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Abstract: Recently, there is a growing interest in efficient
biomass pretreatment and saccharification processes to pro-
duce biofuels and biochemicals from renewable non-food bio-
mass resources. In this study, glucose was produced from cel-
lulose by immobilizing cellulase enzyme on chitosan beads
which was reported to have high pH and temperature stabil-
ity. The immobilized amounts of cellulase on chitosan beads
linearly increased with increasing the concentrations of cellu-
lase solution. The glucose production increased to 7.2 g/L. from
1% carboxymethyl cellulose (CMC) substrate when immobi-
lized at 20% cellulase solution. The maximum specific activ-
ity was 0.37 unit/mg protein when immobilized at 8% cellulase
solution. At pH 7 and 37°C, the optimum reaction composi-
tion was 0.5 g beads/L from 1% CMC substrate. At this condi-
tion, the conversion to glucose completed at ca. 20 min.
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2. MATERIALS AND METHOD

21. A48

M EgtotA = 20% (w/v) Viscozyme 2 = Novozymeo] A <
Aottt 71 EAL (75% o) EotMlEs), §af=: 10 g/L of
1 M acetic acid), Z2H| &= (PVA, o EX5F 31,000~
50,000), sodium tripolyphosphate (TPP), sodium carboxyme-
thyl cellulose (CMC, 3+ E2}3F: 90,000, extent of labeling:
0.7 carboxymethyl groups per anhydroglucose unit)+ Sigma-
Aldrich AFof| A 242+ 291315 th. Maleic anhydrides= Fluka
Ao A SR o, 7Fa A & 2421 epichlorohydrin (ECH)
& TCI A 4 T3

22. 7| EA H|E Q] A=
2% (v/v) oFA| EAL 891 100 mLof| 7] &4t 2 g2 &3 A X1 7]
E4k -89 9 TPP 10 g2 557 500 mLoj| &3A]71 & 1N
HCIZ ©o]-&3}o] pH gh2 822 9 89S FH|skit. 11
=, TPP -§- 95 oFs}A| WHFA] 7| A F8l & o]-&3tof 7] &
Aol o W o Rt 7| Eql 8-S TPP g4 o
Toj el ot 7 efe) 7| Ak v]=7) F 4 E ek 4017k
EC ASHAIZ] Fof, sieveFE o]-&3l 7| EAL HI=E TPP &
YO 2 RE st 30 g&f H]=F 75 mLe| NaOH -9}
(PH 10)0] Fo} 9tz Befazto] Yo F, 7aAl2 ECH
(0.04 M)YE H7Fsko] 50°Cof| A 6417t &-QF WREA|A ZHal 7]
B4 U8 Aot ¥, WEelA 2 ECHE A7)
sp7] Slal Bl= 2 2Rz A Ak

Maleic anhydrideE ©]-8-3F PVAS] HEH S 9Jaf 12 g9 PVA
S 120 mLO| S0l §-3) A1 A PVA g2 ghE 3t PVA
f-oo] E u]7 o] magnetic barg gL, pH A=+ |3 3

ice batho] 4] SE& 4°CR §A| 5T 4C2 A = v
] 31 Q)= PVA 20| maleic anhydride 6 g& 43| 4 7}5}
93, 1 N NaOHE o] -85} pH gh& 9.00 2 -5} gt} 4]
T & 8N 9] Ful&= oF 300 mLo| .

7ba 7| EAF W] 22 Mg E PVASAo] Wil 40°C Lz
o) A 1A]ZF FoF wHkA Z Tk 1 3, | 22 sieveR o 1}5} o
60 mL2] NaOH 29 (pH 10)0] S0] gl Za}rz0) W,
ECH (0.15 M)E 34 7F5}o] 40°Co]l A 2417k -k mRkA ZA .
%5, 28252 NASHY] 7l 7| EAF v =8 HEE PVA
Z A8tk

23. 7| EALH| o] A B A3}

A ZetobA| Bl §Hu HEYPH PVAZE 2R 7ha 7| EAF
HIEE 2mL : 1 g9 v 2 £35}o] 4°C orbital shakero] 4]
150 rpm & = 3A|7F &9t Y SpA Tk BT 1 SHE H]
T & sieve® of}sto] 2|3k F Bl 2o F2FE[R] ok A4
£ AAs] 8l /7= A& sk A8l Fig. 12
BT AStE 7] At 59| 7| EAF B EE H|WRE AR O]
ok a4t 1St 7| B4 H B9 HH A F2 oF 3mm=
k= Sl

24. AETOHA E4 §A9 F=o E 1AYJE 54
ER R

20% (wiv) AgetobA] a4 NS SFHTE 34 sto] 10
mLe] %7} 747} 1,2, 4, 8, 10, 20% (wiv)7} =2 Zu]at
., Zk7be] A% (0.1 mL)2 AH 31k Zh2re] 54 §oho]
WP E PVAZE Z9E 7HL 7| EAF HIEE 5 eX dof 4°C
orbital shakero]] ] 150 rpm©. & 3A| 7} 5t shakingd}o] 1174
AR F-, sieve® B 4x7F LS H|EE o] 2stof F |5}
Aot LA S0 g ad §A WE (0.1 mLy 24249 5
=R st AT B4 g A Tetr] Ao
A2 WS, sk ol AT B A
o2 o] g3} AASIUTE. B S =L UVaspectrophoto-
meter (Shimadzu UVmini-1240)E ©]-83f 562 nmoj| A BCA
W om S4ech

Fig. 1. Photographs of prepared chitosan beads (a) before and (b)
after cellulase immobilization (average diameter = ca. 3 mm).
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3. RESULTS AND DISCUSSION
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A ¥]E Eo] AE 014 E 1A 7] Dincers} Tele-
fonce [11]2] B & o] &5}t

7| EARS B-(1-4)-linked 2-acetamido-2-deoxy-D-glucopyra-
nose®} 2-amino-2-deoxy-D-glucopyranose®] &3HA| 2 A
o} 2o k7h5to] Hwlo] EAfaks 718l o] ol e sl o
oA ol ATk [12], 7| RARS -85 Fe) (BB, 452, v
(R 8ol 52 o| Wig T EE g ohoha, g e
2 Qs fd A sfo] o] 450} Stk [13]. PVAL ¥
ok gy TEARA AR FEA 0|04 A=
7 Shofl ARE-E 4= QU [14]. TPP= 7544 9] poly-
anion© 2, Y74 3] 0 2 7| EAM A5 AH-g-510] o] 24
= A gt TPP= whE 23} 58 ool -9 o) 7] EAt
H = Aol AMg-E 4= qlek [15]. 3 ECH= |71 S0 7}
WA 2 ARG E QAT 7 A 24 ECHE AHE S 45, 7| EAF
o] ol otdl ILF= AIASHA $FaL 7| EAL 9] SHA =
£ 43s] A3 7= A o] Tk [16]. i Ato A 7] B4k
S HIEY FHE et ARR-H AL, AlEetobA = mal-
eic anhydride2 HE A 7] PVA 5o & FEE 7| EAL H| =0
AAQSE QlTh M PVASE AMES o2 1 AstE AE
gfobA| o] 3225 HESHY pH W 2= M-S A
7131, A pH7} 4.00) 4] 7.00.2 o]FHo] RuE it} [11].
wheba] 2 Aol A= HBHE B0 24 pHRl 7.000 A4 A
& X35t a4 Y 3HA] 7hA| ol ECHE 3 7}stHd
HIE WO 5| E8A]7]|9F a4:9] ofn|ie7] Atolo] 7kl
ol Yol FHATOR BLT WHAL 5 ok B
Q7oA TASA ECHE H71eHA) gigrome At
B2kl oJsf 17 3= et
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Fig. 2. Effect of the concentration of cellulase solution (2 mL) on
immobilized amount of cellulase on chitosan beads (1 g).
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Fig. 3. Effect of the concentration of cellulase solution (2 mL) on
glucose production and the specific cellulase activity of the immobi-
lized beads (1 g) from 1% CMC substrate (1 mL) at pH 7 and 50°C.

A EetolA| o] of& SA T Aot v|=of AaE 1143}
5t7] A3k o] AEetobA] &4 of Tl 5= 2ol S BCA
oz S sto] At A, A4 G99 Fr=7F20%7b
Al S7Feboll wheh LA v = 9] ol a1 3t = Tl A o]
Fol Ao AFPAor Frehe= Ao] wrare it Ay she
AEetorAl o 2 v = 1 g 4 mg (1% AE2FobA] &)
A} 36 mg (20% A E oA &-M)7hA] F7FsE AT

Fig. 3% 247} o] A E oA 9 9] Frof A g 3pA|7]
HE2 YAE 221 o] w= 9 o] S uig o2 7} Al Eeto}
Al &N 9 Freof A LG IFAIZ] B =7F el = 540 H]
=S AL grolth A EetotbA] &4 9 5Tt F7HE
TE 8% IR = = o] A Fol § 43| 78ttt 1 o
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Fig. 4. Glucose production with different concentrations of beads
immobilized at 8% cellulase solution from 1% CMC substrate at
pH 7 and 37°C.

0.7 carboxymethyl groups per anhydroglucose unit© & 5 - 1H
SFAF0.0459 mol/Loj| sjal, U2 AAAE 2=t 72 oL
L 0.04 mol/Lo|| 3|F3I B2 7}4=Ea) AL 872%=E 7
AbEIT), 7R Agkgo] 100%0] EEalA] Et ol g
DB 4G 20%9] BAFY B E 5L 7451
AZFo] 100% ATHel) FZ517] wjE02 Az EA
HIZA =S AL A3} 8%2] AETtolA] Yo A 17 5}
A7 | E7F 54 9] B &A= Zho] 0.37 unit/mg protein & &
Mo B2 b S8 BAh AT T EUS L 59
ek Aot A of Hf vjBA =7 EA 5= o= B
4 7t F7Hel w71 A3 Aste aart HA
EZoPFEf o] o] 2A HHA o= FI= ool M= St
Ao SUhE 2ol Bl sl A EHA 7] e
o2 AZHEL & AFE T AT TS AR T
Yo7 o] §sto] upo| & ofgh2 AYAbo] A gpaaf =k
A& 37°Cx A7kl

7bg ERAQl Al A} w0l 8% AFetold] Gl
A BRI |22 w0l uhe AR 7182 ol A A
HE EEG] S EE B AT Fig. 40] Lrehd ue} 2
o] 1% CMC 7] ] 4] 0.25 gLO] H] =5 ALE-3H A9 A4 H
EEge] (o) $EL (0% 41 F38gLgom, 1 o) F
= 7)e] AalA §7 5 Ak 05 gLt 1 gle] v=e] 4§
o= oF 208 AT} mETk A L 56 gLl 2
Aol & HolA] exokeh. w2k pH 7, 37°Cofl A 1%2] CMC 7|
AZHEHEY 3 == 05gL2 B 4 Qlon, ok 208
NS A S W BT B v Bl AR g o
23hs Ao Az,

ol ol 7|EANS 7|REC 2 FF Bl = Al2stal AE
gtolA| & vl = s of] 117 51e) uj o] 2] 4] AE oA &
TEYHASRARRE 2t YAks AT A v =
e ot 2 A= AER A T|HhHlo| 2. ¢ & Yl uf

ol oANZ S 91T | ZARE TED 4 U Aol

4. CONCLUSION

22 A4 7Pt 1A E vo] euj A Applo 2 e ol o
A% W ol LA v 7 A4S $lstol BEH< vhol 2uj 4
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Tol A= =2 pHe} 2= A S A= A2 HiH 7| E
A | Eof Al elobn] E4S AT AER O AR
EEGE ASA et A etolA] §ole] 5w} %
7heke] whet 7] A vl Eof 1A 3hE = AEetobA| o) o2
Ao g F7bstolth 2=o] B2 20%9] AlEat
oA GMof| A TASIA A S W] 1% carboxymethyl cellulose
(CMC) 71 A 258 7.2 gL7tA] S7kstgih. aa9] 2o ]
B g2 8%0] Al S etolA] G o A LG SHA S 1 o
0.37 unit/mg protein®| 1tk pH 7, 37°Co| A 2] A Wl A2
1% CMC 7] 225 ¥ 0.5 g beads/LH oW, Z=F O & 0] %
3H2 oF 20+ of| HE = ST
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