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Abstract

The wood-pulp i1s treated with the three enzymes, Endo-xylanase, exo-xylanase
and acetyl-esterase. The maximum value of relative activity appeared 0.95 in acetyl
~esterase at 40C, 0.9 in exo-xylanase at 40C, and 0.8 in endo-xylanase at 50T,
respectively. And it has measured 0.8 in endo—xylanase, 0.95 in acetyl-esterase at pH
6 and 0.9 in exo-xylanase at pH 5, while the maximum value of relative activity
does not rely on reaction time for three enzymes treatment, and the value was about
0.9, respectively.

We have watched that decreased Kappa number and increased brightness. And it
turned out that the three enzyme produced a lot of reducing sugar with wood-pulp

treatment.
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Table 1. Enzyme in the Pulp and Paper Industry

Paper Waste & Water
_ . Pujg Tec:nolgg Technology _Treatment
Cellulases Pitch control| Deinking Drying Dewatering of Sludge
ase (TMP, GP) | Newsprint | Fluff pulps |Low Freness Pulps{ Dewatering
Porosity o : .. .
[ aminat Deinking |Prebleaching; Refining Aid
Xylanases aung Newsprint | Kraft Pulps | Speciality Aapers
Papers
.. . Ploymerisation
PL"";&S‘*SS Biopulping P,I;Rflg;!”?gp fd Deoxidation of
eclinase DEIS | Chlorolignins
.. . Ploymerisation
Ifigmlﬁ‘aseis Biopulping S?ﬁﬁ;igﬁgaperfss Deoxidation of
p Fung e Chlorolignins
GI. Oxidases
Levanases Slime Control
Proteses
2. 4 3
2-1. 89X [ F

2-1-1. A 54 F

2 9¢o] AH8Y UEE AEs7] 9 24 e Beechwoodol Atk Aol F7E &
bR oz Hixo] EAo F FFE vAe Ao olBE HFE7I &olgt A o
g o g JlEZxMZxEo|7} 2zt 2~3cm AR AV|EZ ATste A&



Endo-xylanase, Exo-xylanase & Acetyl- esterase §4 A 2|5t Hx el EA W3

2-1-2. B4 Fo} =g

Zo)lg 3 1000gS 10¢ &9 Rotary Diegesterd] ¥, &4 &z 20%s =
WH%E 6:19 B &2 T3 AL HAUstY 180TCANA 60F7F Fas & S/HTE AFH
3} A ot

2-2. BA &k
4Gl AHg

¥, olE 3714

T

endo-xylanase, exo-xylanase % acetyl-esterase % 37}A ©]

o] 7|1E EAE Table 29 2z} YeElY )

b B
i

Table 2. Characteristics of Enzyme

Enzyme
- Endo—xylanase Exo-xylanase Acetyl-esterase
Characteristi _ _ _
. ) Trichoderma Aspergillus
Micro Organism Viride Niger Orange Peel
Component 1,4-8-D 1,4-B-D Acetic-ester
Properties -xylanxylanohydrolase | —xylanxylohydrolase Hydrolase
0 B-galatosidase
Impurities B- %2%?32;0{50?)1% a-galatosidase Free
g ' Less Than 3%

2-3. 8429 §Ax: 4
2-3-1 714 AA

Ao FAEE &As7] Ystd d49 2% xylan UAF = LA(0.1M pH6LH)E
Vortex Mixer2 £33t 3 12000 rpmolA 3027 44 £8 T AS59L8 34 28§
1A= ARE3 Y.

2-3-2. Endo—xylanase®] 845 #4

712 494 05mE S0CTAA 1087 dds & A4 &% & 4(0.05M pH6SL) 2 E F 4
H 3A9E HyF & dA AL 9 3AA AR g9 F S DNS WA os vjA A
Ron ol 18I Im-mole #YLTF = #Fo] lunite]tth.

2-3-2. Exo—xylanase? 4% =34

exo-xylanase® A% =R L Pan Bangred WY H3ANA Aoy, 5409
2 At T 087 ¥vr$AAH AAE PNP(p-nitropheny) el H| A AHTZE 405nmol A
=439
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2-3-3. Acetyl esterase FA L =4

Methyl acetylsalicylate(Acetylsalicylic Acid Methyl Ester) 3mE &4
&F &4 05mE F7tstd 40ToA 3023t 7tEete] a4 W88 T
X FF=E FAHST F 00349 OD. #5 lunitZ FA|8HAt.

0.05m e} <14k
Al71 1, 300nm

2-4. Kappa number & 3#
Kappa number =3 -& TAPPI T236 os-76° < s} A A3l c}.

2-5. B X 9] yiscosity &4
gxe] At TAPPI T230 su-6691 97 el ¥4 CED §4¢ 248 § 2
A E ATRAE o]ty FAS A
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3-1. €%, pH 2 Aztel o}
CELE T R

B 529 AE HEgE A8t 1 2FE Fig. 19 Yo o
A-E3 FAFSE 20CoA Ajzste ddtze s 471 @487 ofHE Ao
A3l th Fig. 13 Zo] endo-xylanase, exo-xylanase %
acetyl-esterase 371*] &4 EF AHE 2&dA o= AENA 9§ 2271 S8 F
£ gA4s Axrt st ey, I oY ZxAaA Iide AEgS BAY. olF 37t
A BARY oy 7|El 4% FAMS AES YEldeH, oA EAE AE EA4A
ol @ oL ZLojddME &4 gWA WHAo] FASEA olFojx I EAHAHS &
¥ 7] WEolet BzZtErh 4z A28 TES I ARE BFSH 4T Aol
SAS A 4+ A
H A endo-xylanase® 7A-¢ ®g 2
A AFele Adidoes AvkstA A
et AR Y, 1 ol Aol =AM 3}
+ endo-xylanase®} ©2 A 20~407T

%

7V 7] 259 20CoAA 4 4% gt 0.59
Stz 50Tl A Adl A= Hdgkel 08-°—
39t Exo-xylanase® acetyl-esterase®] 73
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A3 A F7rst= 4S5 FAMEE 7HR 2 AU, 53] exo-xylanases™ 20~40TCAA A
o 855 gol A 0394 H 0971A YEFARL I, acetyl-esterases™ 20~40T oA
06~0958 YEtUigc) gHH A4 E gol R4 o225 &% oA 1 gko] 33
3t Axe EAol A &S AT + UMY Endo-xylanase®] 75 50C~60T
Aol Adl 4% Ftol 083914 0.752 ul-$ &eksk ¥H3E H YA T exo- xylanase?]
A9 40~50TCo ol27171A] A E Ftel 0994 0.82 ®3}slH L, 50~60TCAFe]l= 0.8
AN 0272 otF FASA stakele AFES UEtgUth E3JE acetyl- esterased 4 7=
o] 9} FALEIA=H, 40~50TAOl= 095904 072 W&t 3, 50~60CTE 0.79014 0.25
7k A9l & YHEFWH S
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Fig. 1. Effect of temperature on activity of Enzvme.
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3-1-2. pH ¥isld & =

Cellulase2] A pHE= ¢F4HA 1 d v 3] hemicellulase®] A A pHE  oFdZtaojry. o
b o2 AHAQ pH7F FLdZdEd 459 A2 ARA FFo] FAHAA ofFoAe HE
ZHete o) cellulase] ZA$ AA FAHY H&o] dojA FAAS ZA| 7 hemicellulase
o] A9 A&Aol Eue HAA AR FAHA A AE&EE ¢ de FHo] Uth

Endo-xylanase, exo~xylanase @ acetyl-esterase 37}#A] &4l sl pH HHdl w
2 At A7 Fig. 29 Yelddc}. Fig. 29} Zo] endo-xylanase®l 2% <F4ikAd<l
pH 694 A &Adze] Hd 08& YelldAR, T4 2 kg HeldA A
gAgko] st3kete A S B AT Acetyl-esterase® 2§ pH 6094 HY 4 €4
zkol 0958 e}, o8 g 4L endo-xylanaseEth 34 pH HHE B o 4
A AL F S AAET dnk 53] pH 9.0d0ME Fdl EAdgke] 080|PouR
dZe] FYAME AE JHs TS FHUSAT

3t exo-xylanase®l 7% pH 5914 At &Agkel Hd 098 JelId oy, pH 7.0
olAte] dZtg] JAAME FAHE o] 0656°)3t=2 HASA #ideE S BRIt
mal A 3714 &4 %F exo-xylanase?]l 7 &z @) gde] AR QoA AFSE 32T}
g g3ttty Al
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Fig. 2. Effect of pH on activity of Enzvme.
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2 A ¥ A oy AsE B AT Ag F 0 oJud] BTAE Ftol 09
22 AR VR, o F HeAzte] FEE BHE e Ao PP
o) 2Tk old AL Ao W&ol Vol FRFYE AANA FASGA Wgo] W
9t A3 $ASL, £F 54 AN TR F4RuAeE 02 A7 ddGE §4
3 Agde &+ AAT
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Fig. 3. Effect of reaction time on activity of Enzyme.

3-2. &4 FHAA < gt Hxo B4 W3

A UREAH o2 ALEHI v BxE FHAA AFr9 lignine ?3115]01 A A =
At 2 F B+ hemicellulase®t AFE AEZE cellulose fibere] EW X+ microfibril
3T Fe BESE AoE d#A vt 283 hemicellulasest 2&EHo =59 A
Boll A lignine hemicellulase £ &4 Aol 218t hemicellulase’} 2= A -
hemicellulase®} Z°] &&= A|AHY.

B4 AP 2§ EWd HE HAE IHE st Yt %, pH 2 Al
of e &4 A F wEW Hxo B4 WHIE HEINUT ol 2% pH E ¥H5A
< 47t gA4d weEt SRV M 2 AEHY 21 A A3 Add 2 &Y
endo-xylanase® A% 2% 50T, pH 6, ¥-&A17F 308, exo-xylanases &% 40C, pH 5,
HE-S-A17F 308, acetyl-esteraset™ =% 40T, pH 6, ¥rg-A|7F 30802 Ztz} Mesigdh
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3-2-1. Kappa number2] %3}

Kappa number: Tl ¥ HX F Jignin §F9 Z4 A4S AT = g+ o
2 gxo FAa Ao lignin FFHE AALAIZGH THAE FAHANA HEH QFH—J
v A4 dE FATA 2 AFAAHQA FHAAN FIF3| LFAHOE Hlotgo %

o Uk E£3 o]R st B go] Fuiet g B GF Ao o3 ‘Qﬁ}%
AE Y F Qo= Az FF FHAE ZA 7o Aol

Fig. 45 ¥ ™o endo-xylanase, exo-xylanase, acetyl-esterase * &%+ ¥ Kappa
number®] W3} AEE YEId ZAIolt} Fig 49} o] 7] E&e] AFE AHEY,
endo-xylanase: lunit % 2]A] Kappa number’} 190} F X, 6Gunit #A] 1752 ZTAi
oy, 2L V|Fo 2 exo-xylanase?] 7% 1889lA 1798 18|31, acetyl- esterase
ol A% 19194 18322 ZtZt ZAA e Rl wEbd of#glt A gL olE 4 Ao ¢
3l lignino] AAFHIL USS AT F U= ZAH A4d0.

20

fos

18

Kappa number

/

=3
nq

f\\‘lli

i l \ i l i ' ! : :
1 2 3 4 > ©
Enzyme Contents(unit) . A Endo
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Fig. 4. Effect of Enzvme dosage on kappa number.

E3] endo-xylanase @9 23 Kappa number®] Z#H4 &7} exo-xylanase®}
acetyl-esteraseo] B|ste vl = A YeElged, o] A2 cellulased] &4F #
A8 o A& AAY =)o wel cellulase fiberd] = Alolz2 HF3te &o|Ado] &
g}x]7] wFEolw ol& <3 FAe r1d FFHA WSt o & &t E8 wEhd
t}= Kin 59 94795 fA48 234& 98 5 UGt
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3-2-2. Brightness2] 93}

oW HZol MAMLT = lignin o] F FAdE WS o2 FA(hemicellulose) AT
off 2|3} lignin ¥z W E o =3l7] Y3 brightness 4 A E Fig. 59 veEl A
Fig. 59} Z°} endo-xylanase® & 5 7tAZA 42 brightness® W37} vig A o2 F713}
= A%E BYY. lunitZ2 A2 3P d, brightness7t 32.8%(1S0)°]l R 3L, 6unit *| Bl A]
34.0%(ISO)E  Z713t¥ct. 338 exo-xylanase®t acetyl-esterase® *#83 HS$+=
brightness”} Z+Zt lunitoll A 33.0%(ISO), 6unitoll A 33.5%1S0), E3F lunitoll A 32.9%
(ISO), 6unitell A 33.1%(1S0)¢1 A2 ERRA T
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Fig. 5. Effect of Enzyvme dosage on the brightness

m2tA exo-xylanase®} acetyl-esterase< endo-xylanase®] H]3d}<] brightness7} = A
H3tR] @, oA 3 e 7R, o33 AL Kappa number a9 WIS ®
FASISE S B9 olygl o] AL endo-xylanased] H]3] exo-xylanase®t acetyl- esterase:

PR 29 lignin A7 B3 oA RS A diolg Aztdh

3-2-3. 993 (reducing sugar)e] ¥ 3}

T4 AE ¥ UG #Y W= 9 hemicellulased] EFHS AFHoZ ST
T J= PHOE hemicellulased] 37 #Ho] glon, Yang 52 Ea 9 A Fo)
718 AT ghol Frhsiga HHE A,
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Fig. 62 E X endo-xylanase, exo-xylanase, acetyl-esterase &3 & 3IJd9 3t
o W3E Yyeld Aol Fig. 63 o] exo-xylanase 29 AL lunitol A
0.090mg, 3unital A 0.096mg, 6unitell A 0.098mgl.2 93 AL A Z7}8tx &
*tt. 53] 4~5bunit 7FIHE 0.097Tmgo 2 A9 WErt AT, FAFSHAl acetyl-esterase
Azl 44 ddG A #o] B4 Ao AA SR Zsked, Sunitdl A Gunit
742 0.095% W37 A S AT 4 UMY 28y endo-xylanase &<l A4
AH7tgel Sk Hldet fAdF A Fo| AFd] Ftste BEES JEhAL old
lunite] A Sunit 7HA = 0.092mgol Al 0.106mg .2 A7l Hl#Estd Q43T WA o]
Z7Fet 2y, 6unitdl A= 0.107Tmgl. 24 F71g0] EaEH= AL 2 4 AU

mElA B4 H7MEHE 9T BHEXA O FAH Hoz THI FEANA Eoid,
endo-xylanase! 7% 5unit, exo—xylanase$} acetyl-esterase$l 74-$ 4unit A7}1E 18
g g Udoha AlsE.

1.1

Reducing Sugars(10-mg)
5

N N U A R N L D D D B A

o
©

T
i

| | L | ; I

Enzyme Contents(unit) A Endo

O Exo
1 Esterase

Fig. 6. Effect of enzyme dosage on reducing sugars.
4. 2 &

B Ao A= endo—xylanase, exo-xylanase 2 acetyl-esterase &4 * 2§ HZ 9]
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54 Wl distd n@F 23 tgd FL 2ES AU

(1) &xo WE 3717 849 Az AHE H2ZE endo-xylanased] 745 50T oA
Ao gdxel Hdzko) 0.8 YVEMIA AL, exo-xylanase® 40ColA Higk 0.9,
13 1 acetyl- esterase® 40TCoA Azt 0,958 Jehdr).

(2) pH W3] & A FAME kS endo-xylanase? 79 pH 694 0.8& Y e
A 31, acetyl-esterase®] 7A-$ pH 694 095 28] exo- xylanase®l 7% pH
594 098 YEAT.

(3) RESAIZH ME 37HA] E49 AET 549 F7F9 AY YJEA Fh,
T A F 30& ojuldl EH= Fto] 09HER T ioldA YERT.

(4) Kappa number® W3le= &A% lunitd A 6unitZ7bA] endo-xylanase # &< 7 -$-
19914 1752 743891, exo-xylanase *#Q1 729 188414 179, 181
acetyl-esterase X212 A% 19.194 18302 ZA3g}.

(5) Brightness®] ¥3} HE+= endo-xylanase 2% &4 FE lunit® AHIsH S Y
32.8%(ISO)o] R 31, 6unit A B A] 34.0%(ISO)E F7}3t9 . £33 exo-xylanase®
] 2]¢ 749 brightness?t Z+Z} lunitd] A 33.0%(ISO)°] ¥ 3L, Gunitd] A 33.5%
(ISO)E YEeERl e acetyl-esterase$! 75 lunito] A 32.926(1SO), Gunitel] 4]
33.1%(ISO)E &7 e ATt

6) Z+Zte] &4 A7 6unitE 7|F 2 &9 exo-xylanaseZ A3 A9 0.098mg
o] o] AAEUIL, acetyl-esteraser= 0.09mg, endo-xylanaser 0.107mg2]
gAdFo] A H AL
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