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BWLP H SGMRQ SLHMHDR HOAR 2 [CBD® ( P SW) UKWAXQRK

7UQHY  HHDSKDD $ QRKOUADS NOUDFKDUDQ D

" HEDUWWHMAR O IRRERBI\ ) CRXAVR 6HHIH & KXOERINRDS QYHIW YDQNN TKOMG
$ EVADRWV

2103DP (PSW ) VAWK 23()% D QQRAHBEVE DJUEXGMIDOZ DM FRP SRH/ R

FHO®H KHP LEHD @Y DG MQQ Z Z 1Q JHHDD 7R PO IPIH

|HP HMEEBH \XIOW UHBDHG IURP WH 23()% B HJ\PDIF K GROWY DQ HIHAWH

SUANHDF HAP HIMRG LV UHNXAUHG * XH W KUK FROMIAR @IQQ 12+ P SBHIQ@ME 2 3( ) %

WP H SBMRQ Z D/ WYGHG 2 SWP OFRGEAWRQ R \WH SUHAHDIY HQAP HKRG Z DV KPP HU

PIG®G23()% PP SOW®IM]H ZY GAQ ZKEKZD/A\RNGIQ 0 12+ IRJ
K WP HSRHGDN & IRU PIQMWV 0 [ IPXP UBHAQ \KIDW EHDMEZ D/

J COWUWH SHHDMG 2 3( ) %Z DVK GIROVGE $ FFHBLDH &0 &8 J

S13* 8J DV f&IRU K

. HZRGV RCEDP HP SW IIVWEXQK WP H SBMRQ HY\ P DAF K\ GIROMY

, OAMRGXPARD
21000 1V 0D [P SRUBQMFRRP IE SOQMVR 7KOMGG 7 KHUVHHBY ZHH WY P DMIDY IRU

OB ROSIRGANRY ,QWH SOP ROSUIRGAIRY SRRV 1UAK [ XIWEXQRK Z DV \KEVRMS \R
WMP ML) DARQ R UHEXFH P LFURELDOFRQIEP LODARQ DQG FEODM VHHBY 1URP. IW EXQRK IRU
HWFARQ R RO/ DJH PRXQVMR ROSIB HPSW IUAWEXQEK 23() % ZDV GIWDY DD
DIUEXGMUDOZ DM 7 KRH Z DM FRP SRH R FHD®WH KHP IFHOX®\WHY DG @WQQ D/ D P DU
FRP SROHQV'  XH VR WHU R<HP LEDOFRP SRIMRQ DYDXDEMA 1Q @UH TXOQMV  UHQZ DEGI DIG
®Z (QFRWV6DNIUHADD 7KH DHIQMAHMGQ) \RXUHR 1HP HMEE®! \XIDUIRUHR®G
JHHDARQ R HADGROSIROAIRY %R HNDGROSIRGAIRY 1URP. QI QRAHTIBE \KEVADM FIQ
EH FDMRU HG LOR \WUH WNBV ) LWV SUARHDR HQVKHP IFHOXBHY DG @IQQ Z HH WP RYHG
RUMFEDDMS IRP FHD@®H 6HRQG K GROMY R \WH FHD@®H \R JOFRH B FHBBOW
HI\PH/ 7KLG IHPHMBARQ R \WH JOFRH \R HADQROE! PIFURRUDQWP 7R K GRRD[H
23() % WR 1HIP HQEE®! \XIDU SUHAMDA HQMY UHTXLUH VR \FSOUDAM KiHP LEHDX@®HY DG @IQQ
IRP FHDX®H 6LQFH2 3( ) % FRP SRHGR ZZ ©QQ /¥ HAD WHHRH
WH 23() % ZD/ SHUDAMG B WP H SBMRQ PHARG 6WP H SRMRQ IV D SK MR
FKHP LFDOSUHNDA HQAWP HMRG Z KIEK WLZ. P DAUDDLY \KEMPMG \R KK WP SHDMUH

f& XQEUKIK SUAXKUH IRUMRWWIP H 6XQHADD 8 QEHUWLY FRQBWRQ P RMWMUH
IQ U¥Y PDMIDOH SBRUG ZKEK IV GIUEDNR) R @QQ DG FKOPH R TAHNOJWRKS 1Q
KHP LEHDX@®HY \R DRI CAG Z KIFK GG JOFRIGE ERIGR FHO®WH $ 1WU FY WHIEH
WUKRMH R FHO®H IV QUXSMG HJ\PH DAARAMEON \R FHO®H LV IGRUDHS Z KK
HQERBG QKUK GEHDARQR JOFRH 5P RVHAID 23() % SHMDAMGE 12+ JDH
KUKHWAUHGAQ \KIDU 8 PINDSRP HADD D\VMUHQ \ P DIF K\ GRROMY Z KHD FRP SDUHG
W 23()% SHUDMS B +12 +&0 (' $ DB (' 7$ ,Q DBAMRY WH BBHEQ \XIDU
GHDMS PSRHG B IRG B SURPIQ WH 1R+ SHUDFHWDN f& PO
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0 IFRARSIE REVHYDARQ UHYHIBG MAFD ERG. SHHADAMS WDQGRP ® DR \WUDFHR 23() %
7KRHUTD ERG GHRUDHE HY\ PHOFFRMEQV \R 2 3( ) % + RZ WHU JUQAQ) DQGZ DKQ)

R WH2 3( ) % FRXG WP RHDQHIHAAR \WHVMDERG / IZ HADD &RP SDMRQR
SK\MFDD AKHP LIFDD DQG WHLP DO SUHHDIR HQV RQ WH HQ\PDIF KK GIRDWY R 23() %
IQAFDMG\WDAFRP BQDMRQP HARG 102 + \WDMG23( ) % WHODARFOHDN  f&  PIQ
JDMH WH KUKHRMWXIDU $ WILQ HADD QWY VMG 12+ IPSUHIDMS23() % ZD/
SHUDAMG B WP H SRURQ 3UHUDA HOVFRQAWRQ Z D/ ROWP LI HG B\ YOURXY PHARG
&REAVRY IRUHJ\ P DIF K GIROMY R 2 3( ) % SUAHDAMS DAWKH RSWP DOFRQAWRYQ Z DV DOR
ROWP ] H3

0 HNRCRBUI\

2 (050D HP SV IDAVEXGK

210SDB HP SW IDAVEXGRHY 23() % Z Z P RWMUH FRQMVZ HH FRIDPMS | URP
7KOL7D0%Z DG 2I0&R / VB 1Q6XIDMDQ SIRIGFH 7KDMG 7KH 2 3( ) % Z HH K35
B +PPHIPIOMVHHG IRU PP PP DOG FP R IIBHUGQIW DG N-BWDW f&
XQUDXHG

&KHP LEFDOFRP SRIMRQ/ DTOMY

&KHP [FDOFRP SRIMRQ R WH 2 3( ) % Z D/ DO HG B 7$33, 7 HAKQEDDS WRADARQR \WH
3XS DG 305HU, QMY DIDOWADOP HMRG IRUS GKD 9HB DG * CPPDFHO®H 7$33,
7 PP DGHGIQROEBIOQQ 7 RP FRQMIN DV HEDWWHVR 6AHIH
6HYIEH 0 LQW R 6AHIHDIG7 HKQRBI\  YOQINRN

2 SWP [] DARQR WP H SBMRQ SIHAHDR HQV
TKH23()%ZD/\RNGIQ 0 12+ DNV ZY QY ZHIKWRU K \WHILGMHG B
VHNQ) VR UHFRYHY \RTG SOWFBV 12+ 1P SHIQMS 2 3( ) % IIBHJZ D/ IXUHU SUIHHDMG
B WMP H SBMRQ PHMRG XMQ KUK SUHIXH UTRRU 300, QKPP HOMRRPSI)  PRGD
86 DN ZY \XEWDM GDAQ f& IRU PLQ 3UHNHDMS 2 3( ) % \FHEODMS
IURP SUMUHDIY HQAK\ GIROVDM B\ 1 IGADARQ Z DV Z DKHG Z M GWMBG Z DMUXQIDS+ UHIKHG
QHXWIONHDK GRD] HGB FHB®WH $ FRHBLDH® * HHRU ) IQDQG DV &0 &
XQWJ DG B1* XQWJ Q¥ ZHIKW 7KHHJI\ P DI K GROMY Z D/ SHIRPHG B
\KSHIEQ \WH SIHHDMG 2 3( ) % ZY QY ZHIKW IQ PO 6RAXP AWDMEXIHJ
St DG PEDMEDN  f& IRU K 5HOAQ \KIDJTEHDMS [QR HY \ P DIF K\ GIRODM
ZD/DIO] H5 B 6RPRI\ L1 HYRQP HMRG 7 KH SUN-DIY HQAFRQAWRQ Z D/ RSWP [ H
B XQYDUDAY R 2 3() % IIEHJGRIW PP PP DG FP \VEVADMGEDAQ
DG ZY 12+ FRFDNRY 0 SHUDFHWPH DG PlIQ DB
SUHNHDR HYWMP SHDMUH DG f& &REAWRQ ZKIEK JDH KUIKHWWHHAQ
\KI DUGEHDARQ Z D/XVHGLQ GH WY SHIP HOV

2 SIP [] DARQR HJ\ P DAF Kl GIROMY

7KH FHOGOW K GROMY R SHMDMS 23() % ZD/ ROWP I HS B \HIXHOMD YW I R
HI\PHGRDJHDEG S+ UHIRIRQ 7 KH FRQAWRQ Z KIFK JDYH KUKRXMHEAQ) \KIDUZ DV XWHG
1QQH WH SHIP HV
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5 HKOV
0 RERRI\ DG KHP LFDOARP SRAMRQR 2 3( ) %

2 AMINXUOAHR 2 3() %I IBHUZ DVWP RRK Z KB LQHNXUDAHZ D/BRAIK DVWKRZ QIQ) LI $
DEB)J %

YLUXUH  23() % RBHYHG X@EHUVADRQ HBANRQPIFRARSH $ 2 XWUMKUDFH
% , QQHNXUDAH ;

7KH 23() % KOG DSKDFHD@®H D/ PDRU FRP SRHW zz T7EH W
KHP IEHB®H FRQMVADBXOWMS 1URP QLIHHIAH EHE HHD KRBFHB®H DG DSKD FHD@H

FRQMQAZ DV Z Z $QIAGIQROEGIDQQZ DV vy

70E®I  &KHP LFDOFRP SRMRQVR 23() %
&RP SRQHOW " U ZHIKW
/1JQQ
+ RBFHOD@®WH
$ GKD FHD®H
YHD FHO®AH
* DPPDRHHOX@®H

2 S DOFRQAWRQ I RUMMP H SBMRQ SIHUDR HQV

9 DURXV BIWY R 23() % IL1BHU PP PP DG FP ZHHWRNGIQ 0
12+ DN ZY QY ZHIKWIRU K \KH \XBYIPMG R WP H SBMRQ SUHAHD HQWV
$ [\MUWH SURHDIRF HQVSUHHDMG 2 3( ) %Z DVZ DKHG Z W GMWMBG Z DMJDGG K\ GIRD] HG B
$ FFHBIDH® IRU K ,\WZ DVIRXQG WDNKH2 3( ) % I1BHJ PP IQGRQIW CEHDMS

KUIKRNABHGHQ \XIDJ JO)W
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0.25-2mm 2-10mm lcm

OPEFB fiber length

) UXWH  S5HEAQ XIDUEHDMS IURP YDURXVIIBHUGRIW R SURHDMG2 3() %

7KH2 3() %IIB- PP GRIW ZD/\XEVRMG\R WP H SBMRQ SUHAHDA HADAYDURXY

\WEVADM G0AQ) RU  ZY B WH\IPHIERYHRGBURY ,WZ DVIRXQG \WDANHAQ
\XIDUQEHDMG Z DV KUIUKHWZ KHD2 3( ) % Z DVSIHDAMG DNV Z Y \}EDMBDAQ) ) L

6.000 - 5.922
5.900 -
5.800 -
5.700
5.600 - 5.507

5.378

5.500

5.400

5.300

5.200 - .

5.100 T T 1
2% 4%

% Substrate loading

YLUXH  (THAR XEVADMBDAQ) Z Y RQUBAQ \KIDUEHDARQR SUHNDMS2 3( ) %

Reducing sugar (g/l)

3%

23()%IEH) PP IQGQIW ZD/ARN-GIQ YOURXYFRFHMDARQR 1 2 +

0 WHSHMDMSE UWMP H SBMRQXQ Z Y \XEVADM GOAQ)
DV GAAUEHS OERYH 5 HAQ \KIDU GEHDMS DWU K GIROMY B $ FFHBLDH® ZD/
KUKRXZ KHOWH2 3( ) %ZDARNGIQ 0 12+ )W

YUXH  5H3AQ KIDUGEHDMS IURP SUARFDMG 2 3( ) % \RONHG LQ YOURXY FRFHADARQ
R1R+
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7KH 0 12+ IPSHQ@M523() % IIBHZ D/SHMDMS B WP H SBRMRQ DV GRAUBHS
CERYH H A-BWSHUHDR HQMMP SHDMUH Z DY YOUHG DG f& 7KH23()%
SHUDMG DV f& JDH WH KUKHWUGAQ \KIDU J O DWJ K GROWY A
$ FFHBIDH® MN 7KH UWBAQ \XIDUMEHDMS Z D/ IRBHDHG \R J OZKHD
23() % SHUDMS B WHPHOERYHPHKRGDN  f& BEXWSWHUHDR HQAINP HZ D/ H WIEHS
IRP R PIQ)W

YLUXH  (HHAAWR SUARHDR HQWMP SHDMUH RQ UHBAQ) \KIDU GEHDAMG [P SUHHDAMG
23() %

YLIXUH  (THANR SUHAHDIR HYAP HRQUHBAQ) \KIDUGEHDMG 1URP SUARFDMG2 3( ) %
2 SIP 1] DARQR FHBEOWE Kl GIROMY R WHSHUDMS2 3( ) %

23() % SUHUDAMS DAMKH RSWP [} H> FREEWRQ Z DV K GRO| HG B $ FRHBLDH® DV

YOURXV S+ DG 7 KH SUANHDMG 2 3( ) % Z KIFK Z D/ K\ GIRD] H5 DAG+
JDH KIKHWWUHAQ \KIDU JO)J : KQARHR WH$ FFHBIDH®

Z D/ IGFUDHG R &0 & XQWJ OB SB1* XQWJ QY ZHIKWWH HEAEQ

\KI DUTEHDAMG LGRBHDHG \R JARU JJ23)% )W
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JLUXH  (THAWR S+ ROFHEOWE K GROMY R SUIHUDMS2 3( ) %

YLUIXH  (THAWR H\ P HRDIHRQPHBEOWE K\ GROMY R SIHUDMS2 3( ) %
' VAXWIRQ

7KHROSIP HPSW IAWEXQK 23()% ZD/\RINHGIQ 12+ WHD \KEWVIRMG \R \KMP
H SBMRQ SUHUHDR HQV'7 KH SURFDMG 2 3( ) % Z DV IXWHUK GROVG B FHOOWH IRV K
5 H}AQ) \IXIDUUHBDHG LOR \WHK\ GIROVDM Z DV XVHE DY SUANHDR HOMW I IEHR. 1QGH

2 S DOFRQAWRQIRUMMP H SBMRQSHMDF HY\R WH23() %ZD/ PP IIBHUGIW
\RNGIQ 0 12+ ZY IRU KWDQWP HSRIRQSHUDRHIADN ~ Z Y
GOAQ DV f& IRU PIQ 23() %IBHUBGQWR PP ZD/HI® GG |IGDARQWR
UFRYHY \RIG UMGH ZKGI &Y 1IEH GQW SRMGS GZ \WKUDFH DUD IRJ HJ\PH

ATHIRY
7KH2 3( ) %\[P SBIFRQEQHS Z Z R @QQZKEK Z D/FRGAGGWR SUMRXY BERW
/ I HADD / UQQ IV D ARW@N SROPHJR SKHRIF PRERP HJ ZKIEK FRYHIG

FHO®WH DG KHP IFHDE®WHY FRP SRHNQ QY RAHBERH/ WWKFEMH 6RINQI WH 2 3() % 1Q
12+ WHDDDIW FAXVHG QQRAHBEGME WIKARXNUH\Z RBQ WH P DRUFRP SRHQV @QQ
KHP IFHO®WH DG FHO®WH Z HIH FEODMG DG HDX R FSODM 1URP HFK RKHLY 2.3() %
SUHNHDMG DANKH RSWP 1] H5 FRIAWRQ UHBDHG PO IP XP HAQ XD JORU
JJ23() % DWK GROVGE FHBOH

&RFOMRQ

YDHE ROWLY VMG RSWP DOFRQAWRYY IRUMMP H SBMRQ SR HWR 2 3( ) %Z HH
PP IIEFUGQW \RINGIQ 0 1@+ DN ZY QY ZHIKWIRU K \KHD MP

H SRMRQSHUDF HOQWKH1 R + IPSHQAMGIIBUDN Z Z EWDMERQ &
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IRU PILQ 3UANHDMS 2 3( ) % DAKH RSWP [ HS FREAWRQ K\ GRO] HG Bt $ FFHIBLDH®
&0 & XQW DN f& S+ IRU K@EHDMSPLO IPXP BBHAEQ \KIU JO

5 HHHH
$WIQ + +DAQ 0 $ SPINIORP 0 6 $EG@K 1 DQG6KLIL <

(IHAWR SK\ MEDD FKHP LEDODGG \WHUP DOSUHAMDAR HQV RQ WH HJ\ PDIF K\ GRDMY R RO
DB HPSW IDIMEXQK 23() % -RXUIDOR 7 URSIFDOS JUEXEOMUH DQG ) RRG 6AHJH

/Z .1 :DQ'DG: 5 DIG*KIDD $ 0 RSKRBIIFDODQG &KHP DD
MH R IEHJVADIE/ R ROSID HP SW IDIWEXQK 23() %  YARUARXUA 7 HRKQRBU\

50PRV / 3 7 KH AKHP IFDOIQROHS 1Q WH WMP WD HAVR QI QRAHOXBE
P DAMIDD 4 %P IFD1 RYD

60U 1 . XPDU*KRK 6 9OUHMH 6 DO5 $INDV . YARHNDGRO
SIRGAWNRQIURP DIUEX@MUIDOZ DAMY $ QRYHYIEZ 5 HOHZ CE®I ( GHU\

6XQ < DG &KHY - +\GROW R QRFHD@VE PDMIDY |RHKDIRO
SIRGAWRQ DUMEZ. YARUARXUAH 7 HRKQRB\ +

SPINIDRP 0 6 $UWI $% DI ORCPHS , $ 6CFRDULIEDIRY R
SHUDAMG ROSDB HP SIV T XMEXQK IIEHUXQ) FHBMH R &KDHRPLXP JBERKP ) RRG
&KHP LY
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