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Abstract: This study aimed to investigate the enzymatic
hydrolysis of mannitol using Viscozyme® L, Celluclast® 1.5 L,
Saczyme®, Novozym®, Fungamyl® 800 L, Driselase® Basidi-
omycetes sp., and Alginate Lyase, and to optimize of reaction
conditions for production of reducing sugar. Response sur-
face methodology (RSM) based on central composite rotat-
able design was used to study effects of the independent
variables such as enzyme (1-9% v/w), reaction time (10-30 h),
pH (3.0-7.0) and reaction temperature (30-70°C) on produc-
tion of reducing sugar from mannitol. The coefficient of
determination (R?) of Y, (yield of reducing sugar by Visco-
zyme® L) and Y; (yield of reducing sugar by Saczyme®) for
the dependent variable regression equation was analyzed as
0.985 and 0.814. And the p-value of Y, and Y; showing 0.000
and 0.001 within 1% (p < 0.01), respectively, was very signifi-
cant. The optimum conditions for production of reducing sugar
with Viscozyme® L were 9.0 % (v/w) amount of enzyme, 30.0
hours of reaction time, pH 4.5 and 30.0°C of reaction tempera-
ture, and those with Saczyme®™ were 9.0% (v/w) of amount of
enzyme dosage, 30.0 h of reaction time, pH 7.0 and 30.0°C of
reaction temperature, consequently, the predicted reducing
sugar yields were 22.5 and 27.9 mg/g-mannitol, respectively.
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 27e| wep shRoll Afolzt URINE AxFFY of
6.81~15.04% Z 23T} [8,9]. W -0 B4 & 4 (mannitol
dehydrogenase)o]| 93] I3 (fructose) o 2 AF3HE o NADH
7h AAAEZ] HEo dadgoA AR (Saccharomyces
cerevisiae)7} €17 ©]-&& 4= gtk NAD'E A AY5}7] $I3fiA,
Aba (BA ARFA DA active electron transport chain) E
= $A4HPEa A (transhydrogenase)’} E Q st Hh e
(Zymobacter palmae)} AkA W A 47 25T,
TUE2 et S A dadeR ol§ 7hssi
[10], A T2 22 pHO} =2 oA 7H5 3 270l A]
GA = 4= dohal Haskar gl (1.

ojof £ A= vpo] Lo gt ARG 7| A& AA dxF
£ ol &stuAt & o, oot @pdtE R A 427
A "a 7heEsE AAsH ol $HAl, AlEAeFel D-

Fungamyl® 800 L, Driselase® Basidiomycetes sp., —L2]il
Alginate Lyase & 7%= AR sto] 7hpisi S AAIsH
Y E-2 mannitol 1-dehydrogenase (MADH)o|| 2|3} Wkl
7} T4, WA= hexokinaseof] &J3f] Wh-A- 6-Q1AFO 2
%31, Thle A-6-Q1 AR mannose-6-P isomerase®]| 2] 3f| 2t}-

A (Eds U, WAL, pH, WG LE)9 $HUSE B
A 82 AASI, WS FHEAY (Response Surface

mannitol £ ©]-&-5}o] Al FQl T4 Fo A tedkE Z8& Methodology: RSM)2- 2§50 a4 7hpddf vhg-2dS
2@ Viscozyme®L, Celluclast® 1.5 L, Saczyme®, Novozym®, Z|A 3} 51911, o] 21L& &35 AA 22 HFE hJAle & 3}
Table 1. The characteristic of enzymes
) . Driselase® .
Viscozyme® L Celluclast® Saczyme®  Novozym® Fungamyl® Basidiomycetes Alginate
1.5L 800 L p. Lyase
Origin Aspergillus Trichodefma Aspe.rgillus Aspergillus Aspergillus Basidiomycetes Sphingol.)acterium
aculeatus reesei niger aculeatus oryzae multivorum
Optimal pH 3.3-5.5 4.5-6.0 3.5-4.5 3.0-5.0 4.5-6.0 4.5 4.5-7.5
Optimal temp.
¢0) 25-55 50-60 60-70 15-60 50-65 37 20-50
Complex
carbohydrases
Characteristics (B-glucanase, Cellulase Gluco- Pectin lyase Alpha-amylase gly'c anase Alginate
xylanase, amylase mixture Lyase
cellulase,
hemicellulase)
Activi 100 700 750 10,000 800 100 25,000-30,000
ctivity FBGYg EGUY%  AGUYg  PECTUYmL FAUYg U'e Utle
Breakdown Breakdown Degrade Break downthe Rapidly hydrolyses the  Hydrolyses Breakdown of
of cell walls  of cellulose gelatinized cell wall of fruits interior (a-1,4 glucosidic) cellulose (to alginate or alginic
from plant  into glucose, starch and and thus linkages of gelatinous glucose) and all  acid to smaller
tissue, cellobiose dextrins into  providing starch, amylose, the major matrix molecule
Remarks cereal and and higher fermentable excellent and amylopectin polysaccharides.
vegetable glucose sugars  performance in solutions yielding soluble
materials polymer fruit processing  dextrins with small

quantities of glucose and
maltose which is more
showing “endo” type.

*and °: the units of complex carbohydrases and endo-glucanase activity that the amount of enzyme liberates 1 pmol of glucose for 1 min from -

glucan and cellulose, respectively.

1 AGU (Amyloglucosidase Unit) is the amount of enzyme which hydrolyzes 1 pmol of maltose per minute under specified conditions.
4: 1 PECTU (Pectinase Unit) is the amount of pectin (in mg) which is hydrolyzed from 1 g of enzyme preparation for 10 min at 30°C, to hydrolytic

degree 30%.

°: 1 FAU (Fungal-o-amylase Unit) is the amount of enzyme which dextrinizes 5.26 g starch dry substance per hour at 37°C and pH 4.7.
" 1 unit will liberate 1 pmol of glucose from cellulose in 1 h at pH 5.0 at 37°C.

¢ 1 unit is defined as an amount of enzyme which increases the absorbance of 1 mL substrate 1 at 235 nm per minutes in specified conditions.
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WY =S o

o rt.
WY E 1 gt 574 30mLE AHZEekAaT0] Y3 0.0N
HCl = 0.1 N NaOHO & pH 3~771x] 243 &, "4t
(121°C, 155)3}o] M ] (clean bench)o]| A Bl A7) 1,
759 AaE 27 71ARA Y 1~9% (viw) = T 8te] 2%
Hj %k 7] (shaking incubator)]] A W2 = 30~70°C, ¥H-5-A| 7+
10~30A] 7} 100 rpmZA 2.2 7}4=23)|8 & 4,500 rpm 2 2
1557 Al 2] shoieh Al we] 3 A Ak ko] 0.45
pmé| | x| = of 1} & o] K5 A sto] DNSHH O = o
A= S5k

Mannitol
Distilled water 30ml

Titration
pH adjusted by 0.1N-HCI, NaOH to 3~7

l

Sterilization
Temperature(121C), Time (15min)

Cooling (till room temperature) ‘

Enzyme injection
Enzyme 1~9% (v/w-mannitol)

!

Hydrolysis
Shaking incubator, Temp.(30~70 ),
Time (10~30hr), Revolution(100rpm)

l

Centrifugation
Revolution(4500rpm), Time (15min)

l—’( Suspended solids

Filtration
with 0.45m filter paper

l

Analysis of reducing sugar

Fig. 1. Experimental procedure for enzyme hydrolysis of mannitol.

Table 2. Independent variables and their levels used for a central
composite rotatable design for optimization of enzyme hydrolysis

Coded factor levels

Independent variable ~ Symbol S| 0 ] 5
Dosage® (%) X 1 3 5 7 9
Time (h) X5 10 15 20 25 30
pH X; 3 4 5 6 7

Temp.” (°C) X, 30 40 50 60 70

 Amount of enzyme, ": Temperature.
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stk [17,18].
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AT T B B Tleialelo] BT AAS 2
sl 91 35w
312 Amoch BTG-S S4M5E 4755t0] Table 30|
ERLEEER R
PEL 7%9) 54 74485 51901}, 1 % Novozym®
7} Fungamyl® 800 LE ©]-§-5} %1 wf ¥hU & B3l Z9 &
& (Novozym®™: B 0.0203 g/g-mannitol, Fungamyl® 800
L: H+ 0.0090 g/g-mannitol) T} 5% 9] &4 (Viscozyme”

_132

L: B4 0.0229 g/g-mannitol, Celluclast® 1.5L: H++ 0.0144 g/
g-mannitol, Saczyme®™: <+ 0.0200 g/g-mannitol, Driselase®
Basidiomycetes sp.: 4 0.0245 g/g-mannitol, Alginate Lyase:
Hat 0.0236 g/g-mannitol)¥} H] W3- wf, Xl 2.66] Fk
©.m, Fungamyl® 800 L& A| ] 3}aL # 9] v] =3t 22221 A&
2 Uepyt o, gkl Fof sheldo] B4 5] ¢hoktt ol =
Novozym™¥} Fungamyl® 800 Lo] Z}Z} Pectin lyase, Alpha-
amylase & AT A 7] A Eo] oA 7]Q1% Ao & At
[19,20]. whehA] BHeddo] AEEA FUH Novozym*z}
Fungamyl® 800 L &4 o] 31 Anb AH-3}7]o] ol g
o 51 A2 5
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Table 3. Central composite rotatable design (CCRD) and reducing sugar®

Independent variables®

Dependent variables

Run Dosage® (%) Time (h) pH Temp. (°C) Reducing sugar (mg/g-mannitol)
X, X; X; Y Y)Yy (Y)Y
1 103) -1(15) 1@ -1 (40) 5.15 0.65 834 0.68 0.66
2 1(7) -1.(15) -1 (4) -1 (40) 16.33 0.78 10.50 0.66 0.68
3 -103) 1(25) -1(4) -1 (40) 4.63 0.66 3.99 0.67 0.55
4 1(7) 1(25) -1(4) -1 (40) 15.76 0.74 13.19 0.67 0.67
5 -103) -1.(15) 1(6) -1 (40) 5.86 0.80 3.89 0.28 0.28
6 1(7) -1.(15) 1(6) -1 (40) 14.90 0.80 11.33 0.68 0.55
7 -103) 1(25) 1(6) -1 (40) 431 0.75 6.03 0.67 0.66
8 1(7) 1(25) 1(6) -1 (40) 15.61 0.80 12.30 0.72 0.68
9 -13) -1 (15) -1(4) 1 (60) 4.70 0.73 8.56 0.25 0.25
10 1(7) -1.(15) -1(4) 1 (60) 13.21 0.74 9.47 0.72 0.57
11 -1(3) 1(25) -1(4) 1 (60) 5.09 0.79 6.95 0.71 0.67
12 1(7) 1(25) -1(4) 1 (60) 14.65 0.77 9.63 0.69 0.67
13 -103) -1.(15) 1(6) 1 (60) 5.42 0.81 3.92 0.67 0.65
14 1(7) -1.(15) 1(6) 1 (60) 14.85 0.76 9.77 0.67 0.67
15 -1(3) 1(25) 1 (6) 1 (60) 3.75 0.75 6.08 0.66 0.48
16 1(7) 1(25) 1(6) 1(60) 14.89 0.83 10.06 0.68 0.67
17 -2(1) 0 (20) 0 (5 0 (50) 1.30 0.76 1.04 0.67 0.67
18 29 0 (20) 0 (5 0 (50) 19.35 0.71 11.81 0.67 0.71
19 0(5 -2 (10) 0(5) 0 (50) 10.32 0.85 4.17 0.67 0.68
20 0 (5 2 (30) 0 (5 0 (50) 9.47 0.83 6.10 0.67 0.68
21 0 (5 0 (20) 203) 0 (50) 7.11 0.86 8.44 0.66 0.67
22 0(5 0 (20) 2(7) 0 (50) 10.08 0.90 5.17 0.67 0.70
23 0 (5 0 (20) 0(5) -2 (30) 11.01 0.75 7.67 0.69 0.67
24 0 (5 0 (20) 0 (5 2 (70) 9.53 0.73 5.39 0.68 0.70
25 0 (5 0 (20) 0(5 0 (50) 10.45 0.86 5.24 0.67 0.68
26 0 (5 0 (20) 0(5 0 (50) 9.73 0.82 4.95 0.67 0.68
27 0(5 0 (20) 0(5) 0 (50) 9.86 0.86 4.62 0.67 0.67
28 0 (5 0 (20) 0(5) 0 (50) 10.94 0.81 6.13 0.67 0.69
29 0 (5 0 (20) 0(5) 0 (50) 10.23 0.86 5.97 0.69 0.71
30 0 (5 0 (20) 0(5 0 (50) 10.00 0.90 5.42 0.68 0.69
31 0 (5 0 (20) 0(5) 0 (50) 10.10 0.86 7.95 0.67 0.69

*Non-randomized, *Coded symbols and levels of independent variables are referred to Table 2.

‘Amount of enzyme.

Yields of Reducing sugar(mg-RS/g-mannitol) {reducing sugar(g)/solvent(L)xsolvent(L)/mannitol(g) x 1000}
Y,: Hydrolysis by Viscozyme, Y,: Hydrolysis by Celluclast, Y;: Hydrolysis by Saczyme, Y,: Hydrolysis by Driselase, Ys: Hydrolysis by Alginate Lyase.
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Table 4. Quadratic polynomial equation for reducing sugar formation
Dependent variables Quadratic polynomial model R? P-value
v Y,;=10.19 + 4.89X,— 0.14X, + 0.25X;— 0.37X,+ 0.063X,2— 0.044X,? — 0.37X;2+ 0.049X 2 0985  0.000
' + 031X, X, + 0.033X, X5 — 0.25X,X;— 0.20X,X; + 0.13X:X, + 0.15X;X, ' ’
Y;=5.76 + 2.50X, + 0.26X,— 0.58X;— 0.40X, + 0.53X,2+ 0.20X,>+ 0.62X;>+ 0.55X,*
Y, 3=5.76 50X+ 0.26X,— 0.58X;— 0.40X, + 0.53X,*+ 0.20X,° + 0.62X5° + 0.55X, 0814  0.001

+0.36X,X,+ 0.54X,X; - 0.73X, X, + 0.54X,X;5— 0.029X, X, — 0.14X;X,

Y,: Yields of Reducing sugar, Y,: Hydrolysis by Viscozyme, Y;: Hydrolysis by Saczyme.

% (g0 2 Lol B E | g ST A4S ey ole.

3.1. 842 7148

T Eo] ghdgo] B 7] QA= hgoldeta s (mannose
isomerase)7} W& & o] aldose (D-glucose, D-fructose &)=
A= ofof gt} whgrol/detasol 7] U= D-fructose, D-
mannose %! D-lyxoseo] AL&E|L [21], A9 ofl AHE-SF A s
2 wh)Bo] Ao Sol 40w e g, SuH e
gah 7123 o2 7] o oKk geliz A Sol
Ho Hguiol WAHLR T E Tlaae] 80 ¥
Ao &2 Helth Table 30| 559 7} a4 g 7hp2aff gt A2t
2 QAU A 8 28-S Bl 9L Viscozyme® L
2, 1 o RS2 AT AT 9%, RES-AIZE 204]7F, pH
5 HES e 50°Co|l o, 11 4~8-2 19.35 mg/g-mannitol
olgitt. Igla 7MY W& 88 Kl %$+= Driselase”
Basidiomycetes sp. = & AT 3%, HFS-A| 7t 154 7F, pH 4
RS2 60°CO] 27o]qlem, o] a2 0.25 mg/
g-mannitolo] Q. T35 M E AlS] % 7 of| A & Viscozyme® L
2 7teEs e o Y &0 7MY =4 o=
Viscozyme® Lo| B3} e-=3-5 B.8)) & 2 & 4 mannitolo] Tf
3714 ol o= el 7hptef vhes SAAIX] A=
st H[19].

Table 40f| = SHA T A4 of] T3k 22} thaH4] 2 e, Table
o= HAF #4e A3ts Yetyoltt. Y, (Viscozyme® Lo
o5k gkl &) Y5 (Saczymeo] O] ehld )] 4
AA (R)= Z-2F 0.985, 0.814%2 A Qi) dubz oz
Rgho] 24 0.80% o 2 ghet AF A E skl T 4= 9l
o} [22]. Y & Y59 PEE2 Z+2) 0.0002 0.001 2 K% 1%0] U
o A - I3 A= e T (p <0.01). wh2hA A
e A AAT S ST e BAE
814-98.5% UEhl= AW elo] £o BR o, FRo| 23
0.2 M3 T A$ A4 THelo] go|T Ao o4t
e},

A Y, (Celluclast® 1.5 Loj| 913+ 3L =8, Y, (Driselase®
Basidiomycetes sp.of| 9]t Y 4+8&), U Y, (Alginate
lyaseo] €]t 2l =8)2 AYAS: R)E= 22 0.753,
0.406 3 0.3520 2 Lpepiton, o] e F 9] tfof &
Of5kA] b2 Ad AR Q3| 3ol Aol dE i
Fol " Az wetE) o] H3l o] f- & I HEY Y| 27t
ceaET AN AR A Aol HAAT 3 A=Y
o AgtstA] oot HlolH & 7| As}A] goket.

i

Jeong et al.9] SF7WAVE (Gelidium amansii)E A0 2
34k Zol o} v R S o] 88 715balsto] B, HMF
(Hydroxymethylfurfural) ¥ &]& 4} (levulinic acid)®] %2
o 205 A% Ao A= HMF7} A E 79, 2dl o]
AA% ®R)7H0501% wol e We) el 48 AAE
o] AA| A E AHst7| o= A st Harstgict [16].

Table 5= &4t 24 A2, Y2 143 a4 FUF
(X)), HHe-2 5= (Xy), 22+8H9] pH (X3x X3), Y 12}5H9] &
& FAF X)olA Fostslen (p<0.05), 27Hd 2o
(lack-of-fit)ol] T3k Y, 7 Y52 PZHE ZH2} 0.038 2 0.080.2.
2 Upepyteh Pgko] 0,055t 27 o] o] Hieirh A
< 9ujst 2 [23], Y39 Bl Agtsht V9 HE2 wE
Aol vhgol folshA] ok g Folrtn Borect
wY,9) §hS el 4] o] Ro] 0.9852 FA A 0] 4 0] 5% o
Y& olAEgong V9 2EL Viscozyme® L& o]-83F
B B o] T iol ARE AT 4 S AR TEkET,

3.2. Viscozyme® LE ©] 83 @ E2| 71423

52 Viscozyme® L2 7} 3] A] B 29, v

2%, pH, ¥Hg-2 =7} Sl Aol nl A= FFgFE Yohi ]

918l Minitab-2- AH8-5Fof §H3-3 W &= & Urefu Slct (Fig. 2).
Fig. 2()o] 4 pH 5 % ¥h-g-2 5% 50°CY wf, a4 FFo]

S7Fgol et Sl &2 A A o8 Fhsk gl o, v

SAIZEO] B W9 Bt uhg- A 7ho] 21 W flef A B 4
& 7] 718717t Fhek ek BR A FYRkol W
B9lell A whgAIZbe] F7tE R Sl 280] 76k
o] bt o, s FedeFo] A2 ¥l 9o A= WA
7bo] F71EE S o] Hadte AFS UEl
t}. Fig. 2(b)of| A 9347t 2047t 4

B2 2ol F7Hal uet AYF Sgo] AHHOR F
etgon], B Feol B WlolAl phvt 371845
UG 8ol F7Foke FFol tekt ot F7he] Fol &
of nl A3t QoS F 02 ARH Fig. 2004 g
AIZE20417F 2 pH 59 W), ¥Hg-2 27 2 W elnch kg
2L WSlO) A Edk F o] Z71 uet BAY
g F7h0) 712717k o Flow], Eh Tl 4L W)
o4 gL BT FobASE B 42 Wak} A9 gl
glow], Al FYao] WL W) A WL} Fopas
= UG $80] Faoh FFE Btk Fig Ad)eIH &
4 1% 5% U WHS-2 E SO°CY o, WhgAIZke] e 27
o H pH 62 3410 2 FUY S&o] ThA] gAsHe B FL
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Table 5. Analysis of variance (ANOVA) of the regression parameters for the response surface model

Variables Degrees of freedom Sum of squares Mean squares F-value P-value

Model 14 587.704 41.979 77.12 0.000

X, 1 574.102 574.102 1054.63 0.000

X; 1 0.489 0.489 0.90 0.358

X5 1 1.517 1.517 2.79 0.115

Xy 1 3.335 3.335 6.13 0.025

X x X, 1 0.266 0.114 0.21 0.653

X, x X, 1 0.005 0.055 0.10 0.754

X3 x X, 1 4.054 3.896 7.16 0.017

Xyx X,y 1 0.070 0.070 0.13 0.725

Y, X, x X, 1 1.548 1.548 2.84 0.111

X, % X, 1 0.017 0.017 0.03 0.861

X, x X, 1 1.002 1.002 1.84 0.194

X, x X; 1 0.643 0.643 1.18 0.293

X, x X, 1 0.283 0.283 0.52 0.481

X; x X, 1 0.374 0.374 0.69 0.419
Residual error 16 8.710 0.544 - -

Lack-of-fit 10 7.703 0.770 4.59 0.038
Pure error 6 1.007 0.168 - -
Total 30 596.413 - - -

Model 14 206.844 14.775 4.99 0.001

X, 1 150.172 150.172 50.69 0.000

X, 1 1.660 1.660 0.56 0.465

X5 1 7.955 7.955 2.68 0.121

Xy 1 3.898 3.898 132 0.268

X xX, 1 4.827 7.908 2.67 0.122

X, x X, 1 0.240 1.186 0.40 0.536

X3 % X 1 9.132 11.019 3.72 0.072

Xy x X, 1 8.749 8.749 2.95 0.105

Y, X, % X, 1 2.080 2.080 0.70 0.414

X, % X; 1 4.609 4.609 1.56 0.230

X, % X, 1 8.495 8.495 2.87 0.110

X, x X, 1 4.684 4.684 1.58 0.227

X, x X, 1 0.013 0.013 0.00 0.948

X, x X, 1 0.330 0.330 0.11 0.743
Residual error 16 47.403 2.963 - -

Lack-of-fit 10 40.072 4.007 3.8 0.080
Pure error 6 7.331 1.222 - -
Total 30 254.247 - - -

Y.: Yields of Reducing sugar, Y,: Hydrolysis by Viscozyme, Y;: Hydrolysis by Saczyme.
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