J. Korean Fish. Soc. 35(6), 696~701

42, 35(6), 696~701, 2002

HSEH TMYE 025101 Cellulaseo]| 2|5t
FIEAS R TIR ME EH MK
FEA - O|FAY - SN - T
Soithefn LA, S SHHYYSAEATHE

Preparation Condition of Chitooligosaccharide by Cellulase
using Response Surface Methodology
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Optimal conditions for preparing of chitooligosaccharides from chitosan with cellulase was researched by response surface methodo-
logy. Penicillium funiculosum derived cellulase was most effective for chitooligosaccharides production as the point of hydrolyzing
activity and commercial utility. The result which measures the change of degrading ratio at time course, 10 hr reaction showed a
exponential increase and after that time degrading ratio was not changed. The optimal conditions determined by response surface
methodology with central composite design of total 26 species were 0.5% of chitosan, 143 U enzyme, 49C of reaction temperature,
13.2 hr of reaction time and pH 3.8. Major chitooligosaccharides produced from chitiosan on optimal conditions were dimer and

trimer.
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7] B4+ D-glucosamine (2-amino-2-deoxy-D-glucose) o] S-14
A FEAY g2z 233 44 F AE, F%0], X T4
del B33 719 [(1 > 4)-linked-2-acet amido-2-deoxy-p-D-
glucose) 18 70~80Ce R oM Zgze] A2 oM Es s
o 44 4& + 2 (Austin et al, 1981; Knorr, 1984), 71 E4t
2 1FE JEAS diaNE HHoz BwE F U (Rupley,
1964). 7154 BFE FE39¢1 e 7 EAY 7 ER SEuge
724 (Amako et al, 1987; Kendra and Hadwiger, 1984; To-
koro et al, 1989), &34 (Suzuki et al, 1986; Nam et al, 19
99), W75 &4433+4 (Nishimura et al, 1986; Suzuki et al,
1982), 28 2HE A3}2E& (Maezuki et al, 1993; Sugano et al,,
1992) 59 ¥ Y2 4L HAe Aoz IAHUT, o] 2
< T 7l 548 S48 AGE g AE LAz o) g8
A% B dFEo] #sAN U (Sugano et al, 1978; Izume
et al, 1992). A/EA} £l 29 A2 g3 Az
FT oy (Rupley, 1964)
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#2013 29 (Tominaga and Tsuzisaka, 1975; Price and Storck,
1975; Kazutoshi et al., 1992; Choi et al,, 1997; Shin et al., 1998),
22 @77t ABH Y. 28y AFAA] NLE Hde o
FIEAY £33y 4HF Aide guld Aavt Agde=z
HAs o & FA ot

TH, 71 EAL cellulasedl] 93 7tE37F doldtle Al
A 91em, chitosanaseo] B3 7hA o] L AHF cellulase
g 0|83 54 71EA 21Ty A U EiEe ATF o
5§ (Hong and Kim, 1998), olell & o %2 A3y} ag 4
Aol

B dRdNe A#9 @ & cellulasedt TEHE7E o] £33
7NEA £E13-E AN 207 A cellulased] T EA 3
& AYEHT, ofgE NS EE BAE 589 A 54 F
T, e 22X, g A 2 pHY £ W24 ARG,

al

M=

0
o

FIEL FIEM S2]TE U cellulase

Ao AHET TEAL HA §5% o4 EolHEZE Rl
2, /1B &3 3 HF¥E (dimer, tirmer, tetramer, pentamer,
hexamer, heptamer) 3 cellulase= 2tZ A% AF & 79 (Sigma
Co., USA) &4 A}g-8t4=H, Trichoderma reesei (C-1, 1.0 unit/
mg), Trichoderma viridie (C-2, 1.0 unit/mg), Aspergillus niger
(C-3, 03 unit/mg), Aspergillus niger-mutant (C-4, 1.0 unit/mg)
% Penicillium funiculosum (C-5, 1.0 unit/mg) 9 cellulase
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CellulaseE © &3 71EAF 7hr s 249 HA e vhg B9
44 (response surface methodology) (Gontard et al., 1992)&
o] &3 dth &, ddudES T3 JNEN /I EHE (F5UF)
o mA& Bi“/r: (B0 54 55 (x), % 2% (x), ¥
2 AT (x) 2 pH (x) 239 ti3t 48 A& A3 Table
13 Zo] tleAZ R3st A2 (-2,-1,0,1 2 2) o] =}
AEge 4AaHd FH4EAY (central composite design)
(Ismail et al, 190)¢) 22 BR¥o2 % 26709 H¥ & FAY2

F339o0 (Table 2), ¥eHEH HALAL SAS (statistical
analysis system 6.0) program< AF8-3t99th (Statistical Analysis
System, 1989). ¥, &M 7| EA EHEE Hom, o o
e Eusel gig 23 AR L dgF 2o,

rok
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Table 1. Variables and their levels for central composite de-
sign

. Coded-variable levels®

Variable Symbol
-1 0 1 2
: b

Enzyme concentration % 0 71 102 133 164
(unit)
Temperature (C) X 35 40 45 50 55
Time (hr) X3 4 7 10 13 16
pH X4 30 35 40 45 50

“Passage from coded variable(X;) level to natural(X;) level is

g1ven by the following equation: x,=31X;+102, x,=5X;+45,
=3X;110, xs=0.5X;+4.0.

"Substrate concentration reacted with each enzyme concentra-

tion is 0.5%.

Y=bptbixi T baxo + b3xs T baxa T biaXixe T bisxiXs + buaxixs +
B23%2X3 F D2XsXa T b3aXsXa T briXin T baXoo + basXsy + buasXas

Q7]k] Y= %‘iﬂ\‘tﬂ'}r\‘, Xi, X2, X3, Xa“\':‘ Ef% 'I‘ bo‘— 7-‘34 ‘;j%
bae AAFIG E AL AS QAR (critical point)©] 3
A (maximun point) ¥ HAA (minimum point)o] o} ¢F
ZA (saddle point) @ A-$ole THEA (ridge analysis) 2 3
H#HA (optimum point) S T3t}

£ S ¥ (Miller, 1959)
,71A% 54 g % 10N NaOHZ ¥

1 g, 10 min)3te] Bojz F5b 05

mLl 1 mL DNS §d& #7g & e BA 583 71434

< 550 nmolA FZEE 24384 D-

glucosamine BEOZ AFZAE Ao 78 4B oz

A9Fe 3

IEM BF Y 2ijg &1
71E4 B3l S0mL Alg#e 05% 71EA &4 (pH 3.5)
10mLe EAE 40T ¥EAA JEAS B8yt ige

Table 2. Central composite design arrangement and responses

Independent variables® Dependent variable

Run

Xi X2 X3 X4 Yield (%)
1 -1 -1 -1 -1 148
2 -1 -1 -1 1 139
3 -1 -1 1 -1 18.6
4 -1 1 -1 -1 20.1
5 1 -1 -1 -1 19.0
6 -1 -1 1 1 196
7 -1 1 1 -1 24.0
8 1 1 -1 -1 276
9 1 -1 -1 1 164
10 1 -1 1 1 213
11 -1 1 1 1 249
12 1 1 -1 1 205
13 1 1 1 -1 344
14 1 1 1 1 287
15 0 0 0 0 26.0
16 0 0 0 0 263
17 0 0 0 0 26.5
18 0 0 0 0 26.6
19 -2 0 0 0 179
20 2 0 0 0 271
21 0 -2 0 0 17.1
22 0 2 0 0 19.5
23 0 0 -2 0 13.0
24 0 0 2 0 294
25 0 0 0 -2 12.8
26 0 0 0 2 14.0

*Coded variables.

HU 48A1 AR AYAZ T, of Aec} whgA S
o #A9S Z=ASAT (Miller, 1959), Zal&& &3 22 9
Hoz A,

238 (%)=(847 FF)X100/(Z% )

TLC (thin layer chromatography)

TLC aluminum plate (silica gel, Kiesel gel, Fyse, Merck Co.) &
10T A 1212 AX st dAAE Fo ¥Wig o o
platecl] Al Z4-& 10 yL loading & % plate® n-propanol® 30%
ammonia water (2.1, v/v) EF ] 13 ARt 124 AA7L
BY O ALoA &d Az g8 FUT 249 ANGdN
22 AAE AHT A7 B O ALdA Az 3 4R
(0.1% ninhydrin in water-saturated n-butanol) & £%3}¢] 110C
AA 1023 42T (Choi et al, 1997).

Zu o nF
AT cellulase® FIEM JIe2sie & 49 MA
B Sngd Az HAAHE Hie MdS 93 A#HsHR
AE cellulase 5% 71279 vkg-o] 100 unit B 718t 7| EAL



Nt EE 88 d8 (Fig V. Trichoderma reesei 8 & A
29 C-19 BE 7RSS 68% BEAI. Trichoderma viri-

die T2} C-2. Aspergillus niger %82} C-3 £ Aspergiflus niger
o HolZold e -4 10% WYy wE eEHed v
Rk 18y, Penicillim funiculosum S 9 C-3% 31%
Az vind 5L Z8&E epi e, B3 o] A4 U8
celtulaseol Bl3} YoizoR ol & £22 F8o oA 7HF
2§ ARE *‘“’*Q‘}‘E} 4, ©lE cellulase 7HrEEE
TLC 2% (Fig 2 BoiFm ged, 4 C12
THer WA gy o} A=A gstes, €% v
Fo Lelugs wEE Ao Jetud §%H C-3 A (353%/
1000 uni) & £HE&L AT AR nFPred SuG
€ Wol BteE 542 FUHY C-5 (0.01$/1.000 unit) Eho
s Al el AholAw BFYEEY JES Leluge A

’4°§ BoedE oy fio ALE 1EE Zast 9 Ao ST c-1 C2 CG ST C4 5
DY C-49) C-5 BAY F|EA 7MoEsBe gy B Fig. 2. TLC pattern of chitosan oligosaccharide standard and

OJQ

o

chitosan hydrolysates prepared from chitosan by several

594 spot 2 FAFE TLC AYE Wedfin. ohd 3 C-5 22 commercial cellulase. C-1: Trihoderma reesei, C-2:

T 3~5 AR FYEE M TEY &Iu%e 7P ¥l Trichoderma viridie, C-3: Asp. niger, C-4: Asp. niger-
g oz #oudd o4ty Aol 7B Belg A4 mutant, C-5: Pen. faniculosum, ST: standard, C2: di-
o 7bH W TLC A9 ST AAL B8 2uNo PEH mer, C3: trimer, C4: tetamer, C5; pentamer, C6: he-
A% B 47y BAoZ A BB ROZE C-5 AAZ B xamer, C7: heptamer.
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Fig. 3. Hydrolysis degree of chitosan with cellulase according

to reaction time. Reaction conditions were 100 unit of
enzyme concentratmn, 0.5% of substrate concentration,

50 ' I 4.9 of pH, and 40T of temperature. Arrow indicates
- the time of enzyme addition of 50 unit.

Degree of hydrolysis (%)
b4

0 Ach. $8, B 15489 £4F 37 (Ouni0de] wgg Al
C-1 C-2 C-3 C-4 C-5

Collase AE 348 BAes 48 g8, A Sl ¢
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Fig. 1. Hydrolysis degree of chitosan treated with each celle-  wrg Azio 2 AAFHUY
lase. The enzyme were reacted on optimum pH and te-
mperature for 10 hrs. C-1: cellulase from Trichoderma B T A s - X
reesei, C-2: cellulase from Trichoderma viridie, C-3: USET 24U “I:;} ;H 3:_21.9; ﬁaﬁ‘: N,
cellulase from Asp. niger, C-4: cellulase from Asp. ni- Table 39 € U5 ALY 2% afstgied, 444 (inear
ger mutant, C-5: cellulase from Pen, fimiculosum. regression) & o1 %4 (quadratic regression) S 1% $F44 #9
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Table 3. Model coefficients estimated by multiple linear regre-
ssion of chitosan hydrolysis with cellulase

Parameter Coefficient vield(%)
Intercept 26.5° Fa-ee
Linear
X 43 23.96
X2 Slb
X3 6.4 ez &8
X4 '1.8b
Quadratic re.08
X0 32
2 - b 102
;:2 _6345 Enz (unity wo 38
Xd -11.0° Fig. 4. Response surface for the effect of enzyme concentra-
Crossproduct tion and temperature on the hydrolysis of chitosan with
X1 * X2 -19 cellulaseat a constant time of 10 hr. The enzyme con-
X" X 52 centration indicates enzyme unit to 0.5% of substrate
X' Xa 14 concentration.
X2 " X3 32
X2 " Xa -3
X3 Xe 38
Yield(%)
Superscript letters are significantly different: b; p<0.01, ¢; p<0.
05, d; p<0.10.
/7
A (p<ooD)e] o, A4 (crossproduct regression)E #9 s :’ :
o 99T, 1a3 BeRY $AUes ARY AuRe 4F S
A4 (R-square) 7 0.8829% 2.1, 23} (residual error) ) A3 4 te-51 ""’I”I:I"I'I'II'I'I'I.I'I'.""::':':':?%::%? d
of (lack of fi)7} 1% FEAX F44o] gle Aoz Hop 7H4 #W’%fﬁ? w &

8 57290 A28 49 + Y& ALY 2de AR M ' «

Az A sbedta, £ A48 A8 219 68 A2 Enz'(uniy ,.
Hole o 52 2449 29 440 4o AR ALY £
AFNME ZAGAA Y oJs) AAY 2649 AYZHoZ 7] Fig. 5. Response surface for the effect of enzyme concentra-
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Fig. 7. Response surface for the effect of temperature and
time on the hydrolysis of chitosan with cellulase at a
constant pH of 3.8

oo pH7I o] M E Holvte Z+E UE 2R BE 23S
o Wart & Aoz Jegtd (Fig 8). ¥ A3 pHo o 42
(Fig. 9°1M & pH 3.8~40 FHA ¥& 13412 o739 220
Mg Eaaol 30% 3= 9 AR Yegten B At
o] 13417k o8t 3% pH Bl F&glel E3hgo] AA F2
dte Ao2 FHHAG T EAY 7t 2 OF ALY

Yield(%)

29.18
18.60

Fig. 8. Response surface for the effect of temperature and pH
on the hydrolysis of chitosan with cellulase at a cons-
tant time of 12.5 hr.
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Fig. 9. Response surface for the effect of time and pH on the
hydrolysis of chitosan with cellulase at a constant tem-
perature of 48C,
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o, B34 (stationary poinD X8 #3& AFA= 275% U2
U, A4de 3de deha siolM Aol & ¢ 9o

=]
et FAEAE B8 b Balgol ¥ Aol 356% U ©
Ae S EAEAYY & o peEEES Yehs 2o
2 ARsgeH, o wo 7t Wi ge V)1 T 05%l Ha
ALFE 143 unit, ST 49T, WHEAIZE 132417 ¥ pHYE 38
ol Atk
S Hu
e ol o5 H4FE HAH W A FojA

| #ed A7 (Fig 10),
o] st P9 JEAL
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hexamerd $#FE =2 $%SH, monomer: ¥ BAHE A

22 gAHA
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e
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Fig. 10. TLC pattern of chitosan oligosaccharide prepared by
cellulase in optimum condition for reaction obtained
from response statistical methodology. St.: standard,
PS: product, C2: dimer, C3: trimer, C4: tetramer, C
5: pentamer, C6: hexamer.
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