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Abstract

This study investigated the properties of starch isolated from Betaone barley (high B-glucan content of 11.32%), waxy-type
Hwanggeumchal barley, and non-waxy type Hyeyang barley using water or 0.2% NaOH. Starch isolated with NaOH contained 4.79%
damaged starch, 0.17% protein, 0.01% A-glucan, and 0.20% crude fat, while starch isolated with water contained 2.95%, 1.91%,
0.10%, and 0.31%, respectively. The starch granule were oval in shape, with particle sizes ordered as follows: Betaone (4.9 um),
Hwanggeumchal (8.9 um), and Hyeyang (13.6 um). Thermal properties revealed, that gelatinization onset, peak, and end
temperatures increased with particle size. NaOH isolation was found to be more effective than water isolation in removing proteins,
but resulted in higher levels of damaged starch and partially disrupted the crystalline structure.
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pastlng, gelation propertiesO]] AF3F YIS WX H(Li et al., 2014),
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rows, waxy)°|th. ERE F2H= 13% oJok2 AR F AIY =47]
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barley starch)2 HA|5}] ZF EF0] 94 H-Hyeyang, H-Hwang-
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Bttt dubE o s Hels ol 5~12%, 5 70%, HERETIT
5~10%, ZAH} 2~3%2}2L B11E]o] 9l o (Sullivan et al., 2013),
ol HEE2 F44, A S W=t dEA AriAman
& Newman, 1986). 2 A-ollA] ZJuigt Hejo] HEZFt ke
w4 ®E2]9l W-Hyeyang (7.18%), 24 X 2]Q] W-Hwanggeumchal
(6.47%), W-Betaon (11.3%)%= UERFTE HERIS 2015 Al
ThetelofA] Zdke Aee] E5o2 vt A4 HejHct sEEE
7o) 1.6~1.84] =TH B %9l O (Ham et al., 2021), & G0
A 11.3%2 7P A Uehstt}. W-Betaone®] ofg=A Jak o
#J°1 W-Hyeyang (20.7%)3} Z432] W-Hwanggeumchal (6.02%)%
t} 32 361%S HIrh W-Betaone] AR TR 58.0%=
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Table 1. Chemical compositions of barley whole and starch granules according to isolation method

Sample Varieties” Ash (%)? Protein (%) Total starch (%) B-glucan (%) Lipids (%) Amylose (%) Damaged starch (%)
W-Betaone 1.01+0.02° 12.0£0.15° 58.0+0.19° 11.3+£0.04° 2.59+0.01° 3.61+0.32° 7.93+0.07°
Whole W-Hyeyang 0.77+0.01° 11.6+0.27° 67.1+£0.30° 7.18+0.01° 1.44+0.03° 20.7+£0.31° 4.98+0.16°
flour W-Hwanggeumchal ~ 0.82+0.02° 13.6+0.04° 66.3+0.59° 6.47+0.01° 1.54+0.02° 6.02+0.27° 6.76+0.23°
Average 0.87 12.4 63.8 8.32 1.85 10.1 6.56
H-Betaone 0.17+0.03° 2.68+0.14° 95.1+1.04° 0.16+0.01° 0.22+0.07° 6.51+0.04° 3.71+0.05°
Starch H-Hyeyang 0.37+0.02° 1.43+0.10° 96.5+1.37° 0.12+0.00° 0.34+0.01° 35.5+0.16° 1.96+0.05°
(H0) H-Hwanggeumchal ~ 0.23+0.02° 1.62+0.11° 95.9+0.53° 0.01+0.00° 0.37+0.01° 9.45+0.13° 3.17+0.08°
Average 0.26 1.91 95.9 0.10 0.31 17.1 2.95
N-Betaone 0.26+0.02° 0.20+0.01° 96.2+1.42° 0.014+0.00° 0.16+0.01° 7.11+£0.06° 4.67+0.07°
Starch N-Hyeyang 0.29+0.03° 0.14+0.02° 93.0£0.35° 0.005+0.00° 0.24+0.02° 36.9+0.04° 6.27+0.11°
(NaOH) N-Hwanggeumchal ~ 0.16+0.02° 0.16+0.01° 95.4+0.46° 0.016£0.01*  0.21+0.01° 10.4+0.08° 3.42+0.05°
Average 0.24 0.17 94.9 0.01 0.20 18.1 4.79
"W-(Whole hulled barley flour), H-(H.0-Isolated Barley Starch), N-(NaOH-lsolated barley starch).
IThe values with different superscripts within a column are significantly different by Duncan’s multiple range test (£X0.05).
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W-Hyeyang (67.1%)3} W-Hwanggeumchal (66.3%)X.t} @QkoH,
Islam et al. (2021)°] B3} H[Ebd 237 HEREFIH10.5%), 4
F(58.0%) gt FAFSHA| VrERTE et BEl7ERo] 2 ok
2 W-Betaone©| 2.59%2 7 w=3k31, W-Hwanggeumchal 1.54%,
W-Hyeyang 1.44% =02 oAt} o|= Auf| A%, 2= 5 teF
ot F 8 QIETE oflet FF 7k B4 9%t Aos Helth

H08 223t B8] A8o] g chlEo 191%, HE 959%,
HEFZZTE 0.10%, A 0.31%, AR 2.95%2 UERGoH,
0.2% NaOH A 2|3t HE9] Bt WL 0.17%, - 94.9%, H|
EFZE7E 0.01%, A 0.20%, SAFAE 4.79%2 JERFTH Table
1). A& Ba|aPgollA 4 AR NaOH A 24| Bt 2.95%01A4]
479%= F71oFH o H,OZ F2]3t Z1H Tt NaOH A 2jA] Th 3]
T} HERETZE 59 AA7E v A 0 & Ueyth NaOHE °)8
oF He] MR Bl HE FHO| chlgo] RafjE|Au L£&s)A]
3, SR Aol oflE|o] Tl o] gafE]o] 1gro]
ARE 42 4 ok Btk Xie et al, 2023). Yang et al.
(2021)2 H ]9} NaOHE 1:8 H[EZ 30TolA] 8AIZE 23S of
99.0%9] &3t AES A& 4 Tt B 51T} Karim et al.
(2008)9] Aol WEH Fo] 24 ¥ 22 59 PN &
A E= SIBPAH 0 E RS SRS 7] wie] AE Ee Wl
et A2 g2 s Uehd Zog Helrh

Hel 2 MEO UKHE ¥ II|IEE

Hel Az YAIFE = Fig. 10 Uehdlch 5o zie Hm
H H3I7}15 W-Betaone, W-Hyeyang, W-Hwanggeumchal®] A}
FHl= BFEE Y] AR B AR E 71E Js] o] FEA
SHAl EEE 0] Q= H5S 7HAAL Tt Bae et al. (2012)0]] w2
2] HEe 5 FEo B RS 7ML gloH, ARl
Fe= A1E AHYY 7 9 E350] met ohekRt o FEiet Ate]
ZE 7HX 1 okl B 1EQlth(Jeong et al., 2022). FWHst Bt
Fo|A HES EEsl7] H5te] H.O (H-Betaone, H-Hyeyang, H-
Hwanggeumchal)?} NaOH (N-Betaone, N-Hyeyang, N-Hwang-
geumchal) 2 T 52 AASIS o Afdy 22 e =4
o] AAE Zo= Holn, {3t Ao= A& A& A E IRl
o= Ak ESE FULE HilEol A ARt K] HEQ] dA L=
Hete, =, dY «0& IA YEkth

gt B2 Z4E AEH0, NaOH)9| A= Z4dv=
Table 29} Fig. 2°f YERAT. W-Betaone, W-Hyeyang, W-Hwang-
geumchal A9 EAE9] H+ Jr= 22 223.9 um, 173.8 pm,
131.9 um% YERT). H-Betaone, H-Hyeyang, H-Hwanggeumchal
ARS] P A7|= H,0Z o83t #2727} 13.6 pm, 18.7 pm,
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£32 V- PTN Sg o Ve
Fig. 1. Scanning electron microscopy of barley whole and starch granules
according to isolation method: (A) Betaone; A1 (W-Betaone), A2 (H-Be-
taone), A3 (N-Betaone), (B) Hyeyang; B1 (W-Hyeyang), B2 (H-Hyeyang),
B3 (N-Hyeyang), (C) Hwanggeumchal; C1 (W- Hwanggeumchal), C2 (H-
Hwanggeumchal), C3 (N-Hwanggeumchal).

14.7 umo|3} 0™, NaOH E&ollA= Z+ZF 8.0 um, 15.2 pm, 11.1
um Upebgeh, BT A|20] HRAATI AR AL
5ol TEE AR dA=719t FLH HEh, B, §F &2
2 Ax37]7} 34 YR, Aman & Newman (1986)0] T2
Hedige F54, Ae 2oy, ofdz=oid=dd ofghd,
A QAR 5ol ofsf thfshAl UeRdthal Hasieict. He
Ao RS chgs o] e, Mer2Rh ofetlur)
U 50) A3 THZEE] ofsf 30~1,130 o] W HelE
ZHEAINE 24 H219] H,O, NaOH AZjA] thild, WEl=23t 5
o) A 5 HES BL 4 Yov], BT A2 S| Fegol

O NaOH A&7} &34Ql #o=a Holth

)

HEQ 3|Ex &AM

H2] AJF0] Xray 3JAELE Fig. 30 VERITE Xie et al. (2023)
S AFPAQ] A-typeC & 13°, 17~18° double-peak, 20°, 23° 3|4
Yol A peaks HERHATE 2 Aolxl= AuE HS7FE} H0,
NaOHEHFE E2|H 22| HEoA 5T peakES ERI5HIOH,
AE Ee]7} o]F2oiXHA] 17~18° double-peak”} HEI7}0] H]3|
peak’} 25 3% ZAoZ YERGTE NaOHO| 2]t N-Betaone,
N-Hyeyang, N-Hwanggeumchal-> H,0 2] A|@+ B} - peak
&7t YR 7o) niAlslA 52E A& HeIth. NaOH A
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Table 2. Average particle size of barley whole and starch granules according to isolation method

PSD (Particle size distribution)”

Sample Barley varieties
Mean (um) Median (um) Dio (um) Dso (um) Dgo (um)
W-Betaone 223.9+5.8 156.9+5.1° 6.0+0.0° 156.9+5.1° 566.2+8.8°
o W-Hyeyang 173.8+4.6° 105.3+3.3° 7.020.1° 105.3+3.3° 463.2+3.8°
W-Hwanggeumchal 131.9+0.9° 54.9+2.4° 4.9+0.1° 54.9+2.4° 351.6+2.7°
H-Betaone 13.6+0.2° 9.1+0.1° 2.7+0.2° 9.1+0.1° 31.4+0.7%
%:a;é? H-Hyeyang 187+1.3° 14.4+0.5° 3.0+0.2° 14.4+05° 37.149.4°
H-Hwanggeumchal 14.7+0.2° 11.6+0.0° 2.2+0.0° 11.6+0.0° 25.6+0.6°
N-Betaone 8.0+0.0° 82+0.0° 1.240.1° 8.2+0.0° 13.1%0.1°
(SNtaaéCHh) N-Hyeyang 15.2+0.1° 15.2+0.1° 9.7+0.2° 15.2+0.1° 214403
N-Hwanggeumchal 11.1+0.0° 11.4 +0.0° 1.9+0.0° 11.420.0° 17.4+0.2°

"Dip, Dsp, and Deo: granule size at which 10%, 50%, and 90% of all the granules by volume are smaller.
IThe values with different superscripts within a column are significantly different by Duncan’s multiple range test (£X0.05).

Differential Volume Differential Volume Differential Volume

8.5 —— H Betaone 13 —— H Hyeyang 9.5 —— H-Hwanggeumchal
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3 —— W.-Betaone —— W-Hyeyang 9 —— W-Hwanggeumchal
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Fig. 2. Particle size distribution of barley varieties: (A) Betaone, (B) Hyeyang, (C) Hwanggeumchal, W-(Whole hulled barley flour), H-(H,O-Isolated barley
starch), N-(NaOH-Isolated barley starch).

= H,0 Azof v} A& &4do] S7tekAet, Teld 5ah 22 SPHAIREE W-Betaone (72.3C), W-Hyeyang (58.7C), W-Hwang-
B A5l Y= NaOH A7t &7H20] Aoz wets geumchal (66.4T)& UEREOH, 2280(H,0, NaOH)E5E] £

o 3 A8e] 39 AHOE BT Hs) e SES vekick
3 B0 U3 NaOHE Refet 5e] AEe] SapiNeE, 2y
=8 H=2 =8 59 %7 25 SeRig} A Uepgh ol Sl 9 A

5] ] 7] 0] THE AR 5 EAS Tule 3o et 91 0229] MPLAE 54 9 ol 4] G wl A02 1

QJtt Nie et al. (2022)0f =W 53} EAJL AEO] 119 Feet QItKKarim et al., 2008; Lai et al., 2004). Xie et al. (2023)°]] ©=H
=7] o] ofs) ekelel 9 o), Be 5 Tl Zelgle] B AEo] 42 Qi) o] 0w w5} MILE, MLk, F2 &
o] gericky, Husigick. Be) AES Belsh] A BRlRo & /b ke Busich of & dpave $UsH B Yt
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H-Hwanggeumchal
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N-Hwanggeumchal
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Diffraction angle(20)

w
=3

Fig. 3. XRD patterns of barley whole and starch granules according to
isolation method: W—(Whole hulled barley flour), H-(H.O-lIsolated barley
starch), N-(NaOH-Isolated barley starch).

N-Betaone (8.0 xm), N-Hwanggeumchal (11.1 xm), N-Hyeyang (15.2
pm) &0 Fobde] wet 7, 7, T. =3 WA et AR 2
e ARe] T8} B0 FF2 vAH, 9] He] E5 2 AR

W el o3 =t B4 WHept A WERTE e
gelatinization range=, Zhang 5(2024)°0] W29 NaOH9] 57} &
7FE gelatinization ranget water 2T} B 25 e 2 A
Fasie} 5 eteh ol A% ¥l 3 Bt A
9] o} Ll 722 B3 A H9] o= Helc
T8y FdolAs NaOH 22Tt H,0 A2 HEoJA gelatini-
ation range} SRR 7 Lpehidr, ol A U 17
9% SjokA W] of Fetele, 1 Thedo] FE Uele]
LeEEol: #HA of Fu] Hlgo] Yol NaOH g & §kgs}7]
W0l (Xu o al, 2018), olo] wlel AHL] o} Lh 722 s}
<t 283 I o7 H0 #1 ] NaOHAZ] 2ol M
Ho} =2 7R UeRdtiJeong et al., 2019).

He|o] Hx E4

HeX 20| = E42 Fig 40 Uit} Kl 20 vide
£ 80| 1 2S 7P Bl Haxe) A Hert 72
o7 A Uehdth= Harol sUshA 24l gl =A b
ERgon, the-0 2 HeRY, FF 420 & LERGTHChen et al., 2020).
He] M= AR &k, 39| =17, ofdgAyords weo] JeF
¥} v, Y ol WA 5ol G =il Earskl o (Xie
et al., 2023), “JHE HS/FReL Fe dho] uet He E4do] b2
A VEPEARE A A8 AR UEith 2y sl 4
% ] A2 dRoA 9] pasting temperature” THEA) LHE}
WAt Ofi= Lai et al. (2004)2] E 7o) T2 NaOHZ | 9] o] A
Bt 22 7eL AR F HIRITAL sigit BElZkRe HE 2
2] WPo] o 1 He B4 A §dat 522 NaOH, H0,
B wo® Fwrb #A uvehou HERolME HO, B,

Table 3. Gelatinization parameters of barley whole and starch granules according to isolation method

Sample Varieties ) (C) Tz (C) 7T, (C) 4H (/9)
W-Betaone 72.3+0.36° 79.6+0.13° 89.141.42° 16.7+1.43° 4.75+0.20°

V}f;ﬁ're W-Hyeyang 58.7+0.12° 64.3+0.08° 76.1+0.51° 17.3+0.48" 4.72+0.26°
W-Hwanggeumchal 66.4+0.20° 70.7+0.24° 79.0+1.06° 12.7+0.94° 2.88+0.18°

H-Betaone 69.8+0.39° 76.2+0.31° 84.4+0.79° 14.6+1.10° 6.08£0.38°

?ﬁ‘gg‘ H-Hyeyang §7.9+0.10° 62.8+0.23° 73.6£041° 15.6+0.32° 8.33+0,58°
H-Hwanggeumchal 63.3+0.35° 67.5+0.29° 73.3+0.47° 10.0+0.35° 3.25+0.61°

N-Betaone 69.7+0.49° 81.3+0.52° 94.7+1.24° 25.0+1.14° 9.72+0.35°

(SNt:g’Q> N-Hyeyang 50.640.15° 64.9£031° 7404029 143+0.46° 7.2040.15°
N-Hwanggeumchal 64.1+0.45° 70.0+0.25° 81.0+2.03° 16.9+2.06° 6.64+1.12°

"The values with different superscripts within a column are significantly different by Duncan’s multiple range test (¢{0.05).
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Fig. 4. Pasting properties of barley whole and starch granules according
to isolation method measured with a rapid visco analyzer: (A) Betaone,
(B) Hyeyang, (C) Hwanggeumchal, W—(Whole hulled barley flour),
H-(H,0-lsolated barley starch), N-(NaOH-lIsolated barley starch).
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