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SUMMARY

Chapter 1. Development of separation and purification
methods of water soluble dietary fiber from

rapeseed cake and rapeseed stalk

The aim of this research was to utilize a high content (>309%) of carbohydrate in
rapeseed cake, which was considered as an organic waste after the production of rapeseed
oil or biodiesel, to more valuable products. Therefore, rapeseed cakes were used for the
extraction of carbohydrates as liberated reducing sugars and water soluble dietary fibers. In
addition, the potential of rapeseed stalk for sugar and bioethanol production was also
evaluated.

First, chemical treatment of rapeseed cake was carried out using acidic and alkaline
catalysts to obtain reducing sugars from rapeseed cake. Among the various hydrolysis
conditions (catalyst type, concentration of catalyst and solid/liquid ratio), total reducing
sugar content was the highest (>20%) in 196 HCl at solid/liquid ratio of 2 g/ 100 mL.
Secondly, enzymatic hydrolysis of rapeseed cake was also carried out using commercial
enzymes (cellulase, pectinase and protease) to obtain reducing sugars from rapeseed cake.
However, it was too difficult to degrade a fat—protein—-carbohydrate complex of rapeseed
cake using only enzymatic hydrolysis, therefore chemical treatment and enzymatic
hydrolysis were conducted continuously. As a result, high degradation rates were showed
by enzyme cocktails of pectinasetprotease and cellulasetprotease, since the protein of
rapeseed cake was effectively broken down. However, final yield of reducing sugars was
the highest (>209%) by enzyme cocktails of pectinase+cellulase+protease and
pectinaset+cellulase. This yield was similar to the highest yield in result of harsh chemical
treatment, indicating that two and more enzymes showed a synergy effect on release of
reducing sugar from rapeseed cake.

Further research was carried out to extract water soluble dietary fibers with high
molecular weight, such as pectins, which are complex heteropolysaccharides consisting of
mainly D-galacturonic acid. We examined extraction of pectin using enzymatic hydrolysis

with different enzymatic hydrolysis time, enzyme-rapeseed cake ratio and enzyme cocktail
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ratio (cellulase—protease ratio) at constant pH and temperature. As a result, the highest
vields of pectin and water soluble dietary fiber were showed at the enzyme-rapeseed cake
ratio of 1:50 with cellulase-protease ratio of 1:4 for 270 min. Based on these results,
different combinations of treatments were applied to investigate the effect of combination
processes on the extraction of pectin from rapeseed cake. The treatments chosen for
combination were a fat removal process (FRP) (solvent extraction using an alcohol -
benzene mixture), a chemical treatment (CT) (hydrolysis using 1% hydrochloric acid), and
an enzymatic hydrolysis (EH). Consequently, CT decreased the vyields because the
treatment was too harsh and the galacturonic acid broke down and yields of pectin and
water soluble dietary fiber were highest in the combination process FRP/EH (>6% and
>13%, respectively). Finally, extraction conditions of fat removal process were investigated
using shaker for production of pectin on a large scale, since the existing method of soxhlet
extraction was only suitable for lab-scale test.

On the other hand, pretreatment of rapeseed stalk was conducted in various pretreatment
condition (catalyst type: sulfuric acid, oxalic acid and malic acid, reaction temperature:
105-200°C, concentration of catalyst: 05-2%) for application of its carbohydrates. While
norganic catalysts were more efficient than organic catalysts in degradation of rapeseed
stalk and sugar production, in some organic catalysts condition, such as oxalic acid,
glucose contents of solid fractions after pretreatment have reached a certain level and
liquid fractions have contained high level of xylose (maximum >18%). This result
suggested that oxalic acid pretreatment of rapeseed stalk has a great potential to obtain
sugars and to produce the bioethanol using carbohydrates in solid fraction after
pretreatment. And then some additional research analyzed the productivity of bio—ethanol
obtained from rapeseed stalk by oxalic acid pretreatment and investigated the effects of the
several factors. There were critical points for production of bicethanol in about reaction
time of 10 min and catalyst concentration of 1%6. Furthermore, vield of bioethanol increased
as the reaction temperature increased (maximum 15.83 g/L (=17.68%) at 200°C), but the
rate of increase declined gradually at about 170-180°C. In addition, after bioethanol
production, its final solid residues have a possibility to be used in pellet or bio—composite

material due to high lignin content (>70%) and low ash content (3-4%).



Chapter 2. Development of environmentally friendly adhesives

formulated with rapeseed flour hydrolyzates

The interest to develop adhesives from renewable resources is growing to substitute
petroleum-based adhesive resins in the manufacture of wood based panels. In our study,
rapeseed flour (RSF), which is the by-product of bio—diesel produced from rapeseed, were
hydrolyzed with acids, alkali and enzymes. As a crosslinking agents of the RSF
hydrolyzates, phenol-formaldehyde prepolymers (PF) were prepared with different molar
ratios. The RSF hydrolyzates and PEF were mixed to complete the formulation of
RSF-based adhesive resins, and the resins were applied to make plywood, flooring,
laminated veneer lumber (LVL) and medium density fiberboard (MDF). The physical,
mechanical properties and formaldehyde emission of the each wood based panels were
measured to examine whether RSEF can be used as raw materials of adhesive resins for
the manufacture of wood based panels or not. The solid content of RSF-based adhesive
resins were different depending on the hydrolysis condition of RSF and PF prepolymer
type and showed relatively high viscosity. The shear strength and wood failure of plywood
fabricated with RSF-based adhesive resins exceeded a minimum requirement of KS
standard for ordinary plywood regardless of the hydrolysis condition of RSF and PF
prepolymer type. Formaldehyde emissions of the plywood panels fabricated with 1.8-PF and
RSF hydrolyzates were lower than that of EO specified in the KS standard. The bending
strengths of the LVL were higher than that of the LVL made with commercial PF resins.
Formaldehyde emissions of the flooring fabricated with boliva and oak fancy veneer were
lower than that of SEO specified in the KS standard. The bending strengths of the MDF
made with RSF-based adhesive resins were lower than that of the MDF made with
commercial UF resins, but the internal bonding strengths of tested MDF in some make-up
conditions of RSF-based adhesive resins were higher than that of MDF made with
commercial UF resins. All these results showed the potential of RSF as a raw material of
adhesives for the production of wood based panels. Future works on the optimal
manufacturing process conditions of wood based panels made with RSF-based adhesive
resins are required to shorten the press time and improve the performance of wood bhased

panels made with RSF-based resins.



Chapter 3. Potential of rapeseed flour and rape stalk for the

production of fuel pellets

This work was to examine the potential of rapeseed flour (RF) and rape stalk (RS),
which are by-products provided from the production of bio-diesel, as a raw material of
solid bio—fuels. At first, the chemical compositions of RF and RS were analyzed, and then
pellets were made by RF and RS. After that, the fuel characteristics of RF, RS and the
pellets were investigated. Ash contents of RF and RS were much higher than those of
wood pellet and the pellet standard adopted by Korea Forest Research Institute (KFRI). In
the elemental analyses, high contents of nitrogen and sulfur were detected from RF and
RS. For the fuel characteristics of RF, RS and the pellets, heating values of RF and RS
were lower than wood pellet, but the moisture content and density of RF- and RS-pellet
were satisfied with KFRI standard for lst-grade pellet. The durability of RF-pellet was in
excess of KFRI standard for lst-grade pellet, but that of RS-—pellet was little bit higher
than KFRI standard for 3rd-grade pellet. Based on the results of our works, RF and RS
might be used as a raw material of low-grade pellets for cogeneration or large-scale
plants.  Further processes for the improvements of fuel characteristics, such as ash
content, nitrogen and sulfur contents, and heating value, are required for RF and RS to be

used as a raw materials of high—grade pellet.

The aim of this study was to suggest a method for producing high—quality fuel pellets
using rape stalk (RS), which is an agricultural waste. RS-based pellets were fabricated
with rapeseed flour (RF) or coffee waste (CW) as a binder. In addition, RS immersed in
distilled water (DW), sulfuric acid (AC) and sodium hydroxide (AK) solutions for a certain
period was used as a raw material for pellets production. Then, fuel qualities of the
fabricated pellets were examined to identify the possibility of the methods. Uses of RF and
CW contributed to improve the durability and higher heating value of the RS—-based pellets.
Interestingly, the addition of CW in the fabrication of RS-based pellets greatly decreased

its ash content. Fuel pellets fabricated with the immersed RS showed the improvements of
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all qualities compared to non-immersed RS pellets. Particularly, DW-immersion had
favorable influences on the increases of higher heating value and durability. Additionally,
immersion of RS in a AC or AK solution for 72hr positively affected the improvements of
bulk density and ash content of RS-based pellets. However, RS immersed in the AC or
AK solution is required to rinse the AC or AK existed on the RS, and consequently the
use of DW-immersion might be the most suitable way to improve the qualities of
RS-based pellets. All qualities of the pellets were satisfied with the European agropellet
standards for A- or B-grade pellet. Based on the results of this study, RS can be used as
a raw material for the production of agropellets. Furthermore, outdoor exposure of RS or

mixing RS with CW or wood sawdust might be a way to improve the agropellets qualities.

This study was conducted to identify the potential of rape stalk as a raw material for
biorefinery process of rape flower. At first, rape stalk (RS) was immersed in distillated
water (DW), acetic acid (AA), oxalic acid (OA), sulfuric acid (SA) and sodium hydroxide
(SH) solutions, and the content of reducing sugars liberated from immersed RS was
analyzed. Secondly, the RS residues were used for the fabrication of fuel pellets. In
addition to the solution type, concentration of immersion solutions (0%, 1%, 29) and
immersion time (24, 72, 120hr) were used as experimental factors. Glucose, xylose,
arabinose and sucrose were detected varying with the immersion type. In particular, 1%
AA-immersion of RS for 72hr was the most effective conditions to liberate glucose from
RS. For properties of RS-based pellets, bulk density and higher heating value of RS-based
pellets increased greatly with the immersion of RS, and the qualities were much higher
than those of the A-grade pellet of the EN standards. Ash content decreased remarkably
through the Immersion of RS, and was satisfied with the A-grade pellet standard.
Durability negatively affected by the immersion of RS, and did not reached to B-grade of
the EN standard. In conclusion, acid immersion of RS can be a pretreatment method for
the production of fuel pellet and bicethanol, but use of the immersed RS for the production
of high—quality pellets might be restricted due to low durability of immersed-RS pellets.
Therefore, further studies, such as investigation of detailed immersion conditions,
fabrication of mixed pellets with wooden materials and addition of binders, are needed to

resolve the problems.
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3 H2SO4 | 0.5g 29% 10.00 (0.00) |7.15 (0.38) 5.69 (0.20) |3.75 (0.37) |6.52 (0.19) (065)

, ) o , 18.56

4 HySO4 lg 05% 10.00 (0.00) |5.22 (0.11) |2.56 (0.12) |3.35 (0.08) |7.43 (0.19) (043)

, o , 21.90

5 HySO4 lg 1% [0.00 (0.00) |6.45 (0.20) |4.28 (0.09) [3.95 (0.42) |7.22 (0.11) (0.60)

, o , 23.20

6 H2SO4 lg 29% 10.00 (0.00) |7.13 (0.94) |5.53 (0.75) |3.12 (0.33) |7.42 (0.70) 279

, ) o , 18.09

7 H2SO4 2g 05% 10.00 (0.00) 14.82 (0.12) |2.04 (0.07) |3.68 (0.21) |7.55 (0.32) (0.69)

, , 20.53

8 H2SO4 2g 1% [0.00 (0.00) 598 (0.11) |3.71 (0.11) |2.98 (0.12) |7.87 (0.12) 095)

, , 2453

9 H2SO4 2g 2% 10.00 (0.00) |7.41 (0.11) |5.89 (0.10) |2.92 (0.02) |8.30 (0.02) 017
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X 3-1-4. G2 MRS E B3 Aol dH i (P9 %)

No. | Solv | Feed | Conc. | Sucrose | Glucose |Galactose | Fructose | Arabinose |Total (%)

. , 21.93

10 HCl 0bg 05% 10.00 (0.00) 16.79 (0.26) |5.19 (0.19) |3.69 (0.07) 6.26 (0.35) (070)

, o , 22.69

11 HCl 0bg 196 10.00 (0.00) [7.68 (0.43) [5.93 (0.26) 311 (0.06) 597 (0.12) 075)

’ , 24.01

12 HCl 0bg 29% 10.00 (0.00) |8.67 (0.70) |6.84 (0.24) {2.94 (0.11) |5.56 (0.23) (050

, o , 21.75

13 HCl lg 05% 10.00 (0.00) 1654 (0.22) |5.07 (0.19) |3.17 (0.22) 16.97 (0.26) (066)

’ , 22.82

14 HCl lg 1% [0.00 (0.00) |7.48 (0.17) |6.02 (0.10) 252 (0.15) |6.81 (0.13) (048)

’ , 22.34

15 HCl lg 29% 10.00 (0.00) |7.97 (0.17) 6.43 (0.01) {1.90 (0.08) |6.04 (0.08) (018)

, o , 22.86

16 HCl 2g 0.5% 0.00 (0.00) 16.62 (0.09) |5.00 (0.06) |3.21 (0.07) [8.03 (0.40) (0.48)

, _ , 23.89

17 HCl 2g 1% [0.00 (0.00) 753 (0.29) |6.26 (0.15) |2.79 (0.29) |7.31 (051) (029)

, , 21.99

18 HCl 2g 2% 10.00 (0.00) |7.63 (0.09) |6.37 (0.06) |1.66 (0.12) |6.32 (0.07) (020)

& 3-1-5. FAUESR sl E S Aol w8 (39 %)

No. | Solv | Feed | Conc. | Sucrose | Glucose |Galactose | Fructose | Arabinose |Total (%)

GAks . , , . .

19 ;Ej 0bg 0.5% |6.90 (0.40) 10.00 (0.00) [0.00 (0.00) {2.38 (0.13) [0.00 (0.00) 19.28 (0.38)
EF

FAkst . , , . .

20 Jes 0bg 1% |6.89 (0.38) [0.00 (0.00) [0.00 (0.00) |2.14 (0.04) [0.00 (0.00) [9.03 (0.42)
EF

FAkst . , , . .

21 Jes 0bg 29% 17.36 (0.23) 10.00 (0.00) 10.00 (0.00) {2.23 (0.15) {0.00 (0.00) |9.58 (0.41)
EF

FAkst . , , . B

22 Jes lg 0.5% |5.66 (0.0 10.00 (0.00) [0.00 (0.00) |1.11 (0.06) [0.00 (0.00) |6.78 (0.15)
EF

FAkst . , , . .

23 Jes lg 1% |554 (0.13) [0.00 (0.00) [0.00 (0.00) [0.94 (0.07) [0.00 (0.00) [6.48 (0.09)
EF

FAkst . , , . .

24 Jes 1g 29% 16.32 (0.12) 10.00 (0.00) 10.00 (0.00) 10.90 (0.09) {0.00 (0.00) |7.22 (0.19)
EF

FAkst . , , . .

25 o 2g 0.5% |5.68 (0.17) 10.00 (0.00) [0.00 (0.00) {070 (0.15) [0.00 (0.00) |6.38 (0.03)
EF

FAkst . , , . .

26 o 2g 1% |551 (0.17) [0.00 (0.00) [0.00 (0.00) 0.73 (0.01) [0.00 (0.00) [6.24 (0.18)
EF

FAkst . , , . .

27 o 2g 29% 1555 (0.10) 10.00 (0.00) 10.00 (0.00) 10.68 (0.09) {0.00 (0.00) |6.23 (0.18)
EF
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l

fL
ofr

(W) &7 23l wE fAuke] 34 75

Y AE (60mesh)e] FAHr AE 3ge FHST 100mLel ¥ 3L, cellucalst, pectinex,
alcalase, cellucalst + pectinex, pectinex + alcalase, cellucalst + alcalase, cellucalst + pectinex
+ alcalase® X33 B4E 247 FYste wh&stAdvk. 72 24F A T3 d¥] 2%E F

T S AITFE A7 R Yo, B4 7Y 4 pH ¥ &%+ product

E 318 FAu ApEEse] AgE Ea

R a4 TR Az 3|Ab pH o
Celluclast 1.5L cellulase Novozymes | pH 5 U] 50 °C 2]
Pectinex XXL pectinase Novozymes pH 3.5~4 50 °C W<

Alcalase 2.4L, 2.5L protease Novozymes | pH 7.5 <] 50~60 °C

l

fL
ofr

(th &Aad AJgbel wE FAEte] Za b

% g (60mesh)e] 318k A E 3g& 75 100mLol 23, §4 FUHFS A F&
thH] 2962 3}9], shakerol| A celluclast, pectinex, alcalase 7 &4 Ao A3s pH ¥ &%

(i 3-1-8)= 24 &4 1-5, 6A7HA] 1A7F A= whea A A8

@) 594 fAe) AR 99 39 AAY

oF M AANS wgrom TatAl SAube] SR E st AESA A AHo| 1x7
1 ARt aFEgom, Bebd AR 97 94 S5 5RE AW 1% HCE S0
g o] &% st AAE A9stalvh 1% HCL F 100mLell &% e (60mesh) o] 311F
3¢S B33 §Au ] 2% 2 E4E 59389 105°C autoclaved] A 55 wFE3 AL}
& Aol BRA AAY 24 S FAsAL.

oo

3= 50°C shakerell 4] 1h ¥
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() B84 AAE F Rh el WE fAle] AR

TAEs g o= ety Ay (2hHd & a4 XFte| wE R E AASAT. &
2 e (60mesh)®] A8 A& 0.5g, 1g, 282 579 100mLol ¥ 31, pectinex + celluclast,

pectinex + alcalase, celluclast + alcalase, pectinex + celluclast + alcalase® =33t &4E 7}

7y 20uL F918te] ¥ 3-1-89) pH % L=z w3yt 4 weA e A7)oA 7
o BEe @ W S By Ao s At
(mh #a3E A 2 9 24

N

(it
RN

B 7R F Je FaAdt AALe) F2S %27 filter papere AAEE ofa A
H filter paper®] AAFTFL zol= Aow, 27| FAU Alme AAFT A dE &
A AR FEE HAERZ ALESle] #3l& (degradation rate)s &4 AT

w3 Y FAu VR ES A¥dLEE 1 mLE #H3e] 0.45um membrane filter 2
#et & g FAEHSTE7 7Y (NICEM)olA H3 High Performance Liquid
Chromatograph (HPLC) (HP1100, Hewlett Packard, USA)S A}-&3lo] #2439v}l. Buffer:
acetonitrile®} FHTE 75259 H|E&=E T3] AFE3A AL, Columne Sugarpak column
(300mmx6.5mm)<&  AR&3te] 1 ml/min® #&5o2 F4& HAAsa Z4 A= fHE:de=
Refractive Index (RI) & AF&3ldtt. 97 AHES 98 ZTFE=ZZA sucrose, glucose,
galactose, fructose, arabinoseZ ©|&3to] AL E Ao o] V|Fo R ¥LEE AAsY

tt.

(AH A &

i

r
2
Y
2
>
BN
>
e
s}
_\|1_‘
b
i
:Cn)L_'4
BN
P
9

e FAvke] E&le 8 rAYEY IF #e
3x4 v R ol Ao, TATE 42 Statistical Analysis System

&3te] AT RE T4 AgYE %% MHEE
A&, BAEAE T p0.05 FEolA FodE Pta 249 daje] tshe]

o WE frolde B
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(2) 43 2 @

& 3-1-9% 2tk 49 A3 s

o F oG A FFEe 9 BAE ASHAS A 27 HAN FF A9 6391%9
5

th &Y BAE AFREY S A$ celluclast, pectinex, alcalaseE AFE3IAS w &S Z7)
31.06%6, 33.61%, 43.60% = protease$! alcalaseol| 2|3k &3] F37} =how 271R o|A &4
E %3H3le] AF&3F A$ol A= alcalase’} E07FA] & celluclast+pectinex F3He] #-3&

43.62% % pectinex+alcalase 3 2 celluclast+alcalase Z3F2] #3]8& 53.61%, 51.87% K.t} v
ATt (27 3-1-6). o]& Ao 74 AF T @Al ko] holocellulose THro 2 2
2058% = A Ao m wudoe] Fald Zol dAAQl fAute EIE FAUAZ ASE A
9t 3714 &4 (celluclast+pectinex+alcalase)”t =57 FHd@A FA4e] A= Fa&0]

64.18% = A GY F A W 27FA] &4V AFEE AH BASH o R Eokon Fajut vl

celluclast, pectinex, alcalase® AFE3I9S W F 9 T2 717} 647%, 5.83%, 5.82%=
oo 2]

cellulase®) celluclaste] 23 £3&] @37} Aidoz =gton 2714 o4 FAZ 233 o]
9.

—

ALE-3F Aol A% celluclast+pectinex 319 F 9 FEFo] 9.83%= pectinex+alcalase %%
2 celluclast+alcalase 29 & % 3 7.67%, 7.40% K.t} =Zoktvr (18 3-1-7). o)== AAA
o= Yo TS AL F U= FAEY holocellulose F-#5 celluclast’} &3 o2 +
Fggto e Uy Az ALY, 318 Aol 97l E9 alcalase?] 4¢3 4o
2 2AAQ G Aol AR A el AL Aow wdHr

b AR 4 [elxe}
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¥ 3-1-9. 54 =3 s faAu R Ee] AL S 2 9 shEr
Residue Sugar content (%)
Enzyme
content(%) Sucrose Glucose Xylose Galactose | Arabinose | Mannose Fructose Total
Camil 1 69.42 460 067 0.00 010 0.00 016 0.00 553
Celluclast 68.94 528 1.20 0.00 0.00 0.00 0.00 0.00 6.47
Pectinex 66.39 087 408 0.00 035 053 0.00 0.00 583
Alcalase 56.40 472 1.10 0.00 0.00 0.00 0.00 0.00 5.82
lucl
Celluclast 56.38 0.00 6.11 0.36 118 218 0.00 0.00 983
+Pectinex
Pectines
cetnes 46.39 0.00 525 0.00 1.08 135 0.00 0.00 767
+Alcalase
Celluclast
crucias 4813 457 283 0.00 0.00 0.00 0.00 0.00 7.40
+Alcalase
Celluclast
+Pectinex 35.82 463 195 0.14 153 065 0.00 0.00 8.90
+Alcalase
a8 3-1-6. B4 2o wE fA s Ree] Bels
a8 3-1-7. 4 23] uE fAtezRy Y F 9 g
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lo
o
do
Wi
-
i)
lo

pectinexE& A} Ba7F AR oe =z &
FAjollow, A7 Aet XS skt (¥ 3-1-8). WEEA|Fbel] wE fAlHe
&S A celluclast ¥ pectinexE AFE3F 4% 4A17F Foll Al 31.84% 34.88% = H U 3|
&8 Yetdon, alcalaseE AHE3 A¢ AdF oz =& 54 oA 4650%2 Hu &
dleo] vEtEth Ao g e U2 & 9
NE A57F 7.24%, 7.91% = A alcalased AF&3 A-¢ (6.1120)H.t} A A 02 Hgtom, o
e A7) Aol AAFE T (8 3-1-9). £ 9 $FEFS celluclast, pectinex, alcalase 37}%]
849 A BT AAZE HESA|ZR A 7.73%, 855%, 6.54% 2 HUlghs Holw 4A]7F o] =

= AE gasts 4% duuth of it of ¥ paHE fAM 5a bR a7

N

mlo

ot

2 celluclast ¥ pectinexE A}-&3}

# 3-1-10. B4 wEEARe] wE FA vl EY A TR R g
Reaction | Residue Sugar content (%)
Enzyme time content
(h) (%) Sucrose | Glucose | Xylose | Galactose | Arabinose | Mannose | Fructose | Total
1 70.65 551 1.93 0.00 0.16 0.00 0.12 0.00 7.72
2 69.19 5.33 1.71 0.00 0.13 0.00 0.11 0.00 7.28
3 683.82 5.30 1.69 0.00 0.15 0.00 0.11 0.00 7.24
Celluclast
4 683.16 5.50 1.98 0.00 0.15 0.00 0.10 0.00 7.73
5 69.43 5.28 1.82 0.00 0.10 0.00 0.00 0.00 7.20
6 68.94 5.08 1.20 0.00 0.00 0.00 0.00 0.00 6.27
1 683.12 0.00 4.60 0.00 0.33 0.32 0.00 3.11 8.36
2 67.80 0.00 4.27 0.00 0.31 0.34 0.00 3.32 8.24
3 66.14 0.00 4.21 0.00 0.35 0.47 0.00 3.20 8.21
Pectinex
4 65.12 0.00 4.30 0.00 0.33 0.58 0.00 3.33 8.55
5 66.79 0.00 4.22 0.00 0.29 0.60 0.00 3.16 8.26
6 66.39 0.87 4.08 0.00 0.35 0.53 0.00 0.00 5.83
1 61.77 5.06 0.92 0.00 0.00 0.00 0.00 0.00 5.98
2 60.67 5.03 1.16 0.00 0.00 0.00 0.00 0.00 6.19
3 57.42 517 1.13 0.00 0.00 0.00 0.00 0.00 6.30
Alcalase
4 54.91 5.15 1.39 0.00 0.00 0.00 0.00 0.00 6.54
5 53.50 4.96 0.86 0.00 0.00 0.00 0.00 0.00 5.82
6 56.40 4.72 1.10 0.00 0.00 0.00 0.00 0.00 5.82
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FAre) g VMR E Wy guHom 3er] 98], 4 Hg Al autoclave ¥

N

shakerZ 1% HCl vl & o] &3 313t4 AAHEE 3 Ay 29 3-1-109F 2. Autoclave
2 AHgs A3 glucose E F F THE2 350%, 14,80% = shakerZ WA |51H-S uwie

=t

glucose ¥ & 3 $HaF 2.11%, 5.46% H T} ATH o2 £%0H, shaker WA Al HEH

2ot galactose 2 arabinose®™ WEGT o] shaker dx g AJ7ko] 1A1ZFS. 2 autoclave

1}

G} vjaste] AAY Hbg2E7F 50TC= v7] o f319ke] holocellulose &
g 29}
1=y

=]
i=X
Aoz qIAF|A 53 Aoz AR EHY, webA| autoclaved o] &8k 35t AXEE
A A ThE el ARSRYE Fel W oF At SHelA FatAd Aele 3l

f=3

H o
=
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e
ot

1% 3-1-10. Autoclave ¥ shakerZ $}314 A 2dt FajtozFy Fd T
(2}) &34 A & TAH 2T wE FAure] TR

Fr 28-S autoclaveoll A 1% HCl vl = 2] 3}aL

E
4 AAeE glol B4 7R E F3AS W] Adgun E& % G Aol iAo
Al HERstEE
-2l eke] -8 & -2 pectinex+alcalase, celluclast+alcalase, pectinex+celluclast+alcalase Z= 3 ©|
2+ 7} 76.909¢6, 74.41%, 73.60%%) WFA pectinex+celluclast 239 A-$% 69.57%% alcalase”} 7}
Fieo x£3E 3ol TATH R w2 Eeles WEHHY (¥ 3-1-11). o9 Z2 A}
2 fafeke] of 29% ARE TSI i @A Fairh EAQl At el Zast

A0 Avel HEol SASYY. AR FU@ fAuwe e wEAs

o

pectinex+celluclast+alcalase Z3+e A 9] 5t pectinex+celluclast, pectinex+alcalase,
celluclast+alcalase 3ol A 05g5-¥ 2g7H4] S71&45E Fal&2 @A E 4TS HYoy,
ol fAlNe BRI} AR FANT HCL Hv) % BAVL PE] ugshi Wel

Hoz Zo|E Az AmWTh
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I 3-1-11. &34 dA-g & 84 7FrEdE T3 Ay Fe& 2 SEE 9 S
Rapeseed Degradation Sugar content (%)

Enzyme
cake (g) rate (%) Glucose Galactose  Fructose  Arabinose Total
05 7172 7.59 478 3.15 6.04 21.57

Pectinex
1 70.71 6.76 471 2.94 5.54 19.94

+Celluclast
2 66.29 568 3.99 3.01 547 18.15
) 05 81.42 5.05 4.42 311 555 18.13

Pectinex
76.40 476 4.37 3.24 5.81 18.18

+Alcalase
2 72.86 4.35 3.99 3.26 5.62 17.22
05 75.38 6.21 3.85 3.06 563 18.75

Celluclast
75.23 6.13 3.92 3.20 5.87 19.11

+Alcalase
2 72.63 538 3.60 3.24 5.79 18.02
Pectinex 05 70.56 8.24 557 321 5.84 22.87
+Celluclast 1 77.00 6.95 5.09 3.24 5.84 2112
+Alcalase 2 73.25 6.16 471 3.28 594 20.09
05 74.13 421 3.50 3.32 6.23 17.26
Control 1 1 68.89 3.78 3.06 314 591 15.90
2 66.85 3.41 2.66 2.90 5.02 13.99
05 63.08 3.89 3.31 315 6.04 16.38
Control 2 1 65.94 3.75 315 3.08 583 15.81
2 66.96 3.63 301 291 5.54 15.09

ek o = 8% I e pectinex+celluclast+alcalase, pectinex+celluclast,

celluclast+alcalase, pectinex+alcalase %3 A= A AZFHJ oy 22 21.36%, 19.89%,
18629, 17.84% % et (29 3-1-12). o2 E&]&3 2 A alcalaseH .U} pectinex 2
celluclast®] Al A| Zd7t & Aol Fjd o=z aapaels sk wadr 7 &l w
Z}A] pectinex+celluclast+alcalase, pectinex+celluclast Zgte] ¢ 7tFEalo] F99 x4t
9] <oko] O05gH-¥ 2714 Z7MEFE BEyd = 3 ko] 743 oY, pectinex+alcalase
celluclast+alcalase Z3+e] A% 7 FUH A8k o] 05g9lA 1goz F7slo =
AR F W R Aolvf gllow FAjute] Fe] 2g0® FUIESE A HEA
asteE AS yERY. o= pectinex+alcalase 2 celluclast+alcalase 3| alcalased] <]
3] FAjere] EiyF & oz dojykor}t pectinex @ celluclast AUV A & dte] B =
holocellulose @ <9 37} o] Fo]A A Zgk Ao = AnHy, weps 874 24

[e]
&
A G AAolttE EgE e o 2AAA0F holocellulose F9S HEesiEs & 9=
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cellulase Al9 9] 471 B44Us Flg 4 AU

g 3-1-11 3etd dAe ¥ A R s 59
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2" 3-1-12. 3494 AAY ¥ 5k 4R

l

o

off

TR Fed F 9

ri
i
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=

ko 2 RE

5

By 5o] v} & glucose, arabinose, galactose, fructose A HE =7

3 7b7h 6.10%, 5.75%, 4.42%, 316%% e on Es

A ] 2284 2ol A $ pectin®] F

e
g
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2 A9l galacturonic acid $#-es dGE F = galactose™ 3.60%-5.07%°] X3 T
(¥ 3-1-13, #). &= 3 =3} vz 7R| 2 pectinex+celluclast+alcalase, pectinex+celluclast
Z3re] 7% galactose §rwFo| 5.129, 4.49% % pectinex+alcalase 2 celluclast+alcalase %319
Agur  FAAHoR  Eekow, TJhgEEslel FYE fFAEY el melAE
celluclast+alcalaseE A 9|3 3ol A B5F F-Aluke] ko] 05gHF-¥ 2g7H+] S71EF=E #29
galactose $raFo] AT AW £8& 2 o T AyolA 7MY = FAFHE B
pectinex+celluclast+alcalase %3S 5 E Fafute] cko] Z7)ak4

Ao g zo]lE Holw TAhdl= HFA | pectinex+celluclast 232 Falete] ko] 05g 2 1g ¥
o] galactose $Fo] EATHH 0= Zolrt gllont 1golA 2go = = &
o] ZA #AT o] pectinex+alcalase =9 galactose &t FARSFAY (29 3-1-13, 9.
o] = alcalase Wl Aol R 7} Adldoz o] Fo|xx] e AedA] FAt holocellulose
Al whE Ao ® AT EH W upeli
pectinex+celluclast 232 49 1g9] FAerS 7o FU3= 7 o] galactose BAbe] 7}

4 agdolata Bad.

5
od o] pectinex Z celluclast?} ¥H&-3h= WA AdsS =

18 3-1-13. 34 AAE T &4 R Ao 2 5 229 galactose 3

o]
SR AANG fAU AR Ee] Adel Sebgen Aolg WA (¥ 3-1-14). o
29 ol 8% AAL Folel Buad £84 Ao AFE AAHE AN AY A5 2 @

el g R £Eo} AolE ol webd AW 4A A A5 L Pl B

<
-
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3) 2E

9o A%E E3s wH, & of o3k AlvA &b FAiare] bl Thae e

£ Z£712)7]19 holocelluloseE 33 4= 9+ pectinase, cellulase ¥%F o}y 2} holocellulose®

N
oL
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i
2

o] B4 AEAde EoE o = @iE 99 E8E el proteaseste] A9 x£3o] 2
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kol
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Bale AArt 5oy, AAAQd o Ao Qloja]i= pectinase, cellulase’} *3HE
pectinex+celluclast+alcalase 2 pectinex+celluclast 3o &Aool 7FE3l HFUd
fradke] ko] wElbA = A Fo] FUMESE AAHdor FIlE W o] FadE

)
Ao AR oy Eolxgorg o dhako] =W pectinex+celluclast - I

A

o]
= — ar
05g 2 1gd W T o = 2 galactose TFo]l SASHA o= zol7F gl webA #3)

=

<
iRy
o
e

g A a7 97389 pectinex+celluclast+alcalase ¥ pectinex+celluclast Z3Fo] 1% U

o 7

o ug

JFoz AsRaAE FAshE Aol Y BEHOR T £84 Holdas

—m
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fh 23 el A5AES BANACR WaeA #IY
w8 WR Aled 03w 2 Lemd Add g ATE FAHem QAT Aol

h FAAE

oA ARREE FAEbe T R RN FHE AR, FrHE AXJAS] (F
g TMS (471, Fehol A Fgsto] ARSI A2 A&l ARRSE7]o oA 7HA &
A2 3t o, 60mesh ©]3te] & A¥ste] HoadE
g R 4°Col A Hastglow A7 Alelwt AjEste] ARSI

Fajutke] AESA Ao AFEE &4 Celluclast 1.5L, Novozym 33095, Alcalase 2.5L%
25 Novozyme Korea Ltd.o| 4] Algdol 6714 oo A& ARE3FH o ZF 4o st
AW = ® 3-1-129 Zvh EE 84w 4°ColstallA ¥ wastslon HE Aert 753k

1.

ALg 3ol

X 3-1-12. FA ZhpEdlel] AlgE a4

FEH ik EFF Az 34 A &4 pH HA Gy 25
Celluclast 1.5L cellulase Novozymes pH 5 ¢ 50 °C W<
Novozym 33095 pectinase Novozymes pH 3574 50 °C d <

Alcalase 2.5L protease Novozymes pH 75 ¢ 50760 °C

(b Fralube) gRE

frafere] S 105°C vkl Az, 3ES 550°C Aoz S4siglon,

holocellulose, lignin, fat A< AOACH o2 A& Ay =3 A= 18 3-1-159F 2}
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19 3-1-15. s Aike) shekE 24

ez gl diste] HA wheAIzE 2 FARE AR 9% A43E ddeiyd. g A
] (60 mesh)® A8 A& (055 g@)& 250 mL =&~ 39] @i, buffer (Celluclast 1.5L :
pH 5, 0.0oM sodium acetate buffer, Novozym 33095 : pH 4, 0.056M sodium acetate buffer,
Alcalase 25L : pH 7, 0.06M sodium phosphate buffer)E 100 mL* Bkt}. o]ojA] =z}

= 100 pL (3% div] 3 A4F=2720% (v/w)8 F3te] shaker (150rpm)=E ¥WHg A1 AL, 7t
BA G WREAIZEE 6AIZEA] ko] 90 A SR HE o] U #EldE S-S Ba
F54 HA pH 2@ 2% product sheetol] weba] =888 th (£ 3-1-12).

U8 E8 3 filter paper (No. 2, Adventec, Kyoto, Japan)® o #3913, 4A5E ImLE

)

A

#3led 045 um membrane filter= o] ¥3 % High Performance Liquid Chromatograph
(HPLC) (HP1100, Hewlett Packard, Palo Alto, CA, USA)S Al&3e] fald s 243}
9t} Eluent™ acetonitrile¥} <SHTE 75259 v|&£2 EFsle] AL, columne
Aminex HPX-87H column (300mm x 7.8 mm, 5 um)& AF§3}e] 1 mL/min® #5202 &4

A AstaL 2y 92 HZ9 & Refractive Index (RI detector)E AF£3L9 Y. Wi A=e ¢k

o

¥e 224 glucose, xylose, mannose, arabinose, galactose, sucrose, fructose

(Sigma-Aldrich, St. Louis, MO, USA)E o|&3le] HHFHE ZAdstal o] & VT2 ¥EE
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3 % Axd filter papere] AAFF) Aolw Ay, 7] FAM Ame AAF

Degradation rate (%) = (Wo~W)/Wx100

(Wo: 27] Aol A3 T3, W A=)

@ ®a 27 Wl ue FAe] 34 vp5E

2 ] (60mesh)e] Fx8F A& 58 buffer 100 mL (pH 5, 0.05M sodium acetate

i

buffer:pH 7, 0.05M sodium phosphate buffer=1:1)¢] 237, Celluclast 1.5L % Alcalase 25LE
agtn)of wel 47 FAsA o™ (Celluclast 1.5L : Alcalase 2.5L=5:0, 4:1, 3:2, 2:3, 1:4, 0:5),

F EQEe 371004 b Bahelnd Pol A FAAG Ex FHE A4 pH 2L £

T3 product sheetol] walA F3id o (F 3-1-12), A7 A 74 B3Eo|dd ¥F3-A
715 ot shaker (150rpm)&= ¥FS-A|ZHTh wh8 5 filter paperi o] ¥3Fe] FApi= Ea& =A

ol g3 T of3el AFREL Holdf FF FA AL,

St flaskE 105°C2e] @ E-ol A 244)7F ok AAA 7|2, A7l & RAS AU, #

—-dl A (bp: 78.4°C, 80.1°C)E o] &3}o] soxhlet

:|N£
=
oo
0

o
=
3

S
¢

=
o
€}

bt

2
ol
ki
—
oyl
j
3

-
{12
il

5, &ME A skl AlASAL thimbles AHAHY. A4
4 thimbles XA lHol A WA 7]an @Ad A AJRE AU o] F whEdo=s of

9 HPEL AT FEF B oA FAUNS Fusyh

iV

o
r
of

@ 3t4 dAg

4 5 (0119 A7 ((1EE Azhel A= 1% HCLS ZW2 skl 2 /100 mL (§Au
/1% HCD2] B]& = autocalve (105°C, 5&) ®H&A7]1= Aol 714 Exd o= feds #e3)

4 Qb wanE geba o)F e 19% HCl 100 mLol f3u Ei g% 57w
S T3] autocalve (105°C, 5i)= WHEAIFH oW, o] & HE 9 F84 2ol dFE &4

=

H
Q3 FAY B @A fAN FYFE 5 goR F8H ANYE SR
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sletd AAE & Jd&EHor g4 JFEHE AP on, A E KX & AFH H
Foll= & e (60mesh)e] 21 A& 5g8 buffer 100 mL (pH 5, 0.05M sodium acetate

buffer:pH 7, 0.05M sodium phosphate buffer=1:1)°l %32, 7] (th-O3 (th-@elA =34

ol HESAIZE A 23 vE 9 FH we 45 FYsY shaker (150rpm)=E ¥E-S
AT Wk filter paper® o] #she] AR E B S-S ZAAL odE HYFROR

= T8 Aol ¥ H" e SASAY. = fAlE dle] o] gypdor F
HAE=A AHH7] 8] elemental analyzer (Flash EA 1112, Thermo Electron corporation,

USAIE olgalel C, H, Nol @ 94 BAg AAags, the 4 ol sl wula gha

Protein = =24 (%) x 6.25

W
{8,
R0
i
il
(it
mal
ol
)
b

2% 3-1-16, FA S84 Aol



# el &3S Bluemenkrantz 5 (1975), ¥ 5 (2001)2] WS #Hzx3le SAs9 A7) &
2 JFFEEHE v 3 W ot S WE AR E 94EE (13000xg, 2083 HAES
A A, 1ooefe] 2wl 3]Y 3= isopropanols A A8 H7FEEHA HES N HA| 7| AL 5A
AR WA 5 oofaete] AHES AT FYRe] HAR HEE kA AAES A

o)

o2 ANBL 60°CAA Axd F AR FFL A

Ruf
&
o
rlo
oY,
Book
ot}
%,
ri
o
>
Al
-

Ael e Wz ernQon obd 3t 2k

Pectin yield (%) = (Wo—W)/Wx100

(Wo: 271 2] A a7, W: Fd T%)

FZ% 989 galacturonic acid® m-hydroxydiphenyl'H .2 FEAE3te] =A4
galacturonic acid =& Al&E#d s WEE2Z ek W7E 0.01% (w/v)e A58
0.5mLel et Ak o] &3Fo] Alxd 125 mM9 sodium tetraborate 3 mLE e & 100°C
oA 57k WHkSFSATE Aol ¥R 919] &9l 05% (w/v) NaOHel =<9 0.15%
m-hydroxydiphenyl 0.05 mLE 7}ste] oA 2043 wHkAlzl 3 S AIA 520 nmoll A &
FrE SASAY. Galacturonic acid® AH&3te] 243 mEFAoRFEH 7Y R

o A FFS AESAT
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2 ATl AL 7 ke el wE FAukel FaEle R fEYEe] FE #e
3x4 oW FE A s F43d o, FATE #42 Statistical Analysis System
programming package (version 9.1)E& o] &3} AA|39Tt B T4 A= 95% Al
AZA oW, FAEAE E8 p<0.05 FEolA FY48Es 7T 249 A st

q
Least Significant Difference test& ©]-&3sto] 7} A 1 Zolo| g o4& 431

(2) 43 2 @

EaHUeS F2T F Juh ggor HE RBHES ¥ Novozym 330958 A$+=
34.55740.40% 9] #3l &S dEFHTE fAubel ol AL 157115 AbojellA EE&o] 6% H&%
F7hstg o, 1:20 o)Al AE AZ Fidtg o HEFHow o 37% AToA FAHE =
S HAvh Celluclast 15L°] 4§ #a&o] 7k @& 30.13736.28%S YERHAOM
Novozym 330953 w}37}%]
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=
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=
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]
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=
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ot JAoR AA o] R A5E we Fo] AU

449 Adetn Ardd

i

S 7heAdol Eobdvh=s HelA o

E 3-1-13. EaAlet vl gl W a4 JheRE & S8 G g (WA 2702)
Celluclast 1.5L Novozym 33095 Alcalase 2.5L
Enzyme: .
galac- arabi- .
rapeseed glucose sucrose glucose maltose arabinose glucose sucrose
tose nose
cake (%) (%) (%) (%) (%) (%) (%)
(%) (%)
(v/w)
15 1.85 3.38 0.64 0.11 3.04 0.00 2.50 0.00 431
’ 0.12) (0.01) (0.10) (0.02) (0.03) (0.00) (0.20) (0.00) (0.09)
1:10 1.44 327 0.68 0.09 331 1.17 2.89 0.00 433
’ (0.03) (0.03) (0.04) (0.03) 0.12) (0.08) (0.30) (0.00) 0.11)
1:15 1.29 3.32 0.88 0.07 3.31 1.39 2.43 0.00 433
‘ (0.08) 0.12) (0.08) 0.11) (0.03) (0.09) (0.09) (0.00) 0.13)
1:20 116 3.27 0.82 0.08 311 150 2.69 0.15 411
0.11) 0.10) (0.30) (0.03) (0.04) 0.12) (0.09) 0.02) 0.10)
1:95 1.03 3.18 0.65 0.09 2.62 1.14 232 0.15 412
(0.05) 0.07) 0.22) (0.01) (0.20) (0.10) 0.11) (0.01) (0.09)
1:30 1.07 321 0.55 0.06 2.49 1.02 2.55 0.20 4.19
(0.01) 0.04) 014 (0.06) 0.15) 0.04) (0.04) 0.11) 0.17)
1:35 1.03 3.16 0.45 0.04 2.74 0.85 2.65 0.17 4.20
(0.10) 0.21) (0.03) (0.02) (0.05) (0.08) (0.02) 0.07) 0.23)
1:40 0.98 311 0.44 0.05 2.58 0.67 1.85 0.24 4.26
0.11) (0.08) 010 (0.0 0.07) 0.10) (0.02) (0.09) 0.41)
1:45 0.94 3.07 043 0.06 272 0.68 1.65 0.26 4.40
’ 0.11) (0.10) (0.08) (0.02) (0.10) (0.06) 0.16) (0.09) 0.16)
0.59 3.10 0.33 0.04 2.95 0.75 2.57 021 4.28

IS0 sy 009 ©1D)  ©O0D  ©0» 008 (014 0l  (0.10)

iy

Aifd o2 arabinose?d  $FEH1.6572.89%)0] ol =A% Novozym 330952 g0l
glucose™ Celluclast 1.5Le] AH-FHt} @& 24973.31%°] E¥X39}. 1A% galactose & T

2 FeEdS AEsA F%ew, wEA pectinase?! Novozym 330957F @, A|w, 72

)
=
lo
at!
=
o

s 2R Fe A7 v @At dddE e ld AR dF-Eo] I 4

AuFo =z A, a7t weol o]Fojd o FEl¥HE @9 FET sucrose?t B2 FA o] & o]



77 AEE Aoz AZEY. Sucrose’l EElFH o] UoE F Al sucrosedl A frEfE A

02 HolE glucose® 4% AEH oL 1 dho| Eo]dQl B52 AR kgk

18] 3-1-18. ¥F-&-A) 7o) whe} Celluclast 1.5Le o3t Feld f2we Wel (&4 F319r=1:40
(v/w))

2% 3-1-18, 3-1-19, 3-1-20& FA O] SAure] M-S wy (LA 9 A7)
(07360 )¢l wet & Zheiafel o= #eld Fd #W3tE vErHTh Celluclast 1.5L01 ©]
& 3 A8 AL, glucoses w4

S7Feke AEe et (L8 3-1-18). dukd o2 3607 o o] whEAIZEe Al AlZbo] A
of mel a4e FaHtgo] AL APz e} e AL FalHo] AAHHE sucroseet
A &= sucrose

= glucose 3ol o] & Sk e|Erh v galactosed 7
G AlZEel A el wEl FEEl| o] st B vE FAlm R Fa e HSHAS e

of o A3 AdE FHEE] AsM = FUrEPol

‘(‘>[_|‘
offt
K
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18 3-1-19. ®HgAl 7k wEl Novozym 330959 <]
=1:40 (v/w))

el Wek (B A=1:40

do

18] 3-1-20. ®F-&-A) ke we} Alcalase 2.5L°] ¢ 2al¥
(v/w))

Novozym 3309591 ¢J&] #&] ¥ maltoser ¥H5A1 2 & 180 0] Aytd uw7px] gaFo] Z7}
shohr A 7o) Aol we) 2EFA AR E 4SS et (28 3-1-19). Maltosed] -3
AHE<Ql glucose H3F maltose 3 W3k} FAMSE AdE B oy AR 2 FE UEA

v} wEba] 9o sFgeEE 27 el A Novozym 330957F maltoseE €49 3] glucose® Haf A
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714 FgvkE RS gy o dsdrh

Alcalase 25L9 2]3l E3lo| A= sucrose $FaFo] Hk-S-A|7bo] ZojFof we} g4 i
3t o Celluclast 1.5L3 FAFSHA =2 oz FA 5= 2o #EHAY (19 3-1-20).
SEARE o]o] FAFERQ] glucoser™ 4™ AEHA webA o] glucose Alcalase 2.5L7}F
sucroseE #afste] AAE Aol o} FAut BEAE FAbe] Falshe AN AAdE F-

o
ne
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v
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rir
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o

e
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ol
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kol
B>
rir
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do
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o

=
o g Fas]F Celluclast 1.5L¥ @l z-S Fagrozy AFHdRY HEAE FEAA
%= g = Alcalase 25LE A3l on, & 49 34 A& A RS 4/ F
2+ Novozym 330955 Z3Foll A AL A #H . E3F Celluclast 1.5L% #&f7F Zafste] uwlhet
galactoseZE HoldliE AS 183le] Alcalase 25LH.TF 28 v &2 F4HAS W =2 4

A &aoh e ds ik vz A B Sl Feso] fgFREoR Helyo] 1o
= Aol R B =g Aol f 82 Folwdl aqdvh whebA wkEARES: frAje o
By =83 a9y Bd5o 2 T aga Ey5e] & 29art ¢ Fe A

oz FalHr] de FAel wFeforatH, 4] AaelM wEld el wWaEvE e gl

2707360 o] olel 7} Ak wkgAjgbole} AlEH o] dEEadT

l

fL
off

(Wh Ba 23 ugel ©E fAve] B4 4

7] AaE vrero 2 Celluclast 1.5L9F Alcalase 25LE Z3Hsle] 3008 FoF &4 tv]
ek Wg 150 (NETe2 110 ¥3how 4 7[FRsE F33dn 1 #i&e 17
3-1-213 2 &4 dv] fAuk v]S 10509 BeleS 34.82752.94%0 ¥ X3 o,
Alcalase 2.5L%HS AF&-3 4% (Celluclast 1.5L:Alcalase 2.5L=0:5) 52.94%= i gte
3L Celluclast 1.5LWHS AFE-3F 4% (Celluclast 1.5L:Alcalase 2.5L=5:0) 34.82%= A 3t& o
Bt} ol E2 B8-S 1Y Alcalase 25L9 7] Axtel Zgkow o] g ¢l ui
o Alcalase 2.5L9] H|&o| F7}gte] wet Halj&o] Friete Aol HEtd Ao= Atmdvh
HkH E 4 Uiv] A 1S 10109 #aE2 32.32758.83%0l ¥R, 1:509 AR A
b}, =3 Celluclast 1.5L:Alcalase 2.5L=5:0 W& A3t ZE H] LA 1:501.T}

& Zb& Jetlon, o= 15000 vluste] a4 o]l 737 Wil o we F
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B4 2T W& wE Fh MR & e84 Ao dEe A Ay a9
F8A Aol AlF TS 541713.21%9] W9l

%=
3-1-229} Zrh 'a4 thy] {9 vjE 1:509] >

Aow, Celluclast 1.5L:Alcalase 2.5L=1:4%1 4% 1321%= Huzis YEIL
Celluclast 1.5L%H& AF&3F 7% (Celluclast 1.5L:Alcalase 2.5L=5:0) 541% =2 HAFk& Ve
oh &4 Y] fAE vlE 10109 23E2 6.1179.43%° X238 AL 11503 J-AFSE AEs
el o), Celluclast 1.5L:Alcalase 2.5L=2:3¢ df 9.43%= Hujgk& et 5 H& E5
Alcalase 2.5L°l 2]3F Fal&o] &% A4 om S84 Holdf o] A SAHHNL
L}, Alcalase 2.5L%] W]&9o] FolA Alcalase 25L 38+ 719 &4

1.5L:Alcalase 25L=0:5)% thA] =84 2olAlf sheko] A=t} o]8 sk A 3Fo] HzkE A

1l FFol o F/HAY) WEo AmErh £ Ao wFe] ¥ 1500 110u}

Alcalase 251 H]€0°] & Celluclast 1.5L:Alcalase 2.5L=1:4014 Hhzks vetWlsd, 12 o]
= B4 FHo FAd Exe ARt =245 (1:509 A-%) Fad £33 7]2k0] o] & bulk

A BalEd 7 e &4 (Alcalase 250)° o] &)&E3t7] wjf oz AZHAY, Fdoez 34
ZFw A el BEsl A 1109 4 1504t} Alcalase 25L0] Aol fAute

A =
wo Hilekor Hae 4= 9l7] wiol Celluclast 1.5L:Alcalase 25L=2:304 % =& &
A

mlo

f 2 A" 22 A% 5x A5Rd $49 &
=)
b |

=
A 2 NEL VM =2 784 Aol d/E FE3 Celluclast 1.5L:Alcalase 2.5L=1:4

bt
rx
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Y 3-1-28 €A w4 § wAbe e 24

1 hn

9x F4L Bl 4o FAY (o3 G4 fAND AW Fe 27 FAUR vt

SE.O
T gEs wue

Z7] F A =@A A DA A&

Fat 13.67 (%) 3.81 (%) 9.86 (%) 72.13 (%)

@ B AAY BN 9T AL B
1% HClE Svi=

ol By He] U2 F893e F7E glucose, galactose, fructose, arabinose®A] & 5(2011)2]
ATAAAE Aot FASFA T dA g

ARE8Ee] 105°Cell A 67 &<t Alvhe dA 2l Ay & 3-1-169 &

FANORRE 25l e F P UL @

p=s =

kel
-4
A A (26.53%)0] FrAlEE (21.57%) K vt wokew, Aol s freld R g

& @A P Aol
w4 ZAsG. Fole £ @A fAlgel TBII%E MEA A o 5% AR %L
2alee BTk ol% e AuE @A T A KA O AY FF AR FAY 2
A AR s WU We £ Aole ATk AW wA FAe A5 72
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gom Bed FE @& B ohd Balvh @l QAN wFel £ Avje g
& Aol BAwe] e A% - AD @ 584 Holif B FEY) 0@ B4 - 2 2
HAE 7hsdel =
W 3-1-16. 97 4 F 594 AAel 9@ fAve] Bag 2§29 (N 5g/1% HCI
100mL)
Degradation Sugar content (%)
No. €% rate
(%) Sucrose Glucose Galactose  Fructose  Arabinose Total
1 y 70.21 0.00 7.32 512 3.01 6.12 21.57
0.07) (0.00) (0.29) (0.15) (0.29) 0.51) (0.29)
9 o 7591 0.00 341 358 311 6.43 26.53
0.12) (0.00) 0.26) 0.19) 0.07) 0.35) (0.66)
Control 34.49 5,61 0.00 0.00 1.37 0.00 6.98
0.23) (0.20) (0.00) (0.00) (0.03) (0.00) (0.23)
Q@ A& 7R 34
¥ 3-1-16. X &4 E=&E 5ty AAg T §F 8 vfeadel 93¢ fAjure g ¢
#e9
S84 Degradation Sugar content (%)
No. &# A4 2] rate
= (%) Sucrose Glucose Galactose Fructose Arabinose Total
1 y y 39.92 4.57 2.83 0.00 0.00 0.00 7.40
(0.12) (0.08) (0.29) (0.00) (0.00) (0.00) (0.29)
9 o « 60.42 244 4.66 0.64 301 1.01 11.76
(0.10) (0.22) 0.26) 0.19) 0.07) 0.35) 0.66)
3 . o 73.41 0.00 7.45 587 312 6.33 2277
(0.09) (0.00) (0.29) (0.15) (0.29) 0.51) (0.29)
4 o o 77.00 0.00 7.25 311 3.65 6.50 25.51
(0.22) (0.00) 0.26) 0.19) 0.07) 0.35) 0.66)
Control 33.96 2.25 0.63 0.06 0.19 0.00 313
ontro (0.21) (008)  (0.05) (0.01) (0.02) (0.00) 0.21)
A7) B FZJE v oA BaAolY Celluclast 1.5L:Alcalase 25L=1:4%2 x| % 3}3+4
AAe fF5d wgl &4 7HEEEE A% Ay F 3-1-169F 2kt S3l&9 4+ A
o] F7tde we o & FIAEES UEdow, €@ 3 9 35k dxe 2 FollA
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oy 3-1-28. &9 #¥ Y galactouronic acid &

FAO FOOD AND NUTRITION PAPER (52, 1992)3 EEC Council Directive of July (25,
1978)ol A A A3 &2 HWhlo] wE 4% (galacturonic acid (96))¥ 65% o|Aolw, HMHe| t}

Aol7k ot HEAGFEAAYAAE HEA/MER A b= AW A YL

1‘>

o emoh 65% ol gelojol FTha WASa Slrh ¥ 3-1-182 7] FHow AYE wue)
£ A7 et AAdeR Jdes e A9 fEyn o, 0] 7

4 ¥ ZAEYY SA+RL 5

M
%
ot
o
2,
o)
[@))
=~
N
W
X
f
N
N
9
ri
o
o
o
b
(ld
u
e
i
)

¥ 3-1-18. =34 23 galactouronic acid 3H=F
3] x o) o) o X x X e
ga9a48 o o x o x o . e
sastend » o o o ° ’ 7
Galacturonic | 453 | 4775 64.23 48.43 58.86 52.12 45.33
acd ©12 02 @ | ©ih 0% 030 ol T

® Mass balance

47 AdE atgoz 1 kgol Ao zREH A”s 2 45 29 3-1-299 2
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A7 5 gr|E 749; ol A A A E AL thimbles AAAHC. AASE thimbled H A A o] B o
A g A7 an A gl e A RE Ak =3 fAeS b gl =3-15/100 (w/v)E F

g2 f-A9 AlFE 5 g& buffer 100 mL (pH 5, 0.05 M sodium acetate buffer: pH 7, 0.05

um phosphate buffer=1:1)ol Y31, Z3¥ &4 (Celluclast 1.5 L, Alcalase 2.5 L) 100

ULE 593l shaker (150 rpm)ZE 6A13F WFS- A Th WH& & filter paper2 33l FALZ
T84 dEE SAsATH

=

A7) e MEEE v A W s WE QAR 72 AR (13000xg, 2053
AAES AAs A, 28] (v 9%B% A& vv)E& EFdY wwrd Foga 942
(13000xg, 10%)8tdtl. AAES 1% H202 (v/v)7} E8d des-575 (

2 WAL, B -FFF (2DE FF H2028 9 AFHT S, 60°Col A dxdle] 5
&4 2o

(vh & £49 = & At

w3l & (degradation rate)< 27| A Alge g ol thato] dd FafH A5
Z#HS HAHMER ZA3te] Axed vt (Degradation rate (%) = (WO-W)/W0x100 (W0: %7]
frAae A FE, W X)), AdEFES 1 mLE FH3F9 045 um membrane filter=
o33l & High Performance Liquid Chromatograph (HPLC) (HP1100, Hewlett Packard,
Palo Alto, CA, USA)E& AR&3le] Fed e F43Att (Eluent (acetonitrile: 5 75
=75:25), column (Aminex HPX-87H column (300 mm x 7.8 mm, 5 um)), flow rate 1
mL/min, Refractive Index (RI) detector). ¥HF AHFE s BT-EAZA glucose, xylose,

mannose, arabinose, galactose, sucrose, fructose (Sigma-Aldrich, St. Louis, MO, USA)E ¢]

8ot AL A4 o VFon FEE AL
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A= 2] galacturonic acid 3FEF<
mel FAs o HWEAT

(degree of esterification, DE)¥= W)

e

i

E
=

Degree of esterification (%6) =

(2) 43 2 @

h gxxdq w

13.67%) thH]

FEAE 6o R

s
~J
B
—
X
~.
—

H

%3l shaker9 74

Aol REHOE AR
Z 72171

(80.11%)% vhebATH
17.01% % soxhlet FZ=° <&

8|

AA

olsh © ol

2 7]

bel g %

48% = shaker?]
ek (2 3-1-31). Soxhlet &9 ¢ ko] o] Fo]=]x]
2ol A A7}

Folalr] wiio i ALk
H). wEkA soxhlet F
Az 18X AR

m-hydroxydiphenyl ¥ (Kintner III & Buren, 1932)9|
(1952)¢] ol uwe} FA AT ol AH I
nigto 2 ofzfe} o] AALE ST

Owens &

=2 ReN
bl

o=

96 methoxyl x 100/16.32

X

=

=
72.13-91.17%,
LA} ul soxhlet®] 7%

T (24.1296/10.12%) K.t} fat AARZH7}L 5

=1

N

A3} soxhlet A shakerZ

|

o ©
&

49 fat Al AE
-

o

o] Foj2] 7] dFel| 2 fat AAE
T 50% o]ske] v fat AlA &S E
oA 3} &2 shaker®

34 = shakerE o] 83+ & €&€X
Z3} W23 fat Al AES YERE
soxhlet AAE ZAHE vt F33tE

shaker €% A

BN
T

2= 7

soxhlet %

O

=

il

¥

184 712]

<

_,_/’\_9_4

TL 3
e}

e
&IO] T aXe

g3 BB AoR o4 Aol7h UERA STt (p<0.05).
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9 3-1-30. FF U 2 7] wE {0 fat Al AR

UEREE (219 3-1-32). ol fAlubat Sule) wkgw Aol gadtel wel U AvE AR
Ak B8, 12100 (FAE SIS fo8 02 2A Aolzk b 97 washd fat A7)
&2 15/10001 4 Bia o2 =2 adsts Egs Weblon, bapa 12-15/100 F-2¢ &8

402 fard AAT + U AR EAtE Ao ARG WA IFHA0E £84 4
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& W ZH7; 18.91%, 15.76%, 17.58%, 17.48%, 20.32%6¢] 874 27t =5 Ak

(2" 3-1-34). 28y 2= Bvllol A A T Fasol val F59 fat ko] 3-7%A

ol

EL ol gA Eed el <l

Eogskon (19 3-1-35), o] Aol7b &wfel @R B ot
A

a9 3-1-34. &viEtel o

s

19 3-1-35. §iETrel wE A fat AAE H TEHLE
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F7F AR A, gATAH T FANeRSE fude S4do] wAstE AoE e
(19 3-1-36), 7L =5+ sucrose, glucose, galactose =02 Wo] #HAZ% A} Shaker F
=9 4% soxhlet &3 =27 &% & wyro] o] Fo|A WA FAjut 7] F=E 23] =4
Al Ea7F A Ao w AZAY. £33 13% o9l fat AlAE-S K< methanol?] %9
8% oo "ol gAeAE Tl SHHIAIL, ofe Y] oot tEolA Hdidom SA4

[
&
fat <]l AF2dA A& (Pes A F523 2= &4

iy

o] ¥7] wiol (polarity index=5.1
2=

~—’

&

a9 3-1-36. Fat % <+ WAt 7

b

AE £33, Ethanol ¥ dichloromethane® A-$ HEZH oz 84 2o]df F&9)

O

Eo, fato] BapH oz AAHA Gof BeEe] va XFH = ALz AlmHAY
53] methanol 7] A3t FASHA AU §E5H& YERAN HF FE&0] Yo} =84

Ao FE 93 g@xo ZEx] 2o Aoz AZAHATE Wb hexane ¥ alben® B¢ A#A
A fat A|AEo] Fof HE FEA Mol fdd EcE TFE HUAoR Aa &L

dasA ol #¥9 g4 A Ao Andr,

A (18-24h, 25°C, 12/100 (=frA¥talben)el w& A FAS TaA 7FEs] A%

=%
of HElS F%8 Ay 7 BALS 1 3-1-199F Zopr) #WE 80 685% ARE A4
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Z2RE AHS FF3I Lim 5 (2012)2] A3 (7.30%) Kt} thh A 2420 Aol K
Al o] & e galacturonic acid $H#Ee] A$-, F-A¥ FElo] 64.50% %
5450%) Bt Ekow g #HElS lab-scaleo A #4313 Jiang 5 (2012)2] 4

S|
B (61.24%) K% BAAC R Fgrh o9t e A= fAdr g st FAA o
=

s
By
§2
32,
-~
{8,

A A

¢ AdEd dyor PR 2 7o AYS D

of AWEA Ao A, et orw AuEd AHL gelstrl &oldte] FE AF R
hC,)_

it
o~
o1
ﬂ
ﬂ
X
hit
o)
do
_|>i
%,
rm
~
>
%)
)
X
B
i

H 3-1-19. fAt =Awle] 24 vl

=] frA Al A 9 Adg A9’

F& (%) 6.85+0.24° 7.30+0.40° -
Galacturonic acid % (%) 64.50+0.41° 54.50+0.90¢ 61.24+1.62"
d~H3s% (DE) (%) 45.77+0.20° 46.30+0.40" 71.03+2.46
527 F (%) 7.47+0.03 7.56+0.07° 11.59+0.40°

1 Pectin extracted using enzymatic hydrolysis in optimal condition (enzyme-RSC ratio of 1:50,
Celluclast-Alcalase ratio of 1:4 and hydrolysis time of 270 min).

2 Pectin extracted using combined physical-enzymatic treatment (Lim, Yoo, Ko, & Lee, 2012).

3 Citrus p)ectin from Shanghai Jingchun Reagent Co., Ltd. (Shanghai, China) (Jiang, Du, Zhu, Xiong, Woo, &
Hu, 2012).

3) 2E

28 el Aol f AAE Al 18-24h, 25°Col A hexane H3= albens AF&3le] ©€xgh o,

AAAR) fat ALl Fob A FEA Aol Al Gl 45 54

7t el Ag-deE FE34)l AEs9e W, & 6.85%, galacturonic acid &
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6 4796)) A5 5|
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PR SNPE AHE0E 98 B4 ednm Y3, 1 AAvA Age] Hrbssv,
Mol Aol vk A olE A g A= FHAUAE W AT} @ol
A7 5o} A4 BAE Wol Wi Bop: mpz ol oo R o]}, wol
eoluAE AR de) BHGEA WFo] glom, vhol e AT ARE @] o)

woll Aol 7hsatrt vt npol e LAl AER 7] wiitel A F2 A dE = bt

o
o2
%
b
%0
i3
X
ol

N

o BH-2-2 HEZE A glucoseE A2 H WEAA TE Aot} FA19 FA= 38745%2] 7]

Fol Sof gtk of FA FA ES g5l Holor]d Piko] o] FolA 1 GOk, FA

o

ARAY. FAUS AEEAe Ea FASE 29 2% 2 @@ 1, 4, 4
34 el Bl HolHF F Aol paA FAshE Aol o ATe] B olr}

o FANZ Y Holdf T AN

1) A= 2 9y

drustm e e FANE AFeel 49§ FH71% ol §sle] 40 mesh ol3tE ¥ ste]
=

2 Agstgo §4ee 3% Mwos fASA fAm T4 AES E 3-1-19
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-
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Xylose (%) Klason lignin (%)

Glucose (%)

45,68 (0.08) 33.13 (0.06) 20.99 (0.40)

Control

() A=

AR e

o] §-3H91 ).

=
=

AA e
Al 10g¥ A

/1\1,
3-1-20), oldA|t2 W

ok
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-
1.

2
-7 o

= 1
= %2l

& 200ml

500ml ¥F-S-7] 9

-
1.

o]
A

oo

-
it

FoaL (

xg 3

Ir

=

180°Cel A

il

3-1-21. A=A

-
it

No.

041
041
041
041
16
1.6
16
1.6

16

16
16

16

16

16
16
10
10

16

20
10
10
10
10
10
10
10

10
11

20
10
10
10
10
10

12
13
14
15
16
17
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(th ZA%3)

AR @ 2AREFY BAF3E 250 ml flaskel AAFHFOR 1 gol slFas A
A9 pH 5002 2% 50 mM9 sodium acetate buffer 100 mlE F3 3 30 FPUY
NS50013 (cellulase, Novozyme Co.)¥ ©]2 °F 0.38] (w/w)2] NS50010 (B-glucosidase,
Novozyme Co)& T3] 50°C 150rpmo. 2 FAd Ae w]okr| oA 724 7%k A 3§32 v}

Degradation rate (%) = (Wo~W)/Wx100
(Wo: 99 A5y A4 S5, W IAS&

A7 F I3RS HPLC (HP 1100 series)E ©]83F9] glucose, xylose 52 W& 7l 9
S BT A¥E Aminex-87H (300mm x 7.8mm, BioRad)E Abg3dlion, Ay o
TEE 40°CE FAEAT 001 N 3H4HE ol s o= AHE3le] 05 ml/ming F&Ho= 74

3t o™, RI detector= AES AA AT

(2) 43 2 @

16, 17H 3} vlaefrd, Eafgol A= d3F

o
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¥ 3-1-22. A Az 7474011 e 2 &
)

No. AR (g el & (%) Tho & (%)
1 458 47561 02.49
2 450 48.22 01.78
3 4.39 49.35 00.65
4 441 49.14 90.86
5) 344 08.85 41.15
6 3.39 99.77 40.23
7 2775 65.75 34.25
3 262 67.03 32.97
9 419 01.36 48.64
10 3.68 96.50 43.50
11 418 01.43 48.57
12 311 62.18 37.82
13 0.98 33.46 66.54
14 2775 65.79 34.21
15 3.84 04.85 45.15
16 3.60 96.78 43.22
17 374 o0.84 44.16

3E3-1-22+= 7 2l wEl AAYE F F dAe A
3 grolth. dAe ANEe dA ZHE FX

gov Free Ieistel F ¥3E 2AsY YWACE AALE Sa U AVAEER

AER e~ F4E<2] xylose?] Al ko] Aojx 3 Ful Ao glucosed] TS A7
L R e =t B S glucose 715 841%°lA HUl 65.17% 7HA AA 71393 RE
WA o] FetEgol dFS A A dAAow AXe 2ho] vl 7153 2
sl &o] AUAA FA veba, gEbA S dER e avt BalE Aol o, AE

g Tt B 5 Qdrk olE F vl AAM3] Lolry] HE FiH div] Fsk &S Il

s,

oty
1:;011
o
rlo

Hr

_79_



3 3-1-23. AP £ wE 7T AT Fe

No. Glucose (% Xylose (%)
1 63.93 2.67
2 64.98 2.27
3 63.54 1.21
4 64.04 1.14
5 28.10 0.44
6 61.11 0.43
7 43.30 0.32
3 36.60 0.26
9 65.17 0.8
10 27.97 0.44
11 63.96 0.68
12 49.53 0.35
13 44 .68 12.02
14 39.24 0.24
15 o711 0.44
16 63.33 0.95
17 09.25 0.43

Control 841 2.72

I 3-1-23), FAfEo] 28 AlEE glucose THaFo] ol
wol frhi Ans} AolAT. wEhA oW Aol dn
Zoxo Fax op7|@rta AR FAHe glucose S
5%E 7Y & FYF v B8t F&& ¥l 2¥x79] 33.65%9 vlalste] HH, o)

Ao A ok AR Y E Eslo] oF 71.48%9] glucose?d] F&& A4S F dArk

_

_80_



No. el & (%) Glucose (%) FAF diH B FE (%)
1 52.49 63.93 33.56
2 51.78 64.98 33.65
3 50.65 63.54 32.18
4 50.86 64.04 32.57
5 41.15 58.10 2391
6 40.23 61.11 24.58
7 34.25 43.30 14.83
3 32.97 36.60 12.07
9 48.64 65.17 31.70
10 43.50 57.97 25.22
11 48.57 63.96 31.07
12 37.82 49.63 18.73
13 66.54 44.68 29.73
14 34.21 39.24 13.42
15 45.15 57.11 25.79
16 43.22 63.33 21.37
17 44,16 59.25 26.16
3) 2&

Al el Ax = 180°Col A At v =7F 7F 2 93-S vHa, 2 ggoz WhSATH

AT Eoled, F5ES o o8 AEZR oA Hayf Wo] o]Fojyul, dnktdow I

LN

A= o 40%2) AEZ s o 3000 dmAER s o 30%9] Pudor TAH gt
g o] 50760% AEE mobA dHAER A fo AERA7MA EaHAv.
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WA AL FANE ol §F volodee PSS FAAA Hglon mepa §

A Fe 2ol dAefd & uAEde] A 2 aadgEs it $avled

FTARFAFEFE FANE AT DS 2A1E o 85e] 0mesh olshE 343

HAAE Hoz= A AXYE 39 2= 22 (oxalic acid)S o] €319 th 250ml
A7} flaske] A® Bg# 05% A 100mlE @3 105°Ce|A 1587 AA s, A4
A Fe WH 27l AAE HE X Zgdt $5EH SAFoH oIAE oF 40%F-9]

A0 Hh 2 HoR S4ke] w (0.5%, 1%, 2%), dA e AlzE (15, 30+, 604),

A2l % (105°C, 121°C)E 24 gttt dAx e £ glass filter (1G2, IWAKI Japan)& ©]

g3t A2 nARYoR Fedta A RYLS FHRFE o §3te o AWz}
2

(vh) &49s3t
AxE @ A gAIstE AAFEY. FEE 250ml flaskel] AAFTwo = 1go 3
F3tE AAE AlEQ pH 5002 4% 50 mM9Y sodium acetate buffer 100mlE F4 3+ 5

15FPUS] NS50013 (cellulase, Nove Co)3 o]2] <F 0.38] (w/w)2] NS50010 (B-glucosidase,
Nove Co)& F43te] 55°C 250 rpme. 2 A E ' v 7)o Al 7247kt 2 8 3)9 o).
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A =3l wE 'als

W oAl oheu g

vhgol FE As g Peld AgozyY

rlo

(Wo=W)/Wx100
S W AL S )

Degradation rate (%) =

(Wo -9l Alme 44

Klason lignin &2 NREL methodE ©| &3¢ SA3H o dojzl 4 &

of-S- HPLC (HP 1100 series)Z o] &3}l glucose, xylose 59 Wa7ls 9& E43A0. A
L Aminex-87H (300 mmx7.8mm, BioRad)E A}&3l3 o, Ay o2 &25& 40°CE #A

3taath 001 N SabE ol Ao 2 AR5 05 m/min® £ o2 4392, RI detector
2 AEE AAEAT Glucose, xylose & (%)= dAxgld wvlo]evjzd Fpd F+49
(Glucose, xylose)s 7|=o2 A4t
(2) 23 2 axF
3 3-1-25. AA e 27 wE Fa& (%)
WEg-A 7 a5 E A =
105°C 121°C
05 % 19.27+0.44 26.23+0.65
15% 1% 20.23+0.74 27.00£0.78
2% 24.44+1.86 32.41+0.17
05 % 19.47+0.75 27.18+1.10
305 1% 20.18+1.54 30.18+1.02
2 % 23.53+0.29 33.85+0.36
05 % 24.70+0.11 27.21+0.08
60+ 1% 24.29+3.39 29.96+0.70
2 % 26.60+0.63 43.69+0.33
3 3-1-24= AAY x40 wE Ea& AolE HoErh dAe E&&e whs AR A
s, AAY 7t Sl wEl Fobxl oy, v Hue A w5 4 v Hues A
Al ke v & FS AT 121°Cel A 2% SRS o] &3te] 60w3F dA 2 Es
7 & &S BT (43.69+0.33%). oFF dAAEw FE HuAERAE FIste Ao
2 g8 = olel uwep vjwA wre PRoAME thEe Su|AEE AT o] v
Ao Z AR #& ibs o] &8 o] e A} vastoi B 4He] Aol EAJS] Xo|2
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=
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offt
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offt
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R
v
=5
NN
0
N
<1
O
o
=4
=
=N
lo
-
oX,
AW
Mo
i)
offt
k)

st dAe & xylose FFEvte] F= 74}

2

ou (H 77.24%), ool we} FHow
lason lignin $F&Fo] S 713 Aoz WY Glucose &3 Klason lignin 332
HhZA koL 4F wrRE s dAA Y 2E7F SUFgel wel 24 SUFssleT ol EEE e
dypeh dA ey w3 121°CoA dAEsals W SAke] FEE xylose FE el

o)Al Heke 7=, AAY FAES EI xylose FFo= AR (121°0)9 A &

©
=
&
o
|02}
o
£
=

¥ 3-1-26. A g e & AR g W3tk (%)

AAY &% | "keA7r = Glucose (%) Xylose (%) Klasoi) @hgnin

05 % 42.43+8.03 14.92+3.43 19.50+0.46

153 1% 50.68+3.99 19.31+0.14 18.99+0.41

2 % 45.30+5.28 15.24+1.63 19.79+0.39

05 % 46.71+4.40 18.02£4.74 21.37£1.60

105°C 30+E 1% 47.96+1.17 20.84+2.95 21.48+1.65

2 % 46.09+1.37 18.66+4.77 20.76+1.56

05 % 41.10+4.61 24.10£7.95 19.54+0.27

60 1% 43.34+0.90 20.70+0.74 20.02+£0.32

2 % 42.89+1.17 24.10£1.15 18.97+0.92

05 % 41.30+0.01 23.18£1.94 20.02+0.07

15% 1% 45.66+1.31 24.23+1.43 20.05+0.36

2 % 49.24+3.20 14.84+£3.91 21.92+1.31

05 % 46.48+3.24 19.67+2.73 20.31+£0.34

121°C 30% 1% 44.06+5.02 12.18+1.64 21.31+0.29

2 % 52.41+6.23 11.48+1.72 24.11+0.02

05 % 49.26+0.52 15.08+0.46 21.44+0.19

60 1% 51.62+1.21 16.08+6.53 20.22+1.07

2 % 47.90+1.90 7.54+0.60 27.27+0.22

Control 45.68+0.08 33.13+0.06 20.99+0.40
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A Alses dAE 2as

:10
o
~
o
o
2
Y
BN
o
Y
52
rlo
o
uj

= Eads sslen &
Aot vEIZHA R B
L

A7k o2 o3k

2

glucose= ) 51.85%2] F&S HAY (& 3-1-26). o] 7]£29 U}E dAFoA dojA= F
g glucose F&¥ HlWEH Thh @ FAZ AAY 255 © A F7F Aol M F
vk wdl 2o FANA xylosed F&0] 48.13%9 o2 AL ald FAA xylosed ¥

7F 5o A dolwy] wWiEo R (77.24%) A F&& & {13 2 Zol7t givh

3-1-27. A =0 e 74T Y BAHI F& (%)
AAE &5 | 9327 A FE Glucose (%) Xylose (%)

0.5 % 21.48 11.65

153 1% 18.34 9.82

2 % 22.66 14.72

0.5 % 21.45 12.65

105°C 30% 1% 21.90 11.16
2 % 25.05 13.18

0.5 % 25.63 8.73

60 1% 24.40 3.38

2 % 29.02 10.92

0.5 % 26.66 10.76

153 1% 25.82 3.85

2 % 31.34 20.93

0.5 % 27.30 13.20

121°C 30% 1% 35.81 24.26
2 % 33.84 24.00

0.5 % 39.08 23.37

60 1% 41.42 24.62

2 % 51.85 48.13
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B Al At fANE ol gste] ERHOR woleduee ANY + Y& AN 22
& gastaA stgov, 7 xdel ute vlelodRe A F AT E LA RS B

i
7S FAstad sk el fARE B 24

A= ANEE AEA] i Z A A F-3U (Brassica napus L)E U8t 2 5-
B Aol AMEIHTY. A" FAdlE Ag8 A" 7] (Cutting Mill pulverisette 15,
FRITSCH GmbH, Germany)E ©]83}¢] 40 mesh ©]3t& ®f3tich. @ Nz S~
g Al o] ol 5% w|wke] g R AFLolA Hsilow A Al JfEske] ALE-S}
At

AAE AH=e] sA DL ETAS A AHEE 93 EAEF Cellulase (NS-50013)¢F B

_86_



30,
)
2
1:011
o
N

—glucosidas (NS-50010)Z ©]£3}9 3 =% Novozyme Korea Ltd.ollA] A]-&1k
2% Yeast (Sacharomyces cerevisiae ATTC 26603)E AF-&3}9 U,

(1}) Oxalic acid A=A Z7d] w&E nlo] oL Ak

@D Oxalic acid A=

29 3-1-37. AHYE 2Eder] (1) 2 2EAA (2)

1
>«

Al WHOZE oxalic acid SulE o] &3k of4F A el WS A8 Y Oxalic acid
Ao e AT A} Fuste] Aol Be AFS WA E A4Sl WELew W
AZE Zd9 25 E giglom Hesddrl dAef 23uker] (28 3-1-37)9 40 mesh &

)

A 2 20 g oxalic acid (0.5, 1, 2%) 200 mlE ¥i 4087 o9 3 g &

2
=
==
e
Ol
L
2
o
~
O
A
v

(140-160 °C)ellA] 5, 10, 20 & &< WESAHTE oA A7 wh&-A] 7L

WbgA kel FRHAM FA 0 °C WA7|elA 1023t W#sksla, filter paper (No. 2,

Adventec, Kyoto, Japan)Z o] 3&le] A Ed eS8 x| ol 4 °CollA] H#A3F T} o

¥} & G A TR 27 filter paper?] AAF Y o3 & X filter papere] H7

2o xol2 AaL, 27 FAU AlEe ATl dd AdE FAd A5 FEHE ¥
Apo.

AEZ A4tsle] 28| (degradation rate)S =A &S ow A4t

Degradation rate (%) = (Wo~W)/Wx100
(Wor 27] FAde A4 T3, W: A=)

ofyf & HAgE-F 1 mLE FH3te] 045 ym membrane filter2 o33+ & High Performance
Liquid Chromatograph (HPLC) (HP1100, Hewlett Packard, Palo Alto, CA, USA)& A}-&-3}o]
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glucose, xylose $r#s 439t (¥ 3-1-38). Eluent: acetonitrile®} FFFE 75:259]
H &2 &33le] AFE8F9 AL, Columne Aminex HPX-87H column (300mm x 7.8 mm, 5 um)
[e]

& AFE3t 1 ml/mine] F&Fo2 48 HAAsta 7 213 HZEFo| & Refractive Index (RI

detector)E AFE3FAY. W7 AHFS A =224 glucose, xylose (Sigma-Aldrich, St.

d

Louis, MO, USA)E o] &3l AEHg 2AA3taL ol& 7|Eo 2 F5E A4 AT

% 3-1-38. HPLC 717] (1) ¥ HPLC vial (2)

@ FAFsEE

FAFE Y E (Simultaneous Saccharification and Fermentation, SSF)3= 250 ml 4=~
Ao AXE AE 5 g (AAF#)T Cellulase (30 FPU), B-glucosidase (Cellulase F < %
039 (w/w)), Yeast (2 g/L)E F43 % 005 M sodium acetate (pH 5.0)5 o] &3lo] H&

Y
oN 1o

535 50 mlZ graa g driel A 30°C, 150 rpm 2 72417k &<t sAESIEEE

i
a
o

3ttt A EETE 5 oAdFE 1 mLE 39 045 ym membrane filter= o3&} 12
W Fo] HPLCE AME3te] olgbe s #43tdth 7] fAldle] dds% v
A g2 FTHE ethanol yield2 UEFH I AlMEe ofzfe} 2},

L
o
s

oz
2

A3 ethanol (g)

Ethanolyield (%)=
anolyie (%) lg dryrapeseed stalk

(th) Oxalic acid AA 2 ¥H-&%o] wWE nlo] oo g8 Ak} AL AE 4
@D Oxalic acid A=

7 Al kA AAY A (b2, WAz Fuje] FE) T 7HE vloj e eE A

Aol @S = 119 bl diste] W Wl A Fe WsAT|H dAAeE FAEh
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71ell 40 mesh ) % 20 g¥ oxalic acid 200 mlE ¥ 1 4057 o<

X,
R
_VE
oo
[N
oflt
rE
oo

A e emolA] WA AN WS ATE] EFIA BGrh v

&
)
ofN
i

3
A FA 0 °C ¥Z7oA 1083 WZE 9 , filter paperZ o] 33lol A gld AES A9

4 °Col A wastsivh. 7] Wt 2ol dxe 4b=e Eales Astsklar, of 3
Z odgRE 1 mLE #H3le] 045 pm membrane filter® o33 & HPLCS AF&3}o]
oAt

Ol

glucose, xylose, furfural, hydroxymethyl furfural (°]3F HMF) &3 &4

FAFEEEE 250 ml AEetaad AAMP AHE 5 g (IS ) Cellulase (30 FPU),
B-glucosidase (Cellulase 94 %2 0.39 (w/w)), Yeast (2 g/L)E F43% 3 005 M sodium
acetate (pH 5.0)Z o3l HFE HuZE 50 mlE Wi Agu]dr|o A 30°C, 150 rpmo. &
7247 Qb EAEEEEE FsTh sAGE TR &, AN LE #A3te 045 ym

"I‘FIL 1m
membrane filter= J3}3}ar A7) Wy Zo] HPLCE AME3te] &S gaks #4313tk

f

@ hol 2ol Tre A ¥ Abe] A EEAL

a9 3-1-39. Ao 3hekA A
nlo] Qo gk& AL & fFA AL e 106°C ArtE Axw, i -2 550°C 44
o r =489 o, holocellulose, lignin, fat 4 #< AOACH oz A3 =4 2

sz g 3-1-393) 2

() SAEA
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2 AFoA A ZF JhpRE 2o wE fAge EEe 9 FAEE S g
3x4 AW FE M| 9] TASHE H4&  Statistical Analysis System

il #4skslon,
& A AE %% AEHEE
AgAF o, RS S p<0.05 FEAA oS TRt 245 Atel diske]

| e folge B
@ A% 2 03

(7}) Oxalic acid A2 Z7o] wE nlo] S oL A

E3-1-28 Al AHE 2 (G LE, WSz HuEmel wE Pag, fdY 33
2 EAYRNE F ool oo we F&

Liquid fraction after oxalic acid

Pretreatment conditions After SSF process

pretreatment
. . ) Ethanol
Temp. Reaction  Acid con. Degradation rate Glucose Xylose Ethanol .
. . yield
(°C)  time (min) (%) (%) (%) (%) (g/L) %)
/0
140 10 1 31.77 (0.31) 022 (0.01) 235 (0.06) 444 (0.11) 6.06
150 10 1 4158 (0.10) 047 (0.04) 516 (0.02) 7.80 (0.21) 911
160 10 1 4348 (0.11) 073 (0.12)  7.27 (0.09) 10.38 (0.09) 11.73
150 5 1 36.91 (0.15) 037 (0.10) 412 (0.02) 6.22 (0.10) 7.84
150 10 1 4158 (0.10) 047 (0.04) 516 (0.02) 7.80 (0.21) 911
150 20 1 39.26 (0.16) 052 (0.12) 575 (0.03) 758 (0.13) 921
150 10 05 35.00 (0.05) 018 (0.1 174 (0.12) 4.92 (0.10) 6.39
150 10 4158 (0.10) 047 (0.04) 516 (0.02) 7.80 (0.21) 911
150 10 2 41.65 (0.29) 058 (0.I7) 633 (0.03) 748 (0.11) 873

#3-1-27¢ AAY 2AEEE2E, vEEARE Suje] sl uhE Eale

[
o
R ovto]l e ol ¥y s UERATE A Falle2 31.77743.48% 9] Welo] E¥aklar
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292 9o FAE WYH AOE
%

A

* =
Az a8 w2l 140°Col A 160°Cez ol wa)l 4348% 744 713k
F& vERAT SFARE AAM e whgAIke] FUhghe] wrebAE ®algo] AlE FUhshA @il
41.58% (108)olA 39.26% (208)2 4% #Z4dle EeES Biod, S Hrt S71e
ol A = 0.571%00 4 S7EER o 1, 2%l A= ZH7 41.58% 41.66% = BA o2 fo3 A
HZ vebde mEld fAge) dxE Beee vk n vk A, Evje) st Fbehd

upe} oA oz Folbx ot WhGAIZE, FHue] wREHUNE W R o & JITE Wk
AR 5 oyl HAEFo] ¥IH glucosed THEE 0.1870.78%9 Mo ¥¥EFAaL, 3

THA AA e 218 gho] mobgel wel $Eke] FUbsty 1 SR A AdtE Ras B
o (2" 3-1-40, 3-1-41, 3-1-42). Ze&¥ vpR7A = wbgeko wE F7hafe] thE 27}
A xe] Wt mE FUMHEY w58 S dth sFA|RE o]ef o] dgFEow F

o] U glucose?] 42 wl-¢ A tiF-Fo] mAA BE FFee dF =7 el
Hho] Qo ghg Ake] 2GS wAA Fe Aoz AlEdvh. ElE xylosed FHE
glucoseot AFEHAl 37FA1 A2 x9 ol mopgel uwigl ko]l Frikstyt 1 FUbEE
HAadte As yvebden (29 3-1-40, 3-1-41, 3-1-42), 1 WHT 1.7477.27%° &%
Art dF-2o] FuAZEZ e AR EEHo] o= xylosex 7|E fAF AAE Y #H
AR AFEolA oft Fujo] osix: THAor Fedvta HaEglow 2 23

ris QL

o
o

19 3-1-40. AP whemol wiE FYd FEF H FAGIHEE & ouojedEs 8



!

A el whg A Zhe] )

a9 3-1-41.

q 2ol A

A

a9 3-1-42.

o
+
oj
e

-
1.
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v wlo] ol gg Ao R ALbE FE&8 6.06711.73%°I A (¥ 3-1-40). ¥HE=7F
140°Cell A 160°C o= Folglel wet npo] Qoghs AL g AT o2 Aol7f Evbs
2 Foz Ul sANE ke R FHrje) wihel webA = ook thE F IS yER
. qEZAIZE 57107 Abolell A FUbgE mpo] Qe Bhy AL whEA|ZEo] 208 7bA] S o vt
2% gasglod, SAGH oz Fod e vEbdlv (2 3-1-41D). A E 05719%9

Sl A mle] o vhe A Tt oy, 2% w7 SIS B AAkEe] v

-~

Ak (29 3-1-42). o]= WhgAIRte] oA 4 wE7F S W npol g
g2 glucose’t ¥5- furfural, HMF ¢ FAt== AstE 7lFeAo] Zopxivhs A+

A¥E FadE o, vHEAZE 208 = 2% Evjol A= glucose £4o] £UlEla dE A
oz AlgHh A7) AdE EE vheAzE 57208 Alo]l ¥ Eujeo] F 05729% Alo] ol A
Hlo] Qo &8-S HU=2 AAE § Q= o] EA%He FEAY. olojX = AFA= A

el TEE 1%2 JLAsHaL nio] e e Aatel 7HE

ﬁE
N

7] W9 kel A WkEEAIZEE 10

FEFE FAA 250 HIE 1407200°CE =8 A] oxalic acid AA & TR+t
(t}) Oxalic acid A=2] ¥hg25o] wg npo] Qo ehg Aty AL AE 24

O EAGEHLE F vfo] ookg AL
HHE2 5 1407200°Cell A oxalic acid AA (AT 108, 4F v 1%)& #8323t &
dg, f29, FEENE, el edeg AAEe ® 3-1-289 2l Halgo) 4%
2 wheensl wobdel mal FUbelATh 58 1407150°C AbelelA Halgo] wAs Ftel
Aem 1507170°C Abolell A= oF 43% ALE fAstth7 BhAl 1707180°C ARelollAl =LA 57)
= mgpo]l BAF T o= 1507170°CA A FAllel 7EIR Aol AS} frAue) B8]
ohje) the ¥ - Boldoz HYendA FEHANE BE #7145 FiAE5e] W
- o AH8H [
Aod Aow Azbdr. 1807200°C Abeldll A= Wb w7t wopddn #afj&e] o o =+
7F8lA ek okal SAGA LR AR oF 48% A E fASISITh wEkA 180°Ce] WhE ol A
v e e oole A AESel A v wElEe] e Aok AZEY L o]

B e R AW Halol wAAeld e Ao Amw,

Ao FZuE, o B3 FAL AT FHHe 12 2 Aol

o

N —
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B 3-1-29 A dA e e rel whE Ralg, feld T R FAYSEE § orlole
e
Pretreat t
e re.a.men Liquid fraction after oxalic acid pretreatment After SSF process
conditions
ion  Acid Degradati Ethanol
Temp. Rea.cmon CCI ceracation Glucose  Xylose Furfural HMF Ethanol Aalr(ljo
¢y tme tom o ale o @L @l @ .
(min) (%) (%) (%)
31.77 022 935 0.00 0.00 4.44
140 10 1 0.31) 00D (006 (0000 (000 (01D 6.06
4158 047 5.16 0.15 0.01 7.80
150 10 1 0.10) 004 (002 (002 00D (021 9.11
43.48 073 7.07 0.36 005 10.38
160 10 1 0.11) ©12 009 oD  ©on (o9 L7
4356 0,89 6.46 058 0.11 13.22
17010 1 0.12) 005  OI1D 006 010 (018 1492
43,04 1.04 6.47 0.94 0.14 14.24
180 10 1 (0.09) ©07) (012 (003 o7 (1o 187
4797 118 5.99 133 0.17 14.83
190 10 1 (0.06) ©100 (009 (003  ©ID (019 1647
4796 095 355 281 050 15.83
200 10 1 (0.09) 009 (005  (0.10) (008 (022 1768
28 3-1-43. §AY dAP vreend wE B, §9 g 2 SAgshE S onko]
NEFE &
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71 Aol A Whe2E 160°C7HA] Ay i npo] el ghE At RheS Tt mobidl w
gt A SUhshE e dERgT (18 3-1-43). BolAoR w2 % 170°C7HA] HHe e n
10°CH ¢F 3 g/L A=A F713tel nlo] Qo ghg AAbeS 170°C o] oA 1 F7 o] wh&&

1 g/L olgt= ZAadAvt. & AF ol Huol ¥k 200°Cell A A 27t
Fe A vo]ogs Aikgko]l A& FUFekE EEe HAOU, I o] W EE
Ael W) FEeR wtoem HIE FI8Y o gldv AT Aol vjwsiEd
Xuebin Lu 5 (2009)¢] Q7oA = 4b SejE o] &ate] ¥hE% 180°Cell A FAthHE A
Yatale A4 200 go FAHESTEH 28 gof vlole oE &S AAMPvial WalEgl o (nlho]
Qo EE FE=140 g/FAH 1 ke), o)== %7 AR glucoseE 405 g, xyloseE 37.7 g &
Hlgle] 2 Aaqit) (nlo] o ehg WS 48=3406 g/glucose 1 kg). ¥rd 7] A3 A=
EYZ nlo]eogs F& (W% 180°C)& ALl EA 1575 g/f-Ad 1 kgolal, 7]
Aeh el glucose (45.68%)7F SAG3IEE & HEHA| FhonzE BF npo]Q oghs g
ARSI AL TP 7 3448 g/glucose 1 kgolth whEbA fiAld] #ab Srjrivhs oxalic
acid Zvfjoll && Ax 27t FANZAE nho] ol eh&-& Al delA o A o] Sl

Xylose®] 4-%, 160°C7HAl AA gl wg2w7F Fotgle we} el o] Yo o] F7iet
7 160°C o) el A= AAs] Aasks Aoz d@dH A (g 3-1-43). E. Himmel (2008)
<, AYAA & 25 (155°C ool A= Alzto]l Adol wi} xylose Yol #AAaH il of=
xylose”} dehydrationo] 283+ sl UAHT} % oUYAE &5 RolA furfural= ¥ 3]
7] wiZeld, wEkA furfural F S7FsHA #
xylose7} 7423 Ao & AR, AthA o R furfural @ HMFE 200°C7HA] 8H&& %o o}

Qe whet Fohstgon, 1 Fobe (Es) J1eDel AYE FAT + AN

2

Fﬁi

i
&_,

s
=
E
Ay
o
M
rlo
rjg
rO
o
hu

Y 3144 AR wbe el wE FAE T o A4 W

AR wbgmel wEb dA e § e SAFETE § AFEE Aboldl FaE <]l Aol
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b

E 2t (29 3-1-40). 53 & W emda ARt G55 Aol o) T :
e wgEd (@ad), S ARt ARHE B0 o s A5% 9oy 5

Hojuhots e HAAEES ol WobdA Mol of FeAE Ao Ame,

iz

2]

B

ke
T

o

AR E § ovpolooBEe] AAH ANFEE Ae FAE E FAbe] A
3-1-293F Zuh. @A 27 AU ARFE b 1681726.22% = UERTh Bk
1407180°C Atelol A& Wh&2m7h Fobol] whe} Fe ZhAbgFo] At o, 180°C o] %9
W2 To A= FabEe] oF 168% HAEZ A Ao FATHQ] HolE Ho|x ekl
olx= 7] WAE & wa& A 1ol A= el gl dASA 7
A AP E FAHE do] A YIS THY W, oz FHo &
B

AEEe S va Aelrl AN F3 @ dRE dgd agie] L 1807200°Cel A

i

=5
w
—
N}
L
=
2
—_
j-
o]
@
O

£ 3-1-30. FAW AHY WLEe] BhE FAYHLE T A D LA YR

Pretreatment .
. Residue after pretreatment
conditions
Reaction Acid . o
Temp. . Residue Holocellulose Lignin Ash
°C) time Con. (%) (%) (%) (%)
(min) (%)
140 10 1 26.22 (0.10) 65.21 (0.02) 31.64 (0.01) 3.15 (0.01)
150 10 1 23.01 (0.12) 49.11 (0.04) 47.15 (0.03) 3.73 (0.02)
160 10 1 19.98 (0.09) 41.36 (0.10) 56.12 (0.02) 2.52 (0.02)
170 10 1 17.32 (0.09) 29.18 (0.21) 67.34 (0.06) 3.47 (0.01)
180 10 1 16.86 (0.13) 21.29 (0.18) 73.82 (0.06) 4.89 (0.05)
190 10 1 16.77 (0.12) 21.77 (0.11) 73.27 (0.04) 4.96 (0.01)
200 10 1 16.81 (0.12) 11.42 (0.11) 82.16 (0.10) 6.42 (0.02)
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Mo BE F wsemel uel nelodwe Al g 2 4% vHOH wgARe
107208 2], % = 172% Apolel A maA9) AXYE AT HAHPol wRHYL
ololA AAY WLE (1407200°C)9] WE Hlol oS AT W LTI} Eobgo] uf
@A ol oo we GakFel F/hshE ATS e 2
of AadtE B PO B A@e) H wgewl 200°CAA A ol eolwhe Bk

F (1583 g/L=1768%)°] SAHACE L3 Ax g w27t 2255 nolodgs Ak &

=
o
o
y

<
=
—_
g
(e
@
s
oy
lo
rE
oo
o
o
2
>
rie
of\
N
N

B OAgE 27 fAUitE 4AF e A WLl 200007k EehAW %7
28k (6779%) 3 vlszetAl Foteklvh wEbA 9o AxE Rz mlo] Lol Aty FA
of ZFAQ FAb o] g - Wyl - & T B WGLE 180°C, WA 108, 1% oxalic

428 FAsHs Aol B 4E WA /b mtHe 0oz AR,
¢ 5, AAe g en wE vlolodge 44 HAPS doby] AsIAE 200°C o]

Aol AR APol FAAoE e, A4 AR oG] A% AU BHL BAY

AW E AT AEZE, FAF AL e 2AE HFAHoE Ay FAE €835t 32 F
AFE¢l fA (glucan  45.68+0.08%, xylan 33.130.
1.08+0.13%, 3]+ 6.91+0.02%)E AH&3Ial, dAg =718 24d3tm o dAZE HA5HA

e 54 UBE v s

1) A= =2 g
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h FAAE

AT FAAEE AR A UiA el A A F e - Ag (Brassica napus L)E U
TUstw = RE Aol AMESAY. fAldl= A8E Hr] (Cutting Mill pulverisette 15,
FRITSCH GmbH, Germany)Z ©]&3to] 40 mesh °©]3lE £33t 949 ANge S~
g xHue] o} 10% v|wte] SpEg R AF2dA] naEg o AE Ayt A3l AlE

ATt
() dAE 54

A g 28 bkgr)o Al&E 0.2 g3 sulfuric acid, oxalic acid, malic acid 27 0.5, 1, 2%
T HwE 5 mLA Flstel v m 120-190°C (V&AL 108) 014 AAEE FA5

Oh ol DA WA Zell AT A et
(th Zsf& ALt

HE&AIZbe] FREWE FA 0°C 27| A 10w3F W¥Zbskd i, filter paper (No. 2,
Adventec, Kyoto, Japan)Z of3}ste]l dAgd AHES 105°C S804 H=xsat. Edl&
(degradation rate)< %7] F3AH A5 AAFeFel 3t Add {14 A5 TS H4Al

E=Z FAsto] Aibstd o oot 2.
Degradation rate (%) = (WO-W)/W0x100 (W0: Z7] fFa1the] A4 F3 W: A5
() & 2 F #aikE HPLC +4

oAt BB 1 mLE #3e] 045 ym membrane filter2 o343 & High Performance Liquid
Chromatograph (HPLC) (HP1100, Hewlett Packard, Palo Alto, CA, USA)E Al&3lo] & &
A AE shake B39t (Eluent: acetonitrile: 5 7 <==75:25, column: Aminex HPX-87H
column (300 mm x 7.8 mm, 5 pm) %3+ Sugarpak column (300 mm x 6.5 mm), Flow rate:
1 mL/min, Refractive Index (RI) detector). %3+ Ton Chromatograph (Dionex—2500, column:
CarboPac_PAl (4x250mm), flow rate: 1 ml/min)E AF&3le] F89 d#e 2430 3

A atE Aes 3 EFEEAZA] furfural, formic acid, levulinic acid (Sigma-Aldrich, St.

iz
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Louis, MO, USA)E o]

(2) 43 2 @

(7F) Glucose @ &A=

o
e
32

AAe A3, whg2h " s wel R4 JhrielE Wl glucose FFEFo] 4
o oo we} EAQ glucose 3 F712FQ) levulinic acid®} formic acid $H= =3t W3}
stAY (29 1), A wemrt Sl wEl glucose $HEHRE S71eHS oW, sulfuric acid
o] 7% glucose THFol 0.67-1032%% Ak&€d FHvf 5 7P 2 S UEWT (29
1-A). o= & =R WA glucose’} vHE &= &5 = FHY glucano] 7hE 8
Zo] glucose?’t AAEE oko] wry] wiEo=z AT HAUE Levulinic acid 2 formic acid=

160-170°CH-H H &% o] sulfuric acid, oxalic acid®] A% FH | 5.94%, 5.15% = e

»

18 3-1-46. Sulfuric acid % 2 Y& 5o wE A4 U glucose @ E&AHE 3HE
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18] 3-1-47. Oxalic acid ¥% %2 ¥k-&2%o] wE A4 U glucose & ®34tE &

| FEo welA = sulfuric acid®] A-F 1-1.5%AFo]ol A glucose To] 543 5713}
= EES HMa FR7F S71ske] wheEl levulinic acid ¥ formic acid $HEe SUlg % ol
A= 2SS YErdY (28 1-B). Oxalic acidell 9 &A= glucose draFo] <hutslA 73k

gl levulinic acid ¥ formic acid S-S v % 1-15%AFo)ol A F243 F718F oy A
Aoz dFkos =& e YEtWY (U 3.83%). Malic acide] 4%+ 2 &5 9 ¥
= A o)A levulinic acid ¥ formic acid’7} A& A kil =022 5-HMFEF 3ol 5]

=
o] B 70| glucose At TR X3 Aoz AztHEY

R

18 3-1-48. Malic acid ¥ % % wh2ewo] wE AN 1 glucose & H3|AHE 3h

(W}) Xylose & # A&

Hhero] wel A sheRelE U thde] xylose’t AEHACM, sulfuric acid®] ¢
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150°C F-oll Al 13.45%, oxalic acid®] 73-¢ 180°C HF-toll A 1834% & Hth xylose &S H
Art (ZE2-A). APATE FaslE o, o] A xylose’l furfural &2 A= o]
xylan®] xyloseZ 7[5FE8 5= dry BolxdA Yevs dAHCRE ARHY, A7 7 F
el 28] xylose dr#Eo] Ald 713 malic acide] AF B 2= ol (>190°C)ol A
xylano] 838 a5 dAR vErd Aoz o3t} Furfurale 160-170°CHE #HZE5

-]

3], sulfuric acid®] - 170°C o]*ol A furfural $H=Fo] H o 6.99%7MA w5389

L3l

i

xylose St 3.93%7FA A4t 71 e furfural A8E&S WY Sviz o webA=
sulfuric acid®] -+ xylose $t#o] Ay E EFHvjs® 1-15%NA4 furfural FH%E 539 S
o H 521%E YT (282-B). ¥+ oxalic acid®] A$ EWisE Sk wE} xylose,
furfural &#e] =% Z713819 3L, malic acid®] 4% 1.5%°A xylose g#o] HNE WY o}
furfural a2 2 W oA Folv|gh Zo]E oA o} Fujwmed old Wi Gl

qo How Almgrl

=)

-

218 3-1-49. Sulfuric acid 5% % ¥rS2%o| w2 oA 1) xylose & E3AHE

o
o

18 3-1-50. Oxalic acid % 2 W&o %o wpE AA ) xylose & E3|AHE &
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1% 3-1-51. Malic acid 5% % wh&exo| wE HAF ] xylose & EaAHE

R

&
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olgk A 5& W3 dAFA HAAL L4 (urea—formaldehyde,
UF), @&}9l (melamine-formaldehyde, MF), &4t (phenol-formaldehyde, PF) 4X]¢ 728
EELUs| =A HHAAE AREst] -2 AxHa v 18y HS 571 AeoR dd @
Ao JAAL b4 EebA, V1 F Wt gofat o] S e B, ELHs=A HF
Al ARl upE YT wro] Al ow & o|matyuA MEL HAAC ek #4l
7b AlEFE e o] JhHl 8 o] PR dFe 2 w4, Ak
& Hxol A A F A JAHAAE st A9 ool dFE AT,
&7 dAA duz2 A (Kuo et al, 2001; Riebel et al., 1997; Steele et al.,
1998), ®&3}E (Christiansen et al, 1986), #]Z1d (Oh et al, 1994); Yang et al, 2007,
Olivares et al., 1995), & (Barbosa et al,, 2000)3} Z& A7t ALE o] &3F= Hicto] A]
A Qo ol# sk HAA HAA= HfsteAel nlsl JA et el "ol ar,
AAl FEel A 7hAAAH ] glo] glady gdy 2 HUES o] &3 HAAN] Y959
Fwol &old 5 vl A F&stHeol e AA ol
H EA JZAZA AE (Kuo et al, 1994), U574 (Yang et al., 2005; 2006a; 2006b)3}
2 wAES ol&shE At vhA AAHal glovw, JdF AEAd AaE HoFATh 1

Hup Sl A 7] el i w2 vl g} e SRR A8 HAAY dE= A

)
d

Fu]x] (Oh et al, 2008; Yang et

=
=
v mgor tFge d8 Fur shEd f714 4

EA718e o8 ,
A%E Ak ey FRA GRAE AR 3 AFA A nFP Fae] vop
2q HAAZE Age] Hsgon, of gHAL Al MfseA AHA vl 1 A5
A e Agtenst Bad WAR FEE F/1A A7 Bad Aol ol e
FAGE ARA Aol A4E AR WA FAS Fow o= A% HAY 7 o} A=
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Q
AbEE AL gloy, wEba afie] of] Lol M wajEke] AR ste] o
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A

FrAlRS oF 3099] @A} 40%¢)

1o,

go

2] %

-
1.

o]
A

al

AL,

=

=

J- ;(ﬂ

7_51

st A

5

°o]-&

KeN
=

e
-

Al

-
1.

A 7ol A

l‘ﬁ:

3tt} (Lambuth et al, 1989).

5

2

oAt

37

(1) fAlure) o)%

ol
3L A}

K

H

—_—

o}
o}
C
o
™

Aol A
g TMS (371,

2

% 60mesh ©]

R4

Wk-S-5-5 glass filter

oz AHe BAskg o, A%

A

2 A& 0.5gell 1 droplet

ll

S
Y3 multi-block digestion

w2
[e]

€3 75 ml 75, lg NaClOs,

4

e MR B

(72%)

)
PN
a

Pt (29 3-2-1).

29
oA =
5ho]

<]

<]

e

171 %, Kjeldahl Protein/Nitrogen Analyzer=

o AHg
- 105 -

Ak WA )R
Fol 400°C7HA] <2l WA 147 Zof

80°Cell Al 1411k

(1G3)ell ¥aL 250 ml 7=, 25 ml kAl &S °o]&

<]

i
;g'_
|55 250 mle]

:F_
Al
—-l—’

<

3 A

]

=

=

X
e

l

)ell
A

I

=

=1 7}

e}
=

12!
2

]

>3

=

=

2.5g 9]

0.2ml CHsCOOH

[
A

3t} 60mesh ©]3}<]
A

5

%
L

.]

A

systemol| 4] 200°C= &



(AR A4 (g) + A glass filter(g)— A A glass filter(g)]

g
X1
AATA AR (g) 00

=

X HF BheES =t flaskE 105°Ce] QB OA] 24X 7 Hob AAA T, HYPAzl B REAES
ZA8Ht. AR 2gE thimbleo| Y3 150 ml &ZF-wlAdl (bp: 784°C, 80.1°C)-& o] &3}
soxhlet =] oA 6A17F &<t A7l & o8& A9t FtolA A AT £ thimbles AZAAA

th, A9 thimbleg A Aol H oA WA 7] L

1
At

(ld

|2 =48 %, oh#e] Ho| ojste] Ay

] AN F25 5 Bkl (g))—A3 '
2 paheE (% ) = [(AA F&55 (g);;r74 X gl(a;)k(g)) flask(g)] <100

2 FEFS AR 1ge E7RYel ¥at 550°Ce] F gtz A 347 Eeh Az

Raw materials > 20 mesh > 60 mesh < 60 mesh

¥ 321 dAaslel g faue) 9y
@ $Au GHA ) 24
fA gAAL 2AG] 9ol FANH wAR WD phenol-formaldehyde (PF)

prepolymers 7+ 7t AT-E F7HA7]7] S8kl FAlEbE 1% % 3% wX9 SAF (H:SOw

g0} 3% HE AOLFAUEF (NallSOy) 8908 o 4ste 7l58als A s,

= 500 mle] B3b = Ak ol ER oo 190ge] faiet S HIFste] 70Tl A
60%-3F 7] WSS Y YY)t 1% 3qF FERE o] &8s fAjuE UM Ee
A 140g9] FAEr " A Axvt ZA 713 dAE UE fAd s ol v v
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24-F/P PF
al

Ash
4.38
(4.54)
3.81
(3.95)
8.04
(8.86)

=1
=

Fat/oil
25.81
(26.74)
24.72
(25.62)
11.67
(12.86)
=4

3} DW-RFI)¢] 4% %<

5

Holocellulose
43.11
(44.66)
46.45
(48.14)
41.47
(45.69)

Wet-based solid content
(Dry-based solid content)

(24.06)
21.51
(22.29)
29.58
(32.59)

Protein
23.22

96.52
(100)
96.49
(100)
90.76
(100)

Total

o gtebd 27 (unit: %)

o

ToR

3.48
3.51
9.24

Rapeseed -1
Rapeseed-1I
Rapeseed
flour
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E 322 A SRR L A QA 54

RIL/PF ° Viscosity - Solid
(cps) b content (%)
D-water 100/0 1,250 hA4 26.17
Rapeseed 19%6-SA © 100/0 2,650 1.19 22.84
flour
hydrolyzates 3%-SA € 100/0 2,190 1.06 24.22
3%-SB ¢ 100/0 1,220 5.07 23.49
D-water 70/30 4,050 6.22 36.12
Rapeseed
19%6-SA © 70/30 > 5,000 2.45 32.70
flour-bhased
adhesrvf 39%-SA © 70/30 4,230 198 3387 e
resing
3%-SB ¢ 70/30 3,890 5.79 33.12

RH/PF ; +ral¥t 7443l &/PFprepolymer
b

[e]
o
i)

T el ER bR 2
A 7R S (RFH)# PF prepolymer® 2 A8 538 A 24 32,70 - 36.12%9] 1L

000 - 5000cps ©]7de] HEE Ml wehs SdAY SHAE H7ske] AHe

oo e REF AHAG ws A A et A5 Ao gad. o
3

oflt
I
=
S

%-SA-RFHZ ZAZ A% YHAe 3¢
Az AEA BA EW) Asol g Fovt Based, weld fANe 40 A5RsE

I ek WAl 488k plel A= Wete] atyHojol & Aow AZEth

Mg e pHE §% Ei /d £X 4

(2) PF prepolymer® F/P Eu]9o] 3k

a8 3-2-2% SAd HAA R Axg FdeA PF prepolymere] FE22) =9} 79
N7 I A E @ Bago] vAe e BoFa givh Ax Aol I AwA
T 24-F/PE ZAT JAFANA 714 =kow, 1.8-F/PY 21-F/P el zol7t glle
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5% & 5F(p=0.05)l 4 =}o]7}
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21-F/P 8 24-F/PHtt =AY zol7b @iyt (2d 3-2-2-8h). ol¢t #2 A= PF
prepolymer®] F/P 47} & A% w8 7=t 7taudst A7t S7kske] 244l
ol
=<

o] Aol A FTIHFeEA

FAEE JRAA R Az Fuel A fAute] s o] I AeAdE H Hakge
A Gl disl 2y 3-2-39 vEhideh Ax 9 F2dlg 2ol 9 Avdn:
DW-RFH H&AlA 718 E=koew, 3%-SA-RFH, 3%-SB-RFH, 1%-SA-RFH <o|%lo. v
(gl 3-2-3-%), Hi3&2 3%-SA-RFH7} 7} E=kew, DW-RFH, 3%-SB-RFH,
19%-SA-RFH 02 XA} (28 3-2-3-3)).

F719F & A3t DW-RFHO) 4% +%4 22 unfoldinge] ¥oivbir, 3%-SA-RFH:= 7}

TRl 93] EAEe] A FolEHA W #5577l =EFFHo PF prepolymerset &
Aok 7twAdsts A3 AUHA Foll A HA kel HAAI FAHEA HFH o

2 Theasli=el vls) A
. AR 7R cysteing disulfide A3Fol Fol X WA, PF prepolymer®t 7t ZAglo] ¢
olubA Art wetA] DW-RFH %+ 3%-SA-RFHel wl& 7twdst 7ls/do] = , A%

FobA 3
Hom wAwel & Frstel AUA BA 24 Wz ABF AT/ dojupd Yol

. 9H 3%-SB-RFH®| 7 #31te]

HiL)
s
_{
_1
_?L
poi
O
FU
ox
N
o
e

DW-RFH 3= 3%-SA-RFHC| H|a] <1 dAdds 9 Hago] v Zoz Azgr
(Lambuth et al., 1989; Van der Riet et al., 1989).

oje} Z& FEL 3%-SB-RFHZE A Zx3g o] x5dds|= Wbge 7t 2703

AEglo] ml-¢- wekiEd], ol fFAvF VMRS E 3 PF prepolymer ZHol 7tawZAg AwvF A
A S7tE o= HAAY Aol Axow, Ador 7huwAG ol FolshA X3 72 ¥
L =rt Aidoes Aoy Ay HA ek 4 gl

g 1%-SA-RFHZ A8 J&3Al= 7 v8 J&ZAoe vlsf 433s] =kow, o=



A ut

= o
= I

Fo}, whelA] DW-RFH ®3= 3%-SA-RFH

3
T

Aow 4zt

N
o

|ODD-water H1%-SA 3% -SA M3%-SB |

Wet

Dry

e
<

/o. _/o. _/o.

AN ULU/JO) Lidueas teaus

0.0

Test Conditions

|OD-water B 1%-SA @ 3%-SA M3%-SB |

Wet

Dry

©6) ®N|e) POOM

Test Conditions
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prepolymer?] &9} AFagle] ¥ e FASAT ol 2L Aap= HAA ] A A

A o] BEA x4 fEe HFet Ay #Ho] e AR AA4dr o F 59 DW-RFHS

N
0
e
3
e
ey
g
[0}
fo]
g,
<
3
@]
=
bt
PN
2
=
T
4

AAA S AL EAgko] 18-F/P ®¥ 21-F/P PF

prepolymer = ZAI g JHAA G Z7] o] Aty Foll AdF HFI dojubA] &of <l
5

=
rE
=
il
w
Slg
wm
i
=
T
s
rir
T
%
i
I
o
o%
o
“
i
X,

[ —o—D-water —e— 1%-54 —0— 3%-54

100 I}

¥
E

<

I
o

Wood failure (%)

00
/

1.8 2.1 2.4
FA/P mole ratio

29 3-2-5. A AAAE A e S8 JAdEE 2d) ¥ sag(obdy a7l

e speRE 2 Evle) I3 a3

a8 3-2-5% oudt fute] spRE XA A PF prepolymer® F/P EH]o] 93 Fu)
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oMol Qi AdAdE H B s HoFErh 1%-SA-RFHE A|x3 3o
of ZF#glel ©out, DW-RFH= 18- ¥ 2.1-F/P9

PF prepolymer®, 3%-SA-RFH= 24-F/P2] PF prepolymer® ZA|3 HAAE o] &3lo] A
Z3 Jhol A 5 A AR E e Haes VR Ao ® UEET olet 22 A=
I AHE FEo] Q= AoE Ay, wEhA

AA7 B Y2 443 A5E 96 LRe BAFS zAsE A7 Bed Ao 4

AN QAFE wpeh ol QA FA

iy

% 3-2-62 FA HAAE o835t Az T AHY XEddd= Wby AdE
HolFEt} 1.8, 2.1-, 2.4-F/P PF prepolymers 2 ZA3F &4 ¥E2H 3= Hhatere 7H7)
0.64, 142, 359 mg/L= ZA4Y% o, welA PF prepolymer?] F/P =47} F71ghel| ue ¥
FddsE AR S s A2 YEsY. 53] 24-F/P PF prepolymeret &7 ZA S
A HAAL] ¢ 3%-SB-RFH=Z A% A& AQstil B8 o LFLH3 =8 W

Aeh Aow AR ol B wule] TRAHE = GAA 2A6] ALgH

—O—D-water —@— 1%-SA —{1—-3%-SA ——3%—-SB ‘

6.00

Va

0.00 t .
1.8 2.1 2.4

F/P mole ratio

HCHO emission (mg/L)

off

a7 3-2-6. A AFAAE Az Fae

kel

S R RS

e
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S fAfEke] Thpdita] o] wE ¥ ddes ks AdE B 19%-SA-RFH (2,65
mg/L)% 3%-SA-RFH (258 mg/L)& ZAg HAA A 714 B ko] xS =F 4
2bete e, DW-RFH=Z XA H&AAE 159 mg/LE  94Hste  1%-SA-RFH 2
3%-SA-RFHel| W& w& oz
3%-SA-RFH®} PF prepolymer?t 7Fuw A3 Ao &3 {40 nAsgd i fu XF

=

dHsl=e] Frt= Qe 7]ql Al

roi

H 3%-SB-RFHZ ZA3 J&ZA A 714 w2 do XE4HI = (0.72 mg/L)7F W4t

i)
32
rir

d], o]& Aot EFo] fajute] whuld SRS cystein® disulfide 23S &
3

o
iz}
>

A E #5719 PF prepolymer’} 7w ZA3be oz ] X5<Hs=e o] &

Y
ﬂ

dasglon, Addor LUt WAkl =ZA HAd Aewm FAAY
(Lambuth et al, 1989; Van der Riet et al, 1989). WA X EFL 3= Witas A 787
A&l F/P =¥7F @& PF oprepolymers HEAA XA AESHAY FAdbE DW O EE
3%-SB= 7t whgEe JHAA A0l o]gslof & Aem A, o AiE E
2 KS M 1998-401A 4% EOw9 ¥5LHsl= Fw WiksF (05 mg/Loll H3h7] 918

QA Az D AL z2A0 el R/ A7sF Bed Aew AT (AT, 2006),

SA- X+ SB-RFH®} PF prepolymers= A8 Ak H2A = 7hpia] 2o ot 3
Lo} Ay ShEFo] Aolrt wAstglew, 58] 3%-SA-RFH$ 3%-SB-RFHE ©] &3}

Z
ARt AL Ay we gD Gl diE AR v ARR gl Awdn AE
e =

do
i
L)
lo
)
BN
Mo
o
BN
ny
=
=
It
2
i
ro,
o3
ol
o
NE
us
o
o
rlo
W
Bﬁ
wn
7
=
eS|
T
L
-/
=
=
eS|
T
=
>
B

dkom, vLoR 3%-SB-RFH, 1%-SA-RFH < o|dtf. X E2H3= w9tge PR
prepolymer®] F/P En]9] &7} A Z71st9l o, 1%-SA-RFH®F 3%-SA-RFHE o] &3k
HAA oAl DW-RFHE o] &3 HFA AN} %& ZAo= ZALE .

31 3%-SB-RFHE AM&3F H &A1 49 PF prepolymere] F/P En]o] 243glo] 1.0mg/L

olste] LHAUH =T WASE A0E A FAM HFA LHAUE PAF A
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G el Bupge KS F 31019 BE gkl #ak HA #4210 06 N/mm’e 50%E %38}
dom E3F 18- = 21-F/P PF prepolymer®t DW-RFH 3= 3%-SA-RFHE o] &3}
A JAHAL] A v e RS Bvh B3 LELHs| = WAk 1.8-F/P PF
prepolymer$} 3%-SB-RFH 3 DW-RFHZ XA3 H2AAZ A
M 1998-4 4] A EOH (0.5 mg/L)ell A3t 235 HojFArh
A4 o7 1.8-F/P PF prepolymer®t DW-RFHZ ZA 3 £
AAZA o AkE g HY o= wudd. ayy fAd JZA e AEsE 9
2|

2. Ao &7 JlFEEES o8 FuHg HFAA AR

A FIHEE Axs] 8 () il TMS (B7], Fe)olA =

T B QIRoA FAE As FAse] A& oW, HAA Azl oA FAHE AR E4

gk &, 60mesh ©|ste] EE& 87 HJAA 5= AREATE FANY JHRS faE A

£ FA Y ES (NaOH)3# phenol-formaldehyde (PF) prepolymersE 24|37 ¢3] Al&¥
oo AP R A okE Tt AREEIL

T AXE & AHER w2 ol et 92l (Pinus radiata D. Don) @30 = = 3

FAL (o)L A ko] ARRSETE AREE @e] FAE 27mmelH, & Alx

of obA FHge 5%% =T,

)
i
2
[
=S
)
ot
:

FAe] BAA w3ARE HAA AREA oF S HAS] el AE AR
%

R g d5g 2 pHE AN S, Van der Riet et al. (1989)0] =343l Wl ol 2]3
i A A A, 3E 5o 384 RS AR TH
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(5) AAAA 2 TATH 4

oAt AFEE QA (factor)i= Al F/F9 F/P E09 Al 79 fA4 7HeRdEz +
AE ol o, wEka 3 x 3 kAW 4] (factorial design)oll W AIAA WS =93}
of tloly #£4& FRhA.
=A4 Tl 2o HAEd FLHs= Aah At gk Ho]E &= SAS
(Statistical Analysis System) Z =19 o] FA T4 #+4& Fafst9om, 1 +42 95%
o AF RSN AABFATE (SAS, 2002). 7] SAA o gk 24 1Ae] FFS AR o
Folo] el oy, EAStE o7 p<0.05 oA dee woks % Fisher's LSD (least
significant different: #2292 AAES vl Wy Fol| 7174 wWol AF&% &= Student

t-testol]l ]3] 4=aY3fe] 7+ woly ] HyrA ko] zpolv) foldhx] B3}

m

o
BN
%

[ P R U T 5

(1) A dke) o]sletba A4

3 3-2-3 frAe] gehd 24 (%)

Protein Holocellulose Fat/oil Moisture Ash
Rapeseed -1 23.22 43.11 26.81 3.48 4.38
Rapeseed-1I 2151 46.45 2472 351 381
Rapeseed
29.58 41.47 11.67 9.24 8.04
flour
Soybean 37.40 40.22 11.34 552 552

kel stetd xAdE Feld A, 41%9 AATA, 30%9 @A) 1299 XMk, 9%
SEe FHeka G Ao RAHAY (E 3-2-3). fAe AW g 4

Hol vl ke WA wMd R sie] FaFol fAMS wwstel FA% ol fi= ARt

o,

o
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AzFaktl (Lambuth et al, 1989).
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A 7R el 53 PEF prepolymer® ZA8k -k Al o] AL 26.08736.12%2] 313

A A% pHAE U wob B4 GAAZ G Aol AgA %A Eue dAshE dog &

JE JHA WolA JtuAlz A" PEF prepolymers®] F/P =07} S7Fgtel wel 748t
g9 (p=0.01), °]+= E& F/P =49 PF prepolymer’} 28t 7188 & 39 7fwAdsg A
EE FUMATIAL Add o R JARA S EAbgko] FUbghel whEl A Tl HA R A
8] AFHA FeoEn dAae Aae 53

FrafEbe] JheEie] e wE dx geddAe 1 AEdE 2 BuE 2 D-water
Aol Al 7+ Ekow, 3%-NaOH, 1%-NaOH <22 A AT (p=0.01). °]¢} 722 A=

D-water A8 7l E 9 A +F24 o= unfoldinge] @A 2N B2 #7|7 &

O

H i A} O E PF prepolymers®t A8t 7hpialE Alolo] A At 7w Ao 2 RE
g Aoz AT 3%-NaOH A 244 ¢ 77, Y A= A e 2429 A
Afrae el Age] dasn fAjdte] xRS0l 7R A e A FAHol A}

o
T o] D-water FEA KNG H&AHo] vt Ao w AZF3Y} (Lambuth et al, 1977).

i
s
rO

rlo

=
=

il

511 19%-NaOH 7}4=5-3] =] PF prepolymersE H7FA] AX=7F A2A F718 0=, oyt
HAA A HEe F7le 2 2AE Fe ZA3tel wE BA% F7E v Aoz
19%6-NaOH¢F PF prepolymer= A8 H&AA oA FAp&Fo] A F7Hgol wel &HA o=

A AF7F dojupx] tdof v AR R Hiaes Bl Aoz A3
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§ 40 ¥
C
= C-
20 ¥
O 1 1 1 1 1 1 1 1
1.8 2.1 2.4 D- 1%— 3%- KS
water NaOH NaOH
Experimental factors

—2-7. AR AFAA R AT Fue] AxRdAAGGE(T-AA T e A= 5%

T(p=0.05)l zHol7} Sh5& HERd)

Ho
o
oo

Az AHelA Q4 AvgEe} Bugel fd /P 2ue sjeRe 279 43 wde o
Byge 183 21-F/P =94

D-water Z2A = A X3 oA m-¢ =& s Ho 1%-NaOH H&FAA = Ax3E 3

i)
¥
W
o0
=2
i
o
=
32
i
Ry
BN
o
fuj
r [0
o3
r
.
o
L
1o

ol A A ABHHATE A 24-F/P= A3 ol A= fAEke] sheeie 2 sl
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A7 AeS 258, 1.8-F/P 3= 21-F/P PF prepolymer®t D-water —2#] 3l 1.8-F/P
PF prepolymer$®} 3% -NaOH=ZE XA st H & Aol H2so] 714 53 Aorm FAH Ak 3
H, Fad H2AAZ 2AS BE o] AxAdH 1 ddd s KS F 3101 HE 3o
FA7E AU 9% A9 HFHFQ 06 N/mm’E A3 don, Euge 1.8-F/P =9

D-water H&Ao| A FZA7|59 50%HT =& Aoz FAE AL

—0—18 —@—2.1 —-24 |

6.0

5.0
4.0 \
2.0

1.0 - — \%—%—

Shear strength (N/mm 2)

0.0 . :
D-water 1%-NaOH 3%-NaOH
Hydrolysis type
—-0—18 e—21 {1+24
6.0
5.0

Shear strength (N/mm 2)

D-water 1% —-NaOH 3%-NaOH
Hydrolysis type

Y 3-2-8. 7}Eal2A7 PF prepolymer Z7o] #A¥F HaAAR Aze o] Axddd

2}

I
Hgme] v E A

ol
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2 1.0 d
wn
0.0 1 1 1 1 1 1
1.8 2.1 2.4 D-water 1%-— 3%—
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Experimental factors
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9
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8 40
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20 d
O 1 1 1 1
1.8 2.1 2.4 D-water 1%-— 3%—
NaOH NaOH
Experimental factors
7Y 3-2-9, fAN ARAR AZF PR FRAFADFECLAN )59 o

5% o E(p=0.05)°1A4 Atel7} && HERH)
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Hydrolysis type
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o
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1% NaOH 3% NaOH

Hydrolysis type
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19y 3-2-10. 7FeE = A3 PEF prepolymer 7o) 214 A

Aedmst )l Sua (o) Ld)ed A=
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19 3-2-11% Zrh

A=

5t
o] 1.8, 2.1-, 24-F/P PF prepolymers® =A%

ZA}E

o
i
B

)

of uel &

7

=
[}

0.43, 096, 2.73 mg/LZ, F/P¢ En|7}

=
=

o, £3 24-F/P PF prepolymer

o

e,
5

#ol Z st

PF prepolymer®]

-
1.

ojgt pe A

o2 ZAEAT (p=0.01).

o

F/P =

KeX
3L O

om F=dh Gey

A A

43

e
-

A

o]
T

i3

H] el PF prepolymer® ZA|

ol

—0—1.8 @21 —{+24]

4.00

o o
S S
Al —

(1/6W) uoissiue OHOH

3.00

0.00

3%—-NaOH

1%-NaOH
Hydrolysis conditions

D-water

]

s

F, 2.1- ¥ 24-F/P PF prepolymers

5

F A2 A A 1.0mg/L ©]

3
T

1.8-F/P PF prepolymer®} ZA|

T

ol 5] 196-NaOH9] A 3tA =7} D-watero}

A=

(2% 3-2-5), o] b= B Ago] ALgE g

39%-NaOHo¢l| Y] it 3}o]
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lo
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b
XN
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%
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EN
2
r ]
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Do)
op
r ]
2%
ok

lo
o
Y
A
o

(1) TA A=

FaAuke]l JlgEHE s AbgE &4 E Celluclast 15L FG(FZ  cellulose, ©]3}
celluclast), Pectinex 5XL (5% pectinase, ©]3} pectinex)®} Alcalase 2.4L (5% protease, ©|
3} alcalase)=ZA A el (A7), &)l FUAdte] A3 3FH  Phenol-formaldehyde
(PF) prepolymersE ZA3L7] 3t Algd dHE ¥229d FAUER 52 3fstaddd g
Alofk& Gakskst (F7], &DelA Tt AREFSAT

T AxE 9 FHE (F) oAk (1F)eNA Brleler w4l (Pinus radiata D. Don)
AEANA dard A (2.7mm*x2550mmx1280mm)-S T3k ARE-3FA T

A H2AA = A PEE BREAl A XAlsE o, FA kS PR whE-A]7]7] Hel &
2w bt e B4 Fael wE HAT EEdrsls Wakde] XolE
337 fske]l A FF9e &4 (celluclast, pectinex, alcalase)E @& = 231 74

1% Adstaon, AA AxE st FulE fA ArEes

lo
ofN
i
rie
o
W
o
h
L
U}

th 94 500 ml9] FHFFol 190g9] A BEe HUbste] S8 wukAzl & o Ak s
Zy @ #HA pH/2% (celluclast: 4.8/50°C, pectinex: 4.5/50°C, alcalase= 8.0/60°C)= Z#
ha fAdre] AAFA v AA 1% E4AE H7Fsle] RS E sy TR
SHTFRE o] &3ke] 70°ColA 603 Whe-A|Zl Theis = &3 A Aol AFESESIT
FA ZhEEE R s stuAR AFSE PRE 189 dHE (P)Y 1589 YEddi=
(F)E dZ477F Ax9 w-g7)o] ¥ar 75£2°Col| A 9087 wwkala A wh&Azl 3 95+2°Col|

2 ¥HgAlA 15-F/P PFE XA 89T 1.8- 2 21-F/P PFE #Hl&y ¥ &
d)=e BHE FA3te] 15-F/P PFe 5L3A A9 eH, 2+ PFE 159 #HE9

by o]
g 0.1=9] FASIYERES H7IE resole typel® ZASIAT A9 PR #HE 1y T
TS 50% 9o, A= F/PY =ulo wpe}l 30 - 150cps= SA UL HF:doz 1y

B gtES vl o® 70%2 Y R s 30% PFE ¢33 70°ColA 1083 &

vy wyrsleA fA G AAE 245,
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FraE HAZAA e JFA S 2L s W ES nuE I g RxTEA LAFX Y HAE
FAR A AAAE P Az ol g 2AFA66% LY T, 250 cps) 9t A
AR (50% AL B e 200cps)E ZHb () EFT A (gAE, A9k o] AAaky] (1)) A
T ol ARgE on) WUV (wheat flour, WE)9F &4 £ & (corn cob powder, CCP)
S 47 2AAY FHAZ AFESIY] 245 2 deakex] HAAE AR, 4 T
& HAAE 80% L4 i HEASR] 10% WE, 10% CCPe) v &= ZAstgon, 245
A AAA L AL AFAA AL dA AFAZ 5mlel NILCL (3% 10%)S H71ste] A 2A
AzxE A=t
E 3-2-5 FA Rd SRR o8 ol dke] 2AG HAN FAA L 54

Type RILPF® Viscosity oH Solid content
(cps) (%)
DW® 100/0 1,250 5.49 26.17
CEL* 100/0 820 5.12 27.13
) PEC® 100/0 890 496 27.22

(oI RE] P

AT ALC 100/0 1520 765 26.80
TallE CEL-PEC? 100/0 730 508 27.29
CEL-ALC? 100/0 790 767 27.08
PEC-ALC? 100/0 820 774 26.98
CEL-PEC-ALC? 100/0 690 7,69 27.26
DW 70/30 4,050 6.72 32.21
CEL 70/30 3.420 6.45 33.07
PEC 70/30 3.280 6.41 33.82
Uy ALC 70/30 4610 871 33.12
2 A CEL-PEC 70/30 3,690 6.29 34.19
CEL-ALC 70/30 3,120 831 33.87
PEC-ALC 70/30 2,980 878 33.81
CEL-PEC-ALC 70/30 3.230 872 34.62
Q2FA A 2A 730 5.87 65.17
) 552 2] 3 2 A 660 831 68.42

a

RH/PF -x]8t & 471 #31%/PF prepolyme

PN
T

=

=

DW: distillated water; CEL: celluclast, PEC: pectinex; ALC: alcalase.

FrRel e o) A8eA

Fd

o3 =&} #H =9 ZH]7} 1.8¢] PF prepolyme®t 38t & A7t RslEE A3 H2HA)

N

=1

() Fae Ax d B4 49

ghjolef 9] @& 450mm x 450mme] AVE A3k &
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stgom, At

<]

&
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& A

b

°©
T

[e]

| el Aolt

7

=

=

of ¢

i

tohew, v 10789 A

oAl 3AIZE A
+d

5
20
j =4
3

<]

ML

NA

)=]

TR o2 p<0.05

(factorial design)
3]

O

HieEE 3
A
4

pelut.

SERRAE BIEE

<]

5

4 o2 60°C
f Al

I

il ZAPE oY, A

3 x 3 AR FE
Al F7Y PF Alzxd AMRHE F&F P Zu|e) A =

Az el A

I

I

gtol A 7)) Al

5

ol

o ]
4-% Fisher's LSD (least significant different: & 2] 2})

o

3

i
SAS (Statistical Analysis System)

o A

1o
-

H
Al
Student t-testel] 2]

1.

i

H

-
1.

3o} Imm/min @]

il
5
HA 1071 €]

deoly

o, 42 95%2 Aol A

a

(€]

o]
QIA} (factor)=

=

=

e KS M 1994-49] 4ol ube 244170 B Aol o] e
o] AHgs]

ol

=<

=2 ol

47
.

70°C ==l 2413k

3101l Al A

i

o
—
o

<

iz
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E  3-2-5%  FAur spEeE(o]s RSFH) 28]ar RSFH$  phenol-formaldehyde
prepolymer(©] 3} PF)Z ZAg fa1uk H3A o] AAe Ak Ayjelry, WA RSFHE 313
RS 2617 - 27.29%9] ®flel Ao, pHE FAHe] JtEEaE 3] AbEE &4
HA srgzxAd wel 496 - 7742 JERETE Pectinex(o]3l PEC)2] A HA A3tE 98
pHE 45%, alcalase(©]3l ALC)E pHE 8002 xA&oF 3= #AE PECY ALCE wh&A]
7 RSFH9] pH¥E 747 4963 7.652 24 = S ch

¢ RSFHE #=E W, celluclast (©]3F CEL)¢t PECE @502 A3 CEL- H
PEC-RSFH®| HE+= FRFE o &3td 7tw3] A1zl fAd 7krd3l& (o]3 DW-RSFH)
Bl yrorow ALC-RSFHE #H X DW-RSFHEUF ¥E9ti=d], o9k 2 Ad= ALCYF
AEE ol =R 3 @ E o] peptide 23S A@sty, HA 43 Ao w Wiy 98] pH

=2 Q0o XAFHA HAfa 71 422 i} s gego ey Al S8 Aow

N

Ak w7 F5e EAaE oAHer WeAA  FHE ksl & (CEL-PEC,
CEL-ALC, PEC-ALC) =13l Al &4E o83t wAA ez vheAzl fadr 7hpisls
(CEL-PEC-ALC)®] F%3= DW-RSFHSE Hlawste] 7] Fashs Ao A Q.

e JAA L 248 B9, resole B9 PFSF W&o 2 pHE 629 - 8812 RSFHe

Hlaske} sl er, 50% ool nYw FHE BAE PFE RSFHe H7bdo=x 4

frafel H&A o] A EE RSFHO PR 7tunkgo s AAA o=z FF3taded, & 9
ALC-RSFH¢} PF= zxAE HAAY #H=7F 4610 cps® 7F4 =93, CEL-RSFH/PF<}
CEL-PEC-RSFH/PF2] # =7} 747 3420 cps L8] 3 3,690 cps® & oz ZAHgon 1}
M A]3= 2980 - 3,280 cps® ALC-RSFH/PF, CEL-RSFH/PF, CEL-PEC-RSFH/PFol| H]&| vt
S AEE 7P Aoz ZAEQ o9} o] FA vhgiE wide]l whE fAluk H A A
w9 xpo]E PE9F RSFHO| 7hawd gt Ameol Apole] o) A3z Aom F3EH, o] &
S TRty fste] A fAd JAA e RS SAe Aot EATFTY] AAE WelE

al

ATE FFE FAsor T Aow A%



o
o2t
o
i

I

= DW-RSFH/PFZ A Zx3k shaka} vluste] a7 v Zo2 A S, ol&

do
Wi
=
=
o
N
=

FEIHAE 5te] W Fo) EAE AEFoRMN fFAUrY RapiFo]l AA FAad)
=

Asabgel ] GAAL BA 24 R Eshl ATHORA T4 Pt

by
o
o
X
(o]

Azrgiet. o= 3 3-2-50lA K mpel o] fAMbe] maA vleRdAl=R AT HHAT)
AR kel A DW-RSFH/PE$F zbol7F 7€) glov Hmrt gttt 23=25E U Ao
2wtk ey FF ATz o)eh o] fAuk FEAA S HA el AF Axe FAe
o] #AZ F38l7] §5ke] RSFH/PFE Alxd ko] HFzeo) vjA 2o w3 w432
#zo]l das Ao A7ETH

FrAEre] RS ko] AMgE e FRe wE fAur JZAAY JAT Aolg 1
g 3-2-12¢1 e CEL-RSFH/PF2  Alx3 e Ax AAdAdAd ZAn:
PEC-RSFH/PF= Al Zx3- o] Adddd e At o= Zolrt gle Aoz FAEI
(p=0.22). Z18} ALC-RSFH/PFZ A3 e Ax
PEC-RSFH/PFZ Alx3k Fae] dddmrmet shorrt (p=0.01). o] 22 A= 47|
of 953 nle} o] CEL-RSFH/PF, PEC-RSFH/PF ZL#]il ALC-RSFH/PFe] EA}3 #o]
oA 7]1Qshe Aow Az} (F 3-2-5). F ALCOl 93 fajute] spi= PRe 7t
AFS 3 F dE B #5712 wE:APoZN ALC-RSEF/PFY Ex}#eS CEL-RSFH/PF,
PEC-RSFH/PF# H|aste] =23, wepx]  AspAle] Exqzdo=m  HAAe IAF7}
CEL-RSFH/PF, PEC-RSFH/PFel H|&l A A dojdozn dAste= Aoz FA%rh
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o

E 3-2-6. A BAVIFREAER A

]
el

o ZE =4

Adhesives formulation . .
Hydrolysis conditions of rapeseed Dry tensile Wet tensile
i g K . b shear strength | shear strength
CEL PEC ALC Time PF (N /mm2> (N /mm2>
(%) (%) (%) (h)

15 2.76 (1.69)° 098 (10/0)"

0 0 0 1 1.8 3.88 (2.82) 1.74 (10/0)
2.1 481 (2.14) 5.08 (10/0)

15 0.55 (0.23) 0.26 (5/5)

1 0 0 4 1.8 0.64 (0.11) 0.37 (8/2)
2.1 0.78 (0.42) 0.65 (7/3)

15 0.66 (0.33) 0 (0/10)

0 1 0 4 1.8 0.70 (0.24) 0.75 (1/9)
2.1 0.42 (0.18) 0.22 (2/8)

15 0.31 (0.16) 0.27 (7/3)

0 0 1 4 1.8 0.41 (0.15) 0.47 (1/9)
2.1 0.46 (0.19) 0.43 (5/5)

15 0.80 (0.23) 0.31 (2/8)

05 0.5 0 8 1.8 1.03 (0.54) 0.45 (10/0)
2.1 1.12 (0.12) 0.81 (3/7)

15 0.39 (0.15) 0.05 (1/9)

05 0 05 8 1.8 0.40 (0.16) 0.29 (1/9)
2.1 0.66 (0.14) 0.22 (4/6)

15 0.36 (0.19) 0.32 (3/7)

0 0.5 05 8 1.8 0.18 (0.11) 0 (0/10)
2.1 0.23 (0.11) 0 (0/10)

15 0.47 (0.15) 0 (0/10)

0.33 0.33 0.33 12 1.8 0.60 (0.17) 0.39 (2/8)
2.1 0.53 (0.17) 0 (0/10)

Urea—-formaldehyde glue mixes 0.91 (0.16) 0.57 (4/6)
Phenol-formaldehyde glue mixes 1.03 (0.12) 0.82 (10/0)

CEL: celluclast, PEC: pectinex; ALC: alcalase.

b pF o phenol-formaldehyde prepolymers
EE SR

Cx/xt ARA G/ R Adue] )

b

ShH R F R o) BAE oAdow
A Az AFEFS W AEH
Atz 3-2-12). CEL¥} PECE

(CEL-PEC-RSFH)2o.2 XA st HAA=Z Az kel Hdx <%

—_

A=

ol FRdl wEt HHAA A AUA EAE AT

CEL-RSFH/PF

%= PEC-RSFH/PFE Alx3k o] nla] Edvt. of¢F 22 AVX| &¥+= CELY PECE
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FRHAE B B #5777 =E2¥a 2 #5719 PR A4
atar, weka] HZATE BA R 3}

AFeA 2 Aol zHI Aoz AZEHY, ®E 325904 HE nHiep 7o)

CEL-PEC-RSFH/PF9] &= &4 A¥olA 7] F25 AT F AAT

A Zhankgs FomA HAA 9 Akl e

29 3-2-12. 7 A BAavleEdlER A e A=A e gE

FARE 5% Aol E(p=0.05) A Aol 7k 9l

o
<
o
=

18] CEL-ALC-RSFH/PF ¥ PEC-ALC-RSFH/PF¢} #o] HEA o2 ALCE o] &34

7hEEE S RSFHZ A8 ZAS J8A7 e Ax JdA-dGd s CEL X+ PECR

o

HEOR AE fAN AFRAER 2AT YA AXT FH AFARFE W]

off
:ll—ll

AA Eek=dl, o)== CEL %= PECS 97 ALCO Abgo] frAute] w48 #2452 3
7t eal Ao Aol A 2Aom HAAZE s FAFEE o] HAyd

2 Aztgrl. CEL-PEC-ALC-RSFH/PFZ  AlZxdk e Ax AFAdd ==

(ld

ey B
%)

CEL-PEC-RSFH/PF Y.t} w2k o} CEL-ALC-RSFH/PF 3= PEC-ALC-RSFH/PFY.t}= %=
*=l, o] A¥= CEL-PEC-RSFHO| AU =] &Iol|A] A58k nfe} Zo] CELY} PECE ©]§
F fAute] TheRaiEo] PR &oldtA MtuATRE T F e Be #TVE =FEATAL
Aoz HAA 9 Aol FUkste] HAAIF HANR HRed AFE A HFoEH
Ak o2 A7bel, i1 3-2-501 4 CEL-PEC-ALC-RSFH/PFe] # &%
& AES 9A HAY 47 ARES EUE FAH JEAA Az gle] CEL% PECE



EAE ogsld £AAOR fANE AFRAAL RETL FHT AAA 49 2
G o20A Be RN weEE AL AT 5

1 =2

A el UH3 Tyo] di= Aoz AZHvr, = CEL-PEC-RSFH, CEL-ALC-RSFH,
=

PEC-ALC-RSFH, CEL-PEC-ALC-RSFH3} PFZ ZA3 H& Aol A$ 7[FRaE B8 A
A we AR sERAEG PF MY 7tunAdS B3 9d AsldE e oyt
Fod Aor A4, B Aol JAA ] AEE A&l A8E dgxde] dAA kA
AsE  fltel FRA ol WA Aolgkal Hozith ofo] wks| CEL-RSFH/PF¢}
ALC-RSFH/PFZ A Z3F 3 AJHeo] dREL A% Addme HHo] 71e3d =, o=

CEL-PEC-RSFH/PF, CEL-ALC-RSFH/PF, PEC-ALC-RSFH/PF, CEL-PEC-ALC-RSFH/PF
3v} CEL-RSFH/PF¢F ALC-RSFH/PF®] #AtaFo] =il ZAypdo=w PR 7fwAdghs 93
=E9 w57 S Audes gagors AE 93 dluAge] HA Besi u
A edd Atz A A AR GdE Al Al 7] Aoz Azt

of AxtE Fdd FAdr HAAY EAFN FaAEE A2 2T Bl

o,

T A=

fass

15-F/P¢ 1.8-F/P¢ 2.1-F/P*
DW? 10/0 10/0 10/0
CEL? 5/5 8/2 7/3
PEC? 0/10 1/9 2/8
ALC? 7/3 1/9 5/5
CEL/PEC*® 2/8 10/0 3/7
CEL/ALC® 1/9 1/9 4/6
PEC/ALC® 3/7 /10 /10
CEL/PEC/ALC® 0/10 2/8 0/10
Urea—formqldehyde A6
glue mixes
Phenol—formgldehyd 10/0
e glue mixes

Tl R Sotom 4w

" x/xA QA AG/aeE AdHe A

¢ formaldehyde (F)%} phenol (P)2] &1]

DW: distillated water; CEL: celluclast, PEC: pectinex; ALC: alcalase.

RS B A8EA
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(}) Phenol-formaldehyde prepolymer?] < 3k

A HFAA A AR AL PR TELUB| = (D)9 HlE (P2 Sv)o wE 3
o] Az AW} EE 15-F/P PF, 1.8-F/P PF, 21-F/P PFelA 7}t 051, 056, 0.60 N/mm’#,
15-F/P9} 1.8-F/P (p=0.09) =L¥]iL 1.8-F/P%} 2.1-F/P (p=0.16) 72 #x AAZ o= =)o)
7bogldley, 1.5-F/P9 21-F/P ol BAgAoz o7t Qe Aom XA AT
(p=001). F/P E¥] 39 F7hs B& xE2d3 =7 A Ul g5 s 7S 9
nshe, weka] A3k el Al RSFHEF PEF 3He] 7t 3t A&7 Z7hE o] A% A =rt
s AoE et

AAA 7L % NFS Bol olfis 47 udd % A8 Jme] ¥

78k Wk PEC-RSFHYE PR F/P B0 E 1504 1

7hatd ot 21-F/Poll A= Az A3 AGA=7 A

Fh JZAAY EA 24 dz29] HFe WHIT #HHe] v Aoz At o5 &4
PEC-RSFH$} 2.1-F/P PFZ

A AHAARG 27] dEel] dsh HA ol A JAF7 dojupA] Fop A ARG Tt
v Aowg FZxHw uwtlZ CEL- %3 ALC-RSFHYE F/P =99 d4st ghA| Expgkol

A Fleke] AR HED FEE AAADenA AFAVEEI} 5 Ao B

TUlF A AGdAEe] A%, PFe F/P =171 15004 1.82 F7hshel whe} &4 713
59 F7F9 HdHgle]l % S ey a8y 2.1-F/P PFE A3k 4% CEL-RSFHE A
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= KS F 31019 #4732 06N/mm®e] v A=A atedvt. 2#u} CEL-PEC-RSFH=Z A %

Sl Q1 AuREE 2257 AR Azd el A% AR Holsh At A

t}. o] Axt=  CEL-PEC-RSFH$} 1.8- =¥ 2.1-F/P PFE XA 3 fx

AHAAZA AEE F vk A5HS o] FYUh

e}
&
o)
b
2L
N
s
[
ofo

TR HHAA R Az Fgee] x5S dAbE A4 ZA3HE 1 3-2-8 JERHAT
AA fajute] JFRHE st ALgH A wE ¥Eodds|= Wbk A93ks ww
CEL-RSFH= XA HAAE 284121 FHe LFEHs= Witeo] 081 mg/LE PEC-
2 ALC-RSFH® 089 2 0.86 mg/L¥ #Blmste] wgkow  (p=0.01), PEC-RSFH¢}
ALC-RSFH 7+e] ¥ E&u|s|= wWikdgkol= zol7} gl Aoz AT (p=0.24).

e

b

A Ho A Z+ZF 0.81, 0.86, 092 © 1.05 mg/Le EELH =7} Wity E Ao m FAEG =),
A7 AxE E3sd CEL = CEL-PECE whgA1Zl &A1t 7R & A

prepolymers 9t 7Fi A gto] 7bsd B @7 =E:E o2 HFF vl EAEE fE 2

E4E 3= o] v ZAlH Ao R Wt}
¥ 3-2-8. A9 @SR IHE HAAAR FZAS Feo yEodysm HAE (@Y
mg/L).
15-F/P* 1.8-F/P* 2.1-F/P*
DW" 0.29 0.40 0.93
CEL” 0.77 0.83 0.84
PEC" 0.86 0.87 0.93
ALCP 0.78 0.85 0.94
CEL/PEC* 0.74 0.81 0.87
CEL/ALCS 0.84 0.88 0.87
PEC/ALC® 0.91 0.87 0.99
CEL/PEC/ALCS 0.99 1.01 116
Urea—formaldehyde glue mixes 2.69
Phenol-formaldehyde glue mixes 0.55

* formaldehyde (F)%} phenol (P)2] 4]
P DW: distillated water; CEL: celluclast, PEC: pectinex; ALC: alcalase.
© laRa g mae] Aea
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o
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1Y
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=
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=

FF(2.69 mg/L)¥ Wl uste]
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H
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Ao A= 80(W)Hx900(Lmm, F7 7.3mm ol &S 8%t

9 3-2-14. vhRRE FHE(H 25 S, boliva -4, oak )

(b FAe 7}

&
i
:Cn)L_'4

FREE FAe) WA AuS bsAe Belsty AREad (S piol o YA
o BAE Mws] fskel AHH,S0)TH LAel(NaOHWE AHgstel Hals HAsch

AbgE gt kel o] Fris 1%0]W, T0°Col A 6013 W AIA F A JheEsl S E1l 8t

o

(t}) PF(phenol formaldehyde) Prepolymer A

4822 PF Prepolymers #l&d Y ELU3=(P/F) EWE 18 21, 242 3}
o A3t 3FFE AP, HE LELUs|=E W dAG] FASJUHEFES Yal 75°
o A1 907k 14k ¥Hg& A7l § U R FAFUEEES Eal 5% A 607 2AHE-& Al A

AP s

EER)

I

i
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(b)

7} 88 &=(a) ¥} phenol prepolymer(h)
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28l 3-2-16. FA HAA R Az Fa v

i

Alzd viFae] w8 7 A4 EAE deotstry] f18te] KSF 3111 ‘45 A3 33 22
ofg HEe A uEl deAe SASN e HAHE FA457] 98kl KS F 3200 ‘A
#o] AL S8 HYARE FAHIAY E KS M 1998-49] 2]3] dAAIHH o= ¥
23z BAFS SAAT JFAE Aol 2 24 F 1089 o2 UTM(universal

testing machine)& ARg-3to] Al@stlom, AuAl@2 HapFdd wFoz a9 3-2-173 2

O
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e o uehgAw oA
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9000
O Alkali
8000 W Acid
7000
6000
5000

4000

Fracture toughnes

3000

2000

1000

1.8 2.1 2.4
Molar ratio

boliva overlayed

10000
O Alkalli
9000
8000
7000
6000
5000

4000

Fracture toughnes:

3000
2000

1000

1.8 2.1

Molar ratio

oak overlayed
17 3-2-20. FAEE HAA R Az wpRae HH A (G N/mm®Vmm ).
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S 7 o FHA pH/&%(celluclast: 4.8/50°C, pectinex: 4.5/50°C, alcalase: 8.0/60°C)=

A G AATA o AA 1% 525 AASe] ArEaE FaAs o2

A A vheEdER 2A"d JAAES S0 Azl A&ske] Hede A 4

e £33 AAste] &

off

¥ 3-2-11914 Hi= nle} o] 4FF FA JI4E
& AAA Y YEZ AFEFAY. 54 NFEHES F o) 233 4L z3dn L

50:500. % 3l

® 3-2-11 7F5Eae] AeE mae R

Abbre. Type of Enzyme
C Celluclast
CA Celluclast + Alcalase
CP Celluclast + Pectinex
PE Pectinex

Q) T A AAL] 24

Fr&38l & PF prepolymerE &3l XA oW, &3 &2

Wi
=
ad
=
o)
b
2
rir
do
Wi
=
i)
N

&
IFHE FAEZE VFoE 70%9 fAe R Eo] 30% PF PrepolymerE % 71ek o 70°
ol A 1087 =83 wwrdle] ZA3 AT PF prepolymers EEUH3 =9 #Hize HuE
21/1 = x4dsto] zAst oM, 2Ald Pre] HF adE & s 44 50% e 1
il 65 m- Pa-s® SAYAY. HFT S FA J2AAY =4 vs #F 3-2-129 &

=

Adhesive . . .
Viscosity (cps) pH Solid content (%)
Type
C 3,420 6.45 33.07
CA 3,120 8.81 33.87
CP 3,690 6.29 34.19
PE 3,280 6.41 33.82
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(h)

(a)

18 3-2-21. #20E H&ZA 9] DSC thermograms (a: PF, b: CA).
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Moisture Content(%)=*

Test results

passed

passed

passed

passed

passed

Average

5.69
5.93
5.90
5.86
5.96

Density(g/cm?)

0.57 (0.08)
0.59 (0.09)
0.51 (0.06)
0.56 (0.11)
0.51 (0.06)

Adhesive type

Commercial PF

CA
CP

PE
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@) A AAAE A8 FRAZA A B4
b 8=

A HAA R Alxd dRdTAAY A Es ARE demsA JFAE AR Alxd
LVLY A= nwdlg w FWF(flatwise bending) Al gl A= C-ety H&AA7F 7 =&
e BojFelen, CPst PE AAA= slaaA AAAL FAEHA debstth dlessA A2
Az Az dddsAqe] fdeel ik A JAAZ Az i

olNr

Aol P v
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ol B4 AE CA-ES) AAAE A9t 25 AlEE dAsg5A JAARY =4 SAHSA
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i 3-2-16. FAEE HAAR Az ddgFAe] 24

Bending strength(N/mm?)

Type of Adhesive Flatwise bending Edgewise bending

MOR MOE MOR MOE

Commercial PF 58.3 7602 58.8 7694
(12.81)* (1247.8) (10.51) (945.8)

C 69.4 9581 55.1 7865

(7.87) (1217.0) (7.35) (578.1)

CA 54.0 7557 49.3 6440
(11.86) (506.2) (8.74) (392.0)

cp 58.7 8980 61.4 8829
(11.42) (1234.2) (8.57) (620.2)

PE 57.8 8500 54.6 7488
(9.43) (1154.4) (9.89) (605.4)

*values in parenthesis are standard deviation
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& 3-2-18 F A AHEAAZ Alx

23 &3 15-F/P PF prepolymer®

Frgol g we e vE. v

¢ MDF9] “d-&

Type of adhesives Densit M.C Bending Thickness Internal
Hydrolyzates PF- (g/cm“)y (%) Strength swelling Bonding
Concentration r;lotl_ar (N/mnf) (%) (N/mm)
atio
1.5 0.46 5.2 9.4 19.2 0.20
3% 1.8 0.46 5.4 9.1 16.7 0.22
2.1 0.51 5.7 9.9 14.9 0.16
1.5 0.48 7.6 7.8 23.6 0.07
5% 1.8 0.47 5.7 10.2 13.4 0.33
2.1 0.47 6.7 8.7 194 0.12
1.5 0.48 5.1 8.4 17.4 0.10
% 1.8 0.47 5.4 8.2 18.7 0.27
2.1 0.46 5.4 5.8 21.3 0.10
UF 0.44 8.1 14.4 12.7 0.20
@) = 7 BAE
TA A= Axd FEE A3 57 74 33E&LS 1.8-F/P PF prepolymer® %
A JHAZE AHAS o 7bg ekow 15- 2 21-F/P prepolymers® A8 % 24 o A

%o e UEIAT (13 3-2-27). S fAue] SRS 95l AgE A R 2
o FEIb FAhEel weh B4 T WFEL FrkGom, B8 3%k 5% (p=006), 5%
7% (p=0.40) el Aol7h ERIA @A 3%} TsAtelel Ael7h Qi A® 2A
ATt (p=0.02).
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a8 3-2-27. A HAA R AEd MDFe FARAE(ZHAA 71599 vE FA=
5% o m=0.00) A =] 7t d&E HERE)

Q) #4=

a7 3-2-282 fAldr HAAZ AT MDFY FAEE ved Aoz JtuAZ AMSH
PF prepolymers®] X5 ¢ds|=e} sl =4 il fAue] 7hpad 216 s d7
T9 AFgE HoEr

PF prepolymersoll Al X5 & ds| =9} #Hzo Enlof wE Axe 9&S ¥, 15-PF
1.8-PF (p=0.20) Z1&]3L 1.5-PF¢} 2.1-PF (p=0.30) o] #ASol&= #kol7t gldlen, 1.8-PF
¢} 21-PF zlelE Aol7} e o2 vebdrh (p=0.04). ]9 T2 Aie
Az 9le] 1.8-F/P PF prepolymerS AR&3= Zo] B A3 oA A}
bR H4 tarkge A Y9l Ao g Wt

S frAjuke] TR E ko] wE A% wlawol A= 3%% 5% Aloldli= xbolrb glgle
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a8 3-2-28. 3 FZA 2 AFEE MDFe #7%
() dhe 3=

% 3-2-29v FA JAAR 2A¢ FHE Aaue v deed ud A3EHR 1.8-F/P
PF prepolymerE o] &3 A2 A oA 7} =

2.1-F/P: p=0.01), 1.5-F/P¢ 2.1-F/P o= Aol7} gl (p=0.39), o] 234& EWE A
b A &ZA o)A 1.8-F/P PF prepolymerE 7w A2 AREEHE Zo] B AFe] dAqt Z7ofA
FTHUE Afae] A2 2% ddES T3 JAAY Ao HA xHo 2 A7 s,
A Ao TR E 98k AMEE A H ddE]e] wRel| wiE At RdE Aolvt
Sslem (3% 5%: p=0.32; 3%-7%: p=0.08; 5%<} 7%: p=0.34), WA FA H2AZ A
3 FHEUE A8 A HAAS AHIE g ddIdS 7tuA=E AFE-E PF prepolymer

o] F/P &vle] 4 v Aor ddd.

19 3-2-29. FAd HAAR Az MDFO] WHF-A s (et )
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¥ 3-2-318 Faiut TR E =3 PEF prepolymer 7He] @7 %o ik A5 A3FS e
5

b
iz

W Aoz 18-F/P PF prepolymer® FA3F H A o A= #x)4ke] 7}
5%% FT/IANAS W AAZIF SR 7% FRelA Ha
prepolymer® F A3 HZA o A= 1.8-F/P PF prepolymer®} Aytdl AxE vehidet. 3

H, 2.1-F/P PF prepolymer® XA H&AA A= fajute] 7hpal g 9sto] AMEd At

ddEle] wEE F7HAAC wEt AR ARSI ol 9] AWt ol Ay =
S5k ZhpaElE A diol EaEe] e 9w 2 gegiEe] EXEFe]l AA A4S
HEes 45 A3 7o) J3S vH e Aow wWolth UFE AX3 THs Afde §74
T M4AN/mm 2 At A Aol wlel wlwd Eghed], vhebd faut AZAE g A
G =L IPYEE XE FHEHE AFHRS Axs7] 99389 1.5-F/P PF prepolymer 3 7ol A

T 7% ol wE=Z 7heEslAlzl fAEE o] 8SEA Y 1.8-F/P PF prepolymer &7 A&

4%6°14 6% F& W FAH Tt Es ol&shs Aol A& olzhal Ardr.

—©-15-818 H-21

[E
N
1

O
T

w
T

Modulus of rupture(N/mr)
(o)}

(]

3% 5% 7%

Concentration of hydrolytic agents used for rapeseed flour

3-2-3L. fAEr HEAZ Alxd MDFe # Aol mA= &He rieid s

14
i)

o
fol

2
o

1o

=
0 [}

) F 7

E{o{n

A JHA R A2 FEE A

[

o B4 FA ABES DRSS HAE AL Y
o} (219 3-2-32). &, 1.5-F/P9] 5%°lA 7b wol WaEdon, 7% ¥

Wgo]l =LA A3, 1.8-F/Poll A= 3%l A 5%
sttt v s T%E SRS W vA A SIS 21-F/PelA = w5 FUkek $A A

FU
_\|L
[‘«111
o
off
b
i
o|\
)
>
)
o

- 169 -



IB

olN
\1
)
ﬁod
:L
o]
i
-
X,
o
o3
o
flo
—
P
9
%
o)
T
=i
(¢}
(o]
S,
]
8
(¢}
L
f
BN
2,
)
iy
B
2,
(ld

S
>,
o
o)
o

1.8-F/P PF prepolymer} 5%9] A4 7h#-3 &
A zA £7A07 VAL PF prepolymerst 7} R e SEO] 4B F4 T BFge) Aol

= PR LT offolAM W EE Ao dAdtE

-©—-15-#18 H-21

25

é
20

é"

e 15

2 10 -

%

E >
0

3% 5% 7%

TR HAA R Az FEE A v drel ik PR X5 EHE =} o] =
-2-330 YERHSATE 1.5-F/Poll A& A
ko] 7R wRE 3%0A 5%E FVIANAE W W AR A AL 7% B R
Al ozk Fhskl o, 1.8-F/PellA & whdle] A#E eI e 21-F/PolAE 5%

N
.|_,
r

JE= 02N/mm® 2.2 UEbTh A A
o2 Mol 1.8-F/P PF prepolymerE ©]&3t HEAANA 7H =& F& Heloy 4 2 o
o Fro wWE B = Aol glo] vEwtern =z ¥El k= PF prepolymer®] F/P
2o 9Gegs W= Aoz AdArt uwer] =3 18-F/P PF prepolymerE 34k & 24

Aol Abg sk Wekst 1 PR EHlol A Theiel Aol whE Hbeidme] tidk o] &

- 170 -



-©-15#18H-21

=
o

™

o
(Wwwy/N) p

o —
o o
uo0q [BUIdU]

<
o

7%

5%

3%

Concentration of hydrolytic agents used for rapeseed flour

A x3 MDFY

A =

A

A ut

o]
T

a9 3-2-33.

oz yEykt}. E3] 1.8-F/P prepolymer

PF prepolymersol| A =7} <7}t

Aoz vhEh,

-
1.

o AA st

Hoh =9koH, KS F 310114 I

a8y UFZ A

IEFHAL

=
=

F/P #4]2] PF prepolymer

oy

ol
i
I

o}
¥
of
umu
H
U

Nfo

o A5EaA ALEE

A ut

ol

—©—15 18 H-21

<
©

(1/6w

~ 40

o
o
uoIssIWa OHOH

0.0

5% 7%

3%
Concentration of hydrolytic agents used for rapeseed flour

- 171 -



o]

i

°
pad

1o}, ciedu

A0 7 W73

St

St

P
&

o

}H, 1.8-F/P PF prepolymer®} 5% 9]
s

°©

A2 A *E

1

.
H

R}

=

=
)

A
[o]

e
-

T

==y

)
o) A

¢

Al

l‘ﬁ:

a9 3-2-34.

Ao =

2}

= Aoz ARG, A H

G

e
of
Th
H
T
Nfo

%

Nd

| ofof

1

=]
=X

o )

%=+ 1.8-F/P PF prepolymer®}t 5% 2]

0.35-0.85g/cm’e} 5-13%9] Wl 747} 1

oy

23!

o] MDF A4F

°©

7} 88 E3 1.8-F/P PF prepolymer®
Wabers 31y

14 2

f

e
-

I

O =

i

P 5%9]

°©

1

0.
H

(e}

=

=
=

prepolymer®] F/P H4]7} vtan f-Ajube] 7p4#
7] A

X

Zro] UFE A &A#A Ax3d MDFEU "Hojxar KS A% n

o] 10kg/cm’® S =

MDF9] Az A4 o] A

-

1.

g, ©]

-

AN

= e

O

2

-
5 1o

o)

S Az LojibA] 2e

]

A

Ho
o
BN
o

B

U

%

- 172 -



(1) A 7= Az

FrAe AZAA A2z AFEE PF prepolymerst 23 ARE A7) 93}
S A (S0, FASIYEE (NaOH)-& ©]&3te] 7heialE AAstlon, ALE
FASIUEFY $EFE FH4E §02 5% T%E V|To® oy, s wHe 7
& o] #

9] Al = FAFYUEF £ 500mlel 190ge] fpur s HU)s

(2) PF prepolymer®] A%

35

FeHsl =

off

Phenol-formaldehyde (PF) prepolymers+= 159 #H&3 247 1553 1.8%9)
E Y3, 159 #Hso ke 0159 NaOHE #H713sle] Resole B o= XA sAY. PF
SdHsie 2 dAFHFe] FASIEFS ¥al 75°Ce

FS 93 95°Co A 6087 FrlHow

Prepolymer A& §3F Wk&2 3=,

=
.
19
T
N
o
2
i)
T
[

A 90'ZE 1AF WhES R A

228 Wh-g-& AlA FH| AT
(3) frAle HAA e Az
FAE A ) 2AE A RS ES PF prepolymersE E3tae] A8 oW,

E3] & (RSF-AC), A4 &7 7183 & (RSF-AK), PF- prepolymers 118 #

C

-
TOE 40%/40%/20%6%2 st Ao, olgA e A& A7t 707
1087 F3] wykstel MDF AlZ& HAAZ A8shoth

- 173 -



QA Az

A ut

o]
T

a9 3-2-35.

N

R
of
umn
o
U

Nfo

S

BEA BAE A5

A

j{ﬂ_

3

NE FHE8Z AX

'l

o

™

T
i

W k7] (Blender)oll ©F 500g <] 41

[}

AE3

AbE HAHE 300mm x 300mm

b, gt 27L& 190°Cel Al 58-3F 30kg/cm® SF

shol

o] A%

%5

< 190°Cell

7

A 387 30kg/cm?

belut.

S

- 174 -



Nfo
o

i

e

o

B

g

jazel

w

o}
B
of
umu
H
U

Nfo

R

el

H
T

iy

o}

)

S 9
T -

184

3
T

oA

tgom 24

S

3-2-19% #o] &

& x
A7A B

3

)

G
=t

]
%= (65£5)%°1 A A

3 -

A

38

s

_ZTI

=
b

S

T (20£2)°C,
PSS

KS F 3200

o e 7

47}% ¢
o
1

8

=A%

I

(e}

9 4%

o A

Ao whep A4

&)

2=

Al
A

o}

Ak

&)
=4

&)
=4

3134

bl v

S

J

;OU

| Al A

5
B
o

- 175 -



3

3-2-19. T AFHe 24978 A Ed
AE e AlgAe] A4 (mm) AlgdAe] A (FHd)
2 Ad e 50 x Ze] 300 2
T 5 BAE vH) 50 x Ze] 50 2
== n] 50 x Zo] 50 2
gk = H] 50 x Zeo] 50 2
rEadd sz Wate ) 50 x Zo] 150 4
. =1 I _& 3
A =— (g/cm?)
AN wi: FA(g), v: F3(mm’)
- i%Ez;X%(N/me)
o714 P AU FF(N), L 2¥W(mm) , b AlgHeS] U¥l(mm), & AEAHL FA
(mm)
o ty,—t,
- FFEFAREE= " x100(%)
1
A7NA tp FFAY FAmm), tx 7Y FA (mm),
- ‘#EV&EZ%(N/mmZ))

o714 proubglsa Ao Hl 315(N), b AlEHE Yvl(mm) , L AlFHS] Zol(mm)

3| Alzxd U AR U3 534S ke 24 AJge KS M 1994-4
A Al T

- 176 -

of u}



o

g

a1
=

o A

o

TR

A
T

'l
i

oA Hizo] Wi

-
it

3-2-20% 2ot

- 177 -



- 45 % 2 tha

Ho FQl=

Atg

Fr A=

t

bel 71zl of

15

J} 130

A Ao KS 7]E4kel 5o]74

A=

1}
P

ojy

TR

o O
(] . o

25) LW -

= o

Aol e |

= | S| o

o0

4_1 — —
o o =

% (] —

[~

o0

—

NI

% (] —

LO

N

0

T8 E 2
< <

X

LO

W 818«
oS |~ |
B | oo |

e | BT 8

19

M o

‘o) a5 AR

= | W m o

(T G NS

p &0

Ho
o

iz

44l o) 71

ul %
=

A

o]

THE A9, 2) 5%, 7% ¢

)

1) UF : 8453 #AAAZ Ax

PF prepolymer®] =H]

=15 18

oA B

-
it

3-2-213 )
1669 %= WERstor 245x] HJAAR A

IEERE

3|

15.70

ke
T

B3 so]u]

-
1.

°f

1]

w
3

—
o

"o

ojy

ﬁo

ojy

0

w

o

H

UEtd Aoz Helth 194

il

o

o}

_r
—_
= o
v o
g1 o
ﬂ —
G
o0
— (>
! rﬂ =
X | — —
&~
o0
— oo
| % N
X | — —
ite}
10
— jop
| % N
X | — —
ite}
©
o
A
= —
=S B
Mo | X
< ol
T lw|=
s 0
=
7|
TR

- 178 -



AR

oA B0l #

-
it

3-2-223% At

135 - 18.0N/mm’Z uEdon 7% 75EIE v%

15N/mm

—_—

0

e
z]t

U
a3
I

—
o

—_—

il

-
1.

il

=
=

B

g74E= 01 - 02N/mm = e

e
-

=

A

3R

v A A S

-
1.

B

zkel 0.3N/mm” 9]

o

o}
¥
of
Th
H
U
Nfo

%

o] A wholwsl AR AN YA} FH R AN Aol

B

Gl

ojy

0

w

o}
o

ojy

_r
b= =0 %0
W 0 o
K\ S e
Hl 8B o
m
o0
T S
S
% —
o~
o0
n M ™
S
% —
o)
a
st
T E =
(=] B <
X
o)
5158
3 =)
e
Mo 1
& I s
Ol IS
3 ny
ol
w| ™| A
o

o] Az

oA K5

-
it

3-2-23¢F #tt

oy

i
=8

o)
B

FA 2 A

7_51

eSS 2] A

3 Atz
#F2 0.44mg/LE e

St

QO A~
T

)
N

A2 A

4%

A ut

o]
T

W

j

ofpy

o}
K

<4

o
ee

o
o
i
I

T
0
A

7}

|

H

g o= &

L
A=

eny

e

& Ao

s 8ok

vl &

XL
=

Al 20l A

< PF prepolymer

o] ¥/ YEld Aoz Mol I

K

- 179 -



FeR (e $me/L)

1=

B

1.
=

0

H] 3L(KST14)

EO= 05 - 0.7

7% -1.8

0.50

0% -1.8

0.50

2% -1.5

0.48

UFI)

0.44

o
T

"
o

AAAA ZA <)

2
AAe) EEFe] Utk o7

3]

A7l AlEel o

=
==

E’l—

%
AN

==
e

HzZEE Axd MDFA KS2| 7]

e

3

d

g%

i3

-
1.

= @A sl A

==
[}

ol

&)
=4

g Al

-
1.

Far

S

sl A%

W o2 KS grA%e] HA 7ol H it

=

4

o}
s

21571

Al o
>

B

A3} Que and Furuno, 2007)e] u}=

o]

(0015 - 0.05mg/m*>h #¥He] 33y

2007)°l H] =

=N
Oy

A 74 3 Sundman

-
1

0.04mg/m>he DR 7]F4¢] 03mg/L o gt

1ele} A

3] 758

|
L S

==
[}

el

A4 2.4 o]

<7

]

2
L4

Ho

o}
B
of
um_u
H
U

(5)

™
o
o}
3

Ikl
i
oF
W
H

0

K
el
=

o
X
T

o

iz

i
M
U
o)
ZO
o
ZO
2|

=
iz

—_—

-

3-2-25¢} #v}

O 3%
13:1__|L_

Aestd o

ojy

- 180 -



i+

fveel

Ho
N

oy
B

T T
©MT My
FTo AT L W
TR W EE T MWK T | o
o [T AT iR
LPFeeereeews| R |
Ed B e GAIPNE
Ho =4 o N W R
Nd Nd ~ WO R | R
® ® NEIEIEEEIE
RN EZRR D 5 | ol 2| o Mo
—T | R B X
M M B B | | N | B
= =
Xo ;|| 0| o
il
T W o
=~ ~o Tl ~o TN El E
™ T L= sl
9|l @ F TETFTS
Ho 1M
53 o
Kjo
x Jo
Hn 70 A
JJo i
7o o o o
= s G, Nlo
of | ok I

e

N
&

"
w

oy
B

= is7A

e

T
ﬁo
"
=

o]

=

]_

PF prepolymer 7} %

S

A
A 20%, L e]std

——
o

B

"
o

o &

o A Al

}

X0
Ho

b
M
()
XTI
=

]_

S

5% o°]

1.8

t 10%

o]

3
A/ el /PR

= 40/40/20

Ej

40% o]

o

o]

3500cps  ©|

ZO

e
=

=H|

7

3\

&

il

o
O

5

rveel

Ho

PF prepolymer

it
i

o

0

o A Al
o A Al

3
3

30kg/cm” )4
1-2
- 181 -

ERNIE
YA




FATY A

ol
=~

Al 37 At

=
=

Aehe] A w5k

ua

A

92Tt

<]

A}

o)

45

Fodch, 1e]a A

1.

71

A9 A=

o] &-&

A o 5

§ 37}
7F. A E

=
]

Ahel 4 b2, o -3

3

At

Aol M=

l‘ﬁ:

EEIEPICEL

O =

i

=1
=

pelut.

<]

3

s

BN
T

A A

ar

[e)

1)

BF 2L A}

5

7}

F7] el ebA 7HA

S

&

A}

Z

181 (F7) e TMS (471,

2™, 60mesh ©]

243

ERES

&

P ok (g 3-3-1).

<]

g

A}

e HAE

-
1.

A B

5

7Zh BE2 bulk® AE

Azl AbgE AT

ot
=

K
=
iz
iz

0

- 182 -



Raw materials > 20 mesh > 60 mesh < 60 mesh

218 3-3-1. Images of rapeseed flour and grounded/screened rapeseed flour.
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218 3-3-2. Images of piston-type pelletizer used for the fabrication of pellets

Isoperibol calorimeter, Parr Instrument Inc., Moline, Illinois)ol]l ¥ 3L =

in our study.
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it 3-3-1. The chemical composition of rapeseed flour and rape stalk.

Moisture Wet-based solid content (%)
(%) Total | Protein | Holocellulose | Lignin | Fat/oil | Ash
Rapeseed
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Soybean 552 94.48 | 37.40 40.22 - 11.34 552
Rapeseed
9.24 90.76 | 29.58 41.47 - 11.67 | 8.04
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Grounded rape stalk
3,327.05
747.02
428.87
133.51
3.84
2.64
1.30
0.26
0.19
0.08
0.02

Bulk rape stalk
4,151.56
2,549.55

53594
281.67
29.93
8.16
3.10
0.63
0.35
0.17
0.05
0.01

Iron (Fe)

Potassium (K)
Calcium (Ca)
Sodium (Na)
Magnesium (Mg)
Manganese (Mn)
Zinc (Zn)
Copper (Cu)
Lead (Pb)
Cadmium (Cd)
Silicone (Si)

3-3-2. Ashes content of bulk and grounded rape stalks. (Unit: pg/ml)
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o
e, fAuke] A B "l EA7]|EQ 355 (4,040 keal/kg)-S g sly] W] HEl
2 Fadu, FAg AR S 455 (4,040 keal/kg) o

T ouAA Fske] Al Az Rz AbgL AR o] slojof o Aoz wekel

i 3-3-3. Ashes content of bulk and grounded rape stalks.
(Unit: 1g/ml)

Bulk rape stalk Grounded rape stalk
Potassium (K) 4,151.56 3,327.05
Calcium (Ca) 2,049.55 747.02
Sodium (Na) 035.94 428.87
Magnesium (Mg) 287.67 133.51
Iron (Fe) 29.93 3.84
Manganese (Mn) 8.16 2.64
Zinc (Zn) 3.10 1.30
Copper (Cu) 0.63 0.26
Chromium (Cr) 0.35 0.19
Lead (Ph) 0.17 0.08
Cadmium (Cd) 0.05 0.02
Silicone (Si) 0.01 -

! National Forestry Cooperative Federation.

2 Populus tomentiglandulsa.

3 Larix kaempfert.

! Quality standards of wood pellet designated by Korea Forest Research Institute.
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18] 3-3-3. Images of pellets made by rapeseed flour (left), rape stalk (center)

and rape branch (right).
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(%)
>95.0

>95.0

>975

>975

Durability
93.0
99.5
98.6
95.2
95.4

=>500

>550

>600

=640

Denstiy
(kg/m”)
789
844
693
655
663

Heating
value
(kcal/kg)
4434
4423
4,158
3,443
3,352
4,300
4,300
4,040
4,040

=
=
=
=

Ash
content
(%)
0.97
0.34
8.04
9.87
7.27
<150

<6.00

=3.00

=0.70

8.73
11.92
8.87
7.03
6.92
=10.00

=10.00

=15.00

=15.00

Moisture

content (%)

B
&

3-3-4. Comparison of fuel characteristics of pellets fabricated with rapeseed

Standards of wood pellet designated by Korea Forest Research Institute.

National Forestry Cooperative Federation.

Iido pellet
NFCF
pellet
Rapeseed
flour
Rape
stalk
Rape
branch
Ist—grade
pellet
Z2nd-grade
pellet
3rd—-grade
pellet
4th-grade
pellet

1
2

flour, rape stalk and wood sawdust.
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1% 3-3-4. Scanning electron microscopic images of wood pellet (left), rapeseed pellet

The length of bar in each image means 100 pm.

(center) and rape stalk pellet (right).
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2. vhlE A7 W AARAS fAY A Fdo) WA JF

S

H volemavt AT FA duAPdoezA AEA AdAHY, FHE £d oy
ARl=ol A mpol e~ Z-g &3k thAo X9 Ak} Ho] FAky]ar lvt. who] @ mf
£ o] &3 Ay A 7hed BAE ] FHE gfste] aA dn
AAQ Whero]l o, e A F
I ARZA e oy AHEo] LHAWA of&eo] Hia i vt (European Bioenergy
Network, 2008). =wo] 73-¢ 2008 =A-E AFelde] HxAbgiol] ofste] ) ABlE Aikst
7] Ao, 20099 oF 9 B KRS Ao m 20124 of Sy Eom Aabake] @A FU)

sk @9 f7F 4Ed @ FAE 2 498 o

k=l
Azl A = Bl gl gk o]-§ Hold

o
K
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63% 2 A ABle] 7AAAH ] Fopx|aL glow, wEbA]l 20129 7|E 21704 HBl Az A
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AN EA T AEH I ERA QA Fdse] U 77d vES d82 AR AL
Ve As FEHITMS (FH, 47Dl Tt Adure: Agdrjees d=v<d
T, )N e R ol ARG F A AvEke Yl Az g A
AbgsE7)el kA 7S w2 EAF $ 60 mesh (0.42mm) REAE o] &8ke] At A}

gL, Ade A% ¥e F5E (F 6090 Askel FEI /AN T s
@ ol-sheta Aol xA)

FAI, A, Ase] Grevt HES 47 105°C A7 AWt 550°C A28y

& °o)gske FAsksivh A 7 eAARS by AR (dvnid, FRAERe s g,

g 3] AT TAARE 65%Y AAREH (HNO3)E o] &3te 3#& A9s =
T AES AAR & S5 848 98 2AE 7 949 AFE e wel Inductively
coupled plasma (ICP) emission spectrometer (Perkin-Elmer Optima 4300 DV)& o] &3}o] &
gtk dE W Y9 FHEe 3248nme] e @A HE kS A AATh

@) FAd el i

AR xAe) whE Avel g AEE HAS] siskel FAlUl Ul R, A 2
F7 gAoR ARAE AASAY F FAY 100gS velAd B 0, 1, 2% FE

(NaOH) &<} 750mLE H7bgk & 24, 72, 12073t

=
o
g4und FAdE SRR AR 5 713de A

FAW wEe] FAG vAE vt mE Hs] 9] weluE fAlukat Az
& Agetgon, s Fe FAH AATAS FNFEOR 2 4, 6, 8 10%2 2Rkl A
9 Alzo] Atk Wale] Aol golA HF w2l wE EA AAAY oAge Ak
s517] A3 1g9 ABE olgstel MAE Bele WY 4P R Axsgov], A8 Bl
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ko
oA Alxd dAzlel s, AuU|dE wdw e srEAE et A] A g
Hasre, 2009). odE &9
mm®| A2 A 50ge] AL FAE 00lg FE=74HA SAs] H7A

5)
Al@zlel i 27 503 d-e Fol & 5008d HEY Ade AT & Al AFskal o=

(6400 Automatic Isoperibol calorimeter, Parr Instrument Inc., Moline, Illinois)ol] %3l =43}

ATt
G) st Avd aF

At HBle] Ax o wWE XolE AlAHoR sty 9%ty dE dEY A
(FOK-100w, Fiberoptic Korea)?} A w7 (Stereoscopic zoom microscope, Nikon
SMZ-1500)2. 2 7} Z7lo| A Alzxd HAgle dEsgon, dAnjd A& AHLS 0.1g9 34
ANFZE o]gste] Z AEl oA Alzxstev)

6) 4FAA 2 FATH 1A

—

1.

Aol E WA F FFe vkl (HAu, AsEh 2 % (©, 2, 4, 6 8, 10%) 247

e

gefste] dAule Axslal, 7 dAEe] AEle] FAo] wA= el thske] FAE
A

&
8
GG (2 x 6 GUFRA), FEoR fAUe) A Agd T FRe A

E3le] SAS (Statistical Analysis System) 3Z=Z13o] & 95%2] AlZ|WH oA EA A &

2

s ST, BATH R p<0.05 FolA dTE WwkE 4-F Fisher's LSD (least

significant different: HAaFolxh) AAE 8 tFnju WY Fol 7Pg @Wo] AMEHE
Student t-testoll 2]8] z} Hitgk 7He] Aolr} F93kx FrlH oz B9
. 43 2 aF

(1) wrAg 2 v e shehE x4
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Ash
8.97+0.24
5.94+0.03
0.54+0.09

Lignin
21.15+0.40
10.82+0.17
41.72+0.62

Fat/oli
1.03+£0.04
13.55+0.12
22.65+0.80

Protein
34.36+0.09
11.63+0.15

Holocellulose
63.85+1.18
35.33+£0.10
21.48+0.41

3-3-5. Chemical compositions of the rape stalk, which was used as a raw

stalk
flour
Coffee
waste
2) &9

added as a bhinder of rape stalk-based pellets (percentages of dry weight basis).
Rape

material for pellet production, the rapeseed flour and coffee waste, which were
* Value of each constituent was meantstandard deviation in triplicates.

Biomass
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¥ 3-3-6 Ashes content of rape stalk, rapeseed flour and coffee waste(Unit:
mg/kg).

3
Inorganic Rape | Rapesee | Coffee ENplus Agro, EN 14961-6
Al, A2, 2
compounds | stalk d flour | waste g Agro+ A B
POta(%'“m 41,516 | 12,760 | 38 - - - -
Calcium 1 o5 495 | 8679 | 207 - - - -
(Ca)
Sodium
(Na) 5,359 61 121
Magnesium |, o772 | 4 462 36 - - - -
(Mg)
lron (Fe) 299 193 18 - - - -
Manganese B B B B
(Mn) 82 59 15
Zinc (Zn) 31 48 12 <100 <60 <100 <100
Copper 6.3 07 7.9 <10 <10 <20 <20
(Cu)
Chr("C”:)'um 3.5 0.9 0.6 <10 <10 <50 <50
Lead (Pb) 1.7 Trace 0.5 <10 <10 <10 <10
Ca(dcné')um 0.5 0.2 Trace <0.5 <0.5 <0.5 <0.5
Silicon (Si) 0.1 5.7 7.5 - - - -

! European wood pellet standards.
® French agropellet standards.
5 Specification of pellets produced from herbaceous biomass, fruit biomass and

. 6
mixture >.
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i 3-3-7. Qualities of agropellets fabricated with rape stalk and rapeseed flour.

High
Feed Moisture Bulk '8 . r . Ash
. heating | Durability
Rape | Rapeseed | Content density o content
talk | fl (%) (kg/m®) A ©e) (%)
our 0 6
> (MJ/kg)

100 0 6.40 637 17.1 97.40 8.92
98 2 6.45 638 17.3 97.61 891
96 4 6.25 639 17.3 97.81 .88
94 6 585 641 174 98.14 .86
92 8 6.30 648 174 98.58 8.85
90 10 6.59 603 174 98.21 8.85

EN 14961-6
1 =<12.00 =600 >14.1 =>97.50 <5.00
A-grade pellet
EN 14961-6
1 <15.00 =600 >13.2 >96.50 <10.00
B-grade pellet

! Specification of pellets produced from herbaceous biomass, fruit biomass and

. 6
mixture >.
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219 3-3-5. Light microscopic images of the surface, which was pressured by piston,
of rape stalk pellet fabricated with rapeseed flour as a binder (magnification at 10X

and 20X).
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i 3-3-8. Qualities of pellets fabricated with rape stalk and coffee waste.

Higher
Feed Moisture Bulk £ ] . Ash
] heating | Durability
Rape | Coffee | Content density content
talk ¢ %) | (kg/m?) e ©e) (%)
C (o] (]
S was (MJ/kg)
100 0 6.40 637 17.13 97.40 892
98 2 6.25 637 17.39 97.47 9.26
96 4 5.85 643 17.58 97.50 .74
94 6 540 648 1792 97.55 8.01
92 8 5.05 650 1794 97.63 7.66
90 10 495 653 18.26 97.79 7.65
EN 14961-6
1 =12.00 =600 >14.1 =>97.50 <5.00
A-grade pellet
EN 14961-6
1 <15.00 =600 >13.2 >96.50 <10.00
B-grade pellet

‘ Specification of pellets produced from herbaceous biomass, fruit biomass and
mixture®.
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3
ik

3-3-9. Qualities of pellets fabricated with rape

water, sulfuric acid and sodium hydroxide solutions.

stalk immersed in distilled

Immersed Higher
.- Moisture Bulk . . Ash
conditions ] heating | Durability
. . Content density content
Solution | Time X value (%)
[¢) [¢)
type (hr) (%) (kg/m”) (MJ/ke) (%)
No immersion 6.40 637 17.13 97.40 892
24 2.85 757 18.30 98.46 7.60
DW! 72 2.01 755 18.74 98.25 6.87
120 2.14 754 18.74 97.90 7.40
24 4.40 767 17.20 95.59 7.00
AC-1%" 72 3.25 766 17.33 95.13 6.66
120 3.50 766 17.46 94.95 7.24
24 4.10 767 16.24 95.83 7.02
AC-2%" 72 4.85 766 16.33 95.51 6.69
120 3.30 765 16.40 95.12 6.89
24 2.50 797 16.86 97.60 750
AK-1%" 72 3.75 797 16.94 96.37 5.69
120 2.55 796 17.19 95.95 6.23
24 2.45 797 15.34 98.22 7.39
AK-29" 72 3.70 796 15.81 96.62 6.73
120 3.45 794 16,15 9477 7.22
EN 14961-6
4 <12.00 =600 >14.1 =>97.50 <5.00
A-grade pellet
EN 14961-6
4 <15.00 =600 >13.2 >96.50 <10.00
B-grade pellet

' DW means pellets fabricated with the rape stalk immersed in distilled water.
° AC-1% and AC-2% mean pellets fabricated with the rape stalk immersed in
196 and 2% sulfuric acid solutions, respectively.

3 AK-19% and AK-2% mean pellets fabricated with the rape stalk immersed in
196 and 2% sodium hydroxide solutions, respectively.

4 Specification of pellets produced from herbaceous biomass, fruit biomass and

mixture” .

h AN FFe fh

G, o= Fa e A
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i 3-3-10. Effect of the solution type used for immersing rape stalk on the fuel

characteristics of rape stalk—based pellets.

] Higher
. Moisture Bulk . . Ash
Solution . heating Durability
¢ Content density i %) content
ype 3 value o
(%) (kg/m”) (%)
° £ (MJ/kg) °
Distilled
2.33 755 (c) 18.60 (a) 98.21 (a) 729 (b)
water
Sulfuric
_ 372 767 (b) 17.33 (b) 95.23 (c) 6.97 (a)
acid
Sodium
] 2.93 797 (a) 17.00 (c) 96.64 (b) 6.47 (a)
hydroxide

Means with the same letter in parentheses are not significantly different from
each other at the 5% level.

=

HE i, AC 2 AK HEle] DW Aginn wigton, ACS AK A3l Fhol= Aol7) glols=
/1\1,

g, of Aol A FAth el EA8k= e Eol=d <dy ¥
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1% 3-3-6. Effect of concentrations of the immersion solutions on the immersed for
the bulk density (top—left), higher heating value (top-right), durability (bottom-left)

and ash content (bottom-rtight) of rape stalk-based pellets.

(th AA Y Bx 2 PAAY F
FAT ZA AFH D BY §e ¥Esb Ay Fdo] MAE Jg
i

18 3-3-6
TE 1% A 20%R Z=7FAAS o

o

AT (4h p=029, LA p=008). LA A% A

01, el p=001), ol FA

A o] Aiste] b Aate weksu], Ao F
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Aoll= Akol7b glolth (p=0.40). 3] &EFS gAY w5 Frle] gk JIFe oA ko)
(p=0.15), &7 fRA vx Z7l= IEFS ZUAAEY (p=0.02), °]=
o] ESHE YEFOA 7Q1E Aae}l dddn

rir
do
)
=
lo
e

b

4 mE gge gl Aol AAel fAW WY EAA WAL 4TS =
3-3-116] vhehgich. A E R AS, 2441703 7247F (p=015) ZLelaL 72417k3 12043
(p=0.07) z¥el= Akel7} glol frAldiel RA/Igke] fAld B e) AysARe] VA JFe
g Ao 2AHG BAdge AAVI A P FARALE olsh e ARe

A g FaaArE e Aer FAAY AX7| 0 W] dAE B9, A

tRon FA9L A8 G BAVIRE AN AR AFAAL W B
o1} (p=0.0D), 12041344 AFL AL % A FH 0w (p=001), 2441 7H3% 12043
el Abol7k YT (p=0.06). o)k e Ak DA ke AAE FAY Wl AE Ak
of Flefsi), BEF QAL 7] Aol AFF vheh 2ol FH e} Vo) pEHol fAwet A

Wl ARFHE A FAAR RoE YT

it 3-3-11. Effect of the immersion period of rape stalk in acid or alkali solution

on the fuel characteristics of rape stalk—-based pellets.

] Moisture Bulk ] ] . Ash
Immersion ] Higher heating | Durability
od Content density lue (MJ/kg) %) content
erio value
P (%) (ke/m”) . " (%)
24 hr 3.26 777 (a) 16.80 (c) 97.14 (@) | 7.30 (b)
72 hr 3.51 776 (a) 17.03 (b) 96.38 (b) | 6.53 (a)
120 hr 2.99 775 (a) 17.19 (a) 95.74 (¢) | 7.00 (b)

Means with the same letter in parentheses are not significantly different from
each other at the 5% level.
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22 AzxH5 o A

o2 dAxia vt (Han et al, 2009). uhz)
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Z dyx Atg d5=2 A7 9

7FA a3t 9ltl (Han et al., 2009).
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g FAE ARESE HehE ARSI

T obd iy At A Fell A F2 AAsh= Foluf AAERe] wvslte] o] WAY 4235
Fol Hgole Estal Qe e Agte] glow A J|ARTE oldtthE Aiom A
Adew wol Au=ar gl= A AEeltt (A, 2009). 2 FA= ovtstes wEH A=
& A% ARG dREAe o TV Sojus FAA ZEA o]golhes FHd
A e R e FAeR A de] AS FEs] Srskal vk A S Al

A 20061 4,678%F EollA wid 5% AFs3dle] 2010 57959 Eom  FUIERT)
(FAO, 2012). =rujeo] A% 20079 71958 AatE o, #H2 & F7]E8 5 vE 99
kAl wlol et d AsbE 9BRE AFEEHTA 20099 1604202 Tl o)4 ST (Jeong

erldel A8 89T Yok #A KAHAN AHT F P
=

HAZ=A4E JAA duz 837 Y3 A7 = AP dv} (Yoshi-Stark et al,, 2008;
Berot et al., 2005 011). o]’d= o] @y} e {3 &S F53A T
shal &= AYEe] A BEA olgs AF I A4 AwvF s vk 2y

ol A @A7A o] § 2 AFHI Qv Fa2e FE FA THA Fghyo] o, FAE
o] =719} ¥d& B JE g ¥ ddgow IR ALLH I gl Adoly, fRE-E uo

- 209 -



o]

i

Fo}, ey

°©

1.

Acid
hydrolysis

Residues
Pellets

P

Wb Aedoew Tt

Rape stalk

=

3}

i e

A

Sugars
[e]

Hydrolyzates
Bioethanol

34

F

[e)

Rape
1

3
T

9

\

Seed cake
Adhesives

Rape seed

Qil

Biodiesel
18] 3-3-7. Schematic diagram described the process of this study.
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way

ot

A ZAEZ BHAE vialelAd 1 mlE #H3Fe] 045 pym membrane filter® o ¥3F &
High Performance Liquid Chromatograph (HPLC; HP1100, Hewlett Packard, Palo Alto, CA,
USA)E AF&3Fe] #8192 #4389} Bufferi= acetonitrile® /4% 75259 v&z &3

o] AFE39 3, columne Sugarpak column (300 mm x 6.5 mm)S AF£3l%] 1 ml/mine]

fFréom B8 AAFYa, 7 93 P EE Refractive Index (RI detector) S AF8-3F 9 th
G5 AES 93 g2Ed 24 EF sucrose, glucose, xylose, arabinoseE o] &3lo] A&EA S

2
o

sha, ol JlEoR fegel Fe AN
@) A Ax D FA BA
SRl AAE ol 3te] Walg Azsteld, W Aol AgE FAU FA Aol nt
2 40 oAE HauH] Astel 1g) fANE B Az AT A )
~E B9 A 4Pz Azsgon, 487 YT FANE o
o eEelA 3#9 HYAROE Axsarh olwA Axzd ARe T4 A Aol A

g WelN Ak 244 B 4D AT Astgon, Axd Ae] AFH Dol 747

Axd A FL (F5

1:!

Ashi 28 WE FRGOD EAFA

6) 4AAA L FAGH ¥4
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gatAatk TATH o Z p<0.05 Froll A FEFE WSS H-F, Fisher's LSD (least significant
different: &A=} AAES 3 v WY Fo| 7Pg @o] ALE5 & Student t-testoll

ol 7 gk kel Aolsk Fel@A FrhH o EAsu,

# 3-3-122 FAdE A Y (o]d DW), 2AF (o]sk AA), 4t (o]3F OA), 4t
(o]3} SA) B FASIUGEF (0]t SH) &HelA 7ledsiso] fFed Fo] 7 9 F& =
gk Aatoltt. Yang et al. (2013)¢] oJste] a€d M) A5~ Aijo] ¢Jstd, SH- & SA-#
A A BEe =2 AduEEe 9 IE S SdHS o= AR FEEHASH, T
< FRAA FAY ARET ZA vy e IE A EN fA9 AW Ui (<5%)&
WA 71 A Hake] SH- B SA-F A Ao A8l duE2N AN EAVE dve 2ES
Wt (EN 16961-6). ZLt&{u} Aol nlo] e glsolye] +4 285 93 dust 7teds
Brrslkz] f18ke] frAldle] SH- 2 SA-F A gl EAqst= Fede E4e st

frAel A Ao gste] fEdE e TR FEFe AARY T O v&E L
AAA A s AATE (F 3-3-12). o E ¥, DW-FA Ao A= o=z {89
xylose®t A& ow, AAAIZe] we} 1.3571.55% Wl #xaach SH-HA g A5
o|®9l sucrose®t EAEFF =M, I TS 14972.20%9 W E SHY =9 A A7k 4
o2 Yeyt g SA- 2 OA-F X He A= Zh7f 1.2471.46% 2 1.0272.07%9]
glucose®t A&EFon AA-FX Ao A= 3.219%76.37%9 glucose®t 0.2071.719%9] arabinose
7h EAEE AL R AT o] 9f o] FAfhe] AR A Aol A= glucose”t TEA S E A
ZHolow, uebA 4bol FRet T, HAAARR] wep fFAte] A A A o] glucose FFHEF

o vjste] FAGA FAe A shelvh

32

o
o

=] R
=

.

p
pay

(2) AN glucose FIE A A9 T R v59 4F

SA-, AA-, OA-HA A A HEH glucose?] ¥ ZH7} 175, 663, 200 ppmo.2, F A4
2 SA-9F OA-F A<} Zhel= Apol7k gllom (p=0.07), AA A HlA= SA- 5 OA-
ot vjaste] wi-¢ B F9 glucose’t AZHAT (p=0.01). o2 4he] F7ef
AR sl FAHESE T Ee] o = glucose o] waeA 1% 2% ol

ot

]

£2

°f

¢
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A Zb2ZE 3699F 322 ppml.E, 1% TR A Ho|A] B& ko] glucose’t EAFE AR X
AL AT (p=0.01). A, 2+ A A ol we} FAfiol A #E2¥o] Y= glucose F&
ZAMSE A= 29 3-3-89F Zrh &, SA-FHA| Ko A R F7HE glucose ol e
A gkort (p=0.26), AA- H OA-FAdo| A= F57F 1% 2%= F7tstel ot
glucose o] 43 RS2 YERITE (AA: p=0.01; OA: p=0.04). o]&A FHAH o ibF
=71 St wel #AE5 = glucose o] #HAdE olfE X oAl EylH glucoses

e dyo] S EHvjz ATl WA Aoz F=AHAY (Fengel and Wegener, 1984).
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iE 3-3-12. Sugar contents of rape stalk immersed in distilled

hydroxide, sulfuric acid, acetic acid and oxalic acid solutions.

water, sodium

gﬁﬁ;ﬁfd conditions Glucose Xylose Arabinose Sucrose
tvpe Time (hr) (ppm) (ppm) (ppm) (ppm)
24 % 181 x X
DW! 72 x 206 X X
120 x 185 x X
24 770 x 104 -
AA-1%' 72 849 x 228 -
120 551 x 51 -
24 596 x 59 -
AA-2%" 72 783 X 136 -
120 428 % 26 -
24 198 x X -
OA-1%' 72 276 X X -
120 160 x X -
24 206 x X -
OA-2%' 72 221 X X -
120 136 x X -
24 167 x - -
SA-1%" 72 175 X - -
120 176 x - -
24 165 x - -
SA-29%" 72 171 X - -
120 194 x - -
24 % % - 219
SH-1%" 72 x x - 237
120 x x - 293
24 % % - 199
SH-2%" 72 x x - 229
120 x x - 248

! DW, AA, OA, SA and SH mean distilled water, acetic acid, oxalic acid,
sulfuric acid and sodium hydroxide solutions used for the immersion of rape

stalk.x: not detected; —: not determined.
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18] 3-3-8. Effect of acid type and its concentration on the glucose content of
rape stalk immersed in acetic acid (AA), oxalic acid (OA) and sulfuric acid

solutions.

3) FAd 9 glucose B3E 93 AAAZHe] A

o
32

hgefel FAAZL 5 HAA Rl AEH = glucosed] Fe A AL A

do
:|N£
=
(ld

>

= Ao w ZAEAT AA AAH oz HAATFE glucose B2 24A|7F (03} 24hr), 724 7F
(o]3} 72hr), 120A1%F (©]3} 120hr) FA|elA Z+zF 350, 413, 274 ppm9 glucose’t HEH 2
W, TASTH o= T2hre] A A 7 Bkt (p=0.01). 3k 7} HAAEZ FAjehe] AAA
Ztol glucose ol &S vA= AoZ YERT (28 3-3-9). & EW, SA-FH A oA
HAAAIZEe] A3e AFHE glucosed ol S XA &Urt (24h-72hr: p=0.06;
72hr-120hr: p=0.10). AA-2} OA-FH A9 A-F, 72hre] FHA| oA 7} w2 2 glucose”’l A
FH A, 12074 FAAIZEY] %S 23] 8 glucose & HAEATIE ASE ZAEHAT
(p=0.01).

B7) BaE Egekd, A

A i
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¥ 3-3-9. Effect of immersion time on the glucose content of rape stalk

immersed in acetic acid (AA), oxalic acid (OA) and sulfuric acid (SA) solutions.
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kg/m’e2 EAGHoz Aolrl flden (p=046), 1%t 2% OA &9 (o]3 0A-1%,
OA-2%)oll HAAAIZ] FAthz A3k dale] Aduyds 7hon xko] 7t gt (OA-1%: 652
kg/m’ OA-2%: 650 kg/m% p=0.34).
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19 3-3-10. Bulk density, ash content, higher heating value and durability of
rape stalk—based pellets. The rape stalk was immersed in distilled water (DW),
acetic acid (AA) and oxalic acid (OA) solutions for 24, 72, 120 hr. No imm.
means pellets made with the rape stalk harvested, air-dried, chopped and

oven—dried.
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219 3-3-11. Effect of immersion time on the bulk density of pellets fabricated
with rape stalk immersed in distilled water (DW), acetic acid (AA) and oxalic

acid (OA) solutions.
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AATE (p=0.49). T3 DW, AA-1%¢ AA-2% HA A =HA=He RIS Z7F 2.23%,
2.98%9} 219% =, 29%9 wEoA FE o] 71 AY=d (p=0.04), o] 2

Ao A§H A 2% oldel FEelA HRe] gagel /Y Aoz oy FH

ot

OA-1% % 0A-2% A A AR 3252 347%F 3.77% =, 238 OA HA& &%
Z7Feb A 71T (p=0.01). °o]¢} Ze ZAdE OAVF 44 BE ZHE 7HY coupling
agent®™H kg slo] A EA oA ZYxagst goan FAlT ol EAsteE Ag 2
e B oR Gy A ke vEehd 2l F49ET (Lim and Lee, 2012). ©] FE2

2]
HAA FA el gaslel e dad dEe AT E Sl 5 Qo] dod Ao

ggoz fag #Agle FEade a9 3-3-1000A4 Hiz nfep o] "oz HA AT

(24hr-72hr: p=0.24; 24hr-120hr: p=0.08; 72hr-120hr: p=0.13), 2} F A 4
oA FA A B EFY AAE FR1T A AARY TR wE IS wE AR X
AL AT (29 3-3-12). & DW-HA| FA] A8 JAXAIZES 24hrol| A 72hro 2 A%AF]
S o 3ol FAastg ot (p=0.01), 120hre] F A A oAl F7ketA T (p=0.01). AA-F A
A AEle] A, DW-FA Al 2Aaket 2] T2hr-FA A oA FEdo]l Frteal o
(p=0.01), 72hr¥} 120hre] 3|F-%F ko= #ol7F Al (p=0.17). W= OA-F A fF=ich A
= 24hr-F A &F T2hr-F A A A Axg dsle] 35 7hell= Zolr) gldlod (p=0.39) 120hr-
AA A= 3ol AAasdvt (p=0.01). °] ZHEE THsH, AN Fito] wet 73]
g el £t 3E g HIhFed Aolrt e Aow FAHY, A ow 7; A

GuE AR A £AL Adste Ao Bay Ao AR B W, AAE 2% o

.

o

o] wEolA 24hr ]
DW= 72hre] IAA7F ¥ Aol Agd 2AE 7Med FANEEY s gydor &
gA 7] weroz Azt @ A B R FAW (89%) o] IR HlaLe] A A
of oste] Il AA Hhd= AS FAY & YA (27 3-3-10). EFF DW-, AA-
2 OA-FHA FAd= zx7olA “EN 7rA7¢ 3" AsH 7IE
(£5.0%)& W3t 235 &= el DW-, AA- 2 OA-HAE 53 Al oL

248 983 F5Ye FAT & Ytk

=

L 120hr o]Fo 2, OAv 1% °]3le] wXoA] 120hr oo =,

.

do
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18] 3-3-12. Effect of immersion time on the ash content of pellets fabricated
with rape stalk immersed in distillated water (DW), acetic acid (AA) and oxalic

acid (OA) solutions.

(th L&

AR Ffel w2 wd=k A
el zel7F glley (p=0.09), OA-F =] A& DW- 2 AA-F A dAguc} v
S BT (DW-0A: p=0.01; AA-OA: p=0.01). ol= FAA el s FAh W] I&Fol
sdto 2 W gke] 13k Aoz A7EY, oF EW DW-

o] OA-RA WM e ARZRE WAL JRF BolE AW WA U= A

(ld

B (19 3-3-10), DW-9F AA-Fx) Adgle)
P
i)

LN

oft

1

=]
T AT (Telmo et al. 2010). 4 A Hoz ALEH AAS & F7h= dd 2
S mAA Fgoy DW & AA-1% p=049; DW & AA-2%: p=014; AA-1% &
AA-2%: p=0.08), OA®] ¥ % F7h= 23y Td=F HAAE Fuksiath = DW, 0OA-1%,
OA-2% HA faiw) Ao Wk 7b7 193 191, 189 MJ/kgo 2 EAgd o2 7FAdh=
Aoz zAHEAEE (DW & 0A-1%: p=0.01; DW & OA-2%: p=0.01; OA-1% & OA-2%:
p=0.01), o= FAF Fxe FUiet A FAAAYS FAHe FEFo] FUMoRA e
Aaet dddn (g 3-3-10).

_l |
o
m‘i‘

o2
(
ot
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19 3-3-13. Effect of immersion time on the higher heating value of pellets
fabricated with rape stalk immersed in distillated water (DW), acetic acid (AA)

and oxalic acid (OA) solutions.

77 3-3-10014 B wpel o], AXANE FAg Hgle] wAmel] S nH. F
24hr-3 72hr-3 A dsle] A= hel= Aoz il et (p=0.21), 120hr-31#] A8l W
Fe A3 ITt (p=001). T3 17 3-3-13004] B mpel o], AA- 2 OA-FHA AU
Al gL R Fgol o7t gAY Aagdddm BF8lal 120hr-H A HABloA] 24hr-
2 72hr-F A AiHcl wekEd (AAD p=0.01; OA: p=0.02), °]&= 120hre] A A 7Fo] & o
of Wdake] JFS WA AR §x F Yade TS AaAPoRA et Axe) A
7¥skt} (Codero et al., 2001). 38 FAte] AA- ¥ OA-F A7} dAwkd o=z {ad sl 9

FE& A FEATI GFRAA FA FB 171 Mke), RE AR xdA frH EN

TA9 ASH V1E (211 MJke)& elshs Aow zAE

AA FANE ol &dte] AT Ayle) WA 24 dab= 19 3-3-103 2vh AA-FA
FAE Az dule] Wydol Zd Wk (p=0.01), DW-9 OA-F A FAthz Az
Al Wy Fhols= Apol7k glli=dl (p=042), o= AA-FA ol 2t Fafeh el Aaia

g melzs 9Rg i Aor FANE AAERes (EE e st
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DW- 2 OA-#A 9} nlawste] wo] WAooz fau Ixz Aol oFsls o] thehy
Atet AsY (Lee et al, 2013), e 2% £4 A5 ool o] &5 FIE &
AT (F 3-3-12). &H OA-HA FAd Ao YT T2 TS W IRy
(p=0.27), AA-FA FAdE Az e 482 1% 2 2%9 sXolA 7zt 92.12%%
93.19%=2 ¥x Z7kek A ok @dE sl (p=001), ol A7l AFE npel 2o
AA-1% A FAU BTG e AA-2% HA| fAldle] sl v]Ag Axer A7hec
(¥ 3-3-12).

oo 2 XA f-Ad "o Y] #AE BW (27 3-3-10), A A
A FARE ol gste] Az Ao WprAel dTFE wHA &dvt (24hr-72hr: p=0.45;
72hr-120hr: p=0.09). Z} A Hd HAAA7bo] wE g7 Blwd Ay DW- (24hr-72hr
p=0.11; 72hr-120hr: p=0.07) 2 AA-FA FAH A2 W14  (24hr-72hr:  p=0.45;
72hr-120hr: p=0.23)& XA 7ke] ke WA ekorr}l (1l 3-3-14). E3 OA-F A FAu)
Aglo] W PAE 24hr-9F 72hr-3 A el Zol7b gl (p=047), A A7-S 120he7}HA

Aol wel WAl F7FskA = (p=0.02), ©]i= OAE o] &3}9] 120hrset %A Al
A "Wele] vre I E T #AE dE AdoR A4 (1 3-3-12). A A FAd =
glo] Wi FAA fag Al (9740%) K.t B wgkon | OA-2%¢] 120hr HA A7)
Ao A2lg ALstal EN 149 Bew 7l (296.00%)°] wAA] ek Aoz ZAE ST

2 AR fAd dele] B gTde BRg o8d B¢ A9 Ax, neide 47 5

)
do

e,
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18] 3-3-14. Effect of immersion time on the durability of pellets fabricated
with rape stalk immersed in distilled water (DW), acetic acid (AA) and oxalic
acid (OA) solutions.

o 48

oA = FAY el ol A3 vheAdS Fsy] sk FAHE DW, AA,
OA, SA 3 SH &9l A st om, o oo Fxoe] Fwrmet HAXALS AFNARE A
of ol &A13l+= glucose, xylose, arabinose®} 2 8|39 &S A8 Y DW- 2 SH-
Z x| B A= 77} xylose®t sucrose®r HAEFH AW, SA- =L OA-F X Hof A= glucose?r 7
=S AT A AA-FA gl = B2 o] glucosedt 479l arabinoseZtA] 4 Ak §F
A, AW AA e AREA AFgoe] FFe ol WE glucose Fe FA43 A3 AAE I
AR TAE AT AFo R ARSIl AAS §EE 1%E XAt Ao FAHEFH &4
AR TE FAAZE Y] s B,

T2hr-F Aol A 7Hg B2 %] glucose”l AEH AW, 120he7kA] 2] AL AL 25

o
f
0
c

)

o

2]

o)

(il
N
>
4

g

:C?L_',
st
5
2
rir
BN
Y
rO
poi
o
f

= glucose Foll FAAR] FFE& m AT
oo 2, DW, AA, OA &0 HAAZ FAHE o]&ste] HAZS A X3 =, o o
2] T (1%, 2%) 23 A A ZE

()
N
ﬂ
N
—
)
S
=
3
o
>
il
rO
_|>i
f
o
N
N
ol
%
o
A
s
o
=,
2

(
29 Ayl s, AuT e, Ry, OdEF, WyrAde AT A FA Asle] 2
Zop wdwe FAA At Ay vaste] A mew, 49 dxket Faglol
(

EN gtA e Asw 7I&
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~4 A

o 53] AA-°F DW

%) 71

s (=96.00

L=

A el B8 (8.9%) vl
Fal v =12 EN 49 B

HAA AU Hel (97.40%)K.tF @Eekow B3 OA-2%°] 120hr A A 7]

24
)

il
K

bz
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4 37
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A5 50 g9 glucoseE 2o o oW, HA 950 go A
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0‘31—

A dxdAY A4 e 7)A dER meA A AL
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(3]
=a

| =A

=N
Oy

%

2013a;

=N
Oy

%

2011;

=N
O

thel Ze FHdHAFE (McLaughlin and Walsh, 1998; %

2013b)

otz e (agropellet)ol] T

137l =5 ¢l A

gl

o] A&

o]-§3

)=] o
FTHFAES

-

=
o
%

o ojizAB S

=

183,700

=
]

AA 7L 9low, dvba, X

21t} (Wach and Bastian, 2009).

s

S HH 200749 7TI9EE

5]

oF

/1\1,

5, 2011). o}

tolew (4

S

A kg 82 AgsEA 20099 1604802 ) o4 F7t

urk AEHoR A,

FAY o

%e)

APEE AREEIL 9o (Roger and

==
=

7}

K

™

oy
Ho

o
R
il
=
a
o}
M
o}
o
o

o}
ot

ojy
iz

w2

Frank, 1980; Danielsen et al. 1994), +xj4te] &

w3 td (Yoshi-Stark et al., 2008;

Berot et al., 2005; Yang et al,, 2011). 228y} F-x1¢ =79}

]

<A

A

:F-

B4

wal ghvh. ek

s

/1\1,

4

o}

G

=

g3te] dde] 7t

&7 (clinker)

=
=

of el Aol Y v

o] AEo] JPAE Hdy YTE AL
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Fo] )9

17 915

S
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P, e g
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2 a7 Bele QR g
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a9, F
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ofmAY Aol AL§
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(Obernberger and Thek, 2004;
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18] 3-3-15. Images of rape stalk (top-left) and its immersion treatment.
. 28y

1) TAA=

, HYFE dAadew E4sdE o #HA dald # A

9 oolazAY AXE A% ABE AEH7] AAX Fael wusdvh 47
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oA e &S A3 AFEEG on, AA AP FAHe F21A FAHE o 15%9)]

18] 3-3-16. Drying of immersed rape stalk (top-left) and images of milling machine and

milling process (bottom-right).

@) AANR xA 2 2A A

FAme WAE Aste] 1% FE 2 §4g AN ©f $4 110 liter $F9 F
gh el Fol] 50 liters Wil 10 kgo FAE 7242 &<t JAXAIHT} (9 3-3-15). JA7F

durd FANE FrE& 16%71A AL AxA|Zl £ plastic bagol E& H#AIAT (29

N
<
—
>
o
a<)
bl
Y
e
Al
o
2,
ne
rlo
N
Y
12,

2 filter paper (No. 2, Adventec, Kyoto, Japan)=
AfAH oM FElY ¥4 9131 10 ml &9 vialell ¥o] W* R#A3AT.
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18] 3-3-17. Images of milled rape stalk (top-left), larch sawdust (top-right), ring—type

pelletizer (bottom-left) and its rollers and die (hottom-right).
3) FAd e JtEE @ AT 24

way

ot

A ZAEZ BHAE vialelAd 1 mlE #H3Fe] 045 pym membrane filter® o ¥3F &
High Performance Liquid Chromatograph (HPLC; HP1100, Hewlett Packard, Palo Alto, CA,
USA)S AH&3ko] feElds 4319 Bufferi= acetonitrile?} S/F4%5 75259 W& = &3
3l AF&3F9 3L, columne Sugarpak column (300 mm x 6.5 mm)<S AFE3e] 1 ml/ming]
o g HBA8 AAEPA, 2 93 HAFEo+= Refractive Index (RI detector)E AM&3}3 U
F AES 3 TFEEAEZA EF sucrose, glucose, xylose, arabinoseE o] -&3to] A HAS

A8, ol JFoR Fege G AN

Azx7F 459 FAHE 248 g7 2 ojxdoz sy oen, o] wW 8 meshrtl &
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FAltE AR 2 Agste] ARG AV]e FAIE AE Azl ARSIt (21¥ 3-3-16).
Aglo] Axe FAA TS} JAA FAN whE A7 ApEste] Axsiglow, Az dE
=4 e St AAFAE VI E 9% G99 BRI 10%9 FRA AW e
50%9 95 HEI 50%9 HA FANE EFetd IS Az HAZle] AxE
ring—typed gl A&7 (15 KWh)E AZX390m, 42 kg/he Aibe €

mm, P2 Zol/A74 (L/D) HE 484302 A3} (9 3-3-17). o224 Azxd gl

FA AL dell A el A Ha 2443 S A DEE AAE e

S Zol= Hat 59 mm ¢ 274 mmZE ZAHAT (¥ 3-3-18). Alxd HBle] F4 (T
FE, ARVRE, BAdY, AR HAEY FArA% el Wiel wE A

18 3-3-18. Images of pellets produced with 100% rape stalk (left) and 90% larch

sawdust/10% no immersed rape stalk (right).
B) A3AA 2 FA%}E +4

He Faed, FRAA FAH, AA FAH, 0% HH9E 52/10% FAEA A,
50% g H8/50% HA FAvE A5 7S dElste] Alxdglew, olFA Alxd
Aole] B4 2AME ok FAe] A "L FAA AL e Aelek Hw3 fAjve 98

3t 2 FAGgH o w BAS 3 AL. o] #EA
(Statistical Analysis System) ZZ 2o s 95%¢] AF|Wo|r] EATHE EAS F33
At BATgH R p<0.05 FEoA FEE Wkes AH-$, Fisher's LSD (least significant

different: #AF221) 7AAS 98 vaujw W Fo 7P4 o] A5 & Student t-testell
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1) w A4 JFAA T 4
Table 1 FAWNE 1% 5= Z4F &4 (0]3F AA-1%) A 72A &< A A7
Ao riy AL FeBe F7 2 & FA Adolvh. &F T (2013)9l olFte] Fayd A
A R A Aol wEW FAdI AAxHAA
wd8 R AF A glucose, arabinose 2o PA &S] xylose®t galactose’} &3 <
AZH A} 3 A glucosed

F (849 ppm)E.TF =LA ol =),

rO"

glucose®} arabinose®ro] 7 & ¢lo

X
0
ot
o

mannose”} A ke 224 ppml. E A& R

ol AATARNA AT} Ffehe o,
o Ase Az, gy A
AgAoA o9 e FANE WHs Awsie] @lAdwee v FAde] AA-1% AA

ol
ol

2,

N
14 frels= glucose ¥ &olstA T71d Aoz dAddr)

i 3-3-13. Sugar contents of rape stalk immersed in 1% acetic acid solution for 72hr.

Immersed Arabinose Galactose Glucose Xylose Mannose
conditions (ppm) (ppm) (ppm) (ppm) (ppm)
196 acetic 42.7 53.1 224.4 78.1 13.0

acid (2.4) (0.9) (6.6) (1.3) (1.0)
@) AR AR 54

ES FAT (13 IRS) 2 F-7A 419 (o3} NIRS) o Axd gl 219w
9% B (o3 L9)F BTl A% B F4 24 A3 Table 29 2rh 074

AlQlatil v F4E EN 149 ATH 7|es BE WA= Ao2 YEyT

4L

o

i 3-3-14. Fuel characteristics of agropellets fabricated with no-immersed, immersed rape
stalk or/and larch sawdust.
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] Higher
Moisture Ash ) Bulk .
heating ) Durability
Pellet type content content Density o
(%) (%) vale: | eg/m?) e
(o] (o]
(kcal/Kg)
NIRSY/LS"=100/0 11.5 8.1 4,444 685 82.8
0.7) 0.2) (115) (19) (0.5)
NIRSY/LS"=10/90 10.0 1.6 4,650 840 96.2
(1.1) 0.1) (23) (25) (0.8)
IRSS/LSP=100/0 11.5 3.2 4,583 747 36.6
(0.9) 0.1) (18) ) (0.8)
IRSS/LSP=90/10 11.7 3.1 4,571 832 93.6
(1.2) (0.0) 6) (16) (0.9)
IRSS/LSP=80/20 11.7 2.2 4581 846 945
(0.8) 0.2) (16) B) (0.6)
EN 14961-6
d <12.00 <5.00 > 3,368 =600 >975
A-grade pellet
EN 14961-6
q <15.00 =<10.00 >3,153 =600 >96.5
B-grade pellet

# NIRS: No-immersed rape stalk;

P LS larch sawdust

¢ IRS: Immersed rape stalk

d Specification of pellets produced from herbaceous biomass, fruit biomass and mixture.

Each values in parenthesis means the standard deviation in triplicate.
oh s

IRS % NIRS whe.z Axg A2l (o]3 IRS, NIRS)S FF&2 115%%= zkol7F gldvt
(p=0.49). ¥ NIRS®| & s efste] dAF7 7T o= 90%9] LS9 10%2] NIRSE
ol &3te] Al (o]3F NIRS-10%/LS-90%)& Ax3tiov, 7 Azl gad NIRS g
Fnvl BASA o ® vk (p=0.02), ol LS9 we FF& (15%)°14 Hlxe Atz w
e (Fig. 5. W&o2 IRSe IE2FE agste] F F79 IRS/AS Al (0]3
IRS-90%/L5-10%, TRS-80%6/L5-20%)& A=3tal=dl, =L A5l g helli= A7k §19d

)

g (p=001). #H AxH RE FH F4&E N 74 AS

-
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19 3-3-19. Effect of pellet type on the fuel characteristics of rape stalk—based agropellets.
* NIRS: non-immersed rape stalk; IRS! immersed rape stalk; LS: larch sawdust; and

EN-A: EN 14961-6 A-grade pellet.
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() &

NIRS 3| & & otz IRSEY 24 E9kow (p=0.01), =L S EN 1249 A 5+ 7]
(6%)& AA 3t (Fig. 5). mepA 2 7[EAE WEHA7)7] f8te] AAFAE 7EL
2 90%9] LS¢ 10%°] NIRSE £3}sle] #H3l& Ax3sdon, 7 e IFZe A7
23E AoR FAESAT (p=0.01).
= 32%% FAANYE Fshol A HAassiew, oL 2 EN 1144 A T
NEE WEAA E, IRSVE M-S HBle] dRE ALEEY] f8te RS 1.5% of st
, o8 #18te A LS (AAFA 7E 10% 2 20%)9 $HA
AL S Axsgey. 2 T AP FEFL LS Fo] FUIEEE Frddoyd (RS &
TRS-90%6/LS-10%: p=0.04; IRS/LS-10% & IRS/LS-20%: p=0.01), =L #to] 15% KWt} 2 A
OS2 e FF LS FE 20% ol oRE FUAA IS A xshE Weke] e HEV

o A\

p

5
]
o
o
i
o

NIRS®} IRSS 2w ez #ol7F @lith (p=0.07). Z3 Fig. 5.4 Hiz nhe} 2o
NIRS-109%/LS-90%¢] wd=F® NIRSO wd@ xo]7F Jd=d (p=0.06), °]&= ;s vje]
o] HiREo® FAE o] verd Age AZett § 9 RS9 LSE AlZxsh Hule] W
= LS ¥ FUrel  9%E WA &gkEdH (RS &  TRS-10%/LS-90%:  p=0.20;
TRS-1026/LS-90% & IRS-20%/LS-80%: p=0.12), o]¢} Z& A3} fAe AAALE B3

& el Aavt IRSS wrdws LSUE S/ o= IRS %o S7h7F wd el 4

e

& AR e Aow FAT (% 5, 2013). o B AFolA Axy BE Ao
A7e EN F42 A 55 715 (3368 keal/kg)S 2A 23 a5l

=

BE NIRS 2 IRSZ A%x3 Hzle] Auy|Uw= EN 749 A 57 7% (600kg/m’)<
a7 FEeArt (Fig. 5). A"zl e fAhe] A o529 & 2w IRS7F NIRS
Huh =k (p=0.01), ol= HAA el st FArF Astg oz AP AANA Pt
AE7} &gso] vepbd Aatel Azbett), kA NIRS E IRSe] LSE 3 7hshe] Alzx3k #sl
of Ar7IEE 2A F7Fe=d (p=0.01), o]& HF Aol Fxkol| XA o] <dg¥ NIRS



wE= RS o7k AdoA 7)elst Aoz A7Et}l (Bergstrom et al, 2008). IL#iuh
IRS/LS #Halo A LS & 10% A 20%= Z7HNAS v AE7|EEE 2o|7t gl Ao=
e TR (p=0.13).

(b W7
FANE o]gsto] Axd Agle] g2 Abd oz EN 149 A 55 71F (97.5%)&
WA 7] A EEelth (Fig. 5). ®g NIRS % IRS who @ Az A5l U4 el Ao

7F e (p=0.08), o Ao WA e v Ao AT o9
NIRS®] ¢ ml-¢ =2 JELdFeZ, IRSE FAd dlolA nlgly J&s 3= Aoz F4
e dudERzes W ogade] HAA A FelHol vEhd Aom FAAT (Lee et
al, 2013). A g We] w2 IEFH w2 WTA ZAE sldsty] fske] Az
10%-NIRS/90%-Ls #Ble] 7442 A F7lehs Ae FdT = A= (9=0.02), of=
90%2] LSellA 7|91k Astel Azgth v o2 RSO LSE H7bsto] Axgk AB e
42 IRS wtem Axd Aslyv Eg=d (IRS & IRS-10%/LS-90%:  p=0.01;
IRS-1026/LS-90% & IRS-2026/LS-80%: p=0.04), °o] W74 F7F A LSelA 7]ld Ao

2 Azsth a2y IRS-10%/LS-90%9F IRS-2026/LS-80%2] 778 zrell= #ko]7l gllth
(p=0.12). W74 23 Fshatd, FAt Aol w2 A LAE A8y fske] RS9

_ﬁ_
AAFAE 7lEeR 20% o)) s &35t Asls Axd 45 74 EN 49

i
rlo

)
A=

o R AT wEkA] fA S 24E A= vl Lo vhE 9 1 glucoseE E4 o
2 dg F AdE Wl AoE dAddr

the o2 NIRS % IRSE 9852 Ax Ao £38 Hrbsk A3, NIRS #3le 344,
AHI|EE HAF EN 149 A T 7I5g A st o, & oA o 7EE
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2013-04-29)

2. AA/AA 7R =% 127)

- "Adhesive properties of medium-density fiberboards fabricated with rapeseed
flour-based adhesives” J. of adhesion (SCI)

- "Effects of combination processes on the extraction of pectins from rapeseed cake
(Brassica napus L.)” Food Chemistry (SCI)
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- “fAlwe) ma ARRHER 2AY YAAE ASY TR YHEYT AT 400)
164-176.

- “Preliminary study of rapeseed flour-hased wood adhesives for making wood flooring”
J. of Korean Wood Sci. & Tech. 39 (5): 451-458.
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8r3) & 27(3): 234-242.

3. AAL =5 (63)
- “Adhesive resins formulated with rapeseed flour and phenol-formaldehyde prepolymer
for the production of plywood” Journal of Wood Science (AA}%).
- "Recovery of Reducing Sugars from Rape Stalk by Acid Hydrolysis and Fabrication
of Fuel Pellets from its Residues” Bioresources Technology (SCI).

- "Effect of manufacturing parameters on the mechanical properties of Medium Density
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Fiberboard bonded with rapeseed flour-based adhesives” Journal of Tropical Forest
Science (JTFS) (SCI).
- "Optimization of enzymatic hydrolysis conditions for extraction of pectin from

rapeseed cake (Brassica napus L.) using commercial enzymes” Food Chemistry (SCI).
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LA% ¢ pp 304-305, -, gkl
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pp 277-278, 29, =y

5. 9] st33x (571)

- "Utilization of rapeseed flour hydrolyzates as adhesives for medium density fiberboard”
11™ Pacific Rim Bio—based Composite Symposium. Shizuoka, Japan

- "Alkali Pretreatment of rapeseed straw for ethanol production” The 3omd Symposium
on Biotechnology for Fuels and Chemicals. Clearwater Beach, FL, USA.

— "Chemically separated sugars from rapseed cake with various hydrolysis conditions®
64th International Convention Meeting on Forest Product Society. Madison, WI, USA.

- "Oxalic acid pretreatment of rapeseed stalk for ethanol production and analysis of its
residues for further utilization* The 33™ Symposium on Biotechnology for Fuels and
Chemicals. Seattle, WA, USA.

- "Production of valuable degradation products from C5-C6 sugars of rapeseed stalk
(Brassica napus L.) by organic acid pretreatment® The 35" Symposium on

Biotechnology for Fuels and Chemicals. Portland, OR, USA.
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