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Identification of leaf powders by liquid chromatography/mass spectrometry
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***Present address: Yokohama Customs
1-1, Kaigandori, Naka-ku, Yokohama, Kanagawa 231-8401 Japan

Various leaf powders are imported as raw materials for leaf extracts. In the Customs Tariff Schedule, leaf powders are
classified by the species of leaves, and by whether mixed or not. The DNA-based method is commonly used for identifying
the species of plants, but the analysis takes a long time. In this study, we examined the identification of leaf powders and
mixtures of leaf powders using qualitative analysis of functional food ingredients in the leaves of young barley, mulberry
and alfalfa by liquid chromatography/mass spectrometry (LC/MS). Among the three kinds of leaf powders, saponarin, which
is known as a functional food ingredient in young barley leaves, was only identified in the young barley leaves;
1-deoxynojirimycin, which is known as a functional food ingredient in mulberry leaves, was only identified in the mulberry
leaves; and coumestrol, which is known as a functional food ingredient in alfalfa leaves, was only identified in the alfalfa
leaves. In addition, saponarin, 1-deoxynojirimycin and coumestrol were identified in the mixture of three kinds of leaf
powders within half a day. Thus, qualitative analysis of functional food ingredients in leaves by LC/MS is useful for rapid

identification of leaf powders and mixtures.
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Fig.2 LC/MS analysis of saponarin
(a) MS spectra, (b) MS/MS spectra: collision energy is 10 eV, (c) MS/MS spectra: collision energy is 20 eV, (d) MS/MS spectra: collision energy is 40 eV
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Fig.3 LC/MS analysis of 1-deoxynojirimycin

(a) MS spectra, (b) MS/MS spectra: collision energy is 10 eV, (c) MS/MS spectra: collision energy is 20 eV, (d) MS/MS spectra: collision energy is 40 eV
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Fig4 LC/MS analysis of coumestrol

(a) MS spectra, (b) MS/MS spectra: collision energy is 10 eV, (c) MS/MS spectra: collision energy is 20 eV, (d) MS/MS spectra: collision energy is 40 eV
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Fig.5 LC/MS analysis from 40% methanol extract of barley leaf powder. (The result for barley crushed leaf is the same; data not shown.)
(a) TIC, (b) EIC (595.166+0.01), (c) MS spectra of peak of EIC (595.166+0.01), (d) MS/MS spectra: collision energy is 10 eV, (¢) MS/MS spectra: collision energy is
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Fig.6 LC/MS analysis from 20% methanol extract of mulberry leaf powder. (The result for mulberry leaf tea is the same; data not shown.)
(a) TIC, (b) EIC (164.9240.01), (c) MS spectra of peak of EIC (164.92+0.01), (d) MS/MS spectra: collision energy is 10 eV, (¢) MS/MS spectra: collision energy is 20
eV, (f) MS/MS spectra: collision energy is 40 eV
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Fig.7 LC/MS analysis from 80% extract of alfalfa leaf powder. (The result for alfalfa leaf cube is the same; data not shown.)
(a) TIC, (b) EIC (269.054+0.01), (c) MS spectra of peak of EIC (269.05+0.01), (d) MS/MS spectra: collision energy is 10 eV, (€) MS/MS spectra: collision energy is 20
eV, (f) MS/MS spectra: collision energy is 40 eV
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Fig.8 LC/MS analysis from extract of alfalfa leaf powder with hydrolysis. (The result for alfalfa leaf cube is the same; data not shown.)
(a) TIC, (b) EIC (269.054+0.01), (c) MS spectra of peak of EIC (269.05+0.01), (d) MS/MS spectra: collision energy is 10 eV, (€) MS/MS spectra: collision energy is 20
eV, (f) MS/MS spectra: collision energy is 40 eV
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Fig.9 Comparison between extract of alfalfa leaf powder without hydrolysis and that of alfalfa leaf powder with hydrolysis. Each chromatogram is shown on the same
scale.
(a) EIC (269.056+0.01) from extract without hydrolysis, (b) EIC (269.05+0.01) from extract with hydrolysis
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Fig.10  EIC (595.17+0.01) from 40% methanol extract of (a) barley leaf powder, (b) mulberry leaf powder, and (c) alfalfa leaf powder. Each chromatogram is shown on the
same scale. The peak of chromatogram (b) is not saponarin because of the difference of MS/MS spectra (data not shown).
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Fig.11  EIC (164.09+0.01) from 20% methanol extract of (a) barley leaf powder, (b) mulberry leaf powder, and (c) alfalfa leaf powder. Each chromatogram is shown on the
same scale.
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Fig.12  EIC (269.05+0.01) from 80% methanol extract and extract with hydrolysis of (a) barley leaf powder, (b) mulberry leaf powder, and (c) alfalfa leaf powder. Each
chromatogram is shown on the same scale. (The result for extract with hydrolysis is the same; data not shown.)



3.2.1(7) 1-

LC/MS

54

20

1 2 3 4 5 % 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Counts (%) vs. Acquisition Time (min)

| (b)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Counts (%) vs. Acquisition Time (min)

©

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Counts (%) vs. Acquisition Time (min)

45

Fig.13)

Fig.13  EIC (595.17+0.01) from 20% methanol extract of (a) barley leaf powder, (b) mulberry leaf powder, and (c) alfalfa leaf powder. Each chromatogram is shown on the
same scale as Fig. 10.
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Fig.14  EIC from methanol extract of mixture of barley leaf powder, mulberry leaf powder and alfalfa leaf powder.
(a) EIC (595.17+0.01) from 20% methanol extract. The chromatogram is shown on the same scale as Fig. 10.
(b) EIC (164.09+0.01) from 20% methanol extract. The chromatogram is shown on the same scale as Fig. 11.
(c) EIC (269.05+0.01) from 80% methanol extract. The chromatogram is shown on the same scale as Fig. 12.
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Fig.15 EIC from methanol extract of mixture of leaf powders.

(a) EIC (595.1740.01) from 20% methanol extract of 10% mixture of barley leaf powder in alfalfa leaf powder. The chromatogram is shown on the same scale as Fig. 10.
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(b) EIC (595.17+0.01) from 20% methanol extract of 10% mixture of barley leaf powder in mulberry leaf powder. The chromatogram is shown on the same scale as Fig. 10.
(c) EIC (164.09+0.01) from 20% methanol extract of 10% mixture of mulberry leaf powder in barley leaf powder. The chromatogram is shown on the same scale as Fig. 11.
(d) EIC (164.09+0.01) from 20% methanol extract of 10% mixture of mulberry leaf powder in alfalfa leaf powder. The chromatogram is shown on the same scale as Fig. 11.
(e) EIC (269.05+0.01) from 80% methanol extract of 10% mixture of alfalfa leaf powder in mulberry leaf powder. The chromatogram is shown on the same scale as Fig. 12.

(f) EIC (269.05+0.01) from 80% methanol extract of 10% mixture of alfalfa leaf powder in barley leaf powder. The chromatogram is shown on the same scale as Fig. 12.
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