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Bioethanol Production from Rice straw by Irpex consors

Yu Ha Choi, Jeong Hong Park and Tae Soo Lee'*
Myungduk High School, Seoul 157-726, Korea

‘Division of Life Sciences, Incheon National University, Incheon 406-772, Korea

ABSTRACT: This study was initiated to evaluate ethanol production by a Korean isolate of white rot fungus Irpex consors. It was
found that the fungus could produce ethanol by converting glucose, mannose, xylose, and cellobiose under semi-aerobic
condition with yields of 0.23, 0.19, 0.21, and 0.17 g ethanol per g sugars, respectively. Furthermore, the strain produced ethanol
by simultaneous saccharification and fermentation of rice straw treated with steam pressured boiling water, 3% NaOH, and 3%
H,SO, with maximum yields of 0.12, 0.15, and 0.19 g ethanol per g rice straw, respectively. These results suggested that .
consors could produce ethanol from the components of cellulose and hemicellulose including glucose, mannose, xylose,
cellobiose as well as rice straw treated with steam pressured boiling water, dilute sodium hydroxide, and dilute sulfuric acid. This
is the first report that /. consors mycelia produce ethanol from various sugars and lignocellulosic substance including rice straw.
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7 = Aoe® BAFEe] 9t} (Aristidou and
Pentilla, 2000). A|7+gellA] A7+ k== vlo] Quj2=
oF 15509 EOZ o] 2 AAL Af wiFgg vl
ZOFE FAHE Qom o] FolA AEo] 7P B i
< AABAL oA o]F AR o]&at7] gk At
AR FRFET e AAolt} (Jeffries and Jin,

o8 3k A5 HAAZ

2000). wEkA] vlo] QujAE
AFedsls we 4 Ao 34 318k oyA|Ql vlol
=5

Y T Al

ogre] g 7R o]go] 7hssithes Ao B2 5
< w3 Ut} (Berndes ef al, 2003). Hlo] Q| EFS-S A&
F2HE dojA]7] wjizel] Aol 7hsstal LHEES Ao
HE3HA] ol 3 1slHQl dAs:olal 247kRe] Y=
=d & Adoke Aol Stk dAl MA FHEE UF
o oetee ey SepR R AatE e GEEA &
S AEAEA dgtgoelty. ey 7]Ee] nlo] Qo ghe-9)
UEE AR A" S5 A AFolv 7159
AREE o] & Q7] wiiel] F71FQ AHelAM Y8
7o BT dsn|9 Asolgte A kL Q)
B3 o]E vpo| Quf AR FE ALEE e T5F
o7 A AAZF o= k= e oS F53)
o9 olyg FAHE st fla) nlolemjx F
H Ao R ARESHA]

e B2 9 2RA) ol o)

o]
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25 o] &3 Hlo| Lolgha-2] Aite] thiFEAl HATH (Lee
et al, 2010; Okamoto ef al, 2014). £ AF|x] ARR-FF W
e HAE nlo| Qufolx Ak} o] HA] gL
d HEAL] FARER i ALTE] wiiel] vlo] Qollekg
S ATl vl Aget 1A R b AL Qi
g ylde 5479 o] eujzol mjs) 2]l o] W
of 2kt el Aol olsf 2lad A|Ae] &0l wrt
= A= 2L slnh. 2 Ao AR S TFEHA
AR UFEHAE, R, ASHAS
of &sh= Ad wAleg o5 E 7R 294 2
Tolut ZFE70l 71k r S WA FFto]
ok 789 A7) 2~3emE BHS F@E Ao AP
7he A3t sjujgk E2o] Sltt. A Felle ool 7]
7F AL @2 A e FEAE Ao S FEAle
AE02 22o)A] A Qo et RS ISl sl
2 d7E AT dv) 4324 gad, AEEe s 3
MAER QXS Fafske AT Atele] EAv 22 &
£ 88FoR Il 5 3l Wit ohyet 9L o
FRE e 8w 7hsd ZoR welx B A
£ 73 = ATt (Park and Lee, 2011).
A B AFM e WA SRl Hae ¥ol 3t
AL H Ee71E olgste] At AR AP sy =
= 7120l ZEAI} H2A upolemjzo] glad AA &
I7E =HE w2 NaOHY &2 H,S0,&9& 22sst
gzl Aelste] 2ladS AAT § oes wRo] 28
Aagddd F71e8 AHrrete] ogke At wiA
23 F 2R, FUTEHAE] A, BEe F3
Al ARG ARE 247 AR E S B A
o ArtE oehEe] T84S vl AESISITH

=

2

SA| 2F

2 A AREE WARSHE] S TFEHA (Irpex
consors ITUM 5384) A= 1St A 2 <
At % DNASIY S 2 57E LIttt o] #5= 3
AFgH 8] [Potato  Dextrose Agar[(PDA; potato 200 g,
dextrose 20 g, agar 15 g, 57 1,000 mL, pH 5.5)]7}
10mL Sof Rl #=2) YA GEe) 797 25°C2] )
F710A w5 4°CollM BESHAA 45wt Aln) wl <k
ste] Aol ARE-sk3iTt.

o2 2]
87<l AR2H2 2 (cellobiose) 5 4&72 FUT
AR Adstel Addel ARSI, dleke ArhiliA] =

Okamoto et al (2011)] W w2} yeast extract 10 g/L,
(NH,),SO, 10 g/L, KH,PO, 10 g/L, MgSO,-7H,0 10 g/L
o] ¥&2 2HE3 H 250 mL &0 4Eetame 7t
ZF 10mLy ¥ 20 g/Le] H&R ¥, THeQ s A}
AdEQoA ARHOXA TS5 717F 1g F7bstal pHE 4.8
2 2483t gRe ders AL wAE AT

BHE Al2o| MA2| W GEFS MAHHX]

o ek AAtel] AREH HA2 2014 102 1HFAA|
AT A5 =M FEete] FRER 73] Al g
T 55°Ce] ¥9% AxTIoA 48A17F AXRZ F 40~60
mesh Z7| 2 3 sto] Ao ARg-siATt. oA 22
de AAS G842 oekd LS S5t SHT,
2 7HaT 2 F2 3 8918 o] gs) 2 E ¥
SHATh WA S/ A El= 250 mLe] AHEEiaAe
20 g/Le] HIER 1 g9 A LS 10mLe] S/l ¥
3L 3AIZE FRE 25°CollA] st S ARl T 121°Ce] E
7104 1587 A7) - yeast extract 10 g/L, (NH,),SO,
10 g/L, KH,PO, 10 g/L, MgSO,7H,0 10 g/L 52| H]&
2 AXE gk Yy & Y3 pHE 482 €3 & 4
TS AR e ALk viAE ZAISHA T (Okamoto
et al, 2011). &Zzle} 2ke] A2 FAHL 3% NaOH}F
3%2] H,SO, &% 10 mI7} £+ 250 ml2] 4H2HEe)
230 20 g/Le] HIEE 717t 19 HA #2 ¥e ¥
121°Coll A 24087 AHE]sla 02 48 & HClolu
NaOHE ©] &3ty pHE 4.82 -3t T yeast extract
10 g/L, (NH,),SO, 2 g/L, KH,PO, 10 g/L, MgSO,-7H,0
0.5gL 59 H&= 717 AAs YW gl o
121°ColA 1557 Hatdte] o ghg AJAke 915k )
A& ZA3F} (Binod ef al, 2010; Okamoto et al, 2010).

OllEtE MM FFo| HE

Azt WA @Y% (Saccharomyces cerevisiae) 1 g3} 25°C
o] wjF7]ollAl 74 7F PDA v A vt F3XUTE
Al FARE Ed3E 7em 379 cork borerS ©]-8-3l
570 wlolu) Zhzbe] Zepasol] HEskar 28°Ce] vl
A 240417 RSt v 48417k AYAkE ol
=% AnE ] S FAslon 747 dde
39HE-I3 T

RS o] AT oekeE} AR TR 74
WE AR 3 o) 48470 vik Bse o8] e
AN & il 7]elA 15,000 g2 57 AAE
SHS F3te] 0.22 pLe] Millipore filterZ 72
ek} SHAFe] Aol ARSI e el 4
o= HPLC(Agilent 1200 system; Agilent, Technologies,
USA)S AREsIlEh. 24 AMSE Column  Shodex



KS-801 column (8.0 mmx300 mm; Showa Denko Co.,
Ltd., Tokyo, Japan)°]$13. & Detector= Agilent 1200
Series refractive index detector (Agilent Technologies,
USAASH AS= 20 lLE ARSIt o]&7d2 3%t
SHTE ARSSIAAL 80°ColA % 0.6 mL/min® 2 &
k. B S S77, &2 2 Ao E A A4
H SAFe] HHS DNSHE 0|83l F438Hth (Marsden
et al, 1982)0.H RE 2138 3ukEES T}

SHME|

AL 33] o)} WHEARAE Fot] ¥ Ao A3
£ meantS.DE YERAIT. 7} Al 5o the A1 o
A4S 23 ¥)aeke] Student’s t-test F, p<0.05 5
oM AR FoA e AAE A

N

SRLTEHME 0|86t tHetRet o|2R0Me ofEt
= oo

GlucoseE ©]&-3 & 3+

THIE e AL w R o] SEFE]] glucose 20 g2 H
7Ftal S T-EHALY] #AME HEste] e =
ZllA 28°CE A 2] i gate] uf 48417k with A/dE ol
2o 2 BAS AR vl 192417 & T 4.56 g9
oghgo] AAE STt o]= 1 g9 glucose”}t 0.23 g9] ol
R HSE Zo® wix|d] H7FE glucose® ©] HIF
717 B SrUTEHAY] Al oJs) ARSE A
° 2 YERITH (Fig. 1A). olwf A4HE 0.23 g9] et
glucose 1gS 100%<] etE2 HEPS w |42 o
S A FO 0.51 g9 oF 45.10%% S QIT). Liang

A 20 8 B 20 8
3B ase [82 215 1 63
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o 8 H 2
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© 5 b 2@ s 51 2@

0 —>—e—L 0 0 »—e—1 0
0 48 96 144 192 240 0 48 96 144 192 240
Time (hour) Time (hour)

c 20 8 D 20 8
=15 4 6= s 4 6=
= 4.28 3 =2 3
- = o -
g 10 43 & 10 o la3
o & o -
3 £ 2 £
*x 54 2 & g s F2 &

0 T — 0 0 T >~ 0
0 48 96 144 192 240 0 48 96 144 192 240
Time (hour) Time (hour)

Fig. 1. Ethanol production by Irpex consors using 20 g
glucose (A), mannose (B), xylose C) and cellobiose (D).
Symbols represent sugars (filled diamonds), ethanol (open
diamonds). Error bars indicate standard deviations of the
means from three independent experiments.
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et al (2013)2 Hohenbuehelia sp. ZW-162] dAE
ol-g3te] Azt AlgE A 20 g9l glucoseE 7]
A2 AL ogrge] Ha g zleyst A} viF 192417
T A oErgo] k& 0.195 goll Eall B AN
SHUFEHAle] kg o eRE 0.23 gofl BlslA A A
A2E Aoz Yehgth. 22y Okamoto er al (2012)
o] Wta 7| Z7eA AMFE-T# A S o] &3]
33t glucose?] olghe wa A3oM= 96417 vl &
HAFZ o7 Yrkel k8o 038 g/glo E FAEo] 3
A gAY glucose?] oEHE M3 8L S FEH
Alof| vl3) oF 39.47% ¥ Z1 02 el

T AF o] 8% e A4

SEhgel W9 2 (mannose) 20 g2 o|€H2 @@ u)%]
o F7Fstar FIUTEHAL] FARE HEst W]
’d 271004 28°CE A wiste] APE derEo] &
AT At 192407 733 & F 3.77 g9 cllekEo] A
HATh. o] &2 FIYUFEHAC] 1 g9 mannoseE 4]
3 ©F 0.19 go] o|ehE-S AAkgE Zl o= SHtx olnj uj
Aol S-FEAUY mannoses BT o] &H oz Uehyt
o} (Fig. 1B). =&k w4717 5 ABAHE 0.19 g9 olehe
2 1 g9 glucoseE 100%2] AEHEZ H3gle o o]
2ol At o ek WA 0.51 g2 °F 36.96%% LEFSTH
Kamei et al (2012)2 Phlebia sp. MG-602] FAAE ©]
gafo] AaTt AFE 2N 20 go] B9 s 717
2 o] g3l deheg ALks A 144A17F vk - ALk
o ehE-0] F2 041 goll Zall & AFA S TFEH
Alo] ABAkeE 0.19 gol] ®ls 28 o] F o & ol ALkEA
o™ Okamoto et al (2010)°] W5 714 Z 7oA w2 E
S Peniophora cinerea®t Trametes suaveolens®]
AHIE 7H2} 20 g9 B9 A7t SHrE ofjeke kg ol
of 96AI7F vl & HFTH o2 AYitE oeree] g2 7}
7} 0.45 g7+ 0.30 go.2 =4 = o] F3rYFEHAle] v
A5 et E A¥sl= 8442 Peniophora cinerea
9} Trametes suaveolens®l| B3| Skt

AYZ QAE o] g3t oerd A4

A9t 28-S ks B2 T 7P vlge] & Al UK
o] Aol AERLE, SMAERE L, lado] Ut}
SHE AEF Bo T4u] ol RS szt
UL g AMEal7|7F E7Fssith. 28y AERE
© Erg RAmo s TAH] YN el &
H X=FE G (Saccharomyces cerevisiae)ys ©]-&
AL e R H3rT)E Thseltt. ArAER L
= SE 43+ £E=9, mannose, A EL > S
ehge] 22 Q2 (xylose)o} ofehH]| Qa2 FAE
oI ErFe] oghe g o] &HE GRE o
P A ER 020 BRE FAHZES oS E Hesh=
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Fig. 2. Ethanol production by Saccharomyces cerevisiae using 3 different hydrolysates of 20 g rice straw. Distilled water (A), 3%
NaOH (B) and 3% H,SO,(C). Symbols represent reducing sugars (filled diamonds) and ethanol (open diamonds). Error bars
indicate standard deviations of the means from three independent experiments.

E7Fssith Wb SudERE s AR F
ZHABIAL = AR AE 7[R o] 83 ek
A2re17) K8 A Pichia stipitis, Candida shehatae
o] a7 A& =] ©]-&FL Art (Nigam, 2001;
Tanimura et al, 2012). =3t AUZ A5 § &40 =2 9
2 Agslr] fEliMe ¥E 27l Akt Fas)
v m o AR RES 7]A 27do] Hagk Zo® B
=o} St} (Karimi e al, 2006). ¥ AFA &<l
xylose 20 g& WEHiA|O| H7letL At & SHUTE
WAL #ARIE HEste] vt AlghE 7oA 28°C
2 BA Wt 192417 & AAPE oehEe] 4
HPLCE #2413t A3} 20 g©] xyloseol| A 4.28 g9 ol&h&
o] AAE|Y o o] =X 1 g9 xylosedlA 0.21 g2
gh&o] AAE A sdsta ' E fla wiAel Hrke
20 g9 xylosele g 7|7+ Bt BT ARG Z1 o0& e
stk (Fig. 1C). B3¢ ojuf A4k 0.21 go] ofgh&2 1g
9] xyloseE 100%2] AESZ IS wf o]EZ QA o
S A ER 0.51 g9 41.18%°) dFHE Zo= YEet
Wt Liang et al (2013) WAESH40 Hohenbuehelia
sp. ZW-162] FAHAIE o]&st] 4hAart Alghe 7oA
20 g9 xyloseE 7|H= A&l odeh-g ALt AEE 3
g A3t 192417F vl = ALk olekEo] 2 1.5 goll
gaf 2 S ALEHAY] dEkE ALk 428 g9 of
35.05%2 YERY xyloseE e+ 2 H3ksls F8A40)
2 AR FTFEHAC BlE] Wkt ol Hls|
Okamoto et al (2012)°] ¥WF& 7|4 Z7oA AR E 7]
2 ALS o] &3l Ak dlEkE Ak AP oAM= 96A17F
g 3 HEHoz AAE ekl ke 033 ggoR
UEh 220 29] o ghe At g 840] 2 A &
FUTEHA HIE] oF 36.36% =4 WERSTE

o
3
%
L
N
gl
=

o ofN !
tlo rlo

AZH| 2N X9 ek A4k

Ao st AER oy MARTRO ZARE

o] AAaksk= endo-1,4-B-D-glucanase &40l 2|5
2 o e 229 2734 B-1.4 ARE ol
AE olFFolL; 712 §1 (S. cerevisiae)oll &3
2 o] Evbset sdgoltt. meia] A=)
71AE o] &3l deES At AER o
oers W7t 7hse RS SRV WARSS M
ate] o] &sh= Aol s HUtt. ool & AF A
= oleke AAE 7128 ol] 20 go] AZH| QL AE FH7fsh
T SRS HARIE HES G 192407 F
3.43 g9] olgkgo] A AT} (Fig. D). o] A3= 1 g9
AZH 025 ders=z A% 79 0.17 go] A==
X2 Okamoto et al (2010)°] 20 go] AZH| QA5 £
Aol FAAE o] &l ke 031 g9 olgh&ol H]
A A YERstTE o] Adbe S3UTFEHAe A=
Qo2 oEhg HEFo] XxY, el B YT~
59 FFRE deE=E destke a8 vlaiA] =t
T& FXUFEHAY HARE SAU B F8 A
2 PR AgR o xe] Fal A AitEE
AZH QS Aebgs Hdkele 2102 Uehd B
SUTEHAS] AR E HEekL w el oS A
2k Alo] 7hsatthal A= St

=

o fo
Yo = Hu oA
T o (Rl S

S2E 0|38 HA|M2| ofEtS Mt

g5 AAE

3 22s 92 A A § A4E g &
2 5.78 golom o] gMo| GH (S. cerevisiae)s [E
sto] oehe g E Y Ax} wE 192417 F At
oNehEe] Fe 0.86 goIUL, olwf FFE FAFY| G
45 go 2 veht da el ARE TS 1280
2 w9 AUt} ol ARyt Yehd e WA d5
A2 QY oiREe] AL gt g 7%
S7)7) Borsd YR e o AgH| o Fo
FRoIAL R FFho] 71 Tl Fol HY

“T1AA

—
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Fig. 3. Ethanol production by co-fermentation of Saccharomyce cerevisiae and Irpex consors using 3 different hydrolysates of 20 g
rice straw. Distilled water (A), 3% NaOH (B) and 3% H,SO,(C). Symbols represent reducing sugar (filled diamonds) and ethanol
(open diamonds). Error bars indicate standard deviations of the means from three independent experiments.

d Aoz AgEh e ERUe o) gs wze
IR A AT SAS oerEE Adete 22 284

o] wj$ e Ao ERT) (Fig. 2A).

NaOH Az

A3 29S NaOH=E A A2k & e Sl &
£ 6.55¢g019lo o] glo] aRE HF Ha s WPt
A3 g 192417 F AakE of|gke-o] kS 1.11 golUTt.
oluff Z-FH AT PO 496907 =A4Ho] gAY
NN ArE FAGS 159 g7 eI} NaOHS] A 27
o 93] AAE FUdFo] GaFHelA wl$- HA ALEH
Ao 2 yeRgth. 0|8 gk Ad= NaOH A A 2lel] ojal] A
A g o] arvt ofleke g [kt ErFs gt
QR AYRE e} olgpH| e o A SEIO] ThHe Qs
T2]3L o] FFR] AZH] Q2 Fof Y] AUTRAL AFEE
NaOHZ A #2] 3 HzZlS auiks o] s ez g
She AL AgAo] Wt AE=E S (Fig. 2B).

H,S0, AA g
313 242 HSO,2 AA e & AAE I &
11.47 go 2 ko] GAf]of] ofa A= 5
F2ou] o] Bol BAEATE. o] 7rEs] & 2R
HE) ok Ha s st A3 g 192417 &
2bg ofghgo] F2 1.25 golt). oluf FFE UG
2 929 g0 2 Yeht Eusist H3S H,S0,Z A
I 2710 B8R Sl vls) w9 22 2.18 g7t o]
S5}, o83 A9= H,S0,2 HAS itz Az
3 AFE o] UGS gt dEEE [3AY)
717} o8] & GRAL TR} e wgo) o] go] 7hE
g Gl X v A2 o] AAHN] WEoR
AR E AT WA 3%2] H,S0,2 X3 HAS ogk
2 A7) S8l a5 ¢ FTRTES ARl 2EE
Adshe A AFHozE= Brlsst v3o= dAdsd
t} (Fig. 20).

(

M 10 ox i 12 rlo

fl

2o SRUTEHMUS 0|28 HAAM| 0EHS it
g5 AA

Easlel gizle dez A A & Agad
=REIPS e

%
ZeYet Az g 192417 § A
go] At} oju] Aol A Xl 25
e BF anE Zo0® Yeyt (Fig 3A). ol
S 9= A A 9o are; H3YFEHA
TAHRIE A HES AP olehg ik ko] 4
g (Fig. Dol Bwuks HEs) Akt oehee] gl
vl <F 2,778 = VERSTE o] EA] SR} XY TE
WA FARE FAG HES Ao oeke Ak
o] #A Yehd AL FXYTEHA Y A= aRe}
Y] TeY, Weo s (AR oA T AZH| QA E 1
FEo] Y PAES R HAFAIZL F dojA] o
Eh-o] glao] Eolzl Aoz Alg T

NaOH AA ]

HH B2 3% NaOH §d02 A A7 & AAHH
Hol] ERO} FHUFLEHAY FAHAE A HE
g S 33 Ak wrg 19247 T YA E ofekeo] o

3.12 go| AT}, ojuf v zHRE FATLS HAE
] Qo of|ghg A A oA R} FFUFEHA
ofg] BF A Zo= Uehylth (Fig. 3B). WEbA
NaOH=Z A A2|st HZlox g ofghee] 42 I
2ol Blal| °F 0.74 g Wol Arkd Ao = veht e}
S TFEWALL] FAHSE 3% NaOH=Z A A 23k 57
SHo] HEs washs Wyo] Eavhs ol gsf BES
A Ak el vjE] ofjgke-o] A g&A4do] A
el o' AlgFL

flo 2 oo

H,S0, A7
HE 228 39,9 H,80,2 o|&dl Axed & ax
% z

SF FXUTEHA] A Al AHEE EaE

A
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Fig 4. Ethanol production by Irpex consors using 3 different hydrolysates of 20 g rice straw. Distilled water (A), 3% NaOH (B)
and 3% H,SO, (C). Symbols represent reducing sugar (filled diamonds) and ethanol (open diamonds). Error bars indicate
standard deviations of the means from three independent experiments.

syt Azt 192417 A3 & AYobe oehEe] 42 383 ¢
oltt. olul iAo HFH FLFL gle A= YE
U axeo} F3UFENA FA ) Qs 25 o]gH A
© 2 YEPSTH (Fig. 3C). webA] 2 A olA 3%2] At
o2 Ax e HA ERe} FHYUTFHAL] FAR
£ A AEsld AakE olghge] e A4 WA e
ol wls] 37.86%, NAOHZ Hxz]gh whgol His|
18.64% =3tt}. ¥ZS H,80,2 Axg)3r Ao ogt
< AYrtEFo] NaOHoF €2 dxje] st Wgol vls) =LA
=9d AL g gad gad, AE2 e suA

o2 o] AR H,80,9 HAE e os) & 2
A=A o5 TR} FHYTEHA ] F#AM 7L oleke
< Aikshed] B840 2 o] &3] WFo R ALEHUT
(Roberto et al, 2003).

i
u
F
[

SRLTEHAE 0183 HH0IM| OEHE At

g5 AAY

doz Y B8 AR & T &+
AHIE HFe BEE QT A3 TE 19247 F A
AP ollehEe] R 2.35 golUtt. o] Al EF A=
of el 27l APHNE L BF 2nE Ao
= Uestth (Fig 4A). o] 3A B I A A7 &
of FXUTEHA HARITS HSel Aot ogs &

)

= AR AAT HR Sl ARt FUTEHA
o] IS T4 HEel AakE olehEe] F 2.38 g
718l LA vestth. mebs FuTEuAe] S
A7 AeE AAE HE &AE o838 doixl g
= A EEAS IR AAYT B & aRe}
SHUTFEHM] g § 250 42 T HEE o
o] gk AL ZEA Blsl oA = AL

Ueht doz Hde AElste] dojxl &9 des
Fgole FXUTFEFHA AR AR Thse A

o2 Yehst

NaOH A X7
HA 22S 3%2 NaOHE A2 e & 3T

Ao FAMNE HEHL 28°CollA m gt 48417 7+
Ao E AL oege] Fs ST A i 192417
T 3.05 g9 ofjghgo] AArE o FUTEHALY]
A FE AR daae] AdE ST oeke A
A oM BE e ZoR UehHTh (Fig. 4B). ¢
oz Exel Hdy 242 2ERE H2 TR
NaOH= Agshd Bds 545 45k F24E<
gad, A2 ex g SudER o F gt g
ok By Ag2 o) sudEgz o ~s 2a)HA
e ol ma wAES] Xl o A wsld +
AE AHE HE Zog HyEe At (Kumar and
Wyman, 2009). & A3l NaOHE Hxj2]g Rz
SHUTEHA FAHIE HEste] ALk oflehge] ol
SrE AATE WA AL 235 go] dlekEe] H]
3 °F 0.7 ¢ A= BAl YEbsTh ol A= ST
EHAS] FAAIZ7E NaOHZE A2 st RS #aljal ot
22 A% = 9lojA NaOHE A3t Wgoxe] gk
& Arbgol =d Aoz wE)

z

H,SO0, AA g

HH 223 3%9 H,S0,5 ol&sdl] AAZs & $3
yrsmAle] #ARE FEsl das st 245 192
AZF A3 T AsbE olghgo] o2 3.75 golit). o] &
2= 1 go] Yol F3ry7EwAlel 93l oF 0.19 g9 °ll
B2 A3E S HoFE Zolw Fd ogke Ak
z71 wiAle] FHEAE AT S FEH A <
3 B o] & AR FAEAUTE (Fig. 4C). wpepA] &
Ao FXUFEHA L] FAARS HEsle] AYkE
NehEo] F TR} FFXUFEHAS A HE8
AYAkE o ek 4 3.83 gofl HIsl A9 555 A& UE
Wed ole F3UTEHA e FAM 7 HE S NaOHY
H,S0,5 Az2lele] dojxl 7k EslES o83 oet:



< Abel= @&Ao] v ket AS vERd A3
2 A8 S T e HAS NaOHY H,S0,E A 23|
RS AAE wolE FRO FHUTEHAS A
e8] 3L FRYUTEHAN ] AT o] &3l = olet
25 Ak gl 2 247 gidka dE o o
e A3EE g80] W] wiel $o= o] FAA
M) 918 2o A7 s Aoz AlgHd,

A O
- AL

2 dAFe d=olA FEe SXUFEHA (pex
consors) @A) oekE ALt 7hsAS BAEH] SlEl
FAEAT. FEULEHAN L FARIE ol 3
Aol FFste oeE BAERS SAsAY. 2=, W
Q2 AR 5 dEFet AZH o Fo] o]gFrt
747k 1 g T dEuiR o] FXYUTENAL FARE
HEetal miket A= 742ke] ol TelAl 0.23, 0.19.
0.21, 0.17 go] ollgh&o] BAEAT}. =5 HAS I,
3% 7HdATE, 3% rgAoz 77k A XEe 2
YTl AR E HEskal agst A 1 g
FzF 0.12, 0.15, 0.19 g9 dleh&= AA3kE Qo).
8l FXUTEHALY HARE A8 T/ 3
o] g3l o ghe-S At §= e A B2 I, 7t

g gatoz A AHEg HAs oeteE Adlste
7Fedt Aoz yepgtth, w3y TEWA
A 9] olghe Aat 8-S B Y] A3 B 1Y
UTHH GHE rolug} A g vEg g adAEZ O~
o] vlo] oM 2=E o] 83| Hpo| QeSS EEH O E At
a 2yt AR o5 AFsker 2 7dE & &
U AR ALRHT

a

do % 5g ofy

_I\(
fo x EXN M

W oX oft d rlo

H B o o
iu)

M9l =2

2 ATe 20149 YIS R&E 223 A0
olalf = Rlom o]l FA=HH.
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