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Variation of Protein, Oil, Fatty Acid, and Sugar Contents in Black Soybean Cultivars

According to Different Latitudes
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Mi-Young Nam', Lee-Seul Song', In-Youl Baek’, Hyeun-Kyeung Kim® and Myoung-Gun Choung (Department of
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This experiment was conducted to investigate the variation of crude protein, crude oil, fatty acid, and sugar
contents in five Korean domestic black soybean cultivars grown at different latitudinal locations, a high
latitude, Suwon (37°16'N) and a low latitude, Milyang (35°30'N). The crude protein content was highest in
Geomjeongkong # 3 (43.9%) and crude oil content was highest in Geomjeongkong # 4 (21.8%) among the
five cultivars. Crude protein and oil contents in black soybean cultivars except Geomjeongkong # 4 were
not significantly different between high latitude and low latitude. In most black soybean cultivars grown at
high latitude, oleic acid content was higher, while linoleic acid, and linolenic acid contents were lower
compared to low latitude. Sucrose content in Geomjeongkong # 3, raffinose contents in Geomjeongkong
# 3, # 4, llpumgeomjeongkong, and Cheongjakong, and stachyose content in Geomjeongkong # 1 grown at
low latitude was higher compared to high latitude. The variations of crude protein, crude oil and fatty acid
contents seemed to be affected by genotype than growing locations according to different latitude as they
did not show the significant interaction between cultivars and locations. In contrast, the variations of
glucose, sucrose, and stachyose contents maybe affected by environmental condition as different latitude
than the genotype because they showed the significant interaction between cultivars and locations.
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Table 1. Daily mean, minimum, and maximum air temperature, rainfall, sunshine hours, and cumulative air temperature
from planting to harvesting in 2003 in Suwon(high latitude) and Milyang(low latitude)

Location Daily mean air Daily min. air Daily max. air Rainfall Sunshine Cumulative air
(Duration) temp.(C) temp.(C) temp.(C) (mm) hours(hrs.) temp.(C)
Suwon(37°16'N)
(May 21~Oct. 10) 22.0 18.4 26.3 1,085.1 606.6 3,151.7
Milyang(35°30'N) 224 185 274 1,046.0 706.8 2,602.5

(June 18~Oct. 11)
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Table 2. F value of crude protein, crude fat, and fatty acid in black soybean cultivars according to different latitude

Unsaturated fatty acid Saturated fatty acid
Crude Crude - - - - - — -
Protein oil Oleic Linoleic Linolenic Total Palmitic Stearic Total
acid acid acid acid acid
Cultivar(C) 39.62** 48.22** 87.07** 52.03** 92.61** 10.91** 7.71%  30.72** 11.55**
Location(L) 9.88** 2.48ns 123.01**  46.51** 111.60%* 3.66ns 18.37** 3.41ns 4.19ns
CxL 2.17ns 1.81ns 1.08ns 0.82ns 1.86ns 1.28ns 3.22ns 0.19ns 1.38ns

** : Significant at the 1% level.
Cultivar : Five cultivars, Location : Two locations.

Table 3. Contents of crude protein, crude oil and fatty acids in black soybean cultivars according to different latitude

Fatty acid composition(%)
Crude  Crude Unsaturated fatty acid Saturated fatty acid

Cultvar Focation Protein(%) 0il(%) "~ Oleic Linoleic Linolenic Palmitic ~ Stearic

acid acid acid Total acid acid Total
Suwon(37°16'N) 416 ns® 193 ns 301a 503 b 667 b 871 ns 102 b 279 ns 129 ns

Geomjeongkong 1 Milyang(35°30'N) 41.8 19.0 260b 529a 777 a 86.6 108 a 264 13.4
Mean 417 BCY 191 C 280 A 516 C 7.2 B 86.8 A 105 BC 271 C 132 B
Suwon(37°16'N) 44.0 ns 177ns 220a 563 b 840Db 867 ns 105 ns 279 ns 133 ns

Geomjeongkong 3 Milyang(35°30'N) 43.8 17.8 189b 583 a 918 a 86.4 11.0 2.63 13.6
Mean 439 A 177 D 205D 573 A 879 A 86.5 A 108 A 271 C 135 B
Suwon(37°16'N) 39.6 b 224 a 242 a 555b 651ns 8.2ns 106 ns 3.15ns 138 ns

Geomjeongkong 4 Milyang(35°30'N) 40.5 a 212b 211b 579a 7.00 86.0 11.0 3.08 14.1
Mean 40.1 D 21.8 A 227 C 567 A 675 C 86.1 B 108 A 312B 139 A
Suwon(37°16'N) 414 ns 210ns 269 ns 528 ns 633 b 8.1ns 104Db 354ns 139 ns

Ilpumgeomjeongkong Milyang(35°30'N) 42.9 20.5 24.6 54.0 7.09 a 85.7 108 a 351 14.3
Mean 422 B 207 B 257 B 534B 671 C 859 B 10.6 AB 352 A 141 A
Suwon(37°16'N) 41.1 ns 191ns 237 a 560b 697D 8.6 ns 103 ns 3.06 ns 134 ns

Cheongjakong ~ Milyang(35°30'N) 41.8 195 200b 589a 799 a 86.9 10.1 297 13.1
Mean 414 C 193 C 218C 575 A 748 B 868 A 102C 301B 132B

Total average 419 197 237 55.3 7.39 86.4 10.6 3.01 13.6

“Means within a column in cultivars by the same letter are not significantly different at the 5% level by Duncan's Multiple
Range Test(DMRT).
"Means of cultivars followed by the same capital letter are not significantly different at the 5% level by DMRT.
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Table 4. F value of monosaccharide and oligosaccharide in black soybean cultivars according to different latitude

I Oligosaccharide Total
Monosaccharide
(Glucose) .
Sucrose Raffinose Stachyose Sum Total
Cultivar(C) 24.96%* 23.97** 19.76** 59.74** 19.36** 19.53**
Location(L) 1.80ns 6.02* 72.01** 35.22** 1.86ns 1.55ns
CxL 4.19* 3.95* 1.91ns 5.87** 3.24ns 3.41*

YPructose was not detected.
*, ** : Significant at the 5% and 1% levels, respectively.
Cultivar : Five cultivars, location : Two locations.

Table 5. Contents of monosaccharide, oligosaccharide, and total sugar in black soybean cultivars according to different

latitude
Cultivar Location Monosaccharide(%)a) Oligosaccharide(’.) Total(%)
(Glucose) Sucrose Raffinose Stachyose  Sum
Suwon(37°16'N) 0.11 ns” 397ns  075ns 233b  705ns 716 ns
Geomjeongkong 1 Milyang(35°30'N) 0.07 3.59 0.83 277 a 7.19 7.26
Mean 0.09 C? 3.78 B 0.79 B 255 A 712 B 721 B
Suwon(37°16'N) 0.16 ns 449 b 0.88 b 188 ns 725D 742 b
Geomjeongkong 3 Milyang(35°30'N) 0.17 4.66 a 113 a 2.03 7.82 a 8.00 a
Mean 017 A 458 A 1.00 A 196 D 754 A 771 A
Suwon(37°16'N) 0.13 b 4.26 ns 090 b 1.84 ns 7.00 ns 713 ns
Geomjeongkong 4 Milyang(35°30'N) 017 a 4.41 111 a 2.02 7.54 7.70
Mean 015 A 434 A 1.00 A 193 D 727 AB 742 AB
Suwon(37°16'N) 0.13 a 3.66 ns 0.66 b 2.06 ns 638 ns  6.52 ns
Ilpumgeomjeongkong  Milyang(35°30'N) 0.11 b 2.82 0.88 a 2.19 5.88 5.98
Mean 012 B 324 C 0.77 B 212 C 6.13 C 6.25 C
Suwon(37°16'N) 0.11 ns 4.08 ns 0.84 b 2.30 ns 722 ns 7.33 ns
Cheongjakong Milyang(35°30'N) 0.09 3.83 110 a 2.30 7.23 7.32
Mean 0.10 BC 3.95 B 097 A 2.30 B 723 AB 732 AB
Total average 0.12 3.98 0.91 217 7.06 7.18

Fructose was not detected.

®’Means within a column in cultivars by the same letter are not significantly different at the 5% level by DMRT.
“Means of cultivars followed by the same capital letter are not significantly different at the 5% level by DMRT.
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Table 6. Simple correlation coefficients among the crude protein, crude oil and fatty acid contents

Crude Oleic Linoleic Linolenic Palmitic Stearic
oil acid acid acid acid acid
Crude protein -0.804** -0.300ns 0.132ns 0.767** 0.160ns -0.324ns
Crude oil 0.244ns -0.128ns -0.789** 0.079ns 0.699*
Oleic acid -0.978** -0.690* -0.406ns 0.213ns
Linoleic acid 0.559ns 0.293ns -0.146ns
Linolenic acid 0.305ns -0.676*
Palmitic acid -0.072ns

*, *3%
s : Not significant.
(n=10, 5%=0.632, 1%=0.765)

: Significant at the 5% and 1% levels, respectively.
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Table 7. Simple correlation coefficients among the sugar contents
Sucrose Raffinose Stachyose Total sugars

Glucose 0.697* 0.358ns -0.836** 0.423ns

Sucrose 0.426ns -0.470ns 0.887**

Raffinose -0.210ns 0.604ns
Stachyose -0.077ns

Crude protein 0.057ns

Crude oil -0.430ns

*, ** : Significant at the 5% and 1% levels, respectively.

ns : Not significant.
(n=10, 5%=0.632, 1%=0.765)

2 < 46(2), 106-111.

Choung, M.G., 2006. Variation of oil contents and
U 49 AT F5S dPEeE V& de AuA Y fatty acid compositions in Korean Soybean germ-

2ol o] o] ope}, AEe] XA FIFS = T e plasms, Kor. J. Crop Sci. 51(S), 139-149.
5k zpeld] A, AT FH i I, A, Food and Agriculture Organization of the United Nations,

A 9 el ol E HES A, AT S5 2010. http://www.fao.org.
Zhy Sk Zﬂ%ﬂ% 3357} 43.9%, ZAY sk ARF Han, W.Y., Park, K.Y., Choung, M.G., Kim, H.T., Ko,
[e)

457} 21.8%% FE WelA 7 e FE L}EMB}D}.
v A 7“*:3 EF F AAF 4352 AT g

o] FFoIME AA 9] feApolol] whE Fuhuid Ul %Jl
We] gk Atol= Glolt AR o] S ol wpE AAE
ZA9 Hole wwel s At ARE FF
o] A9 EQl HokoA] Afuist FE1 T oleic acid &

J.M., Baek, LY., Lee. C.Y., 2008. Growth characteri-
stics and qualities of Korean soybean landraces,
Kor. J. Crop Sci. 53(S), 89-95.

Harris, P., James. A.T., 1969. Effects of low temper-
ature on fatty acid biosynthesis in seeds, Biochim,
Biophys. Acta. 187, 13-18.

e =9k, linoleic acid @ linolenic acid &2 Wk Kim, SL., Lee, Y.H.,, Chi, HY., Lee, SJ., Kim, SJ.,
tf shE, FEd FolM sucrose FEFE AT 33571 2007. Diversity in lipid contents and fatty acid

raffinose 3 AAF 335, ANFE 435, AdFARAFT L H
Ag-o), stachyose e AT 1371 Aol n=

urh B S Uehlolnh web me] me Aol

composition of soybean seeds cultivated in Korea,
Kor. J. Crop Sci. 52(3), 348-357.
Kim, Y.H., 2002. Current achievement and perspectives

FE 7 2, 22 9 Ak S AfolellE s of seed quality evaluation in soybean, Kor. J. Crop
g0 Q= o LERY, oS Ao Sere S4A Q) Sci. 47(S), 95-106.
Hipb= 547 29ld 93t Ao 7 sgtect ey o sk Kumar, V., Rani, A., Solanki, S., Hussain, S. M., 2006.

A= glucose, sucrose, stachyose= A& g 2-go] 9l
FFol wet 5 AujEgo] §44 Qluu: A

gl o pekdr,

itk

el

Burton, J.W., Wilson, R.F., Brim, C.A., Rinne, RW.,
1989. Registration of soybean germplasm lines
with modified fatty acid composition of seed oil,
Crop Sci. 29, 1583.

Choung, M.G,, Baek, LY., Kang, S.T., Han, W.Y., Shin,
D.C., Moon, HP., Kang, K.H., 2001. Determination
of protein and oil contents in soybean seed by near
infrared reflectance spectroscopy, Kor. J. Crop Sci.

Influence of growing environment on the bio-
chemical compositon and physical characteristics
of soybean seed, J. of food composition and analysis
19, 188-195.

Martin, B.A., Wilson, R.F., Rinne, RW., 1986. Temper-
ature effects upon the expression of a high oleic
acid trait in soybean, ]. A. Oil Chem, Aoc. 63,
346-352.

Ministry for Food, Agriculture, Forestry and Fisheries,
2010. http:/ /www.mifaff.go.kr.

Ok, HC.,, Yoon, Y.H,, Jeong, ]J.C., Hur, OS., Lee,
CW., Kim, C.G.,, Cho. HM,, 2008. Yield and isoflavone
contents of soybean cultivar in highland area, Kor.
J. Crop Sci. 53(1), 102-109.




128 F54 - o541 - 4 Y3

1%

beogal

f
1o

Mo

Piper, E.L., Boote, K.J., 1999. Temperature and cultivar
effects on soybean seed oil and protein concent-
rations, J. A. Oil Chem, Aoc. 76, 1233-1241.

Shin, S.O., Shin, S.H., Ha, T.J., Kim, S.G., Choi, K].,
Baek, LY. Lee, S.C., Park, K., 2009. Soybean
ecological response and seed quality according to
altitude and seeding dates, Kor. J. Crop Sci. 54(2),
174-178.

Singh, B.B., Hardley, N.H., 1968. Maternal control of
oil synthesis in soybeans, Glycine max (L) Merr.,
Crop Science 8, 623-625.

Weiss, M.G., Weber, CR., Williams, L.F., Probst,
AM.,, 1952. Correlation of agronomic characters and
temperature with seed compositional characters in

soybeans, as influenced by variety and time of
planting, Agronomy Journal 44, 289-297.

Wolf, R.B., Cavins, J.F., Kleiman, R., Black, L.T., 1982.
Effect of Temperature on soybean seed constituents:
Qil, protein, moisture, fatty acid, amino acid, and
sugar, |. A. Oil Chem, Aoc. 59, 230-232.

Yi, ES,, Yi, Y.S,, Yoon, S.T., Lee, H.G., 2009. Variation
in antioxidant componets of black soybean as
affected by variety and cultivation region, Kor. J.
Crop Sci. 54(1), 80-87.

Yoon, M.S., Baek, HJ. Lee, J.R.,, Kim, HH., Cho,
Y.H, Ahn, JW.,, Kim, C.Y., 2002. The major morpho-
logical characteristics and variations of soybean
landraces, Kor. J. Intl. Agri. 15(4), 294-303.





<<
  /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


