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Study on the extracting process
of water unextractable pentosan of wheat
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Abstract: There was more water infusibility pentosan in whole meal flour than in ordinary. WUP and protein had
stronger interaction with each other, and the ineraction affected dough rheological properties and bread. The
extracting process of wholemeal flour water infusibility pentosan by alkali method was studied. The process was
optimized by response surface methodology (RSM) and the optimum condition was determined as that when the
ratio of solid to liquid, temperature and time were 1:188 (g/mL) ,65°C and 3h respectively. The product obtained

under that condition contains 95.33% of total sugar,92.09% of pentosan and 3.24% of uronic acid.
Key words:whole meal flour;water unextractable pentosan;extraction;response surface methodology

FE %S TS210 X #EitRIZES B

7INFE SR — i RE R (0 T 3= B T AL A9 JEUR) A
B —J7 TE VA AT T AR . BRI SR RITTET B TET A AR
FUIE 1 3 R 28 45 4, B A A sl g R 1 o AR
T, TR B9 55—l il S DCERBE (L rp SR IK
ASVE M TR SR B, water unetractable pentosan, WUP) &5
HESR B AR LR, BT R IR Y T H B
3.5~10f5 K . 5 Ah, Izydorezyck Z&5iF B WUP A
i 5 B UK, /0 3 1 BB R P45 . Wang
SFINh WUP 5510 ff 25 1 A7 AE B 322 3 1R 422 09 A8 B4R
YL BrLL WUP X T A K 1662 109 1 5 7 A= H5 2 A
W . BEE AATTR WUP R FH 4R 9 AN W™ I, AT
X HAH P B G5 T AWIIER A T fif. 8 AN
WUP &t Mb A St o B— (1—4) BEIEFEIE 32
M EHE,C(0)2 F(8k) C(0)3 {7 b ZEFERThAr kg
BRI B T o A S ] AP ) % 5 L o P e

Wi HEA:2012-03-26
EER T : B (1977-) , %, L, 00, AE L &1 A AL B F a9 IF
EE5HA,

X E 45 5:1002-0306(2013)03-0269-05

BAT BAL IR S5 T R A 3 . WUP 5 7K i 1 SROMI 099 25 S 75
FHELA X K 4> T8 s i A/X 5" . WUP
PRI i 2 1k 3% A R S AR, AT I Ak TR RS R 1) 7k
WL T WUP 5 2T 4 22 25 21 Jif B g I 'S5 9 34
o2 , DRI A 7K v P T RO S L 5 20 B HC At 1 43 4
B AT 3SR R s R UK R R R . W
BB A NaOH .Ca(OH), Ba(OH), &5 X2yt
XA AR B B WUP BEAT T T2 k. 4

W, L NaOH i 0 I, 78 e FE 410 R, SR BUR 4
I <11%) , K THF5E WUP 459 5 T fig = A (4 56
LN S N — S A R BT . A B R
WUP 7 s 3030 TS 5 , PRt WUP 5 [ fi75 25 14 =22 [
A B A o T AT P14 9 A8 P S % 4 A2 T 45 7 b A
EEIRIREIN . TE 4222 By AR 52 2% 1 44 25 rh R 5 3
PR ST 43, T R 3 b B 2 B R ke, SE HEAT
P Y DI REE R TS , SR 5 7E 2 PRk 2 (Bl 42 2
AT A B8 4 22 1AL ) H L, WS L I X B R . A
SR EL WUP 5 HAh JFORE( 22 85) A1 L, 1 5 %%
e N Y N A S o N S ) =0 N E I LR S K7

20134520387 269



I{i.‘%tﬂ@h‘i

Science and Technology of Food Industry

Yyh I WUP, AR BEBELL I = FhisiaE A7 38 AL
SR P, e i B aE W R, JE ORI IR 2, LAE
RE IR AN PR G BR8P BSR4
1 #R5R®
1.1 MRl 5EE

ARy PO G S T o A BR A D ) 2R =
D-AME L Sigma AWl #H A P EEZ HiF
A2zl 53,5 - A KA IR (DNS) Bk
TR 2 A 5 FHA TR 44 Sy 43 B 205 T v TR o — UE K il
(2 x10*TU/mL) K% &5 540 2 540 1ifg (1 x 10°TU/mL)

T ASHERHE YA B4 & 5 581 25 F % ( Alcalase2

4L) (1 x10*1U/mL)  FFEi#4E(E (Novo) A,

DGG-9070A IS X T HR4E g RR{E 05
AFRAE BRA ] 5722 435656 E 1 . DDS-11C H, 5 34X

R ER AR A BR S F 5 TG328 A HI G437 R

o BIERPAAST s DELTA320 ¥y % pH 1+ i
WA AR ) R EE A DWW T S IR AS )
Sigma4K 15 =8 ZRE Pl FEE; ZX98 -1 JEfE 7%
RAL T ER 2R LA YL TR 5T T 5 B 5D 4
H il ; 195LABCONO Wik THR s e,
1.2 XWHE
1.2.1 KRR SRR P ) 45 20
B TS HE SR S-11 1 I LLyaHE

200g /s &% ( R &) + 1000mL K — F B HH lh— & o
(3600r/min, 15min) —3% ;& + 600mL K—i8 3 pH £ 6.0, fn ik
WG 2 T A IR a- o BN RE— 427 3] 60°C , pH
A F] 42N F AL R AL EE—100°C T KB 10min— 3 &
(8000r/min ,20min) — %% & + 600mL 7K —60°C 1 i% , pH 8 £
9.0— I N BB G BE—100C X B8 10min— &2 £ &< £ LiF
BB LA TR R R B R R AL (crude
water unextractable pentosan, CWUP)
1.22 CWUP v WUP 2L T ZmES%
SCHR[12-13 ]I LAVE#&

TEMS = V25 i A CWUP 2.0g, I ABRE W, 24
B ZCTE IR K VA T KB TR T v B R R TR B R,
PEPE RN, T pH 2 7.0, B0 5 B R, A Hk
45 BT B 2 B T T RN T 2.5 x 107 us/em
(5ERETFI/KYSHFMAY) BT, 53 WUP,
1.2.3 S rik
1231 @SR E RAFEH-mmE" .
PRUEZ r#E .y = 0.0039x-0.0032 (R* =0.999) , #%
AN (D) HE S A

EAETRE (%) =C§VD « 100 (1)

Ko C— bR R rh A A A0 B9 & B (mg) 5D
— REWR IR BEAT R W— B 5 19 B (mg)
1.232  JREHES RN E MK E - gk
FroERRZEITFE AN T 1y =0.003x-0.0182 ( R* =0.9955) .
ARPE ST (2) TR S

BN (%) =Mxmﬁxloo #£(2)

AP o b AE B 2R A A AR 9 R B i (mg) 5
0.88 — AW 53 g BT HAF A SR 19 2 %05 m— 5 9 I

270 20135203

TEHM

H(mg),
1.2.3.3  WEEERR S RAYIE  BIER - ek
FRUEI 2R I 2 y = 0.0007x—0.0048 ( R* = 0.9996)
F2 20 (3) TR IR 00 BT B 5354

SRR (% ) :AUA e x16\1x250
m x 10

A AUA 8- AARUERTZR L2 S (e)
N-Fi B E ;s m—FE S BT i (g) -
1234 JKAEEMME  105°C HLFE 7, 208 GB/T
5009.3-2003
1.23.5 EHFESEMANE MaEdlRe sk, =K
GB/T 5009.5-2003
1.23.6 K4grmleE SD3pyikibik, =8 GB/T
5009.4—2003
1.2.4 sEEGFERAEIT e 110pm i )5, &
M v TR o — VR A Tl R v B A SR A Tl /K A 5 25 U B,
Alcalase2 4L BPE SR I Bifg /K i B 2 85 1 T, K P As- 3
WUS w1 2B R /N2 &k iz, Hovh & R ) WUP, Kt
WUS JIIABSRARE . X = FPHsiyi HEH st fa] BB EE
FORFR EL A TR D 2 5286 . 7ebk A 1:50(g/mL)
PEHCEFE] S 3h, 43 BIAE 40 .50 .60 .70 80°C T % £
JEXT WUP $2IR 4 52 10 5 76 18 2 8 60°C, $2 B AT [A]
R 3h, 4 BIAE R K HE (g/mL) 2y 1:50,1:75,1:100,
1:150 .1:200 K 1:250 Z&M4F Z5 4B g L X WUP $&
BRI R s 7EIRE R 60°C , Bk F R 1:150 (g/mL)
B, I (8] 43+ 500 A 1,23 .4 (Sh Hsh 25 28 31 B ast ] X+
WUP $2BCRAGFENN , LA E SfE R T. 25455

MR PR 2 ST 5, X Ad ik R L WUP 2514, 2R
m 7 T A R A T . LORRR L (A) (BERIERE (B)
FIRHCETE] (C) 3 N ZT|AE N H AR &, DA WUP 212
ROY) A WAE , iR PE Box—Behnken A0 40 & 50T IR
BB 3 HIER 3 AKSF (4 L 1T 43 BT 52 56 ( Response
Surface Methodology ,RSM) , R Z/KSEILEE 1,

F1 RSM LI E KK

x100 =(3)

Table 1 Independent variables and levels of RSM
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Table 2 Effect of alkali on WUP extracting

Bk FEPCE (% ) JREM S (%)
0.2mol/L NaOH 6.78 +0.43 67.30 +1.29
0.5mol/L NaOH 33.00 £0.51 58.09 £2.03
TN Ca(OH), 25.00 +0.76 78.43 +1.62
HaF1 Ba(OH), 10.33 £0.59 92.0 £2.63
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Fig.1 Influence of temperature on extraction yield
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Fig.2 Influence of the ratio
of liquid to solid on extraction yield
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Fig.3 Influence of time on extraction yield
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Table 3  Experiment design and results

FLHY o2

Sk A B ¢
1 0 0 0 32.23
2 0 -1 1 12.22
3 -1 -1 0 14.28
4 0 1 1 13.82
5 0 0 0 31.83
6 0 -1 -1 13.24
7 0 0 0 26.95
8 -1 0 -1 14.63
9 1 0 1 26.69
10 1 0 -1 22.14
11 -1 0 1 20.79
12 1 -1 0 12.69
13 0 1 -1 18.33
14 1 1 0 22.42
15 0 0 0 32.74
16 0 0 0 31.83
17 -1 1 0 17.99
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Fig4 Influence of the ratio of liquid

and solid and temperature on extraction yield
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Fig.6 Influence of temperature
and time on extraction yield
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Table 4  Variance analysis

TERIE FOrRL AME 5 Fff  Pr>F
[l YA 851.02 9 94.56 8.84 0.0045
A 33.01 1 33.01 3.09 0.1224
B 50.65 1 50.65 474 0.0660
C 3.35 1 3.35 0.31 0.5930
AB 9.06 1 9.06 0.85 0.3880
AC 0.65 1 0.65 0.061 0.8126
BC 3.05 1 3.05 0.28 0.6102
A’ 60.98 1 60.98 5.70 0.0483
B’ 461.17 1 461.17 43.11 0.0003
c 164.37 1 164.37 15.37 0.0058

F 74.88 7 10.70
QU 52.63 3 17.54 3.15 0.1481

eyl 925.90 16
R’ 0.9191

i o R DVATT R TR B S EEE e G NP
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TE AL T 205644 T SR B 31 1 12 B b 13 S
TR /b PUE e AT IS S alifk T R b T R
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S3HT L AR LR S

RS RAET A R h 2o 5

Table 5 Components of the extractant extracted

at the optimum condition

HRAly ok EBE SORBE BHERR R K>

FiE

0.50 9533 9209 324 109 254
(%)

RS FTULE S, i T &M THE R0 ™= 5%
RS AR S . TEUL A3 2779, 5 NaOH
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iAW 3h ZEAG I, /N2 8 v B SR M R HR AR
K5 Wi 3 T 3 A5 2] Ba (OH) , 41 B SROBE 1 Fe 32 T
24 R BK L 1:188.07 (g/mL) |, 2 HUE EE 63°C
FPREUET[E] 3h, $RHAE N 31.60% ; 38 Jo 36 UE 5% 56 4y o
K 1188 (g/mL) I BE 65°C , $E B H) ] 3h B,
PEBCRIK 31.87% , SHEETNMEI AR &, Jr 2257
Hras A i 7S 25 DR 28 X6 42 B3R 5 i (9 455 70 4 38 (p <
0.05) , $EHHRBE 14 S T 101 X5 12 B 14y 352 i v 3 ¥ 5
(p <0.001) ; Fef T 24 RSB REE B B, 1%
SObE NOPEIRE TR 2 B 405 95.33% 92.09% I 3.24%

S 3k

[1]Courtin C M, Delcour J A.Arabinoxlans and endoxylanase in
wheat flour bread - making [ J ] .Journal of Cereal Science, 2002,
35:225-243.

[2] A K AF LR, KA, 5 548 R B WM R it R
[J] Ak e T 52 AU ,2002(5) :36-38.

[3]Sarker D K, Wilde P J.Enhancement of protein foam stability
by formation of wheat arabinoxylan—protein crosslinks[ J ].Cereal
Chemistry, 1998 ,75 :493-499.

[4] Wang M, Hamer R J.Effect of water unextractable solids on
gluten formation and properties: mechanistic considerations [ J].
Journal of Cereal Science,2003,37.55-64.

[5] Wang M, Oudgenoeg G. Interaction of water unextractable
solids with gluten protein: effect on dough properties and gluten
quality[ J].Journal of Cereal Science,2003,38:95-104.

[6] Wang M, Vliet T V.Interaction of water unextractable solids

and xylanase with gluten protein; effect of wheat cultivar[J].

Vol.34,No.03,2013

Journal of Cereal Science,2005,41:251-258.

[4]Bergmans M E F,Beldman G H, Gruppen, et al. Optimisation
of the selective extraction of ( Glucurono ) arabinoxylans from wheat
bran:use of barium and calcium hydroxide solution at elevated
temperatures[ J].Journal of Cereal Science,1996,23.235-245.
[5]Barron C,Robert P,Fabienne G,et al.Structural heterogeneity
of wheat arabinoxylans revealed by Raman spectroscopy [ J ] .
Carbohydrate Research,2006,341:1186-1191.

[6] Gruppen H, Komelink F J M, Voragen A G J. Water —
unextractable cell wall material from wheat flour.Ill. A structural
model for arabinoxylans[ J].Journal of Cereal Science,1993,19;
111-128.

[ 7 ]Izydorczyk M S, Biliaderis C G.Cereal arabinoxylans ; advances
in structure and physicochemical properties [ J ] . Carbohydrate
Polymers, 1995 ,28 .33-48.

[ 8 ]Faurot A-L,Saulnier L, Brot S, et al.Large scale isolation of
water—soluble and water—insoluble pentosans from wheat flour[ J ]
.Lebensm—Wiss u—Technol ,1995 ,28 .436-441.

(9] B Z A . I A4 AR JRAB A2 2 1 ) o o 09 2 B MR T 09 BF 7
[D]. 4. A% T K ¥R FE,2000.

[10]Maes C, Delcour J A.Structural characterisation of water—
extractable and water— unextractable arabinoxylans in wheat bran
[ J].Journal of Cereal Science,2002,35:315-326.

[11]#R 52 AR R R RIEG 5 B4 & AR R A IR
FHAR[D]. A4 L KPR FE,2002.

[12]Verbruggen M A, Beldman G, Voragen A G J.The selective
extraction of glucuronoarabinoxylans from sorghum endosperm cell
walls using barium and potassium hydroxide solutions[ J ].Journal
of Cereal Science,1995,21.271-282.

[13 ] Hollmann J, Lindhauer M G. Pilot — scale isolation of
glucuronoarabinoxylans from wheat bran [ J ] . Carbohydrate
Polymers 2005 ,59 :225-230.

[14] 52X AHFEBRREE 5 A (M. LT LTRXE
AR, 1997 :25-29.

[15] B Z 4, £55, 3F 0 8L a8 b SR AR & T 2 77 ik a9 4R
HWF[J]. &S T kA3 ,2000,21(6) :70-72.

[16] 25, F a2 Rt [M] b, P EE Tk h i,
2006:33-52.

[ 17 ]Tzydorczyka M S, MacGregor A W.Evidence of intermolecular
interactions of B — glucans and arabinoxylans [ J ] . Carbohydrate
Polymers,2000,41 :417-420.

[ 18 |Mandalari G, Faulds C B,Sancho A I,et al.Fractionation and
characterisation of arabinoxylans from brewers’ spent grain and
wheat bran[ J ].Journal of Cereal Science,2005,42:205-212.

[19 ] Huisman M M H, Schols H A, Voragen A G J.
Glucuronoarabinoxylans from maize kernel cell walls are more
complex than those from sorghum kernel cell walls [ J] .
Carbohydrate Polymers,2000,43:269-279.

[20] Cyran M, Courtin C M, Delcour J A.Heterogeneity in the fine
structure of alkali—extractable arabinoxylans isolated from two rye
flours with high and low breadmaking quality and their coexistence
with other cell wall components[ J].Journal of Agricultulure and

Food Chemistry,2004,52(9) :2671-2680.

20134520387 273





