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Abstract This study examined the morphological, structural, and physicochemical characteristics of
modified barley flours prepared from non-waxy cultivars Sogang and Huknuri and waxy cultivars
Nulichal and Boseokchal using heat-moisture treatment (HM), enzyme treatment (EZ), and combined
treatment (HM-EZ). Particle size and distribution decreased after modification, and SEM images
revealed that starch granules became rough and irregular, exhibiting swelling, fissures, micropores,
and layered structures depending on the treatment type. Color analysis showed decreased L* and
increased a* values, mainly due to non-enzymatic browning during heat treatment. X-ray diffraction
indicated that all samples maintained an A-type crystalline pattern, while partial transformation to a
V-type structure occurred in heat-moisture and combined treatments. FT-IR spectra showed intensified
B-glucosidic bond peaks in enzyme- and combined-treated flours, suggesting enhanced molecular
bonding, whereas waxy cultivars exhibited weakened hydrogen bonding. Amylose content decreased
in non-waxy cultivars but increased in waxy cultivars, and damaged starch content was highest in
heat-moisture and combined treatments. These results demonstrate that modification treatments altered
starch granule structure and molecular order, thereby influencing the physicochemical stability of
barley flour. The findings provide fundamental data for the development of functional and clean-
label barley-based food ingredients.
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A AL BT 9 FFS Wol AW, ALK, 7159 AR WRo R Wakst
T g 2NAES AAAE A8 A G A, AR THE SR AR AG oI9S
F8% 71202 Tejska 9o, olof wet *Zeiehl(Clean Label) A%l thet Tje] Srjsim

SIck SURh AES S A1 AL WSk, Aol A1e A1 B 48

A oivlsiol, 991 A2l T B2 - PRSI UE A8 A A e ol

FR0] FYUSH: oo FEUR YrkLee, 2015). 4BL FAHOE NOVA ERAA] et
7Kg RS HE BAL TR0 MR - A AE 1S 2008 AR ABAE 2RAE

o2 RN (Monteiro 5, 2019).
AR 4 47 784 RS el oge w4 e
oxidation, phosphorylation 59| 3}sta] HAIAZE &3

of 715t o, shetad Rt & A= I8 EdzhE 9

o] ggx|o] $th. A= acetylation,
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Physicochemical changes of modified barley flour

A|71=]21 Qlth(Hernandez, 2018; Jyothi 5, 2006; Neogi 5,
2018; Waliszewski 5, 2003). HZol& s}5t4] HAS i
% ol ABAH ek 24 WyT AR Wil &
9y Qlek of2et MR = AR F29 594 B4
WMalA)A AT, S5 9xE, o oA, A —aaxag_ =3} 7o
oA SE P71, G001 T He 42
2 Yo| 7pmalZo] 2277} e ZAL A A e
2 Yr7lEthCompart 5, 2023). 24 HAL 224, &, &4d,
2. A, 297 59 43S B9 AE U] 2Y 72
£ WslAA 7154 BAL 2HoH PR, GEA heat
moisture treatment(HM)Q} annealing Z15-9] Ag} &% 274
ot P58 9 {oik 59 WIlE fEdhs A0 HilE
QltH(Chung 5, 2009; Nawaz 5, 2020; Zavareze 5, 2010).
A &4 ﬁ*j,_ o-amylase, pullulanase, glucoamylase 5 %
= Eolaas &eoto] AEY A 25 AYHoR HY
SHAY 7R E AASHE BACE, HE h, AREAR Y
o/ & B0l axpdeln, AR f3, F5E iAol
71935tk Benavent?} Rosell, 2017; Guo &, 2021; Kim, 2012;
Lacerda 5, 2019; Uthumporn 5, 2010).
B 2|(Hordeum vulgare L)+ B-glucan, polyphenols,
e 715 A8 oK glos, o)
OQ 7“ cgﬂga AHEQ,]- 71-2_ O]i]-‘é‘}?(—]
E.k]oﬂ Oﬂ’o‘c}:_Q_ ]ﬂ 7]~J— k]_],]— /\;(HFH D‘J—_Q_k]g! l;;_o]“ Z_Q_
gk 8Qlo 2 A-g3itt. T FlloAe 7s4dE st ot
o He] FF0] SAEHI glon, FF5of wet A2 247 7]
54 EAol g2t A% 7H 2AEAY 3§ 7HsAol H%
o= Qick. HeEo] gt APA+f= HAE E4(Park 5,
2024; Yoon, 2019), B-glucan®] 7]%5-4](Chai, 2000), Akt
I(Song 5, 2005), A 9] EAJ(Jeong 5, 2022; Park 5,
2011) 5 ot A7F By Qiok. HejE 283 ddw
AT d4E H1E vF QlOWKKim 5, 2015; Lee, 2007;
Woo 5, 2007), T ¥/ TR0l =3tEo] glow, FF 7t

o

anthocyanins
o 2L AL, 7

T34 - o|gstd B4 Folgk /A WASIA FPH o2
HHO q.h HZ Ax%o]q-
oebs] 2 Ade :?141 Hey 55 R &84 WA,

Qe WA U 5 e AT B3 W4S 4850 1
27129 ol3faly B4 ARG TR WohE vl - BA
k. B4 o) M3V WA A4 AT F5HS B
S, 7543 FBHAE Fstel HAE AL Sat
NzAzE ANSIA Bt

Ol

2. Mz Y

2.1. &g
E Ao A ARRSt BB (Hordeum vulgare L.) 5 WA &
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57 5591 205 29 47 B3 w2pe 2
1574 S AFTEHAoIA AlFgreH, v/g ”‘Eﬂ

et X”‘c‘] are 5359 Eﬁ’é‘?_ 20234 A X“’ﬂ/ﬂ
So BE0 s Aol4 7Ysto] A}%P‘ﬂt} a-amylase
= Asperglllus oryzae 32l &A4(1.5 U/mg)ZE Sigma(Sigma-
Aldrich Co., St. Louis, MO, USA)oJA] G+5to] AR5}t

N,

2.2. BHEANE 22 HZE

HAA T B3l7159] AR 4$E X E] (heat-moisture treatment,
HM), aA4%2|(enzyme treatment, EZ) U &} Z](heat-
moisture & enzyme treatment, HM-EZ) A 7}A] ®HS 2&

SIRAL, FAE e MR ohA] k2 HeE| ¥ IdiE 9
UEH7](KMS-300, Koreamedi Co., Ltd., Daegu, Korea)Z
st AlRE AMESHIT SEAYHM)E AHT Hes
Z2250] A5t &, autoclave(HB-506, Hanbaek Scientific
Co., Bucheon, Korea)o|A 121°C, 15 psi 2740 3087+ &
Aestitt. AAAY(EZ)y= AT Heo] AFH vl 0.1%
a-amylaseE 750 30°COl|A] 3A17F HH-3-A17] &, autoclave
oA 90°C, 15 psi XACRE 1587t 845 EZASIANAL &
A 2|(HM-EZ)= 59425t o 0.1% a-amylaseE &7}
5Fo] 30°COf|A] 3AI7E A7l &, B Z7A(90°C, 15 psi, 15
B0 g ESSIAZT WA R B 40°C] dry oven
(HB-502L, Hanbaek Scientific, Co., Bucheon, Korea)ol|A] &
3 FEFF(14£1%)0] HES AXRSHoH, BE Alges 1
YEY7])(KMS-300, Koreamedi Co., Ltd.)Z E4&f5}o] Al 2
A3

23 S5 58 24

23.1. =288 # 284 &3

WA 2] HSl7hRe] 2 A2 AOACH(1984)0]] ot
2 AR7IEARH O ZE BT, SRS T (water activity,
Awy= AR 20 g 15+1°C ZAA FEIAE =747
(HP23-AW-A, Rotronic AG, Bassersdorf, Switzerland)E ©|
2310 2As190H, 10, 35, 50, 80% RHO| A A|&E At
4310 probeE EFSHAIFT]H

2.3.2. Mz =4

WA T BE7R9] M MXA|(CS-820N, CHN Spec
Technology. Co., Hangzhou, China)s AR5} Hunter’s
value L¥(HA L), a*(ZA %), b*(FAE) B AEMIRHE 54
ottt ojuf ARSE HEFMEO] ML L*: 98.72, a*: -0.21,
b*: 0.530]9)2H, AEE= (AL**+Aa*+Ab*?)120] 2o =& AAt
St}
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2.3.3. O(UZ QA i2k

HAXE BE37FR0 opd2 oA k2 Juliano(1985)9]
HhH o 2 A5t 37 100 mgS 95% ethanol 1 mL
S} 1 N NaOH 9 mLo] SAMA7| T, Fzo4] 1083} 7}e)
sto] YZHAXl &, 100 mLE -&5t5ith o] 5 5 mLE 3¢}
1.0 N acetic acid 1 mLZ Z35HX|7]1 &, Q0 2M0.2% I, +
2.0% KI) 2 mLE #7}5k9] 100 mLE 3831t 208 &
E3353 - A|(Optizen pop, Mecasys Co., Daejeon, Korea)E ©|
83191 620 9] 2N FTHEE ZHAAT, oA oA
FF2 amylose®} amylopectin®] EFFAO0ZE =745t

A

i

@)

23.4. &4HE A 53

WA BHE7FRe] £A4HE TS Gibson 5(1997)9]
Hof| 2} enzymatic assay kit(MegaZyme Pty., Ltd., Wicklow,
reland)S AH§3F] Z43HTh HAVHE 100 mgl FAL
o] diweo] Yol 40°CE oF 581t 7h25}aL fungal a-
amylase -€9(50 U/mL) 1 mLE Z} £H0] o] vortex mixer
2 52 B ThE 40°C FLEROIA] 1087 HHEAI T
0.2% H,SO4v/v)E 8 mL¥ HA7}sto] A4 Wh3-S ZEAA
T, 5,767 g force 53 F PARaST}. A 0.1 mL
£ T Agdo] 9o 0.1 mL amyloglucosidase(20 U/mL)E
FFokal TR TFS 40°C FLLRoA 1087 ¥FAIZTh. of
719 4 mLe] GOPOD A|9FZ 7}s}al, 40°C 25204 20
27t HESAIZL & 510 nmOl A reagent blanko] Hi3t FEEE
spectrophotometer(Optizen pop, Mecasys Co.)Z =73}t

i

23.5. g 2X 24

HAYHE H37FFEo] AL EHL Particle Size & Zeta
Potential Analyzer(ELSZ-2000ZS, Otsuka Electronics Co.,
Ltd., Osaka, Japan)Z ©]-8-5}9, Z-average, PDI(Polydispersity
Index) B 10%(Di), 50%(Dso), 90%(Dgo)?] +2 73] BES
o419 AAF NAL Lpehfoict.

2.3.6. Scanning electron microscopy(SEM) 2

WA B3R 9% gE BEL U BES AuR
Fgoto] AEAdE ZHA| $F &, Scanning electron microscope
(JSM-7610F Plus, JEOL Ltd., Tokyo, Japan)& 0]-&5}o] 7}
At 25 kV, phototimes 85%2] ZZAA] 3,000612] Hl&E
A FHE B

23.7. X-M 3Hx 24

HAgAE] Hel71R0] XAl SPEuEl 2492 Xeray diffractometer
(XRD-7000, Shimadzu Co, Kyoto, Japan)E ©|-&5}o] EA5}
itk AR HAA R Ee] Yol SuawS A fAIA
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71 T ARR5}91 a1, target: Cu-Ka, filter: Ni, voltage: 35 kV,
current: 15 mA, time constant: 1 sec, F.S.R: 1x10° CPS &7
02 FAZEL20) 5~40°71A] IHEAA ZA5A

2.3.8. Fourier transform infrared spectroscopy(FT-IR)
A

HI

S|
WA B 37129 Fourier transform infrared spectroscopy
(FT-IR) £4-2 A )4 £337|(FT/IR-4X, Jasoco Co., Tokyo,
Japan)E o]-&-sto] 3}ty F2E Ist3irh. Spectrum?] S
A= 20 em'9 24 ¥ & 4,000 cm”! oA 500 cm™ 7}A]
328 270 4450 Wt spectrume T3 RERZ SA3H9(0H

2.4. A 2/

1 A7= SPSS version 20.0(IBM Corp., Armonk, NY,
USA)Z ol-&sto] 45131, SAHHUS B 4 EFHAR
UEIgIE. B S50 wAAY 24 149 Zolg HF5H]
Qo] YUHA] EAREA (one-way ANOVAYS AAEIAL, AHS
22 gik= o] YEAREA (two-way ANOVA)C 2 AZ35}ch
AEHAL Duncan?] t5H 974 (Duncan’s multiple range
test)& Z-8-ot3itt. Aol tigh HF5-2 p<0.05 =04 HS

soict.

3. 2t & uF
3.1. BaRE BA7IEY SEetET £

3.1.1. 255 2 ARSIME

. =88 x T
WA 7R R d RS ST 2
= Table 19 AASIH. +RdTH TR EE 55, ¥4
A W, 121 & 891 7 A5 Ag oA BE 59FQl A}
o] HATH(p<0.001). o]=3t o]z Mg =|o] whE H3I7}
T -z WHole} & A9 Alo7} FFEE tEA A8
gt AnE SfAE RS 27 504 fAgA ol ot
o} 420-4.76%2 2710 UL, Bhel, eld W uAE B
2 WA pueo] 2Asts 4TS BT 9] o)
B3 AR BEATE 242 3.64%, 360%E T L 3
2 Yehion, waAe] te spo) eha 72 ¥sE o
S 82 Aslo] 7|90 A0 MOl SHYHES BE F
ol WAelo] ule Z2sisiort, 47 w AT 021
2 B/l A% BT oleie ik WA He A}
$% U 4% 2B 28 Yol O AR AL,
Two-way ANOVA £4] 23}, 5oteR2 WA e e &
17K(12,955.827)7F 78 A AstieH, £5 1+ Aol
A CE AR ATH(p<0.001). +EEA=E F 2219
207} 2% SOOI, HEARE FoloH Ueht 53}
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Table 1. Water properties and Hunter’s color value of physically and biologically modified barley flours

Treatment Non-waxy Waxy Result of two-way ANOVA analysis
method SGY HNR NLC BSC Parameter df F value
Moisture content UN? 420 8.48 7.22 8.22 Barley cultivar 3 1,999.9417)
(%) £0.067PY  +0.02% +0.02°¢ +0.02°8
HM 433 455 343 4.06 Treatment 3 12,955.827°
+0.08%8 +0.04A +0.08%° +0.07¢
EZ 4.76 5.69 4.94 4.78 Barley cultivar x 9  1,658.171"
+0.06% £0.05* +0.03% +0.06°¢ Treatment
HM-EZ 428 4.14 3.64 3.60
+0.07%A +0.05% +0.06°¢ +0.07%
Water activity UN 0.19 0.32 0.29 0.32 Barley cultivar 3 3,349.030™
+0.00°¢ +0.00% +0.01°8 +0.00%
HM 0.21 0.22 0.15 0.27 Treatment 3 4,549.030™
+0.00° +0.00%8 +0.00° +0.00°*
EZ 0.19 0.26 0.20 0.22 Barley cultivar x 9 922,040
+0.00°° +0.00* +0.00%¢ +0.00 Treatment
HM-EZ 0.18 0.23 0.15 0.19
+0.00C +0.00%A +0.00° +0.00%8
L" value UN 90.45 83.84 91.74 87.89 Barley cultivar 3 176,886.693""
+0.01°® +0.10°° +0.11% +0.06%
HM 87.42 79.44 87.91 85.16 Treatment 3 34,703.020™
+0.00" £0.01P +0.01%4 +0.01¢
EZ 89.76 80.05 90.34 86.02 Barley cultivar x 9 1,136.576™
+0.06°8 +0.01°° +0.02% +0.00°¢ Treatment
HM-EZ 86.75 78.35 87.93 84.79
+0.01%® +0.01%° +0.00% +0.02¢
a’ value UN -0.40 0.35 -0.11 0.19 Barley cultivar 3 34237679
+0.00° +0.0294 +0.01¢ +0.01%
HM 0.46 0.69 0.40 0.64 Treatment 3 554645517
+0.00°¢ +0.00% +0.00*° +0.00°®
EZ -0.22 0.58 -0.02 0.42 Barley cultivar x 9 4,110.739"™
+0.01° £0.00%A +0.00%¢ +0.00B Treatment
HM-EZ 0.69 0.84 0.40 0.65
+0.00® £0.00% +0.00*° +0.00%C
b value UN 8.98 5.42 6.34 6.04 Barley cultivar 3 11,113.329™
+0.14% +0.13% +0.08%8 +0.03%
HM 8.90 6.32 641 7.80 Treatment 3 1,066.983"
+0.00° +0.00°° +0.00° +0.01°®
EZ 8.43 6.08 5.69 7.22 Barley cultivar x 9 323.095™
+0.06%A +0.03<C +0.010 +0.00°8 Treatment
HM-EZ 9.24 6.67 6.40 7.82
+0.00** +0.00°¢ +0.00*° +0.01%®
AE UN 10.73 12.67 7.84 10.04 Barley cultivar 3 57,775.154
£0.12® £0.129 +0.080 +0.05%
HM 12.35 16.46 10.26 13.02 Treatment 3 16,709.748™
+0.00°¢ +0.01% +0.00°° +0.00°®
EZ 10.60 15.88 8.20 12.05 Barley cultivar x 9 927.602"
+0.02% +0.00%A +0.02°° +0.00B Treatment
HM-EZ 13.03 17.48 10.25 13.28
+0.00% +0.01** +0.01*° +0.02°®

YBarley cultivars: SG, Sogang; HNR, Huknuri; NLC, Nulichal; BSC, Boseokchal.

DTreatment method: UN, untreated; HM, heat-moisture; EZ, enzyme; HM-EZ, heat-moisture & enzyme.

SAll values are mean+SD (n=5).

“Different superscripts within the same column (*%) or row (*P) indicate significant differences by Duncan’s multiple range test (p<0.05).
"™"p<0.001; significant effect by two-way ANOVA.
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B e ol wet SEEA st S| gebye Sl
itk EtEre Aol AL W 55 S wHsH B
i, FEHBHEL Huel 94, F44, 9= S 417
9] 93 v tH(Dautant 5, 2007; Yin, 2008). wehA] HA
ﬂﬂ tﬂ-lg o AHO]—X%AJ_L}. xi?(]— E/\é o ZXJ—C‘;]._‘: ‘éﬂ/ﬂ _9_0] o

A3t

%zmi aHeoF & FRE W

3.1.2. Mg

EEEREL SELR IS L

Sroltt.

FSI SR ) ZFL kg B B

Z3}= Table 10] AA|

shoict. wlgAe) Hlo] matk Leghe 7Hast arghe 2716}
Gom, brghe EE WA Wl et nE AP B

9Jth. AEZHS Autd o g Z7)5la] WAAE T MA} 2Jol7}
FRAFL, S BFAEFA M =2 32 BT

Two-way ANOVA £A4 A3}, L*3k2 2 £59 347
(176,886.693)7} 748 A Lpeh} Mzo] Wisjo] 22

7FF8 g9log

= 7r x]-o]
Agstelon], sgiel s Lol ol

ol ke vt arge WA uhge) FETHGS 464.551)
7} A7) R, WA ol wet Ay wslt a7
AT bRl ARRS We] B30 Favt 24 1889
o, AEZES WAA2] POl E Eaig Kol Kol WA

o

2] Wrgo] M4 Wl Fa3%t gQo® AHgeHE Sl
AT ol2gt B A uhE Bl asd W Hk
Z gtz QI A4 73, HlEsltEe] Alete A et
ojd FAof oJgt A¥=E B E 7 QIthDe la Parra 5, 2007,
Sirisoontaralak, 2006; Zielinski 5, 2006). w2kA HA X 25t
BIlRe] MEL B33 w4 PHe] 4580 o
g wonl, 71g 22 44 A 4 B PAL 99 % 29
o zehg Lo Wast RS An

O

rﬂ rEEJ

3.1.3. OjLUZRA &k
WA HB7FRo ofd 2 QA TS Table 20 AAIst
St otz o A R FEI WA Y, F oA A
SZGoA BE 8910l Z}olE HYrh(p<0.001). WA B
E] 5% &7} Sels HAAE & Aasiilon, A%
AA A 24.47%, SE= FEAYTOIA 20.98%E
7};4 Uort} 24 WHE Exo LajEke AT
8. 36%§ 37kt AL, B BEFrA oA 6.52%= 71
2 s HSlrh olERt ke MR e AE 2
Ha7E 2 at vl AR 50 wet 24 283k YE
Wt} Song 5(2020)2 o-amylase”} OFLZ QA ARSS AlH
Ao g Jlpdfsto] o] AAgthal Hisiylon, & A

0

Table 2. Amylose and damaged starch content of physically and biologically modified barley flours

Treatment Non-waxy ‘Waxy Result of two-way ANOVA analysis
method 2
SGY HNR NLC BSC Parameter df F value
Amylose content UN? 26.37 28.62 7.54 13.56 Barley cultivar 3 33,026.298™
(%) 01489 10,10 +0.040 +0.06*
HM 26.01 20.98 836 7.60 Treatment 3 1,031.037°
+0.05* +0.09%® £0.11°¢ +0.04
EZ 24.47 21.20 8.06 779 Barley cultivar x 9 401.560™"
+0.86° +0.10® £0.11°C +0.05"C Treatment
HM-EZ 25.08 24.88 8.15 6.52
+0.08% £0.11%8 +0.08" +0.06%
Damaged starch UN 3.88 2.62 4.14 3.10 Barley cultivar 3 4318533
content (%) +0.0® +0.04% +0.05% +0.00%
HM 18.48 18.74 14.34 17.12 Treatment 3 387,894.000™"
+0.04°® £0.05™ £0.05°° +0.04*C
EZ 3.52 424 7.64 7.32 Barley cultivar x 9 10,092.800™"
+0.04 +0.05% £0.05 +0.04® Treatment
HM-EZ 19.96 13.40 14.58 15.16
+0.09** +0.00°° £0.04¢ +0.05"®

YBarley cultivars: SG, Sogang; HNR, Huknuri; NLC, Nulichal; BSC, Boseokchal.
DTreatment method: UN, untreated; HM, heat-moisture; EZ, enzyme; HM-EZ, heat-moisture & enzyme.

SAll values are meantSD (n=5).

“Different superscripts within the same column (*%) or row (*P) indicate significant differences by Duncan’s multiple range test (p<0.05).

"™"p<0.001; significant effect by two-way ANOVA.
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TFoANE 27, S, HAE aiAEFoA oz e

me, ok

o] 7kAsk= AgFo] Uehdth E3h, Zhao 5(2020a)2 &
Aelo] oJef HE9] A% F27t AL A ofUR oA B
A7t B84 AT F2E HEE o] 7184 ofdRE oA jhFo]

WaFHT, APIRE o] ZAAGT KT, 4 A
w2 EF9 AR WA T oz o ol Sk}
AL, Liu 5(2023)2F Wang 5(2023)2] A5+ Aot |5k
o ojzos Hel Bk 94 34 F B8 237E0)
F22 5o} otd 2w RI9] 7hA] Age] Eefj= Qg A2 A
& Aj&o] FAE ZrE BT YtkLiv 5, 2023). Two-
way ANOVA £4 23}, £59 $811(33,026.298)7} 713+
27 ekt oz o4 ge %2 Relo] S44 B4 o
of 2R, A S 45 ante f-9ste] WAy
] 270 wpet AR o2 oA L7} AHHO R W3}
5 928 o & A9l olUEo AL HEe) 55U vt
£ WHsH BEo] lon, 1 3 Hak= BeE,
%, 4518 5 429 /154 B4 195 TS A
(Fonseca 5, 2021; Lindeboom 5, 2004). w&2tA HAA 2] =7
B AR 729 154 SHL 2YoE B RIUCE 48
oi, F50 WA W 232 AR 7Hs FA0IA Eet
2oz yHsjoF & Fa%t g4olnt

™

3.1.4. 24HE &

HOx 29

HAA P H7FRY] EAE Fd2 Table 200 AAISHA
o SRS AR EoA AR Y 2% 271w
of AE, M X2} fEI, AR 24 Foll FFS T
=tH(Mok, 1990; Pomeranz, 1988; Tran &, 2011). A& 24
oA opUZHE Ap&o] HukE|T AT o] oF) Flof &4
L7t EobA A EHH AR pE 2F 2ol Sleto] BeE
¥} &=t FFE AT Asmeda 5, 2016), THEERE 42 27
g Aot M= A5 Este] AFY 24 /el R4
FEFS U ¢ ok SR T2 T, HAAY I, F
29 7F A5 ARG A B [F2FQl AolE HIHH(p<0.001).
2738 EA LA 19.96%E 7 &9k, %29} B A
22 27 SEAEFONA 18.74%, 17.12%=% &4 YT

d

QItH(Kim 5, 2011; Lacerda &, 2019). Nakamura 5(2017)2
FEA ol ol M o] BAoty A L2 o]
ok} Eo] &R ko] SISl Balstglon, £
NA = FARRE Aol ERIEQIT}. A1 w2 &4
B 2 AR Qo) o5t ° AR R0 A0
FEE o] HE 39 o7t 7143k AR sjA =T Two-
way ANOVA £4 A3}, HAdA 2] W o] $53H387,894.000)
7} 7V 3A Agotg o, LE EEolA WA uet &

1138

AR dFol roH ez I 5 WAAE A
AR FooH v, SRR Aol FF AFe] AL
& 543 WA 29 8] gERE ERUsk

3.1.5. ¢ X

WA H7FRo JEEEZE SAT ik Table 39
AAStAT JAT7I} BAEE THEA A0 9 vX=
8% 8R10g W F53 wAA ] W wet fogt A}
ol HthJo 5, 2004; Lee 5, 2008; Rasenackd} Muller,
2004). BUA} 27191 Z-average:= A7 FA oA 1.18
umE 7P Zloo, WA Wl wet 0.89-0.96 pm= ZF
25 Sde G 047 umE 7Y AL,
aaxeFe}t B o)A S7letitt e dat BARE
HAAAY & AR 2717F AREH o 2 ZHAstglon, §3] HA
2 EA T e 040 um= BE WA S 7HE Al
ol FEA Y] BE AHTZ B E o] ot IR &
& AL 2717t A4t ACE M EY, Sy aaxTt
= 24AE & AT BYNAY ASHLE YA 2717 F
7ok 43S B ch(Baek 5, 2017; Wang 5, 2023). PDI
(polydispersity index)= YA £29] #4AS UEHH = A&
2, 09 7I7herS dEAMIS 9rldtth(Dong 5, 2022). 5
o FEAYTONA 0.33, T EdA A 0.34, HA
Z B oA 0.28% 7MY B2 gle Hol tE HAAE
ol sl YAt B27F FATE AS ERl T S qllen, ol
ot A= FEA P Aol Y& #A3F FXH AR 4
=t} Do, Dso, Do ZH2ZF AA] AL 10%, 50%, 90%7} 8
T AR 2L AR 2715 YUtk D 2% A
FollA 0.08 um, FEF BAA A 0.09 um=E 7P 29k
1L, Dspt} Do 2733} HAZA /g AE] & A 74519
o} 9 SR8 8AA = Dyl 13.90 pm= =74 YeRt
i R EE Aol AT A0Z AHET} Twoway
ANOVA B4 A1}, Z-average, PDI, D5y Y Do R 5,
HAAE U 2 F 89 7F JEAEoA B folFQl 2
o] UEIthH(p<0.001). £3] D52 228 a7t 78 2
A Uehg A E29] SAFe] 51 "AAY 2ol et
gEHE gRlstlth DiollAl Bl 53 HAgAE W
FATE FOASHA] RO U(p=>0.01), F 221 7+ AT 2GRt
folste] ulA Az JFL T g2lo] Eglgo] o5t Jgfo|
Ze= AARI et BEI7ER0] i Aojol= £F 4
I WA 242 A 1Eet 24 o] dasitt

3.1.6. Scanning electron microscopy(SEM)

WA Y H37120] uHERE Fig. 19 AASIA. ZE
EZ9 FAYF= 2717 2 A2 A-granules?t E123H
212 7189] B-granules©] T3E Wjn#HS BHS Bt ¥
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Table 3. Particle analysis of physically and biologically modified barley flours

Treatment Non-waxy Waxy Result of two-way ANOVA analysis
method D
SG HNR NLC BSC Parameter df F value
Z-average® UN? 1.18 0.59 0.80 1.33 Barley cultivar 3 39814
(um) £0.17949 £0.01%% +0.06* £0.26*
HM 0.96 0.47 0.49 0.51 Treatment 3 35331
£0.12* +0.01® £0.01® +0.02%®
EZ 0.93 0.75 0.60 0.70 Barley cultivar 9  10.039™
0,11 +0.12°% +0.05" £0.07" x Treatment
HM-EZ 0.89 0.63 0.51 0.40
+0.11° +0.01°® +0.01¢ +0.01¢
PDI UN 0.76 0.42 0.56 0.82 Barley cultivar 3 46.505™
£0.10* +0.01°® +0.03*® +0.13*
HM 0.62 0.33 0.34 0.33 Treatment 3 53534
+0.05™ +0.01® +0.02¢B £0.01®
EZ 0.59 0.51 0.44 0.48 Barley cultivar 9 12458
+0.04™ +0.06™® +0.04°? £0.05"? x Treatment
HM-EZ 0.59 0.44 0.34 0.28
£0.06™* £0.01°® +0.01¢¢ +0.01°
Dio UN 0.16 0.08 0.10 0.22 Barley cultivar 3 0.909
(pm) +0.13 +0.01 +0.01° +0.08"
HM 0.08 ‘ 0.18 0.13 0.13 Treatment 3 0.596
£0.00° £0.01* +0.02°P £0.00°?
EZ 0.13 0.15 0.09 0.10 Barley cultivar 9 3.069”
+0.01 +0.09 +0.00° +0.00° x Treatment
HM-EZ 0.12 0.13 0.17 0.14
+0.03° +0.0248 +0.02* £0.01°48
Dso UN 15.72 0.17 0.26 13.86 Barley cultivar 3 2,652.504™
m +0.30** +0.06° +0.12¢ +0.39"8
(nm)
HM 1.04 0.24 0.26 0.37 Treatment 3 6,677.198
+0.12% +0.01¢ +0.045¢ +0.02%8
EZ 0.67 0.36 0.14 0.17 Barley cultivar 9 2282493
£0.07°* +0.18" +0.00¢ +0.01°¢ x Treatment
HM-EZ 0.67 0.40 0.32 0.24
+0.20" +0.09" +0.03" £0.01°®
Dy UN 24.01 8.17 13.07 20.93 Barley cultivar 3 69.224™
(um) +0.23% +0.73" +1.39%¢ +0.36°
HM 16.38 8.04 470 456 Treatment 3 38.83%2™
+£2.82% +0.52° +0.61° £1.14€
EZ 21.84 13.90 9.35 10.40 Barley cultivar 9 8420
£2.94%4 +5.998 +1.69°8 +1.89°° x Treatment
HM-EZ 16.83 10.35 5.03 2.62
+3.25% £1.99® +0.30% £0.77

YBarley cultivars: SG, Sogang; HNR, Huknuri; NLC, Nulichal, BSC, Boseokchal.

Y7-average (Intensity-weighted mean particle size) and PDI (Polydispersity Index, <0.4 indicates monodispersity) were obtained by DLS; Dy, Ds
and Dy represent the particle sizes at which 10%, 50%, and 90% of the total particle volume are smaller, respectively.

ITreatment method: UN, untreated; HM, heat-moisture; EZ, enzyme; HM-EZ, heat-moisture & enzyme.

DAIl values are mean+SD (n=5).

Different superscripts within the same column (*%) or row (*P) indicate significant differences by Duncan’s multiple range test (p<0.05).

9"™"p<0.001; significant effect by two-way ANOVA.

https://www.ekosfop.or.kr 1139



Physicochemical changes of modified barley flour

Barley cultivar SG

EZ

HM-EZ

Fig. 1. SEM of the physically and biologically modified barley flours (x3,000). Barley cultivars: SG, Sogang; HNR, Huknuri; NLC,
Nulichal; BSC, Boseokchal. Treatment method: UN, untreated; HM, heat-moisture; EZ, enzyme; HM-EZ, heat-moisture & enzyme.

AA A= B EHol AR E2 FEHE H3lelol
on, W/gA e Wl wet uh] 9 3 FE|Q] AfolE el
ot FEA Y= B Faa R Fdo] WEESA, E9]
BAZ A= WRERE S8 +93 #H =t
WEE A RAA M= T4 vA7| 52 F2RE mlA
PA7E T QU AP oA HEH EHO| A5t
L ol v E 2 Aprotein body)7} FEZO0E Bafjgo] A
ol &5, 9 EHY nA71E F4 2 3Fo] 34
FHAthKim 5, 2011). T3}k, Dang¥} Nishizu(2024)2] Lof|A]
HE 7o) Bzbw ohal 2 (granule-associated proteins, GAPs
E+= SGAPs)9| AlA E= dae AR 29 547 7154 ¥
SHERE ofdgt 84F HIAE S7H7= RICE 3t
o B Qlok E3RA et HY 7]50] AR AL &
BoE AujgE YL L2 E Hoj FIAE QIS BE +
aaAgo] FHEWA 24 d9o] ABLE Z2HE e
t}. o]Zgt 2 A HIM= Cheng 5(2024)0] H 135 S$EA
Aol o oy 9 &4 A4, Hui 5(2020)0] AAIGH 12947
Fof oJgt opd 2 A {7 9 §AZEo] ot o9t A
Z Y7t X5kt webA WA e AE T ®
H &4 QS BV 24, 7|53 §4 wslof &
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A 9T A= Aoz FAHAH.

3.1.7. X-M gHx

HgA e BR7E9] X-A 34 sfe2 Fig. 2] AAsHA
o BE 59 FAAE 150, 17°, 18°, 23°04] 733 13
£ Hol= M3 Al AY #RE YEllon, dukAel 45 A
9 244 didy dA5kitk(Liziane 5, 2019). ¥4
Tz A B xR+ AAENCU, FEA L} EIA
oA 19-20° B39 M2 w=37F I E o] REHQIV
3 X7 F4E AoE RIS V] fAEs ofdEeA
At AAT B AE AJRo] Agtote] PR ofdE2 oA
A4 E3HA|(amylose-lipid complex)?] EAE SJv]stH, &
A oA HEe] vl £27F BEHoR B & ofy
2O A0 Aujgo] FXlEo] Yehs AFCE HiEI 9]
tH(Jayakody 5, 2008; Yoo 5, 2013). o]&{3t Ai}= Lee &
(2016)9] 2E71E Ao BaE FAA | ot 24
A Astel maAelo] ogt 24 fk @4, Tanwar &
(2025)9] 12 - 1Y Aol W2 Z2AE F9Y AuiE BF
I FARE AS Bt B3 VE 729 AL BAE o]
TS AAAA BE IA, obdRHE AEA AA d A%
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Fig. 2. X-ray diffraction pattern of the physically and biologically modified barley flours. (A), Sogang; (B), Huknuri; (C), Nulichal,
(D), Boseokchal. Treatment method: UN, untreated; HM, heat-moisture; EZ, enzyme; HM-EZ, heat-moisture & enzyme.

S 3} oA F 74 oldHE o] Qe Aor HiE
TH(Chumsri %, 2022; Mariscal-Moreno &, 2019). o|&3t +
Z Wok= A%ta A0 HIAHS Algste] AR adtee R
1, 7H 5 A= A 2 A el 71 TS
AARRICE whEbA 7 AtollA] #EE VY A4 29| FEA
Qye Wyl o) aRe 723 Aol PAAL
ojelafl, w3kRe] 71 - 8 SAOlE Fere vl
F U Aoz wogct

o)

o

3.1.8. Fourier transform infrared spectroscopy(FT-IR)

WA HS7ME9] FT-IR AHER B4 Ay Fig. 39
ANt BE 231 §A AT 3,000-3,800 cm™(O-H
stretching), 2,850-2,930 cm'l(C-H stretching), 1,630-1,750
em'(H-O-H bending) & 950-1,200 ¢cm™(C-O, C-C, C-O-C

https://www.ekosfop.or.kr

stretching) M4 A& E thdH9] AFH 13 E vet
Wom, 896 cm'o|A] B-glucosidic A%t W=7} It
(Warren 5, 2016; Zhang 5, 2018; Zhao 5, 2020b). HA &
Bl 39 44T SHY9 aaAgTet EdAA e
1,050 cm oA} B-glucosidic AHC-0-C) 1% 177} Z715H
of AR A& 7 A AAZT dE 2R YEITHLI 5,
2023). A AHE 501 S B A4t &
FH T 950-1,200 cm” FHo] 177} AR A, 3,300
om’ F29] m 37} GA Yehd AZAT gt opd2 oA
o2 e 71 A5 akgo] okstE Z 0= FRIErk(Lian 5,
2014; Pozo &, 2018). & HAXEF= FA o] v
3,300- 3,800 cm’' A 9] W3 Fer} At on, ol A
S £A4T £AA3 Ao BE HE 2 AEES ov)sitt
(Jan 5, 2017). 4280 = Qlg] Hl/d AHe9] A& A4
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Fig. 3. Fourier transform infrared spectrum of the physically and biologically modified barley flours. (A), Sogang; (B), Huknuri; (C),
Nulichal; (D), Boseokchal. Treatment method: UN, untreated; HM, heat-moisture; EZ, enzyme; HM-EZ, heat-moisture & enzyme.

o] Z7hd v, B AHeE EFoMe 2 9 EFA
o5l Agt +27} okslE = AR Eoth BE7FRe] HAA
g] ol wet HE9] B-glucosidic 2 A E, A2 A
g 9 A7/4do] "slelyon, o= HRZMEY 24 YA

o AL, 29k 59 549 IFE A

B AT WA R B A4 Shel, B4
o B39 el nAde) sAe, BaRe U By
83l] 9349 BsUi%) olsiei 4 wslsl 4
¥ 724 w5k v - 2R RAA e W] vt B
SRS SERS SERAEE AUH0R Fas] 1e
W 84 9hgo] UE 43 A B3t Felrgion, At
oy

I
24 8o w2 ZH 9302 [*glo] 7HAsty, a*o] =7}s}

Odr,]. o].\:ﬂi_g)_/\ 1-3]:__ uﬂﬁé M}Eﬂ
AR FFNA F715H Oﬂi AL I 0—8—%
Aol A veht A2 A Ba G ot =
24 &40l Z713t A0z SNHeh YL Ak waHe
T HSUUIRO] JA 277 vt o g fastal 327
SHE Q. SEM ¥ 23, I o] AZN EqF 2Rk FH
= Jgfsiglon, WA 2] Bl wet Badt +44, vAE
A, mAIGA 57 E S T2 B0 AFHAH. X-Al 3]
e EAHoMe Be "R AY 2 25 %Xlé}
Aot 59 3 BFAE oA Vi 127 Yehd A&

o] Aujo] BQlEgrh FT-IR BAoME G421} %

St B Lol A B-glucosidic A F=7F Z718t0] AE A& 7H
A ol FFHUL, A BHE F52 sad4 A

Q2 Ao okEl RS KT & AT 27, Wy
W] me HsUlRe AR PRe A% 994 2 2%

H o
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