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Abstract: Using lignin carbohydrate complex (LCC) extracted from eucalyptus pre-hydrolysis solution and lignin samples
rich in LCC fragments (LCC-AcOH) as raw materials, the changes in component content were investigated after treatment
with different amounts of laccase and xylanase, and a series of characterizations and biological activities were explored after
enzyme treatment. The results showed that the lignin mass concentration of the degradation solutions of LCC and LCC-
AcOH treated with a laccase dosage of 3.2 U/mL decreased the most, by 12.70% and 12.94% respectively. The total sugar
mass concentration of the degradation solutions of LCC and LCC-AcOH treated with laccase dosages of 1.6 U/mL and
2.4 U/mL decreased the most, by 5.98% and 33.98% respectively. When treated with a xylanase dosage of 1 200 U/mL, the
lignin mass concentration of the degradation solutions of LCC and LCC-AcOH increased the most, by 30.95% and 10.45%

respectively. When treated with a xylanase dosage of 800 U/mL, the total sugar mass concentration of the degradation solu-
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tions of LCC and LCC-AcOH increased the most, by 69.80% and 73.44% respectively. After enzymatic treatment, LCC and
LCC-AcOH treated with laccase dosages of 1.6 U/mL and 0.8 U/mL, as well as LCC and LCC-AcOH treated with xylanase

dosages of 1200 U/mL and 300 U/mL respectively, had the strongest antioxidant and antibacterial abilities. These results

indicate that the enzymatic hydrolysis of LCC shows great promise in the application of LCC.
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Tab.1 Mass concentration of lignin in the degradation
solution after laccase treatment

. Ty Aﬁ@ﬁ?—ﬁ)ﬁi?ﬁfg/(g/w

ik (U/mL) TR Klason "
RIFTE RIFTE

LCC 0 0.20 1.06 1.26
LL1 0.8 0.15 1.06 1.21
LL2 1.6 0.20 0.95 1.15
LL3 2.4 0.18 0.93 1.11
LL4 32 0.18 0.92 1.10
LCC-AcOH 0 0.22 1.79 2.01
LAL1 0.8 0.28 1.68 1.96
LAL2 1.6 0.33 1.56 1.89
LAL3 2.4 0.34 1.49 1.83
LAL4 3.2 0.38 1.37 1.75

®2 ARBEHBLEREBEPRRERERE
Tab.2 Mass concentration of lignin in the degradation
solution after xylanase treatment

. RIS TF?EEWE/(g/L)

FEfh (U/mL) MR Klason .
AEE AEE U

LCC 0 0.20 1.06 1.26
LX1 100 0.21 1.08 1.29
LX2 300 0.30 113 1.43
LX3 800 0.19 1.42 1.61
LX4 1200 0.20 1.45 1.65
LCC-AcOH 0 0.22 1.79 2.01
LAXI1 100 0.22 1.80 2.02
LAX2 300 0.24 1.80 2.04
LAX3 800 0.30 1.84 2.14
LAX4 1200 0.36 1.86 2.22

2 1.5 2 A[%1, LCC & h AR R & i at
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WP (1,10 ~ 1.65 g/L) fIXF LCC-AcOH R H AR
JRE R EE (175 ~ 222 g/L) . iX 5 Wang 2'7%
PRI LCC H LCC-AcOH HATBHRMATR R & M
= KA G B A R — 3

Dong 2518V ¥ WAk 218 RRET 4 , A0 PRATHIA
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RIFFE TR, KRR EETHESRE.
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2.49% .5.97% . 8.96% . 12.94% . T 454 VF] FH i g
Sb PR = AR U A SN, R R
Er AR, XU 2 R AR T R

Li 25U R AR SO AT 22 B EA T AL B, 25 50
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LAX4 BRACFRE) LCC-AcOH A ST 2 Ji ik 55 43 )
B 0.50% . 1.49% . 6.47% . 10.45% . 3% A figf& T
RBREINT 722726 K £55, 8l LCC MRS,
FAREREIR , IR T AR % Fr B, [l R4 4 2%
IFLBRIEA BT 28 B 2 A I 2], I B B T 2%
vk B T P02 LALI—LAL4 A5 25 i ok
e LL1—LL4 3%, XU LCC #iokik &
WHEBFENARREEZ  BRIEARTTZEM Klason A
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2,12 Ml PR R F RO

GEBEAAR R PERGAE PSS Y LCC . LCC-AcOH F#
SRR P AR IS R ST v L 3L 3R 4.

M 3 AlH: ORI A S LLL .
LL2.LL3.LL4 3 RANER) LCC R BT e 43 1)
WAk 2.56% . 5.98% . 1.99% . 4.56% ; LAL1,LAL2 .
LAL3 LAL4 #ARANFR) LCC-AcOH JEbH o i v i
A3 HIREAR 20.70% | 23.44% . 33.98% . 32.03%, HAAb

FEY LCC AL, AN A A RS 1 LLT
LL2.LL3.LL4 7%k o e B4 ke hn 39.13% .
43.48% . 100.00% . 56.52% , A M [ 5t v E 4 i) B A1
5.50%.9.17%. 9.17% . 8.56% , FIF A1 H8 o 2 e Ji5 2 A,
A 5oR A PR LCC-AcOH #H I, LALL .
LAL2 . LAL3 . LAL4 (1) % % 0 J5z 5t Wk B2 49 0l 38
71.43% . 85.71% . 85.71% . 57.14% , AMHE 5t 1 e £ 43 5|
FAAG 26.58% . 31.65% . 42.62% . 39.66% , Bl 4 i
e BE 43 BN 41.67% . 75.00% . 66.67% . 66.67% . Rico
25 (VR 5% % Tl — ) 50 28 06 M AR TS0 1) T Ak B 4
PR, A AR o B RGN, B AR R B
8, A VR P B IO v B AT T RRAIG, TT RERpl E
— RIS
3 FEAEERBRTERERESN

Tab.3 Analysis of the mass concentration of sugars in the
degradation solution after treatment with laccase

o R/ R/ (g/L)
(UmL) w40 AW BRAbE B
LCC 0 023 327 0.01 3.51
LLI 0.8 032 3.09 0.01 3.42
LL2 1.6 033 297 * 3.30
LL3 24 046 297 0.01 3.44
LL4 32 036 299 * 3.35
LCC-AcOH 0 0.07 237 0.12 2.56
LALI 0.8 012 1.74 0.17 2.03
LAL2 1.6 013 162 0.21 1.96
LAL3 2.4 013 136 0.20 1.69
LAL4 32 0.11 143 0.20 1.74

U ORI, F A XE LR B R
T4 ARBEHLEREBRPRERERESN

Tab. 4 Analysis of the mass concentration of sugars in the
degradation solution after treatment with xylanase

. A RHE ] B/ (g/L)
w/(UmL)  gidihl AW BUROE S
LCC 0 0.23 3.27 0.01 3.51
LX1 100 0.77 3.76 0.01 4.54
LX2 300 0.99 4.51 0.03 5.53
LX3 800 1.14 4.75 0.07 5.96
LX4 1200 1.15 4.48 0.10 5.73
LCC-AcOH 0 0.07 2.37 0.12 2.56
LAX1 100 0.14 2.36 0.20 2.70
LAX2 300 0.19 3.53 0.22 3.94
LAX3 800 0.22 3.99 0.23 4.44
LAX4 1200 0.21 2.54 0.24 2.99

¢ 4 A% LX1.LX2.LX3 . LX4 B ARAFEH
LCC G\ W JT i Wk i 43 0l B4 n 29.34% . 57.55% .
69.80%. 63.25%; LAX1.LAX2 . LAX3.LAX4 &fRAb
A LCC-AcOH 50 o1 5t Wk B 43 38 I 5.47% .
53.91% . 73.44% . 16.80% . A< S Ml Ak BRI Réf A T
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BRIV BE RGN, A& AR R BERRE AR LCC & LCC-
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F1A) A 2 T VA TS A e 2 1 N, AW SO ek 4 i)
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AEHEAREEE Fak Fal
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Fig.1 FTIR spectra of different degradation solutions
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R R PR LCC FEARRTE 276 nm AFEAE
FEAE DG, T30 B I ) 20 0 AR ot R A pl 55 T A A
o ZAREHERAL IR LCC FEARIRALE 274 ~ 276 nm .
281 ~ 285 nm AbFYIESEAA AT I,
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Fig.2 UV-Vis spectra of different degradation solutions
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SRR, B 6.27.10.06 ., 18.37,25.75 mmol/g,
S e 238 R SR it b 3L i O3 AR R 20 R Tl A 3L Y
R it 2R FPR TR ) T 3 5 5 e P X B R L I AR T
AR AHREAL I | B I R A o AP,

AR ) ABTS H HEERRR A 4 fF
TN o MFRUL, By S ABTS H HLERRRE
EAESE. K 4 ATAT, LCC-AcOH [&f#K i ABTS H
FHIETEBR AL LCC MRS, T REZH T LCC-
AcOH AHXT 4y Bt it 4K, 23 (Al o7 B BH A ¥ 0 5
ABTS [ 34, B 58 A TR K,
ABTS H i 55 BRFAA IS0, 23512 A6 ]
G AR RBER AL P JS % LCC, LCC-AcOH F#f#
Wb, LL2 . LX4.LAL1 . LAX2 ) ABTS H Hi 515k
R, 0 89.85% . 89.47% . 84.74% . 88.38%.
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Fig.3 Content of phenolic hydroxyl groups in different
degradation solutions
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Fig. 4 ABTS radical scavenging rate of different degrad-
ation solutions
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(a) LCC &ML HIREfR 1R
FEAFE R

(b) LCC ZARFRHMERGAL IS (1) (¢) LCC-AcOH Z¥EMiat 3 i

(d) LCC-AcOH AR AHHELL

A e it B BRI

Bl 5 TEIFEMER KRR IE T

Fig. 5 Comparison of the antibacterial activities of different degradation solutions against Escherichia coli
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