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bl 56T —£-Y

9. Calibration curve

§s

g les Lol s oo B 550 Oy 0AE b5
Jos S s col YE Gl 4 peseede 4
5 ¢ UL YL s ead S5 gl g, Gillas gl
2 S el s S 55

53 imea b g NS sl b plal bl
Cpolp ey Cay el gl LSl
55 (Qsonica Q700, 700 W, Newtown, CT, US)
Nsahe /) Jslome b oo T 5 g g5l e J21
G g el 5 5 S L5 (PH =) e S50
St 03 S Ll Sl V00 Ol L oadds Yoo
) e b e O 5 s byl 05 IS 5
Glaind B b s (PH =8) e S5 Ve e
« (Iran Tolid, Iran) SIS sl 55 5 <35 515 arn ,w
Al s 0 g a3 VY gl 3 i Y S
Saie OT 5 s bslsie 505 S0l L ol St 3 (opoma
S s (PH =8) i S o0e Ve e +/0) sl b
Yior St sy Sl oiws 53 atey o gladns G b
wolsdry 55 ol L (Samsung CE 1150) 5 a&%
slaai s bajlas i Jlasl 51 ey s § 5l dids ¥ e
Sl Gillae Ol gl sl 5 s St 05l 53 g
2 8 el s S 508 5 oL Js

I % Cb:'r.‘.’.w‘ d‘)_,L.; Loy 6}:§°J.u".‘ Y-y
Gldsome il gl Ol Ao SSell ¢l
st i el L £Y ojled il Lo JEIS L gl s
bl Jpbl L ) Cad & 5 Lis Gl D
Sl 5800 Glos 5y b S oe 4 (136K ) g
°C sles 55 5 6))1@? TSI ARRES - SECREY
Al el 5 s Sl 005 4 Ode, B V0
DY VT s 8 alons 55 & 50 s LDl 52

gl el (/)=

[(g)ots SKim 5 gl sl ol osle 855/ (8) a5l o s K25 035]50 0
gl sbdised ol s o Seslll sk 4 e
ool =d sl Ghas 5l e loles dewy 4 ol



\VQ/\ J.J.w‘ AR 692 g"\\/ O)Lo..\:t

DOI 10.29252/fsct.16.12.04

e ﬁtv«é}fjlﬁ

AV Ol s i S s an b anslie 3 05550es ST L
s 3 LU S sl b ol sy Jlasl (p< 0.05) 5
OlSs Kby S 4 pled b Spd Sose
Cllisg Gk 5l ke 5 5K e 5l Jske oilps
S @YU IS5 055 LS Lo NS 5 S5ssde
I L T bl 5 oas - 5l Bl wlpls pl oS
ol Sl i gl O 5 DE Y O W] s S
LS 5oden) ol slse Sl eslital pso )y bid DS S
D578 (Soxd a5 0554 S|y el
Ol (Yoo ¥) s 5 ule [E] LT e PN GRPRCPWAR
YEN 1 ok g 31 T L gl LB 2 58 gl
Jpc\f-m LB Ol dsys A LS S s S 518 Ao
L2 PH L e S50 5l eslinal s 5o Ll s
glAl Ol O5ssdn AeeSly dos ¥ gl L VY0
aolp [V ol Sl doys N0 S i 4 00 S sal
P sk a s s b sk s C LB
S e 4 ol bl s I Ces el glad 5S35
Sl Gk 51 gL sl o] Lipdie pasds
e Sy s 3T slasdilesl <Y 558 (sl
gl A eds OV -5 5 -6y o VLl s
Gt NSl Gl Ui s5de oo prdse
gl Bl plie slatass s [V0] syd £l s
ot IS W aay LS s 5 oSS gl
LSy 5 oW sladphe 5l eslized VN A ] el
Sl bl Cel (b e VLAl S L 05 e
Gkl s eld e en DS 5 Sl i
55 gl o5l (Rl e 55 5 S A1l sl

vl
Ve w3l e i ler S ol Jhagn 3 cpaes
Oy gl o33l 5 505,500 5 S 551 sl b gl
D B o P N R e T R Uty
Sheslial Spe 53 ) Jsdr a5 LS8 S 15 sy

Do 53 Wil gy il 633 Ol o b i ol

11. Arabinosyl residues

A

5 f_x;f ez SN Ol sz gl pansl il s ol 5o
LS| 5 e denS 5 oden Bls OF 5 eslinal b 0T oyl
el 5 s gl pam e SR Ol 4 05500
gl Vshe A sl BU pmes A S
LS aoden 5 Ol Hpdm 3 55 Sil 5 IS (sl b
adllae W0l oyl 5 glamd (ail SRl
glAmel o3l i s sk 4 dm A 3 A S
Sl S5 Loz w plasal e VL L b les
s

sl 5 ol A s pize S s bed Tl S G el e
ol Gl ate (i sk 4 e 8 3550 50kl o e
el LSS e bla lesT s eslinal oo sla S oa
Slaosls s S b Jlre Sl 5 be 5 LS
¢ 53 (ANOVA) bty 5JUT 51 eslial b sl ooy
Sl O] el (gl 5 Ui Ll SPSS 21 154
(p<0.05) 7.0 s 53 STl (gl wials dix RSB
A esli

U'.«:ra”g@w—\'

C‘ﬁr&}n‘ e.b)".: 2 alises 6““&}) J.:SU -\-v

L

o SOV ok 5 O
‘¢K Bt v J\\ [ C\J?LL.N\ {l;- b\j"’ ob)b‘b.la).sja @l:.i
ol Ole ) Jj.\;- BL d\)_ﬁn{ L;"—;‘} Sldas u.pj.l;- 4
C\)}L:M\ U’:’j)mgﬁ")\ cbﬁ& OML:M454J)§ QM RGw|
LSl (0300Hn Sl 5 e S 55n (D) Jline
gl 55 st L e S add e 5 O0Aea
slye ot am s Ll L(P<0.05) wzsls s ! fl’; 3l ga
ol oy 5kly splikal e KaS L a5 ol gl A
ST b oaglie 3 e LSk 2y oS S
L C\JS:L.N\ 3> &S sl ol g 5250 ol s Ossdes
Al oslas sl 6 S Rl i LS5 s

C\)}L:M\ U’:-ﬁ) BE g;s:é\j C\fﬁm\ Lo s 399 U’-’-‘ b Llels

10 . One factor at a time



(.'SL“J"’JJ )‘ oslaul L (sJ\...f R )‘ L“U‘Jj:"i C‘J,}:L‘...u‘

Oan 5 Sloobel L

byl s 7] 5 sl balis Obe S p o Jls!
gl LS S5 055 cl 2B ol bl
Cogo gWB 5 2t e g3 a a1 b Aty Sl el
s Oyl fash il rmeen [E] Aas i ()13 sne
Sl b S oden olen 4 gl el Sl eslend
S (p<0.05) 5530 053y glpaal easl s one 05
WSl b gl s b e SslE
L3 S edalin 30 (Yord) 0L 5 elsa .l 055,48
a3 00=80 (glod 53 aids Ny Sl 4 Dsnl Bl eslital &S
Sl e LS gpden oy ¥ dslos U ol e s
Olagan 3008 opamen A3 S Oyl pad o33l (58!
Sl Bl o O555ds AST Aoy ¥ Jge 5 sl
LS|y 5 Dol b oS 5 Ll S O S gl o gl 4z
aids Vroaadds Vi Sl plsnal Ol rals Sel 055500
138 oLl sl Lo plaal Jolize S5 b oasglie 5
aS sl olas (YY8) OLaa 5 Kl @ edle « VY]
Lol gl iy Aoles A s Dol S5 Al
WS Al el Gl e plesd lad sl
033l amS 3 5 el Sl L Ssslp S b
sl 3l oslinel b 05 ol ply YT ols (53 1 ol e
O5aoded oSl il e bt DS 55 )8 sl b
S e 5 0l S ) ol LSy > L
@ Shes ooy S 5 Sl o SLSS ol o g

Bl EalS 1 el sl O 58 gl
2SBS0 038 SIS Sl O Jadr 4 e S L
3 oS laly nl s (P> 0.05) il gl sl
55 05,5 S5l 45 L3S edalie 5o (1437) O Kan
Sibadld o s @ oy LV ool sl pas sl
Lo gy Olye a4 dnlb nl SUS gl O el
SV eslial rzan Y] 335 o (A Zlnal dnls Sl S
S 5 0dkd O S sl 65518 2alS e YU gl

.J.a::dad':_l\)éll)d;ml

&y

L3 1.0<0.05) 1s fol vt dS g dmt 5T oS 5
sl 4 Ol 5s Jslos o2 Ga0B S sl s L il 5 e
sl Gl s Y] dsle 5 5000 JsSd5e 005 L
W] 5K fmmeen 5 [0] s, 5 aulid 05
SLS 5 L8 Olysty posls s 5 gl sl Sl
Glamali oo gt Bl (5l s LB e s
Il glpaad MBS [V dess o JSKE5 1 e
b a5 b5Vl o5l b B4l B e

Fomb oS50 055 L oliml 4 0T LS 5 g 03 257 50

Sl Al ol slge Gl el T L 2l LB
o33k «Olists Sl Pk lalx b 2k Sl g edd e
Ol (hoss 0> wsiee Rl 50 1y Olsmy gl Al
Osk 5 b plS g (slaagad 31 a0 8 )T 215
s 00 by L3 GUL SN oD el Sl iy
LS 5 oder Jishs 3 oslizal b (Cola YE e a4y gl
s js cele V0 e 4 pH=YY/O s ¥ e +/88) R
g 534S 313 0L gl s aglis (Lo g 453 A
SO S T sl doys a5 Sl S Sl eslind
53 opeman AT Wl Shl3l doys £V 4 doys VNN
8 Ll NG DK Gl e 51 OD 52y 2|l
WD w5l elen (Y0 /Y0 5 VWV s dnS ) 50n)
ST gl b alie 53 G 5 555 IS sl Slel
Lot gl Oz Ol Sgosba ol ol 3
00 (o a2 Yo glas GV e IV s S5 5k
s 0 by 5 T L gl s Sl YL ae s

L0135 o sods
Ui 3 Dpolp zloel o 3 OLE sl Stags b
Spher O sy plaal o35l Bl s s LB
O S sl gl Al 033l (Rl s Sl gl () Jir)
odd G1S Dol 3 gl pel Sl eslital b oS 5 3 s Sl
oy abanlsey Dl b dnl b S S 14 OF] el
Ll Vo adse los sl O Jbis & 5 Ol sS

J'L_l\)'é\ 9 ;\)';.-\ o310 U,I.Als ch.L.N o)l g T )

12 . Cavitation phenomenon
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Table 1 Extraction yield, purity and net quantity of extracted pentosan from wheat bran using alkaline
hydrogen peroxide, hot water, sodium hydroxide and pretreatments of celullase enzyme, ultrasound and
autoclave in the presence of water or sodium hydroxide*

. Extraction yield Pentosan purity Net quantity of
Pentosan extraction treatments (%) (%) pentosan (%)
Alkaline hydrogen peroxide 2% (pH=9) 5.61+0.51b 67.68+2.97¢ 3.80+0.46b
Hot water (80 °C) 3.16+0.18d 80.62+1.84b 2.55+0.19de
Sodium hydroxide (pH=9) 3.80+0.08¢ 86.61+2.21a 3.29+0.13¢c
Cellulase 0.2%+Water 5.41+0.42b 53.23+2.33f 2.88+0.31cd
o . .
Cellulase 0.2 /E’;HS:OS)‘“Y“ hydroxide 8.90+0.382a 5026+1.15g 44740262
Ultrasonic power (105 W; 2 min)+Water 3.75+0.20c 71.51+1.46d 2.68+0.18de
Ultrasonic power (105 W; 2 min)+ 5.14+0.09b 79.58+1.43b 4.09+0.12ab
Sodium hydroxide (pH=9) ) ’ ’ ’ ’ ’
Autoclave (120 °; /20 min)+Water 3.08+0.11d 7596+2.03¢ 2.3440.13¢
Autoclave (120 °; /20 min)+ Sodium
+ + .1940.
hydroxide (pH=9) 3.89+0.11c¢ 82.10+1.58b 3.19+0.14¢
Microwave (900 W; 2 min)+Water 1.30£0.10f 79.80+1.40b 1.04+£0.09¢g
Microwave (900 W; 2 min)+ Sodium 1.94+0.15¢ 79.99:1.75b 1.55:0.15f

hydroxide (pH=9)

* Values are mean + SD, n=3; DMRT, Duncan’s Multiple Range Test (p<0.05). Values within the same column
with different lowercase letter differ significantly (p<0.05).
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Table 2 Extraction yield, purity and net quantity of pentosans from wheat bran using various conditions
of ultrasound, alkaline hydrogen peroxide, celullase enzyme and combined treatments

. Extraction yield Pentosans Net quantity of
Extraction treatment .
(%) purity (%) pentosans (%)
Time (2 min) 5.14%0.131 79.58+1.43cd 4.09+0.17jkl

Ultrasonic power (105 Time (4 min)

W) Time (6 min)

7.14+0.28ijk
7.17+0.71ijk

83.01+3.47bc
83.58+ 2.80abc

5.93+0.48fghi
6.00£0.79fgh

Time (8 min) 7.21+0.59ijk 84.91+535abc 6.14+0.89fgh
Ultrasonic in Ultrasonic power
1 W
NaOH (pH=9) 75 Vf;) 7.30+0.35ijk 83.39+4 44abc 6.09+0.62fgh
Ultrasoni
Time (2 min) TASOMEPOWEE 93020, 14ijk  85294221abc  6.24+0.28¢fgh
(350 W)
Ultrasonic power 89.57+331ab
7.42+0.33ijk 6.63+0.54dfgh
(560 W) : &
2% 56140411 67.68+2.97fgh 3.80+0.44k]
Alkaline 4% 7.63+0.47hi 75.85+1 26ef 5.79+0 45ghi
hydrogen pH=9 6% 7.50+0.83 hij 66.7244.19fghi 5.02::0.87hijkl
peroxide for 2 8% 7.48+0.49ij 67.83+1.51fg 5.08+0.45hijk
hour in 10% 7.52+0.70hij 67.10+3.51fghi 5.06:0.73hijk
waterbath (80°C) s 2% 082+0.12¢fz  8423+3.18abc  8.30+137abe
P ' 4% 9.98+0.10defg 84.48+1.91abc 8.43+0.27abc
Cellulase 0.1% Cellulase enzyme+NaOH solution 10.90+1.08cde 53.87+2.77mn 5.90+1.10fghi
enzyme 0.2% Cellulase enzyme+NaOH solution 11.01£0.58cde  54.8242.96lmn 6.040.64fgh
+
NaOH (pH=9) 0.3% Cellulase enzyme+NaOH solution 11.03+0.41cde 55.02+1.40klmn 6.07+£0.38fgh
Soaking wheat-bran in hot water (80°C) and keeping in
waterbath (80°C, 120 min), Cooling, Adding H,0,4% 1043+0.57cdef ~ 90.36+1.40a 9.42+0.66a
(pH=11.5)
Soaking wheat-bran in water (50°C) and keeping in waterbath
oaking wheat-bran in water (50°C) and kecping in waterba 1042+081cdef  70.51+1.61ef  7.35+0.74cdef

(50°C, 120 min), Cooling, Adding H,0,2% (pH=11.5)
Soaking wheat-bran in hot water (80°C) and keeping in
waterbath (80°C, 120 min), Cooling, Adding 0.1% cellulase
enzyme (at 37°C, 120 min), applying 560 W ultrasonic power
for 2 min
Soaking wheat-bran in hot water (80°C) and keeping in
waterbath (80°C, 120 min), Cooling, Adding 0.1% cellulase
enzyme (at 37°C, 120 min), Adding H,0,4% (pH=11.5)

11.74+0.35abc

11.33+0.30bcd

78.19+0.85¢cd

85.22+2 97abce

9.18+0.37ab

9.66+0.59a

* Values are mean + SD, n=3; DMRT, Duncan’s Multiple Range Test (p<0.05). Values within the same column
with different lowercase letter differ significantly (p<0.05).
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Wheat bran as a by-product of milling contain various compounds such as pentosans which have health
promoting effects and functinal properties in industrial applications. In this study the extraction yield of
pentosans by hot water 80°C, 0.01 mM sodium hydroxide and 2% alkaline hydrogen peroxide solutions as
the conventional methods for pentosan extraction was evaluated. Then, the effects of pretreatments such
as cellulase, ultrasound, autoclave and microwave in the presence of sodium hydroxide and water to
increase the pentosan extraction yield were studied. Finally, in order to increase the extraction yield of the
pentosans, pretreatments with the highest extraction yield (sonication, cellulase enzyme, hot water,
sodium hydroxide, hydrogen peroxide) were evaluated as combined treatments. The results showed that
the purity of pentosans extracted with sodium hydroxide was significantly higher than the hot water and
hydrogen peroxide solution (p<0.05). Also, among the pretreatments of cellulase enzyme, ultrasound,
autoclave and microwave in presence of water or sodium hydroxide, the combination of cellulase-sodium
hydroxide and ultrasound-sodium hydroxide treatments resulted in the higher yields. The combined
treatment of hot water (80°C)+cellulase enzyme+(0.1%)+ultrasound power (560 w, 2 minutes) and the
combined treatment of hot water (80°C)+hydrogen peroxide (4%, pH=11.5) were identified respectively
as the best combination factors to maximize extraction yield and pentosans purity from wheat bran.

Keywords: Pentosan, Extraction yield, Cellulase enzyme, Ultrasound, Autoclave, Microwave
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