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Programacao da disciplina

Data Atividade Data Atividade
09/Setembro Contextualizacao 28/Outubro AcUcares e Furanos
16/Setembro Polimeros: conceitos basicos o4/Novembro Celulose
23/Setembro Polimeros: conceitos basicos 11/Novembro Amido

Rotas ndo-fosseis para etileno,
30/Setembro propileno, glicerol, etilenoglicol e 18/Novembro Exopolissacarideos
ac. tereftalico
07/Outubro Oleos vegetais 25/Novembro Quitina e quitosana
14/Outubro CASOS - Parte 1 02/Dezembro Polihidroxialcanoatos
21/Outubro Terpenos e terpendides og/Dezembro CASOS - Parte 2




Quitina

organismos terrestres

organismos marinhos

microrganismos

Microorganisms

Green algae
Yeast (3-type)
Fungi (cell walls)
Mycelia penicillium
Brown algae
Chytridiaceae
Ascomydes
Blastocladiacease
Spores




Quitina

1811: descoberta da quitina (cogumelos) — Henri Braconnot
primeiro polissacarideo descrito na literatura

1823: mesmo material foi encontrado na cuticula de insetos
1859: modificacao quimica da quitina - quitosana SREUA |\ B
LSS R

1930-1940: 40 patentes depositadas relacionadas ao assunto : it (B
%1780 - 1855+

C[:Hg C|H3
B(194) ([:=O (|J=0 L | A A \ LA Al \
8CH,0H CH,OH H NH
0]
O
H/q oH H\H
OH H H
H B 9) | Y Y \
H NH CH,OH . .
sl a-Chitin B-Chitin y-Chitin

N-acetilglucosamina (2-acetamido-2-desoxi-D-glicopiranose)



Quitina

Cutic'le. Helicoidal plywood of Bundle of chitin-
Crustaceans/Prawns composition chitin protein planes protein fibers

Epicuticle

Exocuticle

Endocuticle

nanofibers

/
Q Chit

Chitin chains

Chitin e e

Fonte: Mol A. et al., Entomol. Res. 2018, 48, 480.
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Quitina

« Ligacoes de hidrogénio intra e intermoleculares

HZCOC, OH ' H3COG
_ o NH { ~ ,NH
Insoluvel na grande maioria e T ‘:\ SHOZ S
A et O
dos solventes comuns 4 J  HOL- 770
OH gcoc i OH
quitina
Potenciais aplicagoes e OH B “
interesse tecnologico HO 7™~ o o0~ TI‘:L--f--Q S HAT 7 O‘i\
levaram anos ol "*'”f"‘"'o/ HO) — x&w i
OH OH

celulose




Quitina

« Ligacoes de hidrogénio intra e intermoleculares

PROPRIEDADES
TERMICAS

superiores ao inicio
da decomposicao

PROPRIEDADES
MECANICAS

SOLUBILIDADE

variacoes em
funcdo do

processo de
extracao

insoluvel em
agua e em muitos
outros solventes
comuns




Isolamento da quitina

 Processo quimico ou enzimatico

Pre-tratamento
Desmineralizacao
Desproteinizacao

Despigmentacao

Secagem




Isolamento da quitina

 Processo quimico ou enzimatico

Proteases (p. ex. alcalase): potencial aplicacdo na obtencdo de quitina usando residuos
de camarao

https://www.youtube.com/watch?v=L7tqBfxHo68

Protease extraida de
visceras de escorpiao-
peixe vermelho e de raia

Protease utilizada com
sucesso na etapa de
-~ desproteinizacao para obter
quitina a partir de residuos de
camarao
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Quitina

* Principal interesse tecnologico

quitina COCHs celulose
CHZOH CHQOH
NH CH OH OH CH, OH
COCH3
quitosana

CH20H
w W
NH CH,OH

2-amino-2-desoxi-D-glicose e 2-acetamido-2-desoxi-D-glicose



Desacetilacao da quitina: quitosana

« Hidrolise dos grupamentos acetamido

Meio fortemente alcalino (NaOH ou KOH em altas

HO HO HO
O Q a]
HO (a]
@/ M/o HO oH
NHCOCH,; NHCOCH,dn MHCOCH;

Chitin
NaOH ou KOH
N2 | T>100°C
1-3h
HO HO HO
0 (4] o]
HO
;;:§§:£;;$§L/’°{;;ji:£%§%§»/’° HO ”
NH, NH, n NHCOCH,
Chitosan

Chitosan

448869

448877

419419

C3646

417963

900345

900342

900344

900341

900343

44031

42716

Deacetylated chitin, Poly(D-glucosamine)
9012-76-4

low molecular weight

medium molecular weight

high molecular weight

from shrimp shells, 275% (deacetylated)

from shrimp shells, practical grade

high purity, non-animal derived, average M,, 5,000

high purity, non-animal derived, average M,, 100 kDa

high purity, non-animal derived, 99% degree of
deacetylation, average M,, 100 kDa

high purity, non-animal derived, average M,, 50 kDa

high purity, non-animal derived, average M,, 180 kDa

M,, 160 kDa

M,y 327 kDa
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Quitosana

e Monémeros

Quitosana:
desacetilacao
parcial da
quitina

Soluvel em solugdes de Principal caracteristica que a
acido diluido diferencia da quitina



Quitosana

e Monémeros

Em solugdo: POLIELETROLITO

Massa
molecular
média também
é importante...

Quitosana—NH, + H,0* ==  Quitosana—NH;* + H,0

Atividade contra bactérias, leveduras e fungos filamentosos

( / )



Quitosana

» Interagc6es com ions metalicos

Quitosana >>> quitina

Group
1
1A Alkalai metals Post-transition metals
1 11 Atomic number Alkaline earth metals Metalloids
2 Na —— Element symbol I anthanides B other nonmetats 13 14 15 16
2A Sodium —— Element name s 3A 4A SA 6A
3 A 22,990 Atomic weight - Actinides Halogens 5
, Li Be Transition metals Noble gases B
Lithium  Beryllium " Boron
6938 90122 Unknown properties 10806
11 12 13
Na M Al
3 s [N 4 5 6 7 8 9 10 11 12 Auminm
22990 24305 3B 48 5B 68 78 8B 18 28 26982
19 20 21 n 23 24 25 26 27 28 29 30 31
2 K Ca Sc Ti \/ Ct Mn Fe Co Ni Cu Zn Ga
jum Titanium Vanadium Chromium Manganese  Iron Cobalt Nickel Copper Zinc

Gallium
56 47867 50942  519% 54938 55845 58933 58693 63546 6538 69723 7263 749
39 40 41 4 43 44 45 46 47 48 49 50 51 52 53 54
Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
m Technetium Ruthenium Rhodium Palladium  Sitver ~ Cadmium  Indium Tin Antimony  Tellurium  lodine Xenon
10642 10787 11241 11482 11871 12176 12760 12690 13129

m
> 0
o
Ll
<

Zr Nb
Rubidium  Strontium  Yttrium  Zirconium  Niobium  Molybdenu
85.468 87.62 88.906 91.224 92,906 95.96 98.9062 10107 10291

55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

¢ Cs Ba Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
Cesium  Barium Hafnium  Tantalum Tungsten Rhenium  Osmium  Iridium  Platinum  Gold Mercury  Thallium  Lead Bismuth  Polonium Astatine  Radon
13291 13733 17849 180.95 183.84 18621 190.23 19222 195.08 19697 20059 20438 2072 208.98 (209) (210) (222)

87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
7 _Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Ch Uut FL Uup Lv Uus Uuo
Francium ~ Radium Rutherfordium Dubnium Seaborgium Bohrium  Hassium Meitnerit i i Ununtrium  Flerovium ium Li i i it
223 (226) (261) (262) (266) (264) (269) (268) (268) (268) (268) (268) (268) (268) (268) (268) (268)

Actinides  Lanthanides
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Quitosana

« Biopolimero cationico

Quitosana—NH, + H,0* <=  Quitosana—NH;") + H,0

EXEMPLO. Celulose modificada com reagente TEMPO

Vs

.
H7Na*
CH,OH OH (o0,
Q OH o / HO 3
Bk / N ~ 70~ \\2—\-~OH
OH = S _od OH 0
OH O ~ " ThRO? 3 S N
CHon n
OH
\_ J

Fonte: R. Grande; E. Trovatti; A.J.F. Carvalho; A. Gandini. Journal of Materials Chemistry A 2017, 5, 13098.




Quitosana

« Biopolimero cationico

Chitosan
Backbone

| To-CNF

|
4
|
i
4
’
1
’
L4
4
¢
!

http://www.rsc.org/suppdata/c7/ta/c7ta02467c/c7ta02467c1.mp4
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http://www.rsc.org/suppdata/c7/ta/c7ta02467c/c7ta02467c1.mp4

Derivados de quitosana

* Derivatizacao

Modificagcdo quimica da quitina = quitosana

Novas
possibilidades de
aplicacao

PRODUTOS
FARMACEUTICOS E
DISPOSITIVOS
BIOMEDICOS

Depolymerization
— Acid hydrolysis

Mo\ + Aceticacid
-

Glucosamine

— Deamination

2,5-Anhydromannitol+ N2+ Oligomers

— Heating (Microwave/Oven/
Radiation) and enzymatic
(Chitosanase/ other enzymes)

o "
AN 5 o+ "",_,\A + Chitooligomers
2 N
OﬁPM oM
cH
N-Acetylgl i Gl

Chitosan

Secondary hydroxy group

Primary hydroxy group

Primary amino group

{
N

‘ Substitution

— Quaternization/methylation

CH,0H
(¢} W
HO L—\O o N,N,N-trimethyichitosan
" cH,
CHy
Acylation/ alkylation
()

HC

i
CHyOCCH,

HOVW' P acyl chitosan
‘ NH; |
+— Thiolation/sulfation

080,

I

o
—
\
»o\/\\\,

W0,

2-N, 6-O sulfated chitosan

n

— Sugar modification

,%Y_\/“‘\J< / \ I

Galactosylated chitosan

Metal chelation

55

chelate chitosan

Chain elongation \

t— Crosslinking
(o] oM O

Ao Ao )
MO0 L0 g,
N N, N
o

.
N N N

M o BN or TR
HO HO HO

Cross-linked chitosan

— Graft copolymerization

CHO CHOH

| -0 0 A
o~ O“”\/\ o

- NH; "

o CH,
chitosan-PEG



Derivados de quitosana

* Derivatizagcao or \oﬁz
Hom\ He =

Modificacdo quimica da quitina = quitosana N iy
?HQ ZCOOH
COOH

N-carboxymethyl chitosan

OH
_ OHO —0
o HO ~
HO ~ HN
il |

N-carboxybenzyl chitosan

Novas
.y =gs CHOH
possibilidades de = L,
2

a p I I ca ga o SH International Journal of Biological Macromolecules 152 (2|020) 681-702
rCTTT Tt ottt | Contents lists available at ScienceDirect
! Em geral: - . o
: I International Journal of Biological Macromolecules
| PRODUTOS :
| EAl journal homepage: http://www.elsevier.com/locate/ijbiomac
FARMACEUTICOS E | : i ’
| .
| DISPOSITIVOS : Revicw ,,
1 Vs o o . . o .
| BIOMEDICOS : Advangement on modlﬁcatlon of chitosan biopolymer and its A
e e e e e e e —— ; potential applications

Nabel A. Negm ** Hassan H.H. Hefni?, Ali A.A. Abd-Elaal?, Emad A. Badr ?, Maram T.H. Abou Kana ®



Derivados de quitosana

* Derivatizacao

Modlificagdo quimica do grupamento amino

CH,OH
o} ‘ CH,OH
0 Z CH,,c:HeI:o— CH,CH, :|>OH
S 2~ 2,
W \_O o , .
HO w
CH.,O NH HO CH.O
’ COOH  ch.0H )\ o ’ /CH;OH
(o) e ; . o
\‘/OMLO\/O o CH, \_0 o o
HO >—V~ HO "o ;‘;A -
NH HO NH, NH NH,
)\ n )\ n
o CH;, NH NH (o) CHj
n

quitosana/PMMA quitosana/PANI quitosana/PEG




Derivados de quitosana

* Derivatizacao

Modlificagdo quimica do grupamento amino

~—  CH,OH

HO

-~ CICH,COOH

HO

CH,OCH,COOH —

O O/

NH -

CH,COOH
O- e N-

carboximetilacao




Derivados de quitosana

* Derivatizacao

Modlificagdo quimica do grupamento amino

\
‘\_ﬁ}“__/ O\
\\\ /, o~
-~ X

H,C~) ~CH,Cr
CH,

R: —CH; or H

eterificacao




Derivados de quitosana

* Derivatizacao

Modlificagdo quimica do grupamento amino

0
~  CH,OH — — CGH,0CCH, -
j O, cHecoc O o
HO MeSO,H HO
_ NH, 1 N NH, |

e N-esterificacao




Derivados de quitosana

* Derivatizacao

Modlificagdo quimica do grupamento amino

HO

CH,OH

NH,

e

P,0;

MeSO.H

NH,

fosforilacao




Compositos de quitosana

 Matriz de quitosana reforcada com fibras naturais (p. ex. celulose bacteriana)

Vi

filme quebradico
4d OLN3INIHG0I23d

P

- 90% QUITOSANA +10% CB.

melhores
propriedades
mecanicas

B
. 3

SN3IOVIVEN3 3 S3I01443dNS

SU_70 4.0kV 15.0mm x10.0k SE(M)
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Blendas de quitosana

 Amido termoplastico + quitosana (5 e 10%)

L

Blenda processada por extrusao

Maior elongacao na ruptura i
(deformacao) pela adicao da !
quitosana: maior flexibilidade :

5% de quitosana: aumento de 56%
10% de quitosana: aumento de 35%

Contents lists available at ScienceDirect

Carbohydrate Polymers

journal homepage: www.elsevier.com/locate/carbpol

9

Biodegradable polymer blends based on corn starch and
thermoplastic chitosan processed by extrusion

J.F. Mendes?, R.T Paschoalin®, V.B. CarmonaP®, Alfredo R Sena NetoP, A.C.P. Marques¢,
J.M. Marconcini®, L.H.C. Mattoso?, E.S. Medeiros9, ].E. Oliveira *

\!} CrossMark

Resisténcia a tracao (MPa)

2,5

2,0 1

1,0 1

0,5-

— TPS
— TCS
TC10

0!0"'l'l'l‘l'l'l'l‘l'l'l
0 10 20 30 40 S0 60 70 80 9 100

Deformacao (%)




Outras aplicagOes para a quitosana

Agriculture

Water & waste
treatment

Defensive mechanism in plants
Stimulation of plant growth
Seed coating, Frost protection
Time release of fertihizers and
nutricnts mto the soil

Flocculant to clanfy water (dnnking
water, pools)

Removal of metal 10ns

Ecological polymer (eliminate
synthetic polymers)

Reduce odors

Food & beverages

Cosmetics & toiletries

Biopharmaceutics

Not digestible by human (dictary
fiber)

Bind lipids (reduce cholesterol)
Preservative

Thickener and stabilizer for sauces
Protective, fungistatic, antibacterial
coating for fruit

Maintain skin mosture

Treat acne

Improve suppleness of hair

Reduce static electniaty in hair
Tone skin

Oral care (toothpaste, chewing gum)

Immunologic, antitumoral
Hemostatic and anticoagulant
Healing, bacteriostatic




Outras aplicacoes

N\

Medicina e farmacia

\
‘ Sensores

‘ Agricultura

[

‘ Industria de alimentos

/

ara a quitosana

T of E:
Treatment of *  Drug Delivery
Perlodontitis *  Modification of Intracanal
Drug Delivery Medicaments
Periodontal Tissue intracanal Irrigant
Regeneration i

Coating Dental Implants Dentin-Pulp Regeneration

Vital Pulp Therapy
Pulpotomy

Applications of
Chitosan-Based
Materials in

Dentlstry Treatment of Denture Stomatitis and
Candidiasis
Enamel Remineralization and - “.' ion of Denture Adhesiv
Production of Anti-Carious Agents 5 of Tlsslfe C
Antifungal Drug Delivery

Modification of Oral Hygiene Products

¢ Modification of Toothpastes

*  Modification of Mouthwashes
Modification of Dental Vamnishes

Modification of Glass-Ionomers

Drug loaded
polymeric
nanoparticles coated
with chitosan

Positively charged
p— ' »
chitosan nanoparticles

Negatively charged
mucous layer

Drug release from
nanoparticles for
absorption through
paracellular and
transcellular route

Epithelial cells
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Outras aplicagOes para a quitosana

Polymers 2020, 12, 1519; DOI:10.3390/polym12071519

a polymers MDPI

Review

Chitosan and its Derivatives for Ocular Delivery
Formulations: Recent Advances and Developments

N\

Medicina e farmacia

\
‘ Sensores

‘ Agricultura

[

‘ Industria de alimentos

/

Alexandra Zamboulis *, Stavroula Nanaki, Georgia Michailidou, Ioanna Koumentakou,
Maria Lazaridou, Nina Maria Ainali, Eleftheria Xanthopoulou and Dimitrios N. Bikiaris 0]

Eye drop instillation

1) Immediately after
instillation

2) A few minutes after Nodrug

instillation

Drug waste / L

28



Outras aplicagOes para a quitosana

N\

Medicina e farmacia

\
‘ Sensores

PETER, S. et al., Waste and Biomass Valorization 2020,
DOI110.1007/s12649-020-01244-6

Chltosan capped Aggregatton Formation of
| small clusters
Agricultura * de * *
Accumulatuo
/ @ InS quantum dot of small clusters

¢ Chitosan
® Metal (Zn or Cu ion)

‘ Industria de alimentos

/




Outras aplicagOes para a quitosana

. > . Sementes e
Medicina e farmacia plantagdo de
trigo
artificialmente
contaminadas
com F.
graminearum

Agricultura

Industria de alimentos
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Outras aplicagOes para a quitosana

International Journal of Biological Macromolecules 152 (2020) 154-170

Contents lists available at ScienceDirect

N\

International Journal of Biological Macromolecules

M E d iCi n E E f E rm E Ci E i{S[—;\"],R journal homepage: http://www.elsevier.com/locate/ijbiomac
Film forming Homogenization Degassing Review
dispersion : : : : : M)
Chitosan nanoemulsions as advanced edible coatings for fruits and |
| Goacktor

vegetables: Composition, fabrication and developments in last decade

(( % )) Sahil Chaudhary?, Satish Kumar **, Vikas Kumar °, Rakesh Sharma ©
Immersion
Q (or spraying)

o

Casting [ 1]

\
‘ Sensores

|

‘ Agricultura

[

‘ Industria de alimentos

/

1 %1% s
Drying [ ]

Chitosan film

Detaching [ ]

FILM

COATING

CX

o
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Outras aplicagOes para a quitosana

\\ Control Coated
Medicina e farmacia

\
‘ Sensores

‘ Agricultura

[

Preservation of red grape packed in different materials at
37°C for six days: (a) plastic wrap; (b) pure chitosan film;

Industria de alimentos (c) chitosan-TiO, film.
Fonte: Zhang, L. et al., Innovative Food Science and
/ Emerging Technologies 2017, 42, 101.
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Outras aplicagOes para a quitosana

N\

Medicina e farmacia

\
‘ Sensores

‘ Agricultura

[

‘ Industria de alimentos

/

Fonte: Wang K., Lim P. N., Tong S. Y., San Thian E. Food Packaging Shelf 2019,
22, 100396.
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Outras aplicagOes para a quitosana

One Matertial, Multiple Applications

4. Agriculture
, 3 Water

Food
Preservation

Wound
Dressing

Bio-Medical Environment

-0 Making
Cosmetics

Ophthalmology
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