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Abstract: Liquorice residue was pretreated with two dilute basic solutions (Na,COs; agueous solution and
NaOH aqueous solution) and the mixtures of the above dilute basic solution and ethanolamine acetate,
respectively. The effects of different base concentrations and pretreatment temperature on the composition
and enzymatic hydrolysis of liquorice residue were studied. The results showed that the removal rate of
lignin and cellulose recovery rate reached 54.1% and 77.2%, respectively, under the conditions of 2% (mass
fraction) NaOH agueous solution as solvent, solid-liquid ratio (g : mL, the same below) 1 : 10, time 1.5 h
and temperature 100 °C. The glucose yield was 53.5% after 24 h enzymatic digestion, which was 4.0 times
higher than that without pretreatment (10.6%). When the pretreated liquorice residue was subjected to high
solid enzymatic digestion at a solid-liquid ratio of 3 : 10 with an enzyme dosage of 45 FPU/iiquorice resicue fO
72 h, the yield of glucose and xylose reached 86.2 and 18.9 g/L, respectively. This hydrolysate was used as
carbon source for fermentation, the production of 2,3-butanediol and acetoin was 43.9 g/L after 64 h, and
the conversion rate of reducing sugar was 0.42 g/g. Compared with control group, the hydrolysate was more
favorable to the growth of bacteria, while the productivity of 2,3-butanediol and acetoin was increased and
the conversion rate was dightly lower.
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NaOH # A AR HE#E P AT E . ERABI
S5 0.5 mol/L Na,COs ¥ Wi fE 120 °C . [ L
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214k Z i Cellic® CTec2 (157 FPU/mL ) , [
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AR, HEZERFEAFARAF; rEmR. AR,
WA, AR, MERTRL T AR B AT FR A T
NaOH. NaCOs;. KH,PO,. MnSO,H,O. Frik =
B, AR, RETTRAAH) 5 MRS . £k
K, BR, Jbnt B R Y HEAERAE . EOAA
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33.9%. PEFYER 11.3%., AJFE 37.5%. K4 1L.7%,
IR L0 B IR HAL A B
Pl S REFRIE T B A VR A I FH P DR R S vy e 2
HIFFH Bacillus subtilis (CGMCC No. 23179)*2,

SCUA] (KR ) B3R 15 mL H A B
FTR B 3.5 g/l FERERERY . TR B 6 g/ FOKIKT
¥ REWKE 3 glb KHPO,. Fif ik 0.065g/L
MnSO,4H,0O, pH=6.5,

SFRRZH B R MK 15 mL (] 0.05 mol/L ¥y
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Adgilent 1260 /= %0k AH (LAY, SEEIZHECRHE AR
GC 2010 “AHEIEAY, HASH AR 722 5250-11 DY
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1 5.0 g EOAA 5N [RFh 24 Sk i %) i ks vk
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W) b 1 11EE, Bohl EOAA-THEIRIAEIR (As:
EOAA-0.5 mol/L Na,CO3 7/Ki&#i; B,: EOAA-1mol/L
Na,CO3 /KA ; Cp: EOAA-FH /%L 1%HY NaOH
TR ; D2: EOAA-JTHE 7148 2%11) NaOH 7K )o
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mL )& T3 45 AR R s S EOAA-FRBlliA i Y 50 mL
HE=Mpafirh, A5, IAeEERE i
W TR 2 80 8¢ 100 °C, 7F 200 r/min fitFE T 2
N 15h, FACFRZE S, A0, F 3% TAb BRVA T
RN ZE IR A YR 24 R, S5
AR W A R R 25 IR K VR IRTIR &1, R g ik
TR AT, ERE 2. MislE, MR
ToEURE pH BaL ik, sk E e, Kk
BB RN, BT 105 °CEZS T4 it
T2 EE, AR WA H R sk, T REs0,
122 BEfEMEAL I

K 4T 4 Z 1§ Cellic® CTec2 #EFT iR 5256, i
#Hie 15 FPU/Q e (B 19 HEETRAN 0.1 g 2174k
i), EARALE N FR01g HH T 10 mL .0
. A 1 mL 0.05 mol/L # B 4h 2% i ( pH
4.8) (EELL 1:10), RS, MALY4EZEM, R
FEMERIR % R 3746 T 50 °C. 200 r/min 2504 T B
24 ho S R RACRORE o TSI i A A
W CRIEE . R BRI, DIEIARE . R
B A5 2R R DT 00k B R Tl e W A S 08 ORI, 3
BAKXT

AR %= ( MfRCPEARE R () /i

fr T H F T AT E (g) ) %100 (1)
AWERTF R %= [ B AR B (g) /AR AT
HE®E AR (g)) x100 (2)

123 & EBME LR

KRR L 3 ¢ 10 SEF TR 520 ( RI R ),
HARABBR Ny 78 50 mL HEIE P MA 6 g TALELS H
T AR 20 mL 7 R 4R 9% vh il ( pH=4.8,
0.05mol/L ), ¥sM 45 FPUIQ yun LT 4E R, 7EIETR
PGS (50 °C. 200r/min) fEi# 72h, %5 3
VAT, Mffd R, BERURHIEIR A 4 it
Tk, FemBERH R SR U3, SRE4E 12 hy
FEAM B A H B RS 16 (4 MR, BT
fif 72 o 3 3 1R AR CE 1A SO 2 AR A P AR B M 1Y
JR VR, KR A B BRI T M R TR ) o

DIEERb i 2% (RFRAM 8 ) $eFh T or 5l
15 mbL I T A1) 2 TR R % L RN HE 4 R R
W, 7E 37 °C. 200 r/min BEIRIE 55 3540 Th B 55
96 h, ERIURE, W K RV P R AR AR KA
BEAE A TE 12000 r/min 2508 T #5010 min, 7532 (/)7
VR 3 R BB A e A S S e TR AR M 3 TR I Yk
JELLREIF=Y) (FrgR . LR . FLIR ) BRIk,
A AR E 3778 2,3-T ZFER AR IR
F R, AR R R R R (glg) LK
AR (g/(L-h) ) 3R .

WEHHE LR =377 (2,3- T B+ M) it

(g) BRJERE (AR ) i (g) (3)

AR =Y (2,3- T I+ ) B
W (g/L) IEBERE] (h) (4)
1.3 S5 AE
131 HFEEELSH5H

R 22 B T A R YR SC 5 % ( NREL ) ARifE B
75 PO o B AL PR TS AL e A . LA
EFENK R % (0.90) HHHEAGER T, DA
KZE (0.88) AR & ;5 DL NREL JilE
NEY R, HERANEARIR S5,

BIA . 2R 2E R N2 4 2 0 PR DL ROR it R
(MRBEARTRMBAB AT RZZ M) B EBRFET
AitEr,

A 1SR 1%= ([ BiAb B S H S R (g) /
TuAb AT H FE i (g )] <100 (5)

2 4 R PIRCR 1%= [ AL B H 5O 47 2
JiE (g) [AAL PR H R g AR i (g) ) x100

(6)

LR R IR % = [ AL B H R op o 4F
AR (g) /TAL BT H O o A 4R R i
(g)) x100 (7)

KRIRE EBFI% =( 1 - WAL 5 H 5 s oA R
R g/ BRI H R AR R i ( g ) )x100

(8)
1.32 5k

SR VRORE € 3 AL I B, 368 e AR 3 00 il A
KR BEWR T IR I (R . KB ) AR IR
Y (PR . LR, FLR) MEKE . HPLC
WS KM gsh Waters 2414 7R 2286008, (A3
¥ Aminex HPX-87H , Jizh#H>h 0.05 mol/L
%, Wi 0.6 mL/min, iR 55 °ci*,

K AAH OISR A 2,3- T ZEEM S
WA BT . GC K &1 . A3+ 4 Column
BGB-174, & kJAE Tk #y (FID) HWE N
200 °C, Zrikeimis g (SPLI) #E N 200 °C, N,
RESR (A 1:5) B8

SR HIERAM- AT WL AT FE G RE T 5 & B e 600 nm
Ab 5% B 1 ( ODeoo, A& VR A% B )5 Il %€ 320 nm
HEmEME(REARTRR &), U EE T A,

2 HRSIE

21 HEBWMAAEZEGMMEL
2.1.1 FBaTH RS AN MR

TEMEE L 1: 10, [V RE 80 °C. J i [iH]
L5 h BYZRMET, 58 T ANl RP 2Rk B 10 7 s
PSRN R B W E R R ke 2 A
=k 1 /s,
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Table 1 Pretreatment of licorice residue by alkali or EOAA-
alkali solutions with various concentrations

b EEEN HF A F NeeTYE % P NG
M IERI% WeRI% % REREI%
A; 82.1+1.0 93.4+1.2 82.3+1.6 27.4+2.7
A, 85.3+0.5 96.4+2.0 83.8+1.7 234+1.3
B 76.6+0.7 90.4+0.9 77.3+0.8 36.1+2.0
B, 82.7+1.9 96.8+0.7 81.7+1.0 27.1+2.7
o 70.7+0.6 93.6+2.1 72.6+0.0 40.8+2.5
C. 80.2+0.8 97.7+0.3 84.3+0.5 31.4+3.1
D, 61.6+0.3 90.8+2.8 57.5+1.9 44.4+2.7
D, 78.1+2.1 93.6+0.7 80.4+2.1 32.1+15

MR LA AN, 7EMMTAI RS, KE#E
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b, 2 B A B R AL Ak SR s A T
INf )R B TR, T 4 2 N £ 2 2R ) [ S o
AR LR
212 TRARBENHFEENFTAS G TR
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Fig. 1 Effects of different dilute alkali and EOAA-dilute alkdi
solutions at different temperature on solid recovery (a),
cellulose recovery (b), hemicellulose recovery (c), lignin
removal rate (d)

w1 R, R EE R, R T
JE T XA R A bR nTRAE Y, R S 4L 2%
() NaOH 7K T 100 °CHULB)S , KRR ERER
ik 54.1%, ZFAER IR N 77.2%; [A]0FR BT
fli b s T AT A R KR A e Z e B ok, EL
e 3 M O TR M) . EOAA-TR BRI Wi 1A R AE
Th s B N R IR, %o A A T Ak T R v T 2
FIATE] , R A —3, NapyCOs % i 5 EOAA 41,
MEAKRZR, BERENT&E, RIEER LBRRES,
Bk F 31.1%, HEF2EE Fnf 45 2 0 iR T
WA bl TR A T i 2 A W AR Tk . NaOH &)
5 EOAA A AR F | Bl 2 T4 B B2 1) T
R % e P P N AR LD G N PN 149
RGN N IR 80 °C . WIRgRY R IR, IR BT
TR T KBS Ak, 3 B - VAR B V1R R v 11
EOAA Eri i, WIMBERERS K, Sm T fikb
R ZATRF RS AL R, EOAA TERRIEE
(80~120°C ) FHEATHIALHE, HURIEA B,
22 TAENHEEEEENRRE

g i — 2 S WAL B R, XA TR e B
EOAA - Bifi 75 Vi 191 Ak 1T A5 JES 490 B S Ak B4 iy A D ek
HAT T 24 h B fE sk s (& 2),
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Fig. 2 Enzymolysis effect of liquorice residue pretreated
by alkali or EOAA-alkali solutions for 24 h

WK 2 froR, BEE B B RIS S, IR Y
RV P R R AR L AN VR A R L AR
R LB kA B vT B Y R R BE BRI R R 38 0
ARIRRLBRREE S, BT K A K, 53
BRI, AE 80 °CHY, it /3r4h 2% NaOH #
WAL B R O AR R B SCR,, A . K

W0 R S S A . BRI R N R A, il
43 25.1, 6.8 g/L Fl 48.3%. 67.3%., Fifi75 1Ak B i i
FHREZE 100 °C, KW R R0 5 T Ab BEAR JEE AR E
Ho, AR ZBRRE N, Y ESCR B, 7E
100 °CHf, B4 2%f NaOH 1Ak At 3 )5
RS ME . A R R R AT . AR R B
FE, 394 29.8, 9.8 g/L il 53.5%. 73.1%, #fi
Ab BT H R A A R AR (. 10.6% ) R K B
(25.7%) 133534 T 4.0 Fil 1.8 1%

53CHER 91438 1Y H Bt & 70 B 4%0%) NaOH 7K
BT 28 CAAFHER 24 h FARFEXEBE
(%%)ﬁ% AW FEAE BT 1 53 50 2%0 NaOH 7K

W T 100 CHiAbH#EH ¥ 1.5 h F AR L
%K(MW@%ﬁOQ¢Mh¢ﬁmMm@ﬁg
OREUAG, TOUAL PR A fR] T . R SR A5 R BOR
SICHR[OIAE L, MG 24 h i, ASHIF 5T 3 24 1S
25 ( 53.5% vs 19.5% ). [iff A & H 1L ( 15 FPU/g vs.
20 FPU/g). [ERf 4R ( SCEkEwEE R 1
20), L, AT WAL B 7 T8 A A T 5 28 R0 i
fi# ML o
23 HEESEBMREKERLZE

254 Likar i, HBESECH 2% NaOH 7K
WEWRAE 100 °C A B H vl B S AE R ROR , Fr
DL I S R TOUAh 3 A T R A T A S R S

SR T B TR P BRI BE SR e I A
PEATIK AR SO o 38 A LS I AR i 2, i
fift 72 h JG Fe A5 54 86.2 o/l #i % HE I 18.9 g/l K
1) T T ( 2 W55 59.6% . ABHAS K 34.3% ),
H R R AR, J& i TR R m R
M 1 AR AL TR . S T A L KRR ] R
Fett, DA SLRG AR WA AR, A A B. subtilis #1471 &
fEi = 2,3-T M AR ZR o IR IT B R
o HA R X AR A KR 2,3- T I RE A BERY S,
VA () VA 85 7468 1R 6 9% b i T ) ) -5 T e R[] 45 I
RS ROBRRC SR IR ], HAB SRR, A
T K BT B A TS H AR Ak, SRS 96 h,
9K 3 iR,

ME 3a. cATLIER, 40t 96 h i AR, L5
ﬁcmOD@%?ﬁ%ﬁmﬂ%ﬁfﬁ%ﬁkmh
i} ODeggo i %] 8.6 I i VA4, MMisC¥4irE 16 h it}
ODeoo i5 % 11.7, HUFZARFFIGK T, 7E 46 hik
F| 157 IHZEWE T V%, RN LH, AR
T, S Y TR AR % B ( ODggo ) 11 3 B I 2%
T T R A, S 2 A B AR A T A T B
BEGF, DU It A 2ok R b AR T R AR TR
PRI A K
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Fig. 3 Growth and metabolism of Bacillus subtilis in the

control (a, b) and glycyrrhiza residue hydrolysate
(c,d)

PRS2 L R A R T, O A AT B A
BRI FE S 2 35 X R . 480 46 h 1 &k %,
ST AL P AT AN AR ST, T X B o A A A
BETREIRIE Sy 37.2 g/L, S0 2 A I G i A
BT TR RS T 76%, IR G SI AL H w E
T PR — B 52 R0 AR BRALH B T

[ I 1) JH A B AACRE I B 4, (BRI AR A TR 22
S, S ZH X A (1% T A 8 R T AR R i X AR
. ST RAMETE 70 h I FETARL, 1
FEH RN 0.27 g/(L-h), T H A I 46 3 - K g 4
WSO A A B FE TR R AT G A e 2 5. MR
Srpfr e R, AR AER N 106 g/, THAE
HOR Ry 0.23 g/(L-h) ; 21577 3k Hh A A S ST FE T
ABEEAE R AT 2 034 g/(L-h), MHILZTF, kK
SRR, AT 96 h X REALAHE BN FER K 12.7 glL,
YRS FEHZ N 0.13 gl(L-h), XEPIE MRS A

HROARWE T AR AR T 0 IR, LR SR 4 vh A2 A A b
ST A5 MRk BB/, S AR A ) PR B A

A& 3b. d AT UL, DAV FE 24 A IR e (&
3d), WA R EE Y 2,3- T BRI AR 7 &
A FxEg (1 3b) k4 T4k, LK
Hrp 23T P EAH T A AR e, 7
KW 64hI], 2,3-T ™t fie i, ik 36.59/L. 2,3-
TR RTERT 40 h B R, 2 40 h 5 2,3-
TR RN, R R R R R R A P R A
EIWRHAESR S, S 7RG AR, T SR
F14) 7 i T S 20 FOG) IR A 2 B I R 2 12 B K
ARI e, KB 70 h B8RP A AR . AN
Feoe4, LA 2,3- T RS RE R FREEY,
ARG 5 5 2 L, HIEL R 88 h i LA
WA= am T 2,3- T e, 1 BH A 0 T RE 52 A A
T 2,3-T ZEEm O iRF A . K 64 hBf, SCE4
W) (2,3- T A+ CARWA ) Fr e, ik 43.9
g/L, BLEFA R fE 3 (HIR RO LA =9 )
A 0.42 g/g, HEFEEREE R 0.69 g/(L-h); XTHR4LH H
FRreyIrah ol 45.9 g/, MRS JFRERE LR 0.44
g/g, 4/ R R 0.52 g/(L-h), SCERZH s H bR 9
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