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Manufacturing of Korean Traditional Handmade Paper with
Reduced Fiber Damage (IV)

- Effect of Pectinase Treatment on Bast Fiber of Paper Mulberry
and Durability of Handmade Paper Under Heat Aging -

Sung-Phil Mun*! and Kum-Tae Lim*

ABSTRACT

Use of a pectinase during preparing handmade papers from bast fiber of paper mulberry(Brous-
sonetia kazinoki Sieb.) was investigated in order to decrease cooking chemicals and environmental
pollution. For this purpose, four kinds of commercial pectinases, Rapidase LIQ(RLP), Rapidase
Press(RP), Rapidase C80L Max(RCM) and Pectinase SS Kyowa(PSK) were used. And the dura-
bility of handmade papers before and after pectinase treatment was determined.

RP and PSK had higher pectinase activity and lower cellulase activity. The bast fiber was not
defibered when pectinase was used. In order to increase the efficiency of enzymes, the bast
fiber were treated ammonium oxalate(AO) or K,CO; under mild conditions. The AO pretreat-
ment of the bast fibers seemed improper to apply, because the pulps were stiff and tough com-
pared with those produced by K,COs. The RP treated pulps after mild K,CO; cooking of the
bast fiber were defibrated more easily than untreated pulp. The handmade paper prepared
with the RP treated pulps after mild K,CO; cooking has good strength properties such as
breaking length and folding endurance. Also, it has higher durability on heat aging, though
its brightness was slightly lower than that of untreated paper.
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1. M8

ol Aol Hold FAAzE A3l A§d
A AZA AHESE AE2 BAHEAT. o 2
AFAE 4 o8 AEARA AHeHE 2ER A
Bo FHEL KCO:dE #A3At.D o @
K:COsE SAFELE AMEsl HuF il
283 A3}, DAz e f A4 3 ¥d
9 A7} &olgtn 71&9 NaOHEDH ofdze
o2 A% HrdER 020 §&0] Hol Bk
o 9xE 4¢ & AT ? #t ohd NaOH
& AREEe] Axg ARG Hold BT @A
e Jebd € Rasgch.? dEa Hold @A
AZE AdME 7bed A/ E¥E AAsln
PR 35S T¥she A Ay os A
Asfol & Aoz AzEn.

gl e AE W 13y A ERZ &
Asta, 2 Yeoe 1AHAAY 3§ wdd2H
2, AXIZdME Cadd FHz EAItx
Hasle] gk ¥ & Ave AEHH A o4
237t 7Fed #7189 99 ddHes A3
7] A% e A9 EHELE ST W
HEstna sid. 53, HIEE A A
HRICE 98 AR Sle AR HPEsaLe
A ARTHE HAd, 7129 HuF ¥
o FAGF] AFtel ZHel e AREd o
AR EEeg 3 a2y ARl Az 2 UF
4 3 T 1IE JEUH.

2. AE Y uiy

2.1 A=

SR pEe 3 2 BME 194e2A
AFA 24 DAEFTA FIAERE FY3IA
o A% B9 OUd 342 59 HE
& 93l 4~5cm PFoE Huksld Alg&3l9
o B4 9 d3EA HEE 9T As5: Wy E
25~30cm 7td o2 Aeksled Algagrl
2.2 HE| Bsljaso SR/ #4

9e FaEsE @A AREHa Je AFLEA

Rapidase LIQ plus(RLP), Rapidase
Press(RP), Rapidase C80L Max(RCM),
Pectinase SS Kyowa(PSK) & 1839t} &
2E9 pectinase”. cellulase®, laccase” &
A€ FEINULH, 4ze 4L A 1kgT 1
2o APYH+= ZF HdF(galacturonic acid)
o] mol$%! kat/kg @92 Ve

2.3 B4 ctExg]

50 mL &%¢] FAEe}2F0] 4~5cme] vt
5 uy 20.0g(o.d)F FHol2nFE A8
of ] 2002 2AF ¥ 50C FFRAN 4
% Hel BHEALE 7189 RPY PSKE #4z
0.12%, 0.16%& A7ksted 24A13t A)absiet.
el Fo] gxe | Bl Yol il - #iF ¥
U= KkEe 243190}

2.4 Ammonium oxalate(AQ) A 2|

500 mL &% Hz&etxaAd] @ 20.0g(o.d)
# 0.1% AO 29L& H713le odu] 2002 243
Hoh. AL 20TolA 10Y3t WRsg e, o
F A8tz 500 mL % 4AEegr3d &
Atk od7]e EF olLnFE Pol v 202
2 23 ¥, pHE 458 Zd&1 RP ¥ PSK
g 2t 0.04%E A7lsld 50T 53RN
2417 Aty AEEZe | BAld ¥a
At - HA Fo 50t $Fdzstn, EZS5EH
Kappa7l& &tsid).

2.5 K,CO; M2

Wy 200.0g(0.d)E K,CO; 17.3%(H4 ¥
gd] thaled), W] 158 zAsd 1A FA43
Atk FA F WZe A BA)d ¥ A3 A
2 F 50CodA $F dz3dd. dzE=
5.00g(o.d)¥ 250 mL &39 AzEgxzd)]
e F Au) 20, 442 A 83l pHE 4~62
2433, FARER(50TC, 1008 H94E/
B A e Hrbgs A Agte] 244 g}
H&Ac}, Hel F UxZE W 2o Y1 o
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- A% F 50T $F AU olF FeH
Kappa7tlg &33%d. =8 AR 543
Carbazol-B4rg89c g2 HX Zo| He3}IFE
A 3A .

2.6 Di=HEAE 3 BAXE
100 mL 839 2edd A 294 §7]9 2

U w9 3002.3g(0.d), K.CO; 17.3% (A2
Wo] thdld), oiv) 152 =AY I jneskte

N 2R, ZAET BE AAS 5

BUTE AT AP udEF ZHET
600.0glo.d)3 HY AL RP 0.16% (A
A ARAE 2 )& ¥a, 94 20, pH 4~
6. 50, 75 rpm RALZ 48Xt A3t
Ag ¥ €9Ze A EAld ¥1 o3 A% Fd
23 L FHK sk

2.7 T X R

RP A2j¥=9 & niNg €= Z HH
(237L £ & AMR3l H47t €8 e
g f7ix sAdsigth. ddE Ads 20019 &
o Y1 EMAEZ Zgoladolrlo]=(PAM: £
AsF sk 8RR HA)E 0.015%7F 9=
2 3 % 2% ZAW63x24cm) B Aad=r)d
o B¥F o 20g/m?e] HEE AU, AZE
e FEAR 5 B¢ UIgH 2% ¥, 2W
L% 55C9 IRl AzEAch AzxdE A
t 747 JAEA 6] dolr] FolA 2447t B#
¥ 40x25cme 272 Aastq] g3y 4 B
X FAEL Az ARgstgan

2.8 AT # ${LitE X it

7] 40x25cm 2719 AAAE € HA VA
2 PAE 1051 $3d427d ¥ € 43
g ANt Ad d 431 30YE AU
onl diyizhdz A EE AFS d3ld e
WIE gsid. dsixzld #x& 20, RH
65%9 ZAd A 2~4U7 ZFATI HAT
(Bright & Lab Technibrite Micro TB-1C
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colormeter, U.S.A), AFB=(L&W Tensile
Tester, Sweden), WH5E (Kumagai Riki,
Japan)& 4331t

2977|124

YA A8 E KBra #7 E3stn BEd ¥ 9
P& Azsa, ol YA EFEA(Shimadzu
FT-IR 8201 PC, Japan)3t®th. XA AL A
8F 1.5%1.5cm 7|2 Ay, XRD 6000
(X-ray diffractomer, Shimadzu, Japan)&
BAsQ. 8424 30 kV, 20 mA, Cu tar-
get, monochrometor, Ni filter2 3tt. 2
o] Ao XA HAEE ulgo = Segalyl®
o2 FY3eE ANt :

3. 2ot % 1@
3.1 2o g4

AA ALdF2 Fo| FR{b AHEHT SlE Al
& Hel B AL pectinasedt cellulase ¥4
< AE##YH(Fig. 1). Pectinase 42
PSK7t 7% E9ten, RP, RLP, RCM 9]
At Cellulase 84& RLP7} 7FF &3hov
718} AN E PSKIF &2 g Jehlidls ¥
RP. RCMollE & &40 A gle ez &
AgAct, EF laccase BAHS SFHIAIAT,
Ar Ax I AL A Eut. gEA o]
£ BAE 3 9% EA¥4°] £ PSK. RPE
AR go] SR Wyl Fo] & Hd Fol
el HESH, :

3.2 54 tt=EX2]

B AYd =43 4" $ i PSK9 RPe
oF 40~50CY ML= pH 4~69 i 4
Aol Hole] 48 Yehlr] dio HuF 9
He] ZAAE Ao @Aeg pHE 4~62 =3
39tt. Pectinase ¥Aol ¥& RP4¢ PSKE
o) tidlqd 0.12, 0.16% s, 247
g A 5L 93.4~94.7T%2A F 5~
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Fig. 1. Pectinase and cellulase activity of
commercial enzyme.
RP: Rapidase press, RLP: Rapidase
Liq plus, RCM : Rapidase C80L Max,
PSK: Pectinase SS Kyowa.
Laccase activity was not detected in
this experimental condition.

6% & As7t N, AP o] Fo|AA|
#AHTable 1). & Add A" EEAHY
< 5] FRE] AHEE gl viste e B
€ FIAT, FEF AL AAE dojuA
a3kt ol olfw HUF W9 A4 AFe
A5AE Heo] xw&so] AU AR fold

B2 Hol A @ol ol Aoz LA
webd, =ty sl g Alel AL AR
A2 E AT FAPAY FeEve 23T FF F
Az Afe AFE =3l & F Asid A%
ey BEES AAC we dfe] &3 F
oldX H#ztel FH A=e FEL s}
& ez AP

3.3 AO AXE| & ELH2

BT ANY W sl Hd BEL o
EX 2 4% "=l st gRlEAA, A
#o 27t Aol ErHsdl gL o] gL of
g Ao WA=AT. " A FFe 9
g F Vol HE TPY B 5o ALe#
AOE 7PEA AHeElsld A/t A%S I34A &
I 549 AEE LoldA dtuAl slygch. wat
A, AO HzAg o9 Hd FgA9 1/102
Foln, HELE T3 20CE 3 A{7t A%
28 A== At 2 A7 Table 19 g
W AAE A0 A Wy AL HISFge
88%AoH, W ) A4 A F < 1/3 3=}
AA=NAD, o127 WEE & NAs pHE 4
~52 24t osld] 471 RP ¥ PSKE
AA "ok theld 0.04% FA98 3, 50T

Table 1. Effects of various treatment on bast fiber of paper mulberry

Enzyme(%) PUI?%Y)IeId Kappa No. P(e,,c/:)n
. 0.12 94.7 N.D. 4.7
. " R 0.16 94.6 N.D. 3.6
nzyme
PSK 0.12 93.4 N.D. 55
0.16 94.2 N.D. 5.4
AO pretreatment*? - - 87.5 N.D. 5.8
#3
AO pretreatment Control 0 82.6 26.3 4.6
o RP 0.04 82.6 22.7 1.8
nzyme PSK 0.04 76.7 23.1 1.9

Note:RP: Rapidase Press, PSK: Pectinase SS Kyowa, AO: ammonium oxalate, N.D.: not

determined .

Pectin content of original bast fiber was 8.5%.

*1: Bast fiber 20.0g(o0.d), liquor ratio 20, 50T, 24 hs.

*2: 20T, 0.1% AO, 10 days.

*3: After AO pretreatment and washing, it was treated at 50C for 24 hs without enzyme.
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A 24Xzt A8t 2 A3, RPY A% $¢
9] ¥igl= A giiey, Hel o] 5.8%04
1.8%% @A At er, KappaZl: §
o] ATt PSKY 7% RPS #A% A%
€ Uepfley, &9 At o & ez #
=t E AFo 25 AR AF FERbel AL
&5l 540 At dne Heds 283 AA
Al F eS¢ & YAk @9, laccase &
A& AF YehiR] ZshSoE £33 Kappa
7+e] A7) dolt AL MM AFsA 1
Asl7] o3y U 2e s S 44 &
A& Aoz Azdd, & & Ad9d AHE 9y
B Q94 S F9 gade Hedn 2L Adod
Fol od gejze] ZAo] glg Rez YyF4dn
Ul B9 ALx EA HujdEgzors) 2l
gzt 43 g /s g AxPYE e Jlenz
We Fox oldg @3lETe] Af o] FE3I)
ted Aoz A4, @ ol¥A Hel Hai
& A HNE d¥ KappaZl Aslrt Lo
Y A WuFe] glade] B4 glady 1 3
27} AolatAu, ol HE Apojo] YR8t glo]
F99] #Hylo] BaEHEA Bad dFIT =F
2% HuAleT A £25H e Aos YA
k. o, o3 AL @A Hgol 23y,
gog SR Wiy Fof Zladoely Helds ¥
Mgtol] odle] 1 AR =2¥ Aoz YAHKA
t}. 34, Table 1] Yebd RAH AO AAe
W3 s gAXE A ¥u LA AL F
A ZdA B3 (Control) FHE e A3l7}
#AEQT. & wyd] EAse 4F el &

gx - Fo|7l& 32(4) 2000

o & AFdte Ave2x 2F AA Hed A
o2 ARG, o9 AdEREH 233 A0
AAel ol A A RyaLe] ARE 3
8 & F ANy, 49 SAGEFRG 2719
AOE AAY FF22X AHgshe AL 23
B2 HAQAA 2371 Hojun], A% AL 4
U K:COsE AAFLR o83t H9

- ENE HEANT. & 93 4F FAFez A

A F, oAyld LA FE HESS R &
HAHQ 21E AEs A gt EaE A&
PSKS 7% "I & A} FEHo), RP
& AgEig

3.4 K,CO3 TX2| & RP X2

233 27AdAM 9 K,CO; FA x| 82
75.8%°IQct. o5 HXZE 5 0gd H3pd ok
& =4 RP M3t RP Ag £ g2
&, YA% KappaZl 232 HEIFE
& tHTable 2). :

Az BIE 100%E 71FE e, &
A HA/BIA g1 G§AAD Y Y Z2HA
A AL 3.3%9 F& As Yo, RP
ol A7l QM 0.7~3% AstEUC. Ll
GuF wis o HLHFL 8. 5%0|9 o),
KyCO;s 224 & "= 1.13% 24 2318 &3}
AYE A= EF3tn K,COs8 w2 €Y
g A4 wiel 87%9 HEo] AAHUYG. o
A e AO Azl Ze] RP AejAldl #H”

Table 2. Effect of RP treatment on pulp prepared by K,CO; cooking

RP Pulp yield Brightness Kappa Pectin
(% on pulp(o.d)) (%) (ISO) No. (%)
Control*" 100.0 21.7 21.2 1.13
0 96.7 35.3 21.2 0.66
0.04 96.0 35.9 20.6 0.64
0.08 94.9 33.3 18.0 0.65
0.16 93.7 31.3 18.3 0.54
0.32 94.4 34.7 19.4 0.58

RP treatment: K,CO; pulp 5.0g(o.d), 50C, 48hs, liquor ratio 20, pH 4~5, 100 times/min.

shaking.

#1' Original pulp yield: 75.8%. cooking condition: bast fiber 200g(o.d), liquor ratio 15, 1 h,

and K;CO; 250 mmol.
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o AT AAEIE B & F vt =9
HACE RP F37M0A 0.04% A7HA d4=
7} FEEALeU, 0.08% ©1F ArbAE A
Aste e 43S BP9t ¥xe| KappaZtdl 73
2, BaAzd A e A0 AMINYH 2
Age g9 4 Ut RPe ¥4 HE 43,
gad AA 8L JeEll+E laccase Aol A
EPA gtod ole 47 AO A ¥ &
A APolA AFE ule} Zo| HElEd A%
Hol e gade] Hely A £3=HW WE
o2 QZEr}. o|dF go| Hel AL RP
e A& Felo] AAV F3] AL FolATt 4
£ 0|99 B2 A AAANDLEN FEe A
37} o] R Aoz AAEHAY o} AL
AA A ARA AF FEe] 4B He P9
ETE Jehlo], A 2§ i mE §@
29 A% Z7i2 Jehd Aoz d3sn). oE
gelstnzl e dus wag K,CO; AAe
% 0.16%9 HA2E AYsa, A BrA
o 9% 9] F= L A W gelduxt
3o},

3.5 K:CO3 Xt ¥ RP A2| &tx|e| M=

E

W@ gy #3E K,COs2 $A3 L Ao
A "I &8F 437 FUE 2AA RP
0.16%% A3t 1 23 A2 Fo £&L
K.COs A4 ¥ FNEZE 7IFsld 92.2%&
Ueldigith. RP A2 ¥ dXE Z v|Ez 39
¥ 3% 20g/m? 40X25cm 27|19 FAE Az
st¥th. RP Agsid Azxd A= A §4
of wisle] WA=} okt Wgkort HER R W
A= 22 B4L Hoyd. 53] udd=s

Table 3. Physical proerties of handmade paper
with and without RP treatment

Untreated RP treated
Brightness(ISO) 51.8 49.2
Breaking length(km) 5.5 7.1
Folding endurance*!(time) 2,210 4,439
Basis weight: 20g/m? *1:load: 0.5 kgf.

- 3.6

RP viMg Ao vig 26y & X & Y&l
WitHTable 3). o83 FHold Axd EAL
448 AANY RP A d3d & 9
KappaZte] e Ao, Adfel 2y £
2|3 Fio] AA= ] Aol I A 1 ¥
o] sicka AZ=ict.

el Eaxs XMal sixle] o Fst

Im &
0x

3.6.1 EaX2| #Xlel o &Y

A7) AzE d9€ BHAL(RP) AYs} A
Az X2 RE ¥XNE A2d9  105+1cY
F3A206A4 4 I3 AT gl 9sid
HAsE 44 2 uAE §x 25 AN 7
A28l tH(Fig. 2). MRS A28 A =
gkon, olzd AL 43} 3047HA FAEHAU
t}, 53], Fv|E§ AMIS WERAA A9
735 43} 1297Hx 83} AF A9 2L BxA
£ Jehiglen] 93 30¥99% AA) FAsA
gete AUt old Hldd, & ulAee
39 93l 2] 4% 729 o] #AHNL
v, g3l 9~129Ae] FA% Az Favt g9l
st a#y, 159 ol ¥ AR S7HIA
tHFig. 3). WAREE HaADEY 3¢ @3l
el qM3] ZaEAHFig. 4). a3, Ad3}

54

i . m Enzymetrested
0 Untreated

52 P

80
L [ ] o

awl =

46 -

a4 b

Brightness (ISO)

1.2 1.5 1.8 2.1 2; 2.7 3:)
Heat aging (days)
Fig. 2. Influence of heat aging on brightness

of papers with and without enzyme
treatment.
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"Fig. 3. Influence of deterioration on break-
ing length of papers with and with-
out enzyme treatment.

713kl oiM AR EE &4 A ARG ¥
itk §8], Ha viee] A% 159 FalA
WAZ=st A9 GAEHA K. 0% 84 2
BERY Ei2H FAE viAD IARG 4 2%
o Wig Wgo] Hejurke Aol FAHAT

3.6.2 E2X2| Y o|xz| x| 7|7|24

A E PR A9 HH EHEN F
X4 34 B4%E FYsed, 30479 €
dsl zAA 2AE & Wy} RojA] g3ttt
92 XA Az AR RE AN AFsEE
FE2ALZL vHEY Fol BaAd 3l A
g 3tel ggo] AF=YHTable 4).

Table 4. Crystallinity of handmade papers
with and without enzyme treatment

after heat aging
Heat aging Crystallinity

(days) (%)
0 73
Untreated 15 69
30 74
Enzyme 0 76
15 77

treated
reate 30 76

Heat aging was carried out in a forced
convection oven at 105+1TC.

= - Fol7]& 32(4) 2000

4500

4000 P

= Enzyma trested
O Untreated
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&S00 »

Folding endurance (tim es)

A M " A A 2 " M M i A
-3 [} 3 6 9 12 15 18 21 24 27 30 33

Heat aging (days)

Fig. 4. Influence of heat aging on folding
endurance of papers with and with-
out enzyme treatment,
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Al geis) BaAgd 93 FAAZ EAHS
AR 283, 3% K.CO; 4 F ¥9€
AL ARlsle FAE Azsn, AzE A
o] BRI W7 & gl

Alg Hd Ejgsd oM PSKe A+
pectinase 4] 71} %29, pectinase &
e BE £& cellulase AT Uvehich
RP 9 PSKE Adsidq HuF #gd 3y =
gt oy, Ade A9 Brbssin. A &
29 AF7} Eol3lEE AO B K,CO:&2 AA
23drt. 0.1% AO Az 93l REHo=
A5 ezt besien, orld 548 A&
o A3, @A ¥ HHAAA} b o
gy e Fo| Hfrt WA d$4R7 B
o} 2A&7|7} o2yt W9 £33 K,CO;
FAE AR37E Solstn e HElgse] Yxa)
z7} 7Feddd. 9714 RPE Add 2w,
Kappa7Zt®] Adprl #FH{L. K.CO; A4 F+
RP A3 Az I e WAN=st 4 Wk
ov, @9 ¥ YAZTE vAeld b3l #oj
sttt mEbx Aol Hojun FEE 017 9
e 233 2 g SR8 AlE ¥
g8 EAE HE3EH Hold A AR 7be
g Aoz YZAHY)
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