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Abstract

This research was aimed to investigate the effect of enzyme and the addition of chelators on retting of the
Kenaf bast. Enzyme retting was effective only when the chelators were added with the enzyme. EDTA was a
more effective chelator than oxalic acid under 1% concentration. There was no difference in the retting effect
under different enzyme concentration levels, and under different treatment time and temperature. Therefore, it
was found that enzyme retting can be carried out with low enzyme concentration(0.125%) at room
temperature. Retting time can be shortened when higher enzyme concentration and higher temperature are
applied. Cellulose I structure of kenaf fiber did not change after enzyme retting, and different enzyme
concentration did not affect the crytallinity structure. Non-cellulosic matters such as hemicellulose, lignin, and
pectin were present in the descending order in the enzyme retted kenaf fiber, and there were no differences in
their amounts due to enzyme concentration levels. There was no difference in the dyeabilities of kenaf fiber
retted with different enzyme concentration levels. Enzyme retted kenaf fiber showed better dyeability when

pectin, lignin, and hemicellulose were removed.
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o] Huj 3 Yk, 2t Az B ATE of
4 27] @AM F2 BLAA ANPEL AL
7 9@ ol Beln RS AHEM BEFE
ad 2% FPold I2RY AojAE a9 §
Aol v A7 S wulS dgelth. W, Ak
Zole 97 0 A8 A o fol tistelt

tobe ZEdH @77t IF)AT YOS e

A3 dH20 Avk=Ze st A= ofvtel digk A+
A3E 4% 5

A9 79 71258 AR B3] 98iMe
A8 TAL AANEoo} gt AFALR ofuils
o] Aol 2 F(dew)dH S Y& HHo] LgHA
7139 me} AH2] 2o} 2EiRT 1A} el =
£ A2 EE (Henriksson, et al., 1997) %3 & 3s}
ANELET B2 HAFe A=r AeE £ gleuz
(Evans, et al., 2002) o] & WA 37] 93] 19803t -
B FHoME EAE o8& ofue] gE o] A7
o) gt} E4 Y=L 71T T AR o]
oM A HEE do|A o Fhol 2 A
£ A sht 7ol viAER olF7Al= FEEH L
2 o]Fo}AA &3 gth(Henriksson, et al., 1997).
oo me} Y F57] A3 AL o
#l8l-2 Wa stk (Adamsen, et al., 2002), EAHY
< & u Chelator® H7FetAY £54 F4dH"
(Akin, et al,, 200222 EAE AA ALIHEME
e a3 S & gle wygel dvH 2 Aok
(Henriksson, et al., 1997; Adamsen, et al., 2002).

olu} £l E7)& HHe A8 AERX 99
He) ujdEz s lad 5o HAEELE
FAE gt HHEZ A HE F HElS AE
Aolol) EAl5te] &S olF= EAES AL
glon A E Z Y Ak(galacturonic acidyS 65% A%
a3k e olAS methylester, YEF, 4F,
g 59 93 2839 ATHnbttp://www.ippa.info).
due ZAFEZQY HeEL A HjdgEze A
ZouRE ANHFE Ealr] A% FHLEA
o] 23] H= olyz} gujdEZ o 29 g
adx o= A% A AArH(Sharma, et al., 1999).

olmte] EAHEL YsM e HeolAY =72
E 21}Al(endogalacturonases)?t E#Z ¢ Roz &
2| A YThHAdamsen, et al, 2002). L&Y o}u}E7]
o] F7boll YA s Bdet Hele g 27} o] 0]
Zgegdits Ag=e] ded oo g49 &
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€ A2A7IRE a4d"Y At 9oid F 9l
t}. 122 g EDTASt 722 chelatorsE 7135t
calcium 27} o] &3 WA W3 =F 31H T4 &
Fol Bale A A "l Chelators AR
< 7 gl F&3I A¥Yse EFE Taed
chelatoro = EDTAC) ]| = oxalic acid, posphonic
acid, polycarboxlic acid %¥°| %1t}. ChelatorE2 o}
whdR2] E3149] calcium 27F ol e Fo)
<3 Ao EA HRIFo] g4 RAF}=E A=
3 988 o

AANA] AUZ Afe gl B A7E 9
g @Eds 9, 2002)3 313HF @l ¥ (Ramaswamy,
et al., 1995; Morrison, et al., 1996; ©]&l &} <, 2003)
o gk A7/ A lon EodEel dig dFE
AR, el B 7oA dxlolAE o] &3t
Zxd9e] £39F FASIA EDTA, oxalic acid 59
chelatord] 717} Qe &89 v]A= E54E5 49
Bz s HYe] ade Ah9 #d3 3L
FAA 59 AR, RFSAAE B A9 24,
X-ray 32N E T3 AR W E Fall 4
Bl ofg# HAEZ A HEQ Hu, g4,
HuidERes Fo ¥FS 574 (Abou-Zeid, N.Y
et al,, 1984)3}3L o|& HEE A A3 A¥ ANE

£S5 95t 2 GAAS Blwskt
IL. A #
LAl

AFEA s A oA AuiEHA] 105U ] H
£ AUZE £719 A3F (bark)?t S F(core)E
st AUEE AZXANA BAG §F AEE AR
BTt

2. 5298

AEZ Q)58 10gE 40°CS) 0.85% Triton X-100
4 200mid 1087 HAT & 3ste] Yz
7b A" ZAFNA 0.125%, 0.25%, 0.5%, 1%,
2%, 3%, BEolA &4 500m/Z 50°CE 2417
59 712} X2 skt Chelator®) F7tel @2 #H
E9E A=s7) st HelolA] =89 Oxalic
acid® 20mM, 30mM, 50mM, EDTA 0.5%, 1%,
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1.5%% A7FsiE A"9AZHE 12, 16, 20, 24, 48, 72
ANZro2 Walg Fo vmagr) dEol Ed
849 ZA2-g AA ] Yl =AE B AEE
& A FAS F AA Az AxT NEE |
d 59 EFEAE)(Temp & Humi Test Chamber, C &
C, MW-THS)o| A #X§t & FAE A3}

L YEEn

HEEINE 4HE AF AEE 19 5 XS
“3¢jl(Temp & Humi Test Chamber, C & C, MW-THS)
of WX gt & olefe} Zo] B® WFe FARo)Z At
&34t

geas  APAF AR FAR
@) T H=EE AR A

SEM(ISM 5800LV)S o] &3] 2z} A5e| T 3
H-g S48tk X-Ray 38 £ (XDS-2000, Scintag)
£ Mg 2 Al AR E 28I AvkE
e AL BFZMA(IS555 (F) Color Techno
System)E ©]&3le] z+ A8 L*, a*, b*3F} AE,
Muncell 748 FHFEZIL*, a*, b*: 98.13, 0.023,
—0.33)] F3t &gt ARl 5ol A =7
o &} 5EFES L), 45FES), 35FES), 2
SEWHE), 15FCHE B s9Az Fade=
7 et

x 100

4. 2290 R Auz=HdFo Y KY

By

Hel gad, Fudgs o2 Frape. oldisl 7
o! AEste] HH I A5 F FA g FANE
EZ Tl A5 FAE 19 E<t BEAH
WA g F 233

Heleo] g3 24 : gy AFE 5pg UL 2
A o) E8-9(0.5%) 250mloll 231 85°ColA 2447}
A st HElg A ASG. ot e} 7o) Alitek &
Helo) ko GGt ANz AN AS W 7o
=2 35

ammonimoxalateZ. X&) g+ 3.2] A
HE 3 A5 FA

fade dF B4 HEE AAS ANEE 07%

x 100 (A)
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oI AANIEFLN O F pH 49A 100°ColA] 2A17E,
A 1:500 2 Al o] & ThA] HHEG F A}
At o ol FRIFAUER 9 (2%) 0 F 25°Ce A
du) 1:200F 1087 A & 4 3l Fadg
AASAT ol 7o) AME T e Pk
9ol AdlA BE W Froz st

NaClO,2 2§ 39] 77
A" A 59 A

HAEZ oL T B4 gad S AAZ A
EE FEF 17.5% &80 2 ] 1:2504
ASE7Z Aglsly 5% B 9y 5B HXF o
S FASAT. 10% 2ALCE F38 & 451y
HuldEZ o 25 AATAUT. ofgie} Zol Akt
F AndEZ L0 FqFe 99 BolAM CE wW
22 3Rt 4714 e d93 A8 FA) e
AER 020 FF NEEolT.

x 100 (B)

17.5% NaOHZ 2|3 Fo] 27
A9e Amel

5. QAN

x 100

©

AgE e~ AR o wE AUE il
HAEE AR Sl ogR ol AHaH. €
H3 AEE 5%(owl) Hy0,, 14%(owf) NaSiOs, 1%
(owf) Triton X-1008] T34 85°C 1A|7F Tt
Ae)ste] sttt o] we] AH|E 1:50(wiv)eR
st G2d9e & AR AUYS Yolns] 9
3}e] C. I Reactive Red 120 9 & 3% &= (owf), 20%
Na,COx(owf), 4H] 1:702.2 3% 252 80°Cel
A 3087 FAsiAt) o W HEEA 4 ARe
UFF-2A o] £ e ol 2z A5t
HwEkA] itk GAE AlEe] FagL dAE)
A Al gel tiate] L*, a*, b*ak3} AE, K/ISTO.2 37t
A
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1) Chelator2| &R 2t S0 E AE ST
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7¥o](Adamsen, et al., 2002) chelatorZ AME-3HA] &3t
& 7ASol= #" ol A o|Fo)x)A] gdtrh(Table 1).
ChelatorS: AME-31512 vt dige] axrt E9iE
Pt ol ZEEZYAS 284 group § acid
groups} A3E o] Y calcium 27} ©]&0] chelatord)
o3 AAED7] Wi Fe dgetdn). HE &
= A3 7 FE0 AHe =R o2 Hrish
A7} oxalic acid®] ¥E7} 30mMY ©) 7}E 53 5
F@A55F)S Ister EDTAE 1% -89 (34mM)°]
7 48 BFGE)E ol 47 HAAFFEE 7
ZHUTE, 2 8lo] chelatorf 2 2 283 A=
AL a7t 0%=2 BiEo) AE dojubx| ggkem F
&3 HrlAE 05FoR FHrHEATh oA

< B 98 v 3k Edoin a4 @A AMEE)
Re delgt H"o] o]FAFE & F Ut Che-
lator Fo]l FATOE AHEZ A¢dE olF FH& ¢
o HRPEI15%)E A= =33 Hrks 05F
o2 Bso] AAF ez PR aA} A gle R
o2 Yrt=E et

2) 24 =550 WE el set

Chelator?] oxalic acide 30mMZ, EDTATE 1%
B4mM)Z 3t FH"olAle] T wd HYERE
AHE AHAE <Table 2>0) JeRNITE G4 FEo)
wE YHEHdE Aoz 50%3F% e EDTA
£ AHE-8 7271 oxalic acidE AHEE A9-BT} tha

chelatore: HRIF o] A ol 3t=% HeolAlo] &F EZ AOZ eyt o]E A8 ¥ F32 H7}

Table 1. Effect of Two Chelators on Enzyme Retting of Kenaf Bast (Treatment Condition: 50°C, 24 hr, enzyme
concentration 0.5%)

0 0 + 15.9 0
20 + 435 35
oxalic acid 30 + 453 4
(mM) 30 - 0
50 + 417 3.5
17(0.5%) + 41.0 45
34(1.0%) + 477
EDTA
34(1.0%) - 0 0
50(1.5%) + 44.0 4.5

Table 2. Retting effects(%) and handie of kenaf retted with various pectinase condition(reaction temp.; 50°C, reaction

times; 24hv.)
reference 93.13 —0.33
0.125 482 5 69.65 0.66 2046 | 3527 | 572Y | 6.80 323
025 509 5 71.90 0.93 1932 | 3279 | 555Y | 7.03 3.08
EDTA 0.5 477 5 72.30 1.02 1806 | 3173 | 558Y | 7.07 2.90
(1%) 1 48.6 5 69.65 1.50 19.62 | 3480 | 492Y | 6.80 3.13
2 510 5 67.45 1.64 1844 | 36.01 | 1.85Y | 658 2.97
3 51.7 5 69.46 1.97 1940 | 34.86 | 4.55Y | 6.78 3.13
0.125 48.1 4 68.96 -1.26 2103 | 3617 | 7777 | 6.73 327
025 4717 4 69.65 -0.15 1998 | 3499 | 6.69Y | 6.80 3.14
oxalic acid | 0.5 453 4 71.01 0.46 1868 | 33.13 | 6.18Y | 6.94 2.98
3omM) | 48.0 4 7236 1.10 18.03 | 31.67 | 5.49Y 7.08 2.90
2 46.7 4 73.46 0.38 1822 | 3087 | 635Y | 7.19 291
3 470 4 69.59 1.77 1969 | 3491 { 470Y | 6.80 3.16
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T EDTAGSH)E ARS8 7Z-$-7} oxalic acid45+
AHEE ASEY A sten AAFe=
45~50 T8< YepIith. §1 A4 EDTA7H
oxalic acid®t} gl v &334 A& EDTAY ¥
A2 acetic acid¥T717t 47816 ¥ oxalic
acide 2-37 2oll YA %o} EDTAZ} chelator=ZA]
o 93 FE37] Wi Ao AlsdH. §4
FEE 0125%U0 2 22 FYaHE Yelyoy
=7l BolAE #gadgds & olrt glony 9
#d AR E F38 JE ERASAT B

=

=

£ EDTAZE AHE-3F AH71 oxalic acidE AMEE 25
Bt} tha Bd] 2oy FaEgs 2% 4
7} chelator®] FR/HY 84 =0 wal L*, a*, b*gt
7} AE, Muncell 7tol] Xe]7} 9l Ao2 Vel

3) XM2| 2zet X2 Azl e el St

Helola] 849 FES 0.5%, 1%, 2%=E 3t
258 MZHE ZH) WS A 84 dYS 2RE
<Table 3>3} <Table 4>9 YR AT L5 71 FolA]
A AP a7t da F7Ee A el ot o zjo)

Table 3. Retting Effects{%) and Handle of Kenaf Fiber Retted under Various Temperature (EDTA 1%, 24hr.)

reference 93.13 —0.023 -0.33

20 46.0 4.5 65.96 —0.98 21.95 39.15 7.30Y 6.43 3.39

40 51.9 5 64.77 -1.09 25.97 42.49 6.93Y 6.31 3.95

05 50 47.7 5 72.30 1.02 18.06 31.73 5.58Y 7.07 2.90
60 52.2 5 69.39 1.82 19.79 35.14 4.66Y 6.78 3.17

1 20 43.7 4.5 72.56 —0.06 22.46 3425 6.26Y 7.10 3.49
40 51.4 5 71.04 -0.32 24.86 36.99 6.27Y 6.94 3.81

50 58.6 5 69.65 1.50 19.62 34.80 4.92Y 6.80 3.13

60 51.1 5 73.62 2.02 19.20 3141 4.50Y 7.21 3.11

2 20 51.0 5 69.71 -0.14 21.86 36.06 6.43Y 6.81 3.40
40 50.1 5 68.89 1.97 21.10 36.31 451Y 6.72 3.36

50 51.0 5 67.45 1.64 18.44 36.01 1.85Y 6.58 297

60 48.3 5 71.67 2.50 19.11 32.94 4.17 7.01 3.12

Table 4. 'Hetiing Effects(%) and Handle of Kenaf Fiber Retted 'under Various Time (EDTA 1%, 50°C)
Pectinase (%)| hr. |Retting Effects (‘%)T Grades | L a : Vo C
reference 93.13 ~0.023

12 45.7 4 73.10 -0.26 22.90 34.15 6.41Y 7.15 3.55

16 489 4.5 71.07 1.21 22.38 35.35 498Y 6.95 3.51

0.5 20 46.5 4.5 72.11 043 23.23 35.11 5.68Y 7.05 3.61
24 47.7 5 72.30 1.02 18.06 31.73 5.58Y 7.07 290

48 446 5 75.03 192 19.71 30.65 4.53Y 7.35 3.18

12 48.2 4 69.00 -0.96 26.03 39.30 6.77Y 6.74 3.96

16 489 5 74.27 1.78 19.93 31.36 4.64Y 727 320

1 20 474 5 71.97 3.04 21.25 34.05 3.76Y 7.04 3.50
24 48.6 5 69.65 1.50 19.62 34.80 4.92Y 6.80 3.13

48 45.5 5 72.74 2.80 21.17 33.39 3.90Y 7.12 343

12 47.8 4.5 73.51 -0.81 24.14 34.72 6.82Y 7.19 3.71

16 427 5 7156 1.89 20.37 33.74 4.59Y 6.70 3.26

2 20 474 5 72.26 1.49 20.34 33.15 487Y 7.07 3.24
24 51.0 5 67.45 1.64 18.44 36.01 1.85Y 6.58 297

48 50.9 5 67.51 3.09 19.66 36.70 3.69Y 6.58 3.22
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€ A3 F=EAA ggkon qAZE 20~60°Ce] A
BI%E Qe e dHaTe] 2poj7t Qe AoE B
FEAcK(Table 3). AHLEE 50°CE ZA s A
A7 mE HHENE FAY Y G4hF%
0.5%N 4 127]7+0] A3t A B % 455302 95435
dom 14X EE 555S el 24F%

£ 1901408 B Aole 1647 ol F2E 55
F& Ushiad. o AgeA AVE Ao 49
& A8 el ARsel 30l L8 AE £

gor tEt HLES FolAY 5h BEE ¥
A%ole ARAE BEAL 5 am AL Y&
[e]

AQh A= HEY AL 2

: (b)
Fig. 1. Transversal and Longitudinal Scanning Electron Micrographs(X500)of Raw Kenaf Fibers: (a) lower layer-
outer skin, top layer- fiber bundle, (b) fiber bundle packed within the non-cellutosic matters

Fig. 2. Transversal Sacanning Electron Micrographs(X500)of Enzyme Retted Kenaf Fibers: Enzyme Concentrations

(a) 0.125%, (b) 0.25%, (¢) 0.5%, (d) 2%
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2I0IES &

[o:}=13
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2= #E7F A9 Q& A3 4R BaE e
ERZ2AA2 A7 A A|87h L*, a*, bzt
AE, Muncell 2ol 2to]7} gl Ao 2 Uelyitt,

4) Z20fl 28 AlLtE Mo HEIEN 54 e

<Fig. 1> #9387 A AUZ Qoo dws
=W FH & BAET. 2yolA #aEE ko) 7o)
e Ao AU AuF = EHF @Y olFE
AR thd(asl ﬁ—‘%—h@)i o 2 o]RoA o dfh

LS b)le YA N EF HAEZ S EFo A
T AfojAolE @2}6}4_ ‘ilc RE & 4k

<Fig. 2>& AVZ A9RE &2 FEH(0.125~

27%)E Y & AFE 7;i°1\‘+. <Fig. 1>9] @8 &
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2
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Fig. 3. X-ray Diffractogram of Kenaf Fibers Enzyme-
retted (Pectinase Concentration; 0.5%)

AIES’% Blastel £ o ofte] RadenoRs @

2 H"o] AR A7t RAHE AL L F 9
% 54 Ael BE7k bl et Aol we)

FUNARA HfAlole] W FZro] Holpton] 2%
FENNE AME e FERAT FUE HE
Soldg FASNATHA). olANF WAL 594 U
o A3k 4% Aol B AR E Bl 9, 2003)
she AR B2 @4l 8 4 k.

5) 2IElo] 28t ALz MRo| 7= B}

B4 P83 AR X—rayﬁii‘é A NEe Ay
A AgZeAl o 25 2T &S & F A3
ThHFig. 3). o183 F2E B2AF 2 FAg)
RE Zgtom olzx Asd Yol o3 dEgox
9] Fxwshs &S FUsay. Z2AsEes 92~
%% BEE 4 F=d met zolrt gl ez
HYom ol B3 AUE HFE B4 ol&s) ald
(water retting)¥ 7359} FAR ARUE ¢ 5 At
(Table 5).

2. 2280 o ALz Mol sty BN

<Table 6> EAYHE
Zad, Juasge s
z4zh dupt ghgElo]
A8 39 AkZ M4

T @ AUZ Hgol e
_%:_4 ]QE Z2OoA Aé‘d‘ﬁfol
£A§ $48 Aoolnt &

e HAER oA AR 2

Table 5. Crystallinity of Kenaf Fiber Retted with Different Pectinase Concentration(%)

Cristallinity(%) 95.46 I 94.19 92.31 95.00 93.00 92.29 96.97
Table 6. Weight Percent of Kenaf Fiber after Various Chemical Treatments
5 ﬂf e Affertmaﬁng with
- (by Enzyr - 17.5%NaOH
congentration , pec ; n) (hemicellulose)

0.125% 100 96.9(3.1)* 83.7(13.2) 57.8(23.9)
0.25% 100 97.6(2.4) 84.6(13.0) 61.1(23.5)
0.5% 100 96.7(3.3) 83.2(13.5) 58.5(24.7)
(D1% 100 96.7(3.3) 83.1(13.6) 58.2(24.9)
2% 100 96.7(3.3) 83.9(12.8) 58.2(25.7)
3% 100 96.3(3.7) 84.9(11.4) 60.9(24.0)

*Number in parenthesis is the weight % of non-cellulosic matter.

- 879 -



Vol. 28 No. 7, 2004

8 a0 Fstalf|

A2 o 27t /M Bol giElo] X 2 g
gad, gy ¢oz AFIL YUk ol B
Aies 52 354 YL o v
2.29] FFo] F2s] Aol A o7t AR
©l8)A}, 2003). FE, 8oy, HrAES2 929 3
£ FAYEA ARR-F HElopA| ] Fx9 B0

T ALE Bgon 0.125~2% AAES oA ¥
AR FAEETE Mk EAEYL ks g
olAIE WA 3R gor ol AL Jorx Y
FAol 7hsdithe AL ¢ 4 Yo

3. 228 AUz el MY

Aol BF vje} 2ol E4HYI AU A4
= gl A 54 T Al FA
g o] HAER oA HEES YT U o9
722 gy AUZ i 849 EF 54 TR
o ZAglel FALE RO 7 oZEH o 1 AHE Yo}
B2 35tk <Table 759 &4 %9 w2} @€
F AVGEZ {9 A4S YeE, 0.125~3%
o] A 84 FE Fojd= B33 AR K/S
Table 7. Dyeability of Enzyme Retted Kenaf Fiber Before

Removing the Non-Celiulosic Matters (C. I.
Reactive Dye Red 120)

reference 79.73 | -0.75 | 12.16

0.125% 69.85 | 12.14 | 1226 | 1628 | 0.64
0.25% 67.09 939 | 1394 | 1635 | 0.75

0.5% 7213 | 1257 | 844 | 1581 | 054
1% 67.86 | 11.19 | 13.16 | 1691 | 0.73
2% 7075 | 1225 | 12.65 | 1584 | 0.61
3% 6160 | 606 | 7.59 | 1996 | 0.99

Table 8. Dyeability of Enzyme Retted Kenaf Fiber After
Removing the Non-Cellulosic Matters (C. .
Reactive Dye Red 120)

reference 79.33 | 046 6.78

0.125% 5448 | 3952 | =392 | 4327 | 3.11
0.25% 5287 | 3722 | -3.53 | 4965 | 3.22

0.5% 54.15 | 38,12 | 4.66 | 4747 | 3.11
1% 5709 | 4329 | 476 | 5041 | 2.85
2% 54.08 | 4049 | -3.08 | 49.11 | 3.20
3% 54.83 | 41.01 | 450 | 49.67 | 3.16
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#Zelle & o7t fle A4S ¢ F AT <Table 8>
2 HY3 AYZ d{o) ZFshe vAERe 2 A
2o ghe] wat A Jolrt AEsHE vkl
Zoltt. ", ol fe|AEZ A8 AHE AA
3 A)EE C.I Reactive Red 120 €858 G433 A3
Ao HAER AT AASA & AUZ 49
A9 <Table 7>} niF7IA 2 &4 FE BAIgo]
KISzl & Zol7t fiinh.

<Table 7> <Table 8>2] AZ vl w3d}7] Yl ¥
AERZQ2E AAS] A7 Fo] KSE ez
YR THFig. 4). dAF o R e, 2oy, §mA
EE9A S HASEOAE AAS AVE 489
AAAol o]F HAZZ 9 A2 AASA & Ak
Z Hfe] QAR Y53] F3it). o|2RE HY,
glad, dudERe s S| HAZEE oA RS
AgZ o gyiol vton olEo] ®o] g
A AT dRe gagdo] EojRoe AL ¢
4 At

2 Apolr ZAM AVEE He] 24 H9ES
£ Avtyor AL off FEAEYET AVEE 4
= AT BAIHE B2 A9 Av= A
ot Ak Q2 Fae e o BY= FAFS)

Aot

6 ]

& Before removing of non—cellulose :
|

©  After removing of non—cellulose |

MY (Before ing of non—cell
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