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Table 1. Mass Spectra of Hydrocarbons Identified from the Essential Oils of Hydridsorgo, Sudangrass,
Red Clover, and Ladino Clover?

compound forage crop molecular ion five strongest fragment ions
detected® (rel intens., %) (rel intens., %)
n-tridecane R,L 184( 5) 57(100), 43(77), 71(55), 85(35), 41(28)
n-tetradecane R, L 198( 4) 57(100), 43(79), 71(57), 85(31), 41(27)
n-pentadecane H,S,R,L 2120 3) 57(100), 43(77), 71(54), 85(29), 41(26)
n-hexadecane H,S,R, L 226( 3) 57(100), 43(73), 71(56), 85(34), 41(28)
n-heptadecane H, S R, L 240( 3) 57(100), 43(66), 71(52), 85(32), 41(26)
n-octadecane H,S,R,L 254( 2) 57(100), 43(67), 71(56), 85(33), 41(26)
n-nonadecane H,S,R,L 268( 2) 57(100), 43(69), 71(56), 85(35), 41(28)
n-eicosane H,S,R,L 282( 2) 57(100), 43(71), 71(60), 85(38), 41(32)
n-heneicosane H,S,R, L 296( 2) 57(100), 43(71), 71(57), 85(35), 55(32)
n-docosane H, S 3100 2) 57(100), 43(85), 71(59), 85(36), 41(35)
n-tricosane H,S,R,L 324( 2) 57(100), 43(78), 71(57), 85(36), 55(34)
n-tetracosane H, S 338( 0) 57(100), 43(86), 71(62), 85(41), 41(3D)
n-pentacosane H,S,R,L 352( 0) 57(100), 43(75), 71(60), 85(40), 55(37)
n-hexacosane H, S 366( 1) 57(100), 43(88), 71(68), 85(41), 55(40)
n-heptacosane H,S,R,L 380¢ 1) 57(100), 43(70), 71(59), 85(37), 55(24)
n-octacosane H,S5,R,L 394C 0) 57(100), 43(77), 71(64), 85(39), 55(38)
7-NONACosane H,S,R,L 408( Q) 57(100), 43(76), 71(63), 85(40), 55(25)
p-xylene H, S 106 (54) 91(100), 106(54), 39(27),105(24), 51(16)
p-cymene L 134(27) 119(100), 91(50), 134(27),117(23), 115(22)

“The names of forage crops are omitted from next Table. YH=Hybridsorgo; S=Sudangrass; R=Red
clover; L=Ladino clover. The same abbreviation applies correspondingly to the following.

Table 2. Mass Spectra of Aldehydes Identified from the Essential Oils

compound forage crop molecular ion five strongest fragment ions
detected (rel intens., %) (rel intens., %)
acetaldehyde H, S 44( 65) 29(100), 44(65), 43(45), 42(16),41(12)
3-methylbutanal L 86( 10) 44(100), 43(81), 41(66), 57(30),58(29)
1-hexanal R,L 1000 0) 44(100), 56(83), 43(72), 41(72),57(62)
1-heptanal R 114( 0) 43(100), 44(72), 70(62), 41(55),55(47)
l-octanal R 128C 0) 43(100), 41(62), 44(56), 57(56),55(48)
1-nonanal R 142( 0) 57(100), 43(82), 41(77), 56(56), 44 (55)
furfural H,S, L 96(100) 96(100), 95(91), 39(40), 38(10),29(10)
benzaldehyde R, L 106( 99) 77(100), 106(99), 105(96), 51(44),50(26)
phenylacetaldehyde H,S,R,L 120( 30) 91(100),120(30), 65(24), 92(23),89(19)
anisaldehyde H,S 136( 66) 135(100), 136 (66), 77(45),107(27),92(22)
veratraldehyde H, S 166 (100) 166 (100), 165(58), 95(51), 77(44),51(35)
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Table 3. Mass Spectra of Ketones Identified from the Essential Oils

compound forage crop molecular ion five strongest fragment ions
detected (rel intens., %) (rel intens., %)
propan-2-one H,S 58(29) 43(100),58(29),27(18), 42(12),26(11)
butan-2-one H, S 72(17) 43(100), 29(40),27(23),72(17),42( 9)
pentan-2,3-dione H, S 100(12) 43(100), 29(54), 57(54), 27(36), 71(31)
hexan-2-one H, S 100( 5) 43(100),58(34), 29(23),41(20), 27(17)
octan-2-one H, S 128( 2) 43(100),58(30),41(21),29(18), 27(18)
octan-3-one R,L 128( 5) 43(100), 29(96),57(64), 27 (85),41(34)
nonan-2-one H, S 142( 2) 43(100), 29(40), 41(37),58(35),57(28)
6,10,14-trimethyl- g p 268( 0) 43(100), 58 (62), 57(52), 71 (44), 55 (44)

pentadecan-2-one

Table 4. Mass Spectra of Alcohols Identified from the Essential Olis

compound forage crop molecular ion five strongest fragment ions
detected (vel intens., %) {rel intens., %)
ethanol H,S,R,L 46(21) 31(100), 45(51),46(21), 27(18), 29(17)
3-methyl-1-butanol R,L 88( 0) 43(100), 55(92),41(81), 57(72), 70(68)
cis-3-hexen-1-o0l R 100( 5) 41(100), 67(42),55(39), 69(37), 82(32)
3-methyl-3-pentanol H, 8 102( 0) 73(100), 43(62),55(59), 45(44), 29(32)
1-hexanol R 102( 0) 56(100), 43(81),55(60), 41(54), 42(45)
1-octen-3-o0l R,L 128( 0) 57(100), 43(27),29(19), 41(14), 72(12)
isophytol H, S 296( 0) 71(100), 43(48),57(34), 55(31), 41(28)
phytol H,S,R 296( 0) 71(100), 43(50),57(34), 55(27), 41(26)
benzyl alcohol H,S,R,L 108(66) 79(100), 108(66), 77(64), 91(57),107(55)
2-phenylethanol H, S 122(23) 91(100), 92(48),65(27),122(23), 51(23)
linalool oxide (+) H 170 O) 59(100), 43(50),68(33), 94(28), 83(28)

(+), probable artifact.
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Table 5. Mass Spectra of Esters Identified from the Essential QOils
compound forage crop  molecular ion five strongest fragment ions
detected (rel intens., %) (rel intens., %)
methyl acetate R, L 74(15) 43(100), 74(15), 29(14), 42(10), 59( 7)
methyl n-butyrate L 102( 0) 43(100), 29(88), 27(67), 41(40), 45(43)
methyl 2-methylbutyrate L 116( 0) 57(100), 88(97), 41(h5), 28(45), 85(33)
methyl isovalerate L 116( 0) 74(100), 41(70), 57(65), 29(61), 43(60)
methyl caproate L 130¢ 0) 74(100), 43(65), 29(35), 87(32), 27(30)
methyl pelargonate L 1720 0) 74(100), 87(45), 43(31), 41(19), 55(17)
methyl palmitate H, S 270( 5) 74(100), 87(60), 43(35), 41(21), 55(20)
ethyl formate H 74(12) 31(100), 28(80), 29(65), 27(49), 45(33)
ethyl acetate H,R, L 88( 4) 43(100), 29(27), 27(16), 45(16), 61(10)
ethyl propionate H, S 102( 8) 29(100), 57(66), 28(41), 27(39), 45(24)
ethyl n-butyrate L 116( 3) 43(100), 29(96), 27(81), 71(47), 41(44)
ethyl 2-methylbutyrate R,L 130¢ 5) 57(100), 29(65),102(49), 85(37), 41(36)
ethyl isovalerate R, L 130( O) 88(100), 57(80), 29(78), 85(76), 43(72)
ethyl n-valerate R,L 1300 0) 29(100), 85(91), 57(74), 88(69), 60(44)
ethyl caproate R,L 144( 0) 88(100), 43(70), 29(50), 99(48), 60(42)
ethyl oenanthate R, L 158( 0) 43(100), 88(65), 41(33), 45(33), 29(31)
ethyl caprylate R,L 172( 0) 43(100), 45(87), 60(82), 88(51), 57(30)
ethyl pelargonate R, L 186( 3) 88(100), 55(85), 43(61), 29(55), 41(41)
ethyl caprate R,L 200( 0) 43(100), 88(91), 41(63), 29(62), 57(60)
ethyl laurate R, L 228( 6) 88(100), 43(75), 60(62), 41(58), 57(51)
ethyl myristate H,S,R,L 256( 6) 88(100), 43(55),101(49), 41(42), 55Q37)
ethyl pentadecanoate R,L 270( 6) 43(100), 57(81), 55(68), 88(61), 41(58)
ethyl palmitate H,S,R, L 284(14) 88(100), 43(71),101(55), 41(52), 55(47)
ethyl linoleate R, L 308( 0) 43(100), 45(49), 55(44), 41(36), 57(34)
ethyl oleate R,L 310( 6) 55(100), 43(93), 41(73), 57(71), 69(68)
ethyl stearate R, L 312(11) 88(100), 43(88), 57(72), 55(63), 101(56)
isoamyl acetate R,L 130( 0) 43(100), 70(39), 55(29), 41(23), 42(14)
n-amyl acetate R, L 130( 0) 43(100), 70(34), 41(28), 42(24), 61(23)
cis-3-hexenyl acetate R 142( 0 43(100), 82(59), 67(59), 41(19), 55(11)
n-hexyl acetate H,S,R,L 144( 0) 43(100), 56(44), 55(24), 41(23), 61(22)
1-octen-3-yl acetate R,L 170¢ 0) 43(100), 41(50), 67(33), 55(24), 99(19)
n-octyl acetate H,S,L 172 O 43(100), 41(41), 45(27), 55(25), 57(21)
cetyl acetate H 284( 0) 43(100), 57(82), 55(56), 41(54), 69(49)
phytyl acetate H, S 338( 0) 43(100), 57(86), 55(73), 41(60), 69(59)
methyl phenylacetate L 150(16) 91(100), 39(41), 65(39), 51(32), 63(21)
ethyl benzoate R, L 150(21) 105(100), 77(62),122(32),150(21), 51(16)
ethyl phenylacetate R,L 164(17) 91(100), 29(40), 43(38), 57(30), 55(25)
benzyl acetate H,S,R,L 150(19) 43(100), 108(67), 41(42), 91(42), 55(38)
phenethy! acetate R, L 164( 5) 104 (100), 91(33),105(32), 77(22), 79(15)
diethyl malonate L 160( 6) 115(100), 60(52), 88(51),133(38), 61(30)
diethyl succinate L 174( 4) 101(100), 73(81),129(56), 74(55),102(19)
cis-3-hexenyl caproate R 198( 0) 82(100), 43(86), 67(64), 41(51), 55(48)
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Tabel 6. Mass Spectra of Phenols Identified from the Essential Olis

compound forage crop molecular ion five strongest fragment ions
detected (relintens., %) (rel intens., %)
phenol H,S,R,L 94(100) 94(100), 39(37), 66(34),65(27),40(19)
o-cresol H, S 108(100) 108(100), 107(79), 79(47),77(43),90(28)
p-cresol H, S 108( 85) 107(100), 108(85), 77(29),79(25), 39(24)
p-ethylphenol H, S 122( 37) 107(100), 122(37), 77(22),39(18),27(16)
3,4-xylenol H, S 122( 68) 107(100), 122(68), 121(60), 39(32), 77(26)
guaiacol H, S 124( 78) 109(100), 124(78), 81(62),27(34),39(31)
Tabel 7.  Mass Spectra of Acids Identified from the Essential Olis
compound forage crop molecular ion five strongest fragment ions
detected (relintens., %) (rel intens., %)

acetic acid H,S,R,L 60(56) 43(100), 45(94), 60(56), 29(33),41(29)
Z2-methylbutyricacid H, R, L 102¢ 3) 41(100), 29(70), 57(51), 74(46),60(40)
valeric acid H 102( 2) 601007, 43(98), 41(97), 27(73),39(67)
caproic acid H,S,R,L 116( 0) 60(100), 73(46), 41(33), 43(29),27(24)
oenanthic acid H,S,R,L 1300 0) 60(100), 73(99), 41(74), 43(64),55(50)
caprylic acid H,S,R,L 144( 3) 60(100), 73(64), 43(61), 41(51),55(38)
pelargonic acid H,S,R,L 158( 5) 60(100), 73(80), 43(74), 41(70),57(69)
capric acid H,S,R,L 172( 8) 60(100), 73(90), 43(83), 41(73),55(69)
undecanoic acid R,L 2000 7)* 74(100), 43(82), 87(71), 41(66),55(55)*
lauric acid H,S,R,L 200(16) 73(100), 60(96), 43(90), 41(81),55(68)
myristic acid H,S,R,L 228(22) 73(100), 60(88), 43(87), 41(86),55(76)
pentadecanoic acid R,L 256( 7)* 74(100), 43(95), 87(63), 41(55),55(55)*
palmitic acid R,L 270( 8)* 74(100), 87(59), 43(44), 41(29),55(28)*
oleic acid R,L 206( 0)* 43(100), 55(93), 41(77), 69(63),57(57)*
stearic acid R,L 208( 0)* 74(100), 87(76), 43(46), 41(36),55(27)*
benzoic acid H,S,R,L 122(78) 105(100), 77(82),122(78), 51(47),50(28)
phenylacetic acid H,S,R, L 150(25)* 91(100), 150(25), 65(13), 59(11),43( 9)*
prtoluic acid R,L 150(37)* 119(100), 91(64),150(37), 65(28),89(21)*
salicylic acid R,L 152(63)* 120(100), 92(64),152(63), 121(44),43(37)*
anisic acid H,S,R,L 166 (33)* 135(100), 166(33), 77(22), 43(19),92(14)*
veratric acid H,S,R,L 196(94)* 165(100),196(94), 79(30), 51(26),77(24)*

*, mass spectra of methyl esters of each acid after methylation.
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Components and Mass Spectrometry of the Essential Oils

of Forage Sorghums and Clovers
Takayasu Kami

Facully of Applied Biological Science, Hiroshima University,
Higashi-Hiroshima 724, Japan

The second crops of Hybridsorgo and Sudangrass, forage sorghums, and the first crops
of red and Ladino white clovers were, respectively, distilled with steam to collect the essen-
tial oils. The essential oils were analyzed by combined gas chromatography-mass spec-
trometry, directly or after the fractionation into acidic, phenolic, basic, nonpolar, and polar
fractions. From the essential oils of forage sorghums, 65 compounds consisting of 16
hydrocarbons, 5 aldehydes, 7 ketones, 6 alcohols, 11 esters, 6 phenols, and 14 acids were
identified through comparison of mass spectra with authentic spectra (Kami, 1975; 1977).
On the other hand, from the essential oils of clovers, 90 compounds consisting of 15
hydrocarbons, 8 aldehydes, 2 ketones, 7 alcohols, 37 esters, phenol, and 20 acids were iden-
tified (Kami, 1978). In comparison of the components of forage sorghums and clovers, many
ketones and phenols were contained in sorghums, while many esters were contained in
clovers.

The mass spectra of identified compounds by functional groups are explained as follows.

1. Aliphatic saturated hydrocarbons have the base (largest) peak at m/z (mass-to-charge
ratio) 57, and then follow at m/z 43, 71, and 85. The major peaks in the high mass region
occur at intervals of 14 mass units. The molecule ion peak of aromatic hydrocarbons is very
large, in contrast to aliphatic hydrocarbons. This difference is attributed to the stability of
the benzene ring, the effect being general in most aromatic compounds. Aromatic hydrocar-
bons appear the base peak or the large peak at m/k 91.

2. Aliphatic aldehydes from C; to Cj have the base peak at m/ 29, normal aldehydes
from C4 to Cg at m/z 44, and normal aldehydes more than C; at m/z 43 or 57, respectively.
The hase peak of aromatic aldehydes is frequently the [M—29]+ (the loss of mass 29 from
molecular ion).

3. Aliphatic ketones have the base peak at m/z 43. In addition, methyl ketones produce
a characteristic rearrangement peak at m/z 58 and ethyl ketones at m/z 72, respectively.

4. Aliphatic alcohols less than #-C4 have the base peak at m/z 31 and the base peak of
normal alcohols more than Cs is an olefin-type peak (m/z 41, 42, 55, 56). The base peak of
aromatic alcohols is the [M—29]* or [M~31]+.

5. The methyl esters of long-chain carboxylic acids (pentanoates and higher) have the
base peak at m/z 74, the ethyl esters of long-chain carboxylic acids (hexanoates and higher)
at m/z 88 or 43, and acetates at m/z 43, respectively. The base peak of the methyl esters of
aromatic acids is the [M—31]* or[M~59]+, the base peak of the ethyl esters of aromatic
acids is the [M—45]* or [M—737+.
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6. In phenols, cresols have the base peak or the large peak at [(M—1]*, and ethyl and
dimethyl phenols at [M—15]"*, respectively.

7. Long-chain normal carboxylic acids (butyric acid and higher) have the base peak at
m/z 60. In aromatic acids, only benozoic acid was directly identified by GC/MS but the
other acids were identified from the methyl esters of the acids.

Key words : clovers, essential oil components, forage sorghums, mass spectrometry, spec-

tra interpretation



