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The sesame (Sesamum indicum L., Pedaliaceae) is one of the most ancient oilseed crops known to mankind. Pedaliaceae,
or the sesame family, is a small family of 16 genera and 60 species. Among the  60 species of Pedaliaceae family, 37 species
belong to Sesamum genus. However, only Sesamum indicum L. (2n = 26) is cultivated between these 37 species [1]. Sesame,
an ancient cultivated plant and thought to have originated from Africa and Turkey, is known to be second genetic resource [2].

In general, sesame oil contains about 42% oleic acid  (18:1), 41% linoleic acid (18:2), 10% palmitic acid (16:0), 1%
linolenic acid (18:3), and 6% other fatty acids. However, the fatty-acid composition as well as the oil content is influenced by
various physiological, ecological, and cultural factors [3]. The unsaturated fatty-acid contents in sesame are higher in cultivars
from temperate regions than in those from tropical regions [4]. Moreover, the maturity of sesame seeds causes fatty acid
changes [5]. Not only these conditions affect the fatty-acid composition; genotypic factors also play an important role in the
process, resulting in the fact that each genotype shows a different fatty-acid composition. The determinated growth habit,
which is a very useful character enabling the possibility of mechanized harvesting by providing synchronous flowering in
sesame, should also influence genotypic factors as well as the environment with respect to fatty-acid composition. However,
there is no detailed study on the fatty-acid composition of determinated character even though it was first induced as early as
the 1980s [3].

Sesame seed contains 50–60% oil and 25% protein with antioxidant lignans such as sesamolin and sesamin and has
been used as active ingredients in antiseptics, bactericides, viricides, disinfectants, moth repellents, and anti-tubercular agents;
it is also a good source of calcium, tryptophan, methionine, and many minerals. These lignan contents have beneficial
physiological effects in animal and human health. The composition of fatty acid in sesame oil is variable between different
cultivars [6].

According to literature information, the fatty-acid composition of sesame obtained from different regions has not
been investigated. The aim of this study is to determine the fatty-acid compositions and �6/�3 ratios of sesame samples
obtained from different countries grown in Anatolia, Pakistan, and China and to compare species.

Twenty sesame samples (eighteen samples from Turkey and two samples of imported material, see Table 1) were
collected in order to determine the fatty-acid compositions.

Total lipid was extracted from the sesame samples by the method of [7]. Four-gram samples of sesame were
homogenized with 80 mL of a 2:1 (v/v) mixture of chloroform–methanol, after which 4 mL 0.88% NaCl was added. The liquid
was mixed and left to stand for 2 h to allow phase separation. The chloroform–methanol extract was evaporated to dryness in
a water bath at 50�C under nitrogen flow. The fatty acids were converted to their methyl esters using the standard boron
trifluoride–methanol method [8]. The resultant fatty-acid methyl esters were separated and stored at –20�C. At the beginning
of each analysis, the samples were allowed to equilibrate to room temperature and analyzed by a gas-liquid chromatograph
(Shimadzu 15-A) equipped with a dual flame ionization detector and a 1.8 m � 3 mm internal diameter packed glass column
containing GP 10% SP-2330 on 100/120 Chromosorb WAW, Cat. No. 11851. Column temperature was 190�C for 31 min, and
then rose progressively at 30�C/min up to 220�C where it was maintained for 10 min at 220�C. Carrier gas was nitrogen (2 mL/min).
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TABLE 1. Fatty-Acid Composition of Sesame Samples Obtained from Different Provinces in Turkey

______
Provinces: Izmit Gozcuk (1), Amasya Merzifon (2), Manisa Kisla (3), Izmit Kandira (4), Aydin Incirliova (5), Edirne Uzunkopru
(6), Balikesir Manyas (7), Antalya Manavgat (8), Bartin Yagci (9), Kahramanmaras (10), Urfa Siverek (11), Konya Bozkir
(12), Konya Akoren (13), Karaman Bucakisla (14), Mersin Mut (15), Diyarbakir Cungus (16), Konya Cumra (17), Adana
Bahazli (18); Countries: Pakistan (19), China (20).
–: not determined.

Fatty acid 1 2 3 4 5 6 7 8 9 10 

10:0 
12:0 
14:0 
15:0 
16:0 
18:0 
21:0 
22:0 
24:0 
� SFA 

 
14:1 
16:1 
18:1 
22:1 
24:1 

� MUFA 
 

18:2 
18:3 

� unident. 
� PUFA 
� 6/3 

SFA/PUFA 

– 
0.05 
0.05 
0.00 
10.28 
4.40 
0.22 

– 
0.00 
15.00 

 
0.00 
0.01 
42.57 
0.06 

– 
42.64 

 
40.01 
0.96 
1.40 
42.37 
28.57 
0.35 

0.05 
0.13 
0.11 
0.00 
8.62 
2.16 
0.20 

– 
– 

11.27 
 

0.00 
0.03 

45.78 
0.17 

– 
45.98 

 
41.09 
1.03 
0.62 

42.74 
30.30 
0.26 

– 
0.01 
0.05 

– 
9.84 
3.22 
0.30 

– 
– 

13.42 
 

0.00 
0.01 

41.44 
0.07 
0.25 

41.77 
 

42.67 
1.12 
1.03 

44.82 
35.71 
0.30 

0.00 
0.03 
0.03 
0.00 

10.21 
3.35 
0.20 
0.02 
0.15 

13.99 
 

0.00 
0.00 

42.28 
0.14 
0.11 

42.53 
 

42.06 
0.93 
0.50 

43.49 
38.46 
0.32 

0.01 
0.04 
0.03 
0.00 
9.70 
3.36 
0.21 
0.00 

– 
13.35 

 
0.00 
0.01 

42.02 
0.04 
0.19 

42.26 
 

42.79 
0.93 
0.71 

44.43 
38.46 
0.30 

– 
0.03 
0.07 
0.00 
9.84 
2.82 
0.21 

– 
– 

12.97 
 

0.00 
0.02 

44.38 
0.05 
0.14 

44.59 
 

40.75 
0.96 
0.70 

42.41 
29.41 
0.31 

– 
0.11 
0.19 

– 
9.40 
1.98 
0.21 

– 
0.10 

11.99 
 
– 

0.00 
44.46 
0.03 
0.20 

44.69 
 

41.39 
1.02 
0.93 

43.34 
25.64 
0.28 

– 
0.08 
0.12 

– 
9.76 
1.78 
0.30 

– 
0.25 

12.29 
 

– 
0.00 

50.71 
0.02 
0.14 

50.87 
 

35.31 
1.05 
0.48 

36.84 
28.57 
0.33 

– 
0.07 
0.14 

– 
10.14 
3.29 
0.21 
0.00 
0.10 

13.95 
 
– 

0.01 
46.53 
0.04 
0.21 

46.79 
 

37.52 
0.93 
0.81 

39.26 
29.41 
0.36 

– 
0.04 
0.11 

– 
10.62 
3.20 
0.32 
0.00 
0.45 
14.74 

 
0.00 
0.00 
41.58 
0.03 
0.14 
41.75 

 
41.98 
1.03 
0.49 
43.50 
37.04 
0.34 
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12:0 
14:0 
15:0 
16:0 
18:0 
21:0 
24:0 
� SFA 

 
14:1 
16:1 
18:1 
22:1 
24:1 

� MUFA 
 

18:2 
18:3 

� unident. 
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� 6/3 

SFA/PUFA 

0.00 
0.02 
0.00 
9.26 
4.03 
0.22 
0.81 
14.34 

 
0.00 
0.00 
42.00 
0.01 
0.47 
42.48 

 
41.28 
0.88 
1.0 

43.16 
35.71 
0.33 

0.01 
0.01 
0.03 
9.68 
2.11 
0.21 
0.24 

12.29 
 
– 

0.00 
47.35 
0.05 
0.10 

47.50 
 

38.71 
1.03 
0.46 

40.20 
35.71 
0.31 

0.00 
0.02 

– 
9.54 
5.05 
0.21 
1.00 

15.82 
 

0.00 
0.00 

41.33 
0.03 
0.16 

41.52 
 

40.19 
0.96 
1.54 

42.69 
25.64 
0.37 

0.01 
0.02 
0.00 

10.19 
4.15 
0.26 
0.52 

15.15 
 

0.00 
0.00 

37.63 
0.02 
0.37 

38.02 
 

44.58 
0.93 
1.32 

46.83 
50.00 
0.32 

0.03 
0.13 

– 
9.81 
4.27 

– 
1.19 

15.43 
 

– 
– 

41.79 
0.02 
0.11 

41.92 
 

40.79 
1.35 
0.52 

42.66 
24.39 
0.36 

0.03 
0.15 

– 
9.48 
3.80 

– 
0.37 

13.83 
 

0.00 
– 

39.55 
0.20 
0.54 

40.29 
 

43.53 
1.29 
1.05 

45.87 
23.81 
0.30 

0.06 
0.20 

– 
9.58 
3.83 
0.45 
0.58 

14.70 
 
– 
– 

43.64 
0.01 
0.21 

43.86 
 

39.81 
1.24 
0.39 

41.44 
26.32 
0.36 

0.05 
0.12 

– 
9.84 
3.83 
0.23 
1.01 

15.08 
 

– 
– 

38.34 
0.11 

– 
38.45 

 
44.88 
1.04 
0.56 

46.48 
40.00 
0.32 

0.21 
0.39 

– 
10.77 
4.25 

– 
0.52 

16.14 
 

0.00 
– 

36.18 
0.02 
0.33 

36.53 
 

43.68 
1.46 
2.2 

47.34 
15.15 
0.34 

0.07 
0.25 

– 
10.35 
3.89 

– 
0.60 
15.16 

 
– 
– 

36.00 
0.06 

– 
36.06 

 
46.44 
1.65 
0.68 
48.77 
27.03 
0.31 

 



100

The injector and detector temperatures were 225 and 245�C, respectively. Conditions were chosen to separate fatty acids of
carbon chain length from 8 to 24. The fatty acids were identified by comparison of the retention times with known external
standard mixtures (Alltech) quantified by Shimadzu Class-VP software, and the results were expressed as percentage distribution
of fatty acid methyl esters. Each of the experiments was repeated three times.

The fatty-acid compositions of sesame samples for each region are presented in Table 1. The highest fatty-acid ratios
are as follows: oleic acid 18:1�9; (50.71%) in Manavgat in Antalya, (47.35%) in Bozkir in Konya, (46.53%) in Yagci in
Bartin, linoleic acid 18:2�6; (46.44%) in China, (44.88%) in Bahazli in Adana, (44.58%) in Bucakisla in Karaman, palmitic
acid 16:0; (10.77) in Pakistan, (10.62) in Kahramanmaras, (10.35) in China. Oleic and linoleic acids are the most abundant
monounsaturated and polyunsaturated fatty acids in all samples, respectively. The total MUFA (monounsaturated fatty acid)
composition of the studied species is between 36.06–50.87%, while the PUFA (polyunsaturated fatty acid) composition is
36.84–48.77%.

Palmitic acid is mostly found in samples obtained from Pakistan and China, the major SFA contributing approximately
11.27–15.82% to the total SFA content. The level of MUFA depends on the level of oleic acid. The greatest proportion of oleic
acid is found in Manavgat in Antalya. The European Commission reports that erucic acid 22:1�9 in vegetable oils must be
present at the maximum value of 5.0% for human health [9]. In this study, erucic acid was found to be between 0.01 and 0.20%
in all species.

The long-chain �3 and �6 fatty acids are commonly called PUFAs. Long-chain �3 PUFAs cannot be readily synthesized
by the human body and are mostly obtained through the diet, and  �3/�6 ratios are considered to be important [10, 11].
Dyerberg noted that an increase in the �3/�6 PUFA ratio increased the availability of �3 PUFAs, which are beneficial for
human health [12]. The lowest linoleic acid content (46.44%) is found in samples from China. Nutritionists suggest that �3
fatty acids must be present in greater amounts in human diet. In the present study, the  �6/�3 ratio is found to be 50.00% in
Karaman and 15.15% in Pakistan.

Similarly, Akin found that the �6/�3 ratio in the some raisin was 25.64, 13.86 and 8.86%, Eksi Kara, Gok Uzum,
Kara Dimrit, respectively [13].

REFERENCES

1. H. Baydar and I. Turgut, Turk. J. Biol., 24, 503 (2000).
2. H. Koca, M. Bor, F. Ozdemir, and I. Turkan, Environ. Exp. Bot., 60 (2007).
3. B. Uzun, S. Ulger, and I. Cagirgan, Turk. J. Agric. For., 26 (2002).
4. J. I. Lee and C. W. Kang, J. Korean Soc. Crop Sci., 25, 54 (1980).
5. K. S. Sekhon and I. S. Bhatia, Oleagineux, 27, 371 (1972).
6. M. A. Ghulam, S. Yasumoto, and M. Seki-Katsuta, Electron. J. Biotechnol., 10 (2007).
7. J. Folch, M. Lees, and G. H. Sloane Stanley, J. Biol. Chem., 226, 497 (1957).
8. C. W. Moss, M. A. Lambert, and W. H. Merwin, Appl. Microbiol., 28, 80 (1974).
9. EC, Council Directive 80/891/EEC, Official Journal L, 1980, p. 254.

10. C. Alasalvar, K. D. A. Taylor, E. Zubcov, F. Shahidi, and M. Alexis, Food. Chem., 79, 145 (2002).
11. G. M. Pigott and B. W. Tucker, Food Rev. Int., 3, 105 (1987).
12. J. Dyerberg, Nutr. Rev., 44, 125 (1986).
13. A. Akin, Asian J. Chem., 23, 5 (2011).


	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 2400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


