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1. Introduction
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:<;LI<) 8E; (8:B F=8 ;FEFI $E k?0J I<>81; K?<I< ({J 8E (E:I<8JIE> ;<
D8E; =FI 8K<IE8KiM< JKIBK<>f<] KF <==<:KIM<CP 1<><E<I8K< k?< ;8D8><;
K§JIL<J 6 7 Z0JJIL< <E>fE<<IGE> N?8:7? 8GGCi<] 9IFDID<K: J:8==F(;J
J<<;<; 9P :<((J J<<DJ KF 9< 8 GIFD@JIE> JKIBK<>P KF GIFDFK< K?< KiJ
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MIFED<EK =FI :<(C GIFCi=<I8KGFE 8E ; JLIMEMSC 6 7 YFIQE;L:0E> FG
KID8C KEJIL< I1<><E<IBKIFE 0K fJ E<:<JJBIP KF LJ< 8 GIFG<I J:8==F(; N@K?
K?< 890CHKP KF GIFDFK< :<(C I<:ILIKD<EK 8E; :FEKIFC FM<I k?< 1<(<8J< 18<
F= 90F8:KiM< DF(<:L(<J 6 7 OJIE> K?< ;<CIM<IP M<?§:(<J NEK? JLJ
KBIE<; 1<(<8J< 18K< <8J< k?< Gl<J<IM< F=K?< DF(<:L(<J 9iF8:KIMIKP N?i(<
DB8IEKBIEGE> k?<@l (F:8( :FE:<EKIBKIFEJ 6 7

/F ;8< M8IGFLJ K<:?EfHL<J ?8M< 9<<E LJ<; =FI =891§:8KiE> GFCP
D<If: J:8==F(;J N@K? ;@==<I<EK JKIL:KLI<J 8E; DFIG?F(F>{<J (E:(L;
§E> <C<:KIFJGGEEGE> =I<<Q< ;IPJE> >8J =F8DEE> JFIM<EK :8JKIE> G8lI
K3:LC8K< (<8:20E> 8E; JKI<F CK?F>18G?P 6 — 7 /7?< G?PJi:F :?2<Di
80 GIFG<IKi<J F= GFCPD<I1J 8CFE> NGK? k?<@l JLI1=8:< :?8I18:k<1§JKi:J ;<
=fE< K?< :?F0:< F= D<K?F; =FI J:8==F(; GI<G8I8KIFE 6 7 #FN<M<I
8(C K?< LJ<; D<K?F;J ?8M< K?<fl FNE 9<E<=fkJ 8E; ;18N98:BJ !FI (E
JK8E:< JFCM<EK :8JKIE> G8IKi: L(8BK< (<8:26E> §J 8 JIDG(< 8E; :FJK <==<:
KiM< D<K?F; K?8K =8:<J (iDfk<; LJI8>< ;L< KF 8GGCPAE> KFOf: JFCM<EKJ
GFFI fEK<I:FEE<:KIMEKP F= K?< LCKID8K< J:8==FC; 8E; =FIDIE> JB{E (iB<
(8P<1J N?<E <M8GFI8KIE> Kk?< JFCM<EK $E :FEKI8JK =1<<Q< ;IP§E> §J DFI<
;<DB8E;IE> 9<:8LJ< fK ;F<J EFK LJ< JFCM<EKJ =FI J:8==FC; =8910:8KIFE
8E; :8E :FEKIFC k?< JiQ< F= fEK<I:FEE<:k<; GFI<J 8E; K?< GFIFJHP F=
K?< J:8==F(;J 9P FGKIDJQIE> ;i==<I<EK G8I8D<K<IJ .:8==FC;J N@K? ?20>?
EK<1:FEE<:K<; GFI<J :8E 80JF 9< GIF;L:<; 9P >8] =F8DE> ?FN<M<I
=FIDB8KIFE F= JBIE (8P<IJ FE Kk?< FLK<I (8P<I F= k?< J:8==FC; I<;L:< (KJ
D<:7?8E(:80 JKIKE>K? N?6:? (IDBJI kK?< 8GGLY:8KIFE F= £k?8J D<K?F; =FI
=8910: 8KIE> KiJIL< -FEJKIL:KJ 6 7

TIFD GFIEK F= D8K<168C) Mi<N ;f==<I<EK ESKLISC 1{>
K?<Ki: GFCPD<IJ ?8M< 9<<E LJ<; =FI J:8==F(; =891{:8KIFE

8E; JPE
. :8==F(; D8-
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k<138CJ 8CJF ?8M< 8;MBEK8><J 8E; ;0J8;M8EK8><] IFI (EJK8E:< EBKLISC
GFCPD<IJ 8I< <0:<((<EK :8E;{;8K<J =FI KiJIL< <E>fE<<I{E> 8GGCl:8KIFEJ
;L< KF 26>? 90F : FDG8KI9MCHP 8E; =LE:KIFE8CKKP N?iC< JPEK?<Ki: GFCP

D<I1J <0?096K FLKIK8E ;0E> D<:?8Ef:8( 8E; G?PJi:8C GIFG<IK<J 6 — 7

LIIKEKCP ELD<IFL] 1<J<81:?7<J ?8M< =F:LJ<; FE k?< JKIL:KLI<—=LE:

KIFE 1<C8KIFEJ?IG F= ;@==<I<EX GCBEK 98J<; GF(PD<IJ 8J E8KLI8C GFCP

D<IJ +(8EK GFCPJ8: :?818;< 98J<; GFPD<IJ e.g. :<(CLCFJ< ?<Di:<((L

(FJ< CI>EGE JK8I:? G<:KiE 8>8l 8E; 8>8IFJ< 8E; GC8EK GIFK<IE 98J<;
?P;IF><0) e.g. JFP 8E; Q<{E 8I< GIFDAJIE> D8K<18CJ =FI KiJIL< <E>}

E<<IE> 8E; ;IL> ;<CIM<IP GLIGFJ<J /?<J< ESKLI8C GFCPD<IJ 8I< 9fF

:FDG8KI9C< NGK? CFN KFOQ: (kP 6 7 N?0:? 8l< DFJ JiDic8l kF D8D

D8(I8E ( :FDGFE<E{J (B< >(P:FJ8DJEF>(P:8E DF(<:L(<J ILI

K?<IDFI< LJIE> GFCPD<IJ N@K? GC8EK JFLI:<J (iB< =C8MFEFf; FI 90

=(BMFEF{}; GFCPG?<EF(}: 8><EKJ ?8M< >80E<; SKK<EKIFEJ =FI 94FD<;(:8(
8GGCA:8KIFEJ 8J 8EKIDE:1F9i8C 8><EKJ 8E; 8EKIFOI;8EKI 6 — 7 $E ;6=
=<I<EK KL;0<J Stevia rebaudiana <IKFE} (<8M<J <OKI18:kJ 8I< JFLI:<J
F= 9IF8:kiM< :FDGFLE;J JL:? 8J :8IFK<EFf{;J GFCPG?<EFCJ 8J:FI9f:
8:0; 8E; :2CFIFG?P(C) N?0:? 8I< 8EKIFOf; 8EKJ 8E; ?8M< 8EKIDA: IF918C
1 2818:K<18JK3:J 6 7 —<:<EK(P  8AG8E <k 8 I<GFIK<; Kk?8K 8 JP

10E>8I<JEFC ."*—. 8 (i>E8E QJF(8K<; =IFD Rubia philippinensis ?8;
8EK) (E=-CBDDBKFIP GIFG<IKi<J .""—. ;FNE I<>L(8K<J k?< EL:(<8I =8:

KF1 B8GG8 D)1k N?0:? :FEJ<HL<EKP 8:KiM8K<; G  8E; : %LE
)# K<IDESC BIE8J< %) & GIFK<iEJfE — 2 <I6 7T /<
8l< 8 CFK F= FIG>0ESC 8IKi:(<J 8IFLE; LJIE> GC8EK 98J<; GFCPD<IJ 8J £§J

JL< <E>E<<IfE> G(8K=FIDJ N?{(< KF Kk?< 9<JK F= FLI BEFN(<;>< K?<I<
8I< EFK :FDGI<?<EJIM< I<Mi<N 8IKi:(<J 89FLK K?8J fJIL< $E K?< :LII<EK
G8G<I N< GIFMf;< 8E <OK<EJiM< I<Mi<N FE I<:<EK JKL ;6<J IE 9IFD<;(-8C
8GGCl-8KIFEJ F= GCBEK 98J<; ?P; IF><(J

2. Plants as green sources for advanced biomedical applications

/?1FL>?FLKK?< :<EKLI<) ?LD8E :(MACIQ8KIFEJ ?8M< I<0i<; FE GCBEKJ
=F1 K?<@l 98J0: E<<;J JL:? 8J =FF;JL==] =L<C 8E; K?<I8G<LKi:J 8CC
FOKBIE<; ;@I<:KCP FI @E;@I<:KCP =IFD GC8EK 98J<; D8K<1(8CJ 98IB (<8=
NFF; =09I< 8E; JKFI8>< KfJIL<J J<<; =ILgK 9LC9 KLO<I IFFK 1?0
QFD< 6 — 7 /?<J< E<<;J 8I< (E:I<8JIE> 18G(;CP ;L< KF K?< >IFN
§E> NFIC; GFGLCBKIFE 8E; LI98E(Q8KIFE KF E8D< 8 =<N /?<I< 8I<
8GGIFOID8k<CP BEFNE GC8EK JG<:(<J NFIC;N@;< N?i(< FECP
~ 28M< 9<<E JKL;i<; =FI K?<01 D<;@:0E8C 8GGCI: 8KIFEJ KF K?0J ;8K<
K?<I<=Fl< 8 ?L>< JFLI:< F= E8KLIBC GC8EK ;<IiM<; D8K«I8CJ 8I< 8M8IC
89(< =FI D<;0:8C 8GGCI:8KIFEJ 6 — 7 +(8EK 98J<; :?<Df:8( :FD-
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5 L AnimalFibres
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. Fibres B Wood
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QPD<J ;LG(0:8KIFE F= ><E<Kj: D8K<I(8CJ I<GIF;L:KIFE F= :<CCJ 8E; 89
JFIGKIFE F= ELKIl<EK) /?<J< D8K<I(8CJ 8l< GEMFM<; (E K?< GIEDSIP
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8E; K?<E 9<:FD< K?< =FF;JL==) F= FK?<I FI>8EQJDJ 6 — 7 GBIk
=IFD 9<{E> 8 JFLI:< F= =FF; FI =FF; 8;;@iM<J DB8EP K<II<JKIi8C M8J
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(I>E8EJ JKICO<E<J KBEE(EJ 8E; Ci>E(E 8E; EMKIF><E :FEK8IE(E> :FD
GFLE;J 8(B8CFi;J :PSEF><E(: >CP:FJi;<J 8DfE<J) EFE GIFK<{E 8DIEF
8:0;J 8E; >(L:FJIEF(8K<J 6 — 7
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:?FD<J (E FE K?< :LKj:(< 6 — 7 +(8EKJ F= :FDD<I:(8C {DGFIK8E:<
DFJKCP =IFD =8Df(i<J F= 8Gi8:<8< 8GF:P8ES:<8< 818(i8:<8< 818:<8<
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GBM<18:<8< GiG<18:<8< 1?8DEB:<8< 1L9i8:<8< 1Lk8:<8< JF(BE8:<8<
8E; QIE>[9<I8:<8< J<IM< 8J GFK<EKI8C JFLI:<J F= 8;M8E:<; D8K<1§8CJ
JL:? 8J 0E;LJIKIG8C FiC) KSEEJEJ 1<JIEJ >LDJ JSGFEGEJ ESKLISC 1L99<I
=(BMFLIJ 8E; =18>I8E:<J NB80<J :FJD<Ki:J ;P<J 8E; :FCFLIBEK] GC8EK
GIFK<:K{FE 8E; GIF;L:KIFE GIF;L:k) G<JKi:f;<J :FC:?0:0E<J 8E; G?FI
OFC <JK<IJ 8E; JFFE6 — 7
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5 0==<I<EK G8IKJ F= 8 GCBEK JL:? 8J :<(C N8(CJ KILEB <OL;8(<J 8E; J<8
N<<;J6 7 /?<GIID8IP :<(C N8CC F= K<I1<JKIF8C ?i>?<I GC8EKJ §J DBIECP
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3. Hydrogels: preparation, characterization, and properties
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3.1. Physical hydrogels
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3.2. Chemical hydrogels
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3.3. Composite hydrogels
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4. Plant-based green hydrogels
4.1. Plant lignocellulose materials-based hydrogels

4.1.1. Cellulose-based hydrogels
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4.1.1.1. Physical cellulose hydrogels
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4.1.1.2. Chemical cellulose hydrogels
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4.1.3. Lignin-based hydrogels
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4.1.3.1. Preparation and characterization of lignin hydrogels
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4.2. Plant polysaccharide-based hydrogels

4.2.1. Starch-based hydrogels
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4.2.2. Pectin-based hydrogels
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4.2.3. Plant gum-based hydrogels
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4.3. Plant protein-based hydrogels
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4.3.1. Soy protein-based hydrogels
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4.3.2. Zein-based hydrogels
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4.3.3. Preparation and characterization of plant protein-based
hydrogel
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4.3.3.1. Preparation and characterization of soy protein hydrogels
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4.3.3.2. Preparation and characterization of zein hydrogels
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4.3.4. Characterization of plant-based proteins
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5. Biomedical applications of green hydrogels
5.1. Green hydrogels for drug delivery

5.1.1. Cellulose-based hydrogels for drug delivery
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5.1.2. Hemicellulose-based hydrogels for drug delivery
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5.1.3. Lignin-based hydrogels for drug delivery
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Fig. 10.
:(<J Reproduced with permission from 6 1.
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5.1.4. Starch-based hydrogels for drug delivery
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5.1.5. Pectin-based hydrogels for drug delivery
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5.1.6. Plant gum-based hydrogels for drug delivery

"'LD 98J<; ?P;1F><(J I<HLil< DF;{=0:8KIFE :F GFCPD<IQ8KIFE FI
:1FJJ CBEBYE> KF FGKIDEQ< K?<fl GIFG<IKj<J =FI 9FD<;:8C 8GGCH: 8KIFEJ
/18>8:8EK? >LD 98J<; ?P;IF><(J (E;0:8(< ?i>? 9iF:FDG8KI9MHKP 8E;
:<(C >IFNK? GFK<EKI8C /18><:8EK? >LD JF;{LD 8(>iE8K< GFCPMIEPC 8C
:F?FC ?P; IF><0) N<I< 89(< KF 1<(<8J< DFOi=CFO8:0E SEKIQiFKi: NGK? 8
EFE 1§:Bi8E GIF=iC< N@? EF JL;;<E 1<(<8J< /?20J :8E (E;L:< (E@ISC
1<(<8J< =F(CFN{E> 9P I<K8fE<; :FE:<EKIBKIFE F= ;IL> #I0JFE IFN
<(C DF;<C =FI ;IL> I«(<8J< 6 7 /18>:8EK? >LD GF(P MEEPCGPIIFCE
;FE< GFCP 8:1PCi: 8:0; ?P;IF><() ?8M< J?FN<; G# ;<G<E;<E:P 8E;
DL:F8;?7<JIM<E<]]) N?§:? 8I< :IfKi:8C =FI CF:80iQ<; ;IL> ;<CiM<IP
6 7 TLIK?<IDFI< /18>8:8Ek? >LD GF(PMIEPC 8C:F?FC GFCPMIEPC
GPIIFCE; FE< ?P; IF><C 28J 9<<E ;<M<CFG<; 8J ;IL> (F8;<; NFLE; ;I<JJ
IE> N@K? <E?8E:<; D<:?8E(:8( GIFG<IKi<J 8E; 9IF:FDG8KIOWHKP 6 7
_K<1:L068 >LD 98J<; ?P;IF><CJ 8I< 8GGCI:89C< =FI ;IL> ;<CiM<IP 8E;
NFLE; ?2<80fE> 6 7 #FN<M<I DF;6=i<ld F=  ?P;IFOP<K?<k?PC
D<K?8: IP(8k< 8E; 8:1PCj: 8:0; :8E (DGIFM< ;IL> 1<(<8J< 8E; JN<CCE>
BOE<K(:J F= JK<I:LCB8 >LD 6 7 ""L8I >LD N@K? ?(>? DF(<:L(8I N<f>2K
>8(8:KFDDB8EESE] 98:B9FE< F= DS8EEFJ< I<Ji;L<J 8E; G<E;8EK F=

>8(8:KFJ< 1<Ji;L<J :8E :FEKIFC 1<(<8J< F= K?<I8G<LKi: DF(<:L(<J E
;IL> ;<CM<IP JPJK<DJ 6 7 ""L8I >LD :8E =FID 9i ><(J ?{>?
J?<8l 18k< :FDOIEIE> F= KNF ><(J N@K? JFI9KS8E DFEFJ<8I8K< KkF <E
P8E:< ;IL> 1<(<8J< GIF=i(< 6 7 YLIK?<IDFI< :FGF(PD<IJQ8KIFE F=
>L81 >LD N@K? JL::08E8k< JF;ILD 8C>{E8K< :8E (E;L:< k?< G# ;<
G<E;<EK JN<(((E> 8E; ;IL> I<(<8J< F= >L8l >LD ?8M< 9<<E DF;{
=i<; via :FGF(PD<I(Q8KIFE Ngk? 6 7 DIESK<; >L8I >LD ?P;IF><(
—*# >IFLGJ JLOJKIKLK<; 9P —)# >IFLGJ ?8J 9<<E ;<M<(FG<; 8] (E
A<:K89C< ;IL> ;<CIM<IP GC8K=FID KF GI<M<EK Jf;< <==<:KJ F= :?<DFK?<I
8G<LKj: 8><EKJ /?0J GCBK=FID 8::FDG8El<; NiK? §D8>(E> I1<8><EK (E
tFl<-J?<(C ESBEFG8IK):(<J 8E; ;FOFIL9f:0E ?P;IF:?2CFIf;< :FLC; 1<(<8J<
K?< ;1L> §E JLIK8IEBI(< DBEE<I fE (FE> K<ID 6 7 TFI GIFK<(E 98J<;
JIL> <CM<IP >L8I >LD ?P;IF><( :1FJJ (BEB<; N{K? 9LKSE<K<KI8:8I
9FOPCi: ;E8E?P;10;< 28] 9<<E ;<M<CFG<; 8E; I<JLC(<; (E <E?8E:<;
I<(<8)< GIF=i< 6 7  #P;IF><C 98); FE >L81 >LD
F(<8K< >18=K GF(P D<k?8:IP(i: 8:0; :8E 9< :FEJi;<I<; 8J 8 G# I<JGFE
JiM< 5 1L> ;<CIM<IP JPJK<D NGK? 8 D<I< :PKFKFOQ:(kP (E in vitro 6 7
$E;B8E >LD >?8fK§ >LD EFE JK8I:? KI<< ;<IiM<; GFCPJ8::?8l8;< J
:FDGFJ<; F= B "'C: D8EEFJ< 1<Ji;L<J 8] 8 :FI< N{K? E<LKI8C
JL>8I DF{<Ki<J 8E; ?8J ;<DFEXI8k<; GIFDJIE> :FGFIPD<I{Q8KIFE GF
K<EKIBC 6 7  FGFCPD<IfQ8KIFE F= >?8Kk§ >LD NGK? GFCP 8:IPCf:
8:0; BEACAE< ?8J 9<<E ;<M<CFG<; 8J 8 ?P;IF><( G(8K=FID =FI ;IL> :8I
10<1J NEK? K?< :FEKIF(C<; 1<(<8J< 8E; G# I<JGFEJIONKP 6 7



GGUi<; (8<1@8CJ /F;8P 000 0000 000 000

5.1.7. Plant protein-based hydrogels for drug delivery
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5.2. Green hydrogels for tissue engineering

5.2.1. Cellulose-based hydrogels for tissue engineering
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5.2.2. Hemicellulose-based hydrogels for tissue engineering
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5.2.3. Lignin-based hydrogels for tissue engineering

.FD< JL;@<J ?8M< I<GFIK<; K?8K K?< (G>EQE 98J<; ?P;IF><() ?8M<
LE@HL< G?PJi: :?<Di:8C 8E; 9IFCF>(:8C GIFG<IKi<J KF LI< =FI KiJJL< <E
>IE<<I(E> 8E; NFLE; ?<80fE> 8GG(i:8KIFEJ 6 — 7 /?< D8IE :FE
:<IE 89FLK K?< 8GGCY: 8KIFE F= (I>EQE (E KiJIL< <E>HE<<IGE> (J 6KJ G?<EFC(:
E8KLI< *I>8EFJFC Ci>EQE ?8J 9<<E I<GFIK<; KF 9< :PKFKFOf: =FI 9CFF;
DFEFEL:(<81 :<(C] #FN<M<I =LIK?<l JKL;0<J J?FN<; K?8K Ci>E(E §J EFK
:PKFKFOQ: LG KF DF;<I8k< :FE:<EKISKIFEJ 6 7 ,LI83J?0 <k 8 ;<M<
FG<; 8(>(E8K< (I>EQE ?P9Ii; 8<IF><(J 8] J:8==F(;J =FI KfJIL< <E>{E<<I{E>
6 7 /?< I<JLCKI J?FN<; K?8K K?< JPEK?<JiQ<; 8C>fESK< (I>E(E 8<IF
><(J N<I< EFE :PKFKFOf:  <Ji;<J K?<P GI<J<Ef<; <E?8E:<; :<({ 8;7<
JIFE N?(:? D8B<J k?<D GIFG<I :8E;{;8(<J =FI 8E <OK<EJiIM< I8E>< F=
8GGI: 8KIFEJ (E KQJIL< <EXJE<<IFE> I<><E<I8KiM< D<;f:0E< )BBBIFE< <K
80 JKL;0<; K?< :PKF:FDG8KIQUHKP F= :<(CLCFJ< ?P;IF><(J :FEK8EAE> 8
KI8:< SDFLEK F=Ci>EIE 6 7 /?< I<JLCKJ OE ;0:8K<; K?8K k?< GI<I<E:< F=
(B>EQE (E K?< ?P;1F><(J :FLC; I<;L:< K?< N8K<I :FEK<EK $ :8E 9< J8f;
K?8K CI>EQE KI8:<J QE K?< ?P; IF><(J :8E GFK<EKIB(CP JKIKE>K?<E K?< ?P;IF
><(J 8E; JL9JI<HL<EKCP §E:1<8J< k?< 9iFCF>(:8C 9<?8MIFLI 6 7

5.2.4. Starch-based hydrogels for tissue engineering
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5.2.5. Pectin-based hydrogels for tissue engineering
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with permission from 6 1.
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5.2.6. Plant protein-based hydrogels for tissue engineering
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+ "7 (E=CL<E:<; K?< N8K<I :FEK<EK F= K?< ?2P;IF><(] K?< ?P;IF><C N@K?
8 ?20>? N8K<I :FEK<EK J?FN<; (FN D<:?8Ef:80 JKIKE>K? /?< ?P;IF><(
NBK? 9<Kkk<l JKIL:KLI8C GEK<>IfP D<:?8E(:8C GIFG<IKi<] 8E; K?<I<=FI<
N@K? 8 26>? GFK<EKI8C =FI NFLE; ;1<JJIE> 8GGCH:8KIFE] ?8M< 9<<E F9
K8IE<; 9P GE:FIGFISKIFE F= ~ JFP GIFK<BE KF K?<+ "6 7
?0<E <K 80 =8913:8K<; D<:?8E}:8(CP IFOLJK 8E; iEA<:K89(< JFP GIF
K<BE ?P; IF><C=FI ;IL> ;<CiM<IP 8E; NFLE; ;1<JJIE> 8GGCi:8KIFEJ6 7
/?< 9fF:FDGS8KI9UCKP F= K?<J< ?P;IF><(J N8J GIFM<; 9P 9FK? in vivo
8E; in vitro JKL;i<J 8E; K?<il 1<(<8J9E> GIF={(< 8E; IN<((IE> :?818:K<I
JKi-J N<I< -FEKIFCC<; LGFE M8IGSKIFE F= JFP GIFK<IE :FEK<EK) /7?< ;<
M<CFG<; ?P; IF><C) N<I< fEA<:K<; GEKF K?< JL9:LK8E<FLJ GF:B<K F= Dj:<
8E; ?0JKFCF>(:8C JKBIEGE> (E;0:8K<; 8 DIEIDSC =i9IFLJ :8GJL(< =FID8
KIFE =FI LG KF ;8PJ N?0:? I<M<8(<; Kk?<P 8l< GIFD{JIE> 9IFD8K<I
18C =FI K§JJL< <E>E<<IQE> GB8IK{:LCBICP =FI NFLE; ?<8CiE> 8GGCi- 8KIFEJ
(JF K?< JKL;0<J ?8M< J?FNE K?8K k?< G?PJi:F:?<Dj:8C GIFG<IKi<J (E
A<:K89ACHKP 8E ; :FDGFJMKIFE F= JFP9<8E 9IFD8K<168(J D8B< k?<D fEK<I
<JKBE> =FI J<M<18C :CiEf:8C 8GGCE: BKIFEJ )8D<CP K?< fJF=CBMFE< : FEK<EK
F= k?< JFP GIFK<IE :8E JKIDLC8K< k?< FIK<FIC8IK KF ;i==<I<EKi8K< 8E; J<
zI<k< :FOC8><E 8] N<CC 8J :8(:0=0<; 9FE< EL;LCi N@K? E?(9MKIE> K?< 8:
KIMBKP F= DFEF:PK<J D8:1FG?8><J 8E; FIK<F:(8JJ6 7 /?<(EA<:K89(<
JFP GIFK<GE ?P; IF><(J N<I< =8910:8k<; 8E; K?<fl (EA<:K89MCHP N8J I<>
LC8K<; 9P :FEKIFCCIE> K?< :FE:<EKISKIFE F= §FEf: 8E; ><E(GIE :IFJICIEB
<I1J 8J N<(( 8J §JF=C8MFE< : FEK<EK GE JFP GIFK<{E $k ?8J 9<<E J?FNE K?8K
K?< JPEK?<JiQ<; ?P;IF><( :FL(; ?8M< 8 JKIDLCBKFIP <==<:K FE ;{==<I<EK
JF=K 8E; ?8I; KiJJL<J =FI <08DG(< (E k?< JPEK?<JiJ F= :F((8><E 9P =j
9IF98JKJ 8E ; K?< =FID8KIFE F= DEE<I80iQ<; OFE< EF;LCi 9P FIK<FIC8IKJ
K?IFL>? I<(<8J0E> F= fJF=CBMFE<J 6 7
"0E <K 80 ;<M<(FG<; :LJFD@Q<; J:8==FC;J =IFD K?<IDFI<JGFEJiM<
?P; IF><C 9IFIEB FOK8IE<; 9P ?P9I;(Q8KIFE F= GFCPLI<K?8E< N(K? JFP
GIFK<IE §JFC8K< +O .+$ 8E; 9(<E;<; 9P :<(CJ 8E; JL9J<HL<EKP JL9
A<:k<; KF - GIGEKIE> GE 8 CBP<I 9P (8P<I ;<GFJHEFE D8EE<I KF =FID k?<
J:8==F(;J6 7 /?<+0 ;0JG<IJFE N8J GI<MIFLJICP GI<G8I<; LIIE>
JOFC = (8:Ki;< ;O8FC = (8:Ki;< ;AFC 8E; GFCP:8GIF(8:KFE< + * ;(FC
8J K?< JF=K J<>D<EK .L:? ?P9I@; ?P;IF><C N8J LE;<I>FE< I8Gj; ><(8
KIFE 8\ N@K? 20>? JKIL:KLISC BEK<>IGKP  <(C :LCKLI< §EJG;< Kk?< ?P
91; ?P;IF><C N8J JKL ;f<; =FI :<CC Mi89GCiP D<K89FCIID GIFCi=<I8KIFE
8E; ><E< <0GI<JJFE F= E<LI8C 1<(8k<; D8IB<IJ /?< (DGIFM<; =i9IF9
(8JK :<(C JLIMIMBC 8E; >IFNK? GIF=i(< {E M8IGFLJ KiD< GFiEKJ — ?
=FI 8 ?P9If; +O .+$ N<I< 8:?0<M<; 6 7 /2< I?<F(F>(:80 GIFG<I
K< JKIL:KL18C BEK<>IGKP 8E; 9@F:FDG8KI9MCHP F= ?P9Id; ?P; IF><( N<I<
8;ALJK<; NiK? GFCPD<I 8E; JFP GIFK<iE :FEK<EKJ $K ?8J 9<<E J?FNE
K?8K k?< GIGEKBOACHKP F= ?2P9Ii; ?P;IF><C N8J <E?8E:<; ;L< KF K?< K?<I-

DFG(8JKi: E8KLI< F= JFP GIFK<iE /?< LEHL< GIFG<IKi<J F= JFP GIFK<(E

8CFE> NK? (kJ CA89ACHKP KF <JK89CAI? ;f==<I<EK EKI8 8E; fEX<I DF(<:LC8I

:FM8C<EX 9FE;J (iB< ;8JL(=0;< 8E; ?P;IF><E 9FE;J 8E; GFJJI9C< (EK<I

8:KIFEJ N@k? +O D8B< k?8J ?P9li; ?P;IF><C KF GIfEK 8J 9fF : FDG8K{9l<
8E; J:8==F(;J6 7

6. Conclusions and future perspective

$E K203 -LII<EK I<M§<N N< ;<DFEJKI8k<; K?8K GC8EK 98J<; >I<<E ?P
JIF><C) J?FN KI<D<E;FLJ GFK<EKIBC KF 9< LJ<; fE K?< 9fFD<;0:8C <E
SIE<<IfE> =1<C; /72<01 8KKI8:KIM< <:F =I§<E;CP GIFG<IKi<J 8E; 894CHP KF
DiD{: k?< ESKLISC KiJJL<J 8l< G8IBDFLEK KF K?<@l Ni;< I18E>< F= 9iF
D<;0:80 LI<J #FN<M<I k?< :81<=LC I<MEJGFE F= K?< CiK<I8KLI< I<M<8(<;
K?8K K?<I< 81< JKiCC JFD< :?80C<E><J (E K?< ; <M<CFGD<EX 8E; 8GGCi: 8KIFE
F= K?<J< JF=K D8K<1§8C] /?< 8LK?FIJ 9<Ci<M< K?8K =LKLI< JKL;@<J E K?8J
=(<C; DLJK -FEJ@;<I k?< =F(CFN{E> K?<D<J

Hydrogel composites K?< [E:FIGFIBKIFE F= ={((<I D8K<1§8CJ (EFI
>8E(: 8E; D<K8(Ci: G8IKi:(<J :<C(CLCFJ< ESEF=910C) 8E; ESEF:IPJK8(J
>18G?<E< FO@;< :8I9FE ESEFKL9<) 8E; JF FE (EKF 9IFGF(PD<I ?P
;IF><C D8KIG0<J 78] ;<DFEJI8K<; KF 9< 8E (EK<I<JKIE> 8GGIF8:? KF
DiD{: k?< E8KIM< GIFG<IKi<J F=(F8; 9<8IfE> 8E ; <(<:KIF8:KiM< KiJIL<J E
K?<OF;P  FEJi;<IBE> K?< 9IFD<;0:8C 8GGLI: 8KIFEJ JG<:f=1: GIFG<IKi<J
GIFME;<; 9P K?< =iC(<1) e.g <(<:KIf:8C :FE;L:KIMEKP EFK FECP (E:1<8J<]
K?< <(<:KIf-8C :FE; L:KIMEKP 9LK 8CIF (DGIFM<J K?< <C8JKi: (kP 8E; 9fFCF>
0:8C 8:KIMEKP 1<C8KIM< KF K?< GLI< GC8EK 98J<; >I<<E ?P;IF><(] /?<I<
=Fl< N< <EMBJOFE K?8K EBEFD8K<108C AE : FIGFIBKIFE NEK?(E K?<J< ?P;IF
><(J :8E 80; (E k?< ;<Ji>E 8E; ;<M<(FGD<EK F= DFI< I<J@Ci<EK KiJJIL<J
KF ><E<I8k< DLCKi=LE :KIFESC J:8==F(;J NiK? GI<MIFLJCP LE8KK8IE89(< 98
FOF>(:80 D<:?8Ef:80 8E; <(<:KIf:8C GIFG<IKi<J

Optimization of the hydrogels fabrication process (K §J :FEJ<E
JL8C K?8K KF 8:20<M< ;<Jil<; 98F8:KiM< =LE:KIFEJ K?< ?P; IF><(J ?8M< KF
DiD{: Kk?< 9iFCF>(:8C JPJK<D (E k<IDJ F= DFIG?F(F>P 8E; :?<DiJIP
/?2< 81:?0<:KLI< F= 94FCF>(:8C JPIK<DJ e.g C 13 ?281;0P 1<8:7<;
9P ?P; IF><(J =891(:8k<; 9P :FEM<EKIFESC D<k?F;J e.g =I<<Q< ;IP{E>
9L(B JFCLKFE erc. N?§:? I<HL{I<J E<N =8914:8KIFE GIF:<JJ<] (FI<
I<:<EK(P EFM<C =8910:8KIFE D<k?F;J 98J<; FE GIQEKIE> 8E; <(<:KIF
JGIEEGE> ?8M< ?2<(G K?< 1<J<81:?<IJ KF 8:?(<M< ;<Jfl<; JKIL:KLI<J K?8K
DiD{: <==0:(<EKCP k?< 98FCF>(:8C JPJK<DJ OG KF EFN (iDgk<; (E=FI
DSKIFE 1<8K<; KF k?< LJ< F= 98FGFCPD<IJ KF =8910:8k< ?P; IF><CJ LJGE>
K?FJ< K<:?EfHL<] +IF9(<DJ I<8K<; KF JK89MCKP GIF:<JJIB9ACiP 8E; JFC
L9ICIKP F= 9JFGFCPD<I1J GE FI>8E}: JFCM<EKJ 81< GIF989CP Ji>Ef={:8EK F9
JK8:(<J (FI<FM<I JKIL:KLI8C CADEKBKIFEJ I1<D8IE 8 D8AFI : ?8((<E>< k28K
NS8II8BEKJ =LKLI< 1<J<81:? TFI JLI< =LIK?<I JKL;6<J GE K?8J =6<C; J?FLC;
9< ;<M<CFG<; FM<I k?< E<OK P<8IJ

Modification of plant-derived polymers NFIBJ =F:LJ<; FE K?<
:?7<D{:80 DF;0=0:8KIFE F= 9fFGFCPD<IJ JKIL:KLI<J 9P GE:CL;EE> ;f==<I
<EX DF;f=i<l :FDGFLE;J 81< 8CJF iDGFIK8EX kF GIFDFk< JL==]:0<E :<(C
JGI<8;0E> GIFCI=<I8KIFE ;@==<I<EKISKIFE 8E; G?PJi:F:?<Di@:8( GIFG<I
Ki<J F=K?< ?2P;1IF><( K8 DF(<:LC8I (<M<( 9§FGFCPD<IJ :FEK8(E J<M<I8C
1<8:KiM< =LE:KJFEBC >IFLGJ K?8K :8E 9< DF;f=i<; 9P M8IGFLJ DF(<:L(<J
NBK? 98FCF>(:8C GFK<EKIBC $E FK?<I NFI;J K?< GFJJi9MCiKi<J 1<C8k<; KF 8
JG<:i=0: 9IFGFCPD<I (E k<IDJ F= GIFG<IKi<J :8E 9< 8DG(i=f<; N@K? k?<
;<IIMBKIFE GIF:<JJ /?< :?28((<E>< {E K?0J :8J< (<] fE K?< =8:K K?8K K?<
=8:K K?8K K?< EKIQEJE: GIFG<IKi<J F= k?< E<8K 9IFGF(PD<I DLJ 9< Gl<
J<IM<; 8=k<I k?< DF;(=0:8KiFE GIF:<JJ

Multifunctionality: -LII<EKP GC8EK 98J<; ?P;IF><(J FECP ?8M< 8
JIE>(< =LE:KIFE ;LIGE> 8GG(R:8KIFE 'FI <08DG(< 8 ?P;IF><( 8GGCi<;
8J ;IL> ;<C(IM<IP JPJK<D <0?090KJ FECP FE< =LE:K§FE 8:K 8J 8 I<J<I
MFI LG KF 1<(<8J< JFD< <E:8GJL(8K<; ;IL> *= :FLIJ< £?< GIF:<JJ (J
DFI< :FDG(<0 K?8E k28] 9LKK?< ?P;1F><(J :FL(; 9< ;<Ji>E<; KF <O?498K
FK?<l LJ<=L( =LE:KiFEJ e.g 7?<8(iE> 89MCiP FI DLCKA ;IL> I<C<8JGE>
890CKP  $E K?0J :8J< 8;<HL8K< :?<D@:8C DF;{-i:8KIFEJ FI :FDGFJi<



GGUi<; (8<1@8CJ /F;8P 000 0000 000 000

=FIDB8KIFE D8P 9< 8E 8UK<IE8KIM< KF : FEM<IKIE> k?< ?P; IF><CJ (E DLCK]
=LE:KIFE8C 90FD<; (-8 ;<Mi:<J

One-step processes (E D8EP =891(:8KIFE D<K?F;J LKiCiQ<; KF F9
K8AE ?P; IF><CJ =IFD GL8EK 98J<; GF(PD<IJ k?< ?81J? <0G<I{D<EK8( :FE
;GKIFEJ CADKJI FI D8B<J §DGFJJIAC< K?< <E:8GJLCBKIFE F= 8:kiM< :FD
GFLE;J ;IL>J ><E<FI >IFNK? =8:KFI1J FI CiM<I :<((J :8EEFK 9< fEKF K?<
=iE8C ;<Mi:< VIFD 8 GI8:Ki:8C 8E; <:FEFDf: Mi<NGFIEK Kk?8J 8J 8 I<(<
MBEK ;18N98:B JIE:< 8; ;KIFESC GIF:<;LI<J 8I< I<HLEl<; ;<:1<BJIE> K?<
8GGCI:890CHKP F= K?<J< ;<Mi:<J ;L< KF :FEK8DIESKIFE fE<==0:8<EK :<((L
(8I8Q8KIFE CFN (F8;0E> <==):i<E:P etc.

Degradability: K20 8J6<:K §J G8IKj:LC8ICP ADGFIK8EK KF ;<Mi:<J ;<
JI>E<; KF 8:K 0E K§JIL< <E>FE<<IGE> FI ;IL> ;<CiM<IP 9<:8LJ< k?< ;<>18
; BKIFE 18K< F=K?< 2P ; IF><(J 283 JKI8(>2K I<C8KIFE NEK? K?< K§JIL< I<><E
<I8KIFE GIF:<JJ FI ;IL> 1<(<8J< 18k< /?< DFJK G8IK F= k?< GC8EK 98J<;
GFCPD<I1J ?8J :FDG(<0<J ;<>18;8KIFE D<:?8E§IDJ k?8K J?FLC; 9< <(L
0;8(<; GE K?< =LKLI<  <PFE; k?< 9IFGFCPD<I JKIL:KLI< FK?<I <0G<I§
D<EK8C 8JG<:KJ 1<(8K<; KF K?< ?P; IF><(J JL:? 8J :IFJIGEBEE> ;<>I<< FI
E<KNFIB KPG< :8E 9< AEM<JKi>8K<; =FI :FEKIFCCIE> K?< ;<>18;8KIFE I8K<
TLIK?<IDFI< FK?<I :16k§:8C :FE:<IEJ 8JJF:(8K<; NOK? K?< ;<>18;8KIFE
18k< F= K?0J KPG< F= ?P; IF><(J J?FL(; 9< 8;;1<JJ<; =IFD in vitro 8E; in
vivo JKL ;<]

Multidisciplinary teams: 8) ;<DFEXI8K<; E K?0J I<Mi<N K?< LI< F=
GC8EK 98J<; ?P;IF><(J (E 9IFD<;0:8( 8E; G?81D8:<LKi-8C 8GGCi:8KIFEJ
0 8 GI8>D8Ki: GIF:<JJ JIE:< K (EMFCM<J DLCKIGC< 8JG<:KJ K?8k DLJIK
O< =8:<; 9P K?< 1<J<81:2<1J N?F M<EKLI< GEKF K?J =0<C; F= 1<J<8I:?
2< JL>><JK 8 ;080F>L< IIESE> KF><k?<I <0G<IKJ =IFD ;@==<I<EX 81<8J

:?2<DIXIP G?PJi:J D8K<Ii8(J 8E; 9IFD<;(:8C <E>IE<<IfE> G?8ID8
:<LKi:J 8E; JF FE (E FI;<I KF CFFB 8=f<I =FI K’)< M8IGFLJ 8JG<:kJ F=
K?<J< JF=K D8K<1680J 8 N<CC 8J k?<il 8GGCH: BKIFE =A<C; LCKi;(J:(GCIEBIP
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