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Abstract

Lignin is a biopolymer found in plant cell walls and has a complex structure and a variety of functional
groups, resulting in lignin’s distinctive properties and ability to react with many chemicals. Therefore,
lignin has been used as an alternative material to resolve environmental problems and natural resource
shortages, for instance lignin can be used to remove pollutants contaminating water and soil. Lignin
has been developed into activated carbon to absorb greenhouse gases that contribute to global
warming. Lignin is used as a raw material for manufacturing medical materials and environmentally
friendly materials, for example antibacterial and antifungal substrates, capsules for medicine packaging,
and bioplastic. In addition, life cycle assessments of lignin-based products show that greenhouse gas
emissions are reduced. Studies on the economic feasibility of using lignin as an alternative material
indicate that the production costs tend to be higher than using traditional materials due to limitations
in production technology and understanding the structure and the morphological characteristics of
lignin. However, lignin has gained attention worldwide, with current uses focused mainly on energy
production through combustion. The main challenges include optimizing the structural properties of
lignin and increasing its quality, alongside developing environmentally friendly extraction methods for
industrial applications. Such development of lignin utilization can significantly help conserve natural

resources and reduce environmental impacts in the long term.
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AaumalinsaBuLUasERIuzARI8u (ReAwaldes)

Milled wood lignin (MWL)
Angiosperm (hardwood)
Gymnosperm (softwood)
Organosolv

Kraft

113-139
110-130
138-160
91-97

124-174

Note. From “Lignin and its properties. In Functional materials from lignin: methods and advances”,
by D. Kai, L. P. Chow and X. J. Loh, 2018, In J. X. Loh, D. Kai and Z. Li (Eds.), Functional materials
from lignin: methods and advances (Vol. 3), pp. 1-28. Copyright 2018 by World Scientific Publishing

Europe Ltd.
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Indd1595 (Bertella & Luterbacher, 2020; Casimiro
et al., 2022, Damayanti et al., 2020)
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afiesgs Jendudediansiesisiqvsguusuazegmeld
anzauAulunIsgpgaaslaTIas1NveINediLes
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NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

Tufudhagmeduidneligamgiguaznisaiuny
aruiueina msldansfidgriidunsandeidudn
\udnmadennilsignihunldlunisgesaasaniu
wu nsansludedlenseniiierlimiianisuansa
yasiusEBmesuaznisasslensenluslosswiiotes
aaneaniu lnenansnsmnniu fo a1sUsznauiiuedn
vanniiaiinisldanslelnsouedoonlsddaduans
senduaudlunistevaasdniuiiondndiunsaniadn
(Jeong, Kim, Lee & Goh, 2021; More, Elder, & Jiang,
2021; Ouyang, Tan, & Qiu, 2014)

3) nsusuumelaseas Al (chemical
structure modification) vasdnfuaiuisavinladne
\leannnlaseaiisvesdniu Uszneusenguiladduy
waneUssian dan1suiuusslaseadrsvedndudu
nsrUmMITadnMdmalAnTulnamRUAsuag
U Wy nsazaneiufisdu mseunueussiaiiy
Fu wavanpuanssalunsasl Sensyuaunsudu
usslassassvnapiivesdniuiivanenseuauns (1w 1)
wAnszurunsuanfidentunldlunsidsundas
Tnseadramapiivesdniu Ao nsiiuvieiUasuula
nauilaituresdniiu wu msliujiseneanssindu
nslgufAsedanatu waznslduisesendiadu
(Agustiany et al., 2022; Boquera et.al., 2021,
Sharma & Kumar, 2020, Verdini et al., 2022;
Wang et al., 2020)
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Note. From “About Hydrophobicity of lignin: A review of selected chemical methods for lignin valorisation

in biopolymer production” by A. Lisy, A. Haz, R. Nadanyi, M. Jablonsky and I. Surina, 2022, Energies,
15(17), 6213. Copyright: © 2022 by the authors, Licensee MDPI, Basel, Switzerland.

AMANUANITININ

1) M3douaansnI9In I (biodegradation)
ypadnium 1esanilassairidudeuisdamals
QAunIdtosamelassasslienn Fafudniuieildu
Petostuliliadunidvinaemilulamsaiiniigad
venanifuhliuineadfivuduse uazdestunis
adeooninnisad edlsfimudesiiuadunie
fignszyin \Weunnviiaanusadesaanedniuls lng
neiFosndulsnnviosndun (white rot fungi)
falFsumsonsuidudoniifimuanunsalunsgos
aaedniuiian \Wosuaruuafieursiinasden
aanedniulneldioulyl lnseuledifiddylunisges
anflu loun wamaa (Laccase) Anfluilasoanding

(Lignin peroxidase) wazuuin1dailosoanding
(Manganese peroxidase) nansnsifildivanevin
wiu 1Tuau leSane (Syringate) wavasdunsgdnman
lagiu (Damayanti et al., 2020; Sharma & Kumar,
2020; Vasile & Baican, 2023)

2) mauanIRLUMSFNUYMUALYEE @antimicrobial
properties) & Ingtanglunguuuniisy loswnaniiu
fnedweinduiluea vseFunlndnueanediues
(Polyphenolic polymen) 1uasiszneau Feenmnsodiud
wazvhaneidoruimadesqaurisd lunuidediAdos
fukuaiSeliasunanisiinuri ansuseneulndiiuea
dhluvihliAsenudemeunwaduwuadiise lnedniiy
agnseiulinuailifeasisuazasaneyyadaszved
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29NTIAU (Reactive oxygen species-—-ROS) Aelu
waduazdmalrisadiinaudmeluiian wazaniu
filoymevumnlumnsziaedevuwaduuaite
wagsiliiAnanzeaduan uennifieuideissy
31 Anludalrlusdgnilunissudinissiaesiaies
uazn1snensaRugnIIveadeli¥aierled (Human
Immunodeficiency Virus—-HIV) dmiuludoninng
$1691U71 ANHUILAINARDNITDTYLAZNITAITITIA
voues Ui (Chen et al., 2023; Reyes, Ma &

Romero, 2024)

3) Ananusatunisduansinuenyadasy
(antioxidant properties) anfufiauannsalunisduds
wazannIsHAnouyadasy saudeiliuiisen
panTaduiinAdulaties n1ssunIueyyadase
\ina1nnsidneuyadasyvesnguiiuednlansenda
nqueaslslunand (Ortho-methoxy groups) Wagnay
lenson@anzdvfn (Aliphatic hydroxyl groups) i
oglulassadrsvesdniu JenalnazBuannguiluedn
waveyyadasyaraisoyyaiiuonTuasiinnisunud
menguealsument dwalveyyativenifinauaies
wazeyyadaszazgniidn dmfudadeiidanase
UsgdnBnmnisiueyyadasyueddniiu laun Useian
vosandu nszvaunisatadniu dmdnluana
vedndunarUsunaeinguiiuednlansendaves
anilu (Li et al,, 2023; Piccinino et.al., 2021; Qin,
Liu, Gu, Sun & Wang, 2020; Xiao, Liu, Huang, Lou
& Qiu, 2020)
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anfluduarsiluananiinuandinwain
vaneuazlufinsdeduindon JaaunsornunUszand
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aANaNIENULazaYSNYALIAd o UNANTIENAT?
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n1suszend ldaniulunisindauany

TuthevaneUisinusniivanssddeiithaniy
uldlunistirdaansuafiuivud euluduagiu
\esnaniufinaeudAiduendnvaivarsnuy wu
Tassamaaiiidudou Inguitsiduiivainvans 4
AuaInsalunsaeduans uazanusavigisendu
ansinilldvangyssian Jagtuieuhandufifivung
oynaszdvlusnllunsidnasuadiv ilosen
ﬁé’mﬂmuﬁuﬁﬁw{w%mmﬁqﬂ fusgansamgalu
nsgaduatsall wazliwnldiuiseduaisiad
Ififuantu (Khan et al, 2024) 1wazidonnis
Usggndldidsioludl

1) mariludusazidueanani Tae
ofvauau iAo e nduilsiduamendauas
lansandalulassasnsvesoyninuiludniy (Sajadi
et.al., 2021) 91nnN15ANYIVD4 Lee, Larive, Valsaraj, &
Bharti (2018) ldAnunuszansnmlunisdnthifud
vudeuluilaelfeyniauiluaniunauiu 1-mum
1a (1-pentanol) Tudns1diu 9 sio 1 wan1sANYINY
11 sumaunludniuivssaninmgelunisddanis
uwnsnsranevesiudiensazantihiulilueunia
Tneldnansalivouihimfunsauwneiad

2) msinddeneanainin lnsaide
@mamﬁaﬁuﬁﬁﬁwwmLLazﬂﬁjmﬁqﬁﬁuazﬁumméﬂﬁu
Fs91nnsAnwves Meng et al., 2020 liaundage
duanandufielilunissidadlu nemsfnyiuans
i nflufianuaunsatunsidadlasndug 1
(Direct Blue 1) fis¥ova 90 neluszeiian 24 alug
flgungdl 25 ssmwaldea uaﬂmﬂiﬁaﬁwﬁa@m%’u
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3) Msindnlanegnuniuuauluin andu
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1198 ag19lsAn ULt T ldNmu e AnwUasaniy
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mManlanendnvulouludn (Hasan et al,, 2023;
Sajjadi et al,, 2021) symauuaniududnuilsnaden
Tun1sanuUasdntuwialddnsunanlangrnnbuin

P
1 A

\esainngulensenda uazflusdnileguuiiuiives
aunAuluanduaunsaadasadounarfaniv
leosulaneninldluegsfuaziinuaiosas 39
dsalranuduiuvedaneminluinanas (Khan et al,,
2024) 111338v84 Xiao et al. (2019) lawmuraynn
wiludniuluguiuy Lignin-Based Nano-Trap--LBNT
deldidalanswinivudewludh Sswan1sdnw
wansliiiiuan LBNT fiussavannadlunisidalane
veinvatewin Wy Usen uandeu nosuns waraga
Tneiflusvansnmnsiidaiedesas 99 uenaniug
finsienaniulunauduianuindudadenin Yag
aoulndn ieldlunisidalangndn wu 9u3de
4843 Shi, Qiao, An, Tian & Zhou, 2020 lanauaniiu
Warulwalefidudiu (Polyethylenimine--PEl) g
\Ju Lignin-based composite (Lignin-PEIl) wagzii
Lignin-PEl lUldTunsindnlasiflousiiagnenaaui
(Hexavalent chromium--Cr (V1)) Fvudeouluh Fona
nsfnwuandliiiugl Lignin-PEl TUszansnings Tu
nsidnlaslleuriagnennaus Inefiusyansan
nsindnegiifesar 80.8 agrslsfiniy Lignin-PEl 4
Fosrinfiddnlunsldidalasdonvdadnern
U A A1 pH dwnanaUsz@nsnimnsiidn uwag
awansatunsiden Tnenudn msldaluadsd 3
UszanSnmn15UnUnaeas Lignin-PEl azantmaaiiies
Yovaz 42.9 Wity

a) marhaataveminiivuidioulufudusn
vilmadenihiranla iesndndulasiawizussin
sumeuudniuuarlalasaadniuiffiuiiiaoun
Tney anansageduansieiiloviateyseam (Hasan et al,,
2023; Khan et al,, 2024) slugaslaifdinusnila
Weildandulunisiinaslansuiniivud ouly
Fudfiuanndy wu Li et al. (2024) lavinsusudss
oynAuluuunilng (Nano-Fe O ) emsuauiiule
Tnswadniu wieldlunisiialanzas faiivuiiouly
Fuun wansfnwmud Usnamesmefiivudevly

'
a

funlanasiesay 16.7 — 25.4 %QISImmaéﬂuuﬁgﬂ
waufuoymAuTuun T liuiiasuasiuia,
yosoumauluuundindifiutu mufemafinduves
nauilsrduiAetestunninu§isenadl Ssdenals
N3TUIUNIIRATY msuaniUdsulossu nsanaznay
waznalnnsadreans@edouiiuseansmmiiaty vy
398 Liu, Cui, Tan, & Wang (2020) FFnwlaenisua
oymaululedadaldiulalasiwadniu ileltly
nsidauamieniivuileulufiu namsanwanuin
oumaulumosadalyls Anaulalasiaadniul Ay
annsolunsidauandeuiivuideuluiu Tnofuid
Anuudurasanienas sunaululeTadala
TinenllelnswadniuanunsoanUsinauandonian
§%evay 22.4 uarAufiinmsuuilounanflondndes
ounmauluefadalwdfinalslnsiaadniuanse
anUSinauanflouiaunadldsesas 49.6 aedls
finue pH vesdndudwmadonisgadulaveniinlu
Aufiuaneneiu Tnednduidusisdanalisnsinig
anduuaniieslufuanas (He, Dai, Liu, Tang & Xu,
2021) feunisidenldaniulunisidalanswinly
Audsuludesfinnsandadeiienduen pH vedniiy
Yosanilusiumig

5) msUssndliantuitowuyrgasasyscl
vosfiu Insefednvurlassaiisidudounazngy
leftuiivannvanevesdniiu Insiamzoymaunuaniy
Famrmannsalunsufuuslasiadiswesiu fnufu
A0 WNILAYANTL uanInHoyniAuTudndudl
vt uunasnsuouLaznzdunisinaues
dun3d FoiliiAansmyuisusmormslufiuuas
syuuliad (Khan et al,, 2024) 91u398289 Fu, Luo,
Zhao, Yang & Wang (2024) ild@nwuieatunis
Uiuugsnmandinisnmenmuaziadivesfuniuii iy
anslagldaniu FawanisAnwinudn anduflyaglu
N1sUSuUTalAseasne MISALUY LayAUNTUVDIGY
uennianiudisanUSnainderaaauaze pH
vashuas Teaunsoagulii Anduddmdieiuganm
TrfuRuAudume uddeves Enayathali et al,
(2024) AldAnvinaveanediuedaniudinmlunis
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UFulpnun Ay aguran1sAinein wedluesaniu
FanmmduansusuugeduiidsalsifuilnuauUas
Fu 1wy msBamefureseyniafiumie uaza
ansalunisvensuagrafivesiu uonainied
msldantuduianndoutedildasiufu sl
nsUanUdessineimsnndegdiuiniuogietn 1
(Hasan et al., 2023)

6) MiUszgnAlianiuiiovitnuaivme
91me nensihanfdunnliiluingAvdmsundnau
fusfudifiolflunisgaduansuafivnisetnia ilesean
anfuflevnouniiuougs TefinaandRiduasdsiy
firlunswanangueuiudug (Mergbi et al, 2023;
Supanchaiyamat, Jetsrisuparb, Knijnenburg, Tsang
& Hunt, 2019) wenaniifsiinsterdniuludu
dunaieiiunmannsalunisinduviegadufing
ey Wy NSAFeUIIUIINIMMEENTY Lagn1THEN
Andulniues 1uAdTeves Zhang et al. (2024) 7ild
insaawdasaudinmldbilaenisyumedniiugy
fumsanesdlulasin eifiuuszansaiwlunis
anduaiveulasenled nanisfnwiuanddiiiuin
futinmiguseaniuiiuszansamgslunisgadu
asvoulaeanled Liosinnisyuaniudwmaliiug
fsumizuarUiinaslalaseifiudu ogslsfnudh
mnyguiniunnifiulleraiilvignsuressndinmiia
nsgadudsnaliuiiisneg nqu uazlilaswes
anag uaﬂmm‘imsmmaa‘Uﬂ15ﬁﬂmu%amw1‘7iﬁqué’aa§ﬂﬁu

1 l98181u9u 10 s0U WuIUsEanSamlunisen
Juensusulaeeanled dinsegludieiesay 89.79 e
99.06 1MUATBV8Y Zhao et al. (2024) TilFwawG7
anduarsuelaeenlunainluifsuinludaliuniiy
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Fuansveulagend ilesdinsdanslsidwaligady
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ifufimsuinziiguasinduilsdduiiidamesuay
pondlaudiuruun Jenandliifiuindenzdnaolsd
ansadulflunisuiuusslassainefgaduiings
naniiu 91uIT8v84 Nikolic et al., 2020 fiRnwInIs

o o
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1) YanFrnwvnanisunng Liesandniy
fauauTafid Auldanisdanm dgviniedanm
lnglanizn1saunueyyadassuazaaunie vilvd
maanfidueanshudouuniiGewasdon (Chenetal,
2023) uaziinsUszendlfounmeuludniuduuadea
Tunsvudseluiivinuetorsvdododoidvaie
Tunssnw Wesaneynauiludniudulassaiis
waufAidn (amphiphilic) Imnuatiesge Ay
fiwsn ansnsagesaanelinistinm uayauanusn
Tunsaraeduegifuen pH SsanusanuaumsUan
Uanselds (Moreno & Sipponen, 2020) uenani
finnsldanduundudiunan eldflunisnsaduma
F1nm (Biosensor) Wu nMsthaniusnauiveynia
uluvesiu ienmadulelasiuesoonles uay
nskandnfiuduariveuuiluiiviazeyniauily
yosunandt ilelfidusnsiadugalaa (Durmaz
et al., 2023)

2) nanafndinm (Bioplastic) Jslassasa
vosdnuiinguileiduvaneyiln Isenunsarhandius
wagdauvanduiandu q lnanznaraindanm
(Solihat et al,, 2020) &slutlagiuiivarsnuideld
wannanduliiduiagvdenaniae Alyariuazan
NANTENUARBAINIAZD LU NTHAANAIAANTIN M
Inalensen@Talyisn (Bioplastic Polyhydroxybutyrate—
PHB) ifiyiarngs Inefintsuiiendeuuniide Ralstonia
eutropha H16 fanunsadsuulasanseslsunin




TulnssasrsvosdnTiulvidu PHB sndetiuUszavam
N135WaR (Zhao, Zhang, Wang, Shen & Wang, 2024)
wenandnfiussgnlfiduingivlunisndnnanadin
Fanmuda ndudegnldiduarsdnduileriiy
ARLdawnIsLazAuvumuliiunatafndnn
fignednanniandu Wy 1uideves Tedeschi et al.
(2020) lovinmsAnwinavesnisiindniiulalaslad
senuautRveInataintinw wudi dnfiulelaslad
ausaUsulsauautivesnanaintininluau
grnnamans maatadusendiau mariuoyyadasy
WAANULUATISY NANITANYIARAAREINUMUITEVDY
Rizal et al. (2021) FalFUszgnaldouniauludniy
\duansfufniiedunuudusdiiuiidumanadn
i (biopolymer films) findnanansievun
Tng) wans@nwnansliiiugn eyatauiludniu
a1u1saUSul R dRvesilauna1afingInInmg
nenm Bena waznsiostuiildednediveddy

3) msvsggndldantududomaainm
\lesanidutanfiunainity Usunauesueumnius
i uarauantRndofuidemdeada Seanusath
alfldvanssuuu wu thifuuudu difufiea wee
WewnAsdmiuiaiosdu (Kocaturk, Salan, Ozcelik,
Alma, & Candan, 2023) snsyuaunisiasudniu
T Sudemdedinin awsouisoondu 2 Fndn
fio mslianiiu fronswndudomadasess wu
nasnanfudedudemadstunioledlunsuas
anuFeunazliiii wazmsldanduduinguiiiondn
u‘;lul?gaLwﬁa%amwﬁaﬂugﬂLLUUsuaammLLazﬁ”w Bs
anunsnIsmananlavaneds wu nlslada wiadiladu
lalnsalulada warean@mdu (Kocaturk et al., 2023;
Patel, Dhar, Babaei-Ghazvini, Dafchahi & Acharya,
2023)
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NTNYINTFITUVIR (Wenger, Haas & Stern, 2020)
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Fruauann Taglamznsnwuieaiumstianiungn
\Hundnfu ienaunudnssiindantlnsed s
wansAnwILandliiiud Handusiinanainandud
UsganzanlunisannisudesiwFeunseanlaani
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au1snann1svanddesiigisounseanlageanis
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ansnannsiinlelougeaniiiesas 33 annisiin
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Tun1swdnnsneazatn (Adipic acid 138 Hexane dioic
acid) wnumslinsnerAtniindnantlnsiadl Gananis
Anwwandliiiui ananseannisuaesfitgdaunsean
l950eay 62 014 78 (Chauhan et al., 2022; Moretti et al,,
2021) peslsfimuilniAdeiiuandliiiiuin nslianiu
Lmui’aﬂﬂizmwﬁu 019dINafnTUAs LA W
iieNne ufevdmansEusedaIndeslufudy 4
Wiy Wy nuiTeves Krzyzaniak et al. (2019)
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