HEEHEAHSE o] &% K718 IAHA MFUF (Liriodendron
tulipifera)® FA &2 33 =4 &4
Investigation on optimal conditions for enzymatic hydrolysis of organosolv
pretreated Liriodendron tulipifera using response surface methodology
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21. FAAE 2 7718 HA=
2063 A WSV (Liriodendron tulipifera)s IAAER ALEst] F7180 A-8gES AA 4

W5 40 mesho] A7 = F3ste] Ab&stdon, A5 & 1:109] BI&= 3sto] 50%(v/v)

o gb& 7 1%(w/w)el 34k Fwl= 500 ml W&Vl AAZE HASAT AAE HiE ST

133°C= AAstdom, 9&7]5 408 &<t 7FEAA 51 250 EEA7 F 108 5 ¥4
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Table 1. Three variables of CCD and BBD

Variables Coded symbol A(_:tlual values (())f coded leV(lels

Enzyme loading (EGU/g substrate) X4 150 300 450
Substrate concentration (g/100 ml) Xo 3.0 6.0 9.0
Hydrolysis time (h) X3 24 48 72
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AAEE E4E cellulase® A9, NovozymeAle] NS 500138 A3 om B-glucosidase:=
NovozymeAte] NS 500102 A3ttt ¥ 3 +&= 50 mM sodium acetateE AFE3F3 oW, pH 5.0,
50°CoN Al &4 Tsts AAleAnh sld Gk Alzke] who] AEFS AFH A 2w, HPLC (HP 1100
series, Am1nexf87H column (300 mmx7.8 mm, BioRad), RI detector)S ©]&3le] 2F30 25 A
Fotorh S FIZLLE FEE AAY vpolemzo 3FEo e SFILE FES VTR U
o] Ao= ﬂ]La%E}

F2 gatel] o ANE FEIOA ()
IO £ (%) = d 2t =) = =21 g x 100
A vhol evlse] FEE BT~ (g)
CCD, BBDell 93] A3t 23 Ayziy tpgd 3 2dg FAsF o ANOVA F4 9
oste] Zbzre] & uigk AleE HAA , g 2 A3

25 91-1—’— .pro Won =1 RS oy s 7& } \:} H]—O_L H/Hﬂloﬂ /]
&

S Ad AA 2 A BMS ¢ Stat-EaseAte] Design-Expert 8.04% 9]

23. 2% ¢

5
44 98 243

FAst7] fste] Fst 22 pHE SHWSE Friete] APAdAE Stk
FAAE A, F718w AA", &4 G (3 A2 Ao R 1A), A W T2 oA
Agdd A FA3A AR WS EHEAMYH T Box-Behnken Design (BBD)S AF-&3}o
Table 25 7|22 AFS AN, A 2532~ 88 5T F dE a4 93 =4

2 gAsea

Table 2. Four variables of BBD for optimization of enzymatic hydrolysis

Variables Coded symbol Aftlual values (())f coded 16V§1$

Enzyme loading (EGU/g Substrate) X1 100 200 300
Substrate concentration (g/100 ml) X 2.0 4.0 6.0
pH X3 4.0 5.0 6.0

Temperature (°C) X4 40 50 60

FEFOA FES FAANIE AW OEHN xylanaseE H7 =
WS A&tk frlEm dAE, A By 52 dA AF8E AR sdsHA Ao,
i @E‘r«] 49, NovozymeAle] xylanaseq! NS 50030< o] &3ttt &4 93} 2712 Table 37
2ol AAs o, pH 5.3)¢ &% £ (45°C)2 dolA 5% H4 oz dASA

Table 3. Conditions of Xylanase addition for enzymatic hydrolysis

Variables Values
Enzyme loading (EGU/g Substrate) 100 200
Xylanase loading (Ratio * cellulase loading) 000 | 015 030 | 045
Substrate concentration (g/100 ml) 4.0

3. 2% &

al
3.1 WS EHEA
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Y = 22.66956 + 0.14809.X, — 0.92927.X, + 0.87568X, — 0.00016 X — 0.00518 X3

9le] g7 muLe 99% o] foAS mgorh R (0.8619)7 Adjusted R? (0.7928)Fko] 15
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Y = 17.64475+ 0.15035.X, — 0.88404.X, + 1.27325.X, — 0.00058 X, X; — 0.00014 X} — 0.00773 X

CCDZ3E 73 371293} vpa7kx 2 BBDEREH 7@ 39 made 99% ool felyg
weon CCDeE 2 R (0.9962)7 Adjusted R® (0.9936)%k0] 0.99 o] o @n o AaaAAES
$91% F Q917] Wie] BBDE A &ste] 4 5h 8 24 g2 s
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oje] 37 RdS A8l Zhzte] i
2 YeliAdet (Figure 1). Wl 71A SgHA- =
AL ATAAE F2lsH o, o
5.3, <% 44.9°ColA 86.2%< =F

= 32k Y=

&
A A F 7

G owsel @ FTROs 5
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il
T 7HA AARE AlE ghell A

Glucose yield (%)

Temperature \ -
(°Q) .

pH

Enzyme loading : 200 EGU/g Substrate
Substrate concentration : 4 g/0.1 L

Figure 1. 3D surface plot for maximum glucose yield.
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ZAGSEE A6l W § FIE ol FolXy] wWie] HAF A FEmes oA Ea A

F2 Hashelt were nAdol drh wWeH B ATdAE A 2Rnes £88 47 85
G2 AHEFS S (Table 4). 2 A3}, 8% ol 4o FFzx

S 3 178.8 EGU/g substrate ©]732] &4 (cellulase 7]15)7F 23 oW, 90% o]
A 7§, 2581 EGU/g substrate ©]/go] Z Qs o] u, g2 T3 AA AL pH 53, =%
45.0°C, 23 A 7F 72X 72 A F Qo)

Table 4. Maximum glucose yield depending on conditions of four variables

Variables Values
Enzyme loading (EGU/g Substrate) 100 \ 200 \ 300
Substrate concentration (g/100 ml) 4
pH 5.6 5.3 5.1
Temperature (°C) 43.2 449 46.5
Maximum glucose yield (%) < 815 < 86.2 < 93.2

y

FAROx FE&E 557 A% HA ZAa (cellulase) AHE =
7]E]r 33} iﬁ"% Q%é}%ﬂr. B o A= xylanaseE H7}5Fe] cellulase A& HEHS #AaA 7|
= o
h=]

il wE

al
Xylanase @ﬂi ‘ﬂo}oq Flgur 29k 71%0] %—Eriﬁi’: F&o] AAH o w FAEAT Cellulase A

4% 100, 200 EGU/g substratecl A X 5HH4 xylanase® #7189l S w, FFAL~ F&o]
FA57 F45 A3, xylanase AH&#o] 0 045M) 2 F7}sliA SR F&o] FAHAY
a2 Zo7 ZJEA = gl AyHow 79,‘_ &9l cellulaseS AH&3H31E W, xylanase 3 7hell €]
3 FFIQQA Fgo] aRFHoR Z7 }S}Eiitﬂ 100 EGU/g substrateo] 0.158]¢] xylanase 7}
Al 9.02%9 SFF3A FEo] FAEAAL, 200 EGU/g substrate®] 729, 4.22%2 F I &
o] At

wpela] 719 cellulase, B-glucosidase 59 & Aol 2@ xylanaseE H7IFozZH FFIQ0 -
TFES SRHoRE PN F AR, cellulase AHEFS FHASHIL xylanases FH7FEoEH H
¥e FFASA FES BT FAO g B o] AT cellulase AFEEFS TAAA i
HE A7 olE F Ads Aolth
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Figure 2. Glucose yield depending on xylanase addition.
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