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Introduction

Many phytochemical components in seed grains have been studied for
investigating the phylogenetic differentiation and geographical distribution of
domesticated plants in the family Poaceae, for example, starch and phenol
compounds in Setaria italica (L.) P.Beauv. and Panicum miliaceum 1.. (Kawase and
Sakamoto 1982; Kimata and Negishi 2002).

The seed grains of subfamily Panicoideae have a remarkably high lipid
content. Similar to amino acid composition, the composition of major fatty acids is
the same in the subfamilies in Poaceae (Taira 2003) . Oleic acid and linoleic acid
are the major fatty
content of the seed grains. On the other hand, phylogenetic differences in the
minor fatty acid composition are observed in the subfamilies of Poaceae (Taira 1989).
For example, differences among the Indian, Chinese, Japanese and Javanese forms
of Oryza sativa L. (Taira et al. 1988) have been observed ; further geographic

variations have also been detected with regard to endosperm starch (glutinous or



non-glutinous) among the Eurasian landraces of S, italica (Taira 1986).

The authors have examined the fatty acid composition of the seed grains of
the following domesticated plants; Perilla frutescens, Linum usitatissimum,
Amaranthus hypochondriacus, A. caudatus and Sorghum bicolor (Endo et al 1993,
1995, 1996). The present paper compares the fatty acid composition with glutinous

or non-glutinous properties of the seed grains of 2 miliaceum.

The landraces of the common millet P miliaceum that were used comprised a
total of 47 accessions which had been collected throughout Eurasia, including
France (1), Spain (1), Romania (2), the former USSR (3), Afghanistan (3), India (3),
Nepal (1), China (4), Korea (2) and Japan (26). A weed form from Romania was
also used.

Total lipid was extracted from the seed grains by the Folch method. The
extract was then divided into 2 parts — neutral lipids and polar lipids. The fatty
acid composition of the purified neutral lipids was analyzed by gas chromatography.
The mature seed grains were crushed and soaked in a drop of 300 ppm potassium

iodide-iodine solution for 10 min. at room temperature. The colour of the powder
of the
glutinous; raspberry red, moderately glutinous; and ink blue, non-glutinous.

Results and Discussion

The total lipid content expressed as a percentage of dry weight and the
neutral lipid content expressed as a percentage of total lipid content in seed grains
of P miliaceum are shown in Table 1. The total lipid content varied from 3.2% to
6.7% in the landraces used. The total lipid content of glutinous landraces tended
to be higher than those of medium and non-glutinous landraces. However, these
differences were not statistically significant.

Table 2 shows the fatty acid composition of neutral lipids in the seed grains of

landraces among the 3 types of grain starch. The content of palmitic acid (16:0)
and stearic acid (18:0) was the highest in the moderate landraces. The content of
linoleic acid (18:2) was the highest in glutinous landraces. These differences were
not statistically significant. However, statistically significant differences in the

fatty acid composition of seed grains were observed in S italica (Taira 1984).



Table 1. Lipid content in seed grains of Panicum miliaceum
Glutinous/ Strain No Locality Total lipid (%) Neutral lipid (%)
non-—glutinous 1) 2)
Non—glutinous PC049 France 4.7 917
PC050 Spain 6.7 90.9
PCO045 Romania 4.2 89.4
PC046 Romania 3.3 85.8
PC041 Former USSR 4 89.3
PC042 Former USSR 4.1 89.8
PC043 Former USSR 3.5 84
PC037 Afghanistan 4.3 95.8
PC039 Afghanistan 4 90.2
PC040 Afghanistan 48 88.3
PCO67 India 49 a1
PC339 India 48 899
PC483 India 56 91,1
PC087 Nepal 49 817
PC316 China 5.3 89.3
PC169 Korea 46 91.9
Mean 4.60625 89.38125
sd 0.801926392 3.20043332
(weed) PC047 Romania 5.1 90.3
Moderate PC036 China 48 83.8
PCO01 Japan 4.6 94.5
PC002 Japan 3.5 90
PC003 Japan 4 864
PC005 Japan 45 89.9
PC006 Japan 33 a1
PC007 Japan 45 80.3
PC008 Japan 438 94.7
PC010 Japan 4.7 829
PCO11 Japan 3.3 87
PC012 Japan 3.8 85.7
PCO13 Japan 4 81
PCO15 Japan 5.7 90
PCO16 Japan 4.5 85
PCO17 Japan 3.2 89.8
PCO18 Japan 3.6 80.6
PCO19 Japan 3.8 935
PC020 Japan 46 81.6
PC021 Japan 4.8 83.8
PCO026 Japan 4.2 90.5
PCO54 Japan 42 86.6
Mean 4.20952381 87.07619048
sd 0.61868121 4443711958
Glutinous PC052 China 4.6 854
PC0O53 China 48 78.2
PC033 Korea 6.7 78.9
PC023 Japan 56 722
PC024 Japan 4.7 77
PC025 Japan 4.8 86.1
PC031 Japan 6.1 88.9
PC166 Japan 3.6 81.8
PC480 Japan 3.8 90.3
Mean 4.966666667 82.08888889
sd 0.953356643 5675766115

1) % of dry weight for a sample, 2) % of neutral lipids for total lipid
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Table 2, Fatty acid composition of neutral lipids in seed grains of Panicum miliaceum

Glutinous/ Strain No.  Locality 16:0 18:0 18:1 18:2 18:3 20:0 20:1 22:0
non—glutinous
Non—glutinous PC049 France 96 trace 198 63.2 18 1 1.3
PC050 Spain 16 2.7 283 25.9 0.1 1.8 23
PC045 Romania 124 33 19.2 53.1 1.3 2 07
PC046 Romania 12 2.7 18 56.7 2 14 038
PC041 Former USSR 10.2 trace 212 62.4 1.3 1 1
PCo42 Former USSR 85 1.7 17.8 66 0.6 0.7 04
PC043 Former USSR 8.3 3.3 19.2 63.3 14 1.6 0.5
PCO37 Afghanistan 84 0.2 211 626 15 09 07
PCO39 Afghanistan 9 0.1 19.6 60 15 1.2 0.9
PC040 Afghanistan 105 25 178 50.9 0.5 1.2 27
PC067 India 74 03 25.2 64.5 1.3 08 0.6
PC339 India 6.9 1.3 255 63.6 1.2 0.6 0.7
PC488 india 7 0.6 333 55.5 1.1 0.6 0.8
PCO67 Nepal 74 0.3 252 64.5 1.3 08 06
PC316 China 7.8 09 239 63.9 1.2 08 09
PC169 Korea 123 1.7 29.9 53.1 038 1 1.6
Mean 9.60625 228125 58075 1.18125 1.075
sd 24327116 45728649 95230313 0.466662 0.3881044
(weed) PC0O4T Romania 126 1.7 29.2 53 0.6 14 09
Moderate PC036 China 8.8 trace 183 58.8 1.1 0.6 08
PCO01 Japan 12 2.8 165 65.3 1.7
PC0o02 Japan 16.2 2.1 16.3 60.5 1.7
PC003 Japan 10.8 1.3 18.1 63.9 1.9
PCO05 Japan 10.3 13 21.2 64 1.3 0.9 06
PCO06 Japan 11.7 1.3 15.8 67.1 16
PCOO7 Japan 111 1.8 156 60 13
PCO08 Japan 218 trace 242 4385 trace 1 0.9
PCO10 Japan 16.9 1.6 16.7 457 3.1 07 14 33
PCO11 Japan 11.9 1.5 16.7 65.7 1.6
PCOt2 Japan 108 1.2 15.1 68.9 0.8
PCO13 Japan 13.2 1 156 65.1 2.9
PCO15 Japan 12 3 18.1 63.3 1
PCO16 Japan 15.7 19 173 60.5 15
PCO17 Japan 124 1.5 16.9 65.8 1.4
PCO18 Japan 135 1.7 19.6 464 1 13 14 26
PCO19 Japan 10.8 1.3 15.4 66.6 34
PC0O20 Japan 10.1 trace 20.1 64.4 12 0.7 08 0.9
PGO21 Japan 14.3 1.6 23 64.1 04 1 1 7.1
PC026 Japan 7.8 44 28 497 1.4 09 0.8
PC054 Japan 10.1 0.7 20 57.8 17 1 15
Mean 1247619 18.690476 60.57619
sd 3.0480134 3.187013 6.8981643
Glutinous PC052 China 11 24 15.2 58.1 0.3 0.6 06
PCO053 China 105 2.1 16.6 63.9 04 1 07
PGO33 Korea 58 0.8 241 85.2 0.9 0.5 0.8 trace
PCo23 Japan 10.8 trace 19.1 642 15 0.9 L3 0.9
PCo24 Japan 12.8 04 188 834 17
PCo25 Japan 101 1 199 64 1.2 038 1.2 0.7
PCO3t Japan 58 trace 227 59.6 1.7 14 1.2 13
PC166 Japan 9.9 1.1 22 60.8 1.4 0.8 0.6
PC480 Japan 10.6 1.2 20.5 65.3 1.2 0.7 0.6
Mean 9.6888889 19.877778 62.722222 1.1444444
sd 2.1961807 26889807 24325468 04878777

16:0=palmitic acid; 18:0=stearic acid; 18:1=oleic acid; 18:2=linoleic acid; 18:3=linolenic acid; 20:0=arachidic acid;

20:1= eicosapentaenoic acid; 22:0=behenic acid.
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Geographical variation in the content of stearic acid (18:0) and arachidic acid (20:0)
can be clearly observed in S. italica. Based on this, it was suggested that Eastern
Asian landraces had been differentiated from Central Asian landraces (Taira 1989).

The landraces of F miliaceum were categorized into 4 types — AB, AE, ABE
and O — based on the presence or absence of arachdic, behenic and
eicosapentaenoic acids, as shown in Table 3. The European and Afghanistan
landraces were of the AB type, while the Indian landraces were of the AE type.
The AB, AE and ABE types were observed in the Chinese landraces; all 4 types were
obsérved in the Japanese landraces. The weed form from Romania was of the AE
type. Therefore, if an ancestral form may have been the weedy AE type, the AB
type had been bred both in Europe and Asia, the ABE and O types had been bred
only in Eastern Asia. This fact supports the view that P miliaceum had
originated around Central Asia and then spread to both Europe and Asia (Sakamoto

1987; Kimata and Negishi 2002).

Table 3. Four types categorized by the composition of minor fatty acids

Geographical region AB AE ABE (0] Total
Europe to Afghanistan 10 1(weed) 11
Indian Subcontinent 4 5
China and Korea 3 2 i 6
Japan 2 4 7 13 26
Total 15 11 8 13 47

AB, containing arachidic acid and behenic acid; AE, arachidic acid and eicosapentaenoic acid;

ABE, three fatty acids; and O, nothing.
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