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Abstract
Large amount of sugar industrial by products mainly bagasse is generated annually and mostly used to produce energy for
sugar industry itself. The present work aims at extracting lignin from bagasse using acid and alkali delignification methods. The
obtained lignin was characterized for its chemical and biological characteristics including the energy efficiency of delignified
bagasse. Indeed, lignin becomes more attractive due to its second largest amount compared to cellulose. Moreover, its chemical
structures indicate high potential to be developed for various applications. From extraction process, yield of extracted lignin was
varied according to extracting media (1%NaOH and formic acid: acetic acid: H,0, 30:55:15, v/v/v), solid: liquid ratio (1:6

and 1:12), state of obtained bagasse (1 day and 12 day after juice extraction) and pretreatment process (steam explosion).
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Extraction of twelve month stored bagasse under alkali condition without pretreatment provided the highest yield of 229%.
Meanwhile, pretreatment for new bagasse seems necessary in order to improve extraction efficiency when using 1%NaOH at
1:12 ratio. In addition, lignin obtained from twelve month bagasse provided poorer antioxidant activity assessed by DPPH
compared to that from new bagasse. This could be due to partial oxidation of lignin under outdoor storage condition of bagasse.
Concerning antimicrobial activity, all lignin obtained from all extraction conditions at the concentration of 1,250 pg/ml
(Minimum Inhibitory Concentration; MIC) could inhibit microbial growth. The better inhibition was observed in gram negative

bacteria (E. coli, S. typhimurium and V. cholera) than gram positive bacteria (S. aureus). In addition, delignified bagasse could

be reutilized as an energy source with slight reduction of heat building capacity around 5 - 19% compared to normal bagasse.
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- SA1:6 : Pretreatment (steam -
explosion) + acid hydrolysis + solid:
liquid ratio (1:6)

- SA1:12 Pretreatment (steam -
explosion) + acid hydrolysis + solid:
liquid ratio (1:12)

- NSA1:6 : No-pretreatment + acid -
hydrolysis + solid: liquid ratio (1:6)

- NSA1:12 : No-pretreatment + acid =

hydrolysis + solid: liquid ratio (1:12)

SB 1:6 : Pretreatment (steam
explosion) + alkali hydrolysis + solid:
liquid ratio (1:6)

SB1:12 Pretreatment (steam
explosion) + alkali hydrolysis + solid:
liquid ratio (1:12)

NSB 1:6 : No-pretreatment + alkali
hydrolysis + solid: liquid ratio (1:6)

NSB 1:12 : No-pretreatment + alkali
hydrolysis + solid: liquid ratio (1:12)
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energy power
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Samples % moisture , o M - o
(cal/g) (watt-hour) (MBANNIDUYBININDYNBUHNA )

Bagasse 4.7 4129 4.80 =
NSA 1:6 6.5 3744 4.35 9.38
NSB 1:12 10.6 3350 3.90 18.8

Bagasse (new) 4.1 4268 4.96 -
SA 1:6 (new) 5.5 4180 4.86 2.02
NSA 1:6 (new) 5.7 4145 4.70 5.24
SB 1:12 (new) 8.4 3693 4.29 13.5
NSB 1:12 (new) 9.9 3663 4.26 14.1

NAWUAINWSINIULUY Gross Calorific Value
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mmimlugﬂ kraft lignin tag gallic acid WU
Tassadzasansanadladinlnaidu lignin Tuvmusd
Tassaaunedudiaulaiu gallic acid Femaiiuas
polyphenols ﬁﬁlfmﬁﬂ‘[maqmﬁnﬂiw ﬁgﬂaﬁ"m
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1#@ TPC 1‘1431] kraft lignin ag gallic acid Tad
uanNeNNUBENNNBEIAt (48.2 Waz 50.19% (kraft
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WU 64.8% (kraft  lignin) 31ANI5ILATIEHLES
aaumwnanlainmndaslmifien »TPC  annd
mMnaasLi Hasnanzmsiiusnmmnaasti
meuanarmsilunaiviueram iy e

oxidation 2849 phenolic compounds Todhe

#1997 2 Total phenolic content (TPC) 11431]’1!80 gallic acid w82 kraft lignin

v v A o ' %TPCkran %TPCgallic
81gNINaanaliy Aaeatig
(w/w lignin) (w/w lignin)
. NSA 1:6 43.0° £ 1.15 12.7° + 0.32
12 10aU - =
NSB 1:12 48.2° £ 0.30 14.1° £ 0.08
SA 1:6 (new) 64.8" + 1.01 18.8" + 0.34
B NSA 1:6 (new) 37.0°+1.22 10.9°+0.11
17U = g
SB 1:12 (new) 76.6" + 1.50 22.7" £ 0.28
NSB 1:12 (new) 50.1°+ 0.41 14.6°+ 0.42

WINWG  BNHIMHBINUALINANAY (a, b, ¢, d, e) uFMIANNUANFNURE NI AYMIEIA (P<0.05) ua1 %TPC Tugl

gallic acid wae kraft lignin

5. MIWANLULANFINMUATMewmailla FTIR
MMIANALAFFNNLATYBIE TN
lignin MAUGBLEANIzMEWATA FTIR aauandly

MWD 4 uazdya N wave number 6N ¢ AT
Tua5199 3 (Zabaleta, 2012)

180

e o

160

140

120

% Transmittance

100

80

60 IIlli”lli""i""i""i

NSB 1:12 (new)
" SBE 1:12 (new)
® NSB 1:12

NSA 1:6 (new)
" SA 1:6 (new)
® NSA 1:6

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumbers (cm™ t )

3Ufi 4 ATR-FTIR spectrum 2n688Na5810 lignin ldnnanizmsanadig

PNNTIATILALATIE51929a1580 A lignin
W 6§z 628 FTIR wudanaii wave number
3690-3030 cm”’ FeasefUMsAUSIfiauwas O-H
2991A5985149 aromatic

stretching Lae aliphatic

‘”cyiywm“?; 2930-2845 cm ' @59AU C-H stretching
28N aromatic methoxy, methyl L8 methylene group
T side chains uanMNHSIWUFYaNaEulng i
wave number 1710-835 em ' Zausznauludaei



em”' @590U  C=0 bond

1710

stretching 283
unconjugated ketone, carboxyl, ester group '*‘7; 1595,
1515, 1514, 1502, 1465 cm” @9A59MU aromatic
structure W% lignin (Bui et al., 2015; Célino,
Gongalves, Jacquemin, & Fréour, 2014) '*‘7;1418
em™ 05980 C-H 1w lignin 71 1218 cm™* @sefy
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ring breathing fiu C-0 stretching Y8V syringyl (Los
guaiacyl structure ‘ﬁ 1121 cm ' @59 aromatic C-
H in plain deformation 284 syringyl unit LLazﬁ 835
cm ' @590U C-H 289 syringyl substructure (Zhou,
Jiang, Via, Fasina, & Han, 2015) Glag5iaa5a0e
N 6 anzilasiaaiedeadaiu

®1579% 3 Functional group 10 wave number #4 °) ¥84GIRENANTINA lignin NLANNFAMEMSINAGI )

Wave number (cm™)

Functional groups

3690-3030 OH stretching vibrations and hydrogen bonding in phenolic and aliphatic structure
2930-2845 C-H stretching in aromatic methoxyl group and in methyl or methylene group of side
chain
1710 C=0 bond stretching
Unconjugated ketone, carboxyl, ester group
1695 Unconjugated ketone or carboxyl group stretching

1595, 1515, 1514, 1502, 1465

Aromatic structure in lignin

1418 C-H deformation in lignin

1326 Syringyl ring breathing with C-O stretching

1261 Guaiacyl ring breathing with C=0 stretching

1218 Ring breathing with C-O stretching of both the syringyl and guaiacyl structure
Syringyl substructure

1161 Ester bond associated with p~hydroxypheny propane

1121 Aromatic C-H in plain deformation of syringyl unit
Syringyl structure

1030 Deformation of the aromatic C-H linkages in guaiacyl substructure
Deformation of the bond C-O in primary alcohols

835 C-H in positions 2 and 6 in syringyl substructure

5. AMENTAMIMNUDYYBETE (antioxidant activity)
ManagauAaaNta lumMsmusyyadassee

58 DPPH  2898058A® lignin  fianadudu 0.1
mg/ml Lﬁime‘UﬁTiN'](ﬂ’iﬁﬁu gallic acid 17;0, 0.01

(8 0.001 mg/ml Wag kraft lignin 91 0, 0.1 e

0.05 mg/ml LAONHAOILA %DPPHremaining Tog
@1 9%DPPHremaining Na0auansadninuasaIsluy
msdugvayyadaszlanindu wanisnadgauilag

UEM UMW 5

Tiame (min}

= - = 0.1 mg/l krat lignin

Y

al GA

40 45 50 85 60

3UN 5 %DPPHremaining 28481580 lignin ANMINTIY 0.1 mg/ml MNENNIEMIFNAGN 1 WIsuTiBURUNTINATIU gallic

acid iANUENYY 0, 0.01 WHL 0.001 mg/ml ez kraft lignin 7 0, 0.1 Ua 0.05 mg/ml
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WaSsudisuUszansnnweas lignin- 10
anmezmsl¥nsauazdeandstannaasnigad
ngY (1 M wag 12 t@au) wud lignin #Alganms
ananinsaeluialansaiuudrldulvian
9%DPPHremaining isnninmsanamndsslnigie
@19 nalunindasfiiiunisszidadiala
(SA1:6(new) 1ae SB1:12(new)
Whiy  61.9%) wazmnaasilirumsseiiings
(NSA1:6(new)
NSB1:12(new) Ay 78.3%) #audaedaaanialu

WNNU 50.6%

Tath WNNU 68.9%  UAZ
msdhuayyadassiiannni Tudruzasmndash
WU lignin #ldarnnisanaaiansaiie
9%DPPHremaining RonnIM3anagIaes (NSA1:6
NNV 68.4% WAz NSB1:12 LyNNU 80.8%)

6. mafutuazyhaeideqdun3d (antimicrobial

activity)

HaNIINAFaUAMENUALAZAINEINITO LY
msﬁuﬁv’qLLaz'v'hmﬂL%aqauﬁﬁwmmsaﬁ”m lignin
waaslumaei 5 Nnwansnagaunuhasaia
lignin mnmnﬁaﬂnﬂam’;sﬁmmLil'uﬂ'u 1250
ug/ml I¥uamsiusaauuaiiGounsuau (E. coli,
S. typhimurium W&t V. cholera) 1@ udlumssiudi
wuATiBaunsNUIN (S. aureus) GaslFanudadud
NNNAD 2500 pg/ml Tunaziinsrhane
L%aﬁgﬁuﬁﬂfls\imm’snﬁﬂé’uﬂimﬂ%’szﬁumw
Lﬁuﬁugqqmwamsaﬁmﬁm‘%aulé’ @8 2500 pg/ml
iasmndanialuiFasanummsalumsasmezes
a5an@ lignin Ty DMSO ldanansawnieulagege
fenududu 2500 pe/ml 3elinsuanuddy

gavnezes MBC

M3N7 5 HAMINAFOUMANNINTUMIEN (ug/ml) BBINTENG lignin MNNMNBoElUMITUBNFREUNTE (Minimum

Inhibitory Concentration) Ltazﬁwmﬂl,%aagaum%ﬁ (Minimum Bactericidal Concentration)

S. aureus E. coli S. typhimurium V. cholera
Samples

MIC MBC MIC MBC MIC MBC MIC MBC
NSA 1:6 2500 >2500 1250 >2500 1250 >2500 1250 2500
NSB 1:12 2500 >2500 1250 >2500 1250 >2500 1250 2500
SA 1:6 (new) 2500 >2500 1250 >2500 1250 >2500 1250 2500
NSA 1:6 (new) 2500 >2500 1250 >2500 1250 >2500 1250 >2500
SB 1:12 (new) 2500 >2500 1250 >2500 1250 >2500 1250 2500
NSB 1:12 (new) 2500 >2500 1250 >2500 1250 >2500 1250 2500

agnalsiauiia3suiiisuiussana lignin
mnifaqmsansﬁuwawu‘ﬁﬂﬁmumwiu LAYND
Fatnlne Madsaldanannzmsanalnadaeiy
(49%NaOH, 95°C, 120 W19) WU lignin NINLAH
aasasnInas i saduiauasnmeuuafiGaLnsy
VI (S. aureus) l@nanuidiagiy 1250 pg/ml U
3125 pg/ml (Dong et al., 2011) GNEIOU X
Julunliudendunamsnaasiilalumsdeil

3a1szﬁuasa§ﬂman1sﬁnm
PNNANIINABBNENA lignin - AINNINDBEWUI
walé'ﬂaQﬂﬁsaﬁ'm%uagiﬁuwﬁmaqé’)ﬁwazmﬂ‘[ﬂﬂmi
1#a14 (19%NaOH) aglvinalaanmsanaannniinms
1%n5@ (formic acid: acetic acid: H,0, 30:55:15,
v/v/v) Uszned 31 WazaasdIuYes solid
liquid laifimadanalomsanaludnnznsa ualy



gamzanfiiinsandudhazaisan 1:6 T
1:12 ansouiinualdmsanany 5-10% GREVLY
mnsastuiiudndasenilaiiasannuiimsaia
mnsaafinulnisBudaerinns  pretreatment
(steam explosion) LW‘SWﬁIﬂ‘Nﬂ%N“?;LL‘ﬁQLLN&nﬂﬂﬁﬁ
mndaaimuasludgunniar »TPC geniinn
faaiin FaradunadoguaniAnsduasoyya
Sastianiy adnlshmuilansasaulaseadiems
wWwieemaila FTIR uawmunlaseademanizes
a3ane lignin NnMndaannanzianulndides
fuuazaanadasfunuiteauildannzlumsane
Aa1eny (Bui et al.,, 2015; Célino et al., 2014;
Zabaleta, 2012; Zhou et al., 2015)

miimadanl#izmsataasuegiuemudasms
Tumsih lignin W l5Uselomivaznmsinnmsnmnsae
2415991 INEWUNMNSaeREuUMSIRaEIN5e
ihnduanuyudeuldudaliild nasanisneli
iial¥naurainsauazmeszivelulaadndesy
anudouazanaslszainm 5-19% laifisuiumn
saufilitunszuiumsane u,a::%uagjf‘fuﬂ%mm
lignin ﬁgnaﬁmaanlﬂ iisennlasead lignin 1§y
hydrocarbon polymer ‘?;Q Lﬂuﬁ’mmﬁwé’ﬁ’mw}'

NnnmaTeuiinanldhamsata lignin 1NN
SaniafimsannaluBaSnadifnnidadfisutuas
NN bioactive compound NNWINMEFHAUS: T
Qmmwﬁﬁﬁ'ﬁauﬁmum’sﬁmagyaﬁaimazﬁu5’0
deyaunidnolan Sudunguuasmsanafiddnanin
Tumsihluwanniemsliusdemilummadi uii
afefivadasludewatenulidanmsiio oxidation
Ltasil'aagamqﬁﬂuiﬂsqa%wﬁﬁ’qﬁmmsmsﬁnm
WA

Ananssndszna
1UNI8282UAMEIUNNUNBINUTYUFUUNS
e (@02.)  dnsunuidelasims “msdsiam
d19Usznau polyphenols Lﬁmﬁugaﬂ'mawamwaaﬂ
lﬁmﬂqmawﬂssuﬁwma (RDG5750030)” meld
wHuuIse “msaayariiinseswandawaasld
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