results.

Figure 7 - Release of Gaucho from different films on seed pellets

In the graph CP = COTPROT, G = Gaucho

4.7. Discussion of causes for failure and possibilities for improvement
The question remains why the release results on seed are so different from the results obtained by 
Cirad with free films (more difference between crosslinked/uncrosslinked and between different 
Gaucho/COTPROT ratio’s in the film). The reason is not within the solutions themselves. When 
these solutions were tested at Cirad on release in free Gaucho containing films (in the same way 
as earlier in the investigation), precisely the expected results came out. This means: larger 
differences between crosslinking ratio’s and slower release from low binder concentration films 
than from high binder concentration films. We can assume that the film thickness plays a role, 
perhaps also together with the fact that release from seed is from a one-sided surface. Another 
reason could be that the extreme drying speed and film fixation which occurs during seed coating 
prevents continuation of the crosslinking reaction. In making the free films for the release test 
solutions were poured in Petri dishes, and allowed to dry slow. During this drying process the 
slow concentration increase of COTPROT and crosslinker may result in a continuation of the 
crosslinking reaction. On the other hand it is known in the coatings industry, that reactions of 
two-component coatings continue in dry films, especially as long as the film is below its Tg. 
Unfortunately there was no time left to investigate these options. On the other hand this would 
not have helped us to come closer to a commercial product, as both facts, the quick drying and 
film fixation on the one hand, and the thin layer and one-sided release surface on the other hand, 
are an unalterable fact of life in seed coating. One more option for improvement would perhaps 
be available: increasing the binder/Gaucho ratio to the extreme. This would require another 
coating process, which is very time consuming (therefore expensive). Also the material costs 
(more COTPROT filmcoating) would increase significantly. But this is not the way to go 
according to us, as there is already at least one low cost filmcoating in the Incotec program which 
performs way better in slow release than the comparable COTPROT filmcoating, without being 
developed and optimized for this purpose.
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4.8. Final conclusion on slow/adjustable release filmcoating development
With the materials used in this investigation it is not possible to develop a slow or adjustable 
pesticide release coating. We can think of one option to improve the release somewhat: 
increasing the COTPROT/pesticide ratio significantly with a time consuming costly process. But 
this is an entirely hypothetical option as an arbitrary low-cost commodity binder already performs 
much better at the tested binder/insecticide ratio with a quick low-cost process.

5. Secondary objective: development of commodity agronomics filmcoating
The agronomics seed market is a low value seed market. Treatment must be cheap, if any 
treatment can be afforded at all. The price of an agronomics filmcoating should therefore also be 
as low as possible. Price levels do not vary much around the world, as raw material prices are 
more or less equal in most geographical areas. Apparently labor cost plays only a minor role in 
prices of chemicals. The price of an agronomics commodity binder lies somewhere in the range 
from €0.95 - €1.20 / kg at a solids percentage of around 50%. Given the enormous assortment of 
binders already available on the raw material market new products must have added value 
(technically, logistically, economically etc.) over existing products, or else there is no right of 
existence. Examples of an often-used type of binder are the emulsion binders used worldwide for 
wall coatings, glues, wood coatings etc. More expensive binders should have even extra added 
value over cheap binders to such a degree, that the market is either willing to pay the higher price, 
or the binder concentration can be reduced to obtain significantly better technical quality at the 
same raw material cost. We tested in first instance raw material compatibility, stability and visual 
quality as a film on paper in a complete filmcoating formulation. Further, we investigated if 
COTPROT had added value in dustiness and visual quality in combination with insecticide on 
seed compared to comparable standard agronomics binders used in our filmcoatings. Having a 
COTPROT raw material price by now we did this on the basis of comparable binder price level.

5.1. Raw material compatibility and stability
Two complete COTPROT filmcoating formulations were mixed roughly analogous Incotec 
standard agronomics filmcoating L203. This is a medium binding filmcoating. Apart from binder 
this formulation contains colored pigment, filler (mineral), defoamer, preservative and thickener. 
In the COTPROT filmcoatings we left out the preservative and relied on the pH of 10 to prevent 
microorganism growth (according to Cirad results of COTPROT crosslinking investigation). 
During mixing we observed if any signs of incompatibility were visible. The solutions were made 
according to the standard solving method. We first started with 20.0% and 17.5% COTPROT 
solutions, crosslinked with glyoxal at molar ratio glyoxal/RL (r) of 1.2 (for 20% solution) and 3 
(for 17.5% solution), conform the results of the Cirad investigation on crosslinking. But due to 
too high viscosities we had to fall back to 15% solutions at r=2 and r=5 (after consulting with 
Cirad). The final formulations roughly had the following composition:
Solid COTPROT -12.0%
Glycerol - 2.4%
Glyoxal (40%) - 0.4%-1.0%
Color paste - 5.0%
Filler - 10.0%
Additives - ±0.5%
The rest is water.
The formulations were stored at 20°C and tested on viscosity stability.

Results:
During the mixing process of the 17.5% and 20.0% COTPROT solutions we noticed an 
unexpectedly high viscosity. We measured the viscosities of the solutions before adding the rest 
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of the filmcoating raw materials. These viscosities are given in table 6. The viscosities were 
measured with the Brookfield DV II + with spindles according to the viscosity area.

Table 6 - Viscosities of COTPROT solutions as basis for complete filmcoating

COTPROT 
Concentration 

(%)

r Remark Vise. (cP)
2.5 rpm 60 rpm

20 1

2

Measured after addition glycerol. Spindle LV- 
4.

30700 3680

17.5 3 Measured after addition glycerol. Spindle LV- 
4.

30000 3970

15 2 Measured before crosslinking. Spindle SC4- 
31.

120 49

15 2 Measured after addition glycerol. Spindle 
SC4-31.

60 40

15 5 Measured before crosslinking. Spindle SC4- 
31.

150 57

15 5 Measured after addition glycerol. Spindle 
SC4-31.

80 62

The 2.5 rpm viscosities represent the viscosity at low stress and the 60 rpm viscosities represent 
the viscosity at high stress (during mixing, pumping etc.) The high viscosity of the 17.5% and 
20.0% solutions is striking. Although these viscosities were measured after crosslinking, the 
viscosities were already very high before crosslinking. At 2.5 rpm the solutions are practically a 
gel. Part of the high viscosity is caused by internal foam (air from mixing in the COTPROT) but 
the viscosity remained too high to release the air. At Cirad, during the crosslinking investigation, 
no problems were met with these concentrations. See their results in the third annual report. We 
used a different batch of COTPROT, which may be the cause. But this raises questions with 
regard to consistency of COTPROT properties of different batches, cotton cultivars, 
harvest years etc. No investigation has been done into this as yet. Finally we had to reduce the 
COTPROT concentration to 15%, as these viscosities were way too high for a filmcoating. 
Adding the rest of the filmcoating raw materials would have increased the viscosity even more.
In these crosslinked 15% COTPROT solutions we mixed the rest of the filmcoating raw 
materials, which resulted in two filmcoatings coded as A5.5402 and A5.5403, both crosslinked. 
No problems whatsoever were encountered when mixing in the several filmcoating raw materials. 
The viscosities of the several COTPROT solutions are given in table 6. The viscosity stability 
results are given in table 7.

Table 7 - Viscosity stability at 20°C of crosslinked COTPROT filmcoatings
Formulation Concentration

(%)
R Viscosity at 60 rpm (cP)

Start 8 weeks 26 weeks
A5.5402 15 2 230 215 179
A5.5403 15 5 315 274 192

The starting viscosity was a bit on the low side. Somewhat more thickener can be used when 
optimizing the formulation. The viscosity seems to be decreasing in time. This may cause sinking 
of the filler to the bottom of the container, and finally settling in a “crust”. This effect is less 
serious when the starting viscosity is a bit higher, so formulation optimization may reduce this 
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problem. No microorganism growth was noticed (can be detected easily by the smell). Still, 
adding some biocide should be part of the optimization of the formulation to ensure good 
storability.
These filmcoatings gave good visual quality films on paper cards (Penopac of the Leneta 
Company). The color is a bit darker than of Incotec filmcoating L203 due to the strong color of 
the binder at pH 10.

5.2. COTPROT filmcoatings tested on added value with insecticide on corn seed
When we started this part of the investigation we had just received from Cirad a production cost 
estimation for COTPROT according to a number of scenario’s, optimistic (leading to the lower 
prices) as well as pessimistic (leading to higher prices). These COTPROT prices were given for a 
26% solution and ranged from US$ 1.07 to USS 2.44. This is excluding freeze-drying (perhaps 
not necessary) and profit margin! We assume for Incotecs important agronomics binder a price of 
about €1.05 at 50% solids. To determine if COTPROT has added value over Incotecs primary 
agronomics commodity binder we exchanged the binder of a medium a high binding agronomic 
filmcoating (L203 and L200) for COTPROT on the basis of binder cost price on solids. We used 
the most optimistic calculation scenario result, so the lowest COTPROT price for this calculation, 
resulting in the most favorable situation thinkable for COTPROT. The exchange rate on solids 
was 0.61 (solid COTPROT for solid standard binder). Added value should translate into better 
performance of the COTPROT filmcoatings than the Incotec filmcoatings at the same cost level. 
The important performance criterion is powder (insecticide) binding capacity. The better the 
binding capacity, the less dusty insecticide coated seed.
Therefore we made a crosslinked and uncrosslinked versions of the medium binding quality and 
an uncrosslinked higher binding quality (the high COTPROT concentration would lead to too 
high viscosity/gelling) according to the mixing procedure described in section 6. This resulted in 
three filmcoatings. We compared these filmcoatings with their respective Incotec counterparts 
L200 and L203. The composition of the COTPROT filmcoatings is shown in table 8.

Table 8 - Composition of COTPROT filmcoatings

A6.5705 A6.5706 A6.5707
COTPROT (solid) 7.5 7.5 18.1
Glyoxal (40%) - 0.26 -
Glycerol (85%) 1.8 1.8 4.3
Color paste 5.0 5.0 5.0
Filler 10.0 10.0 10.0
Additives 0.5 0.5 0.5
Counterpart for
Incotec filmcoating:

L203 L203 L200

With these five filmcoatings we coated the insecticide Gaucho 70 WS on com seed. Also we 
coated seed with just filmcoating, without Gaucho. Insecticide dose was 4 g/kg seed and 
filmcoating dose was 3 g/kg seed; the material was applied with enough water in one mixture. 
See figure 8 for an example of coated seeds.
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Figure 8 - Filmcoating/Gaucho coated corn seed

Cotprot filmcoating coated corn L200/Gaucho coated corn

After drying and conditioning we did a dust test at 15°C and RH 30%. These conditions are not 
optimal as it is below the Tg of the L200/L203 binder, but the only constant conditions available 
to us. In this test 900g filmcoated seed is dropped from a height of 60 cm into a closed container 
while the released dust is sucked into an absolute filter. For a picture of the equipment see 
figure 9. The test is done in duplo. The amount of dust is determined by weighing the filter. 
Lower dust figures indicate better performance. Binder content, binding capacity and impact 
resistance of the coating play a role, the reason why binders in conditions below their Tg are at a 
disadvantage. The low humidity of 30% RH also increases brittleness of the coatings.

Figure 9 — Dust release measuring equipment
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Results:
The results show (see table 9), that in all samples except one the Incotec coating performs equal 
or better than the comparable COTPROT coating. The one exception is the medium binding 
uncrosslinked COTPROT filmcoating with Gaucho comparison with L203. The below Tg testing 
condition for L203 combined with the low binder quantity may have something to do with this. 
This system is not commonly used in practice, as with Gaucho the high-binding L200 is usually 
preferred. The three medium binding filmcoatings (A6.5705, A5.5706 and L203) in general 
release too much (insecticide containing!) dust in this test. This clearly shows why high binding 
filmcoatings are preferred in combination with insecticides such as Gaucho. Further we can see 
that crosslinked COTPROT performs worse than uncrosslinked COTPROT. This is not illogical 
as we noticed earlier already, that glyoxal crosslinked COTPROT is more brittle than 
uncrosslinked COTPROT.

Table 9 - Dust re ease of filmcoated corn seed with and without Gaucho
Filmcoating 

code
COTPROT 

content
Gaucho Mg released 

dust/kg coated 
seed

Variation 
coefficient

A5.5705 7.5% n 3.6 23.9
A5.5706 7.5% n 3.9 8.1

L203 - n 2.6 27.1
A5.5707 18.1% n 3.5 6.7

L200 - n 3.7 2.9
A5.5705 7.5% y 22.0 7.9
A5.5706 7.5% y 33.2 16.6

L203 - y 26.8 6.7
A5.5707 18.1% y 20.7 11.8

L200 - y 12.7 8.0

Overall the variation coefficient was acceptable for a duplo test. The highest variation 
coefficients are seen where dust levels are low, because test “noise” starts to dominate.

5.3. Conclusion of results on COTPROT as commodity agronomic binder
Formulating an agronomics commodity filmcoating based on COTPROT as binder is in itself 
technically feasible. No incompatibilities with standard filmcoating raw materials were found, 
except for the standard preservation biocide, for which replacements exist. Also we did not see 
any stability problems during a 6-month test. The formulation can technically be optimized on the 
point of viscosity / thickening agent and microbiological stabilization.
However, problems arise with formulating high binding COTPROT filmcoating formulations due 
to the too high viscosity. High binding filmcoatings are essential for coating insecticide to seed.
Further, the binding capacity performance is below the level of comparable standard Incotec 
filmcoatings at the same raw material price level. Or, in other words, at the same binding 
performance level COTPROT filmcoatings are too expensive compared to their comparable 
Incotec counterparts, if the same performance can be reached at all. And this is only using the 
most optimistic COTPROT cost price prediction, and without freeze-drying and a profit margin 
for a COTPROT manufacturer. In reality the situation will probably be far worse for COTPROT. 
See also the economic study of COTPROT filmcoatings.
Considering the argument of biodegradability, it remains to be seen if COTPROT filmcoatings 
are more biodegradable than standard filmcoatings, which are also made of not too inert organic 
binders.
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Finally, we have some doubts about the consistency in properties with regard to viscosity and 
crosslinking (both composition related) between COTPROT batches. This raises even more 
questions about the effect of different cotton cultivars, harvest years etc. No real investigation has 
been done yet with regard to aspect, but variation in properties can be expected.
All in all our final conclusion must be that COTPROT-based agronomic commodity filmcoatings 
have no future as commercial product.

6. Overall conclusion of the investigation
Purely technically speaking it is possible to develop seedcoatings out of COTPROT. 
Unoptimized formulations exist. However, the two objectives of the project could not be reached 
with these formulations. Slow or adjustable release is not obtained with these filmcoatings in 
comparison with standard commercial Incotec filmcoatings. We see no realistic options for 
improvement. In tests with COTPROT as binder for commodity agronomic filmcoatings we must 
conclude, that COTPROT has no added value over standard binders for commodity filmcoatings, 
while the cost price will be way higher according to the production cost estimation by the Cirad 
economist. In a number of situations the technical performance will even be worse at the same 
raw material cost. Therefore we must conclude that no filmcoatings with a commercial right of 
existence can be made out of COTPROT.
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COTONBIOMAT - Processing cotton seed into biodegradable materials for agriculture 
as an alternative to synthetic polymers in Latin America
Contract Number : ICA 4.CT-2001-10061

Individual partner Deliverable report - WP3 - Filmcoating research 
D03.04: Economic study

Partner Incotec International B.V. (The Netherlands) (CR3)

1. Introduction
In the final report we have described that the primary project goal, a COTPROT based 
slow/adjustable release filmcoating, cannot be realized. Simple commodity binders perform 
technically far better in this field. The secondary goal is more or less a “replacement” goal in case 
we fail to achieve the primary goal. It concerns formulating a commodity agronomics filmcoating 
with added value (technically, economically or logistically) over existing commodity agronomic 
filmcoatings in the Incotec product program.
A commodity agronomics filmcoating is in itself technically feasible, albeit without the added 
value, so for this type of product the question of economic feasibility is interesting. It is actually 
the cost/performance ratio in which it fails. A difficulty in a study into this is, that a sales volume 
is very difficult to estimate. This problem can be tackled by developing different scenario’s for 
which COTPROT production cost prices are calculated. Michel Fok of Cirad has done a very 
good job in this respect.

2. Starting-points
The economic feasibility of a COTPROT agronomics filmcoating is determined by how the total 
of production costs and raw material costs compare to the raw material and production costs of 
current commodity agronomics filmcoatings. The agronomics seed market is a low value high 
volume market. Incotec is constantly looking for lower cost raw material alternatives with the 
comparable technical performance. Higher costs are lethal in this market unless the higher costs 
are compensated by technical or logistic added value for the farmers or seed company, making 
them willing to pay the price.
Taking into account that all raw materials except the binder are the same type and quantity in 
both COTPROT and standard filmcoatings, the raw material cost question comes down to a 
comparison of the price of COTPROT against standard commodity agronomics filmcoating 
binders. In the matter of filmcoating production costs the question is, whether the mixing is 
different and in what respect.
In most calculations below we use the most favorable situation, the column of hypothesis 5 
from the table in annex 1, as basis.

3. Filmcoating raw material costs

3.1. Basic raw material costs
At the moment the raw material price for a commodity agronomics binder ranges from about 
€0.95/kg to €1.20/kg at a solids percentage of 50%. This price level does not vary much around 
the world and is not significantly lower in for instance South America or India. Apparently labor 
costs play an insignificant role in the price. In annex 1 we see the production costs of a 26% of 
COTPROT solution directly after extraction (table made and kindly sent to us by Michel Fok of 
Cirad) for a number of different scenario’s. These prices are without freeze-drying (done until 
now in this project for research material) and without a profit margin for the COTPROT producer. 
Assuming a price of €1.05/kg for the standard commodity binder the lowest COTPROT 
production cost price ($1.07/kg = €0.91/kg) is already 67% higher than of the standard 
commodity binder price, calculated on solids. That would be no problem if the COTPROT

CIRAD-DIST 
Unité bibliothèque 
Lavalette
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concentration could be reduced to the same cost level as with standard binder. The main 
filmcoating property on which the binder quantity decided is binding strength. Binding strength 
shows in the quantity of (harmful!) dust which the seed releases after coating the seed with an 
active like a fungicide and/or an insecticide. We did a comparative dust test with COTPROT 
filmcoatings against standard commercial commodity filmcoatings at the same binder 
(COTPROT) cost level as in the commodity filmcoatings. This test showed that the COTPROT 
filmcoatings generally perform below the level of the standard Incotec filmcoatings. See for 
details the Final Report of WP3. This means, that standard binder cannot be replaced, technically 
speaking, with the same value in COTPROT. By using COTPROT as binder the raw materials 
costs must be raised in order to reach the same technical performance.

3.2. Additional factors
The following additional factors have to be taken into account as well:
• The above figures are based on the bare production costs of the COTPROT solution. As 

hypothetical selling price (so including a profit margin) the lowest price in the table in annex 
1 is $2.00/kg, way above the price of $1.07/kg which we used as starting point in the section 
above. This will again add significantly to the raw material price of the filmcoating. Or, in 
other words, this would reduce the COTPROT quantity to a technically unacceptable level in 
the filmcoating in order to remain at the same raw material price.

• Until now we have only used freeze-dried COTPROT, which was made out of the solution. 
We have no experience with using the solution and do not know what this means for the 
technical properties of the filmcoating. If freeze-drying would be necessary this will again add 
significantly to the COTPROT production costs.

• The assumed COTPROT production cost price used in the calculation in section 3.1 is the 
cost price in the most optimistic scenario in the table in annex 1. It seems more realistic to 
assume a mean cost price between the two extremes. This would add to the COTPROT raw 
material price again with a factor 1.65.

• Finally, transport cost from COTPROT manufacturer to filmcoating producer will add to the 
raw material costs.

4. Filmcoating production costs
Filmcoating production costs are determined by handling ease, number of items to handle and 
mixing time (rough indication for energy use). Generally heating is not needed for commodity 
filmcoatings. Although we cannot specify the production costs of the Incotec commodity 
filmcoatings we can look into the expected differences between the production method of 
COTPROT filmcoatings and current Incotec commodity filmcoatings and estimate the cost 
consequences.
Two cases with regard to the production of COTPROT filmcoatings can be distinguished:
• COTPROT is supplied as a solution
• COTPROT is supplied as solid material which has to be solved again
Both situations are treated shortly below.

4.1. COTPROT supplied as solution
Although we do not know if using the extraction solution directly as filmcoating raw material is 
technically possible we can look at the consequences for the filmcoating production costs. In 
standard filmcoating production all components are added directly after one another. No waiting 
times are necessary. Only at the end a longer stirring time is needed to ensure homogeneity. In 
COTPROT production there are one, or possibly two waiting moments. One hour stirring is 
needed after the addition of plasticizer before adding further components. If crosslinking is 
needed (not clear as the COTPROT commodity filmcoating formulation was not yet optimized) 
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one more hour of stirring is necessary. Although the exact costs are not known we can safely 
assume an extra cost of about €0.05/kg for production in the Netherlands. For production in 
Brazil these costs are unknown.

4.2. COTPROT supplied as solid powdery material
If COTPROT would be provided as solid material the extra difficult handling and one hour extra 
stirring add to the costs, together with the extra costs already mentioned in section 4.1. Looking 
at a the production costs of comparable filmcoatings in the current Incotec program we can 
assume that the total extra costs compared to standard commodity filmcoatings are €0.10/kg for 
production in the Netherlands.

5. Profitability for the COTPROT producer
The profitability threshold at the selling price of $2.00/kg is 587 tons of COTPROT solution. If 
we could use the bare solution for filmcoating production (which we have not yet tested until 
now; we have only used the freeze-dried version) this would mean a required filmcoating 
production volume of at least 700 tons of a high binding filmcoating quantity, if the produced 
COTPROT solution were to be used for filmcoating production alone (and not for a development 
of one of the other partners in the project). If we assume that also low binding quality will be 
required in the market, not only high binding quality, this volume increases even more. Roughly 
the volume high binding filmcoating which is replaced by low binding filmcoating quality adds 
this same volume to the required sales of 700 tons filmcoating, because the low binding quality 
contains roughly only half of the amount of COTPROT. At the moment the market in South 
America is larger for a low binding quality than for a high binding quality. All in all, although we 
cannot specify the expected market volume as this is strategic information, we can say that the 
total needed volume of COTPROT filmcoatings to be produced and sold before the break-even 
point is reached will take a large number of years. And this is based on the most favorable 
situation, column 5 in the table of annex 1. In reality the situation will probably be much more 
unfavorable.

6. Conclusion
The raw material costs of COTPROT as binder for agronomic commodity filmcoatings are, even 
in the most favorable situation, too high. This is not compensated by better technical performance. 
Added to this there is an increase, if not large, of the filmcoating production costs. The break
even period for the COTPROT producer will extend over a very significant number of years, 
even in the most favorable scenario.
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Annex 1 : COTPROT production costs until after extraction

Hypo_H1 Hypo_H2 Hypo_H3 Hypo H4 Hypo H5 Hypo H6 Hypo H7 Hypo H8 Hypo H9 Hypo H10
Self financing 50% 50% 50% 75% 100% 100% 0% 50% 0% 0%
Exch. Rate 2.40 2.88 2.88 2.88 3.41 2.40 2.40 3.41 3.41 2.40
credit rate 27% 27% 32% 32% 27% 27% 40% 27% 27% 27%
Total invest US$ 4,429,917 4,555,900 4,555,900 4,555,900 4,694,482 4,429,917 5,237,396 4,694,482 4,694,482 4,429,917
cot_seed R$/ton 280 280 280 280 280 280 280 280 280 280
water R$/ton 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
steam R$/ton 100 100 100 100 100 100 100 100 100 100
electricity R$/KWh 0 0 0 0 0 0 0 0 0 0
Workers R$/month 1200.00 1200.00 1200.00 1200.00 1200.00 1200.00 1200.00 1200.00 1200.00 1200.00
Supervisor R$/month 3000.00 3000.00 3000.00 3000.00 3000.00 3000.00 3000.00 3000.00 3000.00 3000.00

Unit Production total cost 
US$/kg 1.73 1.55 1.59 1.40 1.07 1.40 2.44 1.42 1.77 2.06
Unit Prod. Fix cost, US$/kg 0.59 0.60 0.64 0.45 0.27 0.26 1.30 0.62 0.97 0.92
Unit Prod. variable cost, 
US$/kg 1.14 0.95 0.95 0.95 0.80 1.14 1.14 0.80 0.80 1.14
Profitability threshold (tons of 
COTPROT 26°Brix) at selling 
price of 2,00 US$/kg 1,784 1,493 1,584 1,121 587 795 3,918 1,342 2,096 2,773
Profitability threshold, price of 
2,40 US$/kg 1,219 1,082 1,148 813 440 543 2,678 1,006 1,572 1,895
Profitability threshold, price of 
2,80 US$/kg 926 849 900 637 352 413 2,035 805 1,258 1,440

Details of the simulation 
assumptions
Hypo_H1 Hypo_H2 Hypo_H3 Hypo H4 Hypo H5 Hypo H6 Hypo H7 Hypo H8 Hypo H9 Hypo_H10

Exchange rate vs US $ 2.40 2.88 2.88 2.88 3.41 2.40 2.40 3.41 3.41 2.40
Exchange rate vs € 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81
Working hours 1,400 1,400 1,400 1,400 1,400 1,400 1,400 1,400 1,400 1,400
Local equipment R$ 1,511,800 1,511,800 1,511,800 1,511,800 1,511,800 1,511,800 1,889,750 1,511,800 1,511,800 1,511,800
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Imported Prod, equipment, US$ 2,600,000 2,600,000 2,600,000 2,600,000 2,600,000 2,600,000 3,250,000 2,600,000 2,600,000 2,600,000
Self-financing 50% 50% 50% 75% 100% 100% 0% 50% 0% 0%
Technology transfer, $US 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000
Assistance & training, US$ 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000 200,000
credit rate, per year 27% 27% 32% 32% 27% 27% 40% 27% 27% 27%
Cottonseed, R$/ton 280 280 280 280 280 280 280 280 280 280
TEA, R$/ton 9,960 9,960 9,960 9,960 9,960 9,960 9,960 9,960 9,960 9,960
Cans for 200 kg COTPROT, 
R$/unit 40 40 40 40 40 40 40 40 40 40
water, R$/ton 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
steam, R$/ton 100 100 100 100 100 100 100 100 100 100
electricity, R$/KWh 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23
Workers, R$/month 1,200 1,200 1,200 1,200 1,200 1,200 1,200 1,200 1,200 1,200
Supervisor, R£/month 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000
Overhead costs, US$/year 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000
Sale and distribution costs, 
US$/year 40,000 40,000 40,000 40,000 40,000 40,000 40,000 40,000 40,000 40,000
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Abstract
The mechanical properties and SEM micrographs of formulated films, obtained from cottonseed protein extracted 
from cottonseed cake, were studied. The films were formulated with glycerol as plasticizer and formaldehyde as 
crosslinking agent. Natural fibers like line/cotton, hemp, formie and silk from cocoon worm were used as reinforced. 
Vegetable fibers used to produce composite films, resulted in a four-fold increased in maximum tensile strength and 
six -fold average increase in tensile modulus, for carded Iine25/cotton75, formie and hemp non woven mat fibers. 
For composites films reinforced with silk fiber from cocoon worm good tensile strength and modulus were obtained 
and better percentage of maximum elongation was observed. Cottonseed oil cake can be used as raw material to 
produce biodegradable films.

Introduction

The use of non biodegradable and non renewable materials for packaging and agriculture uses 
and the problem associated with their disposal, increases the urgent need for new biodegradable 
materials. Biopolymers could be used to formulate biodegradable materials, which will reduce the 
environmental impact, especially in plastics applied to agriculture uses. These biopolymers can 
be associated according to the main constituent in their formulation: polyosides, lipids, proteins 
and polyesters (Gontard and Guilbert, 1994; Marquié et al, 1995). Polymer chains associations, 
like intermolecular, intramolecular interactions and crosslinkings between different polymer 
chains, are responsible for the film formation capability of the material. The degree of cohesion 
of the material depends on the biopolymer structure, film preparation procedure (temperature, 
pressure, solvent type and dilution), drying procedure, and application technique. The film 
properties strongly depend on the plasticizer (type and amount) and cross-linking additives 
(Gontard and Guilbert, 1994). The large number of reactive groups present on the protein chains 
has led to many studies on the film forming characteristic of different proteins (Krull and Inglett, 
1971: Wtanable and Okamoto, 1978: Gennadios and Weller, 1990, 1992: Gontard, 1991, 1994, 
Gontard et al, 1992, 1993, 1994, Wu et Bates, 1972, Stuchell and Krochta, 1994, Orliac et al., 
2002).
The study of cottonseed proteins for film formulation was reported by Wu aand Bates (1973) as 
edible films due to their mechanical properties. Better mechanical properties and water solubility 
can be achieved by chemical treatment with bifunctional reagents, capable of chemical 
crosslinking (Marquie, 1996). In order to improve mechanical properties, films formulated with 
proteins can be reinforced with natural fibres. Studies of different natural fibers compounded into 
different matrix have been reported (Paetau et al, 1994; Oever ad Bos, 1998).
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In this study, cottonseed oil cake was used as a protein source. Films were obtained from the 
extracted protein formulated with glycerol, as plasticizer, and formaldehyde, as cross-linking 
agent, and reinforced with different natural fibers. Their mechanical properties were then 
evaluated.

Experimental Section

Materials. Cottonseed cake (pellets) were obtained from an oil producer company (Vicentin, 
Santa Fe, Argenine). The pellets shape was cylindrical (diameter 1.5 cm, length between 1 and 
7 cm). Protein was extracted in alkali from industrial cottonseed oil cake according to a protocol 
developed in CIRAD laboratory (Marquie, 1996) and adapted to the pilot plant in CEIAL-INTI.
The glycerol (98%), formaldehyde (37%) and triethylamine (99%) were reagent grade and 
purchased from Merck Argentine and Sintorgan.
Hemp fiber was purchased from supplier in France, formie fibers were locally provided and line 
25/cotton 75 and cotton non woven were provided by CIRAD, Cotton Laboratory, France. Line 
25/cotton 75 and cotton non woven were used as received.
Schappe silk obtained from the open or broken cocoons shell from BOMBYX MORI worm was 
provided by CIT, INTI. The silk was degummed and washed, then carded and the mat obtained 
was used without further treatment.
Protein Extraction Process. Cottonseed oil cake was milled using a Hammer Mill (model 
MM2) with a metallic mesh (orifices 2 mm).
The protein was extracted by adding 26 kg of cottonseed oil cake farine to a 250 kg of water in a 
500 liters stainless steel reactor with automatic temperature control. NaOH (20%, 5.3 Kg) was 
added, to adjust pH at 10. The mixture was stirred mechanically and heated at 62°C for 1 hour. 
Liquids and solids were then separated by centrifugation (SHARPLES P-600 with continuous 
discharge of humid solids). A second extraction was performed on the obtained humid solid. 
Both liquids phases (filtrate from the two extractions) ( 275 liters) were clarified using a plate 
centrifuge (WESTFALIA model SA -1) with discontinuous discharge of solids, and acidified to 
pH 4.5 with concentrated clorhydric acid, and decanted overnight. Then the upper liquid phase 
was separated, and the precipitate was washed with water at 50 °C keeping pH at 4.5. The liquid 
phase was removed after decantation. The humid solid (70 kg) was dried with a spray dryer (SEI 
model Al), equipped with an atomizer rotor (16800 rpm), fed with a peristaltic pump. The air 
temperature at start was 184 ± 2 °C and at the end was 88 ± 2 °C. The weight of the solid 
obtained after spray dried was 1.34 kg. The composition of the cottonseed oil cake and the final 
spray dried powder (SDP) are summarized in Table 1.
Fiber treatment: Hemp and formie fibers were suspended in water containing 2% H2O2 (w/v). 
The suspension was adjusted to pH 11.5 with NaOH 4M and allowed to stir at 50°-60°C for 
4 hours, then dried in oven at 60°C. An equipment normally used in paper sheets characterization 
(CICELPA, INTI, Figure 1) was employed for preparation of the fiber non woven (Figure 2) used 
as spray dried powder films reinforcement.
Fibers characterization is summarized in Table 2.
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Table 1: Cottonseed oil cake and spray dried powder (SDP)

(1) Protein content of the material was calculated using nitrogen conversion factor of 5.3 given by De Rham

•Sample Dry 
matter

Protein 
content (%) 

(1)

Residual 
oil 

content 
(w/w%)

Free 
Gossypol(4) 

(g/100g 
DM(2))

Total 
Gossypol(4) 

(g/100g 
DM(2))

Reactive 
Lysine (5) 

(g/100 
DM(2))

ndf(3) 
(g/100 
DM(2))

Cottonseed 
oil pellets

- 34.4 % 3.3 - - -

SDP 93,6 Wet basis 
41.9% 

Dry basis 
44.7 %

0.02 0.3 0.81 10.8

(1982)
(2) DM= dried matter determined at 110°C, 2 hours
(3) NDF: Neutral Digested Fiber
(4) Marquié C., Bourély J. Dosage du gossypol par chromatographie en phase liquide à haute performance, 

dans les dérivés des graines de cotonniers. Cot. Fib. Trop., 1991, 46 (1), 33-48
(5) Adapted from procedure of C. Marquié, A.-M. Tessier, C. Aymard, S. Guilbert, J. Agric. Food Chem. 1997, 

45, 922-926
Table 2: Natural Fibers characterization

Sample Diameter (μm) *
Average Standard deviation Maximum minimum

Formie 15 4 31 7
Hemp 24 8 39 7

Line 25/Cotton 75 22 6 42 15
Cotton 20 4 37 10

Silk 10 3 31 6
* Optic Microscopy, micrometric length method.

Figure 1
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Figure 2

Film preparation
A mass of spray-dried powder (SDP) was dispersed in water. Triethylamine (TEA) was added 
until pH=10 was reached. The resulting solution was mixed for 1 hour at 40 °C, in a water bath 
with a magnetic stirrer. The dry matter (DM) content of the solution was measured (2hs at 
110°C). Glycerol was added (20 % w/w to dry matter of film-forming solution). Formaldehyde 
was added to the amber colored solution (2.5 moles per mole of potentially reactive amino acids) 
and mixed for 1 hour at room temperature. The carded line/cotton and cotton, as received , and 
formie and hemp non woven mat as prepared in the laboratory, were placed into acrylic crystal 
dishes, then a defined volume of the film-forming solution was poured to obtained a mass over 
area ratio between 25-35 g/cm2 (Table 3). The solvent was first evaporated at room temperature 
for 18 h and then 24 h at 60°C.

Table 3: Films characterization
Film Mass/Area 

(mg/cm2) 
(1)

Water content 
(g/100 g DM) 

(2)

Thickness (μm)

Film - No reinforced 23 17 ±0.7 200
Film line25/cotton75 

(3.1 % w/w)
32 16.4 ±0.3 250

Film line25/cotton75 
(12.8 % w/w)

34 16.0 ±0.2 350

Film line25/cotton75 
(18.8 % w/w)

26 10.6 ±0.1 320

Film Cotton 100 
(8.3 % w-w)

32 16.3 ±0.3 310

Film formie 
(17.8 w/w)

28 9.8 ±0.1 310

Film formie 
(36.3 w/w)

27 13.5 ±0.2 270

Film hemp 
(7.4% w/w)

30 15.1 ±0.8 160

Film hemp 
(22 % w/w)

14 10.3 ±0.1 190

Film hemp 
(45.4% w/w)

22 12.9 ±0.2 250

Film silk 
(13.5 % w/w)

26 8.0 ±0.5 330

(1) After dried at 60°C , 24 hours
(2) Determined by drying at 110°C, 2 hours, on films after conditioning at 50 % RH and 23°C, 48 hours

CIRD-DIST 
Unité bibliothèque 
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Chemical Analyses. Total nitrogen content was determined by Kjeldhal method in a Tecator 
equipment.
Total lipid content was determined by extraction in hexane in a Twisselmann equipment. 
Gossypol content was determined by HPLC using a method described by Marquié C., Bourély J. 
Dosage (1991) by the CIRAD (France).
The unreacted lysine content was determined by a procedure adapted from the metod developed 
by C. Marquié et al (1997) by the CIRAD (France).
Techniques. Differential Scanning Calorimetry (DSC): DSC measurements were carried out 
using a differential calorimeter Mettler TA 3000 DSC-20. The heating rate was 10 °C/min. 
Samples were weight and sealed into aluminum DSC pans with lids. The heat flow versus 
temperature was recorded for each sample.
Thermogravimetric Analysis (TGA). The mass loss as a function of temperature for each 
sample was recorded using thermogravimetric analysis, with a Mettler TG 50. The samples were 
heating from 20-550 °C under nitrogen flux (100 ml/min) and from 550 to 700°C under oxygen 
flux (100 ml/min), to calculated total inorganic residue.
Mechanical Tests. Tensile mechanical properties (tensile strength, % elongation and Young 
modulus) were measured using an INSTRON Series IX, Automated Materials Testing System. 
Tests were run as described in standards ASTM D 638, probes Type IV. Films for measurements 
were equilibrated in a 50 % relative humidity atmosphere and 23°C. A speed of 500 mm/min was 
used, the strain was measured with an extensometer, with a initial gage length of 25.4 mm.
The films thickness was measured with a micrometer (Mitutoyo, NO.2119F).
Before the evaluation of the films, conditioning at 50% RH and 23aC was done (48 hours). Then 
moisture content of each film was determined by drying at 110°C for 2 hours (Table 3).
Scanning Electron Microscopy (SEM): The morphology of the cottonseed oil cake SDP 
formulated films non reinforced and reinforced with vegetable fibers was analyzed with a SEM 
Philips 505 equipment. Probes were prepared by freezing the films in liquid nitrogen to produce a 
fragile fracture on them. Then probes were covered with a thin gold layer and analyzed.

RESULTS AND DISCUSSION

Thermal denaturation of extracted protein (Spry dried powder, SDP) from cottonseed oil 
cake: The thermal denaturation of the spry dried powder (SDP) obtained from the base extraction 
process of the cottonseed oil cake was analyzed by DSC. The heat flow curve obtained is shown 
in Figure 3. The endothermic peak observed by DSC have a maximum at 141.6 °C. Similar 
results were obtained by Grevellec et al. (2001) for a cottonseed protein isolate.

Figure 3

Thermal Degradation of SDP by Analysis (TGA). Thermal degradation was studied by TGA 
analysis. Figure 4 shows the evolution of the weight loss mass for the SDP as a function of
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temperature. An initial loss of mass of about 4 % occurring around 60-80°C, probably due to 
water loss (Grevellec et al, 2001). A second loss of mass (47 %) occurring in the range between 
200-400°C, probably due to the degradation of the protein, cellulose components and other 
organic matter, present in the spray dried powder (SDP). The final residue at 700°C, obtained 
under oxygen atmosphere, was 10.4%

Figure 4

Mechanical Tests. The results of the tensile test on the films reinforced with carded line/cotton 
fibers, formie and hemp non woven mats are given in Figure 5 to Figure 12. Figure 5 shows the 
maximum tensile strength for SDP formulated without reinforcement, reinforced with carded 
line25/cotton75 and reinforced with carded cotton. An increased in the maximum tensile strength 
is observed for the films reinforced with fibers. For carded line/cotton fibers a 26 % of increase in 
the maximum tensile strength was observed for fiber content higher than 3.1 wt%. Films 
reinforced with a mixture of line and cotton showed better tensile strength than the films 
reinforced with carded cotton, due to the presence of line fibers (25 wt%), that have better 
mechanical performance.
For composites films reinforced with formie (17.8 wt%) and hemp (22 wt%) an increase in the 
maximum tensile strength of 360% and 224% respectively, was observed (Table 4). For the 
composite films reinforced with vegetable fibers, the maximum tensile strength of the reinforced 
films increased as the fiber content increased, in the studied range (Figure 6 and 7).
For composites films reinforced with silk fibers (13.5% w/w) a tensile strength value similar to 
that obtained for the formie fibers (17.8 % w/w) was observed (Table 4).
The elongation at maximum stress decreased drastically, from 97% to about 8%, on average for 
the reinforced films with about 20 wt% of vegetables fibers (Table 4 and Figure 8 to 11) and 
decreased as the fiber content increased.
For composite films reinforced with silk from cocoon worm the percentage of elongation was 
higher than for the composites film fabricated with the vegetables fibers (hemp, fomie and 
line/cotton fibers, Figure 11), in agreement with a higher value of elongation of the silk fiber 
(25 %) with respect to hemp (3-5%) and cotton fibers (5%) (Hatch, K., 1993).
In Figure 12 the tensile modulus of the composite films is plotted. The tensile modulus increased 
from 62 MPa for the non reinforced films to 343, 556 and 375 MPa for films reinforced with 
carded line25/cotton75 (18.8 wt%), formie (17.8 wt%) and hemp (22 wt%) respectively. Results 
reported for reinforced soy films mechanical properties (Paetau et al., 1994) and caseinate 
reinforced with lignocellulosic fibers (Fossen et al, 2000), showed similar trend as the observed 
in the present study.
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The tensile modulus for the composite films reinforced with silk fibers was about three -fold 
lower than the tensile modulus observed for the composite films reinforced with formie fibers 
(17.8 % w/w) and about two fold lower than the films reinforced with line25/cotton75 (18.8 % 
w/w) and films reinforced with hemp fibers (22% w/w) (Figure 12).
The increased in tensile strength and tensile modulus of the composites films indicates a good 
interaction between the fibers and the SDP formulated matrix. Proteins adhere to different 
substrates due to their amfiphilic nature. But in contrast to composites from synthetic polymers, 
such as polyethylene (Llao et al, 1997) and polypropylene (Karnani et al, 1997), no surface 
modification of the fiber is necessary in order to improve tensile properties.
In Figures 13, 14 and 15, SEM micrographs of the composites films are shown, for carded 
line25/cotton75 (12.8 wt%), formie (36.3 wt%) and hemp fibers (45.5 wt%) respectively. For the 
composites films studied the SEM micrographs showed evidence of good fiber matrix interaction.

CONCLUSION

Films from the spray dried powder were produced by casting, formulated with glycerol as 
plasticizer, and with formaldehyde as cross-linker agent. The SDP formulated showed good film 
forming properties. Vegetable fibers were used to produce composite films, resulting in a four
fold increased in maximum tensile strength and six -fold average increase in tensile modulus, for 
carded line25/cotton75, formie and hemp non woven mat fibers. For composites films reinforced 
with silk fiber from cocoon worm good tensile strength and modulus were obtained and better 
percentage of maximum elongation was observed, respect of that from composites films 
reinforced with vegetables fibers.
The films obtained with the protein extracted from the cottonseed oil cake, and formulated from 
spray dried powder, showed mechanical properties similar to the films obtained from the protein 
extracted from cottonseed and formulated from the lyophilized powder (Paulo Sobral, 
unpublished results). Cottonseed oil cakes can then be used as raw material to produce 
biodegradable films.

Table 4: Composite films tensile mechanical properties
Film Mass/Area 

(mg/cm2) 
(1)

Water 
content 
(g/100 g 
DM) (2)

Thickness 
(μm)

Tensile 
strength 
(MPa)

Elongation 
(%)

Modulus 
(MPa)

Film 
No reinforced

23 17 ±0.7 200 3.7 (0.2) 97(18) 62 (20)

Film 
line25/cotton75 

(3.1 % w/w)

32 16.4 ±0.3 250 3.7 (0.8) 19.6(1) 65.4

Film 
line25/cotton75 
(12.8 % w/w)

34 16.0 ±0.2 350 14 (2.5) 9.8 (2.5) 310(12)

Film 
line25/cotton75 
(18.8 % w/w)

26 10.6 ±0.1 320 13(3) 9(3) 343 (85)

Film Cotton 
100 

(8.3 % w-w)

32 16.3 ±0.3 310 7.8(1) 13.9(1.5) 159(37)

Film formie 28 9.8 ±0.1 310 17(4) 7(3) 556 (87)

210



(17.8 w/w)
Film formie 
(36.3 w/w)

27 13.5 ±0.2 270 28 (4) 3.7 (0.5) 733 (211)

Film hemp 
(7.4% w/w)

30 15.1 ±0.8 160 8.8 (3) 9.6(1) 146 (33)

Film hemp 
(22 % w/w)

14 10.3 ±0.1 190 12(2) 9(3) 375 (83)

Film hemp 
(45.4% w/w)

22 12.9 ±0.2 250 23(6) 5.1 (1.4) 611 (285)

Film silk 
(13.5 % w/w)

26 8.0 ±0.5 330
17(1) 30(8) 178 (20)

Figure 5: Maximum tensile strength of films reinforced with carded line25/cotton75 fibers.
FNR: non-reinforced film; FRLC3.1: film reinforced with carded Iine25/carded75 3.1% w/w; FRLC12.8: film 
reinforced with carded Iine25/cotton75 12.8% w/w; FRLC18.8: film reinforced with carded Iine25/cotton75 18.8% 
w/w; FRC8.3: film reinforced with carded cotton 8.3% w/w.
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Figure 6: Maximum tensile strength of films reinforced with formie non woven fiber mat.
FNR: non-reinforced film; FRF17.8: film reinforced with formie non woven fiber mat 17.8% w/w; FRF36.3: film 
reinforced with formie non woven fiber mat 36.3% w/w

Figure 7: Maximum tensile strength of films reinforced with hemp non woven fiber mat.
FNR: non-reinforced film; FRH7.4: film reinforced with hemp non woven fiber mat 7.4% w/w; ; FRH22: film 
reinforced with hemp non woven fiber mat 22% w/w; FRH45.4: film reinforced with hemp non woven fiber mat 
45.4% w/w
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Figure 8: % Elongation of films reinforced with carded Iine25/cotton75 fibers.
FNR: non-reinforced film; FRLC3.1: film reinforced with carded Iine25/carded75 3.1% w/w; FRLC12.8: film 
reinforced with carded Iine25/cotton75 12.8% w/w; FRLC18.8: film reinforced with carded Iine25/cotton75 18.8% 
w/w; FRC: film reinforced with carded cotton 100%.

Figure 9: % Elongation of films reinforced with formie non woven fiber mat.
FNR: non-reinforced film; FRF17.8: film reinforced with formie non woven fiber mat 17.8% w/w; FRF36.3: film 
reinforced with formie non woven fiber mat 36.3% w/w.
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Figure 10: % Elongation of films reinforced with hemp non woven fiber mat.
FNR: non-reinforced film; FRH7.4: film reinforced with hemp non woven fiber mat 7.4% w/w; ; FRH22: film 
reinforced with hemp non woven fiber mat 22% w/w; FRH45.4: film reinforced with hemp non woven fiber mat 
45.4% w/w.

Figure 11 : % Elongation of films reinforced with natural fibers.
FNR: non-reinforced film; FRH22: film reinforced with hemp non woven fiber mat 22% w/w, FRF17.8: film 
reinforced with formie non woven fiber mat 17.8% w/w FRLC12,8: film reinforced with carded Iine25/cotton75 
12.8% w/w, FRS13.5: films reinforced with silk fiber from cocoon worms (13.5% w/w).
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Figure 12: Modulus of films reinforced with natural fibers.
FNR: non-reinforced film; FRLC18.8: film reinforced with carded Iine25/cotton75 18.8% w/w, FRF17.8: film 
reinforced with formie non woven fiber mat 17.8% w/w, FRH22: film reinforced with hemp non woven fiber mat 
22% w/w, FRS13.5: films reinforced with silk fiber from cocoon worms (13.5% w/w).

Figure 13. Scanning electron micrograph of Film non reinforced

Figure 14: Scanning electron micrograph of Film reinforced with carded Iine25/cotton75 12.8% w/w
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Figure 15: Scanning electron micrograph of Film reinforced with formie non woven fiber mat 36.3% w/w

Figure 16: Scanning electron micrograph of Film reinforced with hemp non woven fiber mat 45.4% w/w.
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protein extracted from cottonseed pellets.

Partner CITIP/INTI (Argentina) (CR4)

1. Processing Raw Material: Protein extraction from cottonseed pellets at pilot plant scale 
Cottonseed (Gossypium) oil cake (pellets) was obtained from an oil producer company (Vicentin, 
Santa Fe, Argentine). The pellets shape was cylindrical (diameter 1.5 cm, length between 1 and 7 
cm). The oil extraction employed by Vicentin involves a pressing process at 90°C, followed by a 
hexane extraction at 60°C. Then the solvent was eliminated at 90°C, and the granulation leaved the 
pellets (Figure 1).

Figure 1: Cottonseed pellets as received and milled

Table 1: Pellets characterization

(1) Protein content of the material was calculated using nitrogen conversion factor of 5.3 given by De Rham (1982)
(2) DM= dried matter determined at 110°C, 2 hours
(3) Marquié C., Bourély J. Dosage du gossypol par chromatographie en phase liquide à haute performance, dans les dérivés des 

graines de cotonniers. Cot. Fib. Trop.,1991,46 (1), 33-48
(4) Adapted from procedure of C. Marquié, A.-M. Tessier, C. Aymard, S. Guilbert, J. Agric. Food Chem. 1997, 45, 922-926 

Protein was extracted in alkali from industrial cottonseed oil cake according to a protocol developed 
in CIRAD laboratory (Marquie, 1996) and adapted to the pilot plant in CEIAL-INTI.
Sixty kilograms (60 kg) of cottonseed pellets (protein content 33.4 g/100g, water content 11 %) were 
milled with a hammer mill , with a 2 mm metallic mesh. Then a 0,5 mesh was used to separated

Protein content10 (g/100 g DM(2)) 40.8
Fats content (g/100 g DM(2)) 6.6
Total gossypol content10 (g/100 g DM(2)) 0.3
Ash content (g/100 g DM(2)) 9.2
Reactive Lysine(4) content (g/100 g DM(2)) 0.85
Water content (g/100) 11.0
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longer fibres. The nitrogen solubility test was done in the milled pellets to be used in the extraction 
process. The NSI at pH 8 was 20.9% and at pH 9 was 23.2 %.
The cottonseed pellets of particle size greater than 0.5 mm has a protein content of 28.5% g/100 g.
The protein was extracted by adding 17.5 kg of cottonseed milled pellets to a 210 kg of water in a 
500 liters stainless steel reactor with automatic temperature control. NaOH (20%, 2 kg) was added, 
to adjust pH at 9. The mixture was stirred mechanically and heated at 60°C for 1 hour. Liquids and 
solids were then separated by centrifugation (SHARPLES P-600 with continuous discharge of humid 
solids). A second extraction (50°C, 30 min) was performed on the obtained humid solid (78 kg). 
Both liquids phases (filtrate from the two extractions) (250 liters) were clarified using a plate 
centrifuge (WESTFALIA model SA -1) with discontinuous discharge of solids, and acidified to pH 
4.5 with concentrated clorhydric acid, and decanted overnight. Then the upper liquid phase was 
separated, and the precipitate was washed with water at 50 °C keeping pH at 4.5. The liquid phase 
was removed after decantation. The humid solid (58 kg) was washed with a 20% NaOH solution, up 
to pH: 6.8, and then dried with spray dryer equipment (SEI model Al), equipped with an atomizer 
rotor (16800 rpm), fed with a peristaltic pump. The air temperature at start was 200 ± 2 °C and at the 
end was 90 ± 2 °C. The weight of the solid obtained after spray dried was 1.75 kg. The composition 
of the final spray dried COTPROT powder (DPCOT) is summarized in Table 2.

Table 2: DPCOT Characterization

(1) Protein content of the material was calculated using nitrogen conversion factor of 5.3 given by De Rham (1982)
(2) DM= dried matter determined at 110°C, 2 hours.
(3) Marquié C., Bourély J. Dosage du gossypol par chromatographie en phase liquide à haute performance, dans les dérivés des 

graines de cotonniers. Cot. Fib. Trop.,1991,46 (1), 33-48
(4) Adapted from procedure of C. Marquié, A.-M. Tessier, C. Aymard, S. Guilbert, J. Agric. Food Chem. 1997,45,922-926 

The reactive lysine content measured in the raw material and after the extraction process is related in 
Figure 2 and 3. We observed a variation in reactive lysine content in the different raw materials 
(pellets) (Figure 2) received from Vicentin, that could be attributed to the cottonseed crop and the oil 
extraction process conditions. In Figure 3, the influence of the extraction process conditions on the 
reactive lysine content is showed.

Protein contend(1) (g/100 g DM(2)) 56.2
Fats content (g/100 g DM(2)) 2.5
Total gossypol content(3) (g/100 g DM(2)) 0.6
Ash content (g/100 g DM(2)) 5.7
Reactive Lysine(4) content (g/100 g DM(2)) 1.35

Figure 2: Cottonseed pellets reactive lysine content 
(express per 100 g of total protein content)
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Reactive Lysine

FD904: Laboratory extraction process with TEA, freeze dried
Figure 3: DPCOT reactive lysine content (express per 100 g of total protein content)

Figure 4 shows a diagram of the protein extraction process.
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Figure 4: Protein extraction process diagram
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2. Filmogenic solution preparation

A mass of spray-dried COTPROT powder (DPCOT) was dispersed in water. Triethylamine (TEA) 
was added until pH=10 was reached. The resulting solution was mixed for 1 hour at 40 °C, in a water 
bath with a magnetic stirrer. The dry matter (DM) content of the solution was measured (2hs at 
110°C). Diethylenglycol (DEG) used as plasticizer, was added (20 % w/w to dry matter of film
forming solution). Crosslinking agent glutaraldehyde was added to the amber colored solution 
(3 moles per mole RL) and mixed for 15 min at 30°C (Figure 5).

Figure 5: Film forming solution diagram preparation

3. Spread Coating films processing

3.1 Introduction

The main objective of WP4 was to manufacture biodegradable materials from cotton seeds pellets 
using processing technologies similar to the ones used in synthetic polymers, i.e. extrusion, thermo 
moulding, calendaring, among others.
In a calendar process, a molten polymer is formed into a homogeneous flat sheet. During the process, 
usually one and sometimes both surfaces are given a textured finish. Just to make the sheet flat and 
bring it down to the proper thickness, calendars have four or more rolls, each over two feet in 
diameter and over four feet in length .
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At the beginning of the calendaring process, minor component materials, usually pigments and 
stabilizers are master batched ahead of time so they too can be automatically weighed and added. 
Next, the blend is fed to a fluxing machine, a kneader for example, which "melts" it and drops it onto 
a holding mill from which a continuous strip is cut off to feed the calendar’s first bank. The bank is 
continuously formed into a rough sheet by the first nip (roll clearance). At the second nip, another 
lesser bank is formed and the sheet is thinned and widened. The sheet is taken off the last calendar 
roll by a series of small stripper rolls and guided through a set of embossing rolls, and then over and 
under a series of cooling rolls, before finally being wound on a tube or cut into sheets for shipment. 
As simple as the sequence of operations may seem, each phase is complex and has evolved to its 
present state over many years. (See Fig. 6 for the entire process).
The ingredients are blended and obtained as a free flowing powder at room temperature, sometimes 
with regrind blended in. Fed to batch or continuous machines, the blends are formed into 
homogeneous melt streams under high pressure and temperatures around 150° C.

Figure 6: Typical calendar line
The output from a fluxing machine is seldom totally adequate as a direct feed to a calendar. Either a 
two-roll mill or an extruder is used to form strands, chunks, ribbons or other acceptable forms. A mill 
or an extruder, in series with the fluxing machine, does double duty in partially degassing the melt 
and serving as a reservoir to help prevent running calendar rolls together-an expensive error in both 
repair and downtime if stock momentarily runs out. At this stage of the process, melt is maintained 
and delivered to the calendar at around 140° to 160° C.
The results obtained during the development of the project, showed that the molten plastic needed to 
feed the calendar could not been obtained from the cottonseed pellets extracted protein (DPCOT: 
Spray dried cotton protein extracted from pellets) formulation. The material processed in the mixer 
chamber (Figure 7), with shear stress close to the ones obtained in the extruder, has no cohesion, so 
the use of a extruder (equipment at Plasticos-INTI) to feed a calendar was not the adequate process 
to be used with this material formulations.

223



Figure 7: DPCOT processed with a mixer chamber

The alternative was to use a high viscous DPCOT solution, adequate formulated, and process it as 
the vinyl plastisol system (PVC laminate reinforced with textile, used as truck cover), that employs a 
spread coating process.

3.2. Description of the proposed process

A prototype of a spread coating equipment was built, in order to evaluate the film forming 
conditions. Figure 8 shows the lab equipment built and Figure 9 films obtained using this 
equipment.

Figure 8: Prototype laboratory spread coating 
equipment

Figure 9 : Film formulated with DPCOT 
glutaraldehyde

The results obtained with this prototype spread coating equipment allow us to determine that:
a) The spread coating process was suitable for our formulation (Figure 9)
b) The formulation spread facility need a viscosity adjustment
c) The drying conditions (time and temperature) were adjusted. The drying process needs to be 

very slow, at low temperature, in order to obtain a film without cracks in the surface.
d) The results obtained allowed the design and dimension of the pilot plant equipment (length, 

type, design and velocity of endless rubber blanket, air velocity, etc) needed to dry the film.
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3.3. Films Mechanical properties: Comparison of CASTING VS SPREAD COATING film 
fabrication

The filmogenic solution employed in the film fabrication by casting and spread coating technique, 
the films characteristics and the mechanical properties are showed in Table 4.

Mechanical properties were measured using a INSTRON machine, test probes were conditioned 
at 23°C and 50% of relative humidity for 48 hours. Testing specimen were 10-15 for each 
measurement.

Table 4: Characteristics and Mechanical properties of films fabricated by casting and 
by spread coating process

Filmogenic
Solution (FS)

Mass Area 
(mg/cm2)

Water content 
(%)

Thickness 
(mm)

Maximum 
Tensile 
Strength 
(MPa)

Maximum 
elongation 
(%)

DM: 10%, 
Gly:20% 
Glu/RL:3.6 
Casting #

31.1 9.8 (SD=0.2) 0.27 
(SD=0.04)

4.5 (SD:0.8) 51 (SD:22)

DM: 10%, 
Gly:20% 
Glu/RL:3.6 
Spread 
Coating ##

10.3 (SD=0.1) 0.17
(SD=0.01)

4.5 (SD:0.4) 84 (SD:19)

#: Drying conditions: The solvent was first evaporated at room temperature for 24 h and then 24 h at 
60°C.

##: Processing conditions: Dried with the lab spread coat equipment at 40°C 1 h, 60°C 30 min.

3.4. Spread coating equipment for pilot plant

Design and construction: width: 400 mm, total length: 6 m. modular design: four modules total 
(Figure 10)
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Figure 10: Spread coating equipment modular view.

The filmogenic solution of adequate viscosity, formulated as describe in item 2, was spread in the 
equipment (Figure 11).

226



Figure 11: Spreading the film forming solution

The equipment drying parameters (air flow rate, temperature and time) were adjusted until optimum 
film quality was obtained. The film forming solution passes through an oven, where warm air (T= 
50-60°C) passes counter flow, at a very slow rate. At the end of the oven, an extra air ventilator 
applies warm air, in order to evaporate the residual solvent, so the film tack can be diminished 
(Figure 12).

Figure 12: Film coming out from the oven, where an extra air ventilator promotes solvent 
elimination to avoid film tack

The Figure 13 shows the film, as it passes through the rolling system.

227



Figure 13: Film at the rolling system

A film of 40 cm width and 1.5 meter long was obtained by spread coating process. It presents a very 
good surface quality, no tack, so it can be rolled and stored.

4. Composite films fabrication
Fiber chemical treatment was done in order to achieve good cohesion between fibers for optimum 
non woven fabrication. The fibers were washed with non ionic detergent, then a bleaching treatment 
(2% H2O2 solution at alkaline pH), drying at 60°C, 24 hours. These whitened fibres were used to 
fabricate non woven with size adequate to used them to reinforce the films fabricated with the spread 
coating equipment. A better combination of fiber and polymer could be achieved if the fiber is 
impregnated, using a film forming solution of lower viscosity than the one used to fabricate the 
films. Using the pre-impregnated non woven, composite films were fabricated. The operation 
conditions in the spread coating equipment were, 60°C, 2.5 hs. The composites films mechanical 
properties were measured. With composites reinforced with hemp non woven mat pre-impregnated, 
the mechanical properties showed much lower values than the properties obtained with fiber non 
woven reinforcement fabricated using the paper maker TAPI equipment. Low matrix penetration and 
high inhomogeneous fiber distribution was observed by SEM in composite films fabricated by 
spread coating process..

5. Conclusions
The design and construction of a spread coating equipment, similar to the one employed to fabricated 
PVC laminate used, for example, as truck cover, was done.
The process parameters were adjusted, and the spray dried COTPROT powder, obtained after protein 
extraction from cottonseed pellets, and formulated to an adequate solution viscosity and composition, 
yielded biodegradable films of good quality. However, work still needs to be done in order to 
develop a better formulation and process for fiber impregnation, and composite film fabrication at 
pilot plant scale, by spread coating process.
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COTONBIOMAT - Processing cotton seed into biodegradable materials for agriculture 
as an alternative to synthetic polymers in Latin America____________________
Contract Number : ICA 4.CT-2001-10061

Individual partner deliverable report - WP5 - Thermomoulded and extruded materials 
D05.01: Optimized industrial pilot scale processing technology

of cotton seed cakes
Partner EMA/ARMINES. (France) (CR5)

1. Introduction

The main objective of WP5 is to manufacture biodegradable materials from cotton seeds using 
dry technologies, i.e. extrusion or thermomoulding. Laboratory scale study has enabled to define the 
relation between structural parameters, processibility and functional properties of materials. Basing 
on these results, a formulation has been chosen to perform pilot scale experiments. Pilot scale 
equipments have been chosen regarding the expected final applications, cast extrusion for films and 
injection moulding for bulky items. Processing parameters have been also selected on the basis of 
the results of laboratory scale study using internal mixer.

2. General description of the proposed industrial process
The industrial process proposed to convert cottonseed derivatives (cakes or flours) into 

biodegradable materials using dry technologies is described in figure 1.

Figure 1: Scheme of an industrial process converting cottonseed cakes or flours 
into biodegradable materials

This process includes 3 different steps independent one from another.
Step 1 consists in converting raw matters into fine powders. This step could be 
performed by the company that triturates seeds to produce oil.
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Step 2 corresponds to the plasticization of ground matter (cakes or flours). This step, 
similar to compounding of filled polymers, can be achieved using twin-screw extrusion. 
This step could be achieved, once again, by oil producers with an investment in 
extrusion machine or by companies specialized in polymer compounding. This step 
produces granules of plasticized matter that can be used later on to obtain films or bulky 
items.
Step 3 corresponds to the manufacture of the final product. Films could be made by cast 
extrusion preferably to blowing extrusion. Bulky items could be obtained by injection 
moulding. These final step should be entrusted to companies specialized in these 
processes.

3. Detailed description of the various steps of the process

3.1. Step 1 : Preparation of raw matters
The chemical characterization of cottonseed cakes and flours has highlighted the complex 

composition of these raw matters: proteins, cellulose, sugars, lipids... The physical characterization 
of cakes has shown that, at a macroscopic scale, they are also constituted of several components: 
kernels, shells, linter (Figure 3-a). In the literature, most of the works concerning the elaboration of 
proteinic materials deal with protein isolates or concentrates. It means that, in these systems, 
proteins represent the main component. In the present case, for cost considerations, it is not 
reasonable to achieve protein enrichment using chemical methods. Physical treatments were 
preferred. The first step of the process consists in grinding and sieving cottonseed cakes in order to 
promote protein enrichment.

Grinding is performed using Pallmann PPL18 crusher based on abrasion and percussion (Figure 
2). The intensity of grinding can be monitored by varying the distance between the static and the 
dynamic parts of the crusher and by varying the rotation speed. The obtained powder contains 
particles sizing from micrometer to millimeter depending on the nature of the components. In order 
to select particles according to their ability to be ground, a sieving operation must be combined with 
grinding. Electrical sieving has been performed using a 400μm mesh. This operation is the limiting 
point of this processing step due to possible filling in of the sieve. The sieving rate is relatively 
slow. A sieving yield of 45% has been obtained.

Figure 2: Pallmann PPL18 Crusher

The chemical characterization of the powder obtained after grinding and sieving reveals that the 
protein content increases from 33% to 42% w/w whereas the cellulose content decreases from 20% 
to 13% w/w. The evolution has been attributed to the elimination of a part of shells and linter. It can 
be concluded that grinding and sieving are convenient methods for protein enrichment. Moreover, it 
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is assumed that preparation of a fine powder is also a required condition to carry out efficient 
plasticization since plasticizer diffusion is enhanced by a high penetration surface (Figure 3-b).

It should be noticed that step 1 has been carried out on delipidated matter (cakes or flours). The 
presence of lipids in large amount has been proofed to be detrimental to the final properties of the 
materials. Moreover, lipids are likely to be extracted during extrusion operations and therefore to 
disturb the whole process. Considering cakes, lipids are extracted using both mechanical and 
chemical treatments. In the case of flours, lipids are extracted by chemical treatment. This latter 
method is less severe than the former and limits the degradation of proteins.

Figure 3: Cottonseed cakes (a) as received, (b) after grinding and sieving at 400μm

3.2. Step 2 : Plasticization
Dry technology processes use the thermoplastic behaviour of proteins. Thus, under the 

combined action of temperature and pressure, a viscous flow can be obtained enabling the shaping 
of the desired item. The viscous behaviour of macromolecules is observed above the so-called glass 
transition Tg. Tg of proteins are generally observed at high temperature close to their degradation 
temperature. Therefore processing is impossible. To enlarge the processing window, a depression of 
protein glass transition is generally achieved using small molecules (plasticizers) able to interact 
with proteins to increase their molecular mobility.

Among the various polyols tested at laboratory scale, glycerol has been chosen as plasticizer for 
pilot experiments. On a fundamental point of view, the efficiency of glycerol as plasticizer has been 
directly connected to the number hydroxyl groups supplied by this molecule. A 20% glycerol 
content has been selected considering a compromise between processibility and functional 
properties.

At pilot scale, plasticization has been carried out using a Clextral BC-21 twin-screw extruder. 
This machine is commonly used in plastic industry to prepare compound, i.e. mixing of polymer 
and mineral fillers. Ground and sieved cakes are introduced in the extruder head thanks to weight 
feeders. Glycerol is incorporated in cakes in the mid-part of the extruder using a peristaltic pump. 
Screw profile and heating profile have been varied. Screw rotation speed has been kept constant at 
250 rpm.

Screw profiles
Screw length is 900 mm and screw diameter 25 mm. Screws are composed of separate elements 

with different function: transport, mixing, compression. 2 screw profile were tested to plasticize 
cakes with glycerol:

a standard profile used to compound synthetic polymers (Figure 4). This profile 
includes 2 zones of mixing where the matter is submitted to high shear. Before exiting 
through the die, polymer melt is compressed by decreasing the screw pitch.
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L 
(mm)

100 50 125 50 50 25 100 125 25 25 25 100 50 50

screw 
pitch

P3 P2 Pl Mix Pl P2 
inv

P3 P2 Mix P2 P2 
inv

P3 P2 Pl

P1 : compression elements (pitch 16.7 mm) 
P2 : compression elements (pitch 25 mm) 
P3 : transport elements (pitch 33.3 mm) 
P2 inv : elements with inverse pitch (25 mm) 
Mix : mixing elements

Figure 4: standard screw profile

Results obtained with this profile are not satisfying. Whatever the heating profile, the 
plasticized cakes exiting from the extruder are degraded. The extrudate is dark brown 
and poorly cohesive. The results have been assigned to auto-heating induced by the high 
shear elements. Combination of shear and temperature induces chain scission and 
probably other degradation reactions in the proteins that drastically modify their 
behaviour.

a conveying profile used to process polysaccharides (Figure 5). This profile is solely 
composed of transport elements with various pitches. Mixing elements or inverse pitch 
elements have been avoided. Extrudates obtained in these conditions are cohesive and 
not degraded, therefore this screw profile has been chosen to produce plasticize cakes.

L 
(mm)

250 175 50 175 250

screw 
pitch

P3 P2 P3 P2 Pl

Figure 5: screw profile dedicated to cakes plasticization

Heating profile
The extruder barrel includes 13 zones that can be heated and monitored separately. Based 

on the laboratory scale study, it has been shown that glycerol must be mixed with cakes at room 
temperature otherwise a demixtion is observed and cakes are not plasticized. Since glycerol is 
introduced in the mid-zone of the extruder, the head of the extruder has been maintained at room 
temperature. From the mid-zone to the die, the temperature is progressively increased to ensure 
plasticizer diffusion and mixing. Various profiles have been tested:

from 30°C to 60°C
- from 30°C to  80°C
- from 30°C to 100°C
- from 30°C to  120°C

When the die temperature is low (60°C), extrudates are poorly cohesive. Extrusion consists only
in the aggregation of plasticized cakes particles. On the contrary, when the die temperature is high 
(120°C), extrudates are colored and exit non regularly from the die. Best results are obtained for 
intermediate temperature (see figure 6).
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Figure 6: plasticized flours extruded with various heating profiles

Finding a compromise between plasticization and degradation, the following heating profile 
has been chosen to produce plasticized cakes (Table 1).

Zone 1 2 3 4 5 6 7 8 9 10 11 12 13
T (°C) 30 30 30 30 30 30 30 30 40 60 80 100 100

Tableau 1: Heating profile for cakes plasticization

At the exit of the die, plasticized cakes can be cut into granules comparable to those 
obtained with synthetic polymers as it is shown on figure 7. These granules will be used in the 
following steps of process to feed cast extrusion or injection moulding machines.

Figure 7: plasticized cakes granules compared to synthetic polymer granules

3.3. Step 3 : Manufacturing of films by cast extrusion
At industrial scale, plastic films are obtained either by blowing extrusion or by cast extrusion. In 

blowing extrusion, polymer melt flows through an annular die. The thinning down is obtained by 
combining both stretching and blowing by air jet. Taking into account the poor cohesion of 
cottonseed protein in the molten state, blowing extrusion has been turned down. Cast extrusion 
seems more appropriate to our materials. In cast extrusion, polymer is extruded through a flat die 
(Figure 8) and then frozen and stretched by chill rolls before being wound.

3.3.1. Experimental conditions
In this study, films have been obtained from plasticized cakes granules by cast extrusion using a 

single-screw extruder Fairex compact. The characteristics of the extruder are the following :
screw length : 720 mm
screw diameter : 30 mm
screw profile : 3 zones transport-melting-compression
temperature profile (from feeder to die) : 40°C-70oC-90oC-95oC-100oC-100°C
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die type : flat die (thickness = 1.5 mm, width = 50 mm) 
screw rotation speed : 38 rpm

Figure 8: sheet of plasticized cakes exiting front the flat die

After exiting from the die, the sheet of plasticized cakes passes between chill rolls in order 
to obtain a film of controlled thickness (Figure 9). This operation has been achieved using a 
calender. The temperature of the rolls has been monitored at 15°C.

Figure 9 : Film processing between chill rolls

3.3.2. Results

It has been observed that cast films can be obtained using plasticized flours as raw matter 
(Figure 10). The film is somewhat sticky but the matter is cohesive enough to be stretched between 
rolls and finally wound.

Figure 10: cast films from plasticized flours

235



In the case of plasticized cakes, calendaring between rolls is no more possible due to the 
poor cohesion of the matter after the exit from the die. Films tend to tear when submitted to the 
pressure of the rolls. Attempts have been made to avoid such problem by mixing plasticized cakes 
with a small amount of polycaprolactone (PCL). Polycaprolactone is a synthetic biopolymer 
obtained from the ring opening polymerization of e-caprolactone. PCL has been chosen for its low 
melting point, i.e. 60°C, that is convenient with the heating profile used in our process. 10, 15 and 
20% w/w of PCL has been mixed with plasticized cakes. Even with low PCL content, cast extrusion 
is enabled (see Figure 11 ). Films are cohesive and not sticky as in the case of plasticized flours.

Figure 11: cast films from plasticized cakes

Similar attempts have been made with flours in order to increase the cohesion of films and 
reduce their stickiness. Once again, results are very satisfying (Figure 10). It should be noted that, in 
the particular case of flours, films remain pale yellow contrary to films from cakes that are always 
brown. Color properties could of primary importance for further applications.

3.3.3. Properties of cast films

In order to assess the pilot scale process, some functional properties of films have been 
tested, i.e. mechanical properties and hygroscopicity.

Considering mechanical properties, it can be noted that plasticized cakes - PCL blends and 
plasticized flours-PCL blends exhibit satisfying behaviours. It is observed that Young modulus 
(Figure 12-a) and tensile strength (Figure 12-b) increase as PCL content increases. Elongation at 
break (Figure 13-a) reaches about 15% but is not really affected by the presence of PCL. If 
performances are not comparable to polyethylene, they could acceptable for film applications 
depending on required specifications. The property that should be improved is elongation at break. 
This may be implemented by limiting protein degradation during oil extraction and by improving 
adhesion between protein and PCL. It can be noticed that films from solely plasticized flours exhibit 
poor mechanical strength that are not convenient for industrial applications.

Considering hygroscopicity (Figure 13-b), it is observed that the presence of PCL 
considerably limits the water sensitivity of materials. Water absorption is reduced by 50% with 20% 
of PCL. Monitoring hygroscopicity by adding PCL could be very interesting for outdoor 
applications where films can be submitted to rain or humidity.
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Figure 12: Young modulus (a) and tensile strength (b) of cast films

Figure 13: Elongation at break (a) and water absorption (b) of cast films

3.4. Step 3 : Manufacturing of items by injection moulding
Injection moulding is a plastic processing technique particularly adapted to mass and high rate 

production. In this technique, plastic granules are first heated above their glass transition or melting 
temperature thanks to a heating barrel. Then the viscous liquid is forced into a mould where it cools 
into the desired shape. Injection moulding can be used to produce either small items like bottle or 
large items like dustbins.

3.4.1. Experimental conditions
For pilot scale tests, a Sandretto Otto AT Press (95 t closing force) has been used. A disk-shape 

mould has been chosen to limit cycle time and matter consumption (see figure 14). Injection 
moulding has been carried out using plasticized cakes granules to feed the machine. 2 temperatures 
have tested for the heating barrel, i. e. 90 and 120°C. The mould temperature has been fixed to 40°C 
in order to freeze the matter. Holding pressure time was 15 s.
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Figure 14: Disk-shape mould used injection moulding

3.4.2. Results

We succeeded in obtaining disks of plasticized by injection moulding (see figure 15). No 
problem was observed during the process. The best behaviour was obtained when the barrel 
temperature was 120°C probably due to a better homogenization of matter before injection.

Pressures obtained during the pressure phase lie between 275 and 305 bars. Referring to 
results obtained in laboratory scale study, we may assume that injection moulding is more adapted 
to cottonseed derivatives processing than extrusion because it enables to combine simultaneously 
pressure and temperature. This is confirmed by the fact that plasticized cakes could be processed 
without adding PCL, as it was necessary in extrusion process.

Figure 15: plasticized cakes disks obtained by injection moulding

4. Conclusion
Pilot scale experiments have shown the feasibility to process cottonseed derivatives (cakes or 

flours) into biodegradable materials using dry technologies.
Using cakes as raw matter requires controlling the composition of matter by grinding and 

sieving. Lipids should be extracted and the presence of shells and linter must be limited. 
Considering protein degradation induced by oil extraction, the cohesion of plasticized cakes is 
relatively poor. This disables the manufacturing of films by cast extrusion. To obtain cohesive 
films, we suggest mixing plasticized cakes with a small amount of PCL, a synthetic biopolymer. 
Injection-moulding seems to be a technique more appropriate to plasticized cakes processing 
because it combines pressure and temperature.
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Using flours as raw matter allows avoiding some problems encountered with cakes like for 
example: presence of shells and linter or degradation of protein by thermal treatments. Cast film 
extrusion is possible with plasticized flours, however mechanical performance remain low. Once 
again, addition of a small amount of PCL enables improving both processibility and functional 
properties.
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