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Effects of different pretreatments on antioxidant
activities of Moso bamboo lignin
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Abstract: In this study, lignins in Moso bamboo and acid-pretreated bamboo were isolated according to the method de-
veloped by Bjorkman, termed as MWLr and MWLa, respectively. Lignin in black liquor of pretreated bamboo by
kraft pulping was precipitated by acid and termed as KL. Then, the obtained lignins (MWLr, MWLa, and KL) were
characterized by 2D heteronuclear single quantum correlation nuclear magnetic resonance (2D-HSQC NMR) and
quantitative *'P NMR to analyze the effects of different pretreatments on the functional groups and types of lignin units
in the resulting lignin. Meanwhile, the performance of above obtained lignins on the scavenging of superoxide anion
free radical and 1, 1-diphenyl-2-picryl-hydrazyl ( DPPH) radical were investigated. Results from the NMR analysis
showed that the percentage of syringyl units in bamboo lignin increased from 50.6% to 68.8% and 72.2% after it was
pretreated by acid and kraft pulping, respectively. In addition, the pretreatments resulted in degradation of tricin and
increase in the amounts of alphatic hydroxyl groups, phenolic hydroxyl groups, and carboxylic acid groups in obtained
lignin samples. It showed that the capabilities of MWLr, MWLa, and KL to scavenge DPPH radical were up to
79.59% , 75.57% , and 77.69% , respectively. For superoxide anion free radical, the highest scavenging rates were
81.15%, 47.27% , and 74.53% that achieved by MWLr, MWLa, and KL, respectively. These results indicated that
the antioxidant activity of the obtained lignin decreased after it was pretreated by acid or kraft pulping process. The
probable reasons for this result might be due to the degradation of tricin in lignin and the increased percentage of sy-
ringyl units in the lignin.
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b 1:5(g:mL) A NaOH Fl Na,S 788, Horp
WALRE Ny 20% B854 10% (4 NaOH +Na,S Jit
AP, UL Na,O 1) . 7€ 80°C K #il¥E 20 min &,
PL2°C/min B BCRFHE E 150°C, IR 1 h, &
S e A4S IR 2R B RS 2 BAT R
1.2.3 M4 KRR ERTALIZKRE 65 &bl

BRI TR TOUA AT A I 2 oy B RN 2l 4k
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iezg AR B BHR B, IR e AR IR 20
mL H BN AR50 R 90% Y £ R s fift R A J
2 IR BOETE A 100 mL ZEHK 0 R
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Table 1 Components of MWLr, MWLa and KL /%
B a3y
TSR AR EHE KRR
MWLr 0.86 3.08 94.37
MWLa 0.35 2.68 93.95
KL 0.65 1.23 97.21
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(A) B-BHE(B) B-5HE(C) .B-1 #E (D) 55 ; NTEIA
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Fig. 1 The 2D-HSQC NMR spectra of MWLr, MWLa and KL
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Fig. 2 The main structures and linkages in lignin
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145.0 MRS FAS 5106 6 144.3~141.0 MAEAR
TR BLf Sk 8 140.3~138.4 F16 138.4~137.2 HAX
BIARFEATTZR A R AR AR BYIR4R G B 2
EEE 5 135.6~ 134.0 R EE S04

SRR A RS B 0 R AT EE IR 1 R
T2 PR, M2 ATH, MWLa i I % 72 3 o 2 JBE

i

KL — LJ \\\Nﬂ/r\hJ\J JLLJNL
|

MWLa W/ﬂ\w/ \W\J\/MJ‘A oo
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Fig. 3 The quantitative ¥ P NMR spectra
of MWLr, MWLa and KL

JRWEIE (1.27 mmol/g) W & T MW Lr gl 1 2 55 T
HEE /R (1.05 mmol/g) o IXJEH TARBTRTEMR
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PR R IR 1) Wy 2 L BE /R S et 3k
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J& , R EE R 5 M 1.82 mmol/g 73 il 5 =
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mmol/g) o X AESE R NIEMIESIF AR E @
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ARFRFERA RS ER S EAE SRS, BT
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mmol/g, FI AE HT T A 57 2 M 5% - i 1y e 3 Bk 7
A R R e e — S B R B TR

%2 MWLr MWLa #1 KL EREFIEREE

Table 2 Contents of functional groups in isolated lignins (MWLr, MWLa and KL) /(mmol - g™!)
B — N —— FRAE
JIg Wiy i ERE SIS S A4 & B 2 AL SRR
MWLr 1.05 0.55 1.27 1.82 0.26
MWLa 1.27 1.72 1.09 2.81 0.92
KL 3.21 1.65 1.83 3.48 1.41

T o RN EAIAHE AR BUR FIXDEARHA BT R ARG A RUBR AL BRI b FOR 05 BB R FIAE 465 T B 2k SR

2.4 HBEEFREE

FI R R SR A A LA SR R Y 3 2
BUHZ— b B i 38 BRAE 1 S BB AL Y
%, DPPH S H Al f5e ) 2 19 A i 2230 2
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§
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o —=— Ve
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Fig. 4 Effects of lignin concentrations
on DPPH radical scavenging rate
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W IR, MM = T 0.60 g/L I, A JFi Z %} DPPH
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i, % DPPH H B 5L 16 BR e 1k B Fn, ™ B3 55
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Fig. 5 Effects of lignin concentrations on
superoxide anion free radical scavenging rate
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JInE R, KRBT R BT W E R 0.4 o/L B A4k
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KL X} DPPH A fi%E6¢) 1C50 {E 405124 0.13,0.11 F1
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BB+ B FR SRR BRoR g oK S8 — 2 Rk
F, M Ve Bl E N 0.8 o/L I, X A M BT
B LA 5 R AT 3k 80% L |, MWLr MWLa Al
KL 23— W A B B 1 H i s bRae g,
Bifi 25 v B3 i 3 K (RIS BRAE S99 T Ve, MK
R FEREE R 0.05 g/L I3 FioA B2 19 H A
BF H BRI BR RO 7R, X S 5K I AR 4y
BT SO /Zx0, MEAL S8 JF A 5t R 19 T E A BB 45
R—F, Xnlfge i FlA R A b EEE Rt
ST = W AP SR T & A R O A
FI2S+ e A )4, SR B 7E 325 nm &b
BWAE . 4 AR o] 35 bR A P 1,
PR B = Az i, T AR HEAE 325 nm 201
W, AFETE 325 nm A — & WU AE , ] i
PEARC I B s o) 8 S B B W PR R I8 55 , SR Ny 1%
Al fig TR =l [ L 3 PR o B 7
B R S, MWL MWLa Al KL % #8 4
FHESF [ 2E 9 1650 {4318 0.62,0.73 Fi1>1.0
¢/L, UiB] MWLr MBT A0 TE P de o, S I vk
H 1.0 g/L B, RJBTER R e BB F A i
FLVERABE S, MWLy MWLa 1 KL 17 4532 51
81.15% ,47.27% 1 74.53% , TATARIRE R &I HilR
ToAh FR AR R £h 1k A S, M B A 2
BRBE I BRI PR RS RN MWLr>KL>MWLa,,

PSR SN AR T & L RS B SR A R
SO T 3 5 I 5 1) S R ] B R A 4R TR U 1) &
T, BRI B A AL BE J1 . R I, Dizhbite 251
T W R L R D e o K R R P Akt 2
PEUEER . TEARREGE T, KL APt &k (DPPH H
FH R AU B A B T BR B T ) B MWLa 1Y
oA, nTREE o KL B 0 A0 8 1 %
FEAE AL (R 2) . MWLa Fil KL 8 S By B 5L B /R
Frigfm T MWL fEE/R & i, MWLr BT 40
i, o BT R AT RE S < 1) B 1 JE 22 EE R — 2
HA SR RPN BATRAKR TR
LA 22 BT B A, A0 i R A0 TR o 9 Ak P ok
ORI T 22 SR 25 R 25 ke A R (1 1), 3
HHTAALRE T T A8 L AR i R AR 2) AT By
FR IR R SE A 2 A e 3, 447 3 AT 2 H AR X
SUIL A 34 J T4 S AT, T B R IR ) T

B, T R A S aE . BAEE UR A
B 52 Fr AL ) S SOE i AU, S
il A5 0y v il S S B R A L S AT PERE AR,
PRI 1A H AR A A RS Z5 4 () Pk
PESRTA 2 A AL T HRL M (S)
ME T B 2D-HSQC 3% B3 v 1, BAT AR R &
1B R RIS MR R R VL AL R 5 | 48 T A S5 F B
IR R LRI I, I 50.6% 45 5 22.68.8% F1 72.2% ,
SEH BT A AL GE J1 7T 8 L R A K B R bt/ AL R
WAk (io

3 # i

1) BATAIZ 22k 75 2 R 2 6 32k T Ak 34
J& IS B A A IR A R R A B AR R T
FLLEF BE IR 2 i LE ) AN 50. 6% 2 =5 & 68. 8% Al
72.2% , W FEIEEE R £ B A 1.82 mmol/g 43 il #2155
% 2.81 Fl 3.48 mmol/g, $& 3 EE /R & /& M 0.26
mmol/g AR 2 0.92 f11.41 mmol/g,

2)MWLr . MWLa Al KL Xf DPPH H 1 3% K
THRAE 1N 79.59% ,75.57% F 77.69% , % i 48 [
B SR R K BE T 81.15%,47.27%
74.53% , FWIBATARFT R &0 WAk 315 b A fk BE
FIBEAR, IR BT 2R AT g 38 AT O SR BT AR I 1)
Wi,

3) BT KR R 4ot Wi B 5 bt Ak g 1
1%, AT RESE A Y 22 ARG P A PR A R 8 T A i
SR LR N TS
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