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Pasting and gel properties of hulless barley starch
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Abstract: The pasting properties of starch from hulless barley were
analyzed and compared with those of starches from buckwheat and
wheat. Effects of different media (sucrose, NaCl and pH) on pasting
was studied. The texture and stability of gels were analyzed. Chemi-
cal composition, granule structure, relative crystallinity and trans-
parency of the starches were investigated. The results indicated that
highland barley starch (HBS) granule is large, flat oval with A type
crystal pattern and crystallinity of 26. 7%. The pasting stability was
increased with the addition of NaCl and retrogradation had been sup-
pressed greatly. While little effects of sucrose and pH (3~11) on
pasting properties was found. HBS gel shows strong adhesiveness
and moderate hardness, as well as good refrigeration stability and
bad freeze/ thaw stability.

Keywords: hulless barley starch; buckwheat starch; wheat starch;

pasting properties; gel properties
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Table 1 Main constituents and transparency of BS, WS and HBS %
VE A K5y EH Y ¥ix VE A HEEVE R %W
FeFE 13.14+0.02 1.6840.04 0.03240.001 96.59+0.11 27.3340.01 28.9+0.4
INFE 11.524+0.06 0.62+0.01 0.01940.002 99.31+0. 26 23.9340.08 27.0+0.1
B 9.8840.05 0.7040.01 0.018+0.001 99.0240. 14 25.994+0.01 34.640.1

T B R K A3 B AT B A
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Figure 1
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Figure 2 X-ray diffraction patterns and relative crystallinity
of BS, WS and HBS

2.4 BREMMULESENLRS T

TR AL 32 R — A R B ARl S R A BT
T B TR 1 DX 1 2 T % S T oy BT A 1 445 DX s it o
J1 B 2T | SR U UL IR 5 A T % S B0 R ORI
St o A B R AR ORE A K IR OK LR 2 A L LA
T ity PR VE O G Ak R e BT A £ A 5T B B
X HA AL A5 B — 2 BRI
20401 FENEXS 3 PR BT AL R PR R R LB a3 B
718+ 3 PG TE AN [7) v 2 T B 9 0 LW A iy R AR R
WA R W BT e B . TR
VB 2 A T 30 s — Dy T2 D D B A TR AS B W 1 T
WO SRR E B O Ty — 5 T 7R R B R b
JE AR L A SR K R L AT L RIS KT A VR O TR
W FE 43 7K A« IATHT R4S 26 2 T

F 2 FEETEMAE 0~ 800 I HEME B & 1 43 B3 [ b
JFC SN UL 5 I Ot B 2 S L /NS T R R T RRE AR A R
DU A AR B A R W 35 . 3k U0 WD 5 22 3 A L T LA Y
Tob 22 SR BE A » AR ) TRE A X 0 5 82 2 1) B B3 /A2 A

Scanning electron micrographs of BS, WS and HBS (X3 000)
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Figure 3 Effect of sucrose on brabender curves of BS,
WS and HBS
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Table 2 Pasting parameters of 3 kinds of starches with

different sucrose concentration

- HEBE & SRR U (E i it [ A=
/% i /C & /BU i /BU {&/BU
0 66.340.1¢  438+1¢ 4140"  2324+10
2 67.1+0.8*  462-+11" 4740" 248450
i
o 4 66.7+0.3*  514411¢ 62417  250+7"
B
6 66.8+0.2¢ 53841 76474 263+11¢
8 67.140.1¢  57449¢ 9546¢  26741¢
0 78.340.92 177452 29+ 20 170452
2 78.240.64  211-+8b 3948b  186+1b
INFE
e 4 76.3+0.5>  236+1¢ 484+1c  194+6¢
TE K
6 74.840. 3¢ 257424 57414 206414
8 74.540.3°  278+6¢ 6742¢  21443¢
0 74.840.2¢  23743% 73430 3234 7b
2 73.6+0.1> 257420 781> 2514330
HER
. 4 73.140.4%  275+1¢ 8545  248+120
TE K
6 73.140.10 297414 97434 3404£57¢
8 72.540.1¢  318=+2¢ 105+1¢  313£5b

T AP RE R (/NS TR AN ] 28R 28 5 1 3 (P<C0. 05)

£ 3 AEA NaClEE(m/m)T 3 FiE AL FEISEE'

Table 3 Pasting parameters of 3 kinds of starches
with different NaCl concentration
-~ NaCl % U I U fE 7 7 % [m] A
®/% BE/C & /BU {ti/BU i /BU
0 66.340.1°¢ 438=+1¢ 41+£0° 232+1°
1 71.2+0. 4P 354422 141 220+22
o 2 72.040.5% 3796 660 23043
VE A
3 72.3740.0* 400+ 1¢ 6+ 2P 2154112
4 72.840. 3% 416+14 944b 225482
0 78.3+0. 9" 177452 29420 1704 5¢
1 79.9+0. 12 222+1° 44+3b 166+7¢
N
J i\ 2 78.7+0. 1% 2414 3¢ 52+ 6¢ 162+-10¢
E
3 78.940. 3 249+ 14 52+1¢ 15543
4 78.94+0. 1% 2544+1¢ 45440 133429
0 74.8+0. 2¢ 237+3¢ 73+34d 323+£7¢
1 85.640. 1¢ 200+ 04 22+1¢ 137409
HHR
2 87.6+0.1¢ 181+2¢ 8§+1b 84423¢
VE B
3 88.44+0. 3" 162+4b 0402 46+20
4 89,740, 1¢ 13346 0+12 22420

T AP TR /NS TR AN [ 3R 22 5 % (P<C0. 05)

DOVEIE 5 . FLAS B [0 AR o JHC A 7 ol 3 B3 1 480 A it 2 9F R
NaCl {8 7 6 AL A . ARG T35 S B 58 nl 0. JE A 1h
T HAR By ] R AT WA T I R B LA L Na R CL A Sy i ol
PR SSTAS E TK L 2 S R A AR R K G T FE A Y RE LA R
(6] R AR T 3 K L L 3R 05 JC ) 52 R O B 22 B B B 9
B AT BRVE R AL S R R R A BT M. BRE
SEUTRIE ST AR 1A S N8 T A A 1 [ A A R
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Figure 4 Effect of NaCl on brabender curves of
BS, WS and HBS
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Figure 5 Effect of pH on brabender curves of
BS, WS and HBS
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Table 4 Pasting parameters of 3 kinds of starches with

different pH conditions

o . AR U {286 fi % ml 7
p
B/ C /£ /BU {&/BU {/BU
3 67.940. 1" 440+11° 5542b  269+0¢
5 66.3+0.2° 4377 454114 254+£2b
Fik
. 7 66.3+0.1° 438+ 1% 41+0*  232+10
TE B
9 66.2+0. 1° 439+42 41404 248=£10%
11 66.3+0. 6° 470418 58+15> 228+41¢
3 80.940. 1" 21446¢ 9946° 130£1¢
5 82.140. 3¢ 185+3" 36+1> 188+6¢
N
. 7 78.3+0.9% 177+5° 29424 170+£5P
TE 1
9 83.240.74 18140" 37+1>  18542¢
11 78.7+0. 1% 175+22 362>  186+1¢
3 75.14£0. 4¢ 205417 4443*  428+36"
5 73.3+0. 6% 232410 672>  444+18°
HH
. 7 74.8+0. 2" 237+3b 7343b 32347
E By
9 73.3+0. 3% 233+3b 6843> 38547
11 73.1£0.1° 253+ 1¢ 86+2¢  341+36°
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Figure 6 Solubility and swelling power versus temperature

of BS, WS and HBS
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Table 5 TPA parameters of 3 kinds of starches
TE A AR i i s G A NEL Vg 14 [l 42
FrETER 82.3240.54 0.944+0.01 29.3240.13 0.31+0.01 36.3740.12 0.12+0.01
INETER 11.24+0.15 0.9740.02 22.3240.42 0.324+0.02 4.24+0.01 0.06+0.01
HRRYE F 33.14+0. 56 0.9640.02 69.37+0. 14 0.434+0.11 12.2640. 11 0.11+0.02
60" of Agronomy and Soil Science, 2014, 60(9): 1 261-1 275.
—o—BSKE . . . . .
sok WSH [5] Halal SL M, Colussi R, Pinto V Z, et al. Structure, morpholo-
— I VR
. N 40 —=—HBSE % gy and functionality of acetylated and oxidized barely starches
=g 2ol e BSHH [J]. Food Chemistry, 2015, 168(2); 247-256.
X E ’ v WSZ@%&_ [6] Gao Jun, Vasanthan T, Hoover R, et al. Structural modification
T —=—HBSI i
i | of waxy, regular, and high amylose maize and hulless barley
10 starches on partial acid hydrolysis and their impact on physico-
01 é é chemical properties and chemical modification[ J]. Starch, 2012,
. /H“L"E 64(3): 313-325.
ime/wee
B 7 RE N E A BRI 6 AL A [7] Ashogbon A O, Akintayo E T. Recent trend in the physical and
T NN P SR =S
h AL E P A chemical modification of starches from different botanical sources
VR RRAL X

Figure 7 Refrigeration stability and freeze/thaw stability for
up to 3 weeks of gels from BS, WS and HBS
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