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Abstract

In the present study, optimization on B-glucanase-assisted extraction was made in order to isolate waxy barley starch from
domestic cultivar using the D-optimal design suitable for response surface methodology (RSM). The results demonstrated that
the amount of enzyme was found to be a major influencing factor on the extraction yield, which was substantially increased
by increasing the amount of enzyme. It was also influenced by the reaction time and amount of water addition; however,
the two factors were less influential than the amount of enzyme. The optimized condition by RSM for the reaction time was
found to be 2.63 hours and amount of enzyme 1.7%, and amount of water addition 4.38 times the weight of raw material.
With the enzyme treatment, the starch content in residues (R), particularly in R1 and RS, was reduced considerably, resulting
in an increase in the extraction yield and therefore primarily and effectively releasing B-type starch small granule confirmed
by scanning electronic microscopy. In addition, the study determined the physicochemical properties of isolated waxy starch
(i.e., purity, water adsorption capacity, thermal properties, rheology and starch morphology) and compared them with those
from the enzyme-not treated sample. It was found that they were almost similar to each other, except for the purity of starch,
which was lower in the enzyme-treated sample than in the enzyme-not treated one.
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AEe] 65~68% B s A8k, WA= Sl E(10~17%),
B-glucan(4~9%), A4, & 52| 7[e} A& 20% = o] F
o] 9 tHMacgregor & Fincher 1985). ¥Rtz o2 HE] uj
5 =9 4 B2 B-glucan(70~75%), arabinoxylan(20
~35%)5°] Aol o9l PIEY X(matrix) FEHE A
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1. 48 Az
2 A AMEE 2z AR (20129) = wHA e
(F&FXTH Wl Fzhol A Al HASZ Sadake test mill
(MO5, Satake, Japan)2- ©]-&-lo] K] 200 g2 % thH] 23%
=8 Als= ARkt

AFe-E &4 Ultraflo L(Novozyme, Denmark)2 Humicola
insolens|A] AL Aoz Hol FF A2l B-glucanase©]™,
endo B-1,3(4)-D-glucan®l] 2+8-3]l oligosaccharides B+ glucose
o2 E3all gt Ultraflo L] unit-2 45 FBG/g(Fungal B Glu-
canase unit)®|™, F7}14 0.2 cellulase, xylanase, pentosanase,
arabanase’} EZ3tEo] o) HES- A 2L pH 6.5, 25+

HOFA o} AT

45TCo|t}

2. M2 FE2 /st 229 ®Ae|
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: 1 mm). |27 st A& B4 He(crushed barley)= A%
Z M-S Wxely] ¢J8l —20C WEae] Bashi 29

Z319 1, ©] & Fig. 1o YERARITE w4 4] 2] 35 g(dry
basis) = 250 mL2] HA| Yol Y1 45T S1FuolE oA 16A]
Mt AAAZTE A G BRI 7R E U 54
°] @492 %14} 0.03 M HCl 893 AH8-3FATHHopkins e
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| Crushed sample 35 g(dry basis) [ 5 OE“:'._I' é;l_E_ E‘c‘ Xn_-I_E‘ i__ll:_ é@
- L9 | B Hel 9@ 323 AR duk JE-LS AOAC H(1990)
Soaking in 0.03 M HCl 250 mL
T e < olg3le] Zggon], R A ey, 2IRL
wﬁ' 23 3]sy, 2AE Soxhlet H, TS Micro-Kjel-
et millin
(Omni-mixer at set?ing‘Z.S’) . dahl Hog ___76] o}. 1‘,} ./] ZFEE =2 01_7] _A?ﬂ. /\1?5]
Ty
eV — HhHo 2 AOAC W'Hel amyloglucosidase/a-amylase method
l Filtering & Washing(75 pm) | g ’I
B L £ 0]8-3} kit(K-TSTA, Megazyme International Ltd, Ireland)
| Filtrate | | Residue: R1(a) | = E AlgSle] BA o}.}‘}\x:]._
S @
! Combining filtrate and residue | o= _
= 6. F2o| 2HH
Supernatant || Centrifuging(3,000xg, 5min) | Aol BATE L Medealf & Gilles(1965)2] M-S o] &
L o] =103 u map =g =
e — S — ste] Sgsilth A 1 gAEF 719 /T 40 mLE
sy &E3tate] 1417 Bt wHkalar, 15,000 x goll A 3087 44
Adding erame) Bejsle] AEAE AR g, AAE AR TIE 5
and reaction (X;)hr 45°C, pH 6.5 ~ _ _
== sigom, the 4L o) g3t BAFS AN
I Adjusting pH 11.5 & Stirring for 30min |
Re;]'f:)e (,'j' Filtering & washing(75 um) | %Q%LE%‘(%) =
. iy A7 Are AEHE x N5 AR
| Filtrate l Age] Ao x 100 2)
2] AEHp)
+r
| Filtering & Washing(25 pm) |
{} REsiHiie Table 1. Experimental combinations according to codes of
l Fge = e experimental design at various extraction conditions of reac-
Sup?r;:tant ¢'I Centrifuging(3,000xg, Smin) | ” tion time, amount of enzyme and amount of water
F—— Adding tap water , Or:iys:fep T(hr) En (%) W (ratio)  Actual parameters
: RS (5 times of pellet) | - Treat- T E
% ment X, X, X ime nzoyme WaFer
| Adjusting pH 7.0 & Drying(45°C) | (hr) (%) (ratio)
A -1 -1 ~1 1 02 2
2 1 —1 —1 6 0.2 2
Fig. 1. Starch and by-products isolation procedure. 3 | | . 6 ) )
4 -1 -1 1 1 0.2 5
4. B2 9 BH HHs
- - _ _ 5 1 -1 1 6 0.2 5
AR F= F&5 T AT 84 4 5 24
< =&3P7] 98] vhe 1 E4o] 233 D-optimal design 6 1 ! ! ! 2 >
o whet A& AASATKTable D). 5 AR RE W 7ol ! ! 6 2 5
S AIRKX), B FA7FHX), 7 X) S A dlen, v 8  —1 1 —0333 1 2 3
HE (Yo e 72 TEY)E At FF F&(Yield, %)< 9 -1 0333 —1 1 1.4 2
1;10._1—'_/\£ A}rsled o nE AdgES
= S ol g Atk e, dHIEE Modde 10 —0333 1 ~1 2.66667 2 2
version 5.0 software(Umertsics, Sweden)S Al-8-3to] H-A3}
o 11 1 0 0 6 1.1 35
/\Aq—~
12 0 -1 0 3.5 0.2 3.5
—’I‘”% "F%(%) _ 13 0 0 1 3.5 1.1 5
229 AR AR x FZF AR HE &% %)X 100 (1 14 0 0 0 35 1.1 35
THE fﬂ«l AEHg) x Eele A& =% 15 0 0 0 3.5 1.1 3.5
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AR Az T FEE Jeong e al(2013)2] HHES S8
1 AL A2} A1) 7(S-4800, Hitachi, Japan)S o] &35lo] &
3tk A58 &FE B2 AXY ol ¢, Cressing-
ton sputter coater(208 HR, Cressington Scientific Instruments
Ltd., UK)E o] &3t Mg =5 & FAF Hat dnjdos
1,5008H, 3,000%H, 10,0008 =tehiste] w3, W wakict

8. AR} Al LzkA|(Differential Scanning Calorimetry,
DSC) &4

AEe] DSC Z4E Kim er al(1999)2] WS S-gah7
thermal analyzer(DSC 1, Mettler-Toledo Inc., Switzerland)E
o] &3lo] SH3IATE 3 mg(AEF 7199 AES 70% F
T &3] HA SF5E 71et F aluminium sample pan©l| 2
o] Wi3la, o5 ARRE dlo] 100/mine] HEZ 25THE]
120C7HA] 71Eel &4 peaks AUTE ReferenceZE Hl
sample pang AHESIATH &Y peak=HH 3} 7N &%
(To), &3t A 25(Tp), o3} T4 25(To) B 33} A&s
(4HQ/g))E T3t

AEA] FHes 542 Jeong et al(2013)2] Y-S S
43}31, controlled stress rheometer(CS-10, Bohlin instruments
Ltd., UK)E ©]&-3}] in-situ(cone and plate type, diameter:
40 mm)ol|A] A AT Bl AE 584 (25 wt%)= theo-
meter plateol] ¥, A|52] TS JA817] fI8l] AF=
AeE 29S¢ 9o FHE =3 § A8E 71Es)o]
A P TSIk Als 7HE ZREEZS AR 255
1C/min X2 40CAA 90T7HA] A5A17]1aL, 90°CllA 10
1 fAlst o, ojuf FAE AR = =
SHATth AlE W2 ZREFS AR 255 1.50/mn $5
2 90TollA 5T7A 31714, 5CellA] 2083 4]
w3t o] HEA At ¥gkE SAsh A 34934
A Alge] FHTA 54L& A Ad A
(linear viscoelastic region)®! 1 Hz®] 2714 &3} o,
Adte 7+ 58 He]d E2] we} storage modulus(G)E &
Attt

0. SA HMe

RE A AL 33 o] e S ote] Hx|e &
= AxE Jehilom, 72+ A2l Hdx] 3o o4 A
72 SAS(statistical analysis system version 9.3)2 ©]-8-3}o]
ANOVA £ % p<0.05°14 Duncan’s multiple range testS
ol-g3t oA AFS sFATh

=] = =X = = H A
1. =2 22let & Mo et d&2 H dE =k,
'='7d§:II-E_4|

|

4 Hele} 54 v)xE] Hi(without enzyme), 4 *1E]

A (with enzyme)2] Lt AJE-S Table 20| YERASIT} &

3 Hles 1247%2] @A} 1.08%2] A2 daska L

Aom, F 64%2] BshES dHrokal

A g4 uAE AR, 524 A dE 3

i, geshEe] o4 Alol= gle AR IRIEAUTH
B AHY {5 wE FE53 AR £Ev 84 YA
o] 96.39%, G HAE0] 9351%=2 SH= ], &

Ae] Al AR £t oF 2.88% HASIITh ol& &4
2] o
z

1o %0
>

Mo -
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Ae] AEo] 156.20%, HaAE] Ao 143.62%=2 =4

o, maxe] Al Ao EATHo] oF 12.58% W& o
= Az A &% Aot 4

o= FHsii

o
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>
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F% 2ol w2 AE FF $E&S Table 39 JERARACE
Table 39| o]abd Wkg- A|ZF 35413 EA4F 1.1%, 7[5
3.54) ZZ(No.15 AP P)ellA] F80] 89.94%= 71 =9ke
), Wkg- A1ZE 6A17Y, BT 0.2%, 7 58 2 WNo.5 2

Table 2. Proximate composition, starch purity and water
absorption of crushed barley and isolated starches

Starch Starch
. Crushed . .
Composition (without (with
barley

enzyme) enzyme)
Moisture (%) 21.79+0.85"2  11.31+0.38"  11.42+0.40°
Crude protein (%) 12.47+0.49° 0.05+0.02°  0.02+0.01°
Crude oil (%) 1.08+0.23° 0.03£0.01°  0.03+0.01°
Crude ash (%) 0.17+0.04 0.030.01°  0.03+0.01°
Carbohydrate (%) 64.49+2.85° 88.58+0.46"  88.50+0.49"
Starch purity (%) - 96.39+0.13*  93.51«x1.17°

Water absorption

%) - 156.20+£5.33*  143.62+4.53

) Mean+S.D.
? Values with different superscripts within a row are signifi-
cantly different at p<0.05.
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Table 3. Extraction yield data according to the extraction
conditions for response surface analysis

B-Glucanase & ZHz]

Extraction conditions Responses
No. Time Enzyme Water Yield
(hr) (%) (ratio) (%)
1 1 0.2 2 79.70+0.14"¢2
2 6 0.2 2 77.3240.12"
3 6 2 2 85.47+0.18°
4 1 0.2 5 86.41+0.30¢
5 6 0.2 5 74.14%0.16'
6 1 2 5 87.7240.35°
7 6 2 5 88.69+0.17°
8 1 2 3 87.91+0.34°
9 1 1.4 2 89.37+0.25°
10 2.66667 2 2 89.73+0.22°
11 6 1.1 3.5 80.95+0.30"
12 3.5 0.2 3.5 84.90+0.27°
13 3.5 1.1 5 86.66+0.37¢
14 3.5 1.1 3.5 89.29+0.79%
15 3.5 1.1 3.5 89.94+0.82°
D Mean+S.D.

? Values with different superscripts within a row are signifi-
cantly different at p<0.05.
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Fhgd W &0 Wsh= 0.2%
ol HA & 80.3%, 1.66% A HU] & 892%% &
o] S7MEFE g0l SUE 43S YeER) o=
71l we) Be) wjfre] MEds pAsta
= B-glucan} arabinoxylan 5°] EFH o2 F3)|F o] A
kY] wES golsHl Y] W2 AoE AR,
o|# 3t AF}+= B-glucanase S © 3
HC(1999)«1 Azte} dx|skar %D‘r HhE- A7l whE &
TE9] Wk vhg 241 3 FHo & 88.6%, 641X T 83.2
%= WFg AlZto] SIS 82 fAdte Aoz B
Q) ol9} e & Aol YU9le A8H & Ay (Ultraflo-
L) Well Z3=o] e A& Zall F(a-amylase)o] 282
2 I8l &4 kg Algto] SUFEREE o] wallE ] Wi
A Ao gt e, 7] WE FEo] WSk 2.87
Hjell A H A & 87.7%, SulollA H & 88.9%= LtEhY
ko] SR 80l &% TRIAINE AR = 5
Eoll PR TS AT vk ATt HlE] diH oz
AL Aoz FHHA

F 2o

H

3. 24 913 3He #Ns
WE WY R BY MR DARX, X, X, 014G

(X%, X2 X)), BEHXXXe) 2 B3l 42 wkERigl o

o ukg- EW 3|2 F94E Table 59 YERASITE =
o] A3 H7I= 913 ANOVAIAQ] lack of fit(p-value)©]
0.05 o]/golojofrt A gtal wgola}l Aeksl, R¥(coefficient
of determination)& 3]7] Edlo] HlolEE drh} ZH5H
d&sta JE7te dehlE A7t s, 1 371 19 7

Fig. 2. Contour plots for extraction yield data wit h respect to the extraction conditions.
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Fig. 3. Response prediction plots for the effect of reaction time, amount of enzyme and amount of water content on the

extraction yield.

Table 4. Second order polynomials for yield data of the extract under different condition

Response

variable (Y)

Second order polynomial

, Lack of fit

Yield (%)

YP=89.341—2.429X; + 3.822X, + 0.403X; — 3.805X ;> — 1.304X,* — 0.923X5> + 1.737X; X, —
0.631X:X3 + 0.024X,X3

D X,: reaction time; X,: amount of enzyme; X3: amount of water.

s Y Bddo] AA A gt dXshs £ 23 4. =& 3%
1S VERAthLee & Lee 2007). 53 F&(Y)ol 3} lack TAE A
of fit] p-value= 0.294Z Yeht, £ AHE d 78 = = 348 A

o (Table 1) A 3Hek Ao w2 AtE gl on] RZS 08702 L}
ehsteh. 317) 24 23, =ade) A

-
= A4 =de

438 o] =& £8& 91.34%E J=HUTh

== 0O

Hkg- A17F 2.63X1%F, S 1.70%, 7V

dry basis) @ -

(p-value)
0.870 0.294
= Balance

A1E FHEE] 8t
(RI-RS, starch)E°] S%H%,
S Table 5, Fig. 4] YERAITE &
FZE &S U AdME Bae er al(2012)9] A9} 2] 2] E Ria)S
3B pellet(X3)l] A4S Hrlslgon, 1 27 54

A2l B9l A5, E& vAE] g vist] AL F= ¥

Table 5. Weight (%, dry basis) and starch content (g, dry basis) of residues obtained from extraction process (R1-R5)

With enzyme

Without enzyme

Residues Weight (%) Starch (g) Weight (%) Starch (g)

R1 5.41£0.04" 0.20+0.01 27.48+0.17 3.34£0.14

R2 15.5340.05 0.160.00 13.87+0.16 0.12+0.01

R3 3.3+0.06 0.65+0.01 1.77+0.07 0.34+0.06

R4 9.96+0.08 0.01+0.00 1.68+0.07 0.00+0.00

R5 0.54+0.01 0.150.01 5.25+0.19 1.4140.11

Isolated starch 65.26+0.19 19.43+0.10 49.94+0.25 15.83+0.16
Total 100.0 20.60 100.0 21.05

Y Mean+S.D.
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Fig. 4. Comparison of starch content in residues (R1-RS)
and isolated starch.
Y See the Table 5.
Y Mean+S.D.

2 %2719 75 um filterol] F-& o7} o B2l R19] Fgo]
27.48%[R1(2)]91A 541%[RI(b)Z F 22% 7Haatgls, A
B bk wedl 334 gollA] 0.2 go & 7hAste] dEo] A
olIA] gk AL FQlg 4= 31t} Andersson et al(2001)°ﬂ
oJshd, Rl9l= B2 ol Aol Alf4 (dietary fiber) 2 B
-glucan Woll 3] 34 (encapsulated)] FENZ ZA]351H, ©]#
gt Helo] AREES 24 Al -‘fl(wet-milling) FHoZ B
st7] o] g7 W] M FF FEo] B d<lo] dnn
stith wheba] 2 Ao AREE &l 98 B-glucan 2
arabinoxylan 52| 2] Af2o] g3xo g B E o] Ao
BE o] 789 Aoz =EH 307 |, o]t
Z23= B-glucanase ¢] T AHgste] Bl A2
S AAsIL, BHE Z‘ﬂ% F= Zheng & Bhatty

=1
&< =
(1998)2] Az}el 2 dA5ka Tt R29] 4%, B4 &

ReEat=
-9 O =
TE=

3L

B3 wa v B ke FAG AR G AJo)7) gle
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Fig. 5. Scanning electron micrographs of barley starch.
a: x1,500; b, c: x3,000; d: x10,000.
a, b: without enzyme; c, d: with enzyme.
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Fig. 6. Changes in the gel strength (G’) of barley starch
during temperature sweep (A : with enzyme; @ : without
enzyme; = : temperature).
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Table 6. Pasting properties of isolated starches by differential scanning calorimetry

Sample To (C) Tp () Tc () AH (J/g)
Without enzyme 62.54+0.0212 66.06£0.46" 68.69+0.45" 4.23+0.76"
With enzyme 63.23+0.03° 66.08+0.18° 68.97+0.37° 4.18+0.34°

To : onset temperature, 7p : peak temperature, 7c : completion temperature, AH : enthalpy for gelatinization.

D MeantS.D.

? Values with different superscripts within a row are significantly different at p<0.05.
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