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General Introduction

Biopolymers from sustainable resources are being considered as alternatives to commodity syn-
thetic polymers. Keratin from wool wastes can be used to prepare biodegradable new products for
biomedical fields and filtration systems for water depuration and air cleaning.

The toolkit consists of laboratory activities relating to the extraction of keratin from wool waste, its
identification and its use, supported by many tutorial videos and an in-depth dossier.

Key words: Wool, Keratin, Circular Economy, Recovery

Extended background information

Wool is the primary product of sheep farming. However, in recent years it has been facing a period
of severe crisis mainly due to competition in the textile sector, the most profitable market for this
type of fiber, and the farms pivoted to being mainly exploited for meat and milk.

Although over time the use of sheep has changed and their fleece is no longer exploited for the creation of
high quality clothes, they still require shearing.

According to European legislation, wool must be considered as a special waste because, if polluted with dirt
and humus, it can carry diseases and infections and it is no longer possible to abandon it in the pastures or
let it slowly burn, with the consequent release in the atmosphere of toxic gases and carbon dioxide.

Insights on the topicin:

Appendix 1 - All’s wool that ends wool

Glossary

e Keratin: it is a fibrous structural protein found in vertebrates
e Polymer: a macromolecule composed of many repeating subunits
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Key Competence European Framework

Literacy competence

S1. Ability to understand and interpret concepts, feelings, facts or opinions in oral and written
form.

S2. Ability to express concepts, feelings, facts or opinion in written and oral form.

S3. Ability to interpret the world and relate to others.

S4. Ability to interact in an appropriate and creative way in any situation.

Multilingual competence

S1. Ability to understand and interpret concepts, feelings, facts or opinions in oral and written
form.

S2. Ability to express concepts, feelings, facts or opinion in oral and written form.

S3. Ability to interpret the world and relate to others.

S4. Ability to interact in an appropriate and creative way in any situation.

S5. Knowledge of vocabulary, grammar and language.

S7. Ability to use technical language accordingly to the field of work.

Mathematical competence and competence in science, technology and engineering

S1. Ability to use constructed thinking in order to solve a problem in every situation.

S4. Readiness to address new problems from new areas.

S5. Capacity for quantitative thinking.

S6. Ability to extract qualitative information from quantitative data

S8. Ability to design experimental and observational studies and analyse data resulting from
them.

Digital competence

S1. Critical use of information technology for work

S2. Basic skills in ICT

S4. Ability to use and handle technological tools and machines

Personal, social and learning to learn competence

S1. Ability to pursue and persist in different kinds of learning.

S2. ldentifying available opportunities.

S3. Ability to gain process and assimilate new knowledge, skills and qualification required for ca-
reer goals.

Citizen competence

S1. Ability to effective interaction with other people

S2. Ability to adapt to the changing situation, being flexible and work under pressure

S3. Ability to work effectively and collaborate with other team members

Cultural awareness and expression competence

S1. Ability to turn idea into action

S2. Creativity/innovation

S3. Ability to plan and manage tasks

S4. Independence, Motivation and Determination
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United Nations’ Sustainable Development Goals

The Sustainable Development Goals are the blueprint to achieve a better and more sustainable future for all.
They address the global challenges we face, including those related to poverty, inequality, climate change,
environmental degradation, peace and justice.
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Contents — Theoretical principles

Thanks to the use of new technologies, raw wool or recycled wool today can be used in the agricul-
tural sector as a nitrogenous fertiliser or in construction industry because of its properties; in fact,
it is a good insulating material, it is long-lasting, fireproof and highly transpiring.

it has been discovered that wool could be used to clean up soils contaminated by heavy metals
and to purify water from hydrocarbons.
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Wool contains about 85% of keratins, a family of fibrous proteins, insoluble in water and in solutions
slightly acidic or basic, resistant to proteases. Its chemical composition has a high content of an
amino acid sulphide, cysteine.

Keratin is extracted by breaking the bonds of disulphide through the action of reducing or oxidizing
agents; in our toolkit after the extraction we flocculate the protein that is in the solution and finally,
through the processes of decantation and drying, it becomes possible to see the keratin powder.

Nanofibers based on keratin could help in tissue engineering to produce scaffolds, which are sup-
ports for the cellular growth, in particular for the proliferation of fibroblasts, typical cells of the
connective tissues.

Lab Procedure/Activity

The toolkit consists of five modules associated with laboratory experiences regarding the extrac-
tion, flocculation and identification of keratin and its ability to absorb heavy metals.

Each experience is associated with a video that describes it, and a student’s card that can be
printed and given to students.

A dossier contains information regarding the history, characteristics and use of wool.

List of Modules associated to this activity (corresponding to Student’s card 1-5)

Module 1 — Keratin extraction from wool

Module 2 — Wool keratin flocculation and precipitation
Module 3 — Keratin identification

Module 4 — Wool absorption of heavy metals

Module 5 — Keratin container for plants

List of Tutorial Videos associated to this activity

Video 1 — Keratin extraction from wool

Video 2 - Wool keratin flocculation and precipitation
Video 3 — Keratin identification

Video 4 - Wool absorption of heavy metals

Video 5 - Keratin container for plants
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Dossier

Appendix 1 - All’s wool that ends wool

Test

Appendix 2 - Crossword

Appendix 3 — Crossword solution
Appendix 4 — Student’s test
Appendix 5 — Student’s test solution

Learning Pathway

The proposed didactic path can be used as an extracurricular in-depth study or can be inserted in
the syllabus of a biology or chemistry course in which biomolecules, in particular proteins, are stud-
ied.

The execution of all the various activities is divided into 10 steps, but it is possible to reduce them
by combining the second part of an experience with that of preparing a subsequent one.

We have not listed the in-depth activities relating to wool, its recycling and the use of keratin that
we think can be assigned individually to the various groups, which should then present them to their
classmates at a later date.

The crossword (Appendix 2) can be used at the end of the entire educational path.

Step 1- Time & Activity:

— 30 minutes: teacher introduction

— 15 minutes: Module 1 (Keratin extraction from wool - first part) - Students are divided into groups
(the preferable number of students for each group is 3-4). Each group proceeds with the extraction.

Step 2 — Time & Activity:

— 30 minutes: Each group observes the results obtained, completes the table in Module 1, answers to
the questions. Subsequently, the teacher coordinates the discussion between the various groups.
— 15 minutes: The teacher assigns to each group an in-depth topic, in the form of a presentation, and

defines the times and the calendar according to which each group will report to the rest of the class
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about it. For further information, Appendix 1 may be used, possibly integrated by students, or leave

freedom of documentation to the students.

Step 3 —Time & Activity:

30 minutes: The students, divided into groups, carry out the first part of Module 2 (Keratin floccula-
tion), using the extraction solution of Module 1. They complete the table and answer to the ques-
tions. For the drying it is necessary to wait a few days, therefore the observation of the dried sam-
ples will be carried out later (it will take about 5 minutes).

10 minutes: the teacher coordinates the discussion between the various groups.

Step 4 — Time & Activity:

30 minutes: The students, divided into groups, carry out Module 3 (Keratin identification). They
also complete the table and answer to the questions. Knowledge of amino acids, peptide bonds,
proteins and their structure are an indispensable prerequisite for being able to adequately answer
to questions.

10 minutes: the teacher coordinates the discussion between the various groups.

Step 5 —Time & Activity:

15 minutes: The students, divided into groups, carry out the first part of Module 4 (Wool absorp-

tion of heavy metals).

Step 6 — Time& Activity:

20 minutes: The following day, the groups complete the experience, they write the results in the
table and answer the questions.

10 minutes: the teacher coordinates the discussion between the various groups.

Step 7 —Time & Activity:

The experience described in module 5 (Keratin container for plants) requires very long waiting
times; the preparatory phase (Keratin extraction) can be carried out previously: for example, by cal-

culating a greater quantity of reagents in step 1.

10 minutes: preparation of the small plant pot.
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Step 8 — Time & Activity:

— 10 minutes: The next day the groups wash the small plant pot.
Step 9 — Time& Activity:

— 20 minutes: After 1 or 2 weeks, the groups complete the experience, they write the results in the
table and answer to the questions.

— 10 minutes: the teacher coordinates the discussion between the various groups.

Evaluation

Test

Appendix 2 — Crossword that can be used as a formative assessment

Appendix 3 — Crossword solution
Appendix 4 — Student’s test to be used as a summative assessment
Appendix 5 — Student’s test solution

We think that an in-depth presentations assigned to various groups in the class can also be a valid
evaluation tool.

Description of Student’s Cards

List of Students’ Cards associated to this toolkit.

Student’s Card 1 — Keratin extraction from wool
Student’s Card 2 - Wool keratin flocculation and precipitation
Student’s Card 3 — Keratin identification

Student’s Card 4 - Wool absorption of heavy metals

Student’s Card 5 — Keratin container for plants
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Dossier

Appendix 1 - All’s wool that ends wool

Sources

Further details can be found by consulting the bibliography in the appendix to the file “Appendix 1
- All's wool that ends wool”.
Here are reported only some references regarding the wool utilizations
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Edagricole-New Business Media.

Maria Rosa Pavia, La lana scartata: da rifiuto speciale a fertilizzante. Contiene cheratina, che trattata con
acqua a 180 gradi rilascia azoto. Un processo a zero scarti. Con un laboratorio mobile, Ambiente, 2014,
from http://www.corriere.it/ambiente/14_gennaio_13/lana-scartata-rifiuto-speciale-fertilizzante-
85ch428c-7¢65-11e3-bc95-3898e25f75f1.shtml.

M. Zoccola, Idrolisi Verde della Cheratina della Lana, 2016, da http://www.life-greenwoolf.eu/wp-con-
tent/uploads/2016/06/4-Zoccola.pdf

https://goo.gl/zbFO8e; https://goo.gl/3sfjff

Construction Industry

Valentina Caiazzo, Lana di pecora come isolante, 2011, from http://www.lavorincasa.it/lana-di-pecora-
come-isolante/.

Luigi Foschi, Tieni calda la tua casa con la lana di pecora, «Vivi Consapevole», 2013, from http://www.vivi-
consapevole.it/articoli/tieni-calda-la-tua-casa-con-la-lana-di-pecora.php.

Lana, Wikipedia, L’enciclopedia libera, 2017, from https://it.wikipedia.org/wiki/Lana#CITEREFMartu-
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Biomedicine

A. Aluigi, G. Sotgiu, C. Ferroni, S. Duchi, E. Lucarelli, C. Martini, T. Posati, A. Guerrini, M. Ballestri, F. Corti-
celli,, G. Varchi, Chlorine6 keratin nanoparticles for photodynamic anticancer therapy, «RSC Advances»,
RSC Royal Society of Chemistry, 2016, 6, 33910-33918.

Annalisa Aluigi, Giovanna Sotgiu, Armida Torreggiani, et al, Methylene blue doped films of wool keratin with
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G- Sussman, Advances in wound dressing technology, Wound International, 2013, Vol 4 issue 4, pp 12-14,
from http://www.woundsinternational.com/media/journals/_/718/files/content_11026.pdf.

Claudio Tonin, Ricerca e innovazione per nuovi (ri)utilizzi della lana: il progetto LIFE+GREENWOLF, CNR
ISMAC, 2015, from http://docplayer.it/24430252-Ricerca-e-innovazione-per-nuovi-ri-utilizzi-della-lana-il-
progetto-life-greenwoolf.html.
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http://www.keraplast.com/evidence-based-wound-care.
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Giada Franci e Edoardo Zucco, Le forme di inquinamento del mare e i danni all’'ambiente, from
http://www.google.it/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjAl_TkgfDTAhUkDJo-
KHSgADtIQFggiMAA&url=http%3A%2F%2Fwww.portofinoamp.it%2Fit%2Fimages%2Fsto-
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tive%2520vere%2520Gen%2520nuove%2520cap4.pdf&usg=AFQjCNGPILjmuGzDRft_wa7lqcC3018wxg.

Alessandro Ligas, Dalla Sardegna arriva la lana mangia petrolio. Cosi ripulisce mari e fiumi, «Sardinia Post»,
2016, from http://www.sardiniapost.it/innovazione/dalla-sardegna-arriva-la-lana-mangia-petrolio-cosi-ri-
pulisce-mari-e-fiumi/.

Depurazione, Wikipedia, L’enciclopedia libera, 2017, from https://it.wikipedia.org/wiki/Depurazione.

Wores: la lana per la bonifica delle aree inquinate, «Mondo Eco Blog», 2011, from http://www.mondoeco-
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