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Abstract

The effects of the steeping process and infrared heating conditions on the hydration and cooking properties of barley
were studied. Barley grain treated with infrared heating alone showed a slight increase in water uptake regardless
of infrared heating temperature and duration. Barley grain which steeped prior to infrared heating showed a higher
extent of water uptake with increasing heating temperature than that of infrared heating alone. Rapid Visco Analyzer
profiles revealed that the peak viscosity of barley starch decreased with increasing infrared heating temperatures in
conjunction with the steeping process, indicating the occurrence of starch gelatinization. The spreadability and rela-
tive index of hardness of cooked barley increased with increasing heating temperatures in the presence or absence
of the steeping process. The sensory test showed that the barley sample, steeped for 15 min then heated at 120°C,

had the highest sensory scores among samples in all the measured sensory attributes.
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Fig. 1. Water uptake of infrared heated barley without steeping
process.
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Fig. 2. Water uptake of infrared heated barley with steeping
process.
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Fig. 3. RVA profiles of infrared heated barleys without steeping
process; samples were heated at different temperatures for
duration of water content decrease by 5%.
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Fig. 4. RVA profiles of infrared heated barleys with steeping
process; samples were infrared heated at different temperatures
for duration of moisture decrease to initial moisture content.
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Fig. 5. Spreadability of cooked barley with steeping process.
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Fig. 6. Spreadability of cooked barley without steeping process.
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Fig. 7. Sensory test of cooked barley with or without steeping
process at different infrared heating conditions.

AlZko] dojo| wet F7tste] 3.42~3.58H 919 i
Uehlilou, SR S7bel wAe A7
A otk Bk ollgk A= 120°C 7HEA
‘*é SAA(3.17~-3.42)91 = frAbsted, #3142 7
ol wEtAE FA Afol7t YA = A
ATH mEbA o]F PR EF S HeAFL A
o A1 €] st ojgk A} Bl 3F HslE HAs)sh, A
@A ZHse= 158 73 F 1200C 719 S HE A
Zx710 2 o] o]F A XYt

fo 1o oo

l‘ﬂ = rlo

_Hl—r’g)l

e H o2 XN )

o
o lo

e

o

m\l

=
3T
[e3]
A
FH
—L
L

2=y Eot
Ao 7rEA el ok &
7he dstE S8 AT A 7} =
T, & 1200CoAA FEFEF 3% Z}iﬂ}ﬂ A9 7rd et
S ANE9} 158 F3 T 1200000 £ A R
¥ =297k 7HEs MRS il
T thxF9 BlaL Jrteklom, 2 A= Fig. 73 2t
2 Q) 7?%?@ Hele] AL HAee 73 o Fol

o, UNI
b=t

)

+

)

s

L)

o T

)
5
9,
o
e
9&
=
>
L
e
L
i—"/
N
to, foi
H
o
d
i
4
ofr
Lo Jn e

”‘*01]*1 EHZ%L EE} iﬂ] S50, 2
a3 weje] Huk Aol AA 7H**Q e Fdst
tta‘]— 7]_,4. X—]ﬂ}v]7]_0ﬂ° bﬂzsg ;%g]-o‘]_ )\]g_‘— 7‘:}
gAA 73 Eel A B PR B w2 Wi Ve
of, B2]e] FHut Hvl= Ao 7tE Aok S B
e o AUz A EE AS Fsi

rr
N

2

o (o]
L =

W ApAE melsl AW A3t w5y
o A % Aol Adzdel dge YEsis
go] FREFEE H947tE BB T 5% A9
drhge] WaAe mFeIA A Ttk on, v &
Bele) Ashs E3 ZUteT B olF ARE Hojg



neje] Fsid S

his)

3}04 P& Aeds Wuksh A, 27| A
wale] AR NFert hxT Bt ﬂﬂl NA=E=E A
Sholstdct. et 3 AMrtd-e Wl s
A7t dEA P ET gt J*”E**é Z=
ZALE] ], B o] Hu ) s RS Qg 2
L 5E7F ALFH T 120000 2] SRS

bt

o 4
rN FE

£ g rol'

(RO
g_mr

o
x=

7tgw A

2wy o mjo 1o rfob

o
ol

HAlel 2
& ATE FEFAETONA AT Novel-G A ]
A1) 2| gleol] 7} =k,

References

AACC. 1995. Approved Methods of American Association of the
Cereal Chemists (No. 44-16), St. Paul, MN, USA.

Afzal TM, Abe T, Hikida Y. 1999. Energy and quality aspects
during combined FIR-convection drying of barley. J. Food Eng.
42: 177-182.

Cenkowski S, Ames N, Muir WE. 2006. Infrared processing of
oat groats in a laboratory-scale electric micronizer. Canadian
Biosys. Eng. 48: 3.

Delcour J, Hoseney RC. 2010. Principles of cereal science and
technology. AACC International, St. Paul, MN, USA. pp. 12-15.

Fasina OO, Tyler RT, Pickard MD, Zheng GH. 1999. Infrared
heating of hulless and pearled barley. J. Food Process. Pres. 23:
135-151.

Fattah A, Sadeghi AA, Nikkhah A, Chamani M. 2013. Effects of
infrared irradiation on barley grain starch degradation in the
rumen of sheep. Sci. Res. Essays 8: 992-995.

Ghiasi K, Hoseney RC, Varriano-Marston E. 1982. Gelatinization
of wheat starch. IV. Comparison by differential scanning calo-
rimetry and light microscopy. Cereal Chem. 59: 258-262.

Slgt Mol hd & 311

Han SH, Choi EJ, Oh MS. 2000. A comparative study on cooking
qualities of imported and domestic rices (Chuchung byeo).
Korean J. Food Cookery Sci. 16: 91-97.

Jung ES, Shin DH, Doo JK, Chae SW, Kim YS, Park YM. 2010.
Status of mixed grain diet by people with diabetes in Jeollabuk-
do and sensory evaluation of different composition of mixed
grains. J. Korean Soc. Food Nutr. 39: 1049-1055.

Kahlon TS, Chow FI, Knuckles BE, Chiu MM. 1993. Cholesterol-
lowering effects in hamsters of B-glucan-enriched barley frac-
tion, dehulled whole barley, rice bran and oat bran and their
combination. Cereal Chem. 70: 435.

Kent NL, Evers AD. 1994. Technology of cereals: an introduction
for students of food science and agriculture. Woodhead Publish-
ing, Cambridge, UK. pp. 2-17.

Kim JG Lee JH, Sung BR, Ko BR, Lee YT, Kwon TO. 2012.
Current state of barley industry and counterplan against the abo-
lition of procurement system of barley -I. Actual condition of
the production of barley processed products and investigation on
quality and price. Korean J. Intl. Agri. 24: 392-396.

Lee MJ, Lee NY, Kim YK, Kin JG Hyun JN. 2009. Cooking and
pasting properties of split and pressed barley. Korean K. Food
Preserv. 16: 830-837.

Lee WJ. 1992. Changes in dietary fiber content of barley during
pearling and cooking. Korean J. Food Sci. Technol. 24: 80-182.
Lim SB, Kang MS, Jwa MK, Song DJ, Oh YJ. 2003. Characteris-
tics of cooked rice by adding grains and legumes. J. Korean

Soc. Food Nutr. 32: 52-57.

Newman RK, Newman CW, Graham H. 1989. Hypocholester-
olemic function of barley B-glucans. Cereal Food World 34:
883-886.

Oh HJ, Lee SR. 1996. Physiological function in vitro of p-glucan
isolated from barley. Korean J. Food Sci. Technol. 28: 689-695.
Ratti C, Mujumdar AS. 1995. Infrared drying. Handbook of indus-
trial drying. CRC Press, Inc., Boca Raton, FL, USA. pp. 567-

588.

Ullrich S. 2010. Barley: Production, improvement, and uses.

Wiley-blackwell, Hoboken, NJ, USA. pp. 160-210.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


