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Comparison of the Physicochemical and Gelatinization Properties of Various Barley Cultivars

Eun Sook Tak, Hee Nam Jung*

Department of Food and Cooking Science, Sunchon University

Abstract

This study compared the physicochemical and gelatinization properties of naked barley, tetrastichum barley, and waxy
barley. Compared to tetrastichum barley and waxy barley, naked barley had shorter and rounder grains with a 1.43 length/
width ratio. Tetrastichum barley had lower crude protein, crude lipid, and crude ash content and higher amylose content
compared to naked barley and waxy barley. The L, a, b color values of waxy barley were significantly higher than those of
naked barley and tetrastichum barley. The water absorption index (WAI) and the water soluble index (WSI) were highest in
waxy barley. The X-ray diffraction pattern was type A in all samples, and the peak intensity was highest in waxy barley. The
maximum viscosity, cooling viscosity, breakdown, and setback of amylogram properties were the highest in tetrastichum
barley. The thermal properties through the differential scanning calorimeter showed that the waxy barley had higher values
of the onset, peak, conclusion temperature and enthalpy (?H). In conclusion, the variety of barley influenced the
physicochemical and gelatinization properties, which could be important factors in the manufacture of processed foods.
These results would thus useful inputs for the manufacturing of these foods using barley.
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o, 573 Ao A& A L ESE 2o T 2
Fo 2 o]&F o] SITHRDA 2018). &1} 1980 ©|F 7
gl o] BPdEAL, =R A kaH| o] HelE HE|o] AH|=
A FHsilod, Ha Bl 177154 0] T TR
oA He]o gk #ado] =olA 7kl tH(Joung 2008).

R 2| (Hordeum vulgare L.Y= W 3H(Poaceae/Gramineae) X
ol &l glellake] 2HEE vwA MEstal A% 7|
Sof|A] 2 zAlHTH(Lee et al. 2018a). Kl He|do] g
Holle Eol wet AXNE R 2] (Hordeum vulgare)e}t 7%
BE|(H. distichum)2 753, T4 AZo] Bode &
ol wel AEeel AR E roAH, o] & AHE=
T4 AEe] opd2 o0} opd R o] Hgof wel 2
Bajel WA HeE FREEC(Jeong & Ji 2013). 2H =
T2 A3 3 FHulkE|o] F2 0= o]gx]o] gho} win|e]
Hlgl] EFr&0] F=ob FHA o] i deksh 271t of

N

N

|340] Wolx= ©ilo] o] FA}
27178 S7kd ZRE 255 0
I 71555 FHAZIAL ATHKIm et al.
2018). AA o= AHEE TAsIo] HIHE o7 o] &30
U Anrzglel Zuezt 2 Fke] o] &EHA Hejx}, 7]
&, U 48 2 FE AEE AREHTL FH2de B
o Ff=lo] A= B-glucans] AR o] GHAHA AHz]
£ =A% 551 AHE F7Fe UAthKim et
2014). BEle] An] F7tel wEt AR, 5He, FHE
AR 5 tEFo] A= Jou, AT o]
tFsA SEEAE Xkl AUt

H|o] FPR-E AR 64%, TUA 11%, B-glucan 5%
AR =] Jom ool Ak, i, i, HIER]
5o ARES Egsly Uth(Lee 1996; Kim et al. 1999).
3 d9 dF ZYZEHE A, WUl @43 ¢ @
9] 715430l B-glucane| thF =0 ATHKim
al. 2002; Lee & Jung 2003). T3+ wiu] F4o] 2243
sh= AIEdA FE5s] A Zed H 59
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A3t vlEll By, B, % HeloRil T GUES ol Hal
453 =L, olg A Helo] Wil ExH slo] =
A Zo|x vH|wWF £2o] ZqE]'(Seog 2010). o)¢} 7ro] AJQl
W dia A353e fsl v 71ede e Bl
AFHE S7PI7I7] fleliMe AEHAQ] 5 0, 5 o

g 712 AT 9 OFe 7FAEe] JiEe] Zash ARl
thMok 2003).

Ha]d gigt AgAr2= Hele] HE 54 (Song et al.
1994) 2 ¥} =4 (Chang et al. 1997), 5.2 (Lim 2009),
BB (Lee 2015), B-glucan®] 7154 (Lee et al. 2012),

B E o]&3 FH(Oh et al. 2014), L5 (Seo & Park
2014), 4&(Kim & Choi 2015), UL7211](Park et al. 2015)
o -2 wmAlFol #gh AFEo] Jom, fAH ] (Won
2004), 222 (Jung 2016), 1.2]°] ?gz}ﬂﬂ (Yang 2012), 1.

79 H7Fd(Jung 2012)0] mE AWEA AFE0] B
5%t} Song et al. (1994)S Hz]dEo] FHulal A HEA]
off 3k AellA EE]Q] FREAL ofd2 92 gk u}
2} 5515k 2po]& BAATAL 39 ™, Ryu & Kim(2005)%
lﬂuﬂﬂ 3 e iﬂ%& zpo| & Qlal] W Risol] AHEE

e ¥ FFHlo] A EHA AWz go] HolzltkaL st
04 A} 7FgAdol Bee] o)stehy B4 S55A ¢
B WL AFS BB, THAE AL 712}
B2 889 F e By B4 #g A= vk 243
ot}

mEpA] 2 AoAl = sujollA] AR AL Qs AR,
wa] g 2R o|slehs B S3) EAS sl B

i

J
‘ m[o o, [‘

il

o] Thakst B3} FFEAE AR 97 7| ZARE AT
33, 71EAE AN 2 Bl a2l weo] izt
k=

I g7Hg o 9
1. M=

B Ao AFE Hje deEx g6 20194 10
4 S mEste] 202010 69 Aol FETSE A H g
(Naked barley)y= M, =X 2](Tetrastichum barley)= &%
R, 2R 2](Waxy barley)= 7212 £52 AMESIAY B
7FEe] Axs ARE7I(P-EAIMESE Al 04000435)E ©]
gato] HYE g & A EE ARSI

2. 220 HEIN EX =X

e e B 10¢e] FAE
o] 97t 19e] FAIR silom, 503 Wk Z7d 5t
Hke eI dxke] dolel 22 caliper (500-150-
20, Mututoyo, Tokyo, Japan)Z QX }
Ake] Zolep o] HE Yell= L
skt YAk Fule we °‘Xl~— Ehf‘é—i 71785t a

+ Z4o](mm), b= Z(mm)2] FFOZHE F3](mL)=4/3mab>
o] 218 o]g-3le] AXSIITHYun et al. 1988).

Ewrﬂ AR £ AOACH(AOAC 1984y
2} Y3t &, T2 105°C F7rd iy, g
Kjeldahl, ZA1%-2 Soxhlet¥, 232 A4 3‘4@”‘2&
z}z} 27319tk Amylose -2 Juliano(1985)2] W
o831, 620 nmelA F3EE 54351 3
B o}d®E Q2 S ANkt

FH
-{m

S KIRCA=E

4. Mz =X

Ha] 7FFe A= AIAJC 801S, Color Techno
System. Co., Tokyo, Japan)E A}-&3}] Hunter’s value L
(WAE), a (FAE), b (FHE) B AEE AT o]
EFH o] MrE 1=92.00, a=0.92, b=2.68°]321, AF=
a3 22 202 Attt

AE=(ALZ+AZ+ADY) 2

5. FEETAIT H TESdX+ FH

FH- &R 9=(Water Absorption Index, WA= HE|7}5
303t FFHF 30 mLE ARl ¥ 3087 Xe wak
3 & AAE2]7](MF 600R, Hanil Electric Co., Incheon,
Korea)& ©]-&3F4] 3,000 rppmollA] 3027 LAlEE] st
Fed g AQg HAHES] FAE BFsl AlE ¢ T FF

FE-E3)| A4~ (Water Solubility Index, WSI)= G54

& 24 A H4a A5 Ul §7

|
105°C2] dry ovenollA] HAZRAIA Hoixl IdFE2] FAE Al
Fof tig MEEZ YepAct

L A% T AR T (g)
WSI(%)= NEA (@

%100

6. Q2T =

o 02

RE7IEe] YEEA L particle size analyzer (ELSZ-
2000, Otsuka Electronics, Osaka, Japan)ZS ©]-&3to] =43}
T}, QAT BEE 10%(Dy), S0%(Dsy), 90%(Dog)] 7
Z o wEgoAe] b AAS YERIIAL, ol S

o]-&-ato] EAH(Do—Dio)/Dso)y = A%Fsk3A

7. X-M gl EM
RE7LFe] A4S XA 347]1(D-MAX-1200, Rigaku
Co. Ltd, Tokyo, Japan)E AM&-3to] #4131, target: Cu-



Ka, filter: Ni, valtage: 35KV, current: 15 mA, time constant:
1 sec, FS.R: 1x10° CPS A o2 3|-Z= (20) 5-40°7}
2] BHAIA v st

N

8. Amylogramoi| 2|5t S35} EM 24

2y 7tRe ozl I3EA BAL Micro/Visco/
Amylograph (Brabender Measurement & Control System,
Duisburg, Germany)E AH&-3}¢] Medcalf(1965)2] WHel u}h

A8 R 7FE 10% AE9S 100 mLe] §-7]4
ol 30°CellA 10%7F Wik &, 7F4& % 5.0°C/min, 317
&% 250 rpm 202 95°C7HA] 7HESEIAATE. 95°ColA 15
B2 A &, 5.0°C/min®] S22 50°C7HA] Wkt
S3PIA == H=7F 10 BU (Brabender Units)ol] =&k
252 Yeplt) o]ef o] 2 amylogram S 2 HE 3.3}
NeE, AuAE, HAYE 5 amylogram 547 781

ATt

9. A|XIHZEFEAPA|(DSC)O]| 2fEt S5 EM 2

HE 7R ARG HTFAA(DSC) o3k 531 54 4
< Donovan et al. (1983)2] ¥WHol| wel 227} 3.0mg
< aluminum bathell 3+ & 3w SF4E micro syringe
2 7tste] WEdt v 3087 WAIS & AR A
(Jade DSC, Perkin Elmer, Co, Ltd. Waltham, MA, USA)
£ ARE3ke] 30°CoA 95°C7HA] 10°C/mindg =2 7FE 5led
& peakE ATE ©] peakZH-E S 3}/ A]-25(onset
temperature, To), .34 2% (peak temperature, Tp), 2.3}
FE-2%(conclusion temperature, Tc) = Z3}NEy
(gelatinization enthalpy, AH)E 34T}

10. EAIX 2|

A7 A= SPSS 20.0 (IBM, Armonk, NY, USA)E o]
g3te] EASIRAL, S He ¥ ETUEAE YERAL
o} By FFo mE xo]E Hlawst7] $18ke] one-way
ANOVAE A A3} 3L, Duncan’s multiple range test® AR
ARz, B8 EAE 95% FoFolA HASeiTh

H2|o| 0|55HE EA 347

1. 22|o| FEA EF

wHele] JeH 5SS S-S A= <Table 1>3 o}
ARE, 5xE] 9 ZR FA = 24.02, 31.80 H 2230
mgl & SR folFow =it} ol SR 59
ZUr o] HPFo] 33.7go % AR T Fulz An
7] F501 FaEe] 275 2 250 gt} =4 Bd &3
SHRDA 2021)°] Aot AR 43S Bt o=
ExZoA 517 mm, F& AHoA 331 mmzE 7MY =
T}, Aolet Zo] u)(L/W)e ZHe, Exg 2 Zr oA
7247} 143, 1.61 2 1.59% Sxe] @ Zraor =gt F
= SR 139.08 mm’eE Ao} ZH ] 130.95,
130.76 mm?el] B]3] =kt Rele] ejd 54 =4 A
sHEA Aree} R vls| Furt A3 FASH,
Zolo} Zo] vl x| ARl 22t 1.61 E 1.59%
Zo] F o7t 71 & BT, AHoME 14302
sHeet ZEed] vjg] Fo] HiL doje A2 FHE B
S Th<Figure 1>, Bae at al. (2009ys =tWollA Alo=E 2 )
= AHe e} FRrE FEo tiite] Ty &l FEH|
1.4-1.9 WYtk Bslsin}

2. QYR 2 oteUZ A St
He] Bake] AutgRE B3} obUdz 9~ RS B35
A= <Table 2>9F 2o}, Zoh | 22wl @ 23)8 e

Z}zt 9.75-10.48, 1.26-1.48 = 0.94-1.14%% SH ) H]al
Argel ZrgloM FoHor =ttt 25 H(RDA
2021)0] He| §4 FEAEA mEH ey gk ki
9.7%, SLHZ] 9.2%, T2 103%CIUN 2T, Lee et al
(2009a)°] AN = =ellr AlaEE mldEe]er 2R
2lo] Wt o FF2 247t 841 B 9.86%E HALso]
2 A7t FARE 435 B Lim at al. (2003)> 2HE
2o ek 22 gl 23] ol 747 8.7, 0.71 B
0.86%ATHL Barste] 2 AgAde}l thi folE HATh
ofdE oA g Any, sRE 9 FEF A 7z}

<Table 1> Dimension of various barley cultivars

Samples
Properties F-value
Naked barley Tetrastichum barley Waxy barley

Weight (mg) 24.0242.84V2 31.80+2.51* 22.30+2.84¢ 170.86%**
Length (mm) 4.72+0.34¢ 5.17+0.37* 4.96+0.26 23.75%**
Width (mm) 3.31+0.20* 3.2120.16° 3.1420.23° 8.80%**
L/'W 1.43+0.10° 1.61+0.11* 1.59+0.11* 40.89***
Volume (mL) 130.95+14.40° 139.08+14.29° 130.76+14.03° 5.56**

DAl values are mean+SD.

DMean with different superscript with in a column are significantly different (p<0.05) by Duncan’s multiple range test.

<001, **+*p<0.001.
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b

Waxy barley

Naked barley Tetrastichum barley
<Figure 1> Photography of various barley cultivars.
<Table 2> Physicochemical properties of various barley flours
Samples
Properties F-value
Naked barley Tetrastichum barley Waxy barley

Crude protein (%) 10.48+0.32"42 9.75+0.27° 10.14+0.25* 199.17%#%%3)
Crude lipid (%) 1.48+0.11° 1.26+0.15 1.38+0.12° 12.40%#*
Crude ash (%) 1.14+0.07% 0.94+0.10° 1.21+0.09° 67.81%**
Amylose (%) 22.49+0.39° 24.41+0.34* 7.59+0.26° 3518.01%**
L 71.02+0.38" 68.54+0.07° 74.72+0.15% 1752.47***
a 4.74+0.76° 3.86+0.19° 7.69+0.25% 189.32%+**
b 15.73+0.29" 11.46+0.52° 23.06+0.48" 1728.34%**
AE 25.01+0.38" 25.23+0.17° 27.57+0.39 182.37+%*
WAIY 1.07+0.02° 1.02+0.01° 1.08+0.02° 30.33%**
WSI (%) 7.07+0.07° 6.75+£0.10° 8.57+0.12* 472.61%**

DAll values are meantSD.

PMean with different superscript with in a column are significantly different (p<0.05) by Duncan’s multiple range test.

Vxxkp<0.001.
YWALI: Water absorption index, WSI: Water soluble index.

22.49, 2441 2 759%2 EXz], AR 2 AH Fo=
=9tk Kim & Kim (1974)2 ZHzg]e] opd 2 0 A~ o]
AHE| T Z=UTHL S99, Lee et al. (2018b)y 2R 2]
oP R Q2 FHEES Wit 3-4%0lu WAL FEow )
uhg )R] oplE 0 4 SRS 72%E Thh EUTHY &}
of 2 Aol fAKE A Bt ofdR2 ol e W

S W= Zlo® d#A JohKim 2007; Ma 2017).

Hele] Mg ZA3 3= <Table 2>9} 7t} HE9]
a 2 bate ZH7; 68.54-74.72, 3.86-7.69 X 11.46-23.06
2 Anrglel xzld vg] R foHoz =4
B} ZHzle] o] AR g|el SRl vls| ¥ar STt
E=UTE <Figure 1>001A4] B wje} 7ho] 2uz] Fujo] Ao]
FAlo] FEHZ EAS BN, AHe} EHEs FRE
of Hlaf ofF2 Mg Ho HE7FRY M= HE| F50|
2 F3]9] Mo JFge W= oz AAHY MAE
Bhfi= AEE 2R, SR 3 ZERN 77 2501,

2523 9 27272 AR Mz Arg 2 SR} xjo)
£ B Lee et al. (1996)> He]o] Ao o sjujof] &
A= melaninA] A4 Be]E4A 73] xanthophyll,
carotenoide ¥ anthocyanin?} 7+ AA1-S u= M) ¢
e Wt st 2 Aot fARE AHE Bt B Ju
et al. (2007)> Hz]9] gks7]o0] 7P7RIRIHA] chlorophyll]
=2 A7) AAEAY flavonoid 2 carotenoide] F7FE
sl A% gl G ETE FIHethaL ste] Bell] 7] T
gk Aol JEFe v aflolgal stk FE AMEe
7FEAES] 715 Rt Al ST FES PR 89l F st
U=z, WF 7RAEl Bel7hRe] ks AlEe] AE o
B shal 7|E5E AT 8Rle® Ag3itial &%l
THLee & Chang 2003; Baek et al. 2021).

4. FEETA T A FESK|F

Hele] FREFFAT ¥ FREINAFE A4S A=
<Table 2>9} 2t} FEFFAITE 1.02-1.082 EHEof B]
g ZArge} ZroN =i, FEEATE 6.75-8.57

Y= Arelel srelo vis Zrelor #A veht ZH
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<Table 3> Particle analysis of various barley flours

Samples
Properties F-value
Naked barley Tetrastichumbarley Waxy barley

Dyo"(um) 14.93£0.25"2 14.000.00° 13.60+0.17° 267.72%%+9
Ds (pm) 109.67+6.66° 134.33+2.08* 127.00+3.61* 131.55%**
Dy (m) 410.00+22.34° 451.00+6.93" 416.00+8.00° 362.40%**
Dispersion 3.60+0.02° 3.25+0.01° 3.17+0.06° 1481.78***
Specific surface area (m*/kg) 215.13+£5.97° 216.37+0.87° 229.90+3.82% 87.04%**

DD, : Particle size of the minimum 10% measurement.
Dsq: Particle size of the minimum 50% measurement.
Dyq: Particle size of the minimum 90% measurement.
Dispersion: (Dog-D;0)/Dso.
DAl values are mean +SD.

IMean with different superscript with in a column are significantly different (p<0.05) by Duncan’s multiple range test.

Dxxp<0.001.

oA FEFTATY FEEAGT B 22 TS B
AT} Choi et al. (2006)= 24 ZE-o] +x7F BRI} A
o] OW7] 7+e] Aol A A= A TE=Z vt
HHA SEAR} HEHZ o] HojA]7] wiiEe] WAL 3 WSI
7} Z718I ek EH A, Kim et al. (1999)= Z&Hz] A
o] wdEa] Ao vis] Mk Adtg o] ksl uf
of FEFTE UL o FEFFIE AR 729
AHAS BT B A <Table 3>9] 9= X Ay}
oM=, Axte] Ha A7) Aol Frald) vjg] e
oAl E=Qkar, HiEH AL A =A] YeltEd, o=

o

= = s OB F O
Aol o Fuel AR BAo] YERT FRES

ol = mA YA A7N7F Ao g o] & AW
S FEEFHES Bl Aog AHEY, FEEFHS
= 2R, FF D W AR 2 S Qs Al
ZIAoA 2 F83F go|th Bele Yol vl FE
Fge] w3, vd B via] 2 Helo] FgrEol
E 540l o] MR 7RAIF e WA elA o)
3 FReTFHO] =2 AoF HIFHT Atklee &
Chang 2003). o] 9]ol|%= FEFFAFe FE83AT= 5
AN, 257 9 SR AlIFS] AxdgelM At =
&3 ool FEFS Fol AFe] A= ¢ =l HHARL
f8clo= 2Rt}

il

ol

52 &

Hzle]

Hl

bins

= ZA% A¥= <Table 3>3 2t}
ko] FHuS] Dy FHE,sRE 9 ZARoA 7}t
109.67, 13433 2 127.00 ym= 2H o] Hls] R} =
B &8 e By Mtes AR, g6 2 @
wBajolA zkz} 3,60, 3.25 2 3.172 R EolA 7 Uit
HAEE o] #EE YAE #49Ee UEil=H (Kim
& Kim 1994; Jung 2020), ZHz]e} SR gl ZHe]
7HRe] YEREI Y s Aeg SAFHG. B R

At
Bl
o i

§‘:\'

~

2 ZHglolA 22990 m¥kgS 2 EHE 216.37 m¥kg, AH
2] 215.13 m*kgell ¥lsl =4 velsth 2RE, sHE 3
o] AAZHQ JEREE BE AFoA 2He A}, 5
747 B AP £ e £EE Bou, A
o] AAAR U Ul Bitme ZReA v
veht Areer SRl nlE] R 7R YEiErt
H #ddt 2oz ZAEATE Tang et al. (2002)% Hz2|7t
F AR A e H3E 7R B JEREE B
T3 3L, Lee et al. (1996)3 Jeong (2014)S YA+ =
719 BEx e Rejdite] i §8, 33154 B AlIEY
NEAAE JEFE T T3 AR SITh

5]

Ir

6. X-M 5|HEE

HEle] XA EE FA d3e <Figure 2>9F T &
By, 587 2 FRYEe 2% @z 1543, 18.15,
23.59° ZA oA 73 peakS Hole HFHC AFoR &
AV AR TRE B O, 1543, 18.15, 23.59%0| 4 %
ZH 9] peakd =7t AR sHE BlE] UL oY
g A 23° F2olA o FElsA UERT You et al
(2014)37} Lee at al. (2017)= oPd2HEl] sgfo] =2
LTS peak’} ZohA Yebgtthar Basiled], # A
M= Zr oA 73 peakE R Th Czuchajowska et
al. (1998)3} Waduge et al. (20062 R HEo] XA 3
A A tjFEe] FEolA AY HES Holu, ofdE e
2 o] SUHEFE opd 2 0 ARl AdkE XHe] v
£o| F7FIHA 20° F29] A Hxe F7IsIAL, Y
JOPIR QA FFol|A] 5.6° Hke] RS At FAEHA
A+BE 9] HE-E BT ste] Fol wt xol7t S-S
H AT

7. Amylogram0i| 2|st S5 £
Ang], X 9 Z2R2]9] amylograme] 2]3F &3} £4
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Waxy barley

Teterastichum barley

Diffraction Intensity

Naked barley

10 13 15 18 21 24 26 29 32 34 37 40
Diffraction Angle (20)

<Figure 2> X-ray diffraction pattern of various barley flours.

AI= <Table 4>} 2t} $3PIAl == 57.32-58.36°CE
ZrE oA oha wko}, ARk s 2l gIith
Lee et al. (2009b)2 o} 2 Q2 $hafo] =& wAd Ha]oA

>

AEUARY] gl thigh Zsk Aoz Qlal 2dne]d
3 SsPAl 7t =3kt BAsigith, HaeEs 51
glollA 775.00 BUZ 7Fg =432, 95°CollA 1587 A1
5 =23] 1 AAE=E ZHedA 382.60 BUZ 78 =3

W72 EE 601.60-805.60 BUOIAL, SRl 805.60
BUZ 7P =0t Hadxe}l HA-dxe] 21o|Ql breakdown
I YA T} HAHE x}o]|¢l setbacks HE3F W 2]}
Zr el vls R olA 22t 407.60 H 433.60 BUZ
ojFoz ot W EE HiEe w3lE & Yehl=
o2 HMEsstoo] Wzt Al TG AEje] ofdR o
A7F A2 Uhe] vjgE o] e =rt e 39 %
< FdstHA H=7F S7F==H(Song & Shin 1991),
AollA = ZHelo] Hjg] ofdE 0~ o] =2 An g
o} sHAM T2 YZAFIEE HAT. Breakdownd}
setbacke SR Z]oNA =4 YEh} Ssfale] ot v
3l HE Aog oZFr). AR A= setbackS =
%O}, breakdowno] ZHH 2|8} AR A H o] 2R 2]}
A FF/, 22F 2 S50 22 AR 28 ks
Ao g A7HET)

jug

o

Mo A 2 o

8. A|XIHZEFAA|(DSC)O]| 2let 22| S5t EM
Are], sxe] 5 FRE ] ARIIFFAA ] &3k 335}
54 B4 A= <Table 5> 2t SspiA|2E, S84

<Table 4> Amylogram properties of various barley flours

Samples
Properties F-value
Naked barley Tetrastichum barley Waxy barley
Initial pasting temp. (°C) 58.36+0.92" 58.32+0.99 57.32+0.75 2.17
Maximum viscosity (BU) 676.20+9.36" 775.00+5.70* 693.20+21.67° 70.95%#%3)
Minimum viscosity (BU) 349.40+4.28" 366.40£19.14% 382.60+9.02* 8.87*
Cold viscosity (BU) 765.20+9.55° 805.60+25.22° 601.60+£14.19° 188.45%**
Breakdown (BU) 326.40+7.40° 407.60+18.76" 310.00+25.35° 39.05%**
Setback (BU) 411.60+5.86" 433.60+5.03" 213.63+11.61° 1132.82%**
DAIl values are mean=SD.
DMean with different superscript with in a column are significantly different (p<0.05) by Duncan’s multiple range test.
*p<0.05, ***p<0.001.
<Table 5> DSC thermal properties of various barley flours
Samples
Properties F-value
Naked barley Tetrastichumbarley Waxy barley
To (°C) 60.7120.112<) 61.60£0.14° 63.7240.08* 929.76***%
Tp (°C) 66.00+0.08° 66.70£0.17" 69.10+0.19 559.30%**
Te (°C) 73.43+0.112° 72.69+0.35° 74.89+0.11° 123.19%**
AH (cal/g) 8.204+0.29 8.51+0.28" 11.54+0.35* 174.61%**

DTo, Tp, Te: Onset, peak and conclusion temperature, respectively.
DAl values are mean=SD.

IMean with different superscript with in a column are significantly different (p<0.05) by Duncan’s multiple range test.

Dxxp<0.001.
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