AAY-AAAY a5iio V€ F Sl jaly Jad ', lows o0 8593 ot} o ool olalllno

S )0 e o5 G A8l g JoUl adgi 0,des (59, w0 &S] iy P (ow)
(s j 0B Y

. “w Y \ - *9
Sy L, gonl doso s 15 o0 Elre s T (Sgwge i M
urd ] Gl BIEWGI ( caab @slio 9 (559l uSWIS ¢ s Hgbw (sLr3 59T 43 g gy auliuo )l Lowtlind I g gomatiils —* )
Sudyl §e oIEWEN ( caab ailio 9 (55,9liS 0uSWiIS ¢ g lgbw (s3 5ol 48 5 Lign auluo ¢ HLubdls -Y
d ] Gl BEWGID ¢ camb aslio 9 (55,9l 0uSWIIS ¢ g Hghw (gWo3 59T,d o Lign asluo ¢ HLunidls -
] Bme BRI ¢ caad gilio § (659l 2SS ¢ 5 Hobw (S22 59T,3 o Lign aslio ¢ yLaliwl-£
(k23,1 (Bhomo BRI ¢y dydg o 65 cpimmmgn Sl (owitigen 89,5 (5> -0
musavileylaaV1@gmail.com :J g saiwn g Juos!
VESX oWV ot bpndy G, VEY o0/l 3 b
LXVOCS
S5 s Oluld Co e (oud Wlg o0 05,1 b Y guaeo @ Ol o (g s8], (6 05,1
@ ouS o5 cdad il b a8 ol 33 .Gl g j Sl (51 (SO laie o oniS 815 .00 )5 3 dlo g by 5
b1l ol (8,5 )15 (w2 390 iyl Y guazms lgis a1 Joililam 9 SE lojod M5 (512 gl o3bo (i
‘T’ 4% S olS 4 Cy aulo Comnd U alliBd £0 yloj (b 31 3Suilus da )3 Vo slod ;3 €15 Of lag! ySuiw! i Jlos!
- A & . .o < < 2 . . . & . .t a 3 & ﬁ
W )5 ol )Y g A CullB L ands €0 o ¥e saylo; b o Kbl a3 Vo (slod 45 40 3 W8z Sctl i o y9
— st oSS (g I 03! b J9illanr gl 3,5 QT el oy oS (0220 s Lol e 51 baal b o
Pl Coa 41 (g 9 s ABLS] iS85 2,5 0+ 5l Jols joSd ) T 9551, JS 13 &5 (5 pebas (285 ol (g 5lgn
YI¥Y VP/VSUQEr wul ssilw, dae)yd 10/1Y Vsuger/Viotal a o571, JaIs &8 cuS 5 ladio cpmeddd aigly8 cawlio
33,5 (9,155 Jgillon SlgF uwlio baal pal U il (o p2 Bliio Las 3l 12 (5513 (0955) 9 dhand Cens HPLC (3905
(i by s L 35 4 ¢yl oSy gl s 53 B b gl 13 15 T g 5l (g by (ol galis (b
Andigod plo (511 5 sk bl (oo 113 ST sdsi B a1y (5 vsllne ol WS e Cdlod olonil 51,2
SN U gl Sl (s digod 93 b dulio ,a% E DT U gl Sl i (B b 51399 (oo Lalyuid )3 (sullgi JEI CudS
Wged ol &5 fuwl Jioglhe plle ColS b Sl 9 Y (J)le (05,0 Y dlads )] o092 113 S & % 9% &b
b 03! (gl Cowlio bagl o (gL oS Wilgi o0
Suls olals
SLl g Jogililgn ¢ g j 0LV (oS ol

9 WCE g Conj ) $551 o5 Caa ™ (s doado -
95815,5) dnd iy @lie 1 (otlowndiCons j 3190 9 & Oyt g rmoms; Silwwo (55900 e 5

(Voo S 9000 5 (Jamd (BTGB g Bpao S5 ) (252
4 hemd S5l be I odliwl gl 4 590! s gur cnl (1392 29300 9 (J1)5 9 g S I IS
Sz j &bo o2 o0 (lgns S PP dlge jlosliiws] - (65531 51 g 03U 5> Jgod Sladiee; 5D g ]
b oV gamondgi 1 oalie Jamwilly o5 (o 20395 -5l cnl 1 S - Sl 03,8 w2l B 1) i gl
b dgadioo dagi o j (S diilo 039331 03 oad ol @ @3 dey (SIU a4 & plnaed gl
— 5 5 s SWOBEYY Sanly s el Sl sl Tt 53 o cunsl 8395 Cum 3 (5T ans]
GHWAEE gy (SAS )5 aloa I mhao ilises sl Slge Mgi g (5551 el gy O i (slailaie
35dos 039 Cunnj LBl Cawd mo ol @ lgi o0 Slr ol SBS e (piinaed qile I (less
(155 3 (Fie Coma 9 dgui 0 Jolo |y Camnbs (g3 oYL T plgie Cod (Sl )3 8395 Cum j 1 031!

AAAY



AAY-AAAY a5iio V€ F Sl jaly Jad ', lows o0 8593 ot} o ool olalllno

Oljlee d Chgw 5 (Phoms OV guaso Mgi &5 Cowl
&1 3)3,13 359 (6559 Ay i 9 Al o ol W] 4B
DRV 3 (iauang U1 i 958 (8T b (815 B pure
o (8 3190 4 (G gk dond 9 (S g sl (a3
e a8 (e Clales plil ) wigui o
Ol 3B S 0 CS W AuTyd 45 2398 G (8L
9 dgui ood Sloi (60U 5 soa YT sues jobay uiyl )
Fow J5 g Sl itned 39 o0 Sy Sy
G Olle s Chow b (duwj Cgw Sgui0
Comnd (Sloa axols S1,55 CIB 1> 8] and 43 a5 ol
W S391 Wi l581 Jla a3 g awd Zolio Cadgaimo g
5 (5 Cbgus (] sl 48,5 15 4557 3,90 o
— 0 A5 (0] CA g oy 4 S Cuwl 2355 Ty Cano]
Jud S Chgw (Yord 4 Ked 5 YaNg)sgwd
Ol NS o bl 2lgr 5 O byl )3 (1w e
o O yy0 SIS L L Lials U Jeas
ks S o5 5l oand M5 Joililgm JUo (1 o35
WS 0 3 Gl adja Job g3 0, 55hS 52 ST
EFAS 5 0 VW hnasgia 5 25t Sl S I 53
U006 ol O gasme w0 ,Wid pials 5gud o0 313
9 it mf adgl dlge I S50 b g arwy
oMy 305 0 O ygo (6559liS OV gmatme daSlowdl
Oluls  Jall deeb plpls s salaiul
Sl (15 7m0 )3 9 05 (195 (a0 50 &S (55 y9LulS
P ) (S g g o0 0 AB)S I8 500
—0 MY a5 le I ed glacs g EWS
nd Cd g Ay S (6 %08 (gOAGYT Ui L gui
S djaw o Jo5 jeb a Jeill e 4l
— 63 O 31 WS R 0 RIS 1y 9 sS dawS gko
O3 85 HM Fe)S & adgl dlge a9 (pyS deS]
4 99580 (hewd (GBS L Ao )3 g XS o0 S5
—0 M e j o9y 4 85 (S g (1 et 51 (S
Jill &y s yof b laag 5o oy ol Jilil gy diged
PNigad o0 B (gt

9355050 w2 42 (Jghw 020 il jUS L 2lod Gy -
31 Wil oo S oSy 5k a1 WS g0 (JsSge U L
gl

L0y (s Bl g0 ST (6 5L Slilas 1logi-Y
TS L
Siga g0 S JilT & Laid 1 pyesi-Y'

3ga 0 1 Jglomo 51 Joibl 2 peladi—€

2y Ci b dwglie 53 1) (359505 9 O3S (Oj9sd
S19l Comj ple iy, bawgi 03giCumj i
algd Ul oyl )3 (S5 A (b JiS b ol e
SLodygl 8 Jold oylgen  ALS o3giCuwy; 3,5
dgo 51 gl g (22 g oS il Flag,S
S b (Slog,l Lo puiliol 030 (S5 ¢pmoling iilo
ComilSle g j BBV ol Sgliio jloms (2 oo
(3l o SHe (5l g, 5l o3kl L sl (b oS
(Y g &) odgl S o o2 lbond Comns § 9 (2 beosd
Sl S gledawly S¥gasee b WU 039331 (35,1 L
0j90) WS 0 S 503 dlge g Slewd g Mg
> @ plea gl 3 AL ped AR 51 (5 ks
dgo (el YU aa (olly LRI (gzmen (Jolgs
—OMD (B339 RIS jlad &, (B e (55551 9 4!
2 £55 ool S il 1 4l sl 51 Sy
oo ot Linoly 1 45 85 Adly o & )5 Y guarmo
9 83,5 Wl 1) (coge (5 Wilgi o0 00 o (S
g0 9 s SLBCE g Mdgi Cuoww 1 1) ALK yp0d A58
AVere oleny  gpmald)isled Cold  m
3 JU! Jolid Biros (fny j (SBCE g gl ) SY e
Sl (AU b o) 5l Jjdgm 9 8B b alwlids
oiop JS 593 sew 3 (Ve de il Jlg
9 Wby (s j OV el s gyl Ak
by 5 2udlaign Yyl 5535k S g5 (61t Siins
Yool Jlo y3 1 ol 43 0ud ool iy 32 3591 2 41 a9
Joll BVl Conn; Chlu (6 5 oy &z j JS
Ot SWS 0395 g 055 oV e+ Cad b L (5w
5 Sb)udlie joy > Kupel ¥ pode¥ee
Glp Grm Ay ped w5 Lol (Ve Kon
Ol9lR 9wy W (e qibe I e ool
92 1 P PweSd Oluls (ogadar (PweiSd
25 9 MUmed oy AL, o950l b e
Syt ST saiasa aalidl ol )3 39290 GaCE L
9 Slwyoo Jlas 1) (dunj sRIYY (5,0 gRod
Wiled (S¥gaze (5o SWI adgi (sl (295 Cuo )
Gy 25 o Rl s BV & o il o0 JoiU
S9ld9w 9 S0l;3 (a8 Cage LS &5 yol (3900 o0
Iy SIS (a5 Ll ogilly oo Ay 39a0 o0 sl
HB johs Lol con (olo)S (19 B30 A 5
gl pilply b o 5l Soml ey
Wy Sl (g5l I s w158 51 S B gl ook
)8 oo 13 1) 53k galaiBl (85,0 b laod sl
O st j ST Cajo o Tode (Ko 5 SSlga

AMAY



AAY-AAAY a5iio V€ F Sl jaly Jad ', lows o0 8593 ot} o ool olalllno

Jol oy (Yo +) oK 9 NOuyen g S i
) sl 5o Sl ¥l 51 Jgilil S gm (550 (23]
551 e JIUT oS w2 (bl (l 2 o038 oy 2
@ Sl e al g Jgibl Ll Conl ia (NEV)pals
Wlea (ils SYgasme (hud (G555 51 o3kl (sl>
g (6551 Mdgi bs 3,19 (65,51 JPUT 12 yulai ilowmy
(oARg3 ol 5 BB 3,13 by 9 7 3 (611 (VL b B
1 sy JgUl Cgm (55531 St JolS 050255 (B0
Sl ol ) > S o

vy d gladdlbe 3 (Y+34) o, Ses s Mohammadi
SR SHy 2 o O oW gl by U
Al N3y el Jillgige 9 g SLALK pod
Ao go a5 3 W (GWIEl pmod gl (Ul 0,155
el ga p g3 il Gl cew @l e
bhid LIS sue ol &Sl 3 Cowl bud (6 3lwdLlS pos
2158 &) sl g Al 50 55U o Iagus iy g3
L LK sas ol Joililgige wiald po adl ol 485
2 Gl Bl l3El aSul b g Sl 83,55 (5 i
SLpad b (Wb gl sl Gy e a1 (Ul ()15
GOl AL jpod (S 5 41 Cuoglio 9 S & Cuoglie
ORI S5k 4 Cuglilo g et il 53 9 03,5 T
il

Gaiod el (g -
halojl gladiges g 3lge @

5 jsel asy3e 5l a5 ol lalesl 3y50 (sladiges
g 42 2905 amd o)l B olUlD Ldagh
o oy Cldas 5 glpiwlpin SBoibjl el
Uz Job 4 (abojlail & by slkiws bawgs (oS
Cugh ) 42 daw) S 9 15 0315 (13 Yo (Filw S
1A Ldiged il 031 4,8 oy lojl dawmo 45 Jola
gk SO 5 g S gl Jdd 4 ol Cughy 4 e
S ol (b (S ;0 (Cugh, Gl et g
LS (olod (sdiged Cugb) Gl s N
Sl 5l 5l ans o yialojl Job 53 g i (g 50511
S 03 Sy bl (uile ol pglite a diged
o (abowss Ol 50l Cua b
8153 Lawrgi 9 TYOVOM = + ¥ 3, ilics! (3o ool o135
Oljo &2 848 0315 (43 (sraigas I (pRMyle sl Clow]
2 Jolro (21,50l Slge (oS 035 g 3] Gewlie
al ol T YApm - 44 5 bl b J I
TY i 5,0l U Bilhe HPobw (55050l TAPPI
U @lhe w&d (55051051 TAPPY aoli ol Om AA

3 Gl eSS danly & (S 9, 4 JoUT Mg
CRBodbo g Cud i ol A Sl iy ! o3l glanid
g0 3,5 wdgi W (lg ol sl 1 S (glodle pa L
IR il Joibl Mg gl pmmg lod b ol o3k
Mo limgw (392 w3 JPbl Mg O
B gumgw ol Cwond J(Balat, M., YeVV)ow
ok A b (autne O 9 Lyl (392 prdyaed
(Drapcho, CM., 51> sJsi (gl pmsgw g9 i,

.Nhuan, NP., WalkerY + + A)
P9> Jwd pU 4 (5wl 0395 Cum ;51 Jolil Mg
wowlid 9 B3 1 T sl gl dy Cud 9 dgud o0 45 U a5
9 cshaeo ((53LaiBl (5551 glse 1 (o5 Sl Jus)
Slle 4 agi b g Col pln (Slola] (owlw >
4 BES 3 g ol 39 500 (5 glwgiSslge aagi LB
oo Bghro (5 olwaSd 03gTCmy; 3l o3l Cuow
—Cowj BNlowny ol !y (Balat, M., Y+ 9)cuwl
oy 05 ke 3,10 2959 Slgl 8 Smiuo g (55,9LES g0dgT
Mg 2alio ilown )i (wdo ¢ )Siud (WL (005 ol
51 @S oSy i WL Lol Lopé g g oS (Ll
019l 5 0igud 290 (gdilomy (5 FlwsiSd Slgo dlor
& a3 21 (65598 GLrilowy (2 yiogeo 31 g Lid p3
390 ! D o0 831 jomw 03Lw! yous Byl pdlie yiuin
4 Slgie & Wilghoian s3lghe YU o sl
90 A o gl g 130 NG peed WS Ay il
iy bawgi ol 23151 (RIS Jgililen 4 HoweiS Jaad
Iy Mg aze jl Gloses isu jlad Gl ol jlowd
3gad dingt b (55l (5,5 51 e (2] palis 3985 0 Jolid
Sl (Jododi g g G381 jlodd Gl als pe 51 Sua
—o Bl jlohucod (gl pely (RSWS (S
(S5 S 5 o ooy 55 s 55 5 Psbos
9 48,5158 0aXS 59y dlge (i 53 s e ol p
AUl 39y U ads oo a1 ol oyl (Il )5
J9Ul9m adgi oy 1 4 (Y++0) 59,1050 9 (Groo dgud
S oedliel U S WL cbswen
&9 9 Mgl o3k g5 il LA 15 (Pichiastipites) yese
sy 2055 §) ST SIS 51 500 Al 0 sy
g 0 3V S5l sl by lptl Gl (6 Vghas cob
A8 V/Q Go d duo 0T S pd b g a8 YE O
O Py X0 3lg g 3Kl a3 IYY glod
Pl (Sy98lgm el Slidg a5 Jgilil cdile
Sl Ol3dgyd 51 0F Jeill pmedd a0l Cuwy
o D330 g 00w wgi Joilil Clale Lol Wy (SO g
Sl b 59y 51yl S p98l g dewwl b 59 s 5515

AMAEL



MAY-AAAY aio I €0F Sl jarly Juad 0 ylos o 8593 unns oo pals Clallae

Clld gl Gl Lulps sbml Coedl @
225 ool e pldl Ll g e
GBSl U1 Cllad (gl b Lol (o picawlio
03] ilisee baylpid g yluile wialyd cpl Job 45 faud,§
ot i gl yd y a3kl (gl 56 3590 OS5
03,5 Jlosl ylogd olod (g1 wglle bl 9 35
PS5 ol 0,5 00 5l Juols joSu y951, JoIs &5 (5 55b e
Orv &y (gl walyd 5l ool b &5 jlowi p2 (51
PLSl Coa @ w9 w0 ALS] 092 by S o
51y JA WE CuS S e (e wlpd cewlis
yo/1Y  Vsuger/Vtotal &
e WE i ey Y/YY Vp/Vsuger
JUCTNRV Vm/Vsuger« g
S 5 oV oo b e Laagg s (o og 5w
Cullad (512 Collas byl slorl b U s BLS] (pumpes
b oldl )3 93,5 Oj90 cowle 39 el g S
KW IF-XVIRRNCA IR i SPPRVSCJ JR) RPN S 1 I T 1990
AT e Sy 5ey ) e ool Cuwd 4 Jolxe
a3liusl Elygm0 SISO 51 of (pgr,5 Sl @ o5 (49551))
bl poi 3ol S 55 (g2 93 (ral 4D (5 )RS 392 205
055 3ald Bl ol (b g w35 kil (s5lea o
S A5 w15 4 d0] Cawiy Jgloo doldl 45 wys,S jLET
8l Juog o 243 4y o Bl b &y (g e £ (cuno Alg)
e w8 LS 29y ol g Sl S g3 g Bk S
M oa 31Kl 4253 10 (g9, Lod Jruuld e
Clgw aldd v CullS 5l ary b (g ol 4

sl KW

S o pY/o

—0 ka8 g uwd 3L aliod s Giae 4 s ld 00 43 29390
Wy, S hssd eyt Byl Sy (190 JUT s
(EU)Y U)ol

oo Aol ol yod Ay g 1d 01w - IS

&x5031051 g TAPPI 4ol cpof TYYYOM-9A o, lui b
al ol TYNIom-Y s bl L Glhe puwSB
W8 g5l il Y Jgse 3 .85 pl TAPPI
a8y £0 oF ¢ sbboj b 3Kl ax d Ve slod 43
PlygSisodle 500 gl (159L 9 IV9 A Clli L
Va A LIWpess o & oy mile Comd o585 5l
2 23l (] S plodl oy 93 45 Cubl Jele lgins
Y Jgaa (b 2 5 Bl dasio 0,08 Sy lojl Gab
b MKl 4 Ve slod 43 £ O L gl B! i
S b SUis 23lo 0,5 0+ algl (359 b g 43> £0boj
2 e Jolge o’sﬂ'ﬂ\\—re\fe PS5 ol @ Cy b
daxie byl pud 31l g2 b y23lie (l i Lol CSy S
4 3,8 QLRI dingy bl Gl (205 Glale]
SaCumd ol g1y FYL lalod ;5 JUo g1y o5 559k
oMo iglojl 13 olS diged JolS oy g oS oS & O
oo Bl g (315 Cuwd @ dagi b Jos (ol &5 w935
b g w3, SL (aellae byl Pelw ood
» e WU e slod (ul 5l Foml sbles
o 3 cowlio byl ol S o] 51 Sl 5 ySlos

W B! g2 il 3T damie day !y

Slod Ol Bl Y Jgaa

Lo ok Ly | cull e =
W (min) | (C) () ! 5! Sl
A )
3y
AN g0 v - JRISRWYS] Al
\‘Y Y
K
A £
A £o Yo Y W5y °
‘ A 1
Yo Y

—e JolS o gyl peliie & ialojl g2 L
R LS YW P SR FURUR JEE R N AP TSR W
9 0w galluanssd gty Ol (BB (im0 b o 5900
N (e oBilojl b j3 (i SuiS jgliie &
o digad Cughy dao > a5l axs gl pSl ey 0330
w00,5 duwle o (32397 9 ool g ] i @S
Jobl adgs wlyd o

Joloxo b ol bo 31 53 03liis! 5 yg0 il jap olod 1l 43
S &4 3359 s b gk 85 S g
s o b gl ol o 9 (2WB gl Sl Gy 1 ool
dagi b i diby ) 392 o a8 51 45 (BB (4 53

MAo




MAY-AAAY aio I €0F Sl jarly Juad 0 ylos o 8593 unns oo pals Clallae

IS oy el Gl e
dilxe b .Gl dawd 03wl ASTM D Ay lastiw!
il ) oliwd g Of & aud o3y sle,S lude

ol o Cowd a4y g

Alod oS o5 a3l sad OLS 5 Juod g @30
b jomshes 5 joely Goml)l GoBYE ¢aile ¢jobly ¢S ol
YU G sgialejl 5l Sy . el HplC iy,
3 B OS5 o 495295 sl e el 1S5 L
J.b',o » Cowl oau 25w Ls'db,o 93 }‘J”A“& &9)
o Yoo 0o d VWG 98gm dwl w2 (Juo ¥ Jof
celw A u.&ododogwgb’m‘:o adlol S 4.’9.0.’ 'a)f
& ples JA1 40 51, Kiilw anyd Yo yles anyd 43
T 998! b STy Celw S 5l am 390 00 55 b

gui o Hgio O il o

HPLC oltuss — JSoi5

@ Wl p3 5L +/0 LS Cod aiged g3 dlspo 5
MRl an > VYo Oylpa axyd > aidd £ O
GUT @yl a2 )3 U Ladigai (1 JSWS) wigad 0 julg i
o g 4500 S Sidg s ol e ) 9 S
ol > Py e diged Jbg & Olygr e U

PB (551 o (812 S S e 8l —0 IS

—
J$bT adsi )> oaliiul 5yg0 posee - Y S5

395 Ve CudS 5l am o Mg oS -V USS

2 g3 Jgi glaaiges £ JS5
C g (51 5] 399 Cowd &1 (5152 G (ol 3
03wl HPIC g i (6 I8 o yiir o1 93 31 aland o o
S5l (1 yas S caey i (0 JSWS)
S0 sele b ale odbe S o Dbyl sloyS lade
@)k Chgw (Il 95 9500 ) 4 JolS i g
Py 32ly Jol5 (i gw gBge 53 &5 (glo,5 lalke 51 Consl
Iy S@ss aaly oliwd ol 4l dgui o 351 Cd g
Salo 9 8391 5l ol Hhs 51 HolS oS s so JuSui
W 9 5L Sl A8 (o0 Joo 1) gy 085,IS5 9 Gl ]
cowlio g Bile A ol b o Caor (Ao 290 (3,5
4 ol ol lal b g wlliood p3¥ (3L (59585
aladzme J& 15 oo 03le] 31 e cnod Bgad 50 pSRe a1
O 15 9 a8yl (33,5 Jos b3S 0 1,5 O
slod 38,V crge 9 290 o0 ol S g (3l 5o 2l

MAT



AAY-AAAY a5iio V€ F Sl jaly Jad ', lows o0 8593 ot} o ool olalllno

iPwgler | s (7)e534 Slows i,
() ()
\AlAf 4 /A &) )
)
WA 4 q0/y ) Y
)
"y YAIA /A (‘\_*) Y

o330 033U oy yieS oS dgud 0 Ao £ Jou w angi b
o 2l (! Sl Kl 0 Egd90 (] Sl ¥ o 4
IR o pwd 3 Sl Bl e gl Sl G o
Wile gyl ilisce (glaaialyd )3 ol OluS )5 (31
0P wotle Cjgo )3 Silgi 0 1y S g Jgililen Mg
21 @YU 3,Sles Wilgi 0 (nl 9 35w w23 bl 4ty
OlyKed g B 5853 > fadd LS duwj JoUT wgd
Cowl 0l 83 591 9 Cowtl B (13,135 ke (2] 305 (Y4 IA)
D15 o0 (otleonnd S8 5 i (58,5 41,8 (o s 45 &S
o2l 5l Al aliw 4 WU Jeilil adei a35L o
LIW jlado «598 Jgaa lag!pein! Gl ol 51 S
)l o 3 om0l W1gF 0 comslio ST
B 5bus s08 1y oy 03 TF 5 Y0l 5 (Y o +) a5
L 55 (ol (s3lghes oob (510 oy 5503 (o0 iS5
o5 olde g jokly g3 Hlade b b (Muljginll Jold

methyl-garabino-glucurono-xylan  Joli  wiL
ovbw! (Li. et al.Y+) +)udb o glucurono-xylan
o 3l aoyd Yedgua U ad)5 Oygo b iagh
o gl 1B 5 amgil (g b (WL (5l Hgbu
o o 3¥ebYe (Yode) ) giloug o8 Hla amdl
0 sbilswor woyd 00 I Ll (Ve rT) 5058
alod 758 (g ol b 295 Badod 5D kdled 1) (g5 5
Ol g July (ored (el i 4 dags b 1Y
(Y’ ’A) 3)5.6”3 9 (\‘\M") 0‘)&0‘“ 9 uUb SIOP c(r’ ’-l)
V0 gk aoyd 00 dgu Jold (WL (lonsd oS 5
A dagi b g il oo (S 2o 3 YO g ol (od oy
Sl g mSo3ll g LT s 3l sae] Cuwny il
ko 5pSojlal Aage 45 dae] Cawds HPolwgler
O8] 3 PHglwgled doyd Ayl 4 dagi b Hglwglen
O 3! Pola yladle 1355 o5 L1V ail g0 o yd Y dgus
S0y 41 dg5 b &S Wla 0 (3 oo san 0,9V 2908
Vo dgi o5 €85 4l lei o0 By gl o
IR IRRH JER RTINS RN R

50 NS o5 5l ouwd Wy s j JPUT owy g A aad
ol b0 Q13 5y g 5 BRGSY L S
=W -y

Y Jgda 33 puS o5 gleowd OluS 5 (g S0l s
(Sl 5 9 f5 tsllao 0,5 Sghusslsh 5 Fobus sob Hglus
Walgs Culio g J9iUT g3 Smtes oo 9 3£ Ay

g
P 05 )3 35290 aleownd OS5 gl -V goa
(%) 180 o3k
£AIYA ok
YA RPN
WY How gloa
/a4 TN 5 Jgloeo o ycias! Slgo
T Jewen
Yery Polo con

ol5 43 39590 Hohwyled Cawlio Hlado ¥ Jouo ol gub
Ol JpUl adgi g paess wiald Jgb 45 wilgi oo S
Jrnily Wilgd 0 S ! 51 g Do 0Ll Wiowi 5,1 23Lo
(Y VA @l Ko g 18 )and wgi 1) Sl adgi 51 ¥
Cuodl 11> &5 (29,5 035L )3 Egdge (nl Cua (0! ]
OS5 50 55505105 S 341> cwl!l i85 (ol
Ca ol ool ¥ Joda 53 5 S0 liee o buowd
o Olles paS o8 glagglw b 3905 g
€y )3 ol W &5 1085 W90 £ O L gl Sl
Wulyd 51 Jad Es O U gl B! i ol B0 83 55
Cowl Conmj bo jlingd sl d Sy (5LwdllS pod
25 Cowiamen dgui o3 3wl O s (I digSamn 1 15
o ey Jho 150l Gl (S]58 1505 b Ao
Sap b g5l iy (8 L apel) U 0 35S
23 J9se b 398503 3dgi 03,135k 3190 9 3,13 (6 koS
a1 (Ao bl ol dus (512 S0l loj g Lod ylade )
ol 48,5 Oy 900 gl Ao (59

Cion bugi plS 88 13 39290 bhend SIS 5§ @ Y g

o5 s el > >k
£/ FYAY £v/o Pk
W YY/YE 14 oS
ANY £/ay EVY | ol sl dlgo

D 3 Jsloxa
]
U \Y/AL /A% SwS

15 T L ol gl Sl iy gladiges —€£ g0

AMAY



AAY-AAAY a5iio V€ F Sl jaly Jad ', lows o0 8593 ot} o ool olalllno

099; b B3lghw b glibul Gl I Jols mlS g byl —0 Jgu

(X)) il 833 | 2 yian! iy 3o Q>
(min)
Yoo - ol bl
/Ao )
d+/AE Yo
A ¥ Ve
ag/o0 AN
AY/+1 Yo
va/ye Yo YYo-yY-

2 1 Gl il 591 b oS g 0 0l Jgia b dangi b
o0 1 ol 4Bl S ] B! i 835U (a0 clod
2 e ;30 3 plliy (30 VL 4535 (g S doml g
& Fomb sbled ;5 gl 9 3,05 835k Ll
Ol 38 305 onl g3 S ol 3l g S8 1) (srgthae
il Hlogaiod @ b g o5 23,5 o0 adliadlo 3)l90
2,0

Ol asld] )3 a5 ol o gl od (13903 T i
Tl (g 13035 (w2 309 Wl 3190 b 5]
& b ol cnl g3 @y S, Aol 58 L
PS5 o5 CBL 5l (295 (orlows OS5 (59 32 Wl (o0
38 oSy () @l (w2 b Caa (51l 135 56
P9y TPl g Blise oy, gl I Ol o0
WS L g5l (i Sldes gl 0908 LGN cawlio
ol 00l 83,91 T Jou 43

LB b ol zl i i (s diged —Jgas

Pohogdgr | 0% | ojt [ sbd [ oo [ by [ et
) | o | 0] e |C] o s
%) mi

n

Ay VY \A) A £
h a

1 VAL VIV | WY [ ve | ¥ | o
0 ht

/A VY Y/A A £0 1
0 A4

A7A VY \A) VY \4
< Y

T3] (g 51 dry liee (5l jlod 2331 4 g o g LG
g0 ylako 33 gkl A5 A2 o0 S T g 15 b Jalw o
sgbiled (Cunl H38 55U (955 0351 523l (g9 »2 (2L
Yo oloj A Coldl) € jlo ! pasuin s 51 &
&1 W8 B! i 550 3150 b du o 43 (allid
O 099y 53 833k e Sl 033l liee (e

ol 8093 5

80l (W55 55 (Vo 07) o) Ko g Gutommo Guiod
b o gl yScian] i 52 05 51 Juols JEIS e oS !
(gl iy ggn) 9ol g2 o5 L awmnlie )3 £ of
3gm (65U lS pmod wiylyd U Couy alivo bayl i Codi
e Sy 2loa S o )55 9 b oo HERE Jdi
1350w WTy8 3 Cgrw opl Yool il o (3L51
Tl Gl dlaye 33 (S g9 4 barpe (oiSu
4 Jaio Bglw cod 4 bgpe o K> iy Cwl
—o 9 Pl ¢ & Cuwl G ghwgSd o3l 50 (S
JUaS S Uy g dgui o0 gy (S 51 (oS gl
buogi yug S oy daye )3 (S - ok o
Ol ed 9 g 3050 B Sy (lerd Jolss
ol ST 5 15 O b gl ysian! 555 a4 a3 (YY)
rgwe SO 035 (gw (Gl med (59, 2 )
SO 03,5 i B o] Gaiodd )5 & Widgs 83,5 W,155
50 g (G5Lwill pod (0 p20 4D bl ZlSuiw! i
Cuwlld b celw ¥ Guaw & (wgmadw asyd Yoo slod
IAVGE/0 g 4 CSy Bl Comd g Mo 3 e Hige
s g B iy 45 A3dgs 83,5 )35 g gy A8,
O 8L (i g ot lhonnd OS5 0 )35 ) ok
2 50 YY) o, Ker o Sl 0,15 o2 51 sgkw g
@35 08 (U8 (G 5LwdblS o (gla 59 (65503 (S
s 1y O b ol gl sl i 51 o sob oS
&15 T U gl y5cian! aigl b ¢yl andllne 3 Saitod S o155
CWolS (59, p AliSes byl o 493 g WiSTg o cdlod
Sl TT VWURIVORL PNV VRV % I PR Vel | E-50W) e o0)
& b Oy bawd owy iy Al byl sy ug.n.gf‘;.’bi
o g5k i Al jeummg 9 LI dae @3l s U
A58 B3gke cob gl Sl Wl el Cod gl
oo & ySiw!] 818 ot Lot D190 B guaro (4] 50 9 Midgy &i8 ,5
SrRUS Coy ploj 5 Foml WS s alpd 4
i LB, o Wad e Wi Ol ol Ll b 1,
shals 4 B glisl med 51 L b Of gzl skl
Sl JEW pu0d (5132 (o2 lbowsd 190 SO 9 Sl @l
G S g ddpo (555 ) Wlgie el (nl g
2yl BT (VFAY) o Sed 5 w650
Ml Sy L Aol B g ped gl S
JUS 3 59 ] gl o 92 4B )5 4108 o 3,590 St
20 0,1 Jlged pols ivlojl auls b 598 ol
L L lghu od glp5iwl Coa (559l (Ul G
03;3b 51 hols gl g aid )8 Wyeo & O ;1 odlisw!
il 0 0 g ilbae (Ul (3485 ] 5!

AMAA



AAY-AAAY a5iio V€ F Sl jaly Jad ', lows o0 8593 ot} o ool olalllno

E5 O b o adgi Jgibil gm I —¥ Jgua

g5 033k (min) gl & o 8lowd
(%) Jgblgm o
v A )
)
VWA €0 ). \
)
Ya/€ AL \
)

b &> ol 55 Joilil adgi 235l jlade ¥ Jguo 4y 4293
Sl MY 9 Vo)) Camnd b &l T 51 il VY9 G
Sl g s L lw Jule w59 @ ggdge ol WD
P DS ep (Fl gl Gl g, b dlge
e ol dr s 0313 el Juad i ol adgl S
2 4yl dlge (58S JI8 i 3 Sl Jos (nl &5
9 O 33,5 o0 Joillan Jolone yis g5 9 es Sy
e ol 51 UYIY) o, Ko g o {(YIA) ol )So
bl 33,5 o0 2o 53 1) YL Jgililen Wgi 0350 jlate
Jafo B o o5 Cuwl (] 3,15 3929 &5 (5,500 e AT
9 Ml Wy cuwlio byl Kly wilgd oo YU Joiblgn
vy 9 A Cond gl (gums dls o 43 g old] > L 1Y
JpUlon CodS BLd @ U 2gas oyt 565 of 5l
— o8 D g ol 51085 O 90 (lad S g Mdg
@ dagil 33,5 00 (N1 9 (o e () G sl
£0 by o A W Jlow 43 Joilil adgi 033U slade AJgus
E3o90 () JI5 fCuwl i VY LB L anslio > add
&S Gy9b &l o Sy a1 43 3lge PH 8 WL
Colled Iy (35 pdy 4 g b Jos 0l
P cllad Il s 5551, JB13 50 emnilS lg e
ol et 851 Sane! 505 YU JiliTom sgi G 53 Lo
Jypazme wdgi g Cullad (G9) 2 (oie U oo SRl
p3¥ (Y1) o) Ken g lebicdido 3,135 0 2l
Jst b a3le (g 3ok ,Ud Loy il g 1565 oS sl 1S oy
Josa 0 )5 pho (2] &5 b o0 39ma (2B jloni iy
b s 5 s o5 sl 0¥ Iy sl 2380 A
B 0 55 Dlge (I U 33,5 w21y 515 punsilSylg e
St loj 3065 ©yg0 YL 0351 b i g 03,5 o
Ol 5 0SS I U gl Gl
0313 5158 (w0 wd y3 s (2l g Sl H13S U o biowd
S 390 42 83,5 (o0 345 e Lol 8 Job 50yl dlge
w255 89y 22 W El 5l Gl Lo A Jgaa sk &5
e 355 o 2 5 ool BB oo 50 s
By5" Coml 0 5 comly (loj b Al )3 Joililan yubs
S g Y VR)oyl Ko g ylaud Cligis (Y +10) choyg

Ol &l b anglio 3 gD T L gl Sl
Ot ol YU Sl bl 3! 3 S WE & S
iy 4 Ol e cuBSd caw oW Sl
W ol cod Jotuol (sWog,S &l 59y g b gl con
TPl Gl (9 (! 31 odliwl g ol 311 9.33,5' (o0
5 (1FAR) Js 5 (sl oo 53 2l jigo lgi o
s oyl w2l 549 (Y0 0R) ol 5 jleicdids
Joaa gl G o Cauwl (391 3,13 3955 45 _sallao Lol !
3 Gl oW dlge yladle yiul38l a5 deu o alise T
233l jlado g gl ySeil aig) 1 (ke ;U 5L 390 jlaie
Slge 31 odliw! (5l cawlio balpus LI 1Y g 3,10
GG > Sl Caod! gl Sl i > LS
saud (135 Bl ol 55 (V0 0R) (e 5 (gutoone
3 8 ol Gil3E1 b ol 1] g 53 4 G
Obl W U I g Cowl @Bl ials o35L malie (yloj
1287) o, 02 g 3290 33 H505 Buindd 450,15 Jlgten
03,8 glpswl W (g, b 1) 9> o Lol con
LB 0o 3T dg balpd Cod Ginlejl ol &S Widgy
2o )3 0 (wgmmdan dx 3 Te Oyl s dx 3 g Sl lo;
Al 53 5 393835 il 1 32 5 (glbIgh o 1
3 ookl S ol 51 392 Fwlio WS (g bl s L
$9) > ol g A bl pd )3 LB Flswl Gl
oy bl g Sl o rbonsd OS5 8L oo 59
4 owlio dosl il dlgo (59 2 (Jlos! o byl
GG (43 90,5 o, ol sl 833l Jlake bl
2 ED Ol b gl iy & 03,5 diste wigliy!
9 313 G U a0 (gg; p (2L L awlis
Colhe Gub le 3 U Zlswl Gy I 0ol
2 &lr Gioalls g gilwlan Wl b Bb doll p3.Conl
Pl g Bl g I Jols LS 5 51 0lS
50 el B Ao @S 8 51 sadgi Jaililem 033U
Sodi O pS 0 51 gadgi Jgililan jlalle dplone oy
&l 2lh Jlad lgie Cod g Sl baud dnwlone dauis
bl s B 3 U ol 000 Sl iy o1 gl g 51 S 52
o5 395 51 Jgill sy 035l e (ol plonil gllas
Lylpss 591 pilyd & Cowl Loamb 93,5 oot oS
3902 33 Lol )l S0 Cadlad g1y 0w 155 gllas
Jollam 033 jlale cpl L3l (o1l 5 (G095 0350
E> O L glysinl iy (505,80 bulpad oV goe 5

Do oo W13 deld] 45 o] Juoxi g Cuwl B0 035

AMAA



AAY-AAAY a5iio V€ F Sl jaly Jad ', lows o0 8593 ot} o ool olalllno

Qg 5 42 9 0200 &85 01 i (6 15 uoy ol

!

Sl o9j) @ - g

ol | S | e | gl | gles | aised
Sl | e | WBgw | ki | Ayl
2 &H8) | S

(o5
Y104/ 1/ o/h | YEA| YEIY )
vagv/og VY ofo | Y| YE/A Y
Yo41/1A VY £ | vy v
Yo+ /ey VY YIY YYD | oYY £
VoaY/£Y AW VT S & VR o o
\ARETAR V/o Y| YUY | Yo 1
AEARVAR! A4 YNl YuY ™ v

Sl 93y e & 3545 o0 dlia Mo ¥ Jgua gl 3
g e 5alod t (omi 31 e o SIS ) ¥ iges
o Cold diged jSed e I VL it byl i
ol 93l 92,10 15 e dbml 61y cewlie byl i
812 (olio jlomo ilg¥ 0 YU 1y (405,1 £3,15 2V
Mg 035k jlade bid 1 5wl g Joililgn CudS
3 el g Al ol Jud> Wlgi oo Joililsm SV
S ol 311493,5 Bld 35 (6095 Jgililgn ylate (1>
290 & &5 290 o0 dlisMe 598 Vg W 4 dagi b
Pl 51 Jlosl balpud 13 59 5yl 85,1 5
4 w30 LS ol g Sl FYL (LS Hlogd b duolie
3 o ol gladdod )3 gl sl i 035l
15 01 Jlogi L oS (598 (g lows e 1 il ol (3L
oS 3,5 oo g o consl 43,5 ool gl yian! sy
R ylade \\—Y U \T & L Hlow bulpd p
Sxe g Joililam sl onl g Cul Jud (J)l>
O 3 p3 & Wilgi o0 Eedg0 (il SIS fali e (owlie
b ol (b o5 Ml ymosS sl 45 piady Slge (3385 1,5
YU (Sl 09551 b Joililan g dlge gy (ow yiud
Jlas] pas g dlgo ,Ub b cag 55 1) 5 w31 o 31 o
&l ol S Slgi o Wl (e (orbond oS S
b ke Jgatme ddgi g mesd wial )b cawlio (5505 USCS
(Ve 0R) )0 g 4logSs 53,5 YU (51> (4551 9 CaskeS
Ol 51 45 33,5 0 adiaMe §98 WS (w2 Sb o
Jolonr 9 3,15 1y a1 yie £15 T L diged o lows
JUdl il wilgi o gy ol 51 o3l b (g

il &3 1, g 5Y

Fulg) oSS bl g (53,95 ok 41 dagi b palie o
15 i, bl s dlin )3 U 1y S0 (2
Lo 525 25 G (5 51 3,55 o215 15 1
Oy b o 3 bl oled 55 E1s I b Sl g
o5jly SV jlake By 4 (6 yie @l b gl kel
b slosi 45 add o0 (i (2] g Coml aildpr 4> Joililan
Sl (gyicamwlio (wigy WE Jlow b duwglie pd &l OF
— oo AL oy lonus 23l b 1Sl Gy E95 (!
Lol 1 ;S0 LI ad 51 )35 150 4 PH i g 3905
Galle gy 3 a5l 55w 1) 8 _god (5145 Coamud
a5 Wlgi god Jole ol £15 O g,y 51 ool b o] il
93,135 15U s wialpd (3, os bl pd 503 (135 o2
JIawgd 9 Foglhe 5 odlaill Blod 4 (g dodi
b dug o )3 W8 adlo a3 14 5 {Cuwl jud Comn § Jando
033L £d Ol byl e 43 &Syl g Cowl g €0 O Lo
Jlowi 411, 31 83likus! Wilg3 oo ol pinions J9ilTgns g5
9 N5 ot Vb sl pwldo ;3 o3litwl gl 1) Eb ol b
2l 5 Lol 83,15 1) @y (liilo 3 o (335 los Cull
Nl G598 3)lge LS )3 &5 3900 48,5 S350 35 oo o
033U jlalie JUS 53 553 (Fyly 95y slade (392 iglhae
S5 U1 S 5 35,5 Blod b YU Jille Mg

i a2lgs Ao asld] 43 S ol 51 a8 dgu Julod

&)y iy dawg 4 i1 X W Mo 3o —AJgus
WL

Jll gm 033L | (MiN)  4b; (WER P
N S
(%)
YA Yo A 1
+/A 'Y °
o/A A 1
YR o 'Y \4

3 5M Jpblem (J, (95 ke g Joililgw
bld & 0y s j Cogmw b g Sl Caoa! gl4ld
W WS )3 Coa onl 33,5 Jdod 55 ()l 53]
B Conwl 0 83,91 35 (5,1 (095,) gl 393 (s Sl
Dy 0135 Joglae e Llod 45 gl ol Jles! b
Ay @ 9 g Juad Jgoyd Bib ()l 95y p3lie

AMA -+



MAY-AAAY aio I €0F Sl jarly Juad 0 ylos o 8593 unns oo pals Clallae

558 Solos JuaS5 il 3 o2 HPIC 3061 gt
G P S g9y 3 S ol p3 Cowl b 03]
o 03lw! ol 23ke (ylgirs T U &S i lojl 31 ouwd
03,51 kol jlond 5 Suyp (1 S ol ens!
W oSWwB W sa 2 o Jlod B yldged ol Cowl b
a3 g0 Ui 1) (Sl 5B (g9 2 S 2%k 5B e plR
bal s S g3 Bjlosd plod (1 lalejl ol Job )
o 83,91 p; GBSy 45 S () S O Gaiod
Wgod (gl Joill adie o) e JSWS i Cond!
Cowl 83L81 5L At B> ¥ JI Y Sloj o3ga00 4> bd,lows
S 05,1 5 Wil g0 3,15biun! gl o U (aslhae MolS' a5
U dwslio jd (g i jladio £ O b lon diged (glym
Joill o5 aad o Wi (p) g 3,15 LB g ylows diges
3o ol 1 5k gl E1s o Jlasl bylpd 4
39530 13903 B (B 5 Eul 415,95 1 (6 VL CudeS
slos diged gl 00 33 (Sloj 05l pled )3 S glis

WO R LA
45 T diged (glyr e 93,131 5l o il - €l
o POl Epdge ol tamd e U 1) e o VL
— o &yl iy Bl ol 53 ogllae Jgilil &S Cans!

33,5 Jeols wilgs
Hplc
45000
Omn
40000 012
t 073
35000 ! O
[ B1s
30000 O Te
|77
25000 I
> |
= |
20000

15000

10000

5000

\Y A | &b VY &b A
oy | ol | A ]I gl | 0] ol
¥e £0 ) \ g0 ) ‘K

HPLC 5 g » JS5

Jols il (gl (05 — (85 415505 V) UG dold] o
a5 Joilil YU CudsS U sladiges g1y HpIC cuns 3

U 33,5 o0 Jalodi g pawry Gl E15 O (gl loni 4 bgy e

MY

& Aliseo bz o] i gl (US43 iSu w43
&l Juod oS Fles il alie g Wb S Cov
CadS U s Abl,é- EVES L e oY Al S @w e
RTLIB BTVt CERN V- R VeI X W S iy 9 P61 1) POPRRg | PS 3%
(0,5 oy JoUl CudsS Al g5, wlel o Coa
315 (5 jlond £93 (i S )3 3 i (2] ST
P9l )3 .C8,5 plodil U e SG 3 slojl
S5y g alad g )l slowd 2 512 (V9 A Y S SS) 55
45 dgui o0 Ao pglaai 4 dngi U .l ouud 83yl

. s - R R T e o ENN
ol 0959l o Gl 5 2l T Ed ol diged dlaus S
Owed 3,15 6 YU CuleS b Joilil g Cowl pibn o
O35)) oy el gy = Es O igad aled £lisf
St 39 o CudsS g pogls 9 310 54 55V 1
a5 30,5 o blisw! 49K0) 458 (o yisw g li 51 .Cowl
lowine Conw! 05 83551 A Jguta 43 45 WU 5 ,1p> 49;)]
o2l 9 Gl YIS 00 dad lime g Gyl CudsS 4
Ol 0 9 Cowl dgpubho 500 dnd Cond gl 3 g990
23 5 G JgiUlont CusS a3 o 3,5 il
JUl50 55 &1 20 (ommolio JSS & yrass sl 3 oiny
Cudld 35 1y owlio dlad Wilgi o0 dgui YL CudsS L

Ay

;9 T c“—vé‘: A,Ji 459.05 Al Cund Y IS5

ooy A SUWB o 4BE Fr 5loj VY SUB Wiges alad Cons —AJSS
ady Y.

Olo3 VY Wy s £0 loj A WS diges alad Cons —4 JSUS
aadgo



AAY-AAAY a5iio V€ F Sl jaly Jad ', lows o0 8593 ot} o ool olalllno

G )l R3] Cond @l bl e ! 5l
3 ooliw] &5 Al Cuwd aeii ol @ lgi o g dland
b dumliio y3 15 O L gl 50l iy (o9, HPLC cons
BW bl s balpd > WE L gl Sl Gy
bbb 315 el o 13 1 g Blod &1, (sl
T Blod b & sy S (il 41 19 (o0 7 (oSS
g5 I gl Gy Bl (bl 9 Comd aw
MY E15 OT U gl B! (i 43903 93 U dus o 45 Y4/
ol 5l Vb e U] (392 11> S 4 VY
W o) & el § wglhe il CutsS L JgilT 9 Y

il &il,1 (612 alio Jaslput g iged (SLgS Mg o0

8 5 o -
Moi 8l (oS 85 51 oaliiw] gLl 43 Gadd (w43
P (5 jlosd e Laslpad )3 o 51 A2 9 Jilil ylojon
i o (islojl gl Bib g 3,5 (owy WS 9 £1S
3908 51 Jgill adgi @ JE sdgi JUS 15 (lgi o0 oS
Sl Ul g o 315 Ui (o2 (2] 9 ©BL Cowd
50 BpmunsilS 59 S0 Culad baglyud B> &y dngi by €10
JPll Cgllao adgi 4 o5 (Bl 50 b U o Lilg
T3] Gl o9y b dunlio jd (g, ol g Saled SoS
T 55wl g Bl (gl g e 53 el o LB L
ol glVY/Y oY/ rlon 3 El T L
N 2 30,5 0 dmogi B g, w3l e3liiwl a5 Wld
© g dalBo sl (0l 93 G ST Tl S S 9b &
Al Comd g (Il o8] S i 4 dagi b3y
0935 o 092 Vb & dagi b o 55 sl (i o0
ool Vo /Y 15 o ylogi diged 3 s £, 1 5 3,1,
OluS 5 )3 317l Sl puder o (63)190 )3 S 55 ol 5]
ol g S b aily (e g 9990 51 o8l) oo
Blao gy ol 51 odliiul o oS W3 b Lol fCul
033U ylulle aS (cnng (o2 lowed qaluo 9 (55550 10 ke) ilises
b sl )5l 51 ool Cowl Siogllae Joibl adgi SV
53,5 0 dwogi 3 VY E O

o F bt b jlon diged glp Sy gW )l 5 b
g

35000 T6

36000 T4
33000
30000
27000
24000
21000
18000
15000
12000
9000

mv

6000

1 |“ Lo Nt TR

202033 2117 2/317 2408 245  2/492 2/5 2/892 2/908 2/925 2958 3

ooy (! g Cond gl o8 — S 413905 - Y SIS
TY‘ LTEBTW‘S‘)JASA“J&M)"

By /0 floj 3l aa a5 30,5 o dbado VY S b
.. PO L S L S
W1 S ol T 9T EP Ol e digad du (g1
Jols Joill lod 45 T aiges JSW 21 ab> Sannl 03LI
YIARY aiids ;3 Cunl 2 15 ST g1 5l st s,
Cawl (g0 )3 o g Sl DD;WEBJ‘*’ 45.\3;:"”39‘}‘
i g (55, b Joolo J ot o8 T igas o8
(el bl pob oo 13) i Y/AeA o 43 Cosl =
Fleve dgan 2 a5 TE @ Cond (g puiy S Jlidle &
b bols gl lon a5 T digas 5 Consl dusy il o0
- .o . A 2 1 S 0 - £

S 5o (o il a Sl T EIS Ol gl 50l (i 9
daawy Y/A0A aldy 13 ((iulesl byl ylod 43) 345
Wigod 93 i dunliie 13 digad (311 (51 S sl AR Suun]
oW b cnl fams oo LIS 1) Jlale o yheS (S Lo
QML&Q,QT‘ Qgod Sy 30 Joilil CudS oS s w0
d‘ﬁ Jag“,m U"‘ 9 ol LAY i T¢ 9 TY 45505 92

ol gogthe puing CopdeS b Joibl g

&

9 d)’lm.:.étf )ﬁ.oé 00'95 > E‘Pﬁw‘ M )bi ¥y yray g ‘d)l}j} 9 6-& cdbﬂ"d«& “$ cb}o.b c.& c‘)b{‘d' -
VEY-TY0 :(Y) Cga (sod 913 g JSia ay puid - a5 0L hampunr Sy (Bl (5Ll S

- Allen RG, Pereira LS, Smith M, Raes D, and Wright JL (Y+)+) FAO-°1 dual crop coefficient
method for estimating evaporation from soil and application extensions.
- Balat. M. (Y- +1), Use of biomass sources for energy in Turkey and a view to biomass potential”,

Biomass and Bioenergy, , Y3()), Y'Y

MAY



AMAY-AAY doxiao N E+T Jlw sl Jaad F'0 o o 859 Ciamm 5 brumo @ols Colalllaa

Carvalheiro, F., Duarte, L. C., & Girio, F. M. (Y++A). Hemicellulose biorefineries: a review on
biomass pretreatments. Journal of Scientific & Industrial Research, A¢3-AT¢

Drapcho, CM., Nhuan, NP., Walker, TH., Y+ +A. Biofuels. Engineering Process Technology. \ ed.
McGraw-Hill, United States. pp. ©+-)14

Helmerius, J., Vinblad, J., Rova, U., Berglund, K.A., and Hodge, D. B. (Y +). Impact of extraction
for bioconversion on birch Kraft pulp properties, Bioresource technology, )+ ): 2341-1..0
Hedjazi, S., Kordsachia, O., Patt, R., & Kreipl, A. (Y +%). MEA/water/AQ-pulping of wheat straw.
Holzforschung, 1Y(°), o+0-01Y

Haghighat shoar, f. Abdi, r. Najafi, b. Y+Y4. Effect of thermochemical pretreatment on methane
production from waste. Renaweble energy. YA: Y£.-10Y

Huang, H.J., Ramaswamy, S., Al-Dajani, W.W., and Tschirner, U. (Y+Y+). Process modeling and
hemicellulose pre- extraction for ethanol production: a comparative study. Bioresources
Technology, ) +): 1Y £-7)

Kumar, P. Barrett, d. Dulwich, m. Y+ +4, Methods for pretreatment of lignocellulsic biomass for
efficicent hydrolysis and biofuel production. Chem res. ¢A; YY1Y-Y4

Khan. M. 1, shin. J. H, Kim. J.d. of micro algal current status challenge and optimizations of a
sustainable and renewable industry. Microb cel fact. Y V-¥1

Lei, Y., Liu, S, Li, J., & Sun, R. (Y+) ). Effect of hot-water extraction on alkaline pulping of
bagasse. Biotechnology Advances, YA(®), T+4-13Y

Lu, H., Hu, R., Ward, A., Amidon, T. E., Liang, B., & Liu, S. (Y+Y). Hot-water extraction and its
effect on soda pulping of aspen woodchips. Biomass and Bioenergy, ¥4, ©-\Y

Lopez, K. N., Kokta, B. V., & Mao, C. B. (Y+ ). Fibre morphology and soda—sulphite pulping of
switchgrass. Bioresource technology, YY()), Y-V

Mohammadi, N. (Y+4). Investigation on the potential of barley straw in an integrated biorefinery
system, MSc. Thesis, University of Tehran.

Nguyen, R., Kordsachia, O., & Fehr, J. (Y+)+). European hardwoods versus Eucalyptus globulus
as a raw material for pulping. Wood Science and Technology, ¢:()), ¥3-¢A

Sara Ga’mez, Juan Jose Gonza’lez-Cabriales, Jose” Alberto Rami'rez , Gil

Yoon, S. H. Macewan , K. and van Heiningen, A. ¥+ + 4, Hot water prextraction from loblolly pine
in an integrated forest products biorefinery. TAPPY JOURNAL, Y(1): YV-¥Y

Zhuang, J., Lin, L., Liu, J., Luo, X., Pang, C., & Ouyang, P. (Y + ). Preparation of xylose and kraft

pulp from poplar based on formic/acetic acid/water system hydrolysis. BioResources, £(¥), Y)¢V-
Yyov

AAY



MAY-AAAY aio I €0F Sl jarly Juad 0 ylos o 8593 unns oo pals Clallae

Investigating the effect of pre-production on ethanol and paper production
performance from wheat straw in a biorefinery

Leyla seyed mousavi'; Meraj sharari®* Mohammad ahmadi™ Bita moezipour®: Farid haghighat
shoar’

Y Master's student, wood industry and cellulose products, Faculty of Agriculture and Natural
Resources, Mohaghegh Ardabili University
¥ Associate Professor, Wood Industries and Cellulose Products, Faculty of Agriculture and Natural
Resources, Mohaghegh Ardabili University
¥ Associate Professor, Wood Industries and Cellulose Products, Faculty of Agriculture and Natural
Resources, Mohaghegh Ardabili University
¢ Assistant Professor, Wood Industry and Cellulose Products, Faculty of Agriculture and Natural

Resources, Mohaghegh Ardabili University
° Phd, Department of Mechanical Biosystem Engineering, Renewable Energy, Mohaghegh Ardabili

University
Abstract

Using new solutions to convert biological waste into valuable products can prevent wastage of capital
while managing waste. Wheat straw is one of these biological wastes. In this research, with this aim,
wheat straw was investigated as a raw material for the simultaneous production of paper and bioethanol
as valuable products. First, the test was performed by applying hot water pre-extractions at v+ degrees
Celsius for ¢© minutes with the ratio of cooking liquid to wheat straw, and alkaline pre-extractions at
V'« degrees Celsius for Y+ and ¢° minutes with Alkalinity of A and )Y took place, these conditions were
selected from among the various experimental tests that were investigated. Bioethanol production was
done using anaerobic fermentation method, so that inside the Y liter reactor, liquor obtained from ©-
grams of wheat straw was added, and then in order to carry out the fermentation process properly, the
amount of sugar inside the reactor was added to Vsuger/Vtotal Y. Yo,«%, Vp/Vsuger Y,¥Y7 of the
amount of peptone sugar, Vm/Vsuger ,°7 of the sugar amount of Saccharomyces cerevisiae yeast was
added. In the next step, HPLC test, flame test and calorific value were checked for different conditions
in order to report the suitable conditions for bioethanol production. According to the results of the pre-
extraction method with hot water compared to alkali under the same test conditions, it has more favorable
results in terms of ethanol production due to the maintenance of suitable conditions for the activity of
microorganisms. According to the results for all samples, the quality of produced paper was in favorable
conditions. On the other hand, pre-extraction with hot water is more favorable compared to the two
samples of pre-extraction with hot water and because it has a high flame height, high calorific value and
high quality ethanol; that this sample can be indicative of suitable conditions for use. In this research,
the objectives of the experiment were investigated based on experimental tests, and then the results were
analyzed based on different methods.Findings: In this research, in order to maximize the use of wheat
straw, the possibility of simultaneous production of ethanol and paper from it was investigated in
different conditions of treatment with hot water and alkali, and according to the results of the experiment
presented in chapter four, it was observed that using hot water In addition to paper production, it is
possible to produce ethanol from straw, and this study showed that ethanol production with hot water
can only be produced by destroying the tissues of straw, considering the preservation of the activity
conditions of microorganisms, especially the pH. It is desirable that ethanol helps and this method is
better in comparison with the pre-extraction method with alkali. Among the different methods of pre-
extraction with hot water, Y,)+ and ),V Y treatments had more suitable results, and the use of these
methods is recommended. However, more strictly if a comparison is made between these two
treatments.Conclusion: According to the results of Hplc, calorific value test and flame test, it can be
seen that due to the relatively high calorific value and flame height in the hot water treatment sample of
V.Y +, the use of this compound in cases that are more for combustion in Fuel compounds (both engine
and...) are of higher quality and more suitable; But with a quantitative perspective and the use of ethanol
for various uses (such as: dyeing and chemical industries, etc.) where the high yield of ethanol
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production is more desirable, the use of hot water treatment solution Y/ Y is also recommended. Today,
instead of using fossil energy sources, attention is paid to the use of lignocellulosic materials as the most
important sources of biomass in the world, which have a huge potential to produce value-added products
such as biofuels. This can be achieved with the biological establishment of bio-refinery units in various
industrial sectors, including pulp and paper factories. Biomass includes the synthetic function of nature
and has a different proportion of carbon, hydrogen, oxygen and nitrogen compared to oil. Biomass
conversion by biotechnological methods along with chemical conversion will play a big role in the
future. Plant biomass always includes basic carbohydrate products, lignin, fat protein and a variety of
substances such as vitamins, color, taste, aromatic essences with very different chemical structures. A
bio-refinery is a place that, through a process using mechanical, thermal, chemical and biochemical
methods, converts biomass into products with high added value or key intermediate products for the
production of chemicals and other materials. Today, many pulp and paper factories in the world have
suffered a decrease in profitability due to factors such as increased competition, the high cost of
supplying raw materials and the energy consumption of the factory. One of the solutions to overcome
this problem is to diversify the products of the factory, in this direction, hemicelluloses and dissolved
lignin can play an important role and move the pulp and paper factory towards the production of green
fuels and Conduct biological materials. Biofuel of the new generation creates changes in weather
conditions. This action is done by reducing the emission of greenhouse gases. For example, bioethanol
produced from wheat straw releases only Y+ grams per kilogram during its life cycle, while Y 1Y grams
per kilogram is released for gasoline on average. Reducing the pressure on food products, which is done
by developing other fuels from non-food raw materials and the rest of agricultural products, in addition,
they can use waste products as raw materials. Therefore, it causes the reduction of agricultural waste
buried in the ground or exposed to other mechanisms. Unlike fossil fuels, biofuels are produced from
renewable sources. They emit less pollutants than fossil fuels because ethanol burns completely,
reducing carbon monoxide emissions. Due to the release of carbon dioxide and the absorption of raw
materials, they do not contribute to the warming of the earth, and they are more economical compared
to fossil fuels.One of the most important fuels produced by biological methods is bioethanol. The
production of ethanol from lignocellulosic biomass is known as the second generation of production,
and compared to its production from sugars and starch (the first generation of production), it has more
energy, economic, environmental, and even social political benefits, and considering the significant
benefits Lignocellulosic materials, the focus of researchers and companies is directed towards the use of
lignocellulosic biomass.

Introduction

In today's world, environmental issues and climate changes due to the consumption of fossil fuels and
the concentration of greenhouse gases on the one hand, and the expensiveness and limited nature of
these fuels on the other hand, are the fields of evolution in the wide use of energy. has provided
renewable energy. One of these renewable energies that has received a lot of attention recently is
biomass energy, which is the driving force at the national, global and regional levels, climate change,
energy security and the production of chemicals from renewable sources. The main ways to use biomass
in a place called "bio-refinery" to produce bio-energy, bio-fuels and bio-chemicals are renewable
resources (Carvaleiro Y+ +A). Today, instead of using fossil energy sources, attention is paid to the use
of lignocellulosic materials as the most important sources of biomass in the world, which have a huge
potential to produce value-added products such as biofuels. This can be achieved with the biological
establishment of bio-refinery units in various industrial sectors, including pulp and paper factories.
Biomass includes the synthetic function of nature and has a different proportion of carbon, hydrogen,
oxygen and nitrogen compared to oil. Biomass conversion by biotechnological methods along with
chemical conversion will play a big role in the future. Plant biomass always includes basic carbohydrate
products, lignin, fat protein and a variety of substances such as vitamins, color, taste, aromatic essences
with very different chemical structures. A bio-refinery is a place that, through a process using
mechanical, thermal, chemical and biochemical methods, converts biomass into products with high
added value or key intermediate products for the production of chemicals and other materials. Today,
many pulp and paper factories in the world have suffered a decrease in profitability due to factors such
as increased competition, the high cost of supplying raw materials and the energy consumption of the
factory. One of the solutions to overcome this problem is to diversify the products of the factory, in this
direction, hemicelluloses and dissolved lignin can play an important role and move the pulp and paper
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factory towards the production of green fuels and lead biological materials (Helmiros et al. Y+ )+).
Common biofuel products mainly include ethanol from starch or sugar and biodiesel from vegetable
oils or animal fats (Alan Y+ +). On the other hand, the total investment project for the establishment of
an advanced and independent biorefinery for the production of cellulosic ethanol is very high, and
according to the cost estimate made in America in Y+ 4, the total investment cost for the construction
of a cellulosic ethanol biorefinery with The capacity of ¥+ + mg of dry biomass is more than Y« + million
US dollars per day (Hong et al. Y« +4). But the pulp and paper factory is a bed for effective use of
biological, renewable and abundant lignocellulosic resources, especially non-wood lignocellulosic
waste. Today, the modern pulp and paper factories and the existing infrastructures in them minimize
the increase of additional costs for the commercial realization of the biorefinery, and it is a good
opportunity for the production of cellulosic fibers and products such as ethanol, which is also defined
as a combined biorefinery. It will be This not only increases income and profitability, but also
potentially reduces greenhouse gas emissions. The calorific value of hemicelluloses is significantly
lower than lignin, so the extraction of hemicelluloses before the pulping process provides the potential
to produce products with greater economic value (Huang et al. ¥+ +). The advantage of the biorefinery
is that the production of chemical products and fuel is parallel to the main process, and it also produces
energy (for internal consumption or for sale, such as electricity). In the biorefinery, cellulose and semi-
cellulosic components are converted into sugars. (to carry out fermentation operations) that a large
amount of biomass participates in the process. In this process, mainly, many pollutants are not produced
and ethanol is produced. It also produces synthesis gas. Biofuel or green fuel are new terms that have
received a lot of attention in the last decade in the form of concern of the world community regarding
the limitation of fossil resources and at the same time the increase of pollution. This new fuel has
become so important that it is called "future fuel" (Yang et al. Y+ +%). Biofuel of the new generation
creates changes in weather conditions. This action is done by reducing the emission of greenhouse
gases. For example, bioethanol produced from wheat straw releases only Y+ grams per kilogram during
its life cycle, while Y 1Y grams per kilogram is released for gasoline on average. Reducing the pressure
on food products, which is done by developing other fuels from non-food raw materials and the rest of
agricultural products, in addition, they can use waste products as raw materials. Therefore, it causes the
reduction of agricultural waste buried in the ground or exposed to other mechanisms. Unlike fossil fuels,
biofuels are produced from renewable sources. They emit less pollutants than fossil fuels because
ethanol burns completely, reducing carbon monoxide emissions. Due to the release of carbon dioxide
and the absorption of raw materials, they do not contribute to the warming of the earth, and they are
more economical compared to fossil fuels.

Methodology

he tested samples of wheat straw were obtained from the teaching and research farm of Mohaghegh
Ardabili University. In order to perform pre-extraction tests and wheat straw coocking operations, they
were cut into sizes of five to seven centimeters by a cutting machine. and they were placed in the
laboratory environment to reach the equilibrium humidity. After reaching the equilibrium moisture, the
samples were packed in polyethylene bags to prevent moisture exchange and change in moisture
content. Then, the moisture content of the samples of all the bags was measured, and during the
experiments, after each sampling, the bag lid was closed in order to keep the humidity conditions
constant. In order to measure the chemical composition of wheat straw, flour was first prepared
according to the TYev-+Y standard and by a laboratory grinding machine from the cut samples.
Determination of extractable substances soluble in organic solvent according to standard TYA+pm-24
of TAPPI regulations, measurement of cellulose according to standard TY%1¢-om AA of TAPPY
regulations, measurement of lignin according to standard TYYYom-%A of TAPPI regulations and ash
measurement It was done in accordance with the TYYYom-4Y standard of TAPPI regulations. alkaline
pre-extraction at v+ degrees Celsius during ¥+ and ¢° minutes with alkalinity of A and 'Y and with the
initial weight of ©+ grams of dry matter and considering the ratio of baking liquid to wheat straw L/W
A to Y as a constant factor in The cooking pot was done; These values were selected according to

numerous experimental tests. According to Table Y, pre-extraction was done with hot water at v+
degrees Celsius for ¢° minutes and with an initial weight of ¢+ grams of dry matter with the ratio of
cooking liquid to wheat straw, and as variable factors in the cooking pot; These values were also
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selected as optimal conditions according to the many conditions of the experimental test; So, for
example, at higher temperatures for these ratios of water to wheat straw, the complete burning of the
straw sample was observed in the experiment, and this process was not selected due to the loss and
removal of cellulose and hemi-cellulose, and on the other hand, low temperatures Higher than this
selected temperature did not have much effect on the performance; For this reason, these suitable
conditions were selected from among the many conditions of the experimental test.

It first, all the equipment used in the laboratory was disinfected with disinfectant solution. Then the
liquor obtained from alkaline pre-extraction and pre-extraction with hot water was poured into the
container that was prepared in advance; Considering the importance of creating suitable conditions for
the activity of microorganisms, after several experimental tests, the most suitable conditions for their
activity were selected; During this process, the amount and different conditions of use of compounds
required for use in the digestion process were checked and the optimal conditions were applied for all
treatments; So that inside the reactor, the liquor obtained from ©+ grams of wheat straw for each
treatment, which had reached °++ ml using the water washing process, was added, and then in order to
carry out the fermentation process properly, the amount of sugar inside the reactor was added to Vsuger.
Vtotal was Y ©,1YZ, Vp/Vsuger was Y,YY7. of the amount of peptone sugar, Vm/Vsuger was Y,/ of the
sugar amount of active yeast Saccharomyces cerevisiae, mixed with )+ + ml of water and then added to
create favorable conditions for activity. Microorganisms should be properly produced and then by using
water, the volume of this reactor reached Y7 liters. The obtained solution was kept for Y+ daysina ¥
liter tank (reactor) which was replaced with a hole balloon. was kept; This cover was used to create
anaerobic conditions, and the fermentation process was started during this solution. Next, the obtained
solution was sent to the digester, where a £-meter copper tube with a diameter of Y cm was connected
to its lid, and one side of the tube was placed in a bucket. It was full of ice, added after closing the
digester, the temperature was set to 1© degrees Celsius and the device was turned on. After 1+ minutes,
the valve in the digester door was opened for a few moments and ethanol drops were poured into a
special container with a lid In this research, calorimeter bomb and Hplc tests were used to obtain the
calorific value of fuel and flame test The bomb calorimeter device is used to measure the amount of
heat created by a liquid or solid substance due to complete burning. Calorific value of fuel is the amount
of heat that is released when a unit mass of fuel is completely burned. The base of this device is a small
unit that is completely stable in terms of balance and carries the ignition rods and the plant holder. To
open and close the screw door of the bomb, due to the proper insulation, not much force is needed and
it is easily secured with the wrench that comes with the device. After being prepared, the bomb is placed
inside the water container. When the ignition system operates and the ignition wire heats up, the fuel
explodes and causes the temperature of the water to rise. ASTM D A7 standard is used to measure the
calorific value. By calculating the amount of heat given to water and the device, the calorific value of
the fuel is obtained. Analysis of simple sugar compounds of wheat straw such as glucose, xylose,
mannose, galactose, arabinose, rhamnose and cellobiose was done by Hplc method. Each of the above
experiments was repeated Y times. A two-step hydrolysis method has been used for the analysis of sugar
compounds. In the first step, Y ml of Y'Y/ sulfuric acid is added to ¥+ + mg of dry sample and the sample
is hydrolyzed for A hours at a temperature of ¥+ degrees Celsius in a water bath. After one hour, the
reaction is stopped by adding " milliliters of water. Conclusion In this research, in line with the use of
wheat straw, the possibility of simultaneous production of ethanol and paper from it was investigated
in different conditions of treatment with hot water and alkali, and according to the results of the
experiment, it was observed that it is possible to produce ethanol from straw in addition to paper
production. found and this study showed that the production of ethanol with hot water, considering the
maintenance of the activity conditions of microorganisms, can contribute to the optimal production of
ethanol only by destroying the straw tissues, and this method is better in comparison with the pre-
extraction method with alkali.. Among the different pre-extraction methods with hot water, the Y+,
and VY, treatments had more suitable results, and the use of these methods is recommended; However,
more strictly, if a comparison is made between these two treatments, according to the results of the
calorific value test and the flame test, it can be seen that due to the relatively high calorific value and
flame height in the hot water treatment sample, Y,V + The use of this compound in cases where it is more
suitable for combustion in fuel compounds (including engines, etc.) is more quality and suitable; But
with a quantitative view and the use of ethanol for various uses (such as: dyeing and chemical industries,
etc.) where the high yield of ethanol production is more desirable, the use of hot water treatment solution
V/3Y is also recommended.

Keywords Wheat Straw, Biorefinery, Bioethanol and Paper.
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