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140 = g

Etctbhqj] L i+ guvm qu \
e ey R B 3E1au.a Ddﬂ:l:, JJD H
100 TbIDu:q\\\\uD & DD%EDDI“ = % & EDDE Dﬁ—h

Fo an,o ° HEﬁ‘JU @ JLqH,u:D

Time i) e ey
a8 25, PVDF " Egel 2™ Al flux Hst 02 26. PES HEGQ 27X Al flux B3}
XME|5HR| 22 chpg 2K AEHS PYVDF HEZ Qo EstF S 1w =38 SolAe
fluxel 2 10% F=F22 ZASH E0 UL SE/SZ ez U42g =2 A
Het ARoME =5st BolMel fluxel 64.5% =22 x7| flux Za7b AES| JHME]

A=,

S /SZoll 2elsto B2 o ey =Zo| MHAHEJCHD AIZRE.

CeliteE S8t o{tXz|E & 2AF HHEHAM= o|Xa] HAD S35 XHo|E HO|X| &%
oto

PES HEg2lZ ALBsI¥E Wf, ST/SE FMEHE UH EHE MH Al =5t =
o| fluxet "l st 41.2%2 =7| fluxZt ®XAI=[AL2, PVDF HEz&| el Mz2| Zziet= ot
2, celite M2 Al 27t flux &ato| LIEH

PVDF HEe|2lofM S&/SZ XMelsh HA2 1x} MY 2Pz 2lst fluxel 252 7
o BEE|X| 2£ULD, 2X} MAEHOME= fluxZt & B cycle TE2Z 3|SEAUS.

PES HlEgloM= Sr/SZ X2l fluxZt A #HM MZEHo|M 2F 50% S|==EA1,
F HM MHolM= 2F 25% =AU,

PVDF, PES HEzaf|2lofA &HWI} celite M2|U2 UMY S Sall fluxIt & FE 355
Lt =71 flux g0l H& Yol & 2lo|7t 2.
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¥ 6. thke 2 EEFMUe| CHAYE EE #HsE (PVDF B EgQl)
2X} &N No treatment PVDF Membrane A&l
EF= (NTU) 1,015 - 2.20+0.97
Sz Mg (%) - 99.8
2xF & EH Sh/SEH PVDF Membrane &A|
EtE (NTU) 1,015 39.9 0.74£0.08
Bl HAHE (%) 96.1 99.9
2AF H#EW | F=E(Celite) X2IH | PVDF Membarne™ x|
EtE (NTU) 1,015 446+2.08 12.70+2.58
Bt HAHE (%) - 56.1 98.7
¥ 7. che 2 EEHO| CHAYE B B35 (PES HEzE Q)
2A &5 No treatment PES Membrane A H|
EtE (NTU) 1503£10.8 - 4.86%+1.30
ST HAS (%) - - 99.7
2 &EY S2/8EY PES Membrane & A
&t (NTU) 1503+10.8 2310.1 1.724+0.66
Bt HAHE (%) - 96.0 99.9
2AF EEW | #=E(Celite) X2l | PES MembarneXHA|
EtE (NTU) 1503£10.8 625+0.58 1.15+0.84
Bl HAHE (%) - 56 99.9
- Che 2R ZHEW S PES HEQOoZ S5 S mff 2EWo| Mz= H2MollAM ZIE
ZMoZ Hiygn 2R/8Z X2l F E2HE SAH0| &3 ZE0{EUS.
- 1ZEE AMNE3IF S = /M ofu]|5to 2k7F SolF oLt ESist Xjo|7F LIX|= 2%,
flol g HiZ HWEel XHIZsHES MEcts EEoF 22 JIMEUS.
- PVDF HEZ QS AIES5IFE ZEF U2HE0| ASI¥OL} ke 2 =HFEWO| EIE=
99.8% HMHEIS.
- ST/SZ0l ost EMHOZE 96% MUY HEQl T3 T 99 9%7IX| HE =2
o MAH=EAS.
- Celite XMele] A= 56.1% XNZ=o SH/SEYH Ecol Zyert HERel Fi =
98.7% K| &t x % Zo| MA=EUS
- ¥ 73} Z0| PES HEY Q2 AIR5IF S 2 PVDFR} OIZIJIX| 2 G 2k &5 0H 9|
Bt = 99.7% J(‘” ‘| AS.
- Sx/2Zo|| 2olst RXMHE PVDFR} FASHA 96% A= HEel £ & 99.9%
X Bt 2Z0| HAHEAS.
- Celite X2l & PES HE2z|2lo HE35IH 99.9%7HX| Bt 20| MZHE.



v M2l ME S 2% AFY U G =4 W5}
— 2AF BENY U glucose?t fructoseE EBsllE ¥E =& SH/SZ MY celite 041
H S2 78 = MESHE S Ee 24 2= o2 I8 283 €3,
E 0.29% Fructose
=
1
% 0.2% Glucose
L
R 0.2% Fructose
olo
~_
=1
olo 0.2% Glucose
Sr s
Kin 0.2% Fructose
®r
=< 0.2% Glucose
o
o 0.5 1 15 2 25 3
Concentration of sugar (mg/mL)
a8 28 . X2l MF fructose, glucose &4
- F 7K 2H2E =2 M WH 2F dMF0| &4 glo] ESE HA2E LIEHH
(4) HEY THEM 2 BY BW 1 24
v oSRd &E 3 EuT 23 4%
- EBY EHSE A% S 2% HE B 2 AE 1Y 209 22,
3909 /kg 5§ 14 5N
(Juice)
Fructose 6.63
A Glucose  6.90
||:_|‘-|—-|- Sucrose  0.18 g/ 100 g juice 146 g / kg SS G
21 HEY
(S9)
Fructose 6.67
4 ' g g Glucose 7.67
17;}1‘!‘%&'7“& s 'JI\'QI"E'QH Sucrose - g /1009 SSB
6109 /kg 58 (SSB) | HHFE|
Fructose 6.69 Screw 6 EA
Glucose  7.75 Pressure 7 bar
Sucrose g /100 g SSB S/L ratio 15
24 AEH A
464 g / kg SS
Fructose 0.02
Glucose  0.10
Sucrose - g /100 g SSB
OB 20, B 1R AF 2 2%t 2E 3F 2Y 2F £
-3 =282 e JE g2 BAE £82 EXY backward screw 670, DY FE| 242 7
bar =AM ZMEAZ.
- 1x HFME 2f 39%2 &E 58S BRI, e 2% &5 =M 1x ZHEHINA
of 7ol mE EBHO| SEEH B WMOR BFHUS
— JOMH|Z} 1:1521 =AM FHE4 7t o|FoiR =, HERQ E2l/sF2 FSE £0|
7| 9i5to] $5E4 Al L2 ToE| =AM EHAlo| 27
- 2 =2 X @ FF AEF =M E B2 IZAE S XY FE=9 =2 7
XE FYM5t0X &




v oSS 13}, 2% AEUC 0|3EE SN 24
kg EEOMO| pH, AT, ST E SHE ZIE Cf2 E 81 28
E 8. St HEYo pH, AT I HE
x|} =F=OH
2N 2 | 12 AE ex =S
BO B3 B6 B9
pH 5.24+£0.01 | 4.45+0.01 | 5.00£0.03 | 4.81x0.01 5.11x+0.02
A= (%) | 0.594+0.03 | 0.09+0.00 | 0.07£0.00 | 0.07£0.00 | 0.07£0.00
== (Brix) | 16.12£0.08 | 1.60+£0.00 | 2.00£0.00 | 2.00£0.00 | 2.00+0.00

ZrZoMo| Tt = 16.12Brix¥ 20, 2X} &#FM 2 backward screw (B0, B3, B6,
1

B9)ol| 2} 2+ZE 1.60Brix, 2.00Brix, 2.00Brix, 2.00Brix2, backward screw2| =gto| &t
g HEE Zo|lz Z1E Eel
ChE 2EW U R7(M S SFMSH Zols ¥ o2t &S

S
2Rt ZE
SII4Hg/L) | 1R BB

BO B3 B6 B9
Malic acid N.D. N.D. N.D. N.D. N.D.
Tartaric acid | 2.21+£0.07 | 0.63+0.02 | 0.76+0.05 | 0.87+£0.09 | 0.71+0.04
Lactic acid N.D. N.D. N.D. N.D. N.D.
Succinic acid N.D. 0.20+0.02 | 0.18+£0.15 | 0.13+£0.11 | 0.21£0.02
Formic acid 7.641£0.17 | 0.42£0.03 N.D. N.D. 0.45+0.01
Acetic acid N.D. 0.24+0.05 N.D. N.D. N.D.
Levulinic acid N.D. N.D. N.D. N.D. N.D.
Butiric acid N.D. N.D. N.D. N.D. N.D.
Citric acid N.D. N.D. N.D. N.D. N.D.
N.D. : Not detected

7|4

1% &5 %

acid, acetic acid7t AE==

2 Edff MALEZ zl—.—5|°49'34 backward
|
o

screwl| =& Sot &F A=

Succinic acide 1X} &FMH0|A HESX| Lo} 2kt 2FMHO|A 0.13~0.21g/L &
AEEUS.

Che XtZEMo| MG BN AIe= 7 103 &3



F 10, G EHEW M
1%t =& 27t e
o BO B3 B6 B9
Lightness (L) 23.71£1.20 | 41.47+1.69 | 26.1510.50 | 23.8440.68 | 23.7741.47
Redness (a) —1.3140.13 | 4.66+0.17 | 6.52+0.37 | 5.2240.39 | 6.77+0.52
Yellowness (b) 16.75+0.73 | 24.29+0.99 | 22.03+1.59 | 18.49+1.38 | 18.85+1.72
Color difference
(AE) - 20.21+1.85 | 9.82+1.16 | 6.88+0.73 | 8.60+0.54
AEo| WEE 23.71, MMEE —1.31, SMEE 16.752 ERI=AUS.
RrEMD d|Wsto] LbEH 2Kt EHEFEUO| M= BOO|AM ZtE Zi2oi BeolAM THE
2 MXE EAUS
T4 AFNo| FMoto|it EAM HIts E 113 ES.
T 1. oteg EHEHe FMoto| i F&(mg/mi)
2xt A5
TAoto| it | ARt BHEH
BO B3 B6 B9
Aspartic acid | 0.52+0.02 | 6.94+0.83 | 7.47£0.60 | 8.80+0.05 | 8.93+1.02
Threonine 0.08+0.00 | 1.67+0.14 | 1.59+0.10 | 2.54+0.08 | 2.07+0.32
Serine 0.06+0.00 | 1.66+0.16 | 1.65+0.13 | 2.54+0.08 | 2.07+0.31
Glutamic acid | 0.36+0.01 | 3.82+0.33 | 4.23+0.33 | 4.56+0.06 | 6.22+0.97
Glycine 0.05+0.00 | 1.54+0.14 | 0.87+0.02 | 1.93+0.08 | 1.14+0.33
Alanine 0.19+0.00 | 3.60+0.39 | 3.11+0.68 | 4.26+0.03 | 4.33+0.54
Cystine 0.01+0.00 | 0.70+0.01 | 0.2940.01 | 0.57+0.05 | 0.34+0.07
Valine 0.124+0.00 | 1.934+0.09 | 1.91+£0.21 | 2.67+0.08 | 2.65+0.36
Methionine 0.03+0.00 | 0.52+0.02 | 0.40%0.02 | 0.58+0.04 | 0.36+0.02
Isoleucine 0.08+0.00 | 0.95+0.04 | 0.99+0.14 | 1.34+0.05 | 1.59+0.23
Leucine 0.12+0.00 | 1.62+0.09 | 1.714£0.18 | 2.57+0.12 | 2.62+0.42
Tyrosine 0.02+0.00 | 0.94+0.06 | 0.98+0.04 | 1.33+0.12 | 1.06+0.12
Phenylalanine | 0.08+0.00 | 1.39+0.08 | 1.284+0.07 | 1.94+0.11 | 1.73+0.26
Lysine 0.05+0.00 | 1.894+0.11 | 1.26+0.04 | 2.16+0.10 | 1.81+0.42
Histidine 0.05+0.00 | 0.80+0.00 | 0.54+0.07 | 0.97+0.09 | 0.76+0.14
Arginine 0.05+0.00 | 1.04+0.04 | 0.84+0.10 | 1.22+0.08 | 1.16+0.19
Proline 0.30+0.02 | 0.56+0.26 | 0.66+0.09 | 0.79+0.15 | 0.71+0.16
Total 2.0240.08 | 29.54+2.79 | 27.214+2.63 | 38.01+1.30 | 36.39+5.55




2 2k} EZFHAM o A LIEHH.

1AL &EFH T FAolo| A2 aspartic acid, glutamic acid, proline =22 #o| &7 0

oo, 2X} EHFM2 gspartic acid, glutamic acid, alanine =22 0| &gZ/o] US.

i ofo| At Zo|M = tryptophang A 2|8t 7Z(threonine, valine, methionine,

isoleucine, leucine, phenylalanine, lysine, histidine) 25 A Z0| & .

EZN F wo| &/=0 U= aspartic acide M S22 U 25 wet MI|s, M4

3 gt AHE SEZ YME2 FIFSH, glutamic acide 7|3t ME3H M, He
= H

(il =
2 g™ AF. LT prolined A gt

|0

SO, AL Y9, MX 35, sitst HE 2 © 5 sb Agt2 sfoi,
alanine2 tHHZA MTHMo|| S At a1 SAlo ZE2e oHX|gE FX &

|
Valine2 282 35%& FAstl U= oo dt ME2Z |eucine, isoleucinex} A
BCAA(Balanced—Chain Amino Acids)E TAsto{, Al o35t X5 JHMo &=
Mol MEoZ M US

2X =Z
IO IRERE e S
CFU/g BO B3 B6 B9
Bacteria | 2.01 X 10° | 1.63 x 10* | 1.03 x 10* | 1.46 x 10* | 8.73 x 10*
Fungi 1.68 X 10° | 1.74 x 10* | 1.77 x 10* | 1.42 x 10* | 8.63 x 10*

OHo| Ht MA 2 ZHTo| == log CFU/gRE TA|SIF D, 1X} =ZM Chd| ox} &
AL (=)
T =

EHE 9| total phenolic contents & total flavonoids contents& &gt Zit= % 134
pAx=1
E o

#* 13, B HEYe S H= H F SEHEXOE H©E

2R 2 EY
1% &EY =
BO B3 B6 B9
Total phenolic contents | 735 40178 89| N.D N.D N.D N.D
Total flavonoids

N.D. : Not detected

1X} ZEZMol|AM= 732.40mg GAE/L2| total phenolico| &el=|dT, 2XF ZFZMHo|M =

S= X}, 2&F HEW RE LIEIX| $US.
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Z ofo| it 2R 2K EFZUOM o A LIEH.

1X} &#E5H & FMolo| A2 aspartic acid, glutamic acid, proline =22 %o| &q75
of ooy, 2xt ZHFM2 aspartic acid, glutamic acid, alanine =22 E0| 7F=[0f
ol

AA 3.

S

Fofo| =&t Fo| M= tryptophang A 2| &t 75 (threonine, valine, methionine,

isoleucine, leucine, phenylalanine, lysine, histidine) 25 AZo0| =.
ZZM = glo| /=0 JAE aspartic acideE AT S22 AU Zs et MI|s, MAl
X g HEE 28 Y FAUSH, glutamic acide 7[HAH T HEH Jid, WY
235 25 S M Sofl E28 Fe HWeE UMM Y2, EESE proline THHEA A
2 TE, AL A A 55, Fotst g &2 MYy HEZo| S8 deg Si,
alanine® CHHA MatMo| S dets oot Aol 2=E2| ol X|2E FXle
Zolo| it Bol= £3| valine?l &&0| =3.
Pvaline® 22| 35%& 7AMstl Uc EFolo|ctt 222 leucine, isoleucinet &
H BCAA(Balanced-Chain Amino Acids)& T+Astn, &4 otEstet QIX[s3 7o &
Tl MEo=2 UM U,
H 17, the ZAEHe FMotol=ak & (mg/ml)
- . AL EHEY
Toolo| =4t | 1K} EEH B0 B3 B6 B9
Aspartic acid | 0.52+£0.02 | 6.94+£0.83 | 7.47+0.60 | 8.80£0.05 | 8.93+1.02
Threonine 0.08+0.00 | 1.67£0.14 | 1.59+£0.10 | 2.54+0.08 | 2.07£0.32
Serine 0.06+0.00 | 1.66+£0.16 | 1.65+0.13 | 2.54+0.08 | 2.07£0.31
Glutamic acid | 0.36+0.01 | 3.82+0.33 | 4.23£0.33 | 4.56+0.06 | 6.22+0.97
Glycine 0.05£0.00 | 1.54£0.14 | 0.87£0.02 | 1.93£0.08 | 1.14£0.33
Alanine 0.19£0.00 | 3.60£0.39 | 3.11£0.68 | 4.26£0.03 | 4.331£0.54
Cystine 0.01£0.00 | 0.70£0.01 | 0.29£0.01 | 0.57£0.05 | 0.34£0.07
Valine 0.12£0.00 | 1.93£0.09 | 1.91£0.21 | 2.67£0.08 | 2.65+£0.36
Methionine 0.03+£0.00 | 0.52+0.02 | 0.40£0.02 | 0.58+0.04 | 0.36£0.02
Isoleucine 0.08£0.00 | 0.95£0.04 | 0.99£0.14 | 1.34£0.05 | 1.59£0.23
Leucine 0.12+0.00 | 1.62£0.09 | 1.71£0.18 | 2.57+£0.12 | 2.62£0.42
Tyrosine 0.02+£0.00 | 0.94£0.06 | 0.98+£0.04 | 1.33x£0.12 | 1.06£0.12
Phenylalanine | 0.08+0.00 | 1.39+0.08 | 1.28+0.07 | 1.94+0.11 | 1.73%£0.26
Lysine 0.05+£0.00 | 1.89+£0.11 | 1.26£0.04 | 2.16£0.10 | 1.81x0.42
Ammonia 0.15£0.01 | 2.05£0.22 | 2.58+£0.32 | 2.76£0.00 | 3.16£0.16
Histidine 0.05£0.00 | 0.80£0.00 | 0.54£0.07 | 0.97£0.09 | 0.76x0.14
Arginine 0.05£0.00 | 1.04£0.04 | 0.84£0.10 | 1.22£0.08 | 1.16£0.19
Proline 0.30£0.02 | 0.56£0.26 | 0.66£0.09 | 0.79£0.15 | 0.71x0.16
Total 2.17%x0.08 | 31.59+2.79 | 29.79+2.63 | 40.77+x1.30 | 39.55+5.55




ol

K

&

HO
Ao
o
rf

—

ol
ol

ol
KT
i

< <
oo
¥ | T
®| X | X
m
™| m
~|©
© | ©
< <
oo
T |
© | X | X
B62
) S|
=
Kl
o oo
_A—M_ Y |
™| X | X
m
™|~
o™~
Y |
< <
oo
T |
O | X | X
m
™| <
© |~
T |
[To NN R¥e]
3r oo
ﬂﬂ X | X
. |~
K | ©Q|©
— |~
o2
(@)] —
o D 2o
LF%H
>
CBF

Kr

oo

oM ol

=

Kim

[0}

# 199}

ok Aot=

total flavonoids contents& =3¢

al
=

N
=

S o| total phenolic contents
o
=

P

=

@ o | o
@ = =
©| o )
=X
= e
KID
__Aﬁ
Qg o | o
= =
2 o | o
=z =z
(@)}
= c
o 0
KiD ~ )
| H | O
. S z
K | o
™
N
2
@ -
o S
S =
(@] » O
) o
5~ 2 2
539
S 2|8 2
—
|G|e
S o8 ¢
O £|/0 ©
= | O

- Not detected

N.D.

732.40mg GAE/L2| total phenolicOl

=
| x|

- Xk AF U

=5

2|H =o| 4

==
=

r

03

o

b

l2 0[S 1%}, 2% AEW DE LIEFLR

- =
=

KT

R

i
E]
[\l

70l

=X

_x_._|
Ho

=g (L)

36
35.5

34

=t (Brix)

69
70
70

ZFEA| 2t

(min)

240
190
150

Jtd2r

(C)

95

100
102

=X

KT
R

K

=& (L)

150 L

& (Brix)

17 Brix

0l
"



- 7}¥ 2% 95T, 100Ce =¥ o|o|, o|F =

e
[}

KO

ojn
ni0

U

ay

tod 2= 25CHAM 22 SFE

o5

zug =

oo

7ol
—r

Ho

OH

__o“_
ol

I

2 &0 wWeE

2

21.

= o0 | o | o]
m | N0 | H | o0
4 EEE
E! (@] (@] @]
9
mo | X | X 0
H—nm_u Al —
on| T | O =
ml
S
o I N
= ol | ol | ofl
ﬁ_ Bz
Clo | &
I
H| c|>|=
o | == | >
E1Z|Q
) M O
- v

832

H| W 5}

22E

— Fermivin7013, LALVIN1118, KCCM11397P 37}X|

oo

7ol

Kr

KCCM11397P7} tt%= 1%}

ZTRE 5%

Fal

Ko

N

g

—_—
I[e}

i

T2 Ciets® Al Zh ChollA

__oM OO0
wyro K| <
O | <
Jo <
™
KF|__
e ﬁ x| <
Klo
IH T | R’
I AESEES)
QE% o
i <
mg
3l
N | o
= ™
__o“_
il
o
N~
3
b
__& M
(@)
O
~

7ol
®r



1) B A =8N 28E 2 ZEfIZAs SAIFES /s FsEM s 125
v' Forward screw, backward screw, kneading block & 0|&F &&7| A3F & =g MA
I ]

- 2022W0l 8510 1% HES HA CeS BIIAE 3SHT
0]

H
FE{ 100kg O|&t M& 2ol 20 XAHd=x T 2 10%0I5t2 2 & ALEE
- et e 1AME o dEE b 67 =He2 AN FatE4

- AR} O|FAEI|E o|8et et =2 st=d2 E 171 £33, T2 = F&
H=0| EAIZR tie] 63% MAH=O 2FZHI A2t F0| A= oiH| SItE ash o
B2 6.2%0A 4.9%=E Zaet

I 23. ot HIHA SetEMEAM (g/100g oven dry weight)
Extractives(%) Carbohydrate(%) Lignin(%)
Total
Biomass : Acetic Acid- Acid- Ash(%) .
Water EtOH Glucan Xylan Arabinan Total Total (%)

Acid insoluble soluble

Raw
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PVDF 1%t Cycle
Compaction time | 23um Pre—filtered | #Z=E (F-40) Xz

Permeance 3 30.14 + 1.66 35.73 + 1.00

(LMH/bar) 60 13.68 + 1.24 20.01 + 1.80
PVDF 2™ Cycle
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PVDF SztoH
5= A 5% 3 SZE (o)
1 (mL) 509.91 53.74 9.45
"""" o (B0 | 180 | 17.00 | 944
IG5 (%)
Sucrose 0.095 0.802 8.44
""""" Gluicose | 0588 | 4726 | 803
.......... F ructose 0429 3170738
# 37. PES &Y 55 M/= v|W & S5FE
PES St
CE 5% % S8
o (mL) 509.35 58.88 8.65
2 R R 580 | 878
IG5 (%)
Sucrose 0.078 0.705 9.08
""""" Glucose | 0471 | 4306 | 914
ORI B 0313 ........................ 2907 .......................... 928 ..............
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Trifluoroacetamide
Diethylene glycol
Tetradecanoic acid

1H-Indole—1-acetic acid
E,Z-1,3,12-Nonadecatriene
Pentadecanoic acid
HENICOSANE
1,19—Eicosadiene

>90

OO || —

10 2—Carbomethoxy—6—methoxy—benzoy! chloride
11 1,19—-Eicosadiene

- Sg w20l A £EB0| RIIMF 2TS EZE ClUst 3w 2TS0| EXE
=fol

Tt HIHA AEEME DRI &

Ct== &5 2M =2 olststs =M Hot

NREL A& Laboratory analytical proceduredl| M2 MEZA FO|dEZ2A TA
cieb: 2 2lad =M EAMS AAEL

sk o

72 wtw)oll ofet 1At JieEs] &, 12(121°C) X
ZX stoll 2xt It E dlde. ontE Solf LAt UM E 2| et
M 2|3dY(acid insoluble lignin, AIL), Y= A7IEAM 2|dd (acid solu bIe lignin, ASL)
=

ek 2ol Ay EE2 3 £ Rl detecor(RI-6000, Futecs, Korea)Zl ZHaHEl High

performance liquid chromatography(HPLC; LC-6000, Futecs, Korea)E& 0| 230 ME



EARL oM EZ2AS FMEQl glucose, xylose, galactose, arabionse 2
mannosel| £%&ol| 0|25l S.

I 40. Bt B A AHE ZM =2 dE =4

Bagasse
Second bagasse
Stalk Flies Quantify of reverse screw (pcs)
bagasse y P
0 3 6 9
Glucan 36.30 + 47.94 + 46.05 + 47.62 + 46.31 + 46.95 +
0.94°¢ 0.15° 0.90° 0.622 0.82° 0.37%
19.38 + 2277 + 24.01 % 23.95 + 23.47 +
+ d
Xylan 8.25 £ 0.05 0.12° 0.52° 0.312 0.47° 0.28°
Galactan N.D.* N.D. N.D. N.D. N.D. N.D.
Arabinan N.D. N.D. N.D. N.D. N.D. N.D.
Mannan N.D. N.D. N.D. N.D. N.D. N.D.
Acid
8.64 * 7.91 + 7.49 + 7.55 + 7.76 £
+ a
ﬁg'r::'e 9.73 £ 0.04 0.13° 0.15° 0.01¢ 0.15¢ 0.10°
Acid 17.15 + 18.99 + 18.80 * 18.45 + 19.18 +
. N . 15 + 99 + .80 + 45 + 18 +
:%SH?LUb'e 8.83 £ 022 1.38° 0.28° 0.37% 1.69% 0.13°

"N.D.: Not detected.

“"Values are the mean % standard deviation of three experiments.

“""Mean values with the different letters in the same column are significantly different by Duncan's multiple
range test by one—-way ANOVA (p < 0.05).

Cle 25 Al o|2F &= ke &7]|9 M2 24 ZINdry weight basis), glucan
36.30%, xylan 8.25%, acid soluble lignin 9.73%, acid insoluble lignin 8.83%= L}E}

Lt
[

43 24 ZHo= olstod, HE Fo| 2 Bols HE M MED 8L A MMMz

x|
glucan, xylan 2 acid insoluble lignin &2 &7t} acid soluble lignine| &7t 2kl

E 2X} & EMEoM= xylan H =l = XA S7}EH%
04, acid soluble ligning| && 2 Hast= A2=2 =0lE. 3 24 Al 7188 HE2

(==
2| 2 vlo|ojA Z4f Fotof wE A,

AL |o }H nm

Cellulase &#& 3st7l2d)8 €7t

AL Cellulase?! Cellic® CTec2(Novozymes, Copenhagen, Denmark)E O| &350 &k
T HE 2M=2 24X JirEcieS ISR E. ol W, FB= 11Xt &E =4 =(First
ZE EME(Second bagasse) & AAAFO 5 LIEHY.
MEZ2A(Avicel® PH-101; Sigma-Aldrich, St. Loius, MO,
&t 42t g v|lwstod I8 540 LIERHAUS.

1x 25 EMEo| Tsl82 19.48%, 24 =& EMES HA37 ol w2t 2zt

5.52%, 1.49%, 1.52%, 12.41%2 LIElGoen AtfMo=z I tetgg Hol2E2 o
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Enzymatic digestibility (%)

SB-3 SB-6 SB-9

a8 54, e HE ZM =2 HaE

= E7b et Mz WM

=
41, it Sof =20l w2t

Mxe|lEl SB-9 MEe ME =4
Treated with
Untreated

1% sulfuric acid 1% NaOH Distilled water
Solid 50.46 + 2.08 61.15 + 0.99 73.05 + 1.84
recovery
Glucan 37.50 + 1.55 46.86 + 0.76 46.69 + 1.18
recovery
Glucan 46.95 + 0.37 34.90 £ 5.10 35.98 £ 3.80 30.01 £ 0.29
Xylan 23.47 + 0.28 5.27 + 0.04 13.03 = 0.14 9.68 + 0.18
Galactan N.D.” N.D. N.D. N.D.
Arabinan N.D. N.D. N.D. N.D.
Mannan N.D. N.D. N.D. N.D.
Acid
soluble 7.76 £ 0.10 3.59 £ 0.13 5.86 + 0.03 5.89 + 0.15
lignin
Acid
insoluble 19.18 £ 0.13 34.26 £ 0.30 8.43 £ 0.43 23.11 £ 0.48
lignin

"N.D.: Not detected.

“"Values are the mean t standard deviation of three experiments.

“*Mean values with the different letters in the same column are significantly different by Duncan's multiple
range test by one-way ANOVA (p < 0.05).

Eotg JIME s olo|aZZYolE A|AHI(SEM Mars 5; CEM Corp., Matthews, USA)
2 EHE FHolE e MAHEE FEE. ol mf MX2l= 10% solid loading@ =z
180°CollM 1022t FA=HJ2en, M2l SoHEZ 1% sulfuric acid, 1% sodium
hydroxide, distilled waterg& ZtZt 0| 231% 2.

AAF[Z Tt 97l 2%} EE EME(SB-9)2 0|25t0{ Cltst 2off =ZHoA{2| FX



32 E 350 L}EHHAS.
- 1% NaOHE 0|Z35t% 2 Il =2 glucan &2 xylan & lignine A == AE &

— 8L}, glucan recoveryE 7| &2 =2 distilled waterg O| 23U i} FAISH Z4S LIEHY

= AE =ols = Aoz O 25)sk =42 distilled waterg F7F MX2| 2oz M
X

m Mx{2lol whE E=tE Yot

H 42. Distilled waterE 0|&%t MXe| F tter 25 EM=2 =M v

Bagasse

Second bagasse

First bagasse Quantify of reverse screw (pcs)
3 6

Glucan 50.61 + 1.43% 48.71 + 0.45° 42.39 + 4.69° 3596 + 0.87° 30.01 + 0.33¢
Xylan g:ggbi 11.39 + 0.10° 11.05 £ 0.93* 11.27 + 0.72° 8:22;—’
Galactan N.D.” N.D. N.D. N.D. N.D.
Arabinan N.D. N.D. N.D. N.D. N.D.
Acid
soluble 6.60 £ 0.19° 6.87 £ 0.02®® 6.94 + 0.16* 7.25 + 0.41°® 5.89 + 0.16°
lignin
fwg'csglnuble 24.99 + 0.31% 23.29 + 0.18° Zgzggcf 2212 + 0.11¢ zg:l;bci

“N.D.: Not detected.

"Values are the mean £ standard deviation of three experiments.

“"Mean values with the different letters in the same column are significantly different by
Duncan's multiple range test by one—-way ANOVA (p< 0.05).

- E 428 the 2E EMEZ distiled water & OlO|3ZY0lE A|AHEIE 0] 235}0]
180°CollAM 10272t MAMe| = g2 DEHES M& B4 Aol

- MX2| & 55t 2E &HE EMEBoM xylane 2312 Eele = o, &E EM 22
2M sl o AAF 7o Ji=ol w2t glucan SRS CIYSH =2E = JAAYS. 35 1
A &E B2 49 MAelE S50 =2 glucan S LIEW oD, 2X} &E 24
22| 29 JA23 /e It EIHLTE glucan 0| Hasts A2 LIEHE

- Mx2|E ot 2E 2ME2 CTec2s &8sto] H35t8 "ot ¥ MAez|l a3tE &elst
XS, o W MMz =He oM ©st =D SUSHH TS, MAE MFe EHEER
M=o GEtES dHlu 2A5IUS

-1x 2EF EME9 22 MMzl T Ystg0| o 3.27H) IR0, 2xt &E BEME
of A% HxzlE S35tod =atgo| o 50.9081(SB-3)7tX| B7I6t¥ 20 = 77%2|
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2372 EXf stoll dHMElof wE gt O A LERS (3
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1245cm-1& 2|34 Wl aromatic ring &2l C-0 &lF 22 2lo|stH, 1035cm-1&
HEZA o C-0 ZsS 2o|g. a8 56(a)ollM e HE(SS) 1, 27 &E &4
2 I 38 dHlWse o, sie oEthe] T3 MZ|7F RBAIAM Aoz =t A
LIEHE. Ool= RBLt 1,2k & 2M=2 224 ALE HF%*SE 2 o, & M
kel 2O, HE=2A g XHo|7F FTIR 2o = LIEHt Hdez el (2|adH, 422
A gtgh B < 1) 2K B EME)
1733cm-1= do|dEZA2} gladel ZAEAHolM C=0 MF 2
st MAE|st st &S5 EAfSolAl 1035cm-1, 1245cm-1 2ot of|2} 1733 cm-1

olM s = A= MZ[7F X2l © MS2 WSt 25 E0HE AS 2 T US.
1035cm-1= HEEA U2l C-0 TsE LIEtD], MMz  HEAM 237 747t
SIteol w2t MZ|7F AR = AdE & 5 U0, TXE = YES0M =25 2 MZ[7t
aast A2 2 F US.

XRD £¥2 set 283tz &4

XRD 24 & Sofl HEZ229| ZYstzE FYE = U2y, 54K Jt5Eaiet Ho|2
A ME2| o84S HEHE=

o=
16.3°2f 22°9| m[3= HER

2 == _I?__E_o'l 6I'l':'gl'_ -‘-’-IE.EM'I I-II’IEI §- EI
3 MZ|et =07l O Zolxl AE &eler = AUZ. Eoh 18°2 3= ME f H[AHEE



F20l siste FE2E, MAM2| =9 ZIlolM i mI3cHel Zo|7t = Zo{zl A
g2+ Us
XRD 248 S35l T=&5t= Crystallinity index(Crl)& & 2M =2 ZAM™st MEE X
ststo] Moz LEt . MA2E| ™% MEe Crl g2 E 430 Mz|= A2 (T8 57).
MHME|SH| 2t2 &E5 M =2 ZdEstT 4t 42, 1t &5 2M=2 38.72%, 2k &
& =M29 4% 23F% =0, 3, 6, 97h)oll w2} ZtZk 45.01%, 43.87%, 41.55%,
44.82% =2 L|EF,

(a)

8

0]

2

©

=

=

2

o

= W\f\ SB-9

4000 30'00 20'00 10'00 4000 3000 2000 1000

Wavenumbers (cm™) Wavenumbers (cm'1)
8 56. (a) A2l © &E5 242, (b) A2l = &5 2=
HHelgt 25 222 dHsEc 1A &5 2 20| 55.22%, 24t &5 M =2 &
< 23F 7i=(0, 3, 6, 97h)oll w2} Z+Zk 53.18%, 54.74%, 57.50%, 60.54% = L|E}
oo, AJF It BUteE 2™ Sttt AEE LEH
Mxeler MEoA Crl gtol B7tet A2 dAMeEZE ¢l 2lad H s|o|dEELAT} H|
HER7| HHE2ZE 2 F= US.
¥ 43. MAeglof| wE ZH™ ST (Crystallinity index, Crl)
Second bagasse
Crl(%) First bagasse Quantity of reverse screw (pcs)
0 3 6 9
Untreated 38.72 45.01 43.87 41.55 44.82
Pretreated 55.22 53.18 54.74 57.50 60.54
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v Olo|3A2AA3t 2 EM B4

n 2|8 AMzlo E olMdRE ¥ EH o|o|X| A

- M Distilled water2 HX2lgt &#E M =2 1% 27 C(Vitamix TNC5200; Vitamix,
Cleveland, Ohio, USA)E 0|&3l0f o|MMd7Rs HES  &sll  Lignocellulose
nanofibers(LCNF)& M =35t S. o] mf =HE2 1% loading2 Z|&0|04 37,000rpome| =
T2 Z0f 16022t MNAEAS.

—-otzff I8 59dAM= MAEl MEFel &HE EME ¥ M=EF oMM RFE SEM(Scanning
Electron Microscopy)2 &5l M SMS ZAlSIY 3.

- X7 =HE EME2 MM ™S Ssl YAl Ato|=Tt HAsen, SEUMEHE 0|2
=2 Xzl oFo| olshM L Alo|=o| MFIF EME HE =ele = US. 1008 &
o olo|X|olM= =2|X XMzl olF MME Jl= MdRas0l 12H EEX=HO U= HE
gtolgt 4= lenf, 10,0008 & O[o|X|oAM o|MSt MFAMS0| DEH MZE AFJU= =
&= Folg £ U3,

First bagasse Second bagasse
Quantify of reverse screw (pcs)
0 3 6 9
Untreated
Treated
LCNF
(x100)
LCNF e
(x10.06) B2

m Water retention value (WRV) &%

- M= LCNFe =& H7 s FZ 2 ?lail Water retention value testE& TIHsIUS

- Water retention value & Z3xH(3d 60), =2Id Xezlo| 2lsi ZE &EF M =S0lAM
WRV 0| 5 o|M2 2 =7 HEl= HE el & = US

- 53| FB2t SB-02 40&2| Xzlol= WRV o] Ztzt 6.33, 6.1322 JI& =2 FXE
23 on], LIHX| MEOAME 80EScte EMYURE =2 WRV #¢42 ®Xlsl= A2 €
olgh = UAS.
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E 45 B HEAQD S5 Ldaxd B
= : o= - .
ZE¥Y 16.5 Brix 2021 A ElAs 2 E ol =200 24 6 Brix
MEtoZ HLCF &
= O o T A =
24.5 Brix, 1,000¢ T g 1,000¢
OFZHMZHE 2009, QI4HY 2509 H 7} ol Ak 250g
EC1118 1509 _
OIHNZLE AT 5AZ £ 227 EC1118 1509
17 C 1% 2% 19°C
19 C 4UXt 25 26°C
29°C
24 C 6 2 (31C2 Masto] Wzts
Abi)
28 C ) 0
(30CE Aaslo] WZts Am) 8eAr 2 28°C
102Xt O|F MMsl 25 stz
U= 11.5% 25U R} U= 13%
U2 13% 302 A UB 14%
ot= o, S| AD
422.50, LB 28%, 2+8 91% 1% 22 (Z9) 4720, LE 27%, T8
91.02%
1990, YE 52%, 3|48 87.4% 2zt B (&) 2034, L2 54%, 2/+8 86%
79.6 % & U2 38 78.3 %
10,348 T A2y 10,962
4 zf
(Zt5oH H|) +614 (+5.93%)
S
Tichet BsHAIZD ] =
o Ana (ol#7}+ Hel 2t2)
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LY Fut = flux 852 flsh 0.1% NaOH (50% NaOH in H.O, CAS. 1310-73-2)
Yoz SSMFS TWSAS. MY F, Ch3 8US ofntstol BalYel flux 35S
stolg. DE Hied 23 AEUS H2I5| Slsh o WS ur=

g
”
4
A 3
25
=

y (s @3‘

]

i

e

£
L

il it

18 70. Pilot scale 42IX] PES membrane module

Pilot 22 scale-upsto{ 4QI%X| PES 22|% ZSZ tieg 2&F HEW f 2 2 7
2 SRS MAS 23, 420X PES 2|2 & EX|E 2F 1,960kge| T 2% EE
A S ofnfsto 2F 1,870kge| oAU E AHS

Che 2Kt A EW S XE2/stes ™M =5 XME|Zo| Srter-E 8 W the 118
=2 Qlafl 2 2go| AZ=HO AN Mol w2t FHEMYEE WS, 0|F Cycle2
LIEHH AS

F 50 off 2™, 0.3 %2l the 2X HEUS HUSIFS o, 2F 9.72| fluxE EXL
Lt 80% A2l ¥ 2f 5.7 LMHE FItzJ} Ztast A &elgt olmf, £l o{IE <
il st EE s, E 508 a8 710|lM LERf 0| StEME Fofl MAE A



E 50 T 2 7|E2R 8 e 2R HEH x2[gof wE PES HEsel FrE

Hl (224: 30bar)

ch42 2%} PES membrane flux (LMH)
£5 X2l AlZE (2) a2 E &5 o
; PES 1% Cycle
2| (kg) Y
10 20 9.666
160 238.41 5.640
PES 2" Cycle (after chemical washing)
170 257.23 8.065
360 436.93 3.677
PES 3™ Cycle (after chemical washing)
370 458.13 8.966
600 740.88 5.450
PES 4™ Cycle (after chemical washing)
610 318.23 6.120
730 859.26 2.597
PES 5" Cycle (after chemical washing)
770 907.26 6.857
1050 1184.93 3.786
PES 6™ Cycle (after chemical washing)
1060 1224.93 5714
1150 1297.90 2.389
10 - —HE—Cycle 1
| | —@—Cycle 2
) \ —A—Cycle 3
9 u A —v—Cycle 4
] Cycle 5
8 \ ] Cycle 6
| ]
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I 74
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I 54 | Gk B{UAQf 23 HE = UEE9| etz
Extractives(%) Carbohydrate(%) Lignin(%)
2= Water | EtOH | Glucan | Xylan | Arabinan | ACCC | Carb. | Addiin [ Add oo | ASRGE | TotlCd)
acid Total | soluble | soluble
HEI_-I}j\H_Z 30.1£0.0 | 1.0+0.1 | 27.8+0.1 | 14.8+0.1 1.940.0 4.3+0.2 48.9 11.6401 | 1.64+0.0 13.3 5.340.1 98.6
;x;iz 26101 0.0£0.2 389+0.1 21.3+0.1 2.8+0.0 64+0.5 694 17003 | 22401 19.2 52+00 %4

- 38 762 Hxol HIHAM §lol 2xt EHF the HINA DH=2 &8I5S0 HEfeh =
& AMEX|Z st Z3A(COAD 1007b)E 0|&5t0{ 2= 170C, &3 30MPa =& =70
M HFE(18X18+0.5cm)2 0|&35t0{ X =7 .

- 7AAel  M=z=z3de2 oXy st zZyA  WfE StE Yo HA O OAFHE
(18cmX18cmX,0.5cm, HF2| FH 1cm)& 0[8350{ |ZE 160g2 T LS ==ZAZ
= 3tz A8 HdsAl7IE FIHHC Jiet glo]l 12 et 2 LS TdE

- 0% 30MpaZ 15% Sob 43, 30% Sob 43, 12 Sot 23] sjte sl 5 58 5
oF g Jbeh ¥ A|EE FFEHAS

- S BHA RAEER MES AlEE HIe MIA A0l Helrt B RS,
HIMHE M Es5tH creet defo| =& 87| Mol Jhsd W22 of&tE

v EEBY 2T 4x 2N % ZAM It

b A B JIu S8 2 SR 2 U oy £X| AE

- HE BY JlM S8 B $x BHS HeHsRolA SHE WMSHE 100kgel BET
A Melg@e 7|82 sivlg



@A

(70kg)

Retentate
PES HWHEEQl | (Policosanol)

90kg

Permeate
(Sugar solution)
1870kg

——— -
Sugar solution

Ro membrane B8k >20%)
52.3L

XF=OH
sSEa

(1960L)

2At AE5E St Gt E2|ZAE EF S st fIsiME olFLET|, HeZg
2, PES HEzol & RO HEzaiel &2 Mx[7} He

Tk B{7HA SHE X 2(Z0| 100kg¥ M, 24A|1ZF 7|E2 2 XM2| Jtstt Al E Z]
olat ZAM S Efelgt (£ 55)

2AF EEYW 3o Eet FH| T UA Vg A2E EUtEls ZEIZyA2F RO
membrane FH[2| A ZAXMZS EUZ FHo{7|H1 oid FH| XHE getol| 25to =2f
wrte] nAEE| FH|Ql el ZaAof Hlof SR MFS AFFIZeA 22 FH
o H& o{FE HAESP|=Z &

=
52 ?Ist RO membrane Z&H|2| x| ZH|Z 7[E Fo{7|YollA Zietst X[ OO =
ENES St SAIE =T} J7tse Aoz HChHE .

o
o
il
0j0

¥ 55. Fd| Fof of A& HAX

H Z=AL =9 4 A=}
TWIN SCREW
s _ TEK4A0MHS-L/D32-3V
O|FAUEY| of| A2l Z2 = COMPOUNDING Ao 109,500,000
MACHINE
L _ Membrane filter
e Ty A EfP&= Egjlo|M TPML 630-4(8)D W24,200,000
press
DFU-0407S
dA0 X 1,182mm
(PES UF Module)
DEERFOS
PES membrane W 8,176,100
MEMBRANES )
49IX| UF Module
1,000X700X ,828 mm
TEST SKID
RO membrane UF Feed pump
RO membrane TEEMS _ W 75,300,000
process (8.3L/min*30mH)




v ES ZRF U DAY AREe EFEM e
7t pH, Atz 2HAEEF ofo| M RE|IY, FIIAH ME F O[FEA EM EA
- B ZRFE 9 MRSl pH, AE, HAEPY 24 HiE Ck2 E 563 25
E 56. G4 ERFTo AlRle ERSY
SFT AlE
pH 3.48+0.02 4.33+0.05
ME (%) 0.05+0.00 1.8610.06
SHAEH2E (%) - 22.48140.34
- SRF MEols gl AEHA| YUS.
- Aol = 22.48%2| EAT 2 Aol M(1.86%)0| SAlof &RrEA US.
- B SRF ¢ Algel R, |78 24 HIbE o2 E 573 28
- 2Mofl= AXZEEE7|7F HEE HPLCIF AFSERRS.
E 57. e SRT AR & 2 774 ot
SFT AlE
Fel e (%)
Glucose - 30.00£0.01
Fructose - 32.88+£0.13
7214 (%)
Tartaric acid - -
Lactic acid - 0.71£0.00
Succinic acid - -
Formic acid - -
Acetic acid 0.02+0.00 0.20+0.01
- Aol = cigfel RelEo| EEEOo U2y, |RI[M42 HAHlactic acid)b =2Hacetic
acid)o| d&=AUS.
H# 58. Cie SRF AIH M
ERF AlE
Lightness (L) 53.64+1.16 21.6610.23
Redness (a) 0.65+0.02 -0.1740.07
Yellowness (b) —1.65+0.05 0.9440.03
Color difference (AE) 21.554+0.56 46.54+0.03




Tl 15 HENE HERSH] 2e & SRt SFF2 YEc 53.64, HMEIc

0.65, BME+ —1.652 El=AUS

Chea 1RE ZEND 2% ZEWUS ZEeto] MEF AlES WEE 21.66, HMEZE -

017, MIZE 0.942 2fQl=3US

SFEFe AE2 ti=7(=) the| 28 ol AR MXPIL A4 LEIGS

Tt SRFA A-S FHon|ett 24 HE E 599 S

SFFOAME ofo|ctt2 FHEX gguen, A|l@2 32.7mg/mg2| & oio[it HEE

gtelgt

Aol =ZatEl FMolo| =42 aspartic acid, glutamic acid, alanine =22 Bo| &7
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